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AHHOTaAMSA

Ionck AMPaKOBCKMX MOHOMOJEH BEAETCS HAyYHBIM MUPOBBIM
cooOriecTBoM yxe Oojtee 80 jier u moka Oe3pe3ynbraTHo. OmHAKO
9Ta mpoOiemMa OCTAa€Tcsl aKTyaJbHOM W B MOCIETHUE TOAbl IS
OODBSICHEHUsI OPUTMHAJIBHBIX pe3yabTaTtoB pador M. WM. Conuna,
C. B. Apavenko, JI. W. VYpyukoeBa, A. B. Bauaena,
K. P. Wloynanepca, A. Poccu u papyrux B o6Onactu (LENR)
HU3KO9HEPTeTUIECKOTO CHHTE3a SIeP TSKENBIX aTOMOB XUMHUYECKUX
97IeMeHTOB. Pe3ynprartel 3THX paObOT HEOOBSCHUMBI C TO3MIUHA
COBPEMEHHBIX TeopWil artomMHOro sapa. U ecTb cepbE3Hble
MPENONIOKEHUS O MPUIACTHOCTH HEKOTOPBIX «TSIKEMBIX» MATHUTHBIX
MOHOMONIe K 3TUM mporeccaM. K HeoOBSICHUMBIM OTHOCSITCSA
TAK)KE W MeXaHW3Mbl TPUPOABl OOpa3OBaHWsl CIMHA W MAacChl
MHUKPOYACTHII, CTPYKTypa TOJeH TPABUTAIIMU W SJIEKTPOCTATHKH,
CBEPXIPOBOIMMOCTbD, CBEPXTEKYUYECThb 1 3BYK.

B naHHOW KHUre mpeyioKeHO WHOE OINpe/eieHue CBOWCTB
MarHUTHBIX 3apslOB, OTIMYAOIeecs OT WX MpeACTaBIeHus
I1. [upakoM. BuxpoHsl — Tak Ha3BaHbl 3TU MEPUOIUYECKU



M3MEHSIONINECS U CAMOABIIKYIIMECS MarHUTHBIE M TPaBUTALIIOHHBIE
3apsaabl. BUXpOHBI — 3TO MHKpPOBUXPOHBI, MAaKpPOBUXPOHBI U
rUNepBUXpoHbL. TIpOAYKTHI MUKpPOBHXPOHOB — 3TO 3J€MEHTAapHBIE
YaCcTHLIBl, s/Ipa XWMHYECKHUX 3JIEMEHTOB, 3JE€KTPOHbI, (DOTOHHI,
(poHOHBI M T. A. IIpOAYKTB MaKpOBUXPOHOB — 3TO BOJHOBOIBI
U3 TOTEHIMAJIOB, BUXPEBblE TOKH, NETOHAIMS U YyAApHBIE BOJIHBI
B3PbIBOB, MTPOU3BOJICTBO-CHHTE3 sijiep aTOMOB Tabmuibl MeHemneesa,
uHayk1ms Papases, MeKTpHUECKUe TOKH, 3BYK, CBEPXIIPOBOIUMOCTh
U CBEPXTEKyUYecTb, aTMOC(EpHbIE JHMHEWHbIE W IIApOBbIE MOJHUH,
CIIPafTHI, 7Mbb, TUTIOMBI-QIIOUIB U TUTIOMBI-TIa3MBl B MAHTUU
3emMin, BUXpEBbIE PaBUTAIIMOHHBIE BBHIOpOCH U T. 1. [Ipomykramu
TUTMIEPBUXPOHOB SBJISIETCS SBOMIOLMS HEKOTOPBIX 3BE3/ B IJIAHETHI,
a TakXe TpaBUTALMsl U MHBEPCHUS TOMIOCOB WX MarHUTHBIX TMOJEH.
OrnpenenieHbl CBONCTBA BUXPOHOB, C TOMOIIBIO KOTOPBIX YHAETCS
OODBSCHUTb YKa3aHHbIE SKCIIEPUMEHTHI, a TaKXke W Apyrue siBJIeHus
MpPUPONBl — OT POXICHUS W AHHUTWISIMU TPOTHUBOIOIOKHBIX
YacTHll, CTPYKTYphl aTOMHBIX sliep, (POTOHOB, 3JIEKTPOHOB,
aTOMOB, OT MOJEKYJ /IO UIAPOBBIX MOJIHHI, CBEpXIPOBOIMUMOCTH,
3eMJIETPACEHUH, BYJIKaHU3Ma, MHBEPCUI MarHUTHOTO TOJIS TJTaHET U
ConHua, MpUPOABl €0 «UYEPHBIX MATEH», TpaHyIsAuuu ¢doTochepsl
YW MarHUTHBIX 3apsAIOB Ha €ro MOBEpXHOCTH. BBeneHbI MOHATHSA
LHEHTPAJbHON AaKTUBHOM TIpaBUTAlMM fApa W TACCHUBHOW sIEpHO
U aTOMHO-MOJIEKYJISIDHOW Macchl BEIIECTBa, OKPYKAIOIIEro 3TO
aKTMBHOE PO, KaKk aHaJIOrM TPOTHBOIOIOXKHBIX 3apsIoB B
EKTPUIECTBE U MarHETU3ME.

KHura paccuntana Ha MMPOKUIN KPYr YMTATeNel: OT IKOIbHUKOB
10 aKaJIEeMUKOB.
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Bce npasa zawumenvt. Hukakas uacme anexmpontoli eepcun
9IMOLL KHUZU He MONCEN OblIMb B0CNPOU3BEOCHA 8 KAKOLL Obl MO HU
Ov110 popme u Kakumu 6l Mo Hu ObLAO CPeOCmEamt, BKAOUAS
pasmeuterive 6 cemu Humeprem u 6 KOpnopamueHix cemsix, Ons
UACMHO20 U NYONUUHOZO UCNONBL30BAHUSL 0€3 NUCbMEHH020 PA3-
peutenus 61a0envud asmopcKux npas.



IIpeaucaoBue

Henpekparaomuiicss MOUCK HAyYHBIM COOOIIECTBOM Mar-
HHUTHBIX MOHOIIOJIEHl CO BpeMeHU (POPMYJIMPOBKU HUX BO3-
MO3KHBIX cBOWCTB [lonem [lupakoMm, a Takke IMOJHOE OTCYT-
CTBHeE SICHBIX ONpe/ie/IeHNi MeXaH!3Ma MPUPO/bI MOJIeH TAroTe-
HUSs1, MacChl, 3aps/ia U CTPYKTYPbl IEMEHTAPHBIX YaCTHI] JIUILIb
noATBepkaaeT (hpakT HEAOCTAaYd KAKUX-TO BaXHbIX KHPIUYH-
KOB B 00111eM (pyH/IaMEeHTe COBPEMEHHOMW (PU3UKH JTs1 CO3/IaHUS
6oJiee MPOYHOI CBSI3U €€ C SBJICHUSIMU TIPUPOLIBL.

HakonuBiieecst 00JIbIIOe KOTUYECTBO BHOBb OTKPBITBIX SIB-
JIHU! B Te0JIOTMU U reopusmke, acTpoU3rKe U aCTPOHOMMUU,
AepHON (pU3HMKE U (PU3MKE SJIEMEHTAPHBIX YacTHL, (PU3HKE
CosHua U MJIaHeT, a TakKe B IPYTMX €CTeCTBEHHBIX HalpaBJie-
HUSIX HAYKH, YK€ HE YKJIaIbIBAETCS B PAMKHM COBPEMEHHOI'O aKa-
JeMudeckoro npencrasienus Muposnanus (CAII).

Haspena ocrpeiimas HEOOXOAUMOCTh Ka4eCTBEHHOTO M3Me-
HEHUsI METOJ0JIOTMU UCCIIEA0OBAHUI B (pyHIaMEHTAJIbHOW (pr3u-
K€ B PSIMOM CBSA3HU C SIBJICHUSMHU [IPUPOJIBL.

dyHaaMeHTanbHOE CBOMCTBO MaTeEpUM — ABHKEHHE U H3Me-
HeHue. [IpeoOpazoBaHre CBOOOJHOTO MOCTYNATEJIHLHOIO IBH-
’KEHUsI MaTepUH B TOJIBKO 3aMKHYTOE BpamaTeJbHO-KoJe0a-
TeJbHOE WK MOCTYNAaTeJbHO -BpalaTejbHOe 1 HA000pOT —
9TO MpeAMET MPUCTATBHOITO BHUMAHUSI COBPEMEHHOIO HAay4YHO-
ro MO3HaHUs CTPYKTypsl Mupo3nanus. Bpamenne, kak oaHa



u3 (bOpM ABHKEHHSI, IIPUCYILE KAK IEMEHTAPHBIM YaCTHULIAM,
TaK Y aKTUBHBIM IUIaHETaM, 3BE€3JjaM U FJIAKTUKaM, IPUYEM OT-
HOILIEHUE MAarHUTHOI'O MOMEHTA K MEXaHUYECKOMY Y MOCJIEHUX
€CTh BEJIMYMHA MOCTOsIHHASA. B nepBoMm ciyvae, yacTuiibl ooma-
JIAI0T €I11€ U BHYTPEHHUM BPAIIIEHUEM, UTO XapaKTepU3yeTcs Mo-
crostHHOM [ 11aHKa m onpeessiercs X CIMHOM U THPOMATrHUT-
HbIM OTHOIIeHHeM'. [IpnurHa Takoro JABMKEHUS, a TAKKe ero
HCTOYHUKH HE ONpeIe/ieHbl HU B MAakpoOMaTrepuu, HU B MUK-
pomatepuu. IloctynaresnibHOE MexaHWYECKOe BUKEHUE Bellle-
CTBEHHOW MaTe€pUM MOJ JEMCTBUEM CHJI U3BECTHBIX TPEX IMOJIEU
CTAlIMOHAPHBIX UICTOYHUKOB U CTOJIKHOBEHHE €€ OT/JIE/IbHBIX KJla-
CTEpPOB TBEPABIX TEJI MPOSBIAET Y MOCIEIHUX SIBJIEHNE HMHEPT-
HOCTH. A TOPMOEHHE U OCTAaHOBKA MOCTYMNATEIbHOTO ABHKE-
HUSI CO CKOPOCTHIO CBeTa 6€3 MaccoBOro (otoHa ¢ Orpe/ieNieH-
HOW HEepruer B I0Jie aTOMHOIO sijipa MPUBOIUT K POKACHUIO
JBYX MPOTHBOIONOKHBIX YACTHI] ¢ Maccou mnokosi. M Haobo-
POT, B3aMMOJIENCTBUE TEIUIOBBIX JIEKTPOHA U MO3UTPOHA MOJ
JeVICTBUEM MPUTSIKEHNS MX TTOJIel TIOPOKIaeT Mpeodpa3oBaHme
UX Macchl B CBOOOIHOE HEKMHETHUYECKOE JIBUKCHUE YKe 0e3-
MAacCCOBBIX (DOTOHOB, a B3aMMOJEUCTBUE TEIUIOBBIX JIEKTPOHA
Y MPOTOHA MPUBOIUT K POXKIEHUIO HOBOW (POpMBI MaTepuu —
aToMaM. B MakpoMupe mocTyrnaTesbHO-BpaIATEIbHOE JBUKE-

! ['mpoMarHuTHOE OTHOILIEHUE AJIs1 MEKTPOHa (e/mc) MPOTUBOPEUYUT BABOE MEHb-
[IeMy 3HaYEHMIO /7SI ANMEKTPOHA, HAXOMAIIErocsi B OpOUTATILHOM JIBHKEHUM BOKPYT
SI7Ipa, 9TO CTABUT IO/l COMHEHHE TAKOBOE COCTOSTHUE B aTOME U BOOOIIIE €r0 OpOUTAb-

HYIO CTPYKTYpY.



HHUE HEKOTOPBIX TeJl MPUBOJUT K OPUTUHAIIBHBIM «KYJILOUTAM>» 2
C €ro MocJeAyIOIMM CAMOBOCCTAHOBJIEHUEM, & Y MY/IbCAPOB — K
WH/IYKIIMU CBEPXMOIIHBIX MATHUTHBIX MOJIEH.

DKCIIepUMEHTAJIbHbIE UCCIEJOBaHUs (PU3HKOB BO BTOPOM
nosiopuHe XX BeKa yOeqUTENbHO TMOKa3aJli, YTO aTOMbl M MX
sipa He MOHOJIUTHBIE 00pa30BaHMs, 2 UMEIOT PBHIXJIYI0 BUXpe-
BO-TIOJIEBYIO CTPYKTYPY U B UX LIEHTPAX OTCYTCTBYIOT KaKHe-JIu-
00 «KepHbI». DINEKTPOHBI ¥ MPOTOHBI, PA30THAHHBIE HA YCKOPH-
TeJIsIX A0 MOYTH CBETOBBIX CKOPOCTEM, MPOHU3BIBAIOT S1Ipa aTo-
MOB KaK IyJIU TIEHy.

PazHooOpasue B opueHTalu ocei BpaiieHuss u popma Mo-
JIONBIX? TIIAaHET CBUJIETENbCTBYET 00 MX pa3BOpOTax BO BpeMsi
ux 3BoMOIMUA. O CHMXKEHUU TJIOTHOCTH 3€MHOIO BEIIeCTBa OT
siipa K TOBEPXHOCTU U HETIPEPHIBHOM POCTe paauyca 3eMin
CBUJIETEJILCTBYET HEMOCTOSTHCTBO MOAYJIsSl €€ YIJIOBOTO MOMEH-
Ta U e€ 6e3pasmepHbIi MOMeHT uHepiu 0,33, 4TO COBEpIIeH-
HO He O3HAYaeT HaJIMIre «KePHa» JKeJIe30-HUKEJICBOrO COCTaBa B
ueHrtpe. LleHTpasibHble aKTUBHBIE rPaBUTAIIMOHHBIE 110J1s1 CONH-
ua, IOnurepa, CarypHa u 3eMiiu KapaAuHaJIbHO OTJINYAIOTCS OT
MIACCHMBHBIX I'PABUTALIMOHHBIX Mojier JIyHbI, acTEpOUAOB U ApY-
T'X aCTPOHOMHUYECKUX OOBEKTOB, HE UMEIOIIUX aKTUBHOTO spa
U LEHTPATbHO-aKCHAJILHOTO MarHUTHOTO MOJIsI, a TAKXKE OT rpa-

2 Umeetcs BBUTY 3(pekT [xaHnOeKoBa.

3 Hanpumep, 3emis B hopme reousia MOXKET ObITh COCTABJIEHA M3 TPEX SJUIUIICO-
WJIOB BpAIIeHNs, paHee BPAIAIOIIIXCS BOKPYT OCEeH, pacooKeHHbBIX OJIMKe K OCH
MAarHUTHOI'O IUIIOJIS [LIAHETHI.



BUTAIIMOHHBIX TOJIEN KJIACTEPOB aTOMHO-MOJIEKYJISIPHOTO Bellle-
CTBa KOpBI 3eMJIN.

CoBpemeHHasi (pu3MKa He AAET OTBETa Ha OINpeJe/ieHue Kc-
TOYHHMKOB Ha3BaHHOI'O ABHMKeHHMS U m3MeHeHusi. Cuuraercs,
YTO TUIAHETHI, 3BE3/Ibl U TAJIAKTUKY TAK JBUKYTCS 0 MHEPLUH,
1ocJie UX POXKICHUS U3 ra3oMblIeBbIX TyMaHHOCTeN. HeT oTBeta
Y Ha BOIIPOC O MPOUCXOKIEHUN MACCHI Y IBYyX HOBOPOXXJICHHBIX B
T10JI€ aTOMHOT'0 Spa JIEKTPOHA U MO3UTPOHA, KaK U HET OTBETa
o mpupojie cnuHa yactuil. Her oTBeToB 1 Ha BechbMa 371000/1HEB-
HBIE BOITPOCHl COBPEMEHHOW HAyKH, SIBJISIIONIMMUCS JIOTUUECKU
CBSI3AHHBIMU C TIEPBBIMU:

1. Kakoii xe MHOW MOXeT ObIThb CTPYKTypa 3J€MEHTapHbIX
yacTull, omnyanuascs ux ot crpyktyp CTaHgapTHON Moeu
CAIT?

2. KakoBa npupona MHEPTHOCTH TeJl, MACChl U TPaBUTAIH-
OHHBIX M0JIe}, 00JIaJAI0T JIM KX UICTOYHUKH TPOTUBOIONIOKHBIMU
3apsijlaMu, KaK B JIeKTpuyecTBe?

3. CymiecTByIOT 711 CBOOO/IHbI€ BUXPEBbIC MEKTPUIECKIE U
MarHUTHbIE T0J151, He CBS3aHHBIE C BEIIECTBOM U JIEKTPUUECKU-
MU TOKaMU B HEM?

4. KakoB mMexaHu3M 3(pdeKxra BOSHUKHOBEHUSI OCEBBIX CHJI
IIpY BpAIllEHUH MACC MyJIbCAPOB M KBa3apoB, KAKOBO UX pacripe-
nenedue Bo Beenennou?

5. Iloyuemy TeopuM I'paBUTALIMM U IEMEHTAPHBIX YACTHULL HE
B3aMMOCBSI3aHbl, 1 MOKET JIM1 OTKPBITUE MATHUTHOTO MOHOIOJS
Y MEXaHW3Ma UHIYKIIUU MACChl Y HUX YCTPaHUTh €ro?



6. Hackonbko nocroBepHsbl nosiokenusi CAIl o «BeuHocTu»
aTOMOB, AKKPELIMOHHOM T'€HE3HMCEe COJTHEUHOU CUCTEMBI U MHEP-
MAIBHOM BpallleHNX KOCMUYECKHX Te?

7. KakoBa npupoza 3JIeKTpUYecKoro Toka* 1 cBepXIpoBO/Iu-
MOCTH, 3ByKa U CBEPXTEKYUECTU B KJIACTEpPaX KOH/IEHCHMPOBaH-
HBIX BeIecTB?

8. KakoB MexaHu3M MPOM3BOJACTBA CUJIOBBIX JIMHUM, COEIU-
HSAIOIIMX [1BA Pa3HONOJISIPHBIX U CTALIMOHAPHBIX MCTOYHUKA Mar-
HUTHOTI'O, JIEKTPUYECKOIO Y IPAaBUTALIMOHHOIO MoJei?

9. KakoBa nprpozaa fBJIEHHUS XOJOAHOIO AJEPHOrO CHUHTE3a
1 poxaeHus mmpokoro cnekrpa (LENR) HOBBIX snep xumuye-
CKHUX 3JIEMEHTOB ITPU JIEKTPUUECKUX B3PbIBAX METAIMUYECKUX
3JIEKTPOIOB?

10. ITouemy CyIIeCTBYIOT aTOMBI ¥ MOJIEKYJIbl B CTA0MJIBLHOM
COCTOSIHUHM TTpH a0COJTIOTHOM HYJle B KocMoce BeeseHHol B Bre
ra3oIbUIEBbIX 00JAKOB — JIABHO U3BECTHBIN BOIIPOC O «HYJIEBOH
SHEPrum» aTOMOB?

11. Kak peanuzoBaTh pecypchl BHYTPEHHEW SHEPIUU Belle-
CTBa, HAKOIUIEHHOM MPUPOZION B MpoLieccax MPOU3BOACTBA KOH-
JEHCUPOBAHHOM (POPMBI arpETaTHOTO COCTOSIHU S BELLIECTBA U TS-
KENBIX AAEp aTOMOB XMMUYECKUX JIEMEHTOB, KaK aJIbTEPHATH-
Ba YnpasnsemoMy TepmosaepHoMy CHHTE3Y TSKEIBIX M30TO-
1oB Bojopoa’?

4 I[O CUX MOPp OTCYTCTBYET OIIPEACJICHNE MEXaHU3Ma (1)I/ISI/I‘ICCKOIZ IPpUPOIBI JICK-
TPOTOKa U SABJICHUH CBEPXIIPOBOAUMOCTH.



Her oTBETOB M Ha MHOTHE JPyrue BOIIPOCH], KaK TO:

— CTPYKTypa U MEXaHU3M BHEIIIHUX MOJIeH CTAIIHIOHAPHBIX KC-
TOYHHUKOB’,

— MarHUTHOE ToJie ¥ 3Heprus sapa mianeT u ConHIa,

— UMEET JIM 3HAK 3apsja IMoJie TAroTeHus sAapa 3BE3M U aK-
TUBHBIX TIIAHET,

— MEXaHW3M pacHIMpeHus 00bemMa 3eMHOTO 1apa,

— MEXaHU3M MPOUCXOKACHUS CIIEKTPa XUMUUYECKUX JIeMeH-
TOB,

— peasibHasl CTPYKTYpa siiep MUKPO U MAaKPOMMUPA,

— POKAEHUE U IBOJIIOLIMSI aTOMHO-MOJIEKYJISIPHOTO BEIIeCTBa,

— CTPYKTypa runepnpocTpaHcTBa BeeneHHoM U e€ pacimpe-
HUE,

— 9BOJIONMS 3BE3]] U TUIAHET OT POXKJIEHUS A0 pachaja,

— HarpaJieHHe 3BoJoIuY BeeneHHOT.

Ha 511 Bonipoch! HeJlb3s HAWTH OTBETHI MTOKA B MO3HAHUE MUK-
PO ¥ MakpoMmupa He OyIyT BBEJICHbI KOHIIENTyaIbHbIE OIpe/e-
JieHus1 Bcex (popM MaTepuH, MPUYHHBI U CJIeICTBHS TTPeod-
pa3oBaHus €€ MOCTYNaTeJbHOI0, BPAIaTeJbHOI0 HJIH KO-
JedaTeJIbHOr0 JBXeHHs1 ofgHuX ¢opMm B japyrue. Hpyruvu
CJIOBaMH — BHYTPEHHHUE U BHEIIIHME UCTOUHUKU CIIUHA MUKPO-
JyacTull, MPUBO/AA BpallleHUs sijiep 3BE3]1, TJIAHET U CO3JIaHue
ATOMHO-MOJIEKYJISIPHOIO BEILECTBA MPH MOCTYNaTeIbHO-BpaIlia-

3 Ilons 3Bé3,[l U IUIAHET, JICKTPUICCKUE U MArHUTHBIC ITOJIS 3aPAKEHHBIX KJIACTEPOB
BCIICCTBA.



TEJIbHOM JIBUKCHUHU €€ MPOTOMATEPUH OT 3TUX SifIEP K MOBEPX-
HOCTHU acTPO(PU3MUECKUX OOBEKTOB.

A s Gonee TIIyOOKOro mosHaHusi Bcex hopM MaTepH
TUIAHKOBCKHUE TIPEJeSIbl JUIMHBI U YacTOThl JOJIKHBI ObITh 3a-
MEHEHBI MEHBIITMH, OTpeAeIseMbIMUA TyTEM CMEHBI CKOPOCTH
cBera n nocrosiHHoii [lnanka B hopmyrnax orpeneneHust STux
IpejieioB Ha COOTBETCTBYIOIIME pPeaJjibHble CKOPOCTH IOCTY-
NaTeJILHOTO PacIpOCTPAHEHMS IPABUTAIIMOHHBIX TOJICH OT UC-
TOYHUKOB aKTMBHOW IPAaBUTAIIMM MJIH SJIEKTPUUECKUX U MATHUT-
HBIX TIOJIEW OT UX CTallMOHAPHBIX 3apsaoB. Kpome Toro, HeoO-
XOIVIMO KOJIMYECTBEHHO OIPEe/IeTUTh MOCTOSTHHYIO KBAHTOBAHU S
JUTsl TAKUX TIOJIEH, aHAJIOTMYHYIO TJIAHKOBCKOM KOHCcTaHTe. [lo-
clie 9ero, HeoOXOIUMO UCKaTh 1 OTNPENIeNIsATh HCTOYHUKH, ITPH-
BOJISAIIME MUKPO Y MAKPOMATEPUIO BO BpAITIEHUE U MOCTYIIaTe h-
HOE JIBMKEHHE, OIUCATh UX OCHOBHbIE MPOAYKTbI, CTPYKTYPY
W MeXaHU3M NPON3BOCTBA.

3TO U CTaHET BO3MOXHBIM, KorJa OyleT BBeJeHO Oosee rity-
OOKOE 10 CPAaBHEHUIO C JIeMEHTAPHBIMU YACTHUIIAMU MTPEICTaB-
JIeHUEe MaTePHH, B KOTOPOM HaOJTi0IaeMble TPOCTPAHCTBA S, Kak
oflHa u3 e€ HamOosee CIadbIXx (POPM-TIPOSIBICHHM, OIpeesie-
HbI PETYJISIPHBIM BHICOKOUACTOTHBIM IYJIbCHPYIOIINM TOJIEM pac-
npejieieHus] 3éPeH-MOTEeHINAJIOB BOKPYT MX CTallMOHAPHBIX
AKTWBHBIX HICTOUHUKOB, XapPaKTEPU3YIOIIUM €T0 10 BHEIITHUM CH-
JIOBBIM TTPOSIBJIEHUSIM TIPH B3aUMOJCHCTBMU C Pa3IMYHbIMU Ya-

® CooTBeTcTBYIOIIHE TIONS CTAIMOHAPHEIX HCTOYHHKOB, HCTOPHUECKH CBSI3AHHBIE C
TEPMIHOM «3(DHp».



CTUIIAMH WUJIM KJIACTEPaMU aTOMHO-MOJIEKYJISIPHOTO BelecTBa —
rpaBUTALIMOHHOE 10J1e BOKPYT 3emuin wiin CoJHIIa, a TaKKe s4e-
uctasi KpynHoMaciitaOHasi runepcTpykrypa BeenenHoi. B Ta-
KOM IpEJICTaBIEHUH pa3Mephl AJIEKTPOHA BHIPACTYT JI0 Pa3MepPOB
3eMHOro armocgepHoro TopHaao. Kakoit cranet ¢pusuka 21 Be-
Ka — mpeAMeT STOMKHHIH.



BBenenune

IIpocTpaHcTBO, 3BE3/bI, TUIAHETHI, UX BPAIATEJIbHOE JIBU-
JKEHUE U TOJIsI TATOTEHUS1, (POTOHBI U UX IBUKEHHUE CO CKOPOCTHIO
CBETa, CIIMH, 3apsijl YaCTULBI ¥ KX MACCa — ITU SIBJICHUSI, KOTOPBIE
HaOmonaoTcs B ipupozae u BeenenHoil. KBaHTOBBIE sIBIeHUS B
MHUKPOMHUPe BCTPEUYalOTCsl TOBCEMECTHO, OHU XOPOLIO H3yyYe-
HBI U JIOCTATOYHO MOAPOOHO orucanbl. OJJHAKO B TPOTHBOPEUH-
SIX HEKOTOPBIX TMOJIOKEHUI KOPITYCKYJISIPHO-BOJTHOBOTO [TyaJn3-
Ma JIO CUX MOpP HET IOCTAaTOYHO SICHBIX W TOJIHBIX OTBETOB U, B
YaCcTHOCTH, Ha yTBepxkaeHus Jlyu ne Bpoiiis o Tom, uto modas
MHUKPOYACTHIIA MOXKET OJHOBPEMEHHO HAXOIUTCS, KaK B COCTO-
SITHUW HEKOTOPOTO 3aMKHYTOro 00bhEMa, 00JIaJalomero Maccou,
Tak 1 BOJIHbL. KBaHTOBbIE sIBJIEHHSI B MAKPOMHEPE — 3TO HOBOE
HalpaBJIeHUE B SKCIEPUMEHTAIbHOU (PU3MKE, KOTOPOE O(PULIN-
aJIbHO NMOABUIIOCH ¢ 1985 rona, co qHSA OTKPBITHS B HEBECOMOCTH
kocMoca apdekta IxxannOekoBa. Kpome Toro, cymecTByer 1ie-
JbIA psaf 3¢ ¢EKTOB U siBIEHUIA, OOHApYXeHHBIX B 20 Beke IKC-
NEPUMEHTAJILHO, KOTOPbIE TAKKE C YBEPEHHOCThIO MOKHO OTHE-
CTU K KBAaHTOBBIM SIBJIEHUSIM B MakpoMmupe. DTo, MpexKIe Bce-
IO, POKJICHUE CBEPXTBEPION KyMYJISITUBHON CTPYH ITPU B3PhIBAX
CrelMaTbHBIX OOEBBIX CHAPSI/IOB, SIBJICHUS] CTPYHHON UMILIO3UN
B ycTpoicTBax-perynbcaropax B. [llay6eprepa, XomomHbli sep-
HBII CUHTE3 TSIKEIBIX XUMUYECKUX 1EMEHTOB, 3 ekt KOTKk1Ha
110 KBAaHTOBOMY ITPe0OpPa30BAHUIO IEKTPOIHEPIHU B MEXaHUYE-



CKyI0 1 oOparHble niporiecchl, 3¢dexT [I. Cepna u apyrue, KOTo-
pble JOCTATOYHO MOAPOOHO OYyIyT MPOAHATM3MPOBAHBI aJiee.
MHOroBekoBble M3bICKaHUS pa3IUyHbIX (hOpM Mpe/cTaBIie-
HUSI MPOCTPAHCTBA, U B YacCTHOCTH, B opme 3cpupa u u-
3MUYECKOr0 BaKyyma, He mponajiu gapom. ['paButanuio v posa-
CTBEHHBbIE €i1 SIBJICHUS] UTHEPTHOCTH TeJl, UX MOMEHTOB MHEPLIIH,
HEBO3MOKHO paccMaTpvBaTh B OTPbIBE OT UCTOYHUKOB UX I10-
ponuBIIMX. Bce M3BECTHBIE M HEU3BECTHBIE €ILE SIBJIEHUS BO
BceneHHol B3auMOCBsI3aHbl, Kak B )UBOM opraHu3me. CoBpe-
MEHHasl HayKa MPU3HaB, HAKOHEL], YTO B (PU3MYECKOM OTHOLIE-
HWU TPOCTPAHCTBO TPENCTABIIsAET COOOM HEKUI CJIOXHBIA 00b-
eKT — (pu3nuecKHil BaKyyM, TeM He MeHee, B TOJIHOM Mepe
HE MPU3HAET 3a MOCIECAHUM BaKyyMHOI'O COCTOSIHUSI MaT€puu,
Kak OHoi1 u3 e€ popm. M3yueHreM CTpyKTypbl MPOCTPAHCTB
MBI U3HAYaJIbHO 0OS13aHbl UCTOPUM Pa3BUTHUS MTPEACTABICHUI 00
acpupe. Nnesa apupa Kak MUPOBOU Cpefibl HEOAHOKPATHO BbI-
JBUTAJIACh erle ApeBHUMU unocodamu. Pazputue BOTHOBOM
TEOPUM CBETA, OTKPHITUE €TI0 JEKTPOMArHUTHOW MTPUPO/IBI e11ie
6ostbllie yKpenusio no3utuu 3¢upa. C oqHON CTOPOHbI, NEpBbIe
TIOIBITKH OITUCATh CTPYKTYPBI [10JIEV TOUEYHBIX UICTOUHUKOB (Ha-
pUMep, IPaBUTALIUOHHBIX, MATHUTHBIX U JIEKTPUYECKHUX) CKO-
pee HOCAT yMO3PUTEbHBIY I'papUUECKU XapakTep — 3TO pac-
npejiefieHre B TpeX KOOpAMHATaX YObIBaHWs MOTEHIIMAA C Po-
CTOM pacCTOSIHUSI OT UCTOUHUKA. Takoe pacripefesieHre KCre-
PUMEHTAJIbHO MOJATBEPKIAETCS, HAIPUMeEp, KAPTUHOUN pacmpe-
JeJIeHUs1 MeTAaJLIMYECKUX YaCTUUEK B MOJIE OJHOIO MOJI0ca Mar-



HUTA WIK JIByX, PacCHOJIOXKEHHbIX MoakoBooOpasHo. [loctpoe-
HHUE TAKUX IpapUUeCKuX paclpeneseHul BO3MOXKHO U ¢ (pU3H-
KO-MaTeMaTUYECKUX TMO3UIUH, T. €. YUCICHHO-IIM(PPOBOMN pac-
YeT MOTEHIMAJIOB B 3aBUCUMOCTU OT PACCTOSIHUS 10 UCTOYHU-
ka mo 3akoHaMm’ Helotona, Kymona, buo-Casapa. OmHako 10
CHX NIOp OTCYTCTBYIOT IOCTOBEPHBIE MUKPO(PU3NYECKHE HATIISI-
HbIE TIPEJICTABJIEHUS IPUPOAbl MPOCTPAHCTB, U TAKUX MUKPO-
NPOCTPAHCTB — IPOAYKTOB BUXPEBBIX MOJIEW, KaK sIEp aro-
MOB XMMHUYECKHUX JIEMEHTOB, JIEKTPOHOB, (POTOHOB U T. 1., &
TaKKe MAKPONPOCTPAHCTB — IMPOAYKTOB CTAllMOHAPHBIX HC-
TOYHUKOB TSATOTEHUSI, IEKTPUUYECTBA WIK MarHeTusma B (pop-
Me oJieill 00bEMHOTO U JUHAMUYECKH PeryIsipU30BaHHOIO pac-
npejesieHrs: 3éPeH-MOTeHINAJI0B — HEKUX KBAaHTOBaMop(-
HOTr0 npocTpaHcTBa. Kpome npencrapieHns NpOCTPAHCTB 110-
JIIMA TUHAMWYECKU JTBUXKYIIUXCS 3EpeH HEOOXOAUMO 3HATh U
MeXaHHM3M IPOU3BOACTBA MX KBAHTOBAHUS, MOCTOSHHOTO 00-
HOBJICHUS] U U3MEHEHUs1, [IOTOMY UYTO B MPUPOAE CYILIECTBYIOT
HCTOYHMKHM MEXaHU3Ma TaKOro MPOU3BOJICTBA.

Takum o6pa3om, 3aJa4a peCTaBICHUsI MPOCTPAHCTB -
mutes Ha ae. QOpHa — npejacTaBiieHNe NPOCTPAHCTB B op-
M€ BHEHNIHMX T0JIel BOKPYT CTAI[MOHAPHBIX HCTOYHHUKOB, B
TOM YHCJIE TIOJIEM BOKPYT 3apsAAa U MacChl IEKTPOHA, aTOMHO-
ro siapa u T. 1. Bropas — npejcraBjieHye NPOCTPAHCTB CAMUX

7 3akon HbiotoHa B JTAHHOM KHUTe yTOYHEH, OH MOJIHOCTBIO COBIAAAET MO hopMme ¢
3akoHOM KyroHa — 00e B3anMOIEHCTBYIOIIME MACChl UMEIOT 3HAK 3apsiaa, HO TOJBKO
I'PaBUTALIMOHHBIN.



UCTOYHUKOB B (pOpME BHYTPEHHHUX BUXPEBBIX MOJIEW C MOMO-
IIBI0 BUXPEBbIX UCTOYHUKOB JIBHKEHHS 1 H3MEHEHHUsI, Ha30-
BEM MX BHXPOHAMH. DT BUXpPEBble TOJIsS OymIyT OTOOpakaTh
BHYTPEHHIOKCTPYKTYPY (POTOHA, (POHOHOB U POTOHOB, JEK-
TPOHA, SiIep U aTOMOB XMMHUYECKUX JIEMEHTOB, 2 B MAaKPOMUpE
— yJIapHble MEXaHU4YeCK¥e BOJTHBI U spa 3BE3[T U TIJTaHET.
CBoiicTBa BHEIIHUX IMOJIEW TOrO WJIX UHOTO CTAlMOHAPHO-
ro HCTOYHHMKA, IPUCYTCTBYIOIIETO B JAHHOW TOYKE MPOCTpPaH-
CTBA, HAJIEJISIET €r0 CBOMCTBOM HEKOW PerysIsipHO-CHUJIOBOM MTPO-
TSODKEHHOCTH 0ObeMa (CUJIOBbIE JIMHUY 1 TTOTEHITUAITBI TIOJIST ), KaK
(byHKIIMM YyOBIBAaHUS TOTO WJIM MHOTO TIOTEHIMAJIA OT IIEHTpa, B
KOTOPOM pPa3MelIEéH Takoll aKTUBHBIA MCTOYHMK. Takue mosst
HEHTPAJIbHBI U Pa3[yBalOTCs OT IIEHTPa UCTOUYHUKA PETYIISIPHO,
OoOHapykuBasi ceOs 10 B3aMMOJCHCTBHIO® ¢ ynai€HHBIMU 3aps-
JlamMu Oj1arofapsi MposiBJIsieMbIM CUJIaM Yepe3 (pyHjaMeHTalb-
Hble (PU3MUYECKUE TTOCTOSTHHBIE — TPABUTAIMOHHYIO, TUJIEKTPH-
YEeCKyl0 U MAarHUTHYIO MPOHHUIIAEMOCTh BaKyyma. AKTHBHBIMU
HA30BEM MCXO/ASIIMUE CTAllMOHAPHbIE BEKTOPHBIE TOJIS CO 3HA-
KOM IUTIOC, & MACCUBHBIMM Ha30BEM 3apsifbl, (popmupyolime
BXO/sIlIIMe BEKTOpHbIE MMOJIsi CO 3HAaKOoM MuHYc. Torpma mep-
BbIE M3JTYYalOT, a BTOPBIE TMOIJIOMAIT 3¢pHa-NoTeHuabl. [Ipu
9TOM HaOMomaeTCsl CTaOMIbHASI COBMECTUMOCTh OOJiee CHJTb-
HBIX MPOCTPAHCTB B Oojiee C1aObiX, T. €. JIeKTPOMArHUTHBIX

8 Eciu 6b1 GbUT M3BECTEH MEXAHM3M KBAHTOBAHHS 3€peH-TNI0TEHIIMANIOB, KaK U3Be-
CT€H MEXaHM3M KBAaHTOBaHM: (DOTOHOB, TO OIMCAaHWE CUJIOBOTO B3aMMOIEHCTBUS B
9TUX MOJISIX MOXHO OBUIO OBI OIUCaTh MHaue, YeM 3akoHbl HploToHa 1 Kynona.



B T'PaBUTAIMOHHBIX, a4 TaKke HeCTaOMJIbHAsI COBMECTHMOCTh
HEKOTOPBIX BHYTPEHHUX MUKPOMPOCTPAHCTB JIEMEHTAPHBIX Ya-
cruil (okosno 3000 pacnajaroimxcst U30TOMOB SIAEP ATOMOB XHU-
MHUYECKHUX JIEMEHTOB) B CJIA0BIX T'PABUTALIMOHHBIX MOJSIX.

Il orpeniesieHusl TIOHATUH CHJIBHOTO U €JIadOro mposiB-
JeHuid (popM MaTeprH, a Takke Ooee HAIJIsAAHOM JeMOHCTpa-
I[N OPTaHUYHOU CBA3HOCTH MPOCTPAHCTBA C MaTepHed, MOX-
HO TOJIBKO BBe/ISl Ompeie/ieHHs] HeBeleCTBEHHOIo U Belle-
CTBEHHOro npoctpadcTBa. HeBelecTBeHHOE MPOCTPAHCTBO
HE COZIEPXHUT B ceOe HUKaKMX (hOpM MaTepru, HICTOYHUKOB JBH-
KEHUs Y TOTEHIIMAJIOB — HOJIb MPOCTPAHCTBA, HOJMb T'PaBUTA-
LIMOHHBIX MOTEHIIMAJIOB, HOJIb MAarHUTHBIX IMOTEHIIMAJIOB, HOJIb
NIEKTPOCTATUIECKUX IMOTEHIIMAJIOB Y HOJIb JIBVKEHHUS, T. €. a0-
COJIOTHBIM HOJIb TEMIIEPATYpPbl UM HOJb JIEKTPOMArHUTHBIX
BUXPEBBIX MoTeHIMaoB. [loaTomy dopma ero cyiiecTBoBaHMS
HE MMeeT HUKAKOU TeOMETPUUYECKOUN WIH (PU3NUYECKON KOH(PUTY-
palyy — TOYKa, JIMHUS, TUIOCKOCTh, 00bEM MU KaKOH-TMOO0 BH/T
nyctotsl. Ho rpu 3TOM OHO JIOJIKHO 0071a1aTh BEChbMa XapaKkTep-
HBIM CBOIICTBOM — CIIOCOOHOCTBIO TMOJJEPKUBATh B HEU3MEH-
HOM COCTOSIHMHM Kakoe-TuO0 aMop(pHOe UM BeleCTBEHHOe
MIPOCTPAHCTBO ITPH IMOMAJAHUH B HETO KaKUX-JTKOO0 MOTEHIINATIOB
WIN UX CBSI3aHHOW COBOKYITHOCTH. ECTh HEOOXOIUMOCTD TaKxke
BBECTH U OIpee/iuTh aMop(HOe MPOCTPaHCTBO, KOTOPOE He
COZIEP)KUT B CBOEM OOBbEME HUKAKMX CTAI[MOHAPHBIX MCTOY-
HHUKOB T10JIei I HUKAKWX BHXPEBBIXMCTOYHHKOB/IBUKEHUS,
HO MOXET COJepKaTh BCE BbIIIIEHA3BAHHbBIE IOTEHIIUAIBI, YIIOPSI-



JOYEHHbIe TEOMETPUYECKH, YTO U OyJIeT OnpeAessiTh ero HeKo-
TOpPYIO ONpeJeIeHHYIO JIOKaJbHO KOHCEPBHPOBAHHYIO, Oecrpe-
PBIBHO MEHSIIOIIYIOCS TIO/l ISMCTBUEM BHYTPEHHMX, BHOBb WMH-
JOYKTUPYEMBIX TOJIeld, TeOMETPUUECKYI0 (pOPMY, COCTAaBIEHHYIO
U3 TUX MOTEHIIUAJIOB.

DTU TpU MOHATHUS — BelleCTBEHHOE, HEBEI[eCTBEHHOEe U
amopgHOoe MPOCTPAHCTBO, SBJISIOTCS HEOOXOAUMBIM JAOMOJTHE-
HHUEM B oIlpejieieHue MPU3HAKOB (PM3UYeCKOro BaKyyma , Kak
OIHOM 13 (POpM MaTepuHu.

Takum 00pazom, TpaHchoOpMaIysi HUCTOPUIECKOro 3dupa
B HEKOE BelleCTBEHHOe 3ePHUCTOE MTPOCTPAHCTBO OY/IET BECh-
Ma TUIOJJOTBOPHBIM JIOTIONIHEHHEM [isi OoJiee TIyOOKOro Mmo3Ha-
Hus Marepuu. Mcropuueckuit a¢pup B Takou popme u ecTh ca-
Moe caadoe mposiBieHne (GopMm martepuu, T. €. popM mpen-
HIECTBYIOIIMX 3EeMEeHTapHbIM 4YactuiiaMm. Pasmep 3epeH adu-
pa MHOTO MEHbIIIe JIa)ke M0 CPABHEHUIO C TUIAHKOBCKUM pa3me-

pom (10733cm), Tak uTO Haxe Ha yYPOBHE OOBIYHBIX JIEMEHTap-
HBIX YaCTHUIL] €ro MOXHO paccMaTpuBaTh, KakK CIUIOLIHYIO Cpe-
ay. HeoOXoaumo TOJIbKO 0CO3HATh-TIOHATD U OIIPE/IEIUTh B KOH-
KPETHBIX TePMHUHAX (U3MKM sIBJIEHW, a He B oOummx ¢u-
J0CO(PCKUX KATEropusx, MEXaHH3M JMHAMUYECKOIO 3aroJHe-
HUSI-pa3yBaHKsl KOHKPETHbIM 3€PHOM-INIOTEHI[HAJIOM HeBe-
IeCTBEHHOI0 IPOCTPAaHCTBA — T. €. MeXaHW3M KBaHTOBa-
HUS HeBeleCTBEHHOr0 MPOCTPaHCTBa 3€pHAMU-IIOTEHIIMAA-
MU COOTBETCTBYIOILETO UCTOYHUKA.

PaccMoTpyM BelecTBeHHbIE IIPOCTPAHCTBA, Kak cialyio



MaTtepuro B (popme BHEHIHUX (PUBMUECKUX MOJIEd T€OMETpU-
YECKM paCHpeAeE€HHbIX MOTEHIMATIOB-3€PEH OKOJIO CTaTuye-
CKUX WIHA KBa3UCTATUYECKMX’ MHUKPO U MAaKPOHCTOYHUKOB,
a TaKKe KpPymHOMAcIITaOHYIO CTPYKTYPY SYEUCTOrO THIepnpo-
cTpaHcTBa BceenieHHOI, BKJIIOYAIOIIEH BUAMMYIO, IIPOMEKY-
TOYHYI0 U HEBUAMMYIO YaCTH.

Wtak, mepBoe — 3TO NOJIEBbIE TPOCTPAHCTBA, OOPa30BaHHbIE
HEBUXPEBbIMH BHEIIHUMH TOJISIMU CTAIMOHAPHBIX MCTOYHU-
KOB TaKWX, KaKk I'PaBUTAIIOHHBIE, MEKTPOCTATUYECKHE U Mar-
HUTOCTaTu4ecKrue. Bropoe — 3T0 mpocTpaHCTBa, CO3JaHHBIE
BHUXPEBbIMH TOJISIMU ABMKYIIUXCS] ICTOYHUKOB (MCTOYHUKOB
JBHKEHUs) U, KaKk MPaBWIO, IPUBOJsIIME K Oojiee CHIIbHBIM
MPOSIBJIEHUSIM B (DOpME MHUKPOYACTHUII, KJIACTEPOB aTOMHO-MO-
JIEKYJISIPHOTO BEIECTBA, 3BE3/bI, IUIAHETHI, TATAKTUKH, T. € CTa-
[IMOHAPHBIX UCTOYHUKOB. YCJIOBHO!Y Ha30BEM MepByO — MPO-
CTPaHCTBAaMHU, a BTOPYIO — BelllecTBeHHoMaTepueii. Ects u
TPeThe, HO HeJJOCTATOUYHO U3yUYEHHOE.

IlepBoe pacnpocTpaHsieTcs: OT MCTOYHUKA CO CKOPOCTBIO

? HexoTtopble MUKPOUCTOYHUKHM (37IEKTPOH, IPOTOH) MOTYT JBUTaThCs B IIPOCTPAH-
CTBE IEKTPUYECKHUX IOJIEH CO CKOPOCTSAMU OJIM3KMMU K CKOPOCTH CBETa, OJHAKO, 110
CPaBHEHHMIO CO CKOPOCTSIMH UX ITyJIbCUPYIOIIUX TIOJIEH, 0OyCIIOBIEHHBIMH JIEKTpUYe-
CKMMH WM TPaBUTALIMOHHBIMU 3apsAaMU, MOKHO CUMTATh MX MOKOSIIUMUCS-KBa3HU-
CTaIl[MOHAPHBIMH.

10 Jpyrumu ciioBamu, cBepxciadoe MposiBJIEHHEe MaTePHX — 3TO IIPOCTPAHCTBO, 00-
Jiee CWIBHOE €€ TIPOSIBJIEHUE — 3TO aTOMHO-MOJIEKYJLIPHOE BELLECTBO. ITO ABE CTOPO-
HbI OJIHOH MeJaiil — MaTepuH.



MHOTO OOJIbIIIell CKOPOCTH CBeTa'!! U MMeeT JIUIIb B CBOEM ap-
ceHale OeCCTPYKTYPHBbIE KBaHTHI 3epHA-MOTEHIHAJbI Belle-
CTBEHHOT'0 ITPOCTPAHCTRA.

[Tpu 3TOM BTOpOE CO3/1AETCS CO CKOPOCTBHIO CBETAa U UMEET
6osbiioe pazHooOpaszue (hopM MHKPOMAaTEpPHH OT (DOTOHOB U
MUKPOYACTHII IO ATOMHO-MOJIEKYJISIPHOTO BEILIECTBA, 4, B KOHEY-
HOM CY€Te, NMPUBOIUT K OOPA30BaHUIO PA3IMYHBIX (DOPM Iac-
CHBHOII MaKpoMaTepuu U runepmarepum. VM tot u apyrou
BUJI MaTepuM MTPON3BE/IEHbl ICTOYHUKAMU, HO pa3HbIMH. OquH
— 9JIEKTPOMATrHUTHBIM JJMTHAMUYHBIM TTPOIIECCOM CAMOJIBIIKEHU ST
BHXPOHOB, JIPyroil — CTAlHOHAPHBIMH HCTOYHINKAMH '? rpa-
BUTAIIMOHHOTO, 3JIEKTPOCTATUYECKOTO U MarHUTOCTATUYECKOTO
nosiedd. VI TOT ¥ Apyroi KBaHTYeT 3€pHa-MIOTEHLIMAIbI, HO IO pa3-
HOMY yCTAQHABJIMBAET UX B MPOCTPAHCTBE.

W HakoHell, TPeTHH THUIT MPOCTPAHCTB, KOTOPBIA SIBJISETCS
CMeIIaHHBIM MPOAYKTOM MEPBBIX JBYX U OTpaxaeT 3akoH Jlyu e
Bporins, T. e. Kax/aas 4yacTvlla WM KJIacTep BEelECTBEHHOW Ma-
TepHH, COBEPIIAOIINN BpallleHHe WM MOCTyMaTeIbHO-Bpala-
TeJIbHOE JABVMKEHHUE, POKIaeT BOKPYT ceOs B TPOCTPAHCTBE KBaH-
TOBBII HOCHTEJIb MHAYKTUPOBAHHOIDHEPIruyM — 3TO MpO-
CTPAHCTBO TaKXke HEBUIUMOE, KaK U MepBOE. DTa SHEPTUsI SIBJISA-

"1, crienoBatesnsHo, AMAIA30H IIAHKOBCKHX MPEIEIIOB CyIIECTBEHHO H3MEHHTCS B
CTOPOHY YBEJMYEHMsI AMara30Ha YacTOT KBAaHTOBAHUS X YMEHBILEHUS pa3Mepa 3epeH
MIPOCTPAHCTBA.

12 B 061mem To — 570 3aMKHYTasi HOBEPXHOCTH, COCTAB/ICHHAS 3 3€peH-NI0TeH-
I[IUAJIOB, HE3aBIICHMO OT TOTO €CTh WJIM HET BHYTPH 3TOH MOBEPXHOCTU MOCTOSTHHBIH
WIIA BUPTYaJIbHBIN 3apsii.



€TCs1 HEOThEMJIEMOI SHEPruey MopoAuBIIIer €€ MaTepuu U OHa
CIOCcOOHa MPUHUMATh, KaK MOJIOKUTETbHbIE, TAK ¥ OTPHUIIATe Th-
HBIE 3HAUYEHUsI /111 COXPAHEHU sl CPEJIHEro 3HaueHus1. Takue Mak-
POIPOCTPAHCTBA, KaK U MUKPOIIPOCTPAHCTBA JIEMEHTAPHBIX Ya-
CTUIl, 00JIaJAl0T KBA3UCIIMHOM, HO OIpeNesisieTcss OH He Yepes
nocrogHHyIo [nanka. [j1s 3Toro npupoaa v co3aaia MexXaHu3m
KBaHTOBBIX MEPEXOJIOB JIake B MaKpOMaTepUH, TAHY KOTOPBIX
YAAJIOCh PACKPBITh U OMMCATh B paMKax 3TOM KHUIM — 3TO TOT
npejieJi, KOTOpbIil Tak U He cMoT npeoaoneTs Jlyn ne bpoiiis.
Bonee cunbHbIE MPOSBICHUS] MATEPUU U COOTBETCTBYIOIINE
UM TOJIs1 HAOMIOAIOTCS B KOPITYCKY/ISIPHBIX 3aMKHYTBHIX MHK-
PONPOCTPAHCTBAX — HEWUTPOH, MPOTOH, IEKTPOH, SAApa XU-
MHUYECKHUX JIEMEHTOB, JIEMEHTAPHBIE YACTULIbl, U T. JI. ATOMBI
Y MOJIEKYJIbl SIBJISIIOTCSI MPOU3BOAHBIMU ITUX 3aMKHYTBIX IPO-
CTPaHCTB MUKPOMHMpA. DTU MUKPOINPOCTPAHCTBA MPOKJIaAbIBa-
I0T IIUPOKYIO TPOIKUHKY B IPYroi MUP TOXe 3aMKHYTBIX, HO 00-
Jiee caObIX MaKpOMPOCTPAHCTB, MPU 3TOM OoJiee Oy TUMBIA 1
BUJIMMBIII, OCHOBAaHHBIM YK€ HE HA MOTEHI[HAJAX, & HA ONpe/ie-
JIEHHOM COBOKYITHOCTH CMECH MHKPOIOJIEH MOTEHIIMAIOB, Jie-
MEHTapHBIX YaCTHUI] U aTOMHO-MOJIEKYJISIDHBIX BEIeCTB, 0Opa-
3YIOIIMX TaK Ha3bIBAEMYI0 MACCHBHYIOMACCY KJIACTEPOB Bellle-
crBa. IMeHHO 3TOT MUp Ham HamOosee SICeH W TOHSTEH, TaK
KaK 3TO MUP KJIaCTEpOB BUIMMOI U 00siee KOHIICHTPUPOBAHHOM
MaKpoMaTepPHH CO3JaH U3 OYeHb OOJIBIIOrO KOJIMYECTBa Opra-
HUYECKUX U HEOPraHMYECKUX CTAaOUJIbHBIX aTOMOB U MOJIEKYIT B
(popme UeTHIPEX OCHOBHBIX arperaTHbIX COCTOSIHUI BEIeCTBa.



Tenepwb, BO3Bpamasch Hazaa K ¢opmMaM Marepuu, T. €.
K CTPYKTypaM MHKPOMAaTepPHUH THUIA HEUTpPOHA, ClEAyeT OT-
METHUTb, UYTO TPABUTAIMOHHBIE, NEKTPUUECKUE, MATHUTHBIE, a
TaK)Ke JIEKTPOMArHUTHBIE MOJS-IPOCTPAHCTBA, Mbl UMEEM
BO3MOKHOCTb U3Yy4aTh IKCIIEPUMEHTAIIBHO, TAK KaK UMEEM KOH-
TaKTHYIO JIOCTYITHOCTh, KaK K UX pa3Mepam, Tak U K IMposiBJisie-
MbIM MU CBOMCTBaM (IMOTEHIMa aM U 3apsaaM). C moMONIbio
OIpe/ie/IeHHOro Ha0opa MHCTPYMEHTOB CHUCTEMBI Mep (Harpu-
Mmep, cuctema CH) Mbl MOKeM U3MEPATD MTPOsIBIISIEMbIE CBOICTBA
MPOCTPAHCTB B 3TUX pazMepax. CoBepilieHHO HEBO3MOXKHO MPO-

HUKHYTh B ITyOMHY'? 00beMa, 3aHUMAaeMOro HEUTPOHOM (10713
CM), WIH, UYTO ellle CIIOXKHee, B IITyOuHy o0beMa, 3aHUMaeMo-
r0 3JIEKTPOHOM MJIM HEUTpUHO. BerencrBrue yero HEeBO3MOXKHO
NPEeACTaBUTh ceOe U HAIISAAHBINA 00pa3 CTPYKTYPbl TAKMX MUK-
poyacTull. ITa 3aj1a4a, HaJl IPOOJEeMON pellieHrs] KOTOpOou 3a-
HUMAIOTCSl caMble BeAyIue JJabopaTopuy BCEro MHUpa, M TOKa
6e3pesyibratHO. K Benmmkomy coxanenuio metonsl KM 4, KTTI
KX BooO111e 0TKa3aIMCh OT KJIACCMYECKOr0 MeTOo/1a MO3HAHUS
MUPa C TOMOIIBIO HATJISIIHOCTH, 4 B YaCTHOCTH, JJaske KOHKPEeT-
HYIO TPAeKTOPHIO IBUKSHUSI MUKPOYACTHIIBI 3AMEHWIN HA Ma-
TEMATUYECKYI0O BEPOSATHOCTh HAXOXKJIEHUS €€ B TOM WJIM UHON

13 310 ocHOBHO! apryMeHT JJIsl OrPaHMYEHHOTO JOCTYIIa METOIOB MAaTEMATHKH 151
OIMCaHUS HEKOTOPBIX MPOIECCOB, T. €. METONIOB TeopeTrueckoil pusuku — KM, KTTI,
KXI, uto 1 6bU10 OTMEYEHO B YETBETOM IyHKTE COIIAIEHHS MakTa «MIOHXEHCKUI
PasroBOp O PESIUTUN».

14 KsanroBas MEXaHHKa, KBAHTOBasl TCOPHA IOJIAA U KBAHTOBAaA XpOMOJUHAMMKA.



oOnactu mpoctpancTBa. MHUKpoOMAaTepusi, MpecTaBieHHas B
CAII — mépTBas matepus, 3TO JIENTOHBI U KBAPKU C MOJIyLE-
JIBIM CIIMHOM, 00pa3yiolre BcE€ MHOrooOpasue 3JeMeHTapHbIX
YacTHll, a TaK)Ke KBaHTHI 1ojierd ((POTOHbI, OO30HBI, TIIIOOHBI U
I'PaBUTOHBI), 0OJIAJAIOIIUMHU IEJIHIMK CIIMHAMU U OCYIIIECTBJISIO-
1[Me YeTbipe Thna (PyHIAMEHTAIBHBIX B3aMMOIEUCTBUM. 3/1€Ch
BpeMs !> 3aMEHUJIO JBHKEHHEe U M3MEeHeHHe pasHbIX (opm
marepun. B CAII Bce Teopuu neperpykeHbl HEIKCIEPUMEHTAIb-
HOUW MaTeMAaTHKOM, T. €. MATEMATUKOIN HE CBA3aHHON C CUCTEMOU
Mep IKCepuMeHTanbHou (pr3uku. [IoaTtomy cyTh 3THX Teopui
COBCEM OTpbIBAeTCA OT NpUpOAbl (pusnyeckux spieHn. CoBpe-
MeHHble (peHoMeHoJiornueckue teopun CranpaptHon Mo-
Je7v SJIeMEHTAPHBIX YacTull, Oymnydn aOCTpaKkTHO-MaTeMaThye-
CKMMM, HEQIeKBATHBI (PU3NYECKON PEATbHOCTH, & IOTOMY, OIIIU-
604HBI 1 OecriepcrieKTUBHBL. OHM JJOJKHBI OBITH TIOJTHOCTBIO 3a-
MeHEHbl (PU3NYECKUMUA MHUKPOCKONINYECKUMH TEOPUSIMHU, OT-
paxawomumu peasibHOCTh. CAII cuutaer, yro KM u ee npeem-
HUIIBI PEIIUIN TPOOIeMy CTPOSHHUS aTOMa, MPoOJieMy B3auMO-
JEWCTBUS U3JTyYeHHsI C BEIIeCTBOM, MPOOJIeMy MAacChl SJIeMeH-
TapHBIX YACTHI] C TIOMOIIIBIO YK€ «OTKPBITOro» 0030Ha XHUITCA U
KBAHTOBBIE SIBJICHUSI B MAKPOMHUPE, HO 3TO 3a0JIy:K/IeHHe — JI0-
CTATOYHO YKa3aTh Ha SKCIIEPUMEHTAIbHBIC PE3YJIbTaThl PadOT IO
XonogHOMY SIIEPHOMY CUHTE3Y TsikKENbIX 1eMeHTOB (LENR) u
acppexT IxannOekoBa.

15 B MNprupoac HET BPEMEHU, KaK q)OpMI)I CyIIECTBOBAHUA MaT€puu, a €CTb 4aCTO-
Ta-IIOBTOPAEMOCTb OAHUX U TEX KE IMPOLECCOB.



Jlns1 perieHus1 Ha3BaHHBIX 3324 HAYHEM CO CJIAOBbIX MPOSIB-
JIeHWA MaTepuy B (popMe MPOCTPAHCTB — MPOTKEHHBIX 00bE-
MOB (PH3HYECKOT0 BaKyyMa , 00pa30BaHHBIX pa3IMYHBIMHU 0~
JSIMH-NIPOCTPAHCTBAMM, 4 TAKKe KPYIHOMACIITAOHOU CTPYK-
Typbl Bcenennoi. 3ech HEOOXOIMMO J1aTh OIpeesIeHUs U pa3-
HUITY B CBOICTBaX CTAIMOHAPHON 1 BUXPEBOU UHIYKIIUU MO-
Jen. I'y1aBHOe B 3TOM pa3jeJjie, HAKOHEI[ TO, 1aTh OI[€HKY
IOJISIM TATOTEHHS — €CTh WJIHM HeT Yy 9THX HCTOYHUKOB I0-
Jeil 3apsaabl, 10J00HbIE MOJSIPHOCTH 3aPsi/I0B B JIEKTPH-
yectBe. [locie yero neperaem K UCCIeI0BaHUAM TUIIOB CaMbIX
CWIbHBIX €€ MpOsIBJICHU B (h)opMe MUKPOMATEPHH, MAKPO-
MaTepuu U runepmarepun. B sTux paszgenax ocHoBHas 3aa-
Yya ONpeAeUTb KOHKPETHYIO CTPYKTYpy MaTepHH, CTPOUTEIIb-
HBII MaTepuasl, ICTOYHUKYU €€ KBAHTOBAHUS, IBUKEHUS U U3Me-
HeHus1. Kpome Toro, HeoOXoauMo JaTh OLIEHKY JEUCTBYIOIIUM B
NPUPOJE CUJIaM UHIYKIIMM B MAKPOMAaTePUH Ha COOTBETCTBUE
y’Ke OTKPBITOTO U JIECTBYIOIIETO B HayKe (hopMan3Ma, Harpu-
mep, unaykius Papanes-MaxkcBesuia ', WHIyKIHS MTOJIST BOKPYT
CTAIIMIOHAPHOTO JICKTPUIECKOTO 3apsijia 1 Ha000POT — MOJISPH-
3a1usl BellecTBa B nose. HeGe3nHTepecHO BBISICHUTD U APYToi
(bakT KBAaHTOBBIX SIBJIEHHIA B MAKPOMATEPUU — CIIOCOOEH JIN Me-
XaHWUYECKMM MOMEHT MHEPLMU HEKOTOPBIX BPAILAIOIINAXCS TE
KBAaHTOBATh MEXaHWYECKOE JIBUKEHUE U MAarHUTHBIA MOMEHT Ta-
KHX TeJl.

16 Hmenno YpaBHEHUS Makcgenna B ux COBpPEMECHHOM BHJE IIPUBEJIIN K Pa3pbIBY
MEXKAY TCOPUAMM IJIEMCHTAPHBIX YaCTUIl U TEOPUAMU TATOTCHUA.



[ToaToMy CTPYKTYypa KHUTH MTOCTPOEHA B COOTBETCTBHUHU C OC-
HOBHOU (popmyoin Mupo3naHusi — NPOCTPAHCTBO, MaTe-
pusi, IBH:KeHHe U M3MeHeHHMe. B mepBoii riaBe npeasoxe-
HO paccMarpuBaTh Bce MPOCTPAHCTBA Kak MOJeBYyH Gopmy
MaTepyy CTAalMOHAPHBIX MCTOYHUKOB. Bo BTOpOIi, TpeTheil u
YEeTBEepPTOH IIaBaX M3JI0KEHbI MPeICTABJEHHs BEelIECTBEHHON
MaTepHuH B pa3IMUHBIX (POPMAX IHEPreTUIECKOro COCTOSTHUS 17,
T. €. OT sijiep 3BE3/1 U IUIAHET 0 €€ sIepHO-aTOMHO-MOJIEKYJISIP-
HOW (pOpMBI, KaK KBAHTOBBIX MPOAYKTOB BHXPEBBIX WCTOUHU-
KOB — BUXPOHOB (9JIEKTPOMATHUTHBIX U MeXaHHYeCKHX),
OTBETCTBEHHBIX KaK 32 POXICHUE U TEOMETPUUECKYIO CTPYKTYPY
MUKpPO-, MAKpO — M TMIIEPMHUPA, TaK U 32 Bce HaOJIoaeMble B
npupoze siBJeHus U rnpotieccbl. OCHOBHOE BHUMAHUE, IIPU STOM,
yAEJeHO pa3iMuHbIM (pOpMaM I1a3Mbl, KAaK MHAUKATOPY KC-
NIEpUMEHTAJILHOTO OOHAPYKEeHUsI BUXPOHOB. B misATON M 1iecTou
IJ1aBax MpeJCTaBIeHO IBUKeHHE 1 H3MeHeHne (peodpa3oBa-
HHE TOCTYIATeIbHO-BPAIATEILHOTO JIBUKEHUST OJHOU (DOPMBI
MaTepuu B JPYTryi0 ¥ HAOOOPOT) MaTepUH B KAYeCTBE POIUTEITh-
CKOW pOJIM POK/IEHUsI BUXPOHOB U MOTEHINAJIOB, PUBO/ISI-
11ee K CO3/IaHUI0 U IBOJIIOLIMY siJIEP 3BE3[] U TAIAKTHK, a TaKkKe K
MIPOU3BOJICTBY NIEPBOHAYAIILHOM €€ (DOPMBI U IOCIIETYIOIIEN IBO-
JIOLMM B MACCMBHOE aTOMHO-MOJIEKY/ISIPHOE BEILECTBO Ha MO-
BEPXHOCTH 3BE3[ U TUIaHET. Bce mpeacTaBaeHnst MOATBEPXKIe-
HbI KCIePUMEHTAJbHBIMYI Pe3yJbTaTaMl MUPOBOTO HAYYHO-

17 Hcrounuku ABWKCHUA U U3MEHCHUS, IIOKOA, CTPYKTYPbI FeOMeTpI/I‘IeCKOﬁ q)Op—
MBI, 4 TaKXKE UX HOHeﬁ, Kak MI/IKpOHOIIeﬁ KBa3UCTAlIMOHAPHBIX UCTOYHHUKOB.



ro cooOmecTBa (PU3MKOB U MO BO3MOKHOCTY MJLIHOCTPHPOBA-
HbI rpapMuecKu WM C MOMOUIbI0 BUIEOKJIUINOB. B KHuUre Ha-
MEPEHHO HE INPUBE/ICHO HE €AMHOM MaTeMaTH4ecKou (opmy-
JIbI, TaK KaK, MO TIIyOOKOMY yOe:KIeHHIO aBTOPa, aHAIN3 JII0O0To
HEU3BECTHOI0 MEXaHM3Ma SIBJIEHUI U MPOLIECCOB JIOJDKEH Ha-
YMHATHCS C MPOPUCOBKY MX HAIJISIIHOTO oOpa3a. Ha manHom
Tare yCTaHOBJIEHO, YTO MaTeMaTU4ecKasi JJOTMKa YCTYIAET KU-
BOMI JIOTMKE MpUpoabl. Matemarnueckue (OpMyJibl OTCYTCTBY-
10T, B OCHOBHOM, U B NMATEHTHO-U300PeTaTeJibCKOH U KOH-
CTPYKTOPCKOM JTOKYMEHTAllMM Ha U3TOTOBJIEHUE TOTO WJIM UHO-
r0 yCTpOWCTBA. MaremMaTuyecKuil anmapar MUpPOKO MPUMEHSsI-
eTcsl B TeOPETUUECKOI (PU3MKe 1 HEKOTOPBIX JPYrHX OONacTsX,
Y, B OCHOBHOM, B KHH2KHOM HayKe J1s1 (DEHOMEHOJIOrMYeCKOro
ornrcanus nporieccoB Muposnanust. [Ipu sTom, aBTOp 0c000 XO-
YeT NOAYEPKHYTh, YTO OCHOBHbIE SKCIIEPUMEHTAJIbHbIE 3aKOHBI,
tuna 3akoHoB HeiotoHa, Kynona, buo-Casapa-Jlamaca, ®apa-
nesi-MakcBesuia U T. 1., B KOTOpbIE BXOJAT (PyHAaMEHTAJIbHbIE
KOHCTAaHTBhl ¥ TIOUMEHOBaHHbIE TepMUHBI cucteMbl CU, He sB-
JISTIOTCSL PEIIEHUsIMUA KaKMX TO MaTeMaTUYeCKUX TEOPHil, a €CThb
9KCTIEPUMEHTAIBHBIN MOAO0P CPEACTB U 3HAUEHUI, ONpe/IeNIEH-
HBIX U3 B3aUMOJEVMCTBUI B TOM WJIM MHOM MOJAEIUPYEMOM IPO-
1ecce U1 U3yYeHHs U aHaIn3a MpeJIoJaraeMoroHaris{Ho-
rooopasa siBjicHU# B PUPOJIC.



I'naBa 1. IIpocTrpancTBo 1 marepus

Yro panbmie poanMJIOCh: NIPOCTPAHCTBO MU KaKas-JIu-
00 cpopma marepuu? CornacHo CAITu OTO u3 cunrynspHon
TOYKH BAPYT O€CHPUYMHHO MTPOU30IIEN Bobioi B3phIB 1 Ha-
Yajioch MTHOBeHHOe '® 0Opa3oBaHue (pa3yBaHue) MPOCTPAHCTBA

NyTéEM HH(IAIUOHHOIO PpaclIMpeHusl MPOTOMy3bIps B 10
pas, abCOMIOTHBIN OTCYET BpeMeHH ¢ MOMeHTa BoJbIioro B3phI-
Ba U CHHTE3 CJIOKHOU KOPITyCKYJISIPHOM MaTepuu U3 ropsyen
ra3000pa3HON cMecH IpaMaTepry — KBapKOB, JIEKTPOHOB, HEl-
TPUHO U T. [I. C IOMOIIBI0 0030HOB Xwurrca. OTciona U OTBET Ha
MIOCTABJIEHHBIM BOIIPOC — IOYTH OJHOBpPeMeHHO. OTKyna B3s-
JI0Ch CTOJIbKO MaTtepuu? OTBET: U3 CUHTYJISIPHOM TOYKH C IJ1aH-
KOBCKOH IuIoTHOCTHI0 5 X 10%° r/em’. A uro ke GbuIo BOKPYT
CUHTYJISIPHOM TOYKM 10 B3peiBa? OTBET: 0-BUAMMOMY, HU ITPO-
CTPaHCTBO, HU BPeMsI HE UMEJTH CKOJIbKO-HUOYb OIPEIEIEHHOTO
cMbicnia. BeeneHHas Haxoguiack B COCTOSIHUM C BBICOKOM CHM-
MeTpuen.

CBA3HOCTb IPOCTPAHCTBA CO BPEMEHEM JIOJTOE BPEMS Haxo-
JWUJIOCh B MPAaKTHKE Y MaTeMaTHKOB'®. Kak W3BECTHO OIIyTH-

1 o

8 B CAIT pocTpaHCTBO He CamTaeTcs MaTepueit, a I0SToMy AOMYCKAETCS, 4TO OHO

CIIOCOOHO PACIIMPSITHCS CO CKOPOCTBIO, BO MHOTO pa3 MPEeBOCXOASIIIIEH CKOPOCTh CBe-
Ta.

B Hostope 1940 r. 6bUTO 3aKJTIOYEHO COTJIAIIeHNe, N3BECTHOE KaK «MIOHXeHCKHI
PasroBOp O PEJIMIUU», MEXKIY MPEICTABUTEIIAMH KJIACCUYECKON (DUBUKHU U TIPE/ICTABH-



MBIX PE3y/IbTaTOB 3TO He mpuHecno. C Apyroi CTOpOHbI, 0OIIe-
M3BECTHA CBSI3HOCTH ITPOCTPAHCTBA C MaTepuen U (popMou e€ Cy-
IIECTBOBAHUS — JIBOKEHUMEM U u3MeHeHueM. OnHako (uioco-
(bl HUKOrA HE 3ayMBIBAJIUCH HAJl TOYHBIMU OIpEeIeHUsIMU
Marepuu (Ia v riyOuHa mo3HaHusi (b)OpM MUKpPOMATEpPUU B TO
BpeMsi OblsIa HeBeJIMKa) U (hopM e€ CyIIECTBOBAHUS — CTPYKTY-
pbl U UCTOYHUKOB €€ OECKOHEYHO JIOJTOW U CTAOMJIbHOM KU3-
HU. Tenepp, 4TO KacaeTcsi BTOPOI COCTaBJISAIONIEN Mpe/cTaBIie-
HUS$I CBSI3HOTO MPOCTPAHCTBA-BpeMeHH. [1pu rimyObokom aHanmsze
HE ylaeTcss OOHApYXUTh BPeMsl, KaK OHY M3 CYIIECTBYIOIIUX
¢opM matepur 1 HEOTHEMJIEMYK YacTh MOHSATHS TTPOCTPaH-
crBa. [IpencraBiieHre BpeMEeHU B YeTBEPTOM KOOpPAMHATE — 3TO
€CTh UCKJTIOUUTENILHOE CyObEKTUBHOE TIOHSITHE YeJIOBEKa 115 CO-
3JAHAA MAaTEMATUYECKUX Mozesie 20 onucaHus IBVMKEHUS U U3-
MEHEHUsI MaTepuu U3 OfHOU (DOPMBI B IPYIylo, T. €. ITO MPO-
JOYKT MBIIIJIEHUS YelloBeKa, a He (hopMa MaTepuu U yx TeM 00-
Jlee He SIBJIEHUe MPUPO/bl. DTO BUPTYATbHBIN BTOPOCTETIEHHBIH
napameTp, BBeI€HHbIN B cuctemy CU, 1y1st onucanust JBUKEHUS
Y U3MEHEHHSl MaTepuH M MPOIIECCOB B IKCMEPUMEHTaX. A TOT
(bakT, uTO LMBUIIM3ALUS, U1 YIOOCTBA MCTIOJIB3YIOIIAs STOT Ma-
pameTp /17151 a0COMIOTHBIX METOK B TEUEHUE CBOEH KU3HU U IBO-
JIOLIMU, HE MOXET CITY>)KUTh OCHOBAHUEM J1JIs1 OMPEAesIeHHUs ero,
KaK OJHOU U3 (pOPM CYyIIECTBOBaHUSI MAaTEPUHU.

TeNISIMU TeopeTuueckol (msuku. IlepBbie N0JKHBI ObUIM MIPU3HATH MaTeMaTHYECKUe
Pe3yIbTaTHl TEOPETUUECKOH (DU3UKYU U MTPEKPaTHTh TOTUTHYECKIE HAMlaIKK Ha HUX.

20 9710 OBLIO TUCHMEHHO 3aKPEIVIEHO B TPETHEM ITYHKTE ITAKTa «MIOHXEHCKHH pa3-
TOBOP O pEJIUTrum».



PaccmoTpyM BeliecTBeHHbIE IPOCTPAHCTBA, Kak claldyio
MaTepuio B (popme BHEHIHMX (PUBMYECKUX IOJIEUd T€OMETPH-
YECKH U IMHAMUYECKH PACIIPEeeSIEHHBIX OTEeHIMAJI0B-3epeH
HaJl CTaTUYECKUMHU WM KBa3UCTaTUUYECKUMU MHUKPO U MaKpPO-
HCTOYHHKAMH, a HE KaK MPOTOMY3bIPb, 00Pa30BaBIIMICS IO-
CJie B3pbIBa ITpaMaTepuu B (pOpMe KBapKOB, JIEITOHOB U T. [I.



1.1 dPusnueckue MoJsa
CTAIMOHAPHBIX HCTOYHUKOB

Cornacno CAII ¢pu3zuveckoe nmoJie — 3710 oHa U3 (popMm Ma-
TepuH, XapaKTepu3yoIlas BCe TOUKH MPOCTPAHCTBA U BPEMEHH,
U 1o3ToMy oOJajiaroniasi 0ECKOHEYHbIM YKCIIOM CTENeHel CBO-
601p1. OUEeBUIHO, UTO C TOUKU 3peHUsT (PUBUKH ITO TOJTHBIN a0-
CYpH, TaK KaK Takoe OIpeJesieHre He OTpaxaeT MPUPOIy SBje-
Hus. Cpenu nosient B CAIl Boiensiiotr pyHaamenTtasibabie. Cpenu
(pyHIameHTaIbHBIX T0JIel CHaYaia ObLTIA ONpeeSieHbl SEKTPO-
MarHWTHOE, TPaBUTAIIMOHHOE, C1aboe, ¥ CUJIbHOE — TIoJIe SifIep-
Hbix cuJl. [Tocne cozgannss KM crano o4eBUAHO, 4TO U BCS IpY-
rasi MaTepusi Takke J0JKHA OMKMChIBAThCSl KBAHTOBAHHBIMU: OT-
JeJIbHBIMU (DYHIAMEHTAIbHBIMU UJIM UX KOJUIEKTHBHBIMH BO3-
OyxneHusimu. Harmprmep, mpoTOHBI, COCTaBJICHHBI U3 TPEX KBap-
KOB ¥ TNIIOOHHOTO T0J151. OIMHOYHBIMH BO30YKIeHUAMU (PyH-
JAMEHTAJIbHBIX TIOJIeH SIBJISIOTCS MX KBAHTHL. JTO JIEMEHTap-
HbIE YaCTHIIbL: (DOTOHBI, BEKTOPHBIE OOXOHBI, TJIIOOHBI, JIENTOHBI,
KBapKH, U TPABUTOHBL. DTHU MOJIsI MPOSBISIOTCS B BUIE B3au-
MOJIEMCTBHS TEJ, IEPEHOCUMOTIO C MPEAETBbHON CKOPOCTHIO CBE-
Ta. [Ipu 3TOM Ccria B3auMoOAENCTBUS ONpeesisieTcsl pa3IuvHbI-
MU 3apsAaMu:

— Maccoi Jyisi TPaBUTAIIMOHHOTO MOJIs,

— MIEKTPUYECKUM 3aPSIIOM 7151 JIEKTPOMATHUTHOTO U T. [I.

B KM B3aumoneiicTBusl 0OBACHAIOTCS OOMEHOM (KOHKpET-



HBIMM [T KaXJIOrO THUMA TOJisl) KBaHTaMM — (DOTOHAMU ISt
JIEKTPOMArHUTHOTO, GO30HAMM TSI CJTA00TO, TUTIOTETUIECKUMU
IPaBUTOHAMM ISl TPaBUTAIIMOHHOTO U T. 1. A B CTaHgapTHOI
MOJIENIA JIEMEHTAPHBIX YACTUI], KKJOW YaCTUIIE COOTBETCTBY-
€T aHTUYaCTUla, T. €. IPOTOHY C MOJIOKUTEILHOM MACCON — aH-
TUIIPOTOH C OTPULIATEIBHON MAcCOM (KOTOpasi JOJKHA OTTAJIKHU-
BaThCs OT 3eMJIH), Macca 4acTUll 0Opa3yercsl ¢ TOMOIIIbI0 00-
30HOB XUITCA.

[Mepeuncnennsie 6a3oBbie ornpenenenus CAIl yxe naBHo me-
pecTany ObITh HEOOXOIUMBIMHU B OOBSICHEHUN OOJIBITIIOTO KOJIH-
YecTBa BHOBb OTKPHITHIX SIBJICHUH B MPUPOJE, & B OCOOEHHOCTU
LENR — X0JIOMHOTO $IGpHOTO CUHTE3a TAKEJBIX JIEMEHTOB B
MuKpomupe u 3pdekra xaHndekoBa — KBAaHTOBOTO MPOSIBIIe-
HUsI B MAKPOMMUpE.

C no3unuii JaHHOTO PeaJjibHOr0 NMpeaCcTaBJIeHNsI0AMHOY-
HBIMHU BO30YXICHUSIMU SIBJISIOTCS MOTEHIHAJbI-3EpPHA, T. €.
OecCTpyKTypHbIE KBaHTBI?! aMOpP(HOro MpOCTpaHCTBA. A Me-
XaHU3M B3aMMOJIEHCTBUS MEXKYy PAa3HOMMEHHBIMU MOJISIPHBIMU
UCTOYHUKaMU (YCJIOBHO IUTIOC M MUHYC JJISl KaXJIOTO M3 TPEX
W3BECTHBIX T0JIell) OOYCIIOBJIeH TOIJIOMIEHUEM WU OTTaJIKHUBa-
HUEM II0TOKA Takux 3€peH. [IputrsxeHne — 310 MOIJIOIeHne
NMOTOKOB MOTEHI[UAJIOB OTPUIATEIbHLIMH HCTOUYHUKAMM ,

2! Kpantsi aMOp(HOrO MPOCTPAHCTBA — ITO OECCTPYKTYPHBIE 3EPHA-TIOTCHIIUAIIBI
OIHOro U3 TPEX (PyHIAMEHTAJbHBIX M PEAIBHO CYIIECTBYIOLIMX HEBUXPEBBIX MOJEH,
IPaBUTAIIMOHHTO, MATHUTHOTO U 37IeKTprudeckoro. KBaHTh BUXpeBBIX Moeit Tumna ¢o-
TOHOB U JIEKTPOHOB CTPYKTYPHBI ¥ COTEPXKaT B CBOEM 00BEME NCTOYHIKH IBIIKE-
HUS1 — MATHUTHBIE Y [PABUTALIMOHHBIE MOHOIIOJIH.



a OTTAJIKMBAaHWE OIHOIOJAPHBIX (00a MCTOYHMKA UMEIOT ITOJIO-
JKUTEJIbHBIN 3HAK ) ICTOYHHUKOB — 3TO OTPaKeHMeN0TOKA 3EPEH
(HyJIeBOe ¥ IIAaBHOE CBOVICTBO 3€PEH), ICUCTBYIOIINX B IAHHOU
TOYKE CYMMApHBIX IMOJIEH OJHOTO THIA, YBEIMUUBAIOIIUX WU
YMEHBIIAIONINX CHITY 3TUX B3aUMOAENUCTBU. [[J1s1 UCTOYHUKOB 22,
KOTOpbIe (popMUPYIOT BXoAsimMe (pu3ndeckue mnoss (3Hak Mu-
HYC), T. €. TOJIsl, KOTOpble HEeM3JIy4arT MMOTOKU 3EPEH, a TOJb-
KO TIOIJIOIIAIOT UX, CBOWCTBEHHO 00beuHeHue?>® (3TO mepBoe
CBOWCTBO) OT/IEJIbHBIX MUKPOYACTHI] MACChl B OTHOMMEHHO 3a-
psKEHHbIE KJIACTEPhl B CUJIBHOM BHEIIHEM IIEHTPAJIbHOM MOJIe
MPOTUBOIOIOKHOTO UICTOYHHUKA, HO C BECbMA CTa0bIMHU KOHCTAH-
TaMM, TUTIA TPABUTAIIMOHHON TIOCTOSIHHOU. DTO, MPEkAe BCEro,
CMpaBeIMBO IS TIOJIe TATOTEHUSI, TOTOMY YTO LIEHTPAJIbHbIS
ucxoasime noins saep YCT 3BE31 u niaHeT co3aat0Tcst MPOTS-
KEHHOU chepruyecKor MaTepuer C OMPeesIEHHON CTPYKTYpPOr
TUIA HEUTPOHHOM M C COOTBETCTBYIOIIEN IMJIOTHOCTBHIO. A BXO-
JIIMe TONs KJACTEPOB aTOMHO-MOJIEKYJISIPHOM MaccChl, UMe-
IOIUX TUIOTHOCTh HA JIECATh-MSATHAALATh AECATAYHBIX MOPS-
KOB MeHbIIle, (DOPMUPYIOTCS CYMMUPOBAHHMEM BCE€X BHEIIHUX

2 CrauyoHapHble UICTOYHUKH, CO3/IAI0NIHE UCXOASAIME U BXOIAIINE BHEIIHUE 110-
JI51 00JIAA0T Pa3IMYHOM CTPYKTypoi. Tak, HanpuMmep, Axpo (IWHoc) 3eMiIn OKpyKe-
HO MaHTHel U KOpoH (MHHYC), a KOpa COCTOMT M3 MacCOBBIX B LIEJIOM 3JIEKTPOHEH-
TPaJIbHBIX MUKPOYACTULl. ATOMHOE 1O (IUTIOC JIEKTPUUECKHiA) BOAOPOAA CIOKHEe
TI0 CTPYKTYpe JEKTPOHa (MUHYC). DIEKTPOHBI, UMEIOINE BXOIAIIME SNEeKTPUIECKUe
BHEIIIHHE 0151, CIOCOOHBI OOBbEIMHSTCS B KYTIEPOBCKHME Maphbl ¥ CO3AaBaTh MOJIEKYJIbI,
TaK:Ke M aTOMbI C Maccoil OOBEANHSIOTCS] B OTPOMHBIE KJIACTePbl MAHTHH, KOPBI, BOIBI
OKEeaHoB M aTtMocdepy.

2 S¢ddexr Kazumupa.



ToJIel, B TOM YHMCJIe 1 aTOMHBIXSIJIeP — B 3TOM UX IJIABHOE OT-
JIMYME OT LIEHTPAJIbHBIX IOJIEW TATOTEHHUS, KOTOPOE U POKAAET
yKa3aHHOe CBOMCTBO — o0 beauHenune. Sinpa YCT orraikuBa-
I0TCSI APYT OT JpyTa JI0 NMpeAeIbHbIX IPaHUI] JaJIbHOJEMCTBUS UX
BHENTHUX mojier. [1oaToMy B 10J1€ MOIITHOTO HIEHTPAJILHOTO KC-
TOYHUKA C UCXOASAIIMM MTOTOKOM 3€pPEH, TAKKE KJIACTEPHI IIpU-
TATUBAIOTCS K HeMy 0e3 OTTaJIKMBaHUsI APYT OT apyra. s neH-
TPaJIbHOTO TPaBUTALIMOHHOTO TOJIs siipa 3eMJId U 3BE3]] yCTa-
HABJIMBAETCS MOJOKHUTEJbHAA (YCIOBHO ILJIIOC MOHOIIOJIb) TTO-
JIAPHOCTb, KOTOpasi M3JIy4aeT 3THU MOTEHIHAIbl U (hOPMUPYET
Hcxo/Ismee BekropHoe nojyie?t, Kimacrepam naccuBHOro sijiep-
HOT'O U aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA, TAKUX KAK MAHTUSA U
KOpa TUIAaHeT WJIM ra3000pa3Hoe BEIeCTBO 3BE3[, OKpyXKaloliee
SAPO-LIEHTP 3TOTO MOJIsl, IPUCBAUBAETCS OTPHULATEJbLHAS T10-
JIIPHOCTD — TOJILKO MOTJIOMI€HHEe MTOTOKA 3€PEH-MIOTEHIINAJIOB U
(popMupoBaHue BXOAAIIET0 BEKTOPHOTO IMOJIS.

Torga BTOpPBIM CBOMCTBOM IMOTEHIIUATIOB-3EPEH — 3TO KBaH-
TOBOE MOCTPOEHHE (MHAYKUMS) AMHAMHYECKHU TOABUKHON
CTPYKTYPBbI OJIE C TAKOW YaCTOTOM, UTO Ha (pOHE COOBITHIA ITPO-
MCXOISIIIUX CO CKOPOCTBIO CBETA ITO MOJIE KAKETCS TOCTOSIHHBIM,
T. €. 4YaCTOTa M3JIyYeHUsI 3€PEH HAMHOIO JIECATUYHBIX MOPsI-
KOB IPEBOCXOJUT TUIAHKOBCKYIO 4acTOTy. TOJNBKO B TaKOM MOJIE
MOET POKAATHCS UCTOYHUK JIEKTPOMArHUTHOTO JIBUKEHMSI U

% Bee 9KCIIEPUMEHTAILHO HaOJTIogaeMble CTAIMOHAPHbIE HCTOYHUKH XapaKTepu3y-
10TCs TMOO BXOISAIIMMY CHJIOBBIMH JIMHUSIMH TIOJISI, JIMOO UCXOSAIIMMHU, IOITOMY 3TH
WCTOYHHKHY U Ha3BaJIU YCJIOBHO OTPUIIATELHBIMU M MOJOXKHUTEIBHBIMU MO 3HAKY CO-
OTBETCTBEHHO.



U3MEeHEeHHsI — IEPEMEHHbII MATHUTHBII MOHOIIOJIb.
dusnuecknii MeXaHU3M ITPOU3BOJICTBA, 3aPAJKHA, KBAHTOBA-
HUSl U PaClpefesIeHUs] B MPOCTPAHCTBE 3E€PEH-TNIOTEHIUAIOB C
NOMOUIBIO CTAIMOHAPHBIX UCTOYHUKOB OTJINYAETCS B KOPHE OT
AHAJIOTMYHOTO MEXaHW3Ma MOCPEICTBOM BHXPEBBIX UCTOYHU-
KOB (BUXPOHOB), UTO CJIEAYET U3-3a CUJIBHOIO Pa3/INUMs B Paan-
ycax JaJIbHOJAEWUCTBUS SJEKTPOMATHUTHBIX M I'PaBUTALIMOHHBIX
nosner. Hanpumep, paguyc IercTBUSA ONTUYECKUX (POTOHOB B

o 2
npoctpaHcTBe BeenenHoit cocrapisietr 6omee 10 8 CM, a paanyc
JEUCTBUS IPAaBUTATMOHHOTO NOJ1s1 3eMiIu U COTHEYHON CUCTEMBI

~1.5x 10" em u 6 x 10 cm, coorsercrBenHo.

[MoTeHIMabI CTAIMOHAPHBIX UICTOYHUKOB 00Pa3yIoT IMHAMU-
YecKH CTaOMIILHOE T0JIe BOKPYT HEr0, KOTOPOE pacipoCTpaHsieT-
Cs1 CO CKOPOCTBIO BO MHOT'O pa3 Oosiee CBeToBOM. [LITOTHOCTh 9THX
MOTEHITNAJIOB MAaKCUMaJTbHA HA €TUHUYHON 3aMKHYTOW TIOBEPX-
HOCTH CTallMOHAPHOTO MCTOYHUKA U C YBEJIMUYEHUEM PacCTOSTHUS
OT HEero TOJIbKO yObiBaeT. [IponyKTOM MX MPOM3BOJACTBA SIBJIS-
I0TCsI pa3/IMuHbIe IPOCTPAHCTBA, B KOTOPHIX BO3MOXKEH MEPEeHOC
SHEPTUH C 3aPSIIOM MACChl, C MEKTPUISCKUM VITH MAaTHUTHBIM
3apsjioM. Hammpumep, kocMudeckue npocTpaHcTBa BeenleHHOM,
9MEKTPOCTATUYECKHE WIIM MArHUTOCTATUIECKUE TIOJIS.

[MoTeHansl BUXpPEBBIX WMCTOYHMKOB? YCTAHOBJIEHBI KOJI-
JIEKTUBHO B IMOKOSIIMECS BOITHOBOIBI U ITPOSIBJISIOT CBOMCTBO OT-
HOCHTEJILHO CTAlIMOHAPHOTO TOJIOKEHUS B TIPOCTPAHCTBE C OI0-

» DTO MEeXaHUUECKHE U IJICKTPOMAIrHUTHBIC BUXPOHDI.



POl Ha cCOOCTBEHHOE MAarHUTHOE WJIM TPABUTAIIMOHHOE TTPOTEK-
TOPHOE MoJie. DNEKTPOMArHUTHBIE TOJISI-BOJIHBI PACIPOCTPAHSI-
I0TCSI CO CKOPOCTBIO CB€Ta. A IUIOTHOCTh MOTEHIIMAJIOB Ha BOJI-
HOBOJIaX MMeeT NMEePUOANYECKUI XapaKTep ¢ HaMOOJbIIIEH I1J10T-
HOCTBIO B y3/1aX M HAUMEHBILIEN B MyYHOCTSIX BOJHBI. BOIHOBO-
Ibl U3 TAKUX TTOTEHITNAJIOB CIOCOOHBI TIEPEHOCUTH SHEPTHIO Ma-
TepUU B PA3JIMYHBIX (pOpMax, HAMpUMep, B (popmax /eKTprude-
CKHUX WY IPABUTALIMOHHBIX 3apAJ0B. Y BICOKOUACTOTHBIX JIEK-
TPOMAarHUTHBIX MOJEH UMEETCS BO3MOXKHOCTb MPU OMpPEHESIEH-
HBIX YCJIOBUSIX IPOM3BOIUTH KBAHTOBBIM MEPEXO] B KOPIYCKY-
JIbI-MUKPOYACTHIIBl C TMPeoOpa3oBaHMEM MX SHEPrvy MaTepuu
JBHKEHNSI B €€ SHEPIUIO MOKOS.

DNEeKTPUUYECKUE 3EPHA-TIOTEHIMANbI BUXPEBBIX NCTOYHU-
KOB CO3/1al0TCSl HETIPEPBIBHO NEpe3apskKaloNIMMUCA MarHUTHbI-
MU MOHOIIOJISIMU BUXPOHOB — OJJHa c(pepryecKasi Ciupajib Mar-
HUTHBIX TMOTEHIIMATIOB-3¢pEeH 3TOr0 MOHOMOJISI?® cO3Ma€T Ha
ceponoodHOM BOIHOBO/IE (POTOHA OTHO 3€PHO-TIOTEHITUAI Ha
€ro KpyroBoy IOBEPXHOCTHOW CIMPAJIH, CTALIMOHAPHO YCTAHOB-
JICHHOM B MpOCTpaHcTBe. B 3TOM Mpolecce NpuHUMAIOT y4a-
CTHE IBA BUXPEBBIX IOJIS1 — 3TO pa3psijika MarHUTHOTO MOHO-
T0JIs1 ¥ IPOTUBOJICHCTBYIOIITUI 3TOMY ITPOLIECCY MEKTPUIECKUI
MOHOIMOJb CBOOOJHOr0 BHXPOHA. B 3aMKHYTBIX WM CBSI-
3aHHBIXBUXPOHAX B MUKPOMATEpUU YK€ MPUHUMAET y4yacTue

26 MarHUTHBLA MOHOIIONb — 3TO MCTOUHMK JBMKCHUS M H3MCHCHHUS, A SHeprus 3a-
KJIIOUEHHAS B (DOpME MarHUTHOTO 3apsijia IBMKEHHUs], IOPOKJAET EIIE CIIUH Y 31€MEH-
TapHBIX YacTull, (pa3oBble 0OBEMBI KOTOPBIX OH CO3/IAET U B KOTOPBIX OH <«KUBET».



I'PaBUTAIIMOHHOE T0JIE COOTBETCTBYIOIIEro?’ MOHOMOJMSA, 31eCh
SHeprusi B (hopMe TOCTYNATEIbHOTO JIBUKEHUSI CBOOOJHOTO
BUXPOHA MPeoOpa30BaHO B MAcCy — SHEPTUI0 MaTepru B hopme
nokost. [To ¢hopme reomeTpruyeckoro yaoxeHus 3€peH-MOTeHIH-
QJIOB, BPEMEHU KWU3HU M JIPYTUX CBOWCTB, OHU TaKkKe OTINYa-
I0TCS1 ¥ TIPE/ICTAaBJIEHbI B BUJIE BOJTHOBOAOB (POTOHOB, 3JIEKTPO-
Ha, 000JIOYEK MTPOTOHA, AaTOMHBIX SIJIEP Y SJIEMEHTAPHBIX YACTHII.
OTHOCUTENBHOE MOCTOSIHCTBO B3aUMHOTO PACTIONIOKEHHUsI 3€PEeH
JEKTPONOTEHIIMATIOB 3TUX YaCTHUI] OXPAHSIIOTCS IPOTEKTOP-
HBIM MarHUTHBIM TIOJIEM.

B Makpomarepuu Bpaliamoupecss CUCTeMbl MacC CBOMUM Me-
XaHUYECKMM MOMEHTOM MHEPIIMY UHIYKTUPYIOT MEXaHUUYECKUe
BUXPOHBI, JKECTKO CBSI3aHHBIE C C IIEHTPOM MAaccC, B KOTOPBIX
MYyJIbCUPYIONINE BEJIMUYMHONW U 3HAKOM TPABUTAIMOHHBIE MOHO-
N0JI1 (HOCUTEIM MHAYKTUPOBAHHOW SHEPTUN ), Pa3psiKasiCh U CO-
3[aBasi BOJIHOBOJ] U3 TPABUTAIIMOHHBIX MMOTEHIIUATIOB, KBAHTYET
Y 33JIa€T BOJTHOBOE TIEpeMellieHUe BCEM CUCTEMBI, Kak B 3(pdek-
Te JI)kaHnOekoBa. DTO MOATBEPXKIAOT U IKCIIEPUMEHTATOPHI 2%,
KOTOpbIE JaBHO TOJAMETHIIM «CTPAHHOE» IOBEJAEHUE TMPOCKO-
TMIOB Ha Becax: ObICTPO BPAIAIOIIUIACS TUPOCKOI BECUT HEMHOTO
MEHbIIIe, YeM HETO/IBUKHBIN.

[loTeH1Mabl CTAMOHAPHBIX MOJOKUTEJNbHBIX HUCTOYHU-
KOB 00pa30BaHbl KBAHTOBAHHOM 3apsKOy (TPeThe CBONCTBO —

2 OnHAaKO rpaBUTAIMOHHOE TTOJIE MEMEHTAPHBIX YACTHUII OTIMIACTCST OT MAK POIIOJIsSt
3emin.

3 DddexTt Jxanndekopa.



KBaHTOBaHME?® M 3apsijika KBaHTOM 3apsjia UCTOUYHUKA) TIOTEH-
1Majla UICTOYHMKA NIPUJIETAIONIEr0 €IMHUYHOIO CJI0s elIé He3a-
PSDKEHHOT'O OKPY’KAIOIIEro TOT UCTOYHUK MPOCTPAHCTBA, B TOM
Yuclie 1 HeBeleCTBEHHOr0, C MOCIeIYIONM OTTAJIKUBAHU-
eM-u3Jy4eHueM (MHAYKIHell — 4eTBEpPToe CBOICTBO) cde-
PUYECKOTO CJIOSI OJHOMMEHHO 3aPSKEHHBIX 3EPEH CO CKOPO-
cThi0* BO MHOTO?! MUJIJIMOHOB pa3 MPEBBIIIAIONIEH CKOPOCTh3?
cBeta. S1npo 3€peH, COOCTBEHHO 3apsi] — 9T0 KBAaHTaMoOP(PHO-
ro IPOCTPaHCTBa (NATOE CBOMCTBO). PexxuM cMeHbl 3apsiKeH-
HBIX CJIOEB HOCHUT MEPUOAMYECKHI XapaKTep ¢ 4acTOTOoM (Ie-
CTO€ CBOWCTBO 3€peH — HelpepblBHAsI NepUOoInYecKasi UHAYK-
1Sl TAKUX KBAHTOB) IMPEBBIIAIONIEH COOTBETCTBYIOIIME TUIAH-
KOBCKHME 3HaueHus (2 x 1043c'1). DTOT MPOLIECC HOCUT Helpe-
PBIBHBII XapakTep Ha BCE BpeMsl XKU3HU ITOTO CTAlMIOHAPHOTO
UCTOYHUKA, (pOPMUPYSI TUHAMUYECKU OOBEMHOE MTYJILCUpPYIOITiee
¥ BHOBb OOHOBJIsIEMoe mosie. B mporiecce 06pa3oBaHus 3TUX 3€-
PEH — KBaHTOBAaHUM TMOTEHIMAJIOB CTAlIMOHAPHBIX UCTOYHUKOB,
YUYaCTBYIOT KOHTAKTUPYIOIIKE CIIOU JIBYX Pa3HbIX MMPOCTPAHCTB,
UMEIONINX pa3Hble 3apsAapl. BHOBb 0Opa3oBaHHbBIe 3EpHA, 3aps-

% KpantoBanue u 3aps/iKa IPHUJIETAIONIErO CI0s1 HEBEIIECTBEHHOTO MPOCTPAHCTBA
IIPOUCXOAUT B IIPOLIECCE 3aAPSIIKYU 3€PHA JI0 BEIMUUHBI, PABHOU COOTBETCTBYIOLLEN 10-
JIY TIOBEPXHOCTHOH IUVIOTHOCTH 3apsijia CAaMOTO UCTOUHHUKA.

9310 MOATBEPKJAETCS] CAMUM CYIIECTBOBAHUEM CTAGMJIBHBIX 2JIEMEHTAPHBIX Ya-
CTHII C NEKTPHYECKUM 3apsAI0M.

3 Mo Jlarnacy — B 50 MyH. pas.
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SpdexT Canbsika, 1a3epHble THPOCKOMHL, pad0Ta KOTOPEIX OCHOBaHa Ha exTe
Canbska.



JUBIIKACH OTHOMMEHHO U pa3MelIEHHbIE HA KBAaHTOBAaHHOM ce-
PUYECKOI MOBEPXHOCTH, MOABUKHBI M OTTAJIKUBAIOTCS OT CBOETO
HEMOJBUKHOTO UCTOYHMKA.

KBaHTOBaHME M MHIYKIIMS MPOU3BOAAT OECKOHEYHO OOJb-
110€, HO (PUKCHPOBAHHOE U KOHEYHOE KOJIMUYECTBO 3EPEH-TIOTEH-
LIMAJIOB B €JUHUILy BPEMEHM (IIOTOKA) Yepe3 3aMKHYTYIO ce-
PUYECKYIO IOBEPXHOCTh, TAKMM 0OPa30M, YTO Ha JIOOOM CKOJIb
YIOHO YAAJEHHOM OT WCTOYHMKA PACCTOSIHUM B 3aMKHYTOM
chepryeckoM eIMHUYHOM CJIO€ C TOJMIIMHON 3€pHAa HAXOMUTCS
NEPBAYHBIM MHAYKTUPOBAHHBIN 3apsl (3TO cebMO€ CBOMCTBO)
B TOYHOCTU PaBHBIN 3apsily UCTOUYHHUKA, T. €. B IPOCTPAHCTBE C
y/laJeHueM pa3MbIBAETCSl «KOHTPACTHOCTb» MEPBUYHOIO 0Opa-
3a. DTO peanusyercs cienyonmM odpazoM. KoHkpeTHoe miep-
BUYHOE KOJHMYECTBO 3€PEH, IIOTHO CO CMEXHbIM KOHTaKTOM
PacnoIokKEHHbIX Ha IEPBUYHON 3aAMKHYTOM MOBEPXHOCTU UCTOY-
HUKa, 10CJIe UHAYKIMU U C OOJBIION CKOPOCTHIO yAajeHusl OT
MCTOYHUKA LEHTPAJIbHO MO pajJudycamM PaBHOMEPHO pacrpene-
JISieTcsl B CIIEAYIOIIEM €IMHUYHOM CJIO€ Ha MOBEPXHOCTH ce-

Pbl YBEIMUUBAIONIETOCA pajnyca R TUIOMIAIbIO 47R? ¢ yMEHb-
IIAIOUIENCS IOBEPXHOCTHOM ITUIOTHOCTBIO MOTEHUMAIOB. Takum
00pa3oM, C pOCTOM PacCTOSIHUSI R yMeHbIaeTcsl Cpe/iHssl To-
BEPXHOCTHAS MJIOTHOCTh 3apsKEHHBIX 3€PEH-TIOTEHIIUATIOB, pa3-
MeIIeHHBIX B cpepryeckoM ciioe — mojie ocnadmnsercsa. Orcona
U CJielyeT 3aBUCMMOCTh UHTEIPaJIbHOM CHUJIbl B3aUMOJECUCTBUS,
yOBIBAIOIIEH C KBaJPATOM PACCTOSTHUS R — peaTn3yIoTCsl U3BeCT-



HBIE W3 MPAKTUKK 3aKOHBI*. [IpOHUIIAEMOCTb STHX 3epeH pa3-
JIMYHA JIJIS Pa3HbIX UICTOYHUKOB (BOCbMO€ CBOMCTBO) U ITPaKTH-
YeCKHM M3BECTHA, KaK JUIsl BaKyyMa, Tak W JIJIsI KOH/IEHCUPOBaH-
HbIX BemiecTB. CaMoOii BLICOKOW IPOHUIIAEMOCTBIO 00/1a/1a10T 3Ep-
Ha rPaBUTAIIMOHHBIX IIEHTPAJIbHBIX MOJIel — AKTHBHBIX U3JTyYa-
omux saep YCT (kBa3apoB U MyJIbCapoB), a MPOHUIIAEMOCTb 3€-
PEH-TIOTEHIIMAJIOB TIOJIOKUTETbHBIX JIEKTPOCTATUIECKUX TTOJIer
MOKHO CBOJJMTH K HYJIIO C IOMOIIIBI0 METAJUTHUECKHUX 3a3eMJICH-
HBIX 9KPAHOB, TEM CaMbIM CO3[laBaTh YKPAHHPOBAHUE-TEHb
BHEIITHETO TOJIsI JIEKTPUUYECKH 3apsSKEHHOTO CTAITMIOHAPHOTO UC-
TouHUKA. TeHb rPaBUTAIMOHHBIX MOJICH TaKkKe MOXHO HaOJII0-
JaTh, HO JIs 3TOr0 HEOOXOAMMO HAJIENTUTh (PU3MYECKIM CMBbIC-
JIOM TIOHSITHS** HHEPTHOM, MACCHBHOI 1 aKTUBHOM MacCHI.

Bce uznoxeHHble 371eCh KBAaHTOBBIE SIBJIEHHWSI B MaKpOMUpE
YKa3bIBAOT HA TO, YTO MPOLECC MHAYKIHHN (PU3MUECKUX Tojer
CTaIlMOHAPHBIX MCTOYHUKOB — 3TO KBAHTOBBIA MEPEHOC CaMOM
cnaboit popMbl MaTepru, MOTEHIHATIOB-3EPEH CO CKOPOCTHIO,
KOTOpasi MHOTO OOJIbIIIe CKOPOCTH CBETa, YACTOTOW MHOTO OOJTb-
IlIe TUIAHKOBCKOW, HO TOPa3/io KOpoue M0 PaJnuyCy JaTbHOICH-
CTBUSI CBETA.

CTpyKTypa NPOKBAaHTOBAaHHOTO 3epHA OOpa3oBaHa W3 sjpa
U 000JIOYKH — 3TO JIEBSATOE CBOKCTBO. fnpo-noTeHiman, coo-

33 3akoHb Heiotona, Kynona u apyrue.

34 Mocne OTKpBITUA 3aKOHa Hpl0TOHA B OTKPHITOM JIUTEpaType HEOAHOKPATHO BBO-
JIVJTMCh MaTeMaTHUKaMU 3TH U JIPyrUe MOHATUSI MacChl, 6e3 OnpeIe/ieH!s1 KOHKPETHOTO
(puzrueckoro cMeicia, B ToM urcie A. DiHimTeirHoMm, I'. Bonau, P. JI. ®opeapnom.



CTBEHHO, ¥ TIPEJICTABIISIET COOOM COOTBETCTBYIOIIYIO OO BEJIH-
YHHBI IEPBUYHOTO IOBEPXHOCTHOTO MOTEHITMANA 3apsijia UCTOY-
HHKa, a 000/I04Ka (hOpMHUPYETCs U3 HEBEIeCTBEHHOTO IpO-
CTPAHCTBA WJIH MOTEHIIMAIa 3apsiia MPOCTPAHCTBA, OKPYKaloIle-
ro B JaHHBIA MOMEHT UCTOYHHMK. Torna CTpyKTypy moJsi, OKpy-
XKAIOIIET0 TAKOW MCTOYHHWK, MOXHO TPEJICTABUTh B BUJIE Uepe-
AYIOLIUXCS, MYJIbCUPYIOLIUX U HEMIPEPHIBHO OOHOBJISIEMBIX C CO-
OTBETCTBYIOIIEH CKOPOCTBIO C(hepUUECKUX CIIOEB, C YObIBAIOIIEH
BEJIMUMHON YCPEAHEHHBIX 110 TIOBEPXHOCTU MOTEHINAIOB — JK-
BUIIOTEHIIMAJIBHBIX TTOBEPXHOCTEH, OTAENEHHBIX IPYr OT JIpy-
ra CJOsIMUA HEBEIeCTBEHHOIO WJIA JPYroro OKpYKakoIlero mc-
TOYHHUK IpocTpaHcTBa. [IpocTpaHcTBO, 06pa3oBaHHOE MO TaKO-
My MEXaHU3MY C TIOMOUIbIO 3EPEH-TIOTEHIMANIOB, MPOSIBIISET B
OONBIIMX MaKpOOObEMAX BCE M3BECTHBIE WHTETpajibHbIE CBOW-
CTBa (JecsiToe CBOWCTBO) TPEXMEPHOrO IJIOCKOTO MpPOCTpaH-
CTBa — TOJIBKO B TPEXMEPHOM MPOCTPAHCTBE TPAaBUTALMOHHbBIC
CHJIBI MOTYT OBITH OOPATHO MPOIOPIIOHAIBHBI KBIpaTy paccTo-
sHun Mexay tenamu. B XX Beke I1. Dpendecr u [Ix. Yurpoy
MOKa3aJIM, YTO eCJIM Obl YKCJIO U3MEPEHHI TPOCTPAHCTBA ObLIO
OoJIbIIIe TPEX, TO CYHIECTBOBAHHUE IJTAHETAPHBIX CUCTEM OBLIO Obl
HEBO3MOXHBIM. TONBKO B TPEXMEPHOM MHUPE MOTYT CYIIECTBO-
BaTh YCTONYMBBIC OPOUTHI IIAHET B IUTAHETHBIX CUCTEMAX.



1.2 MukponpoCcTpaHCcTBa* — MOJIA

B anekrpocratnyeckoM MoJie KCIEPUMEHTAIBHO YCTAHOB-
JICHO HQJINYME 3aKOHOMEPHOIO PACHPEAEICHUA IOJIOKUTEIb-
HBIX 9KBUIIOTEHAJIBHBIX TOBEPXHOCTEM (T. €. IOJOKUTEIbHBIX
MEKTPUYECKUX MOTEHIMAIOB), YOBIBAIOIIMX MO BEJIMYMHE C YBe-
JIMYEHUEM PACCTOSAHUSA OT TOYEYHOTO IOJIOKUTEIBHOIO 3aps-
Ja, ¥ OTPUIIATEeSIbHBIX BOKPYT 3apsja ¢ OOpaTHbIM 3HAKOM, a
TaKKe HaJIM4uue (PU3NYECKUX CUJIOBBIX JJMHUH MOJIA, EPIEHIN-
KYJISIPHBIX 9TUM MOBEPXHOCTAM. Ecii B pocTpaHCTBE YCTaHOB-
JIeHbI Ba*® TOUEUHBIX 3apsa C MPOTHBOMOJIOXHBIMUA 3HAKAMU
(dur. 2.1, cnpaBa), TO MEXAY HAUMHU CYLLECTBYIOT JIEKTpUYE-
CKM HeWTpasbHast 00JacTh, T. €. IUIOCKOCTh C HYJIEBBIM JIEKTPH-
YeCKUM NoTeHnuasaoM. Kaprtuna pacnpesneneHrs: NOTeHIUalIOB
MEXIy ABYX IPOTUBOIIOJIOKHBIX JIEKTPUUYECKUX 3apsAA0B MOJ-
HOCTBIO MJIEHTMYHA PACHPEIESIEHUIO0 CTAallMOHAPHO-TTOKOSIIMX-
Cs1 JIEKTPOIIOTEHLMAJIOB Ha BOJHOBOAE (POTOHA MEXIY Y3Ja-
MU BOJIHBI — (pur.2.2, XOTs (PU3NUECKUE MEXAHU3MBI POKACHUSA
TaKUX MOTEHIMAJTIOB pa3iuyHbl. [Ipy 3TOM HEOOXOOMMO OTMe-
TUTh (OIMHHAILATOE CBOMCTBO ), NpsAMoiidpdekT — 1Ba pe-

33 MHUKpPOIPOCTPAHCTBA EMEHTAPHBIX YaCTHI[ OyAyT AETATbHO PACCMOTPEHBI B
cliefyIonien riaBe 2 9TOi KHUTH.

3% Ecnn paceMaTpuBarh OMH M3 TAKKX 3apsI0B Uepe3 3epKaio, TO BTOPOii 3apsiil

34a 3€pKaJIoM 6yneT MPOTUBOIIOJIO)KHBIM, 4 Y€PE3 IMJIOCKOCTb 3€PKaJIa 6y,[16T MMPpOXOOUTDh
9KBUIIOTCHIUAJIbHAA ITOBEPXHOCTDb C HYJICBBIM IOTCHIIUAJIOM.



QJIbHBIX POTHUBOMOMIOKHBIX CTALIMOHAPHO MOKOSIMXCS 3apsifa B
MPOCTPAHCTBE CO3AAIOT C MOMOIIIBIO BUPTYAIbHBIX JBUKYIIHX-
€51 IOTEHLMAJIOB JIEKTPOCTaTUYECKOE MOJIE, XaPAKTEPU3YIOLIEe-
cs1 peaJIbHbIMH SKBUIOTEHIIMATbHBIMU NTOBepXHOCTSIMU. QOpaT-
HbIA (PP eKT — ABa BUPTYaIbHBIX IPOTUBOIOJIOKHBIX JIEKTPU-
YEeCKMX 3apsjia CO3Jal0T peajbHble MOKOSIIHeCs MOTEHIUAIIbI
EKTPOCTATUYECKOrO TOJISA. DT MOTEHIMAIB UHAYKTUPYIOTCS
BOKPYT 3aps1/I0B U B IIyCTOTE BaKyyMa. DTO BHELITHEE COBOKYITHOE
CBOWCTBO Mapbl KCTOUHUK-TIPOCTPAHCTBO: KBAHTOBATh COOTBET-
CTBYIOIIME MOTEHIIUAIbI-3€pHA (SKBUIMOTEHIIMATbHBIE TOBEPXHO-
CTU) HA MPHUCYTCTBUE OTHOCUTESHHO CTAIIMOHAPHOTO MCTOYHU-
Ka Y HEMPEPbIBHO JUHAMUYECKU-IEPUOANYECKHU TTOBTOPATDH €r0
00BEMHO-TIOBEPXHOCTHYIO 3aMKHYTYIO (pOpPMY MOTEHITUAIIOB BO-
KPYT 3apsi/ia — U3BECTHO KaK IEKTPOCTaTUYeCKast MHAYKIHU. A
oOpaTHOe BO3AEWCTBHE MOJS MOTEHIIUAJIOB Ha MPOTSRKEHHYIO U
CTPYKTYPUPOBAHHYI0O MUKPOYACTHILY C OOpa30BaHUEM TUIONIS,
HarpuMmep, aTOM WM MOJIEKYJTY, U3BECTHO KaK MOJsIpU3allusl.
CpenHue 1eKTPUYECKUil U TPABUTAIIMOHHBIN 3apsiIbl POTO-
Ha'’, s7iep ¥ aTOMOB XMMHUYECKHX JIEMEHTOB (POPMHUPYIOT CBOH
BHEIIHUE CTAl[MOHAPHBIE MOJIS 110 BBIIIE U3JI0KEHHOMY MeXa-
HU3MY Cpa3y ke MOCJe TOro, Kak X BHEIIHME BOJTHOBOJbI CTa-
JI1 3AMKHYTBIMH — KOPITYCKYJISIPHOCTb. DJIEKTPUUYECKUE MO
JIEKTPOHOB U JIPYTUX OTPUIATEIBbHBIX 3apSAA0B, COMIACHO BXO-
JALIIUMM CWJIOBBIM JIMHUSIM TIOJISI, CO3/AI0T MOJIsl MOIVIOIEHUS
9TUX 3EPEH-NIOTeHIHANOoB. [Ipu 3TOM 1O pPa3NUYHBIX MOHO-

37 Teopema I'aycca ai1s 31€KTpOIMHAMUKMY.



NoJIell OT OJHOTO MCTOYHMKA JKECTKO CBSA3AHBI IPYT C JAPYrOM
TOJIBKO Yepe3 OOUMi HEeHTP MHIYKIMU®® 1 Ha nepudepnn He
BJIMSIIOT IPYT HA JIpyra — MPUHIMIT CYTIEPIIO3UIHA. MUKpOTIOIs
OT 2JIEMEHTAPHBIX YACTHI] OYEHb CHJIBHO OTJIMYAIOTCSl OT COOT-
BETCTBYIOILIMX MOJIEN MAKPOMCTOYHMKOB, pa3JeieHIe MEX/1y KO-
TOPBIMH OOYCJIOBJIEHO TUIAHKOBCKOM MacCOi. 9TO 0OYCIJIOBIEHO
CBOICTBAMH COOTBETCTBYIOIIMX MCTOYHUKOB. B3anmoneicTBus
Kak 1npu (hOpMUPOBAHUU MHUKPOUYACTHIL, TAK U MEXYy COOOMl, B
OCHOBHOM, OOYCJIOBJICHBI SJIEKTPOMATHUTHOU TTPUPOJION.

WcTounuk 3apsiga JBUKEHHSI — CAMOIBIIKYIIUICS CBOOO/I-
HbIIl MATHUTHBIN 3apsifl, T. €. HOCUTENb UHAYKTHPOBAHHOM SHEp-
TUU C MOJHBIM KBaHTOBBIM MPE0Opa30BaHUEM, BCETa IPOU3BO-
JWT 37EKTPOMArHUTHBIE KBAHTBI CO CIIMHOM PaBHBIM €IMHMILIE
WM 1IeJIon noctostHHou ITnanka.

MCTOUHVK JI€KTPUYECKOTO 3apsia saep M JMEeMEeHTapHBIX
YacTUI] — BHEIIHUI BOJIHOBOJ (000/I04Ka) € 3¢pHaMU-TIOTEHIIHA-
JIaM¥, pa3MeIIEHHBIMH Ha COOTBETCTBYIOIIMX MOIYC(hepUUECKIX
crnmpaisax pasHoro auamerpa. OH 0Opa3oBaH CaMOABMKEHUEM
3aMKHYTOr0 MarHMUTHOTO 3apsi/a.

Hcrounuk 3apsia maccebl (OTpULIATEIbHOE BHEIIHEE M0JIe)
9TUX YaCTHUI] MHAYKTUPOBAH BOJIHOBOJOM U3 I'PaBIOTEHINAJIOB,
YCTAQHOBJIGHHBIX CTAllMOHAPHO BHYTPH (hba30BOro oObEMa 3a-

38 LleHTpoM MHIYKIMHU 3JIEKTPUYECKOro 3apsja MEKTPOHA ABJIAETCA 3aMKHYTBIN
BOJIHOBOJI 3€pEH 2/1EeKTPOIOTEHIIUAJIOB, OXPAHAEMbI TPOTEKTOPHBIM MArHUTHBIM IO~
JeM. LIeHTpoM MHAYKLMY €ro Macchl (TPaBUTALIMOHHOTO MOHOIOJIA) SIBJISIETCA BUPTY-
aJIBHBII LEHTP, BOKPYT KOTOPOI'O IyJIbCUPYET, BpalllasACh IEPEMEHHBII [0 BEIMUYMHE,
MUHUMAJIbHO BO3MOXHBIIl MATHUTHBIA MOHOIIOJb.



MKHYTOM YaCTHIIbI NIPU paspsiake cepbl BEKTOPHOTO I'PaBUTA-
MoHHOro MoHornojsA. Tlocnennuiit poxkaaercsa-3apsikaercs Imy-
TEM YCKOPEHHOTO IEHTPOCTPEMUTELHOTO ABMKEHUSI MarHWUT-
HOT'O MOHOIIOJISI B LIEHTP Ha MOBEPXHOCTU MOTycepbl BOJTHOBO-
Jia U3 JIEKTPOITOTEHIIUAJIOB 9TOM YaCTHIIbI CO CIMHOM 1/2, Tie u
MIPOUCXOUT TOT KBAHTOBBIN BBIXO/.

Mesk/1y UICTOYHUKOM 3apsijia IBHKEHUSI CBOOOIHOTO BUXPO-
Ha C OIPeJeJIEHHON SHEPrUer U CaMbIMU JIETKUMU MUKPOYACTH-
aMu, OOTAAAIOIIMHU 3aPSIOM MACChI, CYIIIECTBYEeT KBAaHTOBBIN
nepexo/l SHEPrui MAarHUTHOTO 3apsijia B SHEPIui0 IpaBUTAIIU-
OHHOTO 3apsia. Tak mpoucxoauT rpeodpa3oBaHre-3aMeHa CBO-
00IHOI0 TOCTYNATEeIHbHOIO CAMOJBUXEHUSI MATHUTHOTO MOHO-
nonsi (potoH Ge3 Maccel) B €r0 3aMKHYTO€ BpaIliaTeIbHO-TIO-
CTymaTesibHOe JIBXKeHNe ¢ o0pa3oBaHueM (Ha3oBoro oObEMa u3
JIEKTPO U TPABUTAIIMOHHBIX TTOTEHIIMATIOB KAaKON-JIMOO S/IeMeH-
TapHOU YaCTHUIIbl C MacCOM.

MarHuTHOTO 3apsiia ¢ MOCTOSTHHBIM 3aps1/IOM HE CYyIIIECTBYET,
a CyIIeCTBYET JIMIIh TIepeMeHHbIe TI0 3apsiy BUXPOHBI CBOOO/I-
HOTO ¥ 3aMKHYTOTO JBH2K€HHMSI.



1.3 MakponpocTpaHCcTBa-1moJs

Kracrepbl u3 pa3nuyHbIX peryisipHO MOBTOPSIOIIMXCS aTOMOB
WM MOJIEKYJI, 0Opa3yloT OJHO U3 YEThIPEX arperaTHbIX COCTOs-
HUI BellleCTBa MACCUBHOM 1 HHEPTHOM MacChl — TBEPJIOE, KU/I-
KO€, ra3000pa3Hoe WM COCTOSTHHE TUIa3Mbl, 2 HOBOE arperar-
Hoe cocrostnue Matepun — YCT? co3maor akTHBHOE COCTOS-
HHME LIEHTPAJIbHBIX MOJIel TATOTeHHsl. BHelIHue mpocTpaHCTBa,
Haja Ttakumu kjiactepamu 1 YCT HazoBeM MaKpoONpoCTpaH-
CTBAMM-NIIOJISIMHM [0 CPaBHEHHUIO C 3JIEMEHTApHBIMU MHKPO-
NPOCTPAHCTBAMH-IIOJSAMH HAJl S/IpaMH, aTOMaMHU U JIEKTPO-
HAMU C UX MYJIbTUTNONSAMU. [ paBUTALIMOHHBIE B3aUMOIEHCTBUS
MesK/ly KJlacTepaMy HaUuMHAIOT MPeBAIMPOBATh HAJl SJIEKTpoMar-
HUTHBIMU TIPH Macce 0osiee MIAHKOBCKOM.

K Ttakum npocTpaHcTBaM OTHOCSITCSI BHyTPEHHHE 1 BHeIl-
HHe 107151 KJIACTEPOB BEIleCTBA, aCTEpOUA0B*, MiaHeT, 3BE3]1 U
raJlakTHK, a TAKXKe KBa3apoB U IyJIbCAPOB.

OtzenpHBIN KJIACC MaK pOMPOCTPAHCTB-TIONEN 00pasyIoT siipa
YCT, xoTopsle eni¢ He MPOU3BENN Ha CBOEH MOBEPXHOCTH COO-
CTBEHHOTI'O JIOCTATOYHOTO KOJIMYECTBA MACCUBHOM MacChl MUK-
poYaCTHIL 1 0Opa30BaHUs TaKUX KJIACTEPOB OOBIYHOTO Bellle-

39 IMpocrpancrea u onst YCT OyayT aeTanbHO pacCMOTpeHbl B pazjede 3.8.

40 B nacrosmee Bpems B CIIIA npousBejeHa BhICaaKa Ha aCTEPOU. AHATIUZUPYIOT-
Cs1 pe3y/IbTaThl, OJIy4YEeHHBIE IIPU [IOCAAKE Ha acTepou]] Becta B ycloBUsAX MpaKTHye-
CKU HYJIEBOU IDaBUTALIUU.



cTBa. B 3TOT mepuon Ux 3BOMIOIMY OHU AKTUBHO 3aXBaThIBAIOT
¥ TIOIVIOIIAIOT BHEIIHEE BEIIECTBO, B TOM YKCJIE, aTOMHO-MOJIe-
KYJISIPHOE BEUIECTBO, HapaOOTaHHOE Ha MOBEPXHOCTH yKe CBETSI-
IIUXCS 3BE3]] WM Ta30KUJKUX TUIAHET, T. €. 00pa3yloT CBSI3aH-
HbIE TIAPbI MTyJIbCAp-3BE3/1a WM MyJIbcap-TUIaHeTa. DTO MO, KO-
TOPBIE CO3JAI0T KBa3aphl U MYJIbCAPDI.

HenpepbiBHBII TpoliecC KBAHTOBaHUS-3apsAKM M HHAYK-
IUHU-OTTAJIKUBAHUSI 3€peH OT 3aMKHYTOH MOBEPXHOCTH TaKUX
KJIACTEPOB MOJIAPU3YET OKpYKaloliee BElIeCTBEHHOE IIpo-
CTPaHCTBO, MPEBPAILAET €r0 B COOTBETCTBYIOILEE IMyIbCUPYIO-
1Iee, HeMpPEepHIBHO OOHOBJISIEMOE T0JIe U CO3JaET TMHAMHYECKH
pacnpesieiEHHYI0 MJIOTHOCTh COOTBETCTBYIOIIMX TMOTEHIIUAIOB
TIOJIS — SKBUTIOTEHIMAJIbHBIE TIOBEPXHOCTH.

CyMMapHble BHYTPeHHHeE TOJIsl TAKUX KJIacTepoB Ompejie-
JISIOT ero (pu3nyeckue CBOMCTBA U 0OYCIOBJIEHBI IIOTHOCTHIO*!
pacnpeieneHus MOTeHIUAJIOB.

IlepBuuHnoe rpaBUTANIOHHOE MAaKpONpOCTPaH-
CTBO-TIOJIe B pacmmpsionieiics BeeneHHON co3maércss BOKpyT
nepBUYHbIX 4Y€pHbIX cepuueckux ten (YCT-kBazapel, YCT-
myJIbcapsbl, MO3uIUsA 214?), KOTOphle BBHINTAAAIOT W3 aTMocheps
Hareit Beenennoii. 9tu YCT moryT ObITh 06pa30BaHbI TONBKO B

1 Camu 110 ceGe atoms! 1 S7Ipa aTOMOB — 9TO OTHOCUTEJIBHO I1yCThIE IPOCTPAHCTBA
TI0 CPaBHEHMIO C pa3MepaMK MarHUTHBIX MOHOTIONEH, NX 00BEMbI FeOMETPUUYECKHU «Ha-
IyTbI» U3 COOTBETCTBYIOIIMX 3E€PEH JIEKTPOIOTEHLIMAIIOB.

4 .
HepBaﬂ cJicBa U BBery o3 pI/IcyHKa Ha 3aJHEU CTOpOHC O6]IO)KKI/I KHUT'U.



HEBEeIIECTBEHHOM IMPOCTPAHCTBE ITyTEM MPe0Opa30BaHMUSI ITTMHBI
NOCTYNATEIbHOI'O IBUKEHUSI-ITyTU TPeKa (pOTOHA BO BpalllaTesib-
HOE JIBMKeHUE poxjatorerocs cepona-kiyoka nepeMeHHOro
u Hapacraioiero paauyca. Kak tonmpsko YCT «ynano» B Belne-
CTBEHHOE IIPOCTPAHCTBO Hailleil Beenennoii B (popme Bpama-
onerocst chepruecKkoro Kiyoka, Hauasics ero pacraa*? u oopa-
30BAJIMCh NIepEeMEHHbIE TPABUTAIIMOHHOE, IEKTPUUYECKOE U Mar-
HUTHOE TOJIs1 — CBSI3aHHBIN MEXaHUYECKUH U SJIEKTPOMArHUTHbIN
TUNEPBUXPOH C ero MnojisiMu. Bo BpeMsi ero nputskeHus K 11eH-
Tpy (ckoruteHns ['anakTuk) Onmkaiieir HanOOMbIIEH CKOIUB-
1Ieiicsl MACCUBHOI aTOMHO-MOJIEKY/ISIPHOW Macchl, aKTUBHAs
macca YCT u, cooTBETCTBEHHO, 00BEM Hanbosee 3pPeKTUBHO-
IO ero rpaBUTAIMOHHOTO TOJIsI BCE BPEMsl YBEIMIMBAETCS TIO Be-
JIMYMHE TIPH IOCTOSTHHOM BHEIITHEM JTuamMeTpe. ITo 00ycioBe-

HO OYe€Hb OOJIBIION IJIMHOW BOJHOBOLOB, OoJiee 1028 CM, 4TO
COOTBETCTBYET BPEMEHM KU3HU ABMKYIIMXCS B BOTHOBOJAX U3
HEHTpa K MOBEPXHOCTH IEKTPOMArHUTHBIX KBAHTOB /10 14 Mui-
JMapaoB JieT u Oonee. [Ipon3BOACTBO HEUTPOHOB WU M3JTy4Ye-
HUE JIJTMHHOBOJTHOBBIX KBaHTOB Ha noBepxHocTu YCT npoucxo-
JIUT TOJIBKO MO UCTEUEHUH ITOT0 Neproja BpemeHu. OiHaKo, mpu
9TOM, HAUOOJBITIAst YaCTh aKTUBHOM Macchl 10 80 % UHIYKTHPY-
eTcsl COOCTBEHHBIMU KBAaHTAMM TIPU JIBUXKEHUU TI0 BOTHOBOIAM

3 Umeercs B BU[y YTO, B CHJIy I'PaBUTALIMOHHOIO CXKaTHsi BOJHOBOJA B LICHTPE,
[POMCXOAUT OOpaTHAsI TeHEePAIKs BUXPOHOB U3 MOTEHIMAIOB-3EPEeH BOHOBO/IA U MX
JBIKEHUE CO CKOPOCTHIO CBETA 110 MICKPUBJIEHHOMY BOJHOBOIY K BHEIITHEH OBEPXHO-
cru YCT, KOTOpble BBUIETAT U3 HETO JIMIIb TOJIBKO uepe3 14—30 MusmapaoB Jier.



Ha MOBEPXHOCTb cep, pacroiokeHHbIX Onmmke K 1eHtpy. [lo-
sToMy Oosbire o pazmepam YCT, monas B HEKOTOPOE KPYITHOE
IIAPOBOE CKOIJIEHUE 3BE3J] MPUMEPHO OJMHAKOBOU BEJIUYMHBI,
CTAHOBSATCS SiIpOM cnupaabHoil [anaktuku. Crivpanu 3BE31 1
ra3oMbUIeBbIX TYMAHHOCTEN B TakMX [alakTUKax, CXOISIIUECs
pyKaBaMH K IIEHTPY, ¥ 00pa30BaHbl BCE BpeMsl yBEJIMUNBAIOIICH-
cs Maccoit 1 critor nons Takor YCT, B oTimume oT KpyroBbIX U
SJUTMNITUYECKUX OPOUT IIJTAaHET BOKPYT 3BE3, siipa KOTOPHIX yike
JJABHO HaXOASITCSl B CTA/AUU MPOU3BOACTBA HEUTPOHOB U JI0JITO€
BpeMs UMEIOT IPAKTUYECKU MOCTOSHHYIO WM yMeHbIIAKOILY-
1ocs Maccy. ImeHHo ¢ 3tum 3¢pdextom cBsizaHo 95 % ¢opmu-
POBaHUE M0JIel TEMHOM MacChl M SHEPTUM BO BHELIHUX M IPO-
MEXKYTOUHBIX cosiX BeeneHHoM. B cambIX BHEIIHUX CIOSIX MPO-
VICXOIUT HaKOIUIEHHE U B3aMMHOE OTTaJKMBaHUE JAPYr OT Apyra
YCT (xBazapbl ¥ MyJIbCAPbl), UMEIOIIUX OAMHAKOBbIE 3HAKU I'pa-
BUTAILIMOHHBIX I0JIEH, YTO Y MOATBEPKIAETCSA UX PACHIPECICHU-
em (c Z 6onee 7-10, kpacHoe cMeltieHre (POTOHOB) B ITOW YaCTH
Bcenennon.

IpoTszkéHHOCTh MoJeil. [IpakTryecku ycTaHOBJIEHO, UTO
HauOosee 3(pPeKTUBHOE TOJe AKTHBHOIO TATOTEHUs 3eMJIH
pacIpocTpaHsieTcs A0 NOIyTOpa MUJUIMOHOB KUJIOMETPOB. YCTa-
HOBJIEHO ¥ TO, YTO TOJII COOCTBEHHOTO NMACCHBHOIO TSTrOTe-
HUS aCTEPOU/IOB OTVIMYAIOTCS 1O MPOTSKEHHOCTU M KaYeCTBOM
MPUTSIKEHU S OT LIEHTPAJIbHBIX MOJIEN aKTUBHBIX I1aHET U CoNH-
1a, T. €. IPAKTUYECKHU MPUTSLKEHUE K acTepouJaM TaKUX aTOM-
HO-MOJIEKYJISIPHBIX KJIACTEPOB, KAKUMM SIBJISIOTCS CITyCKaeMble



anmapartsl, onpenensercs cuiaamu 3ddekra Kazumupa B mosne
Connana. Toka oTCyTCTBYeT KaiuOpOBKa COOTBETCTBHS pa3Me-
poB UCT pasmepy 3¢p(peKTUBHOTO JaTbHOAEUCTBUS LIEHTPaIb-
Horo nosisg. He n3mepeHsl skcepuMEHTaIbHO U CKOPOCTH pac-
MPOCTPAHEHU s TPABUTAIIMOHHBIX, SEKTPUUECKUX U MATHUTHBIX
nosiet. Ho yxe n3mepeHsl 3(p(peKTUBHBIE MPeaeJibl JaTbHOIEH-
CTBUSl CTAIMOHAPHBIX HCTOYHUKOB U (POTOHOB — OHU pa3-
HblE. DTO JIOKa3bIBAET PA3JIMYHBIII MEXAHNU3M U, COOTBETCTBEH-
HO, CKOPOCTb PAaCIpPOCTPaHEHHsI TUX MOJIEH.

IIpOTAXEHHOCTh PACIPOCTPAHEHNUS AKTHUBHBIX I'PaBUTALIU-
OHHBIX MoJiel 3aBucuT ot pazmepoB UYCT u cpaBHUMa, B MHUHHU-
MyMe, C BUAUMbIMU pa3mepamu ['anakTuk, IJIaHET CO CIyTHHU-
KaMU U 3BE3/IHBIX CUCTEM, COMIEPKALIUX HEKOTOPOE KOJIMYECTBO
r1aHeT, Tuna COJHEeYHOM CUCTeMbl WK cucTeMbl TianeT KO0mu-
tepa i CaTypHa.

Takum 06pa3oM, Mapa UCTOYHUK-TIPOCTPAHCTBO UHAYKTHUPY-
€T 3¢pHa-MOTEHUAJIbI, a IPOCTPAHCTBO, IPU STOM, SIBJISIETCS UX
MIPOBOJIHUKOM, Y BMECTe OHM OOpa3yloT BeleCTBEHHOE IpPO-
crpancTBo. Eciiu Obl MCTOYHMKM 3apsijia WM JIBHKEHHS He
MHIyKTHPOBAIX Obl HEMPEPHIBHO U3MEHSIIOIIeecs COOCTBEHHOE
1oJie, TO BOKPYT' TAKMX MCTOYHUKOB HE TIPOMCXOAMIO Obl IBU-
KEHUST acTpo(PU3NIECKUX OOBEKTOB, He ObLIO Obl ['amakTuk u
3BE3JIHBIX CUCTEM, COJIEPKAIIMX TUIAHETHI M UX CITyTHUKU, HE Obl-
710 OBl CEBEPHOTO CUSTHUS U MOJIHUI, JIMHEWHBIX U IIAPOBBIX, CU-
HUX CTPYH, CITPaliTOB U 3b(OB, HE ObUIO Obl CTAOMIIBHBIX sIIEP
XUMUYECKHX JIEMEHTOB U JIEKTPOHOB, He ObUIO OBl ATOMHO-MO-



JIEKYJISIPHOTO BEIIECTBA U T. .
I'paBuTamus — sta camas cnadas ¢popma mosist matepuu. B
OOJBIINX MAKPOOOBbEMAX HAJl UICTOUHUKAMHU €€ TOJIs IPOSIBIISIOT
BCE U3BECTHBIE CBOMCTBA TPEXMEPHOIO MJIOCKOTO MTPOCTPAHCTBA.

I'paBuTaninoHHBbIC AHOMAJIUM.

W3mepeHusi CTalMOHAPHBIX T'PABUTALIMOHHBIX AHOMAJUI
(TA) — 3T0 OTIMUMSA OT CpeHEN BETMYMHBI YCKOPEHUST CBOOO]I-
Horo najgeHusi. OIHaKO, Kak MOKa3bIBaeT MPAKTUYECKUH OIIBIT,
CYIIECTBYET ¥ UMITYJILCHBIN OTPUIIATENBHBINA BHIOPOC IPaBUTAIH-
OHHBIX T0JIel B HEOOJIBIIUX IO MPOTSHKEHHOCTU 00JIACTSIX Ha T10-
BEPXHOCTU 3EMIIN.

Takue uzmepeHnus, mpopoAuBIIMecs eme B 50-X rogax npo-
IIJIOTO BeKa, MOKa3aJIy, YTO BOIU3U OOJBIIUX TOP OTCYTCTBYIOT
nojioxkuTebHbie ['A, a B OKeaHax, e CJIeI0Baja0 Obl OXKHUIATh
KPYIHBIX OTpuliaTebHbIX ['A (Bellb TIIOTHOCTD BOJIBI, 3aIOJTHS-
I0I1IEN BMAIMHBI OKEAHOB, B 2,5—3 pa3a HUke MJIOTHOCTU TOPHBIX
MOPOJ, 3aJIeTAIOIIMX Ha TAKOM K€ YPOBHE HA MaTEPUKAaX ) HUYErO
MOJOOHOr0 He HAOMIONAeTCsl.

B Hacrosiiee Bpemsl MOJydyeHbl MHOTOYMC/IEHHBIE M YTOY-
HSIIOIIUECS] KapThl I'PAaBUTAIIMOHHBIX TMOJIE 3eMJH, Ha KOTOPOM
KaK Ha PEHTI€HOBCKOM CHUMKE BUIHBI T€HH, peibedbl rop u3
O0OBIYHOTO BEIIECTBA W PA3JIOMbI (ITyCTOTH) B MAHTUU M KO-
pe 3eMIM Mpu MPOCBEUMBAHUY UX IIEHTPAIbHBIM TOJIeM aKTHB-
Horo sapa 3eman. Hanbombiiue oTpuiiate/ibHble CTallMOHAPHBIE
I'paBUTAIIMOHHBIE aHOMaJIMKA OOHapykeHbl B IHIWICKOM OKea-
He 1 Ha Boctounom nobepesxbe Kananpr. Hapsmy ¢ Takumu cra-



IIMOHAPHBIMU aHOMATUSIMUA UMEeTCs1 OECUUCIIEHHOE MHOKECTBO
NePUOTUIECKUX KOPOTKUX BHIOPOCOB M MEIJICHHO MEHSIIOIIXCS
AQHOMAJTMI**, CBUJICTEJILCTBYIOIIMX O HETIPEPHIBHOM TIepepaciipe-
JeJIeHUU U (pa30BbIX NIPEBPAILIEHUSIX MACC IIPY UX ABUKEHUU OT
MaHTHUU K KOpe. AHAJIOTMYHBIE TEHU OTPULIATESIbHBIX aHOMAJIUI
OT TPaBUTAIIMOHHOTO MO 3eMJIi OOHAPYKEHBI U Ha 0OpaTHON
cropoHe JIyHBI.

VICTOYHMKY I'paBUTAIIMIOHHOTO TIOJIST OBIBAIOT CJIETYIONIUE:

— nedTpasibHbie, YCT U3 MJIOTHOIO SIAEPHOrO BEUIECTBA, TH-
ra HEMTPOHA, 3TO KBa3aphl U MyJIbCaphbl, ICTOYHUKN AKTHBHOTO
IEHTPAJbLHOIO MOJISA TATOTEHHsI CO 3HAKOM MOJISI TUTIOC — 47T
U3JTyYeHHE 3€pEeH-TIOTEHIUAIIOB,

— paccesiHHbIe B (pOpMe KJIACTEPOB 51IEPHO-aTOMHO-MOJIEKY-
JIIPHOTO BEIECTBA, 00pa3yoliie HHEPTHO-NIACCUBHYIO MaccCy
U3 aTOMOB CO 3HAKOM MUHYC, BCTPEYAIOIIMECS B BUJIE FA30BbIX
TYMaHHOCTEH, aCTEPOM/IOB, KOMET, METEOPUTOB U JIyHBI — TO-
IJIOIIEHUE TIOTOKOB IOTEHIIUAJIOB,

— HapaboTaHHble pacnagom coocrBenHoro YCT, kopa v MaH-
TS, «XKHUIKOE» sIpO TUIAaHEeThl 0Opa3yloT MaCCHUBHYI0 Maccy,
HaXOAAIIYIOCA B MOJIE €lI€ AKTUBHOTO $/1pa TUIAHEThl U UMEIO-
HIUX COOCTBEHHOE T10JIe CO 3HAKOM MUHYC — MOIJIOIIEHUE TTOTOKA
MOTEHIIUAJIOB,

— UCTOYHUKY MacChl CMEIMIAHHOTO TUTIA — 3TO 3BE3/bI U Te0-

4 AHomanmy B Canta-Kpy3, Kamugophus u Ha Gepery o3epa CanaHTuHa, BOIU3M
ropona Yapara, ApreHTrHa, I/ie kealolye TYPUCTHI UCIBITHIBAIOT Ha ce0e AeiCTBIe
TIepUOINYECKON (pa3 B HE/IENI0) ¥ MTHOBEHHO BO3HUKIIIEH HEBECOMOCTH — ITOA0PACHI-
BAeT Ha BBICOTY JJO TPEX METPOB KBEPXY.



JIOTUYECKHU aKTUBHbBIE TIJIAHETHI.

[lons1, COOTBETCTBYIONIME STUM MAaKPOUCTOYHUKAM — 3TO pa3-
JIMYHBIE TIOJISI TATOTEHUS C Pa3HBIMU* 110 U3JTy4aloIie U MorJio-
HIAIOIIEN CITOCOOHOCTH MOTEHIIMAIAMU.

Cawmblil ocTpPBIil BOIPOC COBPEMEHHOCTH — CYIIECTBYIOT
JIM aHTUTPABUTAIMOHHbIE MOJISA?

C nozurmit CAIl takue noisd IOKHA CO3aBaTh aHTHUMATE-
pusi. OgHaKO MOUCKU TAaKOBOW BO Bcer BeesleHHoM He puBey K
MOJIOKUTEJIBHOMY pe3yJbTaTy. Takyio MaTepuio, Kak U MarHUT-
HBII MOHOIONB [lupaka, Toxke UIIYT yke MHOTO JIeCATUIICTUT.

C nozuuuii peajbHOr0 NMpeJACTABJEHNsI, KaK U B ClIyyae C
MarHUTHBIM MOHOIIOJIEM, HEOOXOAUMO MPOCTO YTOYHUTh HCKO-
MBbl€ CBOWCTBA 3THUX IOJeW. ['paBUTAllMOHHBIE O acTpOopu-
3UYECKUX OOBEKTOB — MHOTOKOMITOHEHTHBI. OJJTHa U3 OCHOBHBIX
KOMIIOHEHT — LIEHTPaJibHAa U UMEET IMOJIOKUTENbHBIN 3aps], UC-
toyHuk Kotopor UYCT, u chopmupoBaHa ABUKEHHUEM BHYTpPHU
HEro OTHEeHTPAa KBAHTOB IO BOJIHOBO/IAM C LIEHTPOCTPEMUTEb-
HBIM YCKOPEHHUEM 10 OKPYKHOCTSIM YBETMUUBAIOIIETOCS pajiny-

ca K MOBEPXHOCTU PaguyCcoM OO 108cwm. TTonst TaCCHBHOI Mac-
Chl $[I€PHO-aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA CO3/AI0TCS 00-
paTHBIM JABMKEHUEM MarHUTHBIX MOHOIIOJIEN K LIEHTPY CO Cpejl-

45 JlyHa, KaKk MCTOYHMK TOJIBKO MHEPTHOM Macchl, JAET «TeHb» LIEHTPAILHOMY I'pa-
BUTAL[MOHHOMY TIOJII0 3eMJTH Ha €€ HeBUIMMO# CTOPOHE, U [Jaxe OOJIBIIIIE ACTEPOU b
HE CTpeMSATCA K B3aMMHOMY TPUTSDKEHHUIO 110 3aKkoHY HbI0TOHA B M3BECTHOM Mosice, a
PaBHOMEPHO pacrpe/esieHbl Ha HEM.



HUM Pa3MEpPOM [10 10"cm. B Hateit Beenensoii He BCTpEYaeT-
sl MaKposiiep KOCMUUYECKUX OOBEKTOB Jjake ¢ pa3MepoMm OoJiee
OIHOTO CaHTUMETPA, B KOTOPHIX TaKOE€ BpalllaTelIbHOE JBHKE-
HHE YacTUI*® B HUX HampapjieHO KIeHTpy. OIHAaKo B OTINIMe
OT MPUPO/bl TEXHUYECKOE BOIUIOIEHNE TAKOrO 3€PKaJbHOI0
JBHKEHUST BO3MOXHO — 9TO SIBJIEHHE HA3bIBAETCS LIEHTPAILHOM
WJIM aKCUAJIbHO-CTPYMHON UMILIo3uen. Tak, Hanpumep, peau-
3aITusl TAKOTO JIBUKEHUS B «penyiabcuHe» B. [llayoeprepa, B ar-
naparax @. Csura, [l. Cepna u B kouBeprepe B. Pomuna, C. T'o-
JMHA, OHO3HAYHO YKa3bIBaeT Ha BO3MOXHOCTh T€XHHY€CKOM
HHAYKIIMHA COOCTBEHHOTO I'PaBUTAIIMOHHOTO MOHOIIOJNSI CO 3Ha-
YEHUEM BEIMYMHBI COM3MEPUMON C BPAILAIOIIENCS MAcCOil CH-
CTEMBbI, HalIPaBJIEHUEM BEKTOpa KOTOPOr'O MOXHO YIPABJIATD ITy-
TEM BpallleHUs] MArHUTHOTO KJlacTepa Mo 4acOBOHM WJIM MPOTUB
4acoBOH cTpesiku. B mpupose ke CylecTByIOT JIUIb UHAYKTH-
POBaHHBIE TPABUTALIMOHHBIE 3apsifibl 000MX 3HAKOB. pyrumu
CJIOBaMHU, €CThb peaJibHasi BOSMOKHOCTb PelleHHs 3TOW 3aa4uu ¢
MOMOIIbI0 TEXHHYECKUXCPEJCTB U HA OCHOBE JAEHCTBYIOIIMX
3aKOHOB B Ipupoje Hatlen BeeneHHON.

B MUKPOMUPE TaKOE JBUKEHUE PEAIU3YETCsl IIPU 3apsiiKe BTOPUUHOIO MArHUT-
HOT'O MOHONOJIA B BUXPOHE (DOTOHA, IIPU ABUKEHUY MArHUTHOT'O MOHOIIOJNS B MUKPO-
BUXPOHE IEKTPOHA U T. 1.



1.4 'mnepnpocrpancTBo Becenennon

[unepcTpykTypa mpocTpaHcTBa BeeneHHOM HOCHT 00beM-
HO-CETYaThlil ¥ STUEUCThIil XapakTep. beckoHeuHo G0JbIIOM, HO
KOHEYHBIN ¥ HENPEPHIBHO PACHIMPSIONTUICS «ITy3bIph» Halllen
BcenenHoii, ganeko HepaBHOMEPHO 3acesieH 3Be3/1aMu, TalaKTh-
KaMU, CKOTUIEHUSIMUA U CBEPXCKOILJICHUSIMH TaJIaKTUK B CTEHaX
B BUJIUMOI €€ YaCTH Pa3MEepPOM ~ 10%® cm. Uccnenopanus Bpa-
IIEHUI COMPAJIbHBIX TATAKTUK, a TAKXKE pacrlpeieieHuil CKOpo-
CTel TaJIaKTHK B CKOTUIEHUSIX Y CBEPXCKOIJIEHUSIX MTOKA3aJI0, YTO
Oosbllasi yacTh MOJHOM Macchl BeeneHHol HeBHAMMA U OOHa-
PY:KMBAETCsl JIUIIb MO IPABUTALIMOHHOMY BO3JEHCTBUIO HA Ha-
OmomaeMbie BUAMMBbIE 00BeKTh. [I09TOMy OCHOBHASI 4acTh rpa-
BUTAIMOHHOTO TIpOCTpaHCTBa (Oosee 95 %) sABNsAETCA HEBUIM-
MO, U, CJI€I0BATEIbHO, JOTIOJTHUTEIBHO HE OCBEILIEHA IOTOKAMU
(horoHoB. U Kak B J1000M pacHIUpSIOINIEMCsT IIPOCTPAHCTBE Ha
IIEPBOE MECTO IO €0 CTPYKTYpPE BCTAET BOIIPOC O MECTOPACIIO-
JIOXKEHUM LIEHTpa Takou cdepbl. TOYHOE YyCTaHOBJIEHUE LIEHTPA
BceneHHoH, a Takke ee aHaJIu3 U U3yYEHUE €€ CTPYKTYPBhI 1103-
BOJIUT J1aTh OTBET HA BOMPOC O XapaKTepe HallpaBJIEHUs SBOJIIO-
[IUU MaTepUu B IPOCTPAHCTBE — CUHTE3 WU pacrnan?

Ecnu cuntats BUIMMyIo yacth BeesieHHOM Onvkaiinei K 1ieH-
TPy, TO LEHTPAJIbHBIM SAPOM 3TOTO «ITy3bIps» JNOMKHA OBITH
00JIaCTh, IJie MOJTHOCTBIO OTCYTCTBYET TEMHAsI aKTHBHAsI Macca
wm YCT, a ee HeHTp JOKEH OBITh OTpe/iesieH 10 MOJTHOMY OT-



CYTCTBUIO IIEHTPAJbHbIX I'PaBUTALIMOHHBIX (3Be3], ['anakTuk)
nojiell. IT0 MOTYT OBITh POCCHIITU Ta30MBUICBBIX TYMAHHOCTEN
COM3MEPHUMBIX 0 MACCUBHOM Macce OOJBIIMM 3BE3/IHbIM CKOII-
nenusm. O6nactu BuauMoi yactu BeeneHHoi, rae nmpeodna-
JaeT CTPYKTypa B BHJE TPYNI U CKOTUIEHUI TaJIaKTHK, 00pasy-
IOIUX BHITSHYTbIE «HUTU» (CT€HbI) — (PUIAMEHTBI, CO3/1AI0T
CBSI3HYIO TPEXMEPHYIO CETKY I'PaBUTALIMOHHBIX MOJIEH — U3 Ty-
3bIpe U UX CTeHOK. [Ipuuém B 1ieHTpe my3bipeid (BOMI) HaXo-
aarcst momisble sapa YCT kBazapoB, KOTOpPBIE OTTAJIKUBAIOTCS
JPYT OT Ipyra OQHOMMEHHBIMH MOJIOKUTEIbHBIMU MOJISIMU, OJIU-
HAKOBO TPUTATHBasI K ceOe CKOIUIEHUSI M CBepXCKoIUIeHus [a-
JIAKTHK C UX HapaOOTaHHOHM OTpUIIATeIbHOM MacCOW BellecTBa
B YK€ JIOCTATOYHOM KonuuectBe. B Mecrax nepeceuenusi pu-
JIJAMEHTOB PACIIOJIAraloTCsl CBEPXCKOIUICHHS TAJIAKTHK, K KOTO-
PbIM U TIPUTATUBAIOTCS BHOBb OOPAa30BAaHHBIE CaMble KPYITHBIE

onee 10%cm UCT, 00pazys 3Ty STYEHCTO-CETYATYIO KpyIHOMac-
mrTabHylo CTpyKTypy Beenennoit. Mexay ¢puinamentamMu Haxo-
JSTCS YCThle 00JIACTU-TIPOCTPAHCTBA, B KOTOPBIX OTCYTCTBYIOT
rajJlakTUK{, HO B UX LIEHTPax U pa3MEILIEHbl 3TU camble KpyIl-
Hbele UCT, KoTOpBIE U CO3AAIOT ITU MYCTOTHI-BOWIb. Buaumoe
IIPOCTPAHCTBO MEXAY laJlakTMKaMy M 3BE3IHBIMU CKOIUIEHH-
AMM — CYTb IUIOCKOE IPOCTPAHCTBO, PETYJISIPU30BAHHOE [1aJIb-
HOJZIEMCTBYIOLIMMY I'PaBUTALIMOHHBIMU MOJISIMU aKTMBHBIX Macc,
JOJITOKUBYILIMMH, U CaMOJIBUXKYIIMMUCS JIEKTPOMATHUTHBIMU
NOJISIMU, A TaKKe PA3pPO3HEHHBIMU CKOIJICHUSIMU T'a30IIbIIIEBbIX
00JIaKOB ¥ TYMaHHOCTEHA.



Hawnbonee ynaneHHbIe OT lieHTpa BcelleHHOM BHerajiakTuye-
CKHe OOBEKThl — KBa3aphl, OOJAAOIINE MPAKTUIECKA UYUCTO
neHTpaibHbiM nosieM Tarotenus YCT, npunamiexar k Oonee
MOBEPXHOCTHBIM cyiosiM BeenenHon. C MOMEHTa OTKPBITHSI KBa-
3apoB B 1963 romy mporiecc 0OHapyKeHMsI HOBBIX KBa3apOB IIIel
o4yeHb ObIcTpo M K 1988 romy Mx yxke HACUUTHIBAJIOCH OKOJIO
4000, a ceituac — yxe 6omnee 20 000. HabmoieH1s 32 MECTOIIONO-
*KeHrueM OOHapyKEHHBIX KBa3apOB SIBJISIIOTCS BAKHBIM HCTOYHM-
KOM MH(opMallvy O pacnpeAeseHud MaTepud aKTHUBHOM (0.-
HONOJISIPHOI) Macchl Bo BeeneHHOT.

OnpeneneHrie pacCTOSHUM JI0 TaJIeKMX KOCMUYECKUX 0ObeK-
TOB (TaJIAKTUK M KBa3apoB) MPOU3BOJUTCS B HACTOsIIEE Bpe-
Ms TI0 «KPACHOMY» CMEIEHHUIO «Z» MX CIIEKTPOB W3JTy4YeHUsI.
«Z» onpeaenseTcsi OTHOIIEHUEM BEJTMUNHBI «KPACHOT0» CMeEIlle-
HUSI KaKOW-JIMOO CIIEKTPaJIbHOM JIMHUM B CIIEKTpe HaOIoaeMo-
ro oOBbEeKTa K JIJTMHE BOJIHBI 3TOM JIMHUHU. KBazapel — camble aa-
Jiekre BUIUMble 0ObeKTh BcenenHoi. [Tostomy oHu SBISIOT-
Cs MPEBOCXOAHBIM MTPEIMETOM [IJ151 UCCIIEJOBAHUS C LIENBIO MOJI-
TBEPKJEHUSI TOW WM MHOM Mojieniu BeeneHHOM.

Pacnpenenenue kBazapos. Vccriegosanusi pacnpeselie-
HUSI KBA3apOB B POCTPaHCTBE BeeneHHoM MpoBOIUIKCSH 10 pas3-
HBIM [IapaMeTpam, B TOM YHUCIIE U MO BEJIMUYMHE «KPACHOTO» CMe-
menusi. HanGonee nasiekve KkBa3apbl HAOMIOMAIOTCS HA PACCTOSI-
Huu B 30-35 MWIIMApIOB CBETOBBIX JIET, & CaMblid JAJIeKUi ¢ Z,
~ 9 Ha pacctosiHuu 46 MIWIIMApPIOB CBETOBBIX JieT. [1noTHOCTD
KBa3apoB BO3pacTraeT K nepudepun BeeneHHou.



Pacnpenenenne I'anakruk. ['pynna ramaktuk dgpopmupy-
eT (pUIaMeHTH! (OYE€Hb TOHKHE HUTEBUHBIE CTPYKTYPBI) IPOTS-
KEHHOCTbIO B «MUJUIMOHBI CBETOBBIX JIET U COCTABJISIET CKEJIET
Bcenennoir». dunameHTbl pacroiokeHbl TPUMEPHO B 6,7 Mui-
JIMapAOB CBETOBBIX JIET OT 3eMJIM. | alakKTHKH, CKOTUICHHU S TaJlak-
TUK U UX CBEPXCKOILUICHUS, «BCTPOECHHBIE» B (DUJIAMEHTBI, TO-
MEILEHBl MEXKAY IyCTOTAMHU, CO3/1aBasi TEM CaMbIM TMTAaHTCKYIO
«TIe€Hy». ['alakTUKK ¥ UX CKOIUIEHUSI KOHLIEHTPUPYIOTCSl B U30-
THYTBIX «CTEHKaxX» TOMIUHOM nopsiaka 10 MWIIMOHOB CBETO-
BBIX JIET, IIEpeceKaommxcs apyr ¢ apyrom. Hekoropele «cren-
KW» IPOCJIEKUBAIOTCA HA COTHU MUAJUIMOHOB CBETOBBIX JIET. TaM,
I/Ie CTEHKU «CMBIKAIOTCS», TaJlaKTUK OCOOEHHO MHOTO (CBEpX-
CKOILJICHHS). DTU 00J1aCTH TOBHIIICHHON KOHIIGHTPAIIUX TaJlaK-
THK 00pa3yloT B TPOCTPAHCTBE NOA0OWE JUTMHHBIX BOJIOKOH (11e-
nouek). BHyTpu siueek, Mex1y CTEeHKaMU, HAXOASTCS ITyCTOTHI —
«BOWbI», B KOTOPBIX TUVIOTHOCTh T'AJIAKTUK KaK MUHUMYM B Jie-
CATh pa3 MEHbIIIE, YeM B cpeiHeM. HeKOTOpbIM aHaioroM Takom
CTPYKTYPbl MOXKET CJY)KUTh ME€HA U3 MbUIbHBIX My3bIPeil, B KO-
TOpPOM CTEHKHM ITy3bIpel U UrpaiwT poisib prsameHntoB. [IpaBaa,
pacripefie/ieHre raJlakTUK BJIOJIb «CTEHOK» STUeeK, B OTJIMYUE OT
pacripeie/ieH!s1 MbUIBHOIO PacTBOpa B IMy3bIPsIX, OYEHb HEOTHO-
POIHO, ]a U CAMU STYEUKH He 00J1a/1al0T MPaBUIBHOCTBIO (DOPM.
Pa3mepp! OOMBIINX sSTYeeK COCTaBISIOT OoJiee COTEeH MUJUTOHOB
CBETOBBIX JIET, HO MHOTO U 00Jiee MeJIKUX.

Bimkaiiiiasi K HAM «CTEHKa» MPOXOIUT AJIMHHOM 1yTrou yepes
10:kHble co3Be3ausa ['napel — LlenraBpa — Teneckona — I1aBivHa



— Nnpeiinia. O6pasyoiye ee ralak THKY UMEIOT JIyueBble CKOPO-
CTH B HECKOJIBKO THICSY KM/C, M OOJIBIITMHCTBO M3 HUX YIAJIECHO
oT Hac He MeHee yeM Ha 20-30 MUJUIMOHOB CBETOBBIX JieT. K
9TON «CTEHKEe» MPUHAJJIEKUT U cKorieHue B JleBe, u Bce Mect-
Hoe CBEpXCKOIUIEHHE, Ha NIepUdepUr KOTOPOro pacroiaraeTcs
Mectnas ['pynmna rajakTik, BKodaomas B ceds Hamry [anak-
TUKY. [TOCKOBbKY MBI HAXOIMMCSI BOJIM3U Kpasi 9TO «CTEHKM»,
COCTaBJISIIOLIME €€ FAJIAKTUKU 00pa3yloT Ha HeOe CPaBHUTENIBHO
Y3KYIO 10JI0CY, PacTsIHyBIIyocs Oonee yeM Ha 1802, HanonoOue
TOr'0, KaK 3BE3/1bl | aJlakTMKM KOHLEHTPUPYIOTCA B ostocy Muteu-
Horo [Tytu. OTaenbHbIX 3B€3/] B raJIakKTUKaX BO MHOTO pa3 00JIb-
11I€, YEM OTIEJIbHBIX IaJIAKTUK B CTEHKAX S4YeeK.

K apyroii nmmHHON «CTEHKe», MHOTIA Ha3bIBaeMo «Bennkas
cTeHa»*/, KoTopasi MPOTSHY/IACh TMONIOCOW MOYTH Ha Mo Heba,
NPUHAIEKUT OOraToe XOpoIlIo U3yYyeHHOe CKOIieHue B Boso-
cax Beponuku, Haxozseecs Ha pacctosgHuu noutd 300 mMui-
JIMOHOB CBETOBBIX JIET OT HAC, B LIEHTPE APYIOi CBEpPXIajaKTH-
ku. Cxoruienue B Bosocax Beponuku — saBisercs neHTpoM «Be-
JMKOM cTeHbl». Kak u jpyrue OoraTbie CKOTUIEHHSI, OHO COfiep-
’KAT MHOTO 3JUIMNTUYECKUX TaJakKTUK. VI3ydyeHue ero quHamu-
KM BIIEPBBIE YKA3aJI0 Ha HAJIMYKE OOJIBIIIOTO KOJMUYECTBA HEBU-

o 1

JIUMOi MaTepur. Macca ckoruieHust — okosio 10 3 Mace COMHIIA.
OHO U3 KPYIHBIX CBEPXCKOIUIEHUH TaTlakKTUK, 00pa30BaHHOE

HECKOJIbKMMU CKOIUICHUSIMH, YIAJ€HHOE OT HAC MPUMEpPHO Ha

4T «Benukas crena» Haxomutesi B 200 MUJUTHOHAX CBETOBBIX JIET U UMEET pasmep
0koJ10 500 MUJIJTMOHOB CBETOBBIX JIET, & TOJIIUHY BCEro 15 MUJIJITMOHOB CBETOBBIX JIET.



200 MUJUIMOHOB CBETOBBIX JIET, TIOJIYUYUJIO Ha3BaHue «Benukuit
AtTpakTop». BCceneHHy0 MOXKHO CUMTaTh OJHOPOIHOMU TOJIBKO,
HAuYMHAsI ¢ MacITaba B HECKOJIKO COTEH MIUIMOHOB CBETOBBIX
net. Cepa Takoro uam OoJbllero pazmepa OyleT comepxkaTb
MPUMEPHO OJIMHAKOBOE KOJMYECTBO TajlaKTHK, CKOIUIEHWH ra-
JIAKTUK WM «BOWJIOB», a Ha 00Jiee MEeJIKUX MaciiTadax pacrpe-
JieJIeHUE TAJIaKTUK HeJTb3s1 CYATATh OJIHOPOIHBIM Jake MPHOITHU-
3UTEJIBHO.

B co3Be3nuu [leBbl HAXOOUTCS KPYITHOE CKOIIEHUE TaJIaKTHK,
B KOTOPOM MPeoOIafaloT JUTANITHUECKUE 3BE3/IHBIC CHCTEMBI.
Cpenu mocieIHuX BCTPEYAIOTCsSl U CBEPXTMTAHTCKUE 0Opa3oBa-
HUs1, TAKKE, KaK rajlaktuka M87. 16 rajlak TMK 3TOro CKOILIEHUS
oM B Karanor Mecbe. CkoruieHue B JleBe, B KOTOPOM Hacuu-
TBIBAIOT OKOJIO 2,5 THICSY TAJIAKTUK, U SBJISETCSA HEHTPOM OJHO-
MMEHHOTO CBEPXCKOIJICHH I TAJIaKTUK. B HEero BXoasT Takke, Ha-
pUMep, CKOIUIeHUs B co3Be31usAx bonbioit Measenuiipt u I'oH-
yux [lco. o ckomienuii el u bosnbiionn Menseauiisl mpu-
MEPHO OJMHAKOBOE PaCCTOSIHUE — OKOJIO 20 Meranapcek.

Pazmepbl CBEpXCKOIIEHUH JOCTUTAIOT COTEH MUJUIMOHOB CBE-
TOBBIX JIET. Bcero e CBepXCKOIJIEHU BBISIBJIEHO OKOJIO TOJTY-
cotHU. B kaxxgoe B cpeiHeM BXoauT okojio 10 CKOTIeHUid, XOTs
OBbIBAIOT ¥ 3HAYUTEJIbHBIC OTKJIOHEHUS B OOJIBIITYI0 U MEHBIITYIO
cTOpoHbl. CBEPXCKOIJICHU I TAJIAKTHK SIBJISTIOTCSI CAMBIMK OOJTh-
IIMMU U3 U3BECTHBIX CTPYKTYP, LIEJIOCTHOCTh KOTOPBIX oOecre-
yuBaeTcs rpaputanueid. Bo Bceil Bunumon BeeneHHO cBepx-
CKOIUICHU S PACIIPENIETIeHbl PABHOMEPHO.



[TpakTuvecku Bce CTEHBI COAEPKAT B CBOEM IIeHTpe Ooratoe
CKOIUICHHE TalakTHK. B «Om3koii» Beenennoit HaxoauTcst Bee-
ro TpU TakUX cKorieHusi — B Bosnocax Beponuku, Ilepcee u
ACO 3627, koTopoe 3KpaHupyIOT 061aka nbutd B Mteunom I1y-
TH.

CpaBHeHue JaHHbIX O ranaktukax ¢ Z=10 u Z=8, 1. e. pa3He-
CEHHBIX BO BpeMeHu Jpyr ot apyra Ha 100-200 MUJUTMOHOB JIeT,
MO3BOJIMJIO YUEHBIM CJEJIaTh 3aKJIIOUEHUE O TOM, YTO CKOPOCTh
3B€3/1000pa3oBanus1 Beipocia B 10 pas.

Mup 3Be371 U TaJlakKTUK BOOOIIE HE CMOT Obl BO3HUKHYTh W
Bcenennas ocranach Obl 6€CCTPYKTYPHOM, €U Obl IpaBHUTAII-
OHHOE 110Jie OOBIYHOTO ATOMHO-MOJIEKYJISIPHOTO BEIIECTBA 3BE311
¥ IJTAHET He TIPOSIBIISUIO Obl ce0s1 B BUJe (prjtaMeHT Ha (poHe ak-
TUBHBIX LEHTPAJIbHBIX MOJIEN TATOTEHUS KBA3apOB, a TAKKE CBE-
TAIIENCS] MaCChl BOKPYT siA€p 3BE3[ U IJIAHET.

HenpepbiBHOE paciimpeHue BHEIIHEN NOBEpXHOCTH Beenen-
Hou oOyciosneHo BeimanenueM YCT u3 ee «atmocdepbi», T. €.
U3 00J1acTH, T/ie KOHYAIOTCS TPAHUIIbI TPABUTAIIMOHHBIX TOJEH.
VBenuueHre BHEIIHEHl MOBEpXHOCTH BceneHHoW mpoucxoaut
32 CUET Pa3/IBUraHUs I'PaHMI] C aMOP(HBIM CUHIYJISIPHBIM IIPO-
CTPAHCTBOM, KOTOPOE PETYJISIpU3UPYETCsl TPABUTAIIMIOHHBIM TTO-
neM BHOBb oOpa3oBaHHOW YUCT ¢ aKTHBHBIM MOJIOKHTEb-
HbIM I10JIEM I'PABUTALNH.

Takum 00pa3om, TIMIIEPIPOCTPAHCTBO BceneHHON MOKHO
MIPE/ICTABUTD CIIEIYIONIUM 00pa3OM:

— Pa3mepsi cambix OobIINX CTPYKTYP BO BeeneHnol — cBepx-



CKOIUIEHUM TUIAKTUK*® M TUTAHTCKUX «BOUIOB» — JJOCTUTAIOT JIe-
csATKOB MeranapcekoB. O6mnactu Beenennoit pazmepom 100 Mk
u OoJiee BHIIJIAAAT BCE OIMHAKOBO, MPU 3TOM BBIJICJICHHBIX Ha-
npaBjieHuid BO BeeneHHo Her.

— IIpoctpancTBeHHasi KpuBU3HA BeesleHHOW eciu 1 OTJIMYHA
OT HYJIS1, TO OYEHb MaJIa.

— Ha 60bImx pacCTOSHUSX PEruCTPUPYIOTCS TOJIBKO SIPKUE
OOBEKThI, & CAMBIMH SIPKUMH TOCTOSIHHO PaJUOU3TyYalONMMU
oObeKTamMu BO BceleHHOM SIBJISIIOTCS] KBa3aphl.

B nmesnom naima BeeneHHasi — 310 «my3bipb» pa3ayBarolie-
rocsi HeB3pPbIBHBIM 00pa30M MO BHEIIHEW MOBEPXHOCTH Be-
IIECTBEHHO SIYE€MCTOr0 I'PaBUTALMOHHOIO MPOCTPAHCTBA, 3a
cuét yBermmuuBamwierocs yncia YCT u 06bEMa mpocTpaHcTBa
BOKpYI HUX. CpaBHUTH 3TOT MPOLIECC MOKHO C IMPOLIECCOM I1e-
HOOOpa30BaHMSI NIPU BHEIIHEM B30MBAHWUM MBUILHOM TIEHBI.

Buaumasi yacte pazmepom Oosee 10% cm or LIEHTpa 3a-
TNIOJTHEHA TJIAKTUKAMHU, CKOIIJICHUSIMU M CBEPXCKOIUICHUSMH I'a-
JIAKTHK, 00pasyIolIMX TPEXMEPHOE SYEUCTO-CeTyaToe JajibHO-
JEWCTBYIOILIEE I'PAaBUTALIMOHHOE TOJIE U MJIOCKOE IPOCTPAHCTBO
BceneHHOlM, HEpaBHOMEPHO pPEryJisipM30BAHHOE 'PAaBUTAIMOH-
HBIMU, EKTPOMArHUTHBIMH TIOJISIMH U Ta30MbUIEBBIMU OOJIaKa-
Mu. B 31011 YacT¥ MPOU3BOACTBO NPOCTPAHCTBA 3aKOHYeE-
HO, 2 Macca MOCTOsTHHA.

IIpomeskyTouHast 4acTb BHEIIHEro cepuyeckoro rumnep-
npocTpaHcTBa oOpasoBaHa pacnagaonmmucst YCT Ha pasHbIx

3 Psgectro Gonee 20.



Tarax SBOJIIOLNHY C 00Pa30BAHUEM CBETSIIUXCS 001aKOB 40 cOpo-
IIEHHOU T1J1a3Mbl IIPY B3PbIBaX HOBBIX U CBEPXHOBBIX, UMITYJIbC-
HBIM U3JTyYeHHEeM IyJIbCapOB, HEUTPOHHBIX 3BE3/1 U T. 1., & TAKKE
TOYEYHO HEBHJUMYHK0 YaCTb, PA3MEIIEHHYIO B 9TON POMEXKY-
TOYHOW U OOpasyloliell KpyImHOMAaCITaOHYyI0 U eIlg YacTHYHO
Buanmoit yactu Beenennoit. YCT, mynbcapbl, KBa3zapbl, Heii-
TPOHHBIE 3BE3/IbI, IIBETHBIE W OeJIble KapJIMKH, C OTHOW CTOPOHBI,
Kak 00JIa/JaiolIye MONMOKUTEIbHBIM I'PABUTALIMOHHBIM 3apsi/IOM,
a TakKe OTHeJIbHbIEC 3BE3/Ibl, TAJTAKTUKU U UX CBEPXCKOIUIEHUS,
C IPYTOi CTOPOHBI, KaK 0Oaiaioniye BI0OaBOK elié 1 OTpuIla-
TEeJIbHBIM I'PABUTAIIMOHHBIM 3apsIIoM, (POPMUPYIOT BEIIECTBEH-
HOE IMPOCTPAHCTBO Haillel BeesleHHOH B BUE TYEUCTO-TOYEUHON
I'PaBUTAITMOHHOM MEHbI U IEPEMEHHOM MaCCHhI.

HeBuanmasi noBepXHOCTHasi 4acTb NpOCTpaHCTBa Bcenen-
HOW CYIIECTBEHHO OOJIbIIIE 10 00BEMY IPEBOCXOAUT MPOMEKY-
TOYHYIO ¥ BHYTPEHHIOI BUAMMYIO. ITa 00JIaCTh PEryysipu3o-
BaHa OTHOCUTEJIbHO PABHOMEPHBIM paclipe/le/ieHUeM KBa3apoB
U MyJIbCAPOB U OMpPeeNsieTcsi, B OCHOBHOM, TOJIbKO I'PaBUTAIIU-
OHHBIMU, MATHUTHBIMU U nieKTprueckumu nonsmu ux YCT, a
TaKk€ UX HEBUJUMbBIMU IEKTPOMArHUTHBIMU MOJISAMU (POTOHOB
B PEHTI€HOBCKOM W paauonvana3zoHax. B aroit yactu Bcenen-
HOW, B CBSI3U ¢ HenpepblBHBIM niepeMerieHuemM YCT, BenencTeue
MIOCTOSIHHO PacTylIeil Macchl ¥ MaJeHUeEM K IIEHTPY MacCUBHOMN
MAacChl, X Pa3HOU 3BOJIIOLIMEN, TPOUCXOAUT MPOU3BOACTBO [J10-
MOJTHUTEJILHOTO T'PaBUTALIMOHHOTO ITPOCTPAHCTBA — PaCIlIMPEHUe
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Bcenennoit u yBenmuenue e€ mMacchl. B 11e0m 3Ty 4yacth mpo-
crpaHcTBa BcenenHoil 6onee HarIsITHO OMMCaTh KpUCTAUTIYe-
CKOW PEIIETKON TBEPIOTO TeNa, y KOTOPOW B y3JlaX pa3MeEIlEHbI
TIOJIOKUTEJIbHBIE 3aps/ibl, OKPYKEHHBIE OTPULIATEIbHBIMU. TOJIb-
KO Y PELIETKYU TBEPAOTO TeJjia MOJIOKUTEIbHBIE 3apsi/Ibl (JIEKTPHU-
YeCKHe) CTaOMIIbHBI 10 3HAYEHMIO, & y KBa3apoB U MYJIbCAPOB
3TOT 3apsa (Macca) NePEMEHHBII, YTO W IPUBOAUT K SBOTIOLUU
Y IBUXEHUI0 BO BeeneHHOM.

Oruodarmas noBepxXHOCTh I'PAHUIL I'PABUTALIMOHHBIX TO-
JIeW — 9TO BHEILIHAA NMOBEpXHOCTh Beenennon. Ha ston rpanm-
e MPOUCXOIUT HauboJiee NHTEHCUBHOE MPOU3BOJCTBO JIOMOJ-
HUTEJIbHBIX IPABUTALIMOHHBIX MPOCTPAHCTB 3a cUET HOBbIX YCT,
MOCTYMNAKIIMX U3 HeBel[eCTBEHHOI0 IpocTpaHcTBa. Macca —
IEpEMEHHA.

3areM criestyet nepexoAHas oonacte — armocdepa Beenen-
HoW. B armocdpepe npoucxoqut npousBoACTBO TOJIBKO TPEKO-
BbIX BOJTHOBOJIOB 3JIEKTPOMATrHUTHBIX IPOCTPAHCTB (POTOHOB
BCET0 YaCTOTHOTIO CHEKTPA.

Oxpyxamolee NpoCTpaHCTBO BOKPYT M CHapyXkH aTmocdge-
pbl BeenieHHoOM — cyTh aMoOppHOE CHUHTY/ISIpHOE POCTPAHCTBO,
JIMIIIEHHOE KAaKOW-TMOO0 OPUEHTAIIMU U PeryJspu3aliiy, BCIe-
CTBHE OTCYTCTBUS B HEM JTIOOBIX BUJIOB MaTepHH, ¥ KOTOPOE MPO-
HHM3aHO TOJIBKO Tpekamu (poToHOB, oOpaszyiomux YCT.

Tam KyJga He JOCTUTraloT Jaxe MOTeHLMaIbl-3€pHa OT IOoJIeH
YCT, Tam HapCTByeT HeBeleCTBEHHOEe ITPOCTPaHCTBO, TyJa
U3peiKa 3aJ1eTaloT Jaxe (POTOHBI.



[TogBoass MTOrM MeXaHW3MaM OOpa30BaHUs TOTO WJIM WHO-
IO MPOCTPAHCTBA, BO3PACTa KU3HU U MEPEHOCA MATEPUU B HEM,
MOXKHO C YBEPEHHOCTbIO KOHCTaTUPOBaTh. Bo-NiepBbIX, BCE BbI-
IeU3JI0)KEHHBIE TTPOCTPAHCTBA-TIONS (OT SIEPHBIX JJO FPaBUTA-
IIMOHHBIX) OYEHb CUJIBHO OTJIMYAIOTCS APYT OT JApyra Mo IUIoT-
HOCTU JUHAMHYECKOIO 3aCEJICHU 3€pHAMU-TIOTeHIMaaMu. Bo-
BTOPBIX, IEPEHOC MATEPUU B IJIEPHBIX CHEPUIECKUX MUKPOITPO-
CTpaHCTBaxX MPOUCXOAMT MOYTU Oe3 paccesiHus, T. €. B COCTOs-
HUM CBEPXTEKYUYECTH, YTO U OIPeIeIsIeT BO3PACT POTOHA U APY-
TUX siIep aTOMOB XMUMHUYECKUX JIeMEHTOB. B-TpeTbux, 0Opa3o-
BaBivecs neppuuHbie YCT B ycnoBusx aMopHOro mpocTpaH-
cTBa (HOJIb MPOTSKEHHOCTH, HOJIb MaTEPUM) HAYMHAIOT pacra-
JIaThCS B CBOEM COOCTBEHHOM I'DAaBUTALIMOHHOM ITPOCTPAHCTBE,
uMesl TI0O OTHOIICHUI0 K Toc/ieqHeMy OoJjiee BBICOKHMI ITOTEH-
1uan sHepruu. U, HakoHel, nociegHee, pa3ayBaHUE «ITy3bIpsi»
BceneHHoOll mpoucXonuT 3a cueT perysspusaluu aMmopgpHo-
r0 MPOCTPAHCTBA, T. €. HAMIOJJHEHUE €r0 HOBBIMU HENPEPBIBHO
PaCIIMPAIOIIUMUCS SYEUCTO T'PABUTALMOHHBIMU TOJISIMU-ITPO-
CTPAHCTBAMU C MOHOITOJIbHO I'PABUTAIMOHHBIM LIEHTPOM BOKPYT
kaxmaoro n3 uncia nagaonmx YCT. Bece UCT u3 nuamnasonHa

10%-10% cm umeror OJJMHAKOBBIN IO 3HAKY I'PABUTAIIMOHHBIN 3a-
psl, a HapaOOTaHHAasl UMU JOYEPHSS sIEepPHO-AaTOMHO-MOJIEKY-
JIipHas mMacca — MPOTUBOIOJOXKHBIA. [loaToOMy camble Kpyn-
Hele YCT B MecTax CBEpXCKOIUIEHMH TaJaKTHK CO3/AI0T W3-
3a B3aMMHOI'O OTTAJKMBAHUS SYEUCTYIO CTPYKTYPY CO CTEHKa-
MU, IPUTATUBASICH K OOIIei aTOMHO-MOJIEKYJISIPHOI Macce 3TUX



CBEPXCKOIUICHUH ¢ 00Opa30BaHUEM I'PaBUTAIMOHHON CEeTKU. Tak
(opmupyetcs pacmmpsiomasicst KpyrmHOMacIITabHast CTPyKTypa
Bcenennon.



3akJao4YeHue

W3noxeHHble pe3yJbTaThl HAMPSIMYI0 CBUAETENLCTBYIOT O
SYEUCTON CTpyKType BeeneHHou, Thna MbpUIbHOW NeHbl. Buan-
Masi aTOMHO-MOJIEKY/IsIpHast Macca acTpopu3nIecKX OObEKTOB
KOHIIGHTPUPYETCsI B €€ CTEHKax. DTO O3HAuYaeT, uTo B cepax
MYCTOT HAXOASTCSI MOIIIHbIE TPAaBUTAIMOHHBIE 3aPSI/Ibl C OHUM
3HaKoM, (bOpMUpYIOIIUE CPOKYCUPOBAHHBIE B LIEHTP HCXOASI-
1K€ M0JI51, UCITYCKAIOIIMX 3€PHA-TIOTEHIIMAbI, & B CTEHKaX pac-
MOJIOKEHBI IPyTUe, pacipe/iei€HHbIE PACCESIHHO I'PAaBUTALIMOH-
HbIE 3apsAIpl, ¢ MPeoOIaJaHueM TI0 BEJIMYMHE MTPOTUBOMOJIONK-
HBIX 3HAKOB TOJIEN TATOTEHUs — BXOASIIMX TOJIe MOTJIOCHUS
3epeH-TI0TEHIIUAJIOB.

B peansHoM npencrasnennn Beeaenuem YCT u, nHgyKkTUpYy-
€MBIX BOKPYI HUX BEKTOPHBIX IEHTPAJIbHBIX I'PABUTAIIMOHHBIX
rojield aKTUBHOM MacChl C TIOMOIIBI0O HOBBIX YacTull (3€peH-
MOTEHINAJOB), yIaETCs OOBSICHUTH MHOTHE U3BECTHBIE Mapa-
JIOKCBI B (DU3UKE SIBJIEHUH TPUPOJIbI, COBEPIIIEHHO HETIOHSITHBIE
¢ no3uiil CAIL. Camble rJ1aBHbIE U3 HUX — MEXAHU3MBI POXK/IE-
HUS HOCUTENIel MHAYKTUPOBAHHOW SHEPrUM, CBSI3aHHBIX C Mac-
COM MaKkpoMaTepuu U B3aUMOJICWCTBUS aKTUBHOM U MACCUBHOMN
MAacchl Yepe3 MOCPEAICTBO IMHAMUYECKUX I'PABUTALIMOHHBIX TO-
Jiel, pacliMpeHue MpocTpaHcTBa BceneHHOM, MPOU3BOACTBO
HOBOW 4€pHOM MaTepHU U KPYIMHOMACHITAOHOH CTPYKTYPbI
TUTNEPIPOCTPAHCTBA BeeneHHoi.



Kpome Toro ctaHOBUTCSI IOHATHBIMU PA3JIMYMS MEXIAY CBOM-
CTBAMM aKTMBHOM, IACCUBHOM U HIHEPTHOW MACCHI.



I'naBa 2. MUKpPOBUXPOHDI
U 3JIeMEHTapPHbIe YaCTUIlbI

2.1 ATomHublil pOTOH

BriepBbie 3apernucTpupOBaHHBIE MUKPOCKOIUYECKUE TPOSIB-
JIeHUs 3TOU (pOpMBI MaTepuy, T. €. HAINYKME (POTOHOB B MOTO-
Kax BUAMMOTO U [IBETHOTO CBETA ObLIIM OOHAPYKEHBI C TIOMOILIBIO
(poroappexra, T. €. ABIECHUA IPUPOIBI, CBA3AHHOTO C PE3OHAHC-
HBIM TIOIJIOIIEHUEM OJHOrO (POTOHA aTOMOM M IOCJELYIOLIUM
UCIIyCKaHHEM CBOOOJHOIO 3JIeKTpOHaA. [IpyruMu MHKpPOCKOIH-
YECKMMU XapaKTepUCTUKaMU UIEHTU(UKALMH (POTOHOB CIIyKatr
€ro napamMeTpbl — 4acToTa, CIIWH, JUIMHA BOJIHBI, MOJIApU3aLMs,
CKOpOCTb CBETA, BpeMs KU3HU U T. 1. OCHOBHbIE MaKPOCKOIH-
YeCKHe MapaMeTpsl KOJJIEKTUBHOIO NIEPEHOCAa CBOWCTB (POTOHOB
— 3T0 (PPOHT BOJIHBI, IVIOTHOCTDH ITOTOKA YACTHUL, BOJTHOBbIE (-
(pexTsl, naBneHue cBeTa, APKOCTH U T. A1. JIOCTOBEPHO YCTaHOBJIE-
HO U151 (POTOHOB PaJMOBOJIH, YTO HA PACCTOSIHUM OT UCTOYHUKA
He Oosiee 1/6 IIMHBI BOJIHBI TTPe0OIaJaoT MoJist *° MHYKIIUHA OT
CTallIOHAPHBIX UICTOYHMKOB (aHTEHH MEPEAATYMKOB), U 3TO MPO-
CTPAHCTBO YCJIOBHO CUMTAETCs 30HOW MHAYKImMH. Ha Oonee na-

30 Hpeabmymaﬂ IJ1aBa — MPOCTPAHCTBA U MATEpUs, MOJISA CTAIMOHAPHBIX NCTOYHU-
KOB.



JIEKUX PACCTOSIHUSIX MPe0OIaIaloT MOJsl U3JIy4€eHHsI BUXPEBBIX
VICTOYHUKOB — T0JISI BUXPOHOB, CO3/IAI0IIMX IEKTPOMAarHUTHbIE
BOJIHBI (OMB).

JluHamuyeckasi CTpyKTypa TNojed H3Jy4eHus, (a3zoBoro
MPOCTPAHCTBA aTOMHOTO (pOTOHA U (POTOHOB JAPYTHX JIEKTPO-
MarHMTHBIX KBaHTOB’! IO CHX MOp Hen3BeCcTHA. MexaHu3M Hx
U3JTy4EHUs U MOTJIOIIEHH 1, CAMOJBHKEHUE U CAMOTIOIepKaHKe
CTaOMJIBHOCTU YaCTOThI, OECKOHEUHOE BpeMsl )KU3HU, JUIMHA ITy-
TH B ITyCTOTE KOCMOCA M «KPACHOE» CMEIIIEHUE, & TAKKE CTPYKTY-
pa ¢azoBoro 06bEMa — 3TO KJIK0Y /17151 oHnManus Beceid CTpyk-
Typbl Mupo3aanus Beenennoii. [Io cux nop Hu ofHa Teopus,
T. €. HU KJIacCMYecKas 3JIeKTPOIMHAMMKA, HU KBAaHTOBasl, HU
Moau(UIIMPOBaHHbIE YpaBHEeHUsT MakcBesuia, HU TOJICThlE KHU-
I'Y TIO OINTHKE, HU MHOTOYMCJIEHHbIE COBPEMEHHbIE TPAKTATHI O
Jla3epaM, CBETOBOJAM M BOJHOBOJAM, PaJMOBOJIHAM M aHTEH-
HaM, HU MMyOIUKAIUHY 110 JIeMEHTAPHBIM YaCTUI[AM, ATOMHOMY U
SIIEPHOMY U3JTyYEHUI0 HECMOTIJIM OTBETUTh HA CIEAYIOIIHE BO-
IPOCHI:

— Kakue (pu3nueckue mporecchl OTIMYAIOT 30Hy MHAYKIIU
OT 30HbI H3JIYYeHUsI 1 BOJHOBOI 30HbI

— B YEM COCTOUT MEXaHW3M IPUPOAbl HHAYKIMU, U3JIyde-
HHSI ¥ BOJHOBOM 30HbI (pOTOHA

— KaKOB MEXaHU3M B3aUMHOW UHIYKIIUU BUXPEBbIX JIEKTPU-
YECKMX U MarHUTHBIX MOJIEN

— B YE€M 3aKJTI0YAETCS MEXaHU3M (pU3MUECKOM MTPUPOJIbI CBS3U

3 W3 Bcero u3BeCcTHOro guarna3oHa QJICKTPOMAIrHUTHBIX BOJIH.



noctosiHHOM [T1aHka co CIMHOM MUKPOYACTHII

— KakoBa MpUpoja CIMHA U MArHUTHOTO MOMeHTa (DOTOHA

— MOYeMy CIIMH Y JIEKTPOHA TOYIENbI, a y (poToHA paBeH
HeJou roctossHHoun [nanka

— YeM OT/IMYAeTCs] MeXaHU3M 0e3MacCOBOrO CaMOJIBUKEHUS
(poToHa OT ABMKEHMS YACTUILL C MACCOU

— YTO omIMYaeT aBe (JOpMbl SHEPIUU B BUAE IBUKEHUS OT
BU/1a TIOKOSI

— TIoueMy pa3mep 00IaCTH U3TyYEeHHUsI AaTOMHOTO WJIH SIIEPHO-
ro (h0OTOHA Ha MHOT'O JIECSITUUHBIX TIOPSAKOB MEHbIIE €0 JJIMHBI
BOJTHBI

— YTO MOJKET BbI3bIBAThH BpAIllEHHUE IEKTPOMArHUTHBIX MOJIei
B (pazoBOM 00bEME (HOTOHA, O UEM CBUIETENHCTBYIOT CIHUH, (DOP-
Ma nossipu3aiius 1 nocrosiHHas [lnanka

— MOYEMY CKOPOCTb CBETa B IMyCTOTE BaKyyma He 3aBUCHUT OT
COCTOSIHMSI IBUKEHUSI U CKOPOCTU MCTOYHMKA €ro M3Ty4eHusd,
BCer/ia MOCTOSIHHA VIS BCETO CIIEKTPa JIeKTPOMArHUTHBIX BOJH

— (pOTOH U3JTy4aeTcs B CBSI3U C U3MEHEHHEM COCTOSTHUS JIeK-
TPOHA B MOJIe AaTOMHOTO SPa, a YTO U3JIyyaeT aHTEeHHA pauo-
nepenaTymka

— MOXHO JIM Kak TO CBSI3aTh TaKWe pa3IMuYHble SIBJICHUS,
KaK MEXaHWU3M U3JIy4YeHHUs aHTEHHOW PaIMOBOJIH C MEXaHU3MOM
pasorpeBa BUXPEBHIMU TOKaMU CIUIOIIHBIX BEIIECTB B MUKPO-
BOJTHOBOW T€UH, C HaBe/IeHHEM 3.]1.C. UHAYKIIUM BO BTOPUYHBIX
00MOTKaxX TpaHc(OpMaTOpoB, C BUXPEBBIMU TOKAMU B CEpiIey-
HUKaX MarHUTOIPOBOJIOB, C BUXPEBBIMU MOTEHIIUATAMU B YCKO-



puTtesie NEKTPOHOB B OETaTpOHE

— KaKoBa CTPYKTYypa CaMOJBMKYIIErOCsl U CaMONOIEPKHUBa-
fouierocs (ha30BOro MUKpONpOCTPaHCTBA (DOTOHA

— noyeMy (pOTOHBI MOTYT OBbITh MOJISIPU3OBAHHBIMU, B YEM
npupoa toro a¢pdexra

— YTO 3a MEXaHU3M OTBevaeT 3a (popMy MOJSAPU3ALIUN — JIU-
HEUHY10, KPYTOBYIO, JUTMNTUYECKYIO U T. JI.

— nioueMy (POTOHBI JBMKYTCS MPSMOTMHENHO OT UCTOYHHUKA,
a TIpU OTPAKEHUHU OT OIPeeIEHHBIX TeJl — YroJl MaJeHusl paBeH
YTy OTPakeHUsI

— KaKOB MEXaHW3M IOIJIOIIEHUS MEKTPOHOM (POTOHA B aTo-
Me, Be/lb JJIMHA €ro BOJHbI MHOTO OOJbIlie pa3Mepa J1axke CBs-
3aHHOTO JIEKTPOHA

— KaKOB MEXaHU3M JiesieHus (DOTOHA Ha /IBa B 110JIe aTOMHOIO
s7ipa ¢ 00pa30BaHMEM MACChl IEKTPOHA U MO3UTPOHA, UJTU Maphl
MIOOHOB

— KakoBa MpUpOJIa MEXaHW3Ma BOZHUKHOBEHUS AeOpOiisIeB-
CKOW BOJIHBI IBUKYIIIUMUCS MUKPOUYACTUIIAMHU, TIPU KaKUX YCIIO-
BUSIX U C KAaKOM YacTOTOW MPOMCXOAUT OTPBIB (POTOHOB [
Bpoiisis OT 3TUX YacTHIl M IPOUCXOAUT JIM OH BOOOIIIE, T. €. IPo-
6eMa cOpoca MHIYKTHUPOBAHHOUW SHEPTUU

— KakoB MeXaHW3M 0Opa30BaHUs aJPOHOB Ha KoJUlaigepax
U3 BCTPEYHBIX MyYKOB IEKTPOHOB U MO3UTPOHOB C MOPOTrOBOM
SHEprue HeHaMHOro rnpesbinaomeit 1 [

— YeM OTJIMYAIOTCS CTPYKTYPHI (Da30BBIX 0OBEMOB ME3OHOB OT
(poTOHOB 1O CBOEI CTPYKTYpE, BE/Ib CIIMHBI Y HUX IIEJIOYUCIICH-



HbL, T. €. 0 uium 1

— MOoYeMy Macca MOKOsI 9JIeKTPOHA B TOYHOCTU PaBHA SHEp-
ruu pOTOHA, KOTOPBIN U3Ty4aeTCsl MPU UCUYE3HOBEHUHU €ro Mac-
Cbl, KAKOBBI CBOMCTBA 3TOro (pOTOHA, KakoBa CTeNeHb U opMa
NOJISIPU3ALIU

— KaKOB MEXaHM3M aHHUTWISIIUY Napbl YaCTUIIA-aHTUYACTH-
112, IPUBOJISAIINN B KOHEYHOM UTOTe K 00pa30oBaHuUi0 (DOTOHOB U
KAKOBbl CBOWCTBA 3TUX KOHEUHBIX (POTOHOB, CTENEHb U opMa
NOJISIPU3ALIU

— KaKoil MeXaHu3M NpeBaJUPYyeT B «KPACHOM» CMEIEHUU
KOCMHYECKUX (DOTOHOB U3 HECKOJIbKUX U3BECTHBIX.

AtomHBIN (poTOH 00agaeT BHYTPEHHUMHU U BHEITHUMU (pu-
3UYECKMMU cBOMCTBaMU. K BHyTpEHHMM CBOWCTBaM CIIEIYET OT-
HECTHU YacTOTY Y LEJIOUUCICHHBIN ClTUH (DOTOHA, MOJISPU3AIUIO,
OTCYTCTBHE MACChl U 3apsijia MOKOsi, OECKOHEYHOE JIONT0e Bpemsi
KU3HU, BO3BMOKHOCTb IPOSIBJIEHUS] KOPITYCKYJISIPHBIX CBOMCTB,
MpU U3YyUYEHUU U noriomeHuu. [Ipu 3ToM, caMbiM 3aralouHbIM
CBOMCTBOM (POTOHA, KOHEYHO K€, SIBJISIETCS €0 CIIHH.

K BHeIHUM CBOICTBAM OTHOCSITCS:

— NPSAMOJIMHEMHOCTh JBUKEHHUSI C MOCTOSIHHOW CKOPOCTBIO
CBETa

— y4acTHe B JIEKTPOMArHUTHBIX U T'PABUTALIMOHHBIX B3aMO-
JEUCTBUSIX

— BO3MOXHOCTb HEYIIPYIror NepeAayr CBOEN SHEPIUU MOJTHO-
CTBIO CBSI3aHHBIM JIEKTpOHAM B aToMax (¢oTtoadpdekT) nmm va-
CTSIMHU, B COOTBETCTBUM C KOMOTOH-3(P(PEeKTOM



— nenenue (pOTOHA Ha J1Ba C 0Opa30BaHMEM JIEKTPOHA U TO-
3UTPOHA (WMJIM Mapbl MIOOHOB) B I0JI€ aTOMHOIO fAapa (3¢ deKT
nap — oOpa3oBaHusl) MPU JOCTUKEHUH UM HEKOTOPOW MOPOro-
BOM SHEPrUn

— POkKJIEHHE aJIpOHOB HA KOJUIAepax U3 YCKOPEHHBIX 2JIEK-
TPOHOB C YYacTHeM HX J1eOpoityieBCKuX (hOTOHOB TP TIOPOTO-
BBIX SHEPrusx npessinawommx 1 'S8

— IPOSABJIEHUE BOJIHOBBIX CBOMCTB, IIPU KOJUIEKTUBHOM [BU-
JKEHUM OJIMHAKOBBIX M CUH(a3HBIX (POTOHOB

— 3(pEKThl OTpaXCHUS W INPEJIOMIICHUS Ha TPAHULE BYX
CIUIOILIHBIX Cpell, a TaKxXe fABJEHUS AUQPPaKUUHU, UHTEPEPEH-
1U

— ¥ JApyrye W3BECTHbIE CBOWMCTBA U3 Pa3/IMYHbIX AMANIA30HOB
YacTOT JIEKTPOMAarHUTHBIX BOJIH, HAIIPUMED, PanovacTor.

DOTOHBI M NMEKTPOMArHUTHBIE KBAHTHI U3 JIPYTUX BO3MOXK-
HBIX YaCTOT POXKIAIOTCS ITPU NIEPEX0JaX MUKPOYACTHULL > B OCHOB-
HOE€ COCTOSIHME M3 BO30YXAEHHOT0. DTOT MpOIECC BO3MOXKEH,
KaK B COCTOSIHUM OTHOCHUTEJIBHOTO MOKOS, TaK U JBUKYIIUMUCS
MHUKPOUYACTHIIAMH, T. €. U3TyUYeHHUEeM AeOpPOIIEBCKUX KBAHTOB,
a TaK)Ke C TIOMOILbI0 BCEBO3BMOXHBIX TEXHUUECKUX CPEICTBY —
AHTEHHBI U T. 1. Bpems ku3HM (POTOHOB — OECKOHEUHO J0JITOE B
BaKyyMe KOCMHUYECKOI'0 ITPOCTPAHCTBA, OIHAKO BCJIEJCTBUE BCE-
BO3MOKHBIX PacCEessHUW Ha 3JIEKTPOHAX, aTOMax M MOJIEKYJ MX
CPOK >KW3HU 3aBUCUT OT TOM CpeJbl, II€ OH JABUKETCS.

52 o
Hampumep, 11 Bogopona 3to cepuu (poroHOB banbmepa, Jlalimana u IMamena.

33 Opnaxo B 31OM Clly4ae yKe pOXKIAIOTCS «TSKENbIE» IEKTPOMAarHUTHbIE (DOTOHBI.



Tem He MeHee, ITTaBHOE BHEIIIHEE CBOMCTBO, KOTOpPOE Mpo-
SABJISIOT (DOTOHBI B KOCMOCE BakyyMa BcesleHHOM, CBSI3aHHOE C
OECKOHEUHO JJOITUM CPOKOM KHM3HHU — 9TO HEKUHETUUYECKUT T1e-
PEHOC KBaHTa SHEPruM aKTUBHBIM (Da30BBIM MUKPONPOCTPAH-
CTBOM Ha OECKOHEUYHO [IIMHHbIE PACCTOSIHUSA, T. €. CBEPXTEKY-
yecThb (poTOHOB (OO30HOB) B YCIIOBUSIX KOocMoca. U, Kak Ternepb
yKe U3BECTHO, 3TUM CBOMCTBOM (DOTOHBI OOSI3aHbI, MPEXK/IE BCe-
0, CBOEMY CIIMTHY PABHOMY €/IMHUIIE, KOTOPBIN MTOKA3BIBAET, UTO
YyacTula JABUKETCS U MPU ITOM IPOUCXOIUT MOJTHOE KBAaHTOBOE
npeoOpa3oBaHre HOCHTEJSI KBAaHTA WHAYKTHPOBAHHOW HEP-
ruu. Kak gasneinie Oyaer mokasaHo, HOCUTEJEM KBaHTa MHIIYK-
TUPOBAHHOM SHEPruu B (POTOHE SIBJISIETCS IEPEMEHHBIN 10 3HA-
Ky U 3HAYEHUIO BEJIMYMHBI 3apsi/Ia MArHUTHBI MOHOIOb.

KakoB Mmexann3m uzJiyueHusi (hoToHa BO30YKAEHHBIM
aromom?

Takue cBoiicTBa (POTOHOB, KaK CIIMH, CTENEHb U (popma Io-
JIIpU3alliK, CaMOJIBUKEHUE, BUXPEBbIE TOKU B CIUIOIIHBIX Cpe-
Jax, pa3mep 00JIaCTU U3JTyUYEeHUs ¥ TIOTJIONCHNE aTOMHBIM 3JIeK-
TpoHOM (POTOHA, NEKTPOMATHUTHAS WHAYKIHUS U 3.].C. CaMO-
WH/YKLMY, a TaKX€ aHaJi3 KPYroBOll PaBHOBECHOW MIHOBEH-
HOW OpOUTHI, HA KOTOPOU IIPOUCXOIUT yAepKaHWEe YCKOPSIEMbIX
JIEKTPOHOB B OeTaTpoHe, TO3BOJISIOT CHEIaTh 3aKJIKYeHHe O
TOM, UTO BCETa U3MEHSIOIIEECs 32 KOHEUHbI BPEMEHHOM Nepu-
ofl (MMIyJIbC HANpsiKEHUsI UM OOpbIB TOKA) JIEKTPHUUYecKoe
10JIe B TOUYKAX, PACIIONIOKEHHBIX B 30HE MHAYKI[HH CTAlMOHAD-
HOT'O UCTOYHHUKA, MMPOU3BOIUT ChepOOOpa3HBIi 1 MHOTOOOOJIO-



YeuyHblid KBaHT-Chepy BUXPEBOrO MOTOKA’* MArHUTHBIX MOTEH-
[[UAJIOB — MAarHUTHBIN MOHONOJb (ur. 2.1), T. €. MAarHUTHBI
3apsii CO CBOMM BHEIITHUM MarHUTHBIM IOJIEM, HOCUTE b KBaHTa
WHIYKTUPOBAHHOMW HEPTrUH, UICTOYHUK CAMOJBUKEHUSI.

®ur.2.1 MarHuTHBIII MOHOIIOJIb B IEPEMEHHOM I10JIe aTOMHOTO siipa

Tak poxxgaeTcss MArHUTHBIH MOHOIIOJIBL >, T. €. 3apsiKaeTcs
ero crpykrypHas cgepa. Uro 310 3HauuT? A 3TO 3HAYUT, YTO
B HAYQJIbHBII MOMEHT U3MEHEHUS JIEKTPUUECKOrO TOJIS 3apsi-
*kaetcst OoJbiasi chepa U3 OJMHAKOBBIX MarHUTHBIX 3EPEH-TIO-

>* WsgectHo oIpesieieHUe MOTOKA Kak mapaJiiesibHOe ABIKeHre yacTull. B gaH-
HOM CJTy4yae paccMaTpUBAeTCs BUXPEBOil KBAHTOBO-I0CJIe10BaTedbLHbII TIOTOK Ya-
CTHII.

35 BOM3n MONIHBIX PaIMOTEeXHUYECKUX aHTEHH WJIM TIPU Pa3pbiBe MOIITHOTO TOKA
MyYKa 3JIEKTPOHOB, OOPBIBE TOKA EKTPHUYECKON NYTH U B MOMEHT COJMKEHUS JIO
0,01 MM KOHTaKTOB BWJIKH W PO3ETKH TOXeE IeHEepUpyeTcsi epeMeHHOe JIeKTprye-
CKO€ T0JIe, HO CO3aI0TCsI TAKUM TOJIEM «TSIKENTbIe» MarHUTHbIE MOHOIIONH C FOpasJio
GOJIBIIIEH IIOTHOCTHIO 3€PEH-TMIOTEHIIUAIOB — BUTKY CIAPAJICH IIPUMBIKAIOT BIUIOTHYO
IpYT K Apyry (aMIUTUTYyOa UMITYIIbCA), TUIOTHOCTh pa3MeleHusl 36peH Ha CIUpPaIsIX
OJIM3Ka K HACBHIINIEHUIO (TOK B UMITYJIbCE).



TEHIMAJIOB, Pa3MEIIEHHBIX Ha CIIMPAISIX, 0OPa3yIOIINX MOBEPX-
HOCTb 3TOM cpephl. B cremyiomuii MOMEHT TakuM ke 00pa3oM
3apsKaeTCs MOCIeJOBaTeNbHO BHYTPEHHSIS cepa, HO YKe O0Ib-
HIUX N0 a0COIOTHON BEIUYMHE MAarHUTHBIX MOTEHIIMANOB. Tak
MIPOUCXOIUT 3apsiIKa MAarHUTHOTO MOHOTIOJIS I0 CAMOT'O LIEHTPA.

Takoil MarHUTHBI KBaHT MOCJE MPEKpaIleHUs U3MEHEHUs
9JIEKTPUYECKOro MOJIsl B 9TOM TOUKE U B Hayasle CBOEro MepBruY-
HOI'O CaMOJBM K€HHMSI CTAHOBUTBHCS MUCTOUHUKOM DPOXIECHUS B
30HE U3JIy4eHHs (PyHIaMEHTAJIbHBIX BUXPEBbIX YaCTHI] — JIEK-
TPOMAarHUTHBIX aTOMHBIX MHKPOBUXPOHOB°.

Kak 310 mpoucxoaut? Uro 3T0 3a yacruia, Kak mpo-
HCXOJNT €€ caMOABH:KeHHEe, KAKOBLI OCHOBHBIE €€ CBOII-
cTBa?

MexaHu3M poxJeHuE MUKPOBHXPOHA MPOUCXOAUT CJIEy-
oMM 00pa3zoM. [l HArISTHOCTH PacCMOTPUM COBMEIIEHHOE
00bEMHOE TIOJIE TIOTEHIMAJIOB JIByX PaBHBIX U MPOTUBOMOJIOK-
HBIX TOYEYHBIX 3apsAnoB (ur.2.1, cnpaBa) aTomMa Bogopona —
IPOTOHA M JIEKTPOHA, T. € CTAllMOHAPHBIX UCTOYHUKOB’’. OHO
rpaduecKy COCTOMT U3 aCCHMETPUUECKI® COBMETIEHHBIX che-
PUYECKUX SKBUIIOTEHLIMAIbHBIX IMOBEPXHOCTEN € MPOTUBOIIO-
JIOKHBIMU TIOTEHILIMATIAMU, MEXAY KOTOPbIMM HAa PAaBHOM pac-

5 31u yacTuE BIIEPBbIC OMYOIMKOBAHBI B OTKPBITOM ITeYaTH HA CTPAHUIIAX STON
KHHTU.
5 ..
7 [poToH u3myuaeT 38pHA-NIOTEHIMAIbE, @ HEKTPOH KX TIOMIOLIAET.
58 D exTrBHOE NOJIe HANPSHKEHHOCTH MPEACTABIISET COOOH Be MOTychephl Kax-
Jasi, U3 KOTOPBIX SIBJIAETCA 3€PKAJIbHBIM OTPAKEHUEM JPYroi OT HYJIEBOW MOTEHLIU-
QJILHOM IIJIOCKOCTH, IIPOXOASLIEH OCEepeiIHE MEX Ay STUMU UCTOYHUKAMU.



CTOSIHUM OT 3THX 3apsiIOB MPOXOAUT IUIOCKOCTh>’ C TIOTEHIIH-
oM paBHBIM HY0. CritoBble TUHUMS HATPSKEHHOCTH TIONSI
HCXOJAT U3 MOJIOKUTEIBHOIO 3apsia U BXOJAT B OTpULIATEITb-
HbI1. B MOMEHT nepexofa 31eKTpoHa U3 BO30YKIEHHOTO COCTO-
SIHUSI B OCHOBHOE YMEHBINIAETCSl PACCTOSIHUE JIO si/Ipa, MyTEM
JBHKEHHUS K HEMY JIEKTPOHA — ITPOMCXOIUT MPOLIECC U3MEHE-
HUSI 9JIEKTPUIECKOTO OIS B IPOCTPAHCTBE MESK/Ty COMMKAIOIIH-
mucs 3apsaaMu. HanbGomblivie MarHUTHbIE MOTEHIUAIBI, 00pa-
3yIOIlKe TMOBEPXHOCTU cep Onmmkaiiime K HeHTPY, POXKIAI0T-
CA B CaMbli NOCJIEAHUNA MOMEHT, COOTBETCTBYIOIIAN KpaTyau-
HIEMY PACCTOSIHUIO MEX[Y 3apsJaMu. B 3THX Toukax 30HbI MH-
JYKIIUH 1 poxkiaercsi chepooOpa3Hbiii 0O0bEMHBI MArHUTHBII
MOHOII0JIb MUKPOBHXPOHA IYTEM LHEHTPAJBLHOT0 U cuH(a3-
HOT0 CJUSIHUS®' MUKpPOMOHOIIONEH, 00pa30BaBIIMXCS HA KakK-
JIOM M3MeHSIoIeMcsI®? 3epHe-TIoTeHIInane 00béMa 3TOW 30HBI
nosns. [Iporecc cuHgpazHoro CausiHusI-3apsiAKu® B JIOKATU30-

% Ecm 3Ty TUIOCKOCTh PaccCMaTpUBATh Kak 3epKayio, TO APYroi 3apsi OymeT ero
3epKajbHbIM OTPaKEHUEM.

69 CurioBBIe IMHIM — 3TO HAIPAB/ICHNS H3TYUCHNUS OTOKA 3EPEH-TIOTEHIMATIOB, 4
UX HCKPHBJIEHHE NIOKa3blBaeT B3aHMO/1eHCTBHE C JPYIUM UCTOYHUKOM, B IAHHOM
Ccily4ae MOIJIOIeHNe .

81 310 cBOICTBO OTBET-0G0CHOBAHHE HA TEXHOIOTHIO TIPOM3BOICTBA AEKTPUUCCKOi
KOMITPECCHH SHEPIUH METOJIOM YKOPOUCHHSI IMITYJIbCa HaIPSKEHU I BIUIOTH JI0 TIHKO-
CEKYH/IHBIX 3HaueHHUH.

62 YsMeHenne poucXoauT Graroaps CTaTHIECKOi HHIYKLMI CO CKOPOCTBIO MHOTO
OoMbIIIel CKOPOCTH CBETA M0 MEXaHU3MY, PACCMOTPEHHOMY B MPEABIAYIIIEH T1aBe.

63

3amernM, uTo 3apsakKa hopMHUpPYeT BHEIIHee BXOAAIIee MoJIe, U TOJIBKO IS Ta-
KOTO MOJIsI CBOICTBEHEH NPOLECC CAMSTHUS-00BbEIMHEHNS] MUKPOMOHOIIOJNEH OJHOTO



BaHHOM 00BEME aToMa JUTUTCSI BeCh KOHEYHbIH mepuoy repe-
Xofa M3 BO30OYXAEHHOTO COCTOSIHASI B OCHOBHOE. 3a 3TO Bpe-
MsI TIPOMCXO/IUT POsK/I€HNe MarHMTHOTO 3apsiaa, T. €. POCT 3a-
psizia 10 HEKOTOPOW KOHEYHOW BEJIMYMHBI — MPSIMOIl MpoI1iecc.
IHornomenne aHaIOTMYHOrO MArHUTHOT'O MOHOIMOJS Yepe3 Mo-
CPEeACTBO B3aMMOJIEHCTBUSI IEKTPOMOHOIIONSI BUXPOHA C MOJIEM
aToma B TaKOH ke TOUKe HeBO30YKJJEHHOTO aTOMa MePEBOIUT €r0
B COCTOsIHUE BO30YyXJeHHS — oOpaTHbIH npouecc. [To 3aBep-
IIIEHWIO 3TOTO Tepro/ia Ha3BaHHBIN KBaHT-Cepa, KBAHT MOCIIe-
JIOBaTeJIbHO-BUXPEBOTO MOTOKA MOTEHIIMATIOB MAarHUTHOTO TIO-
JIsl HAYMHAET MPOIIeCC Pa3PsIAKU — CBOE KAHOHUYECKOE TIOCTY-
naresibHO-BpallaTejabHoe camoaBu:keHne. CUH(A3HO € 3TUM
MPOLECCOM MAarHUTHBIA MOHOMNOJIb HAYMHAET POXJATh BOJIHO-
BO/I U3 JIEKTPOIIOTEHIINAJIOB, T. €. BUXPEBOU MOC/IEA0BATEb-
HBIW TIOTOK 3JIEKTPOMNOTEHIIMATIOB-3EPEH, KOTOPble OH YCTaHaB-
JIMBAeT CTAMOHAPHO B IIPOCTPAHCTBE B CTPOrO reOMeTpuye-
ckoMm Topsizike (¢pur.2.2), ¥ TPOTUBOACWCTBYIOIIUIA €r0 pa3psiji-
K€ IePEeMEHHbIN JIeKTPUYeCKH MOHOIOJb — 3TO U €CTh aK-
TUBHBIN (ha30BbIi 00bEM (1/4 I7TMHBI BOJIHBI) IEPBUYHOIO aTOM-
HOI'O MUKPOBHXPOHA.

3HaAKa.



e®tlog

®yr. 2.2 Cxema BOJIHOBOAA (POTOHA U3 3EPEH-IJIEKTPONOTEHI[UANOB.

STOT NPOTUBOAEHCTBYIOLIMI UHIYKTUPOBAHHBIN JIEKTPOMO-
HOTONb B JIBMKEHUHM OTHOBPEMEHHO BO30YKIaeT-3apsikKaeT B
(azoBoM 00bEME Ha yJaeHUH Y4 UIMHBI BOIHBI OT y371a (Hava-
Jla pa3psAKK) MUKPOBUXPOHA COOCTBEHHOE BCTPEYHOE BTOPUY-
HOE€ MarHUTHOE BUXPEBOE NOJIE — chepy 3apsKaloIIerocs u AB1-
’KYIIErocsi BTOPUYHOIO MPOTHUBOIOJOKHOTO U aHAJIOTUYHO-
IO MarHUTHOTO MOHOIIOJIS1. DTOT BTOPUYHBI MArHUTHBIA MOHO-
TI0JTb TaK’Ke, KaK 1 MIEPBUYHBII Cpa3y ke HauMHAET IPOU3BOUTH
CBOIO YaCTh BOJIHOBOJIA U3 JIEKTPOINOTEHIMAIOB, HAYMHAS C V4
JUTMHBI BOJTHBL. DTa chepa BTOPHYHOI0 BUXPEBOTO [MOTOKA Mar-
HUTHBIX MOTEHIMAJIOB MEPEMEHHa M0 BEJINYMHE U TOJHOCTHIO
UJICHTUYHA IEPBUYHOMY, HO IIPOTHBOIOJIOKHA [0 HAITPABJIEHUIO
CWJIOBBIX JIMHUH (110 3HAKY) — CBUJIETEIbCTBO 3aKOHA COXpaHe-
HUS1 Cpe[IHel SHEPTHH, T. €. M0OOYEPEIHAsl CMEeHa KBAaHTa MHYK-
TUPOBAHHOM SHEPTUM CO 3HAKOM IUIIOC Ha KBAHT CO 3HAKOM MHU-
Hyc. [lasiee, Bech 3aps NEPBUYHOIO MarHUTHOTO KBaHTa 4epe3
NIOCPEACTBO CUH(AZHOTO TPOTUBOAEHUCTBYIOIIETO JIEKTPOMOHO-



TOJISI IEPEXO/IUT BO BTOPUYHBIN, HO C TPOTUBOMOJIOKHBIM 3HA-
KOM — TaK POXJIaeTcsl y’ke BTOPUYHbIII MUKPOBHUXPOH OITHU-
yeckoro ¢otoHa Bogopoaa. Mrak, 3apsiaka — poxjaeHue cpe-
PbI MarHUTHOTO 3apsifia, pa3psAaaKa — 3TO ero camMo/IBHKe-
HHeE C TPOU3BOJICTBOM BOJIHOBOJIA U3 3EPEH-IEKTPONOTEHIH-
aJIOB, IIPY 3TOM IIPOLIECCE MPOUCXOAUT POKAEHHE CUH(A3HOIO
NEPEMEHHOI0 U MPOTUBOAEUCTBYIOIIETO JIEKTPUUECKOTO U Mar-
HUTHOTO MoHonosei. Ocobo ciemayeT OTMETUTh, YTO BO BpeMs
3apsiIKM TIPOTUBOIIONIOKHOTO MATHUTHOTO MOHOTIONSI TIPOTUBO-
JEWCTBYIOIIUM JIEKTPUYECKUM, HE IPOUCXOIUT MpOLiecca BO3-
OykKJIeHUs] STOMY MPOLIECCY COOTBETCTBYIOIIETO JIEKTPOMOHO-
nonsi. Bpemsi B 0601x mpoiieccax OIMHAKOBO U PABHO BPEMEHU
niepexoyia aToMa U3 BO30Y:KAEHHOTO COCTOSIHUSI B OCHOBHOE — 3TO
V4 mepuona ¢otoHa.

Takum 00pa3oM, eciu MpeACTaBUTh MPOMEXKYTOUHBIA MO-
MeHT BpeMeHM Ha 1/8 nepuona B pazoBoM 00bEME BUXPOHA TTO-
clie HavyaJla CAMOJIBVIKEHU I IEPBUYHOTO MOHOIIOJISI, TO BO3HUKA-
€T BTOPUYHBIM MarHUTHBIM MOHOIIOJIb B TOUKe 3/8 mepuona ye-
pe3 MOCPEACTBO MPOTUBOEHCTBYIONIETO NEPBUYHOMY JIEKTPU-
YeCKOro MOHOIIOJSI, KOTOPBIH YK€ paBeH MOJIOBUHE MEPBUYHOTO
3apsijia — 3TO €IMHCTBEHHbII MOMEHT CYIIIECTBOBAHUS B BUXPO-
HE CUMMETPUYHOr0 MarHUTHOrO aunojs. Ilo mepe u3meneHus
9TUX B3aMMOJIEHCTBYIOIIMX BUXPEBBIX MOJIEH U 3apsKaeTcs Mpo-
TUBOIIOJIOKHbI MarHUTHBIA MOHOTIONb, ONIEPEKAIOIINI MepBUY-
HbIIA Ha Y4 neprona. Yepes Y4 neprona nepBUYHBIA MarHUTHBIN
MOHOIIOJNb ICYE3a€eT, HO Ha Y2 JIJIMHBI BOJTHBI (POTOHA 3apsiKaeTcst



TaKOM K€ C MPOTUBOIOJIOKHBIM 3HaKoM. U Ternepp yxe mporiecc
OISITh TIOBTOPSIETCS, HO C MPOU3BOACTBOM IMPOTUBOIMOIOKHBIX
MO TIOJISIPHOCTU MEKTPUUECKUX MOTEHIIMAJIOB CIIMPATHA BOJIHO-
BOJIa U HA HOBOM, T. €. 1/2 1JIMHBI BOJIHBI — MECTE B IIPOCTPaH-
CTBE U YK€ B 30HE M3Jy4yeHHus1. Bc€ 310 MpoMcXoauT B aKTUB-
HOM JIBUXKYIIIEMCS JIOKQTU30BAHHOM BHUXPEBO-10JIEBOM MUK-
PooOBbEMeE,, OCHOBHOE CBOMCTBO KOTOPOTO — 3TO CBOOOTHOE Ca-
MOJIBUKEHHE B MPOCTPAHCTBE. DTO U €CThb CBOOOAHBIN OUIIO-
JISIPHBIA ATOMHBII MUKPOBHXPOH, aKTUBHBII 00BEM KOTOPO-
ro B YeTBEPThb BOJIHBI COACPKUT /1B MIEPEMEHHbIX U MPOTU-
BOMOJIOKHBIX MATHUTHBIX, OMUH MTPOTUBOJACUCTBYIOLTUI pa3psiji-
K€ MepBUYHOrO CUH(}A3HBIN NIEPEMEHHBIN NIEKTPUIECKUN MOHO-
TOJIb TUTIOC YaCTh BOJIHOBO/A U3 JIEKTPONOTEHIIUAJIOB.
PaccmoTpum 3T10T Iporiece 6osnee AeTaabHO Ha OAHOM U3 MHO-
’KECTBA 3€PEH-MOTEHIIMAIOB aTOMHOIO 00BbEMA M3MEHSIOIIEro-
cs1 anekTpudeckoro nosns. Koraa Hactynaer Hayasio usmMeHeHus
9TOrO EKTPUUYECKOTO MOJIsl, BOKPYT KakKA0r0 U3 3EPEH-TIOTEH-
IMaJIoB BO30YXaaercsi chepruyecKuil BUXpPEBOW MOTOK CITHpA-
JIel NOTEHIUAJIOB-3€PEH MarHUTHOTO IMOJIs1, KOTOPbIN MPOIOJIKA-
€T MpopacTaTh B UEHTP K 3€PHY [0 TeX IOp, NOKa U3MEHEHUE
HE 3aKOHYHUTCS. B HaYaIbHBIII MOMEHT U3MEHeHUs (POPMUPYET-
Ccs1 BHEIIHsIs1 cpepruieckasi CriMpayib MarHUTHBIX 3E€PEeH B Cpejl-
HEM OJIHOTO 3HaueHus1 Oosbliiero quametpa (¢ur.2.1, cnesa), Ko-
TOpasi MpU JaJbHEMNIIEM U3MEHEHUH TTOCTENIEHHO MEePEXOAUT Ha

64 o
10 MMPOLECC IEKTPOCTATUICCKON NHAYKIIMH, B 30HEC MHAYKIIUN OKOJIO CTallUO-
HapHOI'O UCTOYHUKA.



MEHbBIIUI quaMeTp cepsl — npoiiecc 3apsaaku. Haumvensinemy
auameTpy cdepbl COOTBETCTBYET OKOHYAHUE M3MEHEHUS SJIeK-
TPUYECKOTO MOJISl U MAKCUMAJTbHOE 3HAY€HUE MAarHUTHBIX TIOTEH-
IMAJIOB. TO COOTBETCTBYET MPOLIECCY — MATHUTHBIA MOHOIIONb
3apsiIMICSA IO HEKOEro CyMMApHOTO MAaKCHMAJIbHO BO3MOKHO-
r0 MarHMTHOTO 3apsifa. MarHuTHbIe 3€pHA-MOTEHIIMATIBI TaKO-
ro 00BEMHOTO chEepuIecKoro BUXpsi 3TOr0 MarHUTHOTO MOHO-
T0J1s1, HENPEPBIBHO YJIOKEHHbIE CIIUPAISIMU Pa3HOTO JAUAMET-
pa Ha KOHIIEHTPUYECKUX chepax pa3HOro paguyca, 1mo CTpyKTy-
pe MaKCUMAaJILHO MPHUOJIMKEHBI K IEHTPAJIBHOMY JIEKTPUIECKO-
My 3€pHY-MOTeHUIHaTy. DTO NPUOIMKEHHUE 3aBUCUT OT CKOPO-
CTH, BpeMeHH U3MEeHEeHMsl 3JIeKTPUUECKOro mons®, a takxke
TUIOTHOCTH €ro 3EPEeH-TOTEHIIMAJIOB 3TOTO TOJISl — 3TH MapaMeT-
pbl U onpeAessieT BeJMUKMHY CO3IaHHOTO MAarHMTHOTO 3apsja u
pa3mep cdepbl ero o0beéMa. Torna cOOTBETCTBEHHO M 4acTOT-
HbIe XapaKTePUCTUKH JBMKEHUsI CIUpaIU Ha cepax OOJbILEro
aramerpa OyayT OTJIMYAThCS OT YACTOT HA CIIUPAJISIX MEHBIIIETO
JMaMeTpa B CTOPOHY YBEJIWYEHUS. DTOT BUXPb BO BPEMsI TaKO-
r0 U3MEHEHU s JIEKTPUUECKOr0 MoJIsl c(hepryuecKu cxumaeTcs %
BHYTPb BJIOJIb PAJJUYCOB CBOUX CHJIOBBIX JMHUU. [Tpuuem, yem
OoJIbIlle CKOPOCTh M3MEHEHUs U 3HAYeHUs MapameTpoB OIS,
TEM MeHbIIIE JOCTUraeMblil paanyc cepsl, U TeM OOJbIlie 3Ha-

65 ITpu aHAJIOrMYHOM (DOPMHUPOBAHWM MArHUTHOTO 3apsijia TEXHUUECKUMM CPeji-
CTBaMU — 3TO MMITYJILC HANPsDKEHUS] BOJIM3KM UCTOUHMKA, €ro NepeHUNA W 3aTHUN
(ppOHT U TOK B TAKOM MMITYJIbCE.

66 Cxkumaercs B clly4ae, eCii JIEKTPOH B aTOME TEPEXOUT B OCHOBHOE COCTOSIHUE,
T. €. IPUOIMIKACTCS TI0 PAAUYCY K SAAPY.



YeHUS U IVIOTHOCTH IMOTEHUMAJIOB-3EPEH (KOMIIPECCUsl SHep-
Ty MaTepuu B (popme JII0OO0ro THUIa MOHOTIONS ) MAarHUTHOTO T10-
JiS Ha €VHUILY JUIMHBI CIIUPAIUA U UX 4dacTtoTa. [Ipu aTom cre-
JyeT OTMETUTb, YTO HarboJsee BaXKHYIO pOJib 3aHUMAET MPOIIECcC
reHepalyuy NJI0THOCTH 3€PEH-MIOTEHIIUAJIOB HA €JUHUILY JAJTUHBI
COMpaJIM BOJTHOBOAA. B a1eMeHTapHbIX mpoueccax MUKpomare-
pUM TJIOTHOCTh KOMIIPECCHM SHEPrUU 3apsija MOXKET yBEeJTU4U-
BaThCs JIMIIb 32 CYET CAUSTHUSA OIMHAKOBBIX MArHUTHBIX MOHO-
NoJIeN B JIOKAJTM30BAHHOM OOBEME aToMa WIIH siJIpa B MOMEHT UX
3apsaaKu. B porieccax ke ¢ yyacTheM 3JeKTPOpa3psAIHbIX KJla-
CTepOB (MOJTHMM ) aTOMHO-MOJIEKYJISIPHOTO BEIIIECTBA UJIH CIIeIU-
aJIbHBIE TEXHUYECKUE IEKTPOPA3PsIibl MEXKAY JBYMS JIEKTPO-
JaMU, TOT MapamMeTpP MAarHUTHBIX MOHOIIOJIEH, OIpeaeIsSIIOIIHiA
AKKyMYJISIIUIO €T0 3apsa-3Heprud B eTUHHIE 00bEMA, MOKET
YBEJIMUMBATLCS, KAaK 32 CYET IUIOTHOCTH TOKA B MMITYJIbCE 3a-
PAJIKM, TaK M 32 CYET MAKCUMYMa HAIpsKEHUSI STOTO UMITYJIb-
ca. He meHee BaKHBIM MapaMeTPOM B TAaKOM IPOLIECCE SIBIISIET-
cs1 (DpOHT HapacTaHUs WK pa3pbiBa’’ TOKa UMITYJIbCa, YTO TIPU-
BOJIUT K YMEHBIIIEHUIO OXBAUYEHHOTO MPOIIECCOM OOBEMA MPO-
CTpaHCTBa. A 4eM MeHbllle 00bEM U MHTEHCUBHEE MIPOLIECC, TEM
OJiKe U TUIOTHee IPYT K IPYTY POXKIAI0TCS CUH(MA3HbIE MATHUT-
HbIe MOHOIIOJU, TeM OOJIbIIIE CTUSIHANA MOHOTIOJNEH, TeEM CHIIbHee
KOMITPECCHUSI SHEPIMH B eIMHMIIE 0ObEMA, B KOTOPOM €IIEé MO-
€T MPOUCXOIUTh TaKOE CIUsHUE. [Ipyrumu cinoBamu, TakOMy
e TIPOIIeCcCy COCOOCTBYET yKOpoueHre (hpoOHTa UMITYJIbCa Ha-

67 B3pI)IB ITPOBOJIOYCK, pa3pbIB TOKA BJIGKTpI/I‘{eCKOﬁ Ayru 1 1. 1.



npsiKeHUe, KOTOPBIM OTBEYAET 32 YMEHbIIIEHHe 0ObEMa JIOKAJIH-
3alUM POXKJAIOIIMXCS MOHOIIONEH, T. €. OMSATh K€ YIJIOTHEHHe
BUXPEBbIX MOTEHIMAJI0B. Takoi mporecc NpUBOAUT K POKICHUIO
«TSIKENBIX» U «CBEPXTSIKEBIX» MAarHUTHBIX 3apsiioB %.

Bonee HarnsigHO mpeAcTaBUTh MOHOMOJb, Kak cepudyeckn
O0OBEMHYIO CIIUPAJIb MATHUTHBIX TTOTEHIINAJIOB MOXKHO CIIEHYIO-
muM o0pazoM. Bo3bMEM MeTayuinyeckuii MpoBOj, B BUHUJIOBOM
000JI0UKe, T. €. OOBIYHBIN MEeKTPUYECKHid MpoBoA. Terneps 3ToT
MPOBOJl IUIOTHO HaMOTaeM Ha cepy OAHOro AUaMeTpa, a 3a-
TEM NOpEeKeM BECh IIPOBOJL HA OJMHAKOBBIE JIOJbKU-3€pHA, KO-
TOpble OyAyT UTpaTh POJIb IBYX MOTEHIIMAJIOB. 3€pHO U3 MeTal-
7a Oy/eT CIyKHUTh KaK MArHUTHBIA MOTEHIIUA ONpeIeEHHOrO
3HAY€HU I, COOTBETCTBYIOLINI OQHOMY Pauycy cpepbl U JaHHO-
MY MOMEHTY U3MEHEHU I IEKTPUUYECKOrO MoJIsA. A OKpyKarolas
ero c(pepa BUHUIIOBOI 000IOYKY Oy/IET CIY’)KUTh OMOPHBIM HY-
JIEBBIM MOTEHIMAJIOM JAaHHON TOUKH IPOCTPAHCTBA. 3aTeEM CIIH-
paJib IEPEXOAUT BHYTPb Ha MeHbIIMiA paguyc. Crenyoias cde-
pa MeHbIIIero TuaMeTpa oOpa3oBaHa TaKUM ke 00pa3oM, HO U
TOJIIIMHA TAKOro MPOBOJA CTAaHOBUTCS MeHblle. Kaxnas cdepa
OIpeJeSIEHHOTO pajryca, 00pa30BaHHAs CIUPATSIMU U3 MATHUT-
HBIX 3€pPEeH-TIOTEHINAJIOB OJMHAKOBOTO 3HAYEHUSs MO abCOIOT-
HOU BeJIMUMHE, SBJISIETCS CBOCOOPA3HON STUSHKON MaMsITH, KOTO-
pasi 3arOMUHAET 3HAYEHUE U 3HAK TOrO COCTOSIHUS JIEKTpUYe-
CKOT'0 3epHa-MOTeHIMaNa, IPU KOTOPOM OHa oOpa3oBaiach. Ta-
KMM 00pa3oM, OCHOBHOE W TJIaBHOE CBOMCTBO MAarHUTHOTO MO-

68 Takue MarHuTHbBIE 3apsabl 3aMEUYCHbI Ha ITIOBEPXHOCTU COJ'IHLIEI.



HOTOJIS1 (CBOMCTBO HOJIb) — 3TO BUXPEBO-TI0JIEBOE 3allOMHHA-
HHe BCEW NCTOPUU U3MEHEHH 1, CKOPOCTH U BPEMEHU, BEJIMYMHBI
Y HAIpPaBJIEHNUsI U3MEHEHH S SJIEKTPUYECKOTO MOJIsl U TOKA B TOY-
Ke-00bEMe, T. €. OH HOCUTEJb U NEPEHOCUNK HH(opMamuu®.
Hakower1, mone MCTOYHMKA MEPECTao U3MEHSThCS, U 00pa-
30BABIIUIICS] MOHOTIONb OOJIbITIE HUYTO HE CBA3BIBAET C MEPBUY-
HBbIM JIEKTPUYECKUM 3€PHOM, TaK KaK B 3TOT MOMEHT U3MEHe-
HUE JEKTPUYECKOro MOJIsl OKOJIO JAHHOIO 3€pHa-MOTEeHIraa
paBHO HYJIIO. BCE MHOKECTBO TaKMX MAarHUTHBIX MUKPOMOHO-
MOJIEN cMBaeTcs (TOK 3apsIKU) B OAWH B 30HE MHAYKIIMM Ta-
KMM 00pa3oM, 4To Kaxaas cepa MOTEHIIMAIOB 3aHUMAET TIeH-
TpajbHO'® TONBKO CBOE MECTO, YBEIMUYMBAs MJIOTHOCTh MOTEH-
UAJIOB-3€PEH Ha €IMHUILY IJIMHBl COMPATA JAaHHOTO paauyca.
Wtak, mepBoe cBOICTBO CMH(A3HBIX ! MATHUTHBIX MUK POMOHO-
NoJIeN — CJAMsIHME, HO JIMIIb B MOMEHT 3apsiiku. Eciv MarHut-
HBII TIOTOK MOTEHIMAJIIOB CYMMAapHOrO BUXPSl JOCTUIaeT HEKO-
TOPOr0 MMHHMMAJIBHOTO KBAaHTOBOTO Tipezena’?, To oOpa3syercs

% Ha s1oM CBOJCTBE OCHOBAHA M MO3IOBAsI AESTENLHOCTh YENOBEKA — MOHOIIONb
CIIOCOOCH HE TOJIBKO 3aIicaTh COOBITHE C MIOMOIIBIO 3ePEH-JIEKTPONOTEHIUANIOB B
COOTBETCTBYIOLIEM Y3JIe TOJIOBHOI'O MO3ra, HO U IIPH ONpPEeAeIEHHOM BO3/IEUCTBIU Ha
3TOT y3eJ1, AKTUBU3UPOBATH 0OPaTHOE POKIEHNE MOHOIIONEN ¢ ePEChUIKOM UX B «pe-
TPaHCIIATOP» IS BCIOMUHAHWSA TeX WJIM WHBIX COOBITHI YeIOBEKOM, ITPOM30IIEAIINX
C HUM JaXke HECKOJIBKO JECSATKOB JIET Ha3al.

0 Ouenp BaxkHO, 3apsiJKa B LeHTp — hopMupyetcs cdepa, paspsika — popMUpyeTcst
BOJIHOBO/I.

n CuH(pa3HOCTh — [TIABHOE CBOMCTBO MJIsI CIIMSIHUSI U [IPe0Opa30BaHMs IEKTPUYe-
CKOU SHEpruM B MATHUTHYIO U €€ KyMYJIAIIUS B OTHOM MOHOTIOJIE.

2 o
7 10T npeaes OonpeaciasieTca CTEIEHbI0 KPUBU3HBI, KOJIUMYECTBOM MOHOIIOJIEU U



9JIeMEHTAPHBI MATHUTHBIN 3apsi]] yKe CIIOCOOHBIN K CBOOOIHO-
My CaMOJBVKEHUI0. DTO BTOPOE CBOWCTBO — CBOOOIHOE ca-
MOJBMKeHHe -pa3psaaKa (Buaeo 2.1) aneMeHTapHOro MOHOIO-
7Sl BUXPOHA C POXKJEHUMEM BOMHOBOAA (BIeo 2.2) crpaiu’?
JIEKTPONOTEHIIMAJIOB PA3HOTO IMAMETPa, CO3/IaHHBIX UM. DTOT
MIPOIIECC BCET/Ia COMPOBOXKAAETCS BO30YXKICHUEM MTPOTUBOJICH-
CTBYIOIIETO Pa3psKe MEKTPUUYECKOT0 MOHOIIOJSI, BBITIOTHSIIO-
IIEr0 BCIIOMOTaTesIbHYIO POJib B ITPOLIECCE MEpe3apsiIKi KBaHTa
MarHMUTHOTO MOHOMOJISI B CBOOOJHOM BUXPOHE JIJIsI COXPaHEHU S
Cpe/IHEero 3HAUEHU S SHEPTUU TP TIOJTHOM KBaHTOBOM TTpeodpa-
30BaHUM 3TOTO HOCUTEJIsSI MHIYKTUPOBAHHON SHEPTUU B YACTULIE
CO CIIMHOM PaBHBIM €/IMHULIE.

Boabmas 3aciayra B 1NEPBHYHBIX HCCAEIOBAHMSIX
NMPOCTPAHCTBEHHO-BPEMEHHOI0 Pa3BUTHS MMILYJbCHOIO
JEeKTPUYECKOro pa3psijia B BaKkyyme, rase, KHjKOCTH U
TBEPABIX Tejax npuHapIe:kuT BopoonéBy A. A., Yimako-
By B. ., Mecsiny I'. A. u npyrum yuénbim Tomcko-cuéup-
CKOI1 IIKOJIbI BBICOKOBOJbTHHKOB.

[IpenyioxxeHHy0 31eChb CTPYKTYpYy (popMUpOBaHMSA B MpO-
CTPaHCTBE BOJHOBOAA-TPEKA ABMKEHHS MAarHUTHOIO MOHOMOJS
MOATBEPKIAIOT U SKCIEPUMEHTAIbHBIE UCCIIE0BAHUS ITUX aB-
TOPOB 1 B YacTHOCTH padoThl B. §1. Vimakosa. B atux uccnenosa-
HUI ObLJT YCTAHOBJIEH Psi/l YHUKAJIBHBIX PE3Yy/IbTaTOB C (hoTOrpa-

3HaYEHHEM MX BEJIMYMHBI, T. €. HEKOTOPBIi HAOOP COOTBETCTBYIOIIEH MATEPUU TSI CO-
3/1aHHsI 3aBEPLUIEHHOCTH CBOOOHOTO CYIIIECTBOBAHMS STOTO BUXPs-KBAHTA.

& PeanbHo, 1BUXEHHE IO Crimpajin 3a74a€T MOHOIIOJIb.



(pussMM pa3psAIOB € BHICOKMM pa3pelieHUeM, Ha KOTOPBbIX BU/IHBI
CMpaJIi Havyajia BUXPEBBIX TOKOB HA BOJHOBOJIE, OCTABJIEHHOIO
JBHKEHUEM MarHUTHOIO MOHOMOJIS.

JKcnepuMEeHTAJNbHbIE HCCJIEeJ0BAHUA NMPHPOALI H OC-
HOBHBIX 3aKOHOMEPHOCTEH HMITYJIbCHOTO 3JIeKTPHY€eCKO-
ro nNpooost >KHJIKOCTEN.

B 1962r. B. {1. YinakoBbIM B DHEPreTHUECKOM UHCTUTYTE UM.
I'. M. KpxuxanoBckoro (QHVH) Obuti HaYaThl UCCIIEIOBAaHUS
IPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEN MPo00st JKHI-
KOCTEW C MCIOJIb30BaHUEM JIEKTPOHHO-ONTUYECKOW arnapary-
phl, oOnaaIIel OONMBIIUM BPEMEHHBIM U MTPOCTPAHCTBEHHBIM
paspeleHUEM.

OcobenHocmu 3neKmpuuecKo2o paspsaoa 8 HCUOKOCmsxX (MHo-
2000paszue U CA0ICHOCMb SBAEHUL, MAblE XAPAKMeEPHble pa3-

Mmepol ~ 10 mKm, 8bicokue ckopocmu pazeumust ~ 1 0°...107 e/
C) no3eonsiiom evldeaums psi0 mpedo8aHuil, NPedvABAIEMbIX K
MEMOOaM BblCOKOCKOPOCHIHbIX ONMUUECKUX UaMeperuli: 1) onu-
MeAbHOCMb UMNYAbCO8 nodceemku He donee ~10...0,1 ue; 2)

uac-moma cvemMKU 8 KaOpoeom pedxcume ~ 1 0°...10% Kaopos/c; 3)
UBMEHEHUEe UHMEPBANA MeNHCOY KAOPAMU 8 WUPOKOM OUANA3OHE
(~1...100 Hc),; 4) 8bicokast mOUHOCMb CUHXPOHU3AUUU KAOPO8; S)
9HepeUsi C8emo8020 NY4Ka OONNHCHA OblMb OOCMAMOUHOU 05 NO-
AYUEHUST NOCAOYIOUUX KAOPOB C COOMBEMCMBYOULELl 3a0epic-
Koli; 6) 8b1COKOE Kauecmeo Ny4Ka ONst NOAYUEHUSL HAOEHCHBIX KO-
AUUECTNBEHHBIX PE3YNbINAMO8.

B pesynbrare ObUTH TOJyYeHBI BECbMa XapaKTEPHbIE KaJpbl



9TUX nporeccoB (¢oto 2.1). bvrro ycmarosaero, umo auoepHulii
NPoOUeCc 8 HCUOKOCMSX 8 ONUHHBIX (MUAAUMEMD U OONee) paspsio-
HBIX NPOMENCYMKAX C HEOOHOPOOHLIM NoAeM PopmMupyemcs 3a
cuem npeobpa3’oeaHusi NEPEUUHBIX KAHAN08, NPEOCMABASIOUAUX
o001l monkue (2...4 MKM) naazmeHHble KAHAAbL C MANOLL 30eK-
MpOnpPoBOOHOCHIBIO.

Ita pororpadus — KIacCCMUIECKUNA ITPUMEP Pa3BUTHS BUXpe-
BbIX TOKOB Ha OCTaBJIEHHOM TpPEKe 3€peH-MO0TEeHLIMAJIOB, CO3/JaH-
HBIX MAarHUTHBIM MOHOTIOJIEM.

Jlanee, BHauase IBUKEHUS-U3TyUYEHUS] 1 U3MEHEHU I-UH]TyK-
IIUM MOHOTMOJIeH-BUXPEN B TOM 00IaCTH MPOCTPAHCTBA JIEK-
TPUYECKOTO MoJisi, (popMUpyeTCs 30HA M3Jy4YeHHusi, T. €. ca-
MOJBHKEHME-U3MEHEHHNE IBYX OPTOrOHAIbHBIX U CUH(A3HO Me-
HSIIOIIUXCSI MOHOMOJIEH — MAarHUTHOTO U MIPOTUBO/ICUCTBYIOIIIE-
ro €My 3JIeKTPUYECKOro, KOTOPbIE MHAYKTUBHO CBSI3aHBI JIPYT C
JPyroM U B IIPOLIECCe Pa3psIKU MPEICTABISIOT EAUHOE 1IETIOE.

Takoil mepeMeHHbIi MarHUTHBI MOHOIIOJIb CTAHOBUTCSI HO-
cUTeeM KBaHTa MHIYKTUPOBAHHON SHEPTUU U «TPAHCIOPTOM»
JUIs TIEpeHOca MapaMeTpoB MEePBUYHOrO KBaHTa. [{pyruMu ciio-
BaMH, [IPU CAMOJIBUKEHUU-PA3PAIKE OH CTAHOBUTCSI BUXPOHOM
Y pa3BEPTHIBAET B MPOCTPAHCTBE’* BCIO MCTOPHIO (MH(MOPMALIHIO)
W3MEHEHHUSI IEKTPUUECKOrO T0JIsl B TOUKe, Tae OH poawics. Ha
Y4 nnvHBI BOJHBI (ITyYHOCTH) OT MEPBOHAYATLHOIO MECTOIOJO-

74 Kax nokasan CHEKTPOMETPUYECKUI aHAIN3 CBETa JAJIEKUX 3BE3[, Takas MHpOp-

Manus MOXKET IepeaaBaTbCA € paCCTOHHI/Iﬁ CBbIIIIC 1028 CM, HO C «IIOKPACHCHUEM» 4Ya-
CTOTBhI KBAHTOB.



KEHU S NIEPBUYHbIE MOHOIOJIM — MArHUTHBIN ¥ TPOTUBOENCTBY-
IOIIUI SJIEKTPUUECKUI NCUYE3al0T, M Yepe3 MIHOBEHHE yxke Ha V2
JUIMHBI BOJIHBI (y3€J1) BOZHMKAET BTOPUYHBI MOHOIIOJb, UJCH-
TUYHBIM 10 BEJIWYMHE (MAarHUTHBIM) U IPOTUBOIIOJIOKHBIM IO
3HaKy nepsuuHOMy. [Iporiecc noBTOpsAETCS 3aHOBO, HO C ITPOTH-
BOIOJIOKHBIM 3HAKOM.

CamoznBrxeHNe- pa3psiiKka MOHOIIONSA MPOUCXOOUT U3 TOY-
KH-y3J1a 110 C(hepUUECKOM CIIMPAJIM BO3PACTAIOLIETO paguyca U
YMEHBIIAIOIIENCS YaCTOThl — MPOJOJIBHOE ABUKEHHUE BIIEpE], CO
CKOpOCTBIO cBeTa. Paguyc cdepbl MOHOMOISA, TPYA 3TOM, HAYMHA-
€T YBEJIMUMBATHCS, 4 3HAYCHUE BEJIMYUH JIEKTPONOTEHLIMAIOB
Ha TPeKe YMEHbIIAThCs M0 a0COMIOTHON BEJIMUMHE U CTAHOBATCS
PaBHBIMH HYJIIO Ha CEpeIfHE MyYHOCTH TpeKa — ¥4 TUIMHBI BOJ-
Hbl. Bpamenue cepniueckoro MarHuTHOrO MOHOIIOJIS! ITIPOUCXO-
JUT CO CKOPOCTBIO MHOTO OOJIBIIIE CBETOBOW M, €CJIM CMOTPETh
CHapy’X Ha Hero, To OyJeT BOCIIPUHUMATHCS TOJIBKO MPOJOIIb-
HOE JIBUKEHUE CO CKOPOCTBIO CBETA YBEJIMYMBAIOLIEIOCH B 1A~
METpEe CUPATIEBUAHOIO Topa (Buaeo 2.3). Bo Bpems 1BUKEHUS
OH U3MEHSETCS B IMaMETPE, YMEHBIIIAETCA 110 3apsily U KBaHTY-
€T’ MPOCTPAHCTBO CNUPAJIH, OTKJIAAbIBAS JEKTPUUYECKUE 3ep-
Ha-TOTEHLMAJIBl HA HEW B COOTBETCTBMU CO CBOEW MaMATBbIO U
B CTPOro reoMeTpu3oBaHHOM nopsake. IIpu paspsake BHava-
Jie JBUKEHUS MOHOMOJIS OT y371a OTKJIA[bIBAIOTCS MOTEHLMAIIBI
MaKCHMaJIbHOTO 3HaYeHus. Ha Y4 nymHbl BomHBI (TTy4HOCTD) OT-

5 Bo BpEMsI TAKOT'O Mpolecca «TSKEbI» MarHUTHBIA MoHononb CBY nuanasona
CrocoOeH emIé MPOHUKATh B aTOMHBIE SIIPA U HOHU3UPOBATh €ro 0OOJIOUKH.



KJIQ/IBIBAIOTCSI HYJIEBBIE 10 3HAYEHUIO MOTEHLUa bl. B MOMeHT
3apsAKY MPOTUBOIOJIOKHOTO MArHUTHOTO MOHOTIOJISI TIPOUCXO-
JUT aHAJIOTMYHBINA MPOIIECC C TPOU3BOICTBOM CIMPATH BOJHO-
BOJIa, HO Y€ IPOTHBOIMNOJIOKHOIO 3HAKa — BOJIHOBOJL B TIOJIBOJI-
HBI IEKTPUYECKU 3aPSAUICS 1O ABOMHOIO 3HAYEHU ST pAa3HOCTH
MOTEHITNAJIOB. AKTUBHBIN OOBbEM BUXPOHA B HAYATbHBIN MOMEHT
Pa3psiIKM Pa3MEPHOCTHIO B UETBEPTh JIMHBI BOJHBI CONEPKUT
JIBa TAKUX TOpa ¢ MMHUMAJIbHbIM U MAaKCUMAJIbHBIM PaIdyCOM.
OpaHako MakCUMAaJIbHOTO 3HAYeHM S (3apsiika) MarHUTHBIN BTO-
PUYHBIA MOHOMOJIb JOCTUTAET JIUIIb B TOYKE MOJIOBUHBI MEPU-
oJIa 4acToThl (DOTOHA, T. €. B TOUKAX COMPUKOCHOBEHUS (y3JIbl)
JBYX cep crivpaseid BOJTHOBOAA. DTO TPeThe CBOWCTBO MOHO-
M0JIs1 BUXPOHA: KBAHTOBAHUE 3EPEH-3JIeKTPONOTeHINATOB
Ipy CBOOOHOM JIBUXKEHVH B CBOOOTHOM BaKYyMHOM ITPOCTPaH-
CTBe, T. €. pa3BEPTKa B MPOCTPAHCTBE CBOEW UCTOPUM POXKICHUSI.

B MomeHT 1/8 nepuona ot y3ia B akTUBHOM B UETBEPTh BOJI-
HBl MUKPOOOBEME BUXPOHA yXkKe CYIIECTBYIOT IO JBA OJMHAKO-
BBIX TO 3apsily MAarHUTHBIX MOHOIIOJIEH, HO MPOTHUBOMOIOKHON
HAMPaBJIeHHOCTH, MPUYEM MPOTUBOMOIOKHBIN 3apsiKaeTcs 1me-
PEMEHHBIM IEKTPUUECKUM MOHOIMOJIEM, KOTOPBIN CO3JAET Mep-
BUYHbII. BTOpUYHBIA MOHOMOJb 3apsikKasiCh HAUMHAET CTPOUTh
oT Y4 JUIMHBI BOJIHBI B 9TOM ke 00BEME CIUpPANb JEKTPOIIO-
TEHLIMAJIOB ITPOTUBOIIOIOKHOM NONISAPHOCTH ((pur.2.2). D10 yeT-
BEpPTOE CBOMCTBO BUXPOHA: CAMOMHAYKIIHS IPOTHUBOMNONOX-
HOT'O MOHOIIOJISI ¥ CO3JJaHKie CBOOOTHOTO OHIOJISIPHOTO BHXPO-



Ha’% — 0030HHOr0 MArHUTHOTO OUIOJIA , POPMUPYIOIIETO Ta-
Kyl0 MHUKPOYACTHILy CO CITMHOM PaBHBIM eUHHMIIE, KaK (hOTOH
9JIEKTPOMArHUTHOTO KBaHTa — 0030H.

B npocrtpaHcTBe, nocie BbIXxoga BUXPOHA U3 MEPBOTO MepUo-
Ja, OCTa€rcs cliefi-(paHTOM U3 YETHIPEX Nonycgep-cnupanei, Ha
KOTOPBIX Pa3MEIleHbI MEKTPONOTEHIIUAbI-3¢pHA PA3HbIX 3HA-
yenuii’’ (®Pwur.2.2, crnpaBa) U 3HAKOB MO mojsspHOCTH. Cambie
OoJIbllINE 3HAYEHUS] TIOTEHIMAJIOB M0 a0COMIOTHON BEJIMYMHE U
¢ OoJbIIIeld YaCTOTON pa3MelleHbl Ha CIUPAJIAX HAaMMEHBIIIero
aramerpa’®. 3aTeM OHUM YMEHBINAITCS JI0 HYJIS B CEpeIUHE Myd-
HOCTH moytycepsl, MOC/ie Yero HaAuMHAIOT YBEJIUYUBATHCS O
3HAYEHMIO, HO C IPYroi MOIsIpHOCTHIO. [loNoKUTENbHBIE U OTPH-
HaTeJIbHbIe 3€pHA-3JIEKTPOIIOTEHIIMAIBI TEOMETPUIECKU (PUKCH-
POBaHbI B MPOCTPAHCTBE OTHOCUTEJIBHO JIPYT APYTa, T. €. JIIoOoe
UX CMeIlleHue OTHOCUTEIBHO JPYroro BhI3bIBAET MArHUTHOE TIO-
Jie ¢ TaKUM HalpaBjeHUeM JENCTBHUs, KOTOPOe HalpaBjIeHO Ha
BOCCTAHOBJIEHUE TIEPBUYHOTO IMOJIOKeHusl. Takum oOpazom, mux
reoMeTpU30BaHHasl (pUKCAIMs B MPOCTPAHCTBE OXPAHSIETCS 3a-
HIMTHBIM MarHUTHBIM TI0J7ieM. O/THAKO TTPU ONPeIeEHHBIX YCIIO-
BUSIX MTOCIIEIOBATEILBHO-CHHX POHHOTO CMEINIEHU s TAKUX 3EPEH Y4
JUTMHBI BOJIHBI CITUpaJiel BO30YKaaeTcs’® NMepBUYHBIA MarHuT-

7
6 HepCMCHHOFO MarduMTHOI'O JUITOJIA.
7 B y3J1€ MaKCUMaJIbHOE 3HAYE€HHE ITOTEHIIUAJIOB, B ITYYHOCTU — HYJICBOC.

8 Nmenno st PE30HAHCHBIE TOTEHLMAJIBI, IPUBHOCUMBIE B COOTBETCTBYIOLIEE
3JIEKTPUYECKOE T0JIE aTOMa MATHUTHBIM MOHOIOJIEM, NIEPEBOIAT ATOM U3 OCHOBHOIO
COCTOSIHHSI B BO30YKIEHHOE WM HOHI3UPYIOT ero — (hoTo3(hPeKT.

” CornacHo MPUHIUITY NE€TAJIbHOTO PaBHOBECHA.



HBII MOHOIIONb, T. €. BO3MOXEH U 00paTHO-MOCJAe10BaTeb-
HBIH NPOIECC BO3POKAEHUS U3 YACTH BOJIHOBOJA MUK POBUX PO-
Ha.

JIBrkeHre KOHKPEeTHOro cBOOOJHOr0 MUKPOBUXPOHA C 00-
pa30BaHUEM KBaHTa-HOCUTENSI MHAYKTUPOBAHHOW SHEPrUu Xa-
PaKTEPU3YET €ro CBOMCTBO POK/AaTh MUKPOUYACTHUILY C KOHKPET-
HbIM cIMHOM. B naHHOM ciyyae criuH (pOTOHA paBeH eIuHU-
1e®’, a YMCNeHHO /7151 JIEMEHTAPHBIX YaCTHUI] OH OIpe/esseTcs
noctosiHHOM Ilnanka. Mrtak, msAToe CBOWCTBO, XapaKTepU3YIO-
111ee BUXPOH — POK/JaTh KOHKPETHYI0O MHKPOYACTHILy C OIpe-
JeNEHHBIM cIMHOM. Mexanusm oOpaszoBanusi criuHa B CAII
HEU3BECTeH. MOKHO /1aTh CIEAyIOUIee OINpPEEIEHUE MPUPOIbI
CIIMHA MUKPOYACTUIIBI — ITOT NapaMeTp XapaKTepu3yeT CTe-
NIeHb KBAaHTOBOW 3aBEPIIEHHOCTH NPeoOpa30BaHMs HHAYKTHAPO-
BaHHOI 3JIEKTPOMArHUTHON SHEPruu MaTepuu, KOTOPbIN OIpe-
JeJisieT B 3aBUCMMOCTU OT BHYTPEHHMX CBOWCTB MHUKPOBUXPO-
Ha ¢opMy U BUA! MBUKEHUS] MUKPOYACTHUIIBI, T. €. 00OpasyerT-
csl 3aMKHYTO-K0JIe0aTeJbHbIH WM OTKPLITHINI caMo/IBH-
s)Kymmiics e€ a3oBblii 00bEM. Paznuunele no Tumy, T. €. 3a-
MKHYTbI€ W1 CBOOOJHbIE MUKPOBUXPOHBI CIIOCOOHBI 00pa3o-
BbIBaTh MUKPOYACTHUIIBI CO CIMHOM PaBHBIM euHulle (POTOH),
C MOJYUEJBbIM CIIMHOM (JIETITOHBI), & TaK:Ke MUKPOYACTHUIIbI C
HYJIEBBIM CIIMHOM — ME30HBI (IMOHBI, KAOHbBI), KaK MPOMEXKY-

89 Ycnonsenne nonxoro kBanToBOrO npeoOpa30BaHUs HOCUTEN HHAYKTAPOBAaHHON
SHEPrud B CBOOOIHOM BHXPOHE — BOJTHOBOE JIBIKEHHE MATEpPHIL.

81 BOJIHOBO#, KWHETUYECKHI WJTH JIeOPOTICBCKUN.



TOYHBIE COCTOSIHUSI PACMAAAIONINXCS sIIepHbIX oOonouek. [Tpu-
4éM BUXPOHBI, 00pa3yoiue 3aMKHYTO-KoJebaTeabHble (a-
30Bble OOBbEMBI MUKPOUYACTHUII, BMECTO MPOTUBOECHCTBYIOIIETO
MEKTPUUYECKOr0 MOHOIIONSI UHAYKTUPYIOT B HUX I'PAaBUTAIOH-
HBIJl MOHOIIOJIb — HOBbIA HOCUTEJIb UHIYKTHPOBAHHOW SHEPTUU
MaTepuy MOKOSI.

Takum 0Opa3oM CBOICTBA MUKPOBUXPOHOB CTAHOBSITCS OIpe-
JensionyM (hakTopoM 00pa3oBaHUs CTAOMIIBHBIX XUMHYECKUX
9JIEMEHTOB B MPOIIECCe MX 3apOXKICHUs, pacrafa v crabuimsa-
L[V Ha JIOJITOM ITyTH OT siAPa 3EMJIM K €€ TOBEPXHOCTH.

OnvicanHass Bbillle cxema (pOPMHPOBAHUS W KBAHTOBAHUS
3epeH-3IeKTPOIOTEHIMAIOB (pa3oBoro odbeéMa (hoTOHA cCyle-
CTBEHHO YMPOIIIEHA U BechbMa IpyOo0 pa3pbIBHO-NOCJIE10Ba-
TEJbHO TOKA3bIBACT OCHOBHBIE BKJIA/IBI YYACTBYIOIIUX IPO-
HIECCOB. DTO CHEeNaHo /JIsl YIPOIEHUsI TTIOHUMAaHUSI BCETo Mpo-
1ecca B 1IeJIOM, He yriayonssch B aeTanu. PeanbHo B mpupoje
3TOT MPOIECC MPOUCXOOUT TOpa3ao CIOKHENH®? m KapTWHaA -
HaMUKK 0Opa3oBaHus (a3oBoro oobreéMa jiaxe oTtoHa B eTa-
JISIX HECKOJIBKO OTJIMYAETCSI OT YKe paccMOoTpeHHou. KBaHTo-
BaHMe MOTEHIIMAJIOB PEAIbHOTO JIEKTPOMArHUTHOTO MPOCTPaH-
CTBa-TpeKa (pOTOHA MPOUCXOIUT CUH(PA3HO-NOCTEI0BATEIb-
HO C MOMEHTa W3MEHEHMsl JIeKTPUYECKOro Mojs elle B 30-

82 PaCCMOTpeHa TOJIBKO TUIOJIbHAA MHAYKIAA BTOPUIHOIO MAarHUTHOTO MOHOIIOJIA,
a CyHIeCTBYIOT ele u KBaJApynoJibHad U APpYrue€ MEHEEC 3HAYUTECIIbHBIC BKJIAJbl ITPU
HU3MCHCHHNU NIEPBUYHOIO MOHOIIOJIA.



HE MHIYKIIMK OKOJIO MCTOYHHWKA®> B MOMEHT 3apsiIku MOHOIIO-
Jis, @ IO CKOPOCTU TNepeHOca MOTEHIIUATIOB ToJield KOHKYPHUPY-
I0T JIBa Mpoiiecca — CTaTU4eCKO WHAYKIIMYA U BUXPEBOM Te-
Hepaluu 3€peH-31eKTponoTeHuanoB. [lepsoiii mpouecc dop-
MUPYET BHEIIHee T0Jie MICTOYHUKA, BTOPOMl — BHYTPEHHHE I10-
JIS1 CTPYKTYpBl MUKpodacTHil. CKOPOCTb CTATUYECKOW WHITYKITUH
MOTEHIIUAJIOB OT MOCTOSTHHBIX MCTOYHUKOB BO MHOTO pa3 Ipe-
BBIIIAET CKOPOCTh BUXPEBOW reHepaliuy MOTEHINAJIOB, T. €. CKO-
POCTB CBETA BO MHOT'O pa3 MeHbIIIe CKOPOCTH PacIipOCTPAHEHUSI
MIOCTOSTHHBIX JIEKTPUIECKUX ToJiei. He 3aTpoHyTH U BOMPOCHI
NPSIMBIX U OOPaTHBIX MPOIECCOB KU3HU TOTEHIMAIOB-3EPEH —
y CTallMOHAPHBIX 3aPsJOB OHU JIBUXKYTCSI CO CKOPOCTBIO OOJIbIIIE
CKOPOCTHU CBETa, a MAarHUTHBIN 3apsi]l CaM JIBUXETCSI CO CKOPO-
CTBIO OOJIBIIIE CKOPOCTH CBETa, HO (PHKCHUPYET TeOMETPUIECKU
MOKOSIINECs B IIPOCTPAHCTBE TOTEHIUAJIBI — 3TO OYEHb BaX-
HBIIl MOMEHT B IPUPOJIE YCTAHOBKHU MOJIel MaKpPO U MUK POUCTOY-
HUKOB. MOMEHTY Havasa pa3psiikKu MPOTHUBOEHCTBYET MHIYK-
TUPYEMBIN JIEKTPUUYECKUU MOHOIONb. JTO 3HAYUT, YTO UMEHHO
B 9TOT MOMEHT €r0 BHEIIIHEe MeKTPUIECKOe Mojie UMeeT HauOo-
Jiee MPOTSKEHHBIN painyC JaJbHOAENCTBUS U 3HAYCHUE, KO-
TOpoe CIOcOOHO HanOosee 3(p(EeKTUBHO B3aMMOJICHCTBOBATh C
OKPYKAIOIMMH TIOJISIMHU, HAIIPUMED, C TOJIEM aTOMHOTO SiApa —
nap oOpa3oBanue. [T0JTHOCTBIO MarHUTHBI MOHOIIONb pa3psika-

83 Chavana MIPOUCXOAUT (DOPMHUPOBAHKE HYJIEBBIX TOTEHIIMAJIOB C OOJIBIION Cepbl,
3aTeM MAaKCHMaJIbHBIX Ha MaJIOM paanyce B y3ie (POTOHA 1 ITOTOM OISITh OCTAONAI0TCS
HOTEHIMAJIBI [0 BEJIMYHMHE [0 HyJlsl Ha OOJIBIIIOM pajifyce, T. €. 3apsaKa-pa3psika.



ercsl Ha Y4 My4HOCTH JUIMHBI BOJIHBI, OCTABJIsIsl HA OKPYKHOCTH
MaKCMMAJIbHOTO TMaMEeTpa TpeKa HyJIeBble MoTeHuuasbl. [Ipotu-
BOJICMCTBYIOIIUM TAKOM pa3psiike BHaYasie 3TOro Npolecca JekK-
TPUYECKUI MOHOIIOJIb, B 9THX TOYKaX Ha Tpeke Y4 Takxke mcye-
3aeT. DIIEKTPUUECKOMY MOHOIIOJO B CBOOOJIHOM BHXPOHE OTBO-
JIUTCSI OCHOBHAS POJIb B3aMMO1€HCTBHSI C OKPYKAIOIIUMU TT0-
JISIMU TIPY JIBVDKEHUH Yepe3 BEIeCTBO — TOJBKO OH CIOCOOCH
3aTOPMO3UTh U OCTAHOBUTb, «BMOPO3UTH» B IIA3MYy, CO3/1aTh
KBAHTOBBIN MePeXo/l U3 MarHUTHOTO COCTOSIHMSI MaTepUH B Ipa-
BUTAIMOHHY10. CaMoe IJIaBHOE 3aKJII0YaeTcsi B TOM, 4YTO C MO-
MEHTa Hayaja pa3psiIki MarHUTHOIO MOHOMOJISI, UHIYKTUpPYe-
MBI POTUBOIOJIOKHBIA MOHOIIONb, JIBWKYIITUICS BIIEpEId Ha
Y4 mepuona, MpakTHUeCK HEBHIAUM [T OKPYKAIOIIUX TOJIer
1 BEIIECTBA. ITO MO3BOJISAET IS «TSIKEJTBIX» MATHUTHBIX MOHO-
nojield CBOOOTHBIX MUKPOBUXPOHOB OMpeIeTIEHHON JITMHBI BOJI-
HBl (OT 5 10 20 MMKPOH) BHXPOHOB OECIPENsATCTBEHHO IPO-
HUKHYTh BIJIyOb aTOMHOTO sIpa U MOHU3UPOBATh €r0 MUKPO-
YACTHULIBI, COCTABJISAIONINE BHEIIHNE O0OJIOUKU. JTOT KE MOHO-
TOJIb SIBJISIETCSI OTBETCTBEHHBIM 32 OTJIMYME KOMITOH-3(dekTa
ot atoMHOro ¢oto-apdekra. Ipyrum He3aBUCUMBIM MapameT-
POM BUXPOHA, MO3BOJISIONIMM KOCBEHHO 3apErCTpUpPOBaTh aKT
MPOJIETa MATHUTHOT'O MOHOIIOJIS B IPOBO/ASIIIEM BEILIECTBE, SIB-
JISIeTCS1 BOJTHOBOJ, U3 JIEKTPONOTEHIIMAJIOB, BJIOJIb KOTOPOTO MO
€ro CupaisiM UJIyT BUXPeBbIe eKTpruueckre Toku. CyiecTBy-
€T elI€ MHOI'O JIPYTUX NapaMeTPOB, YCJIOKHSIOUMX KAPTUHY CO-
3MaHUSI HATJISITHOTO 0Opa3a peajbHOro caMojIBkeHHS (DOTOHA.



OmHMM U3 HUX SIBJISIETCS MEXaHW3M IpeoOpa30BaHMS KBaHTa
cnvpaseld MarHUTHBIX MOTEHIMAIOB, Pa3MEIIEHHbIX Ha cepu-
YeCKOM MOBEPXHOCTU OJJHOTO Pajinyca, B OHO 3€PHO-TIOTEHIHAIT
OMpeesIEHHOrO 3HAYEHU s M 3HaKa, CTPOro Pa3MENIEHHOrO B OfI-
HOM TOYKE TpeKa BOJHOBO/IA JIEKTpruIecKoro Mmononos. [Ipy-
r'MMU MapamMeTpaMu, KOTOpble HAMEPEHHO He PaccMaTpUBaIOT-
Cs B TAKOM M3JIOKEHHUH, ITO KaPTUHA BEKTOPHOTO, JUHAMUY-
HO M3MEHSIIOIIMXCS MAarHUTHOTO (B MOMEHT pa3psiiKi) U JJIeK-
TPUYECKOTO MOHOIIOJIE U JUHAMUYECKH MEHSIONAsCs CTPYK-
Typa BHYTPEHHMX M BHEIIHMX NOJIEW nocneaHero. Paccmarpu-
BaeMbIii MEXaHU3M CaMOJIBMKEHMSI MArHUTHOTO MOHOTIOJISI TTPO-
LIECC AaBTOHOMHBIM, T. €. JBUkeHUe (POTOHA CO CKOPOCTBIO CBe-
Ta — 9TO, MO CYTH, JIEKTPOMArHUTHBIN TOK B MPOCTPAHCTBE Oe3
SHEPreTUYeCKO BHEUTHEeW MOAMUTKU U Ha HEero UIYT 3aTpaThl
TOJILKO COOCTBEHHO-HAKOIJICHHOW SHEPTrUy MIEPBUYHOIO KBaHTA,
KOTOpbIE 3aCTaBJSIOT (POTOHBI, PUJIETEBIIUE U3 JATEKUX TaJlaK-
TUK, «KPaCHeTb». TakoW Bl KBAHTOBO-IYJbCUPYIOILLETO JIBU-
JKE€HUsI, KOTOPBIN 3a[a€TCS MAarHUTHBIM 3apsiIOM, B MPUHIIUIIE
OTJIMYAETCS OT KOPITYCKY/ISIPHOTO KMHETUYECKOTO JIBUXKEHU S ya-
CTHUIIBI, 0OJTaaloIIeld MacCoy, HapUMeEp TEKTPOHA, ABVIKYIIe-
rOCSl CO CKOPOCTBIO OJIM3KOM K CKOPOCTH CBeTa.

Takum 00pazom, ¢cBOOOJHBIII MUKPOBUXPOH (oTOHA — 00-
30HHBII MarHUTHBIN OWIIOJb, MOKHO Ha3BaTh co3jareieM a-
30BOro 00bEMa KBaHTa aTOMHOTO (POTOHA, T. €. KBAaHTOB JJIEK-
TPOMArHUTHBIX BOJIH BCErO M3BECTHOro auamna3zoHa. Kpome To-
r0, €ro MOKHO ONPEJeUTh U KaK CaMOJBUKYIITUIICSI MUK POBUX-



PEBOIl MAarHUTO-JIEKTPUYECKUN 00BbEM, B KOTOPOM MYJIbCUPY-
I0T JIBa CMEHSIIOIUX S Ipyr JIpyra MpOTHUBOIOIOKHBIX MarHUT-
HBIX MOHOIIOJISI Yepe3 MOCPEICTBO MPOTUBOICHCTRYIOIIIETO TTep-
BUYHOMY 3JIeKTprudecKkoro. [ToMrMo 3Toro oHu emie mpou3BoasAT
BOJIHOBOJI, B KOTOPOM CTPOTO IeOMeTpUIecKH 3a(hUKCHPOBAHBI
B ITPOCTPAHCTBE MOKOSIIHECS TTOJIOKUTEIIBHBIE ¥ OTPHUIIATE -
HbIE JICKTPOITOTECHIIAAIBL.

MarHuTHBII MOHOTIONIb BUXPOHA B OTJINYKE OT JIEKTPUIECKO-
r0 He B3aMMOJEUCTBYET®> C BEIIECTBOM Cpellbl B KOTOPOMl JABU-
KETCsI, B TOM YHCIIE ¥ B METAJUIe, B KOTOPOM OH TaKKe JIBHKET-
Cs1 CO CKOPOCTBhIO cBeTa. Eciiu Obl HE COIPOBOXK/IAIOIINN €r0O
BCIOAy TIPY pa3psijike MPOTHUBOACHCTBYIOMINI SJIEKTPOMOHOIIOIb
1 BCera OCTaBJISIEMBIH CJIe/I-BOJIHOBOJI M3 3E€PEH-3JICKTPOIIOTEH-
IIUAJIOB, TO €T0 HUKOT/1a Obl He OOHAPYKUJIM U HE MOTJT! OBl JICH-
TruIpoBaTh. KOCBEHHO €ro perucrpaiyu CrocoOCTBYET Me-
XaHW3M TpeoOpa3oBaHMs KBaHTa CIIUpPAJIC TOTEHIIUAIOB Kax-
101 cepbl OTHOTO pajuyca B OJHO MEKTPUIECKOE 3epHO-TIO-
TEHIMAJT OTPEJIEIEHHOTO 3HAKA U 3HAYCHUSI, YIIOKEHHOE B CTPO-
r0 OTBEJIEHHOE MECTO Ha BOJTHOBOJIE, & TaKXke MPOTUBOJCHCTBY-
IOIIUI pa3psiIKe MEKTPOMOHOIOIb, CIOCOOHBIN K pe30HAHCHO-
My 3aXBaTy MOJIEM aTOMa, U MEPEBOJOM TOCNIEIHETO B BO30YXK-
JNEHHOE WJIM MOHU3MPOBAHHOE COCTOSIHUE, a TIPU TIPEBBIIICHUN

84 Crenyer 0oco0o 3apHKCHpOBaTh 3TO SIBJICHHE, UMelollee CBOE Ha3BaHHWE — WH-
BepcHs 1ojoca MarHuTHoro nosst. [puuém B ciyyae (POTOHOB 3Ta HHBEPCUS UMEET
OMHAKOBBII MEPHOA 151 TOTO M JPYToro Iomioca, Kak U B Cydae MarHUTHOTO TOJIs
ConHua — TMIepBUXPOHa.

85 Ero ocHOBHOE Ha3HauY€HUE — 3TO BOJTHOBOJ C JICKTPOINOTCHIUAJIAMU.



1opora 3Heprud MukposuxpoHa B 1022 K3B — poxaenue nap. B
MOMEHT, KOIJa MarHUTHBIM MOHOIIOJIb HAXOOUTCA B Y3J1aX BOJI-
HOBOJa (bOTOHA, B OObEME BUXPOHA OTCYTCTBYET EKTPUUECKUIA
MOHOIIOJb — B 3TOT MOMEHT OH BOOOIIIe HeBHANUM. DJIeKTpuye-
CKHM MOHOMOJIb BUXPOHA, B OTJIMYKME OT MArHUTHOTO, IEPUOAU-
YeCcKM ucye3ast Ha ¥4 meprona v mosiBJIsisICh JIUIIb B IPYTOM MecTe
ero ¢a3oBoro o0bEMa yxe Ha ¥2 neprosa ¢ nepeMeHHbIMU 3Ha-
YEeHUsIMU 3HaKa U aOCOIIOTHON BEJIMUMHBI, TEPUOJMYECKHU B3aK-
MOJIEUCTBYET C BCTPEYAIOIIMMUCS TMOJISIMUA BEILIECTBA, Yepe3 KO-
TOpbIE OH MPOXOAUT. DTU B3aUMOIECUCTBUSA, HAIIPUMED, TPUBO-
JAT K crieayomuM g gexram:

— C 2JIEKTPUYECKUM TIOJIEM aTOMHOIO sipa — (poTo3PeKT,
BO30YXK/IEHHE U Map 00pa30BaHUe

— T0JIEM CBOOOIHBIX IEKTPOHOB — KOMITOH-3(D(EKT.

BoHOBOIBI U3 3NIEKTPOIIOTEHIMAJIOB BCET/Ia OCTATCA B Be-
HIECTBE MOC/IE MPOXOXKIEHUSA B HEM MarHUTHOro 3apsaa. Eciu
B BEIIIECTBE, HATIPUMED, CTEKJIO, HET MOJBMKHBIX, TaKe XOTs Obl
JIOKQJIBHO MOABMKHBIX JIEKTPUUYECKUX 3aPAI0B (JIEKTPOHBI), TO
9TO BEILIECTBO MPO3PAYHO 11 MArHUTHBIX 3apsAA0B, T. €. I
(poronoB. Eciu BeliecTBO UMEET aTOMBbI, KOTOPbIE U3TY4aloT pe-
30HAHCHBIE (POTOHBI, TO Takue (POTOHBI OYIYT MOTJIOMATHCS Be-
IIECTBOM, a B LIEJIOM OHO OyAeT Hempo3padHo i Hux. Ecim B
BEIIIECTBE MPUCYTCTBYIOT CBOOOHBIE NIEKTPOHBI, TO YT CHUH-
XPOHHBIE TIO JIJIMHE U AMaMeTpy MPOBOJHMKA KOPOTKOMPOOEK-
Hble BUXPeBbI€ 3JIEKTPUYECKUE TOKU BJOJb BOJTHOBOAOB, 4 Be-
IIECTBO B IIeJIOM OyAeT HarpeBaTbcs. Takue ke Mporecchl mpo-



UCXOJAT C «TSIKETBIMU» MarHUTHbIMU 3apsigamu CBY (hoToHOB.
Ocb BUXpPOHA, KaK OCHUAJUIMPYIOLIETO IeKTPOMArHUTOTMPOCKO-
Ta, OMUPAIOIIErocsl Ha MOTEHIUAJIBI, SIBJISIETCS TIOCTOSTHHO OpU-
€HTUPOBAHHOW B POCTPAHCTBE U OIpeesisieT (hOpMy U CTENEHb
nossipu3aiuu ()OToOHa — MIeCTOe CBOMCTBO.

Takum 06pa3oM, mpomecc caMoJABHKeHHusA (POTOHA — ITO
JBUKEHHE CBOOOTHOTO BUXPOHA C OMOPOU Ha NIEKTPONOTEHIIN-
anpl Tpeka ¢oTtoHa B a3oBoM 00bEME, KOTOPOrO BTOPUYHBIN
MYJIbCUPYIOIIMA MArHUTHBIA MOHOIIOJb, TAK)Ke KAK U MEpPBUY-
HBIH, ITPOIOJIKAET MPOLIECC HEMPEPHIBHOTO T€OMETPUUECKHU YIIO-
PSIOYEHHOTO KBAaHTOBOTO MPOM3BOJCTBA TUX OMOPHBIX JIEK-
TPUUYECKUX 3EPEH-NMOTEHIMAIOB (TIOJIOKUTEIBHBIX M OTPHILIA-
TeJIbHbIX) HA HOBOM MecTe B mpocTtpaHcTBe. CamoaBHKeHH e
cBOOOIHOTO (pOTOHA OOYCIIOBJICHO MPOJIBUKEHUEM ITYJTHCHPYIO-
Ier0 U MIEPEMEHHOrO MO 3HAKy BUXPOHA C 0Opa30BaHUEM CITH-
PaJILHOTO BOJTHOBOJA JIEKTPUUECKMX MOTEHUMAIOB (pa3oBOro
MPOCTPAHCTBA, Yepe3 MOCPEICTBO ITUX NOTEHIIUATIOB, ONMPAaI0-
IUXCS HA TPOTEKTOPHOE MAarHUTHOE TIOJIe.

3oHa uzaydeHuss popmMupyeTcs cpasy ke Mmocjie OKOHUaAHUS
nieprosa 3apsi KM MAarHUTHOTO MOHOTIONS 32 30HOMMHIYKIIHH,
T. €. 0T 1/8 10 yerBepTH AIMHBI BOJIHBL. CTallMOHAPHBIM MUK PO-
WCTOYHUKOM, B JAHHOM CJTy4ae, SIBJISICTCS] CBS3aHHBIN 1 BO30YX-
JNEHHBIN aTOMHBIN 37IEKTPOH. Ha rpanuiie 30Hb UHAYKIIMUA 3TOTO
VCTOYHUKA C 30HOUM U3JTY4YEeHHUs POXKIAETCS BUXPOH BCJIEICTBUE
Hauaja JBUKEHUs MarHUTHOro MoHomnoJis. [lepeHoc BUXpeBoro



aTOMHOTO KBaHTa MOTEHIIMAJIOB®® MM ero BOCIPOU3BOICTBO HA
HOBOM MECTe IPOM3BOAUTCS YA€ BUXPOHOM — 3TO IPOLIECC Ca-
MoaBMKeHHS (pa3oBoro oObEMa (HOTOHA U MEPEHOC dJeMeH-
TAPHBIX 3JIEKTPUYECKOIO U MAarHUTHOIO 3aps0oB — 3TO Celb-
Moe CBOWCTBO.

KosnektuBHOE cuH(pa3HOE NBUAKEHE MHOXKECTBA OIMHAKO-
BBIX BUXPOHOB B pa3Hble CTOPOHBI OT UICTOYHHKA 00pa3yeT CyM-
MapHbIi B KaXJ0U TOUKe Nojisi cuHGa3Hb (DPOHT MOTEHIH-
aJI0B 3JIEKTPOMArHUTHOW BOJIHBI M MIPEBPAIIAETCS B IBUXKYILIE-
ecs’’’ BOJTHOBOe€ 3JIEKTPOMArHUTHOE TI0JIe STOTO UCTOYHUKA S —
9TO BOCbMOe€ CBOMCTBO. TakM 00pa3oM, KOJUIEKTHBHI CUH(pa3-
HBIX KBaHTOB (DOTOHOB 0OPa3yIOT BOJIHOBYIO 30HY JIEKTpOMAar-
HUTHBIX BOJIH.

PaccmoTpeHHbIe Bhille TPOIIECCHI TPOUCXOAST BO BDEMEHHOM
WHTEepBaje U MUKPOOOBEME MPOCTPAHCTBA, 32 KOTOPBINA IMPO-
M30I1lIa 3apsAAKa MEPBUYHOIO MAarHUTHOTO KBAaHTA, 3 TAKOE ke
BpeMsl pa3psiIKu 3TOT MOHOIOJIb MUKPOBUXPOHA YCIEBAET CO-
BEpILUTh KaCKaj MOCTYNATeJIbHO-BpaIllaTeIbHBIX CIUPAJIEBUI-
HBIX IBUKEHUI ¢ 00pa30BaHKUEM Y4 IITUHBI BOJTHBI (Da30BOTO MPO-
crpaHcTBa (POTOHA U MCYE3HYTh M3 Hero. Takoe mocrymnaresb-
HO-BpalllaTeJIbHOE ABMKEHNE MATHUTHOTO MOHOIIOJSI OTPaHUYH-

8 Monosuna (hazoBoro 06pEMa hOTOHA, T. €. TOBEPXHOCTh OTPHIATEIBHBIX TIOTEH-
LIUAJIOB, UHAYKTUPYET BO BHEIITHEM ITPOCTPAHCTBE 7EKTPUUECKOE MOJIe OT BUPTYalb-
HOTO OTPHLATEIBHOTO €IMHIYHOTO 3apsJa, PaBHOTO 3apsay IeKTPOHa, a Apyras IMo-
JIOBUHA — 3apsLy MO3UTPOHA.

87 Co CKOPOCTBIO CBETA.

88 Haan/IMGp, €CJIM B KAa4YECTBE UCTOYHUKA MCIIOJIb30BAH JIa3€ep.



BaeT IMPOJIOJbHYI0O CKOPOCTb JBUKEHUS] MUKPOBUXPOHA CBETO-
BBIM IIPEAEJIOM — 3TO JA€BATOE CBOWCTBO BUXPOHA, ONPEIEIIIO-
1ee O/IHY U3 OCHOBHBIX (PYHIaMEeHTAJbHBIX KOHCTAHT — CKO-
pocthb cBeta. [losToMy [BHkeHUE (DOTOHOB PE3KO OTIMYAET-
csl IPUPOAON MEXaHU3Ma CBOETO CaMOJBUKEHHUsI OT JBUKEHUS
KOPIYCKYJISIDHBIX YaCTHI] C MAacCOM IOKOSI, T. €. OT KUHETHYe-
CKOT'O THIIA JBVKEHUS W TEM CaMbIM ONpejiesisieT 0e3MacCOBbIN
TUI ABM>KEHUS POTOHA. DTO IBUKEHUE OTIIMYAETCS U OT JIBUXKE-
HUS1 0€3MAaCCOBBIX 3€PEH-TIOTEHINAIOB TP MEeXaHU3Me CO3/a-
HUSI TIOJIeW CTAlMOHAPHBIX UCTOYHMKOB I'PaBUTAIIMOHHBIX, JIEK-
TPUUYECKUX U MATHUTHBIX 3apsi/IOB.

[TponykTamMu BUXpPEBOrO TOKAa MArHUTHBIX 3apsJOB B COO-
CTBEHHOM (Da30BOM IMPOCTPAHCTBE BUXPOHA SIBJISIETCSI T€OMET-
PUYECKOE PACHpPENESICHUE SJIEKTPONOTEHIMAIOB (peryJispusa-
1Ml WM TeOMeTpUu3alivsi) Ha (pa30BOM MPOCTPAHCTBE TpeKa (po-
TOHA, JJIMHA KOTOPOrO B KOCMOCE TOJIbKO B €€ BUAMMOM 4a-

cru gocruraer 107 cm. Ha 910 Mugr sarpata SHepruu 3apsi-
Jla MarHUTHOTO MOHOMONS. B pe3ysbrare npu ABMkKEHUU B KOC-
MOCe MPOUCXOIUT «KPacHOe» cMelleHue B (pOTOHe, T. €. ya-
CTOTa aBTOKOJIEOAHWI YMEHBIIAETCsI, AJIMHA BOJTHBI YBEINYMBA-
ercs. [103TOMY ¥ MOSIBIISIETCSI «PETMKTOBOE» W3JTyUeHUE, U30-
TPOITHO 3aloJH0ILee TPocTpaHcTBO BeenenHoi. B cityvae 1Bu-
’KEHUs1 B HeBel[eCTBEHHOM ITPOCTPAHCTBE, 3TOT TpeK (poTo-
HOB C (PMKCHPOBAHHOW IreOMeTpU3aLMEN NEKTPUYECKUX ITOTEH-
[IUAJIOB «KOHCEPBHPYETCSA U 3aMep3aeT», 00pa3ys TOHKYIO

(ur.2.3)



ty,

®ur. 2.3 Tpek ¢oTona

¥ BechbMa JJIMHHYIO HUTh BOJTHOBOJA-CJIea 9TOro KBanra. [le-
pHO[ TIOJTypacraja TUX MOTEHIMAIOB 3aBUCUT OT YCIIOBUH MX
HaXOXIACHWS W JBUKEHUS B TOM WJIM MHOM IPOCTPAHCTBE, a
Takxke (DOpPMbI CYIIECTBOBAHUSI — YACTHU IIHYPa BOJTHOBOJOB WU

BCEW JIJTMHBI TPEKA ABVXKEHUSI KOCMUYECKOTro (DOTOHA (1028— 10%6
CM M Jlajiee B HeBeUeCTBEHHOE IPOCTPAHCTBO). JIMHOBOII-
HOBBIE TPEKU «TSIKENBIX» (POTOHOB, 0OpPa30BaHHBIE MOITHBIMU
MarHUTHBIMH 3apsAaMU OT 3BE3J1 U BHIIIEAIINE 32 MPeIebl Ha-
el BeceneHHON MOryT poXJaTh MOIIHBIE M Oojiee IJIMHHbIC
Tpeku. OOpa30BaBIIMIICA B HEBENECTBEHHOM IIPOCTPAHCTBE
amMopHBII 1 BbILIE ONPEJCIEHHBII IEKTPOMArHUTHBINA TPEK-
MPOCTPaHCTBO (DOTOHA, BIIOCEICTBUM CBOpAaUMBaeTcs B chepu-
Yyeckuil Ki1yook u craHoButcs simpom YCT Bparmaromeiics: Hei-
TPOHHOM 3BE3/1bl UM KBa3apa. ITo JecAToe U, oXalyi, Bce-
JIEHCKOe€ CBOVCTBO MUKPOBUXPOHA — POXKJIECHNE YEPHBIX chepu-
yeckux e (UCT) B HeBelecTBEHHOM IMPOCTPAHCTBE 3a Tpe-
Jenamu Haiierd BeeneHHol, B e€ «atMocdepe».

W vMeHHO 37ech yKe MOXHO OTBETUTh Ha BOIPOC — OTKY-
J1a B3SJIOCh TAKOE OFPOMHOE KOJIMYECTBO IEKTPOMATHUTHON U



KOPIYCKYJISIpHOW Matepuu B Haieidl Bcenennoit 7 Bes Bunu-
Masi M ocsi3aemMasi MaTepusi — 3TO COBOKYITHOCTb T€OMETPUYECKU
(pvKCcHMpOBaHHBIX B MPOCTPAHCTBE 3€PEH-IEKTPOIIOTEHIIUAIIOB U
I'PaBMOTEHIIMATIOB, TIOCTPOEHHBIX CBOOOJHBIMU U 3aMKHYTHIMU
BHXPOHAMM C Pa3IMYHON IJIOTHOCTBIO pa3MeEIleHHUSI.

OTBeT — TOJBKO OJIMH BBICOKOYACTOTHHIN®® BHUXPOH, TpO-
HUKIIIUI B 00JIaCTh HEBEIIECTBEHHOTO MPOCTPAHCTBA, CIIOCOOEH
npousBecTy ofHO sApo ComHIIA, T. €. TO HeUTpaJbHOE, TPaBUTA-
IIMOHHO OYEHb TSIKETIOE AP0, KOTOPOE pacraaasich U MUHYsI CTa-
JIMY HEUTPOHHOU 3BE3/Ibl, TEMHBIX KAPJIUKOB U T. M., BCIBIXHET
(poTOHHBIM CBETOM 3BE3/Ibl, HE CpPa3y, CHauaja B3pbIBAMHU CBEPX-
HOBBIX, 3aTeM IOCTOSIHHO, a BIPA0OTAaB BCIO [IIMHY HA3BAaHHOTO
TPEKA-BOJIHOBO/IA 3aIIACEHHBIX 3€PEH-TTOTEHIIMAJIOB B IIPOU3BO/I-
CTBO (POTOHOB M MUKPOYACTHLI, IIPEBPATUTCS B TBEPABIN Ce-
PUYECKHI OCTATOK CMECH HapaOOTaHHOTO UM aTOMHO-MOJIEKY-
JISIPHOTO BEIECTBA PA3TUYHOIO XMMUYECKOTO COCTaBa MEPTBOM
r1aHeTsl Tuna JlyHa.

Ecmu 3ToT (hOTOH ITMHHOBOTHOBOW® !, My 0Opa30BaH BO Bpe-
Msl CWJIBHBIX Pa3psiloB MOJIHMU B aTMocepe TUIaHeT, U Mpo-
pBaBIUics ckBo3b potocdepy ConHIla TMTraHTCKUIA CBOOOTHBIN
¥ OYeHb JJTMHHOBOJHOBOU 3JIEKTPOMATHUTHBI MaKpPOBHUXPOH,
TO B HEBEIIECTBEHHOM ITPOCTPAHCTBE 3a NpejiesiaMy Haieil Bee-

o 3

8 Cornacro CAIT u3 CHHT'YJISIPHOW TOYKH C TUIOTHOCTBIO 10% r/enm’.

% C vacroramu COOTBETCTBYIOIIMMH, YaCTOTAM 3aMKHYTBHIX BUXPOHOB, 00pa3yio-
MIUX siIepHbIe 0OOTOYKH, T. €. boree 102 I

e IUTMHOW BOJIHEI OoJiee 1019 cm.



JIEHHOW POXJAIOTCS CYIIECTBEHHO OOJIbIIME MO pa3MepaM 4ep-
Hble C(hepUUECKHE TEJIa, KOTOPBIE, BO3BpAILAsACh B Hally BeesneH-
HYIO, pacrnajaioTcs B TeYeHue MHOTMX MUJUIMAP/IOB JIeT 0e3 u3-
JIy4eHUs1, OIHAKO MO UCTEYEHUH STOTr0 CPOKa OHU CIIOCOOHBI U3-
JIy4arh JIMIIb JJIMHHOBOJHOBBIE??> (pOTOHBI M HUKOT/IAa HEe 00pa-
3yI0T KOPIYCKYJIsIPHBIE YaCTHIIbl aTOMHO-MOJIEKYJ/ISIPHOTO Belle-
CTBa — 3TO spa KBa3apoB U KBA3aroB, KOTOPbIE U CO3JAI0T TEM-
HYIO MaTepuIo.

Bce BbllIeHa3BaHHBIE U BHEIIHE MPOsIBIIseMble (POTOHOM
CBOICTBa OOYCIIOBJIEHBI BCETO JIMIIh BHYTPEHHUMH CBOWCTBAMHU
OJIHOT'O OTIPeIeJIEHHOTO M CBOOOIHOTO BUXPOHA** — 3TO IepeMeH-
Hasl 4aCTOTa CIUPAJIbHBIX BOJIHOBOJIOB U YacTOTa (pa3oBasi, BeJu-
YMHA 3HAYEHUI 1 TIOJIIPHOCTD JIEKTPOMOTEHIMATIOB, TUIOTHOCTD
UX pa3MeIleHUs] Ha eMHULLY ITMHBI BOJIHOBOJA, [1BA NEPEMEH-
HBIX MYJIbCUPYIONIMX MArHUTHBIX U OJJH MTPOTUBOACHCTBYIOIIUIA
MEKTPUUECKUI MOHOIIONb, UX TUI U (popMa MOJsSIpU3aliiu, Opy-
EHTaIMsI OCH MYJILCUPYIOIIETO MepeMEHHOr0 MarHUTHOTO BUXPSI.

Wrtak, cxemy BHYTPEHHHX IpOIECCOB B (hOTOHE, MOOYyK/Ia-
IOUIMX €ro K CBOOOJHOMY [IBUKEHMIO JIa)ke€ B BAKyyMe MOKHO
TaK)Xe MPEeACTaBUTh, KaK HA4YaIo pa3psiiku cpepbl MarHUTHO-
ro 3apsja u3 y3nia pazoBoro 0obEMa ¢ MHIYKIMEN MPOTUBO/IEH-
CTBYIOILIETO IMPOLECCY ITOW pa3psiKU JEKTPUYECKOTO MOHO-
10JIsI yTEM MPOCTPAHCTBEHHO-TeOMeTPUYeCKOM YCTAaHOBKU

2 B tom umcie PEHTTE€HOBCKUE, ONTUYECKUE U PATUOBOIHBIL.

%3 HNwmeercsa BBULY, YTO CaMO IBMKEHHUEC BUXPOHA OIIPEACIACT 3HAK U BEJIMYUHY CITN-
Ha — uenas nocrosiHHas [nanka unu rnoJjyuneJas.



€ro 3¢peH-MOTEeHIIMAJIOB JI0 yYHOCTH B YETBEPTH [IJIMHbBI BOJIHBI
¥ 3apsAAKY cpepsl TPOTUBONOIOAKHOTO MAHUTHOTO MOHOIIOJNS €
HAYyaJloM B YETBEPTb M KOHIIOM B Y3Ji€, T. €. MOJIOBUHBI JIJTMHBI
BOJIHBI. 3aT€M 3TOT ITPOLIECC TTOBTOPSIETCS, HO C MPOU3BOJACTBOM
Ha y4acTKe OT MOJIOBUHBI /10 TPEX YETBEPTE IJIMHBI BOJIHBI ITPO-
TUBOIOJIOKHBIX 110 3HAKY 3€PEH-JIEKTPONOTEHIINAIOB.
PaccMoTpeHHasi CTpyKTypa JIOKAJIM30BAHHOTO ¥ CBOOOIHOTO
(pazoBOro MUK pONPOCTpAaHCTBA CAMOABMKYIIErocsl (POTOHA 1103-
BOJISIET CBSI3aTh BOEIMHO BCe HAOMIO/IaeMble SIBJIEHUSI B3aUMO-
AefcTBHA (POTOHOB B MUKPO— U MAKPOMHUPE, & TAKKE OOBSICHATH
U CBS3aTh €r0 BHYTPEHHUE U BHEIIHHE (PU3MUECKUe CBOWCTBA.
VIMeHHO Takas ke CTPYKTypa W3 F€OMETPUUYECKU PETYNIsIpU30-
BaHHBIX IEKTPOMArHUTHBIX MOTEHIIUAJIOB, POKAEHHBIX JTBUKY-
IIMMUCS 3aMKHYTBIMH BUXPOHAMHU U Pa3MEIIEHHBIMU Ha COOT-
BETCTBYIOIIMX BOJHOBO/AX, HAOMIOAAETCs B ME30HAX U B MHO-
TOYPOBHEBBIX O0OJIOYEYHBIX (110 TUMY CTPYKTYPbl BHYTPEHHHUX
CJIOEB JIYKOBHUIIb) MUKPOITPOCTPAHCTBAX ATOMHBIX SIEP, ATOM-
HBIX JIEKTPOHHBIX 000JIOUEK M IEMEHTAPHBIX YACTHII.
B3aumoeiictBue BHUXPOHOB ¢ BemecTtBoM. ®oto3ad-
¢pekr, hoToaromubie u POTOSsIAEPHBbIE PeAKIIAN.
Vonu3arusi BHEITHETo 1eKTpoHa — 3T0 3 deKT oOpaTHBIH
yXe pACCMOTPEHHOMY M3JTy4eHHUIO (POTOHA C BHEITHEW 000IOUKU
BO30YykIEHHOTO aTomMa. Y MexaHu3m 3toro apdekra Tak:xe npo-
TUBOIIOJNIOKEH MEXaHU3MY U3TydeHus1 (poToHa. 31ech HEOOXOIM-
MO YYUTHIBAThH HE TOJIKO SHEPreTHIecKuii OaslaHc, HO U U3MEHe-
HUE JIEKTPUUYECKOrO T0JISI B KOHKPETHOM TOUKE MTPOCTPAHCTBA —



T0JIe aTOMHOTO $1/Ipa, CBSA3BIBAIOIIETO BHENIHUH 3MeKTpoH. [Tpu
00JIy4eHUH KJIacTepa aTOMOB ra3a pe30HaHCHBIMH (DOTOHAMU
BCEr/ia HalIETCs B MOTOKE TaKou (POTOH, y3eJi a30BOro 00be-
Ma KOTOpPOro Ipu rnepeceyeHrur 00bEMa atoMa OyieT HaXOIUTCs
B KPUTUUYECKOHN 30HE JIEKTPUUECKOrO IMOJIsl aTOMa U KOHKPET-
HOT'O 37IeKTpoHa. Torja B MOMEHT Hauaia pa3psiikd MarHUTHO-
IO MOHOTIOJISI TAKOTO (DOTOHA TTPOTUBOACUCTBYIOIIUI €My JIEK-
TpO3apsi]l 3aXBaThIBAETCs MOJIEM aTOMa, OCTaHABJIMBAET MAarHUT-
HBII 3apsijl, KOTOPHIN TYT ke MpeoOpa3yercsl B rpaBUTAIMIOHHBIN
1 00pa3yeT 3aMKHYThI BUXPOH C HEMIOJIHBIM KBAHTOBBIM ITPE00-
pa30BaHUEM HOCUTEJISI MHAYKTUPOBAHHOM 3Hepruu. [ paBuTarm-
OHHBIN 3apsj OyneT pereHepupoBaTh MArHUTHBIN 3aps] O TeX
NOp TOKa TMOCJIEJHMI He OTIACT BCIO CBOIO HEPIHIO HA CO37a-
HUE BOJHOBOJIOB U3 JIEKTPONOTEHIIUAIIOB, MOJIE KOTOPBIX Iepe-
BEJIET JIEKTPOH HA OHO U3 OOJiee SHEPTeTUIECKUX COCTOSTHUN
aToMa WM BOOOIe MOHU3MPYET aToM. Takoy mpoliecc AJIUTCS

OuYEHb KOPOTKOE aTOMHOE€ BpeMs IOpAIKA 1078 cexkyHabl. IIpu
9TOM, JIEKTPOH aToMa MepexouT Ha Oojiee JajibHee pacCTOsiHIE
— 0oJiee BHICOKOSHEPreTHYecKuid ypoBeHb. TakuMm ke odpazom
ITPOUCXOIUT ¥ MOHM3ALMSA AEKTPOHA — POTOIPPEKT.

[Mopor sTOrO MpOoIIecca caMmblil OOJBIION AJIT AaTOMOB, HaXO-
JALIIMXCS B TA30BOM COCTOSIHUM, & MUHUMAJIbHBIN /111 aTOMOB,
3aKPEIUVIEHHBIX B PELIETKE TBEPAOro Teja. Tak Harpumep, i
HIEJIOYHBIX METAJUIOB OH JIOCTUTAeT HECKOJbKUX EAUHULL JIEK-
TPOHBOJIBT U MOXET ObITh AKTUBM3MPOBAH JakKe ONTUIESCKUMHU
(poroHamm.



MexaHu3M nepegauyd 4YaCTUYHON SHEPruM MUKPOBHXPOHA
py KOMITOH-3(ppeKTe MPOoUCcXomuT Oe3 ero 3axBara IeKTPH-
YEeCKUM TIOJIeM CBOOOJIHOTO 3JIEKTPOHA MYTEM MpPUBHECEHUs B
€ro BOJIHOBOJ KJlacTepa 3J1eKTPONOTEHIIMAIOB BOJTHOBOAA IPO-
XOJISAILIEr0 CKBO3b HETO BUXPOHA. DTUM U OTIIMYAETCS MEXAaHU3M
KOMITTOH-3((pekTta ot hoToappekTa.

CoBeplIEHHO IpyTrUe SHEPIUU U paJUAllMOHHBIE TIOCIIEICTBUSA
HACTYNAIOT B CJIyYae, Korja HeoOXOAMMO MOHU3UPOBATH JJEK-
Tponsl ¢ BHyTpeHHnX K,L,M,N-o6o50uek atoma. dueprun ¢o-
TOHOB YBEJIMYMBAIOTCS B THICAYM Pa3, & MOHU3ALMS IEKTPOHA
C TakoW BHYTpeHHEW O0OJIOUKM MPUBOIAUT K KAaCKaJy XapakTe-
PUCTUYECKOTO M3JTyYEHHs ITOTO BELLECTBA MPU BO3BPALICHUN U
CTabMIM3alliu aTOMOB B OCHOBHOE cocTosiHMe. Ha 3tom mpuH-
LIMIIE OCHOBAaH PEHTTEHO-(II0OPECUEHTHBIM METO]] AHATIN3a Be-
1IECTBA.

doToaTtomHble peakuuu. CBOWCTBA Pa3IMUYHBIX MUKPO-
BUXPOHOB 0OPa30BBIBATH T€ UJIM UHBIE MUKPOUYACTHUIIBI, TPEK/IS
BCET0, 3aBUCAT OT IIPOMEXYTKA BPEMEHU U CKOPOCTH M3MEHE-
HUS** TIOJIeld, MOPOIUBIINX HX, & YK TIOTOM OT YCJIOBUH TOJEH
IIPOCTPAHCTBA, Y€pe3 KOTOPbIE OHU MPOXOIAT. BHeIIHME CBOM-
CTBa BUXPOHOB TaK’Ke 3aBUCSIT OT JJIMHBI BOJIHBI, KAK CBOICTBA
PAIMOBOJIH OTJIMYAIOTCA OT CBOWCTB (POTOHOB, PEHTIEHOBCKMX

o4 Bpemst )KU3HM aTOMHBIX BO30YXKAEHHBIX COCTOSIHMI WM BpeMsl Ilepexo/ia Xapak-
TEPU3YETCs BEJUIUHOM 108¢,a ANEPHBIX — 102¢, y MOJIHMA 3TO BpeMsl JOCTUIraeT
JIECSITKOB MUJUTHCEKYH]I, ¥ «TsKEMbIX» CBY necsATkM MMKOCEKYHI U MOIIHBIX TOKOB
B [IEPEMEHHBIX UMITYJIbCaX.



JIy4yeil ¥ raMMa-KBaHTOB. Tak, Hanpumep, py SHEPruu HajleTa-
IOLIET0 Ha aToM (POTOHA raMMa-u3Ty4eHUs Bblllie TOPOrOBOM B
1022 K3B 3/1eKTPOMOHOINOJL €0 CBOOOJHOT0 MUKPOBHXPOHA
TOPMO3HT JI0 MOJIHOM OCTAHOBKM JABUKE€HHE MarHUTHOIO MOHO-
T0J1s1, B3AUMOJEUCTBYSI C MOJIEM aTOMHOTO siipa. I1pu 3ToM npo-
VCXOIUT €ro JieJieHHe Ha JIBa CaMOCTOSTENIbHbIX, HO 3aMKHY-
TBIX’> 1 IOKOSIIIMXCSI BUXPOHA, B (ha30BOM 00BEME KOTOPBIX YKe
POX/IAI0TCS TPaBUTAIIMOHHBIe MOHONOJ M . Ha ur.2.4 npuse-
JieHa cxema JeJieHHsl CBOOOHOr0 (YEPHBIN MIApUK) BUXPOHA
TakuX (DOTOHOB HA JIBa PA3HONOJSIPHBIX (KPACHBIA M CUHUIA).

®ur.2.4 Cxema po:kaeHHs aphl B I0JI€ aTOMHOIO siApa

[Ipuponga mMexaHu3Ma STOTO SIBJICHUS 3aKJII0YAETCS B CIE/Y-
oimem. Haxonsice B nBmkeHun B pazoBoM o0beéMe (o1 1/8 mo
3/8 nepuona) poTOHA, OCTATOK MEPBUYHOIO MATHUTHOTO MOHO-

95 Takum 06pa30M PoOXIacTCA Macca 1 HHEPTHOCTD 3JIEMEHTAPHBIX YaCTHII.



oJIs1, Yepe3 MOCPEICTBO MPOTUBOAEUCTBYIOIIETO MY JIEKTPU-
9YeCKOro MOHOIIOJNS, y&Ke BO30YIWI PaBHBI eMy W MPOTUBOIIO-
JOXHBIA. M, B 3TOT MOMEHT, BHEIIHEE IMO0Jie OTPULIATEILHOrO
EKTPUUECKOrO MOHOIIOJSI BUXPOHA B3aUMOJIEMCTBYET C CUJIb-
HBIM T10JIeM aTOMHOTO si/Ipa’® — MPOMCXOIUT TOPMOKEHHE U OCTa-
HOBKA MAarHMTHBIX MOHOIIOJIEH, MOJISIPU3ALMsl, Pa3pbiB U JeJae-
HHe ($a30BOro 00ObéMa MUKPOBUXPOHA. DIEKTPUIESCKHUIA U Mar-
HUTHBII MOHOIIOJIM 3TOTO BUXPOHA NOISAPU3YIOTCS U TOPMO3AT-
¢Sl B JIBUJKEHUU OT CKOPOCTH CBETa 10 NMOJHOH OCTAHOBKH.
B MOMEHT TOpPMOKeHUs NOIAPU3OBAHHBI MArHUTHBI MOHO-
TOJTb YK€ HE MOJKET CYIIECTBOBATh, TAKKE Pa3psiKAThCS U MPO-
JOJKaTh MPEeablayIMiA IpOoLecC MHAYKIMKA MPOTUBOMNONI0KHO-
r'0 MOHOIMOJIS1, [IO9TOMY IPOUCXOAUT MPOTUBOAEMCTBHE ITOMY
IpolLiecCy, MOA0OHOE ASHCTBUIO TEKTPUIECKOTO MOHOTIONIS TIPH
CBOOOJHOM JIBHKEHUHU. DTO MPOTHBOAEHCTBHE — KBAaHTOBBII
nepexo/i B €ro MOKOSIIUICS aHAJIoT, T. €. B IPaBUTAIIMOHHBIN
MOHOIIOJ b, HCTOYHHMK MOKOSI B 3AMKHYTOM 00BEME HOBOH 4a-
cTuLbl ¢ Mmaccor. [Ipu 3TOM, OKOHYaHKE 3apsi/IKU IPaBUTALIMOH-
HOT'O MOHOIIOJISI COBMAJAET C MOJIHOM OCTAaHOBKOM IOCJIE TOPMO-
xeHusi. CBOOOAHO-NIOCTYNaTeJIbHOE [BIXEHUE BUXPOHA CO
CKOPOCTBIO CBETA 3aMEHSIETCSl POKICHUEM JBYX NMOKOSIIHXCS
I'PABUTALIMOHHBIX MOHOMNOJIEW. DTU MOHOIIOJH, Pa3psKasiCh yKe
B 3aMKHYTOM OOBEME, CIIOCOOHBI TOJIHKO 3apsizKaTh-pereHe-

% Nanpueiiiee cBOGOAHOE ABKKCHUE MUKPOBUXPOHA IIPEKPALIAETCS IEKTpUYe-
CKUM IIOJIEM S171Pa, T. €. MEKTPUUECKUI MOHOIIONb BUXPOHA B3aUMOJEICTBYIOT C 3TUM
TIOJIEM.



PHPOBATH MOJISIPU30BAHHBIE MATHUTHBIE MOHOIIONM U PA3BEP-
THIBAaTh NP pa3psi/ike B 3TOM 3aMKHYTOM IPOCTPAHCTBE UCTO-
pUIO CBOETO POKAEHHS B 3€pHaX-TpaBlnoTeHIManax. BoiHoBox
U3 3TUX 3€PEH BO BHELIHEM MPOCTPAHCTBE UHIYKTUPYET I'PABU-
TalIMOHHOE T0JIE MPOTHUBOMNOIOKHOE MO 3HAKY AKTUBHOMY TIOJIO
TaroteHus 3emid. [Iponecc nepuonnyecky MoOBTOPSIETCS C Bbl-
COKOM 4acTOTOM, HO TETEpPh YK€ BMECTO IEKTPUYECKOTO MOHO-
0JIsl, C YYACTUEM U Yepe3 MOCPEICTBO 3aPsIKU-Pa3pAIKU Ipa-
BUTAIIMOHHOTO MOHOIIOJIS1. Ternepb OCHOBHBIM HOCUTEJIEM KBaH-
Ta UHJYKTUPOBAHHOW SHEPIUU SIBJISIETCS] TPaBUTALIMOHHBIA MO-
Honosb. Tak oOpa3yercsi craOuiibHasi OJHOMNOJISIpHAS] KAHOHWYE-
ckast popma 3aMKHYTON 000JIOYKH MUK POYACTHIL CO CTUHOM h/2
— HeToJHAsl KBAHTOBAas 3aBEPIIEHHOCTh MPeoOpa3oBaHMs Mar-
HUTHOW SHEPrUr cO COPOCOM OCTaTKa Ipefesia e€ HAaKOTUICHUS
B I'PaBUTALIMOHHBI MOHOMNOJb. B pe3yabrare, 1Ba MPOTUBOIIO-
JIOXKHBIX Y TOJISIPU30BaHHBIX MOHOIOJS CO3/1al0T 3aMKHYThIE
00BEMBI JIByX CaMbIX JIETKUX U MEKTPUUYECKH 3apSKEHHBIX CTa-
OWJIBHBIX MUKPOYACTHII, 00JTaIAI0ONIMX MACCOM. DHeprusi Marte-
puu B (popMe OIHOrO MarHUTHOTO 3apsiia, Kak HOCUTENIsl KBaHTa
WHIYKTHPOBAHHOW SHEPrUM U MCTOYHHKA CBOOOJHOTO JBH-
JKEHHSI CO CKOPOCTBIO CBETa — IEPEXOAUT B SHEPIUIO JBYX
Apyrux B ¢opMe 3apsiioB COCTOSIHUSI MOKOSI — I'PaBUTAIMOH-
HBIX MOHOMOIEN. Ternepb HOCUTENIMU UHYKTUPOBAHHOW SHEP-
TUU SBJISIIOTCS] TPABUTALIMOHHBIE MOHOMNONU. JTOT MPOLIECC Me-
PEXOAUT B MOC/IENOBATEbHbBIA B3aUMHO-TIEPUOJUYECKUI C Ta-
KOM 4aCTOTOM, YTO MPHU SKCIIEPUMEHTAIBHON PErUCTPALUN W3-



MEPSIIOT JIMILb BEJIMUMHBI JIEKTPUYECKOTrO 3apsijia, MACChI U CITH-
Ha. DTO OJMHHA/ALATOE CBOWCTBO CBOOOIHOTO 3allOPOrOBOTO
3JeKTPOHHOI0 MHUKPOBUXPOHA — 3aXBaT 3JIEKTPOMOHOIONS
U JIeJIeHHe Ha JIBa CaMOCTOSTEJIbHBIX MOJSPHBIX U IPOTHBO-
TIOJIOKHBIX BUXPOHA, CIIOCOOHBIX CO3/1aBaTh 3aMKHYTHIN (pa3o-
BBIIl OOBEM OJJHOTIONISIPHOM JIEKTPUUECKU 3apSKEHHOW MUKPO-
YaCTHUIIBI CO CTUHOM Y2, Tako# poriecc BO3MOXKEH JIMIIb B CBSI3U
C TE€M, YTO [IBUKEHUE U3MEHMBILIUXCSA U MOJSPU30BAHHBIX MO-
HOTOJIEN B 9THX 3aMKHYTHIX 0ObEMAX MPOUCXOMUT Oe3 MHIYK-
1IMM BCTPEYHOI'O MOHOIIOJIS, HO C CAMOMHAYKIIMEN Camoro ce-
0s1 yepe3 MOCPeACTBO pa3psAKU-pereHepalii BHOBb POXIEH-
HOT'O T'PaBUTALIMOHHOTO MOHOMNOJS — 3TO JABEHAAaToe CBOU-
CTBO 3aMKHYTOr0O MUKPOBUXpOHA. Takum 00Opa3oM, nepeMeH-
HbIA MArHUTHBI MOHOIIOJIb OJHOTO 3HAKa MOXKET CYIIECTBOBATh
HE TOJBbKO B 30HE MHAYKIIUU, HO U B 3aMKHYTOM OOBEME JIEK-
TPOHA U APYIUX 3apsKEHHBIX OJHOMNOJISIPHO JIEMEHTapHBIX Ya-
CTULIAX. DNEKTPUYECKUI1 MOHOIIONb BOBHUKAET BCEr/1a, KaK Mpo-
TUBOJEUCTBUE pa3psIKe MArHUTHOTO 3apsa. [ paBUTAlIMOHHBIA
MOHOIIOJTb UHAYKTUPYETCS TOJIBKO B 3aMKHYTBIX BUXPOHAX, KaK
MPOTUBOAEVCTBIE U3MEHEHUIO CKOPOCTH B LIEHTPOCTPEMUTEb-
HOM JIBUKEHUU-BPAIIEHUU MarHUTHOI'O 3apsijia PU €ro TOpMO-
JKEHUH BO BpeMs 3apsIKA M KaK cOpOC HAKOTUICHHOW SHEPrUH
IIPY HETMIOJIHOM KBAaHTOBOM IPe0Opa30BaHUM MarHUTHOT'O MOHO-
nosisi. CTpyKTypa reOMeTpUUYECKOrO YJIOKEHUs CIIMpaien U3 3€-
PEH-TPaBIOTEHIIMAJIOB MTPU 3apsi/IKe HA TIOBEPXHOCTH COOTBET-
cTByIOIIMX cpep, sABIISIETCS MOTHBIM aHATIOTOM CTPYKTYpe (Pwur.



2.1) marHuTHOrO 3apsiga — cpepa ¢ MakCUMAaJbHbIMU 3Haye-
HUSAMHU 3EPEH-TPaBIOTEHIMAIOB HAXOAUTCA B LieHTpe. OTinane
€ro CBOMCTB OT CBOWCTB MarHMTHOI'O MOHOIOJISI 3aKJIIOYAIOTCS
JIMILIb B TOM, YTO OH BCEr[a POXKIAETCS U CBSA3AaH C TEM 3aMKHY-
ThIM (pa30BbIM OOBEMOM MUKPOUYACTHUIIBI, B KOTOPOM HAXOIUT-
¢4 (TPHMHAALATOE CBOVCTBO), a ITPU Pa3psAIKe UHAYKTUPYET I10-
JIIPU30BaHHbIM MarHUTHBI MOHOIIOJb TOTO € 3HAKa Ha yjaje-
HUM YETBEPTU [JIMHBI BOJHBI OT CBOErO HAYaJbHOTO MECTOIIO-
JokeHus1. BolnHOBOA U3 IpaBNOTEHIIMAIOB, CO3AAHHBIN MPU pa3-
pAZIKEe B 3aMKHYTBIX BOJTHOBOJAX Pa3HOro AUaMeTpa BO BHEIII-
HEM IPOCTPaHCTBE MHAYKTUPYET®’ Maccy nokost yactuiibl. [Tpu
9TOM, MarHUTHBII MOHOIOJIb BCETa ABMKETCS TOJIBKO Ha 3apsiji-
Ky K LIEHTPY MOBEPXHOCTU MOycepbl 3aMKHYTOrO BOJIHOBO/IA.
DNeKTPUYECKNA MOHOIIONb B TOM IpOIecCe He BO30YkKIaeT-
cA. DTO YeThIPHAMI[ATOE CBOMCTBO 3aMKHYTOI'O MUKPOBHXPO-
Ha — KBAHTOBBIN MEPEXO]l SHEPTUM U3 MCTOYHUKA BHKEHUS
B Apyryo (popMy B BUJE MCTOYHHKA MOKOS, T. €. UHIYKIHUA
MacChl MMKPOYAaCTHULBI BO BHEITHEM IIPOCTPAHCTBE C MOMOIIBIO
BHYTPEHHET'O BOJHOBOJA U3 YCTAHOBJICHHBIX 3EPEH-TPaBIOTEH-
L[1AJIOB.

Wrak, riiaBHoe, IpU paspsIKe U JBUKEHUU 110 OKPYKHOCTH
CO CKOPOCTBIO BBIIIE CKOPOCTH CBETAa MarHUTHBIA MOHOIIOb B
CBOOOJJHOM MUKPOBUXPOHE MHIYIIUPYET MPOTUBOACHCTBYIOIIUIA

n yXke 37eCh HaI0 OTMETUTh, YTO MUKPOCKOIIMUYECKUE ypaBHEHUs Makcseiuia
HEeOOXOVIMO He TOJIBKO JieslaTh CUMMETPIYHBIMY, HO IOMOMHUTH MHIYKIMEeH TPaBU-
TALMOHHOTO MOHOIIOJSI B HEKOTOPbIX CIIyYasiX U ¢ yUETOM IIAHKOBCKOM MacChl.



MPOIIECCY YMEHbIIEHHSI €T0 3apsi/ia AMEeKTPUIECKHUIA MOHOTIOb,
a MPU TOPMOKEHUU U YMEHbIIEHHU CKOPOCTH JI0 TIOJTHOM OCTa-
HOBKU OH TTPeBpaIllaeTCs B CBOW MOKOSIIIUMCSI aHAJIOT — TPaBU-
TalMOHHBII MOHOIIOJb.

doTosiiepHbIe peaknuu JErkumMu (poToHaMm . AHaJO-
TMYHO C YK€ PaCCMOTPEHHBIM MpoLEccOM (POTOATOMHBIX peaK-
M1 C UCIYCKaHMEM MHMKPOYACTHl, Mpoucxoaut nporecc I'm-
TaHTCKOTOpPe30HaHCa IPU MOPOrOBbIX SHEPTUsiX (POTOHOB OT
10 mo 25 M»3B, koraa IjauHa BOJIHBI CTAHOBUTCS CPAaBHUMOM C
JUaMETPOM siJipa, YTO MPUBOAUT TAKKe K M3IYYCHUIO Pa3Iivy-
HBIX MUKPOYACTHII.

doTosiEepHbIE PeaAKIUN «TSKEIBLIMU» poToHamu. Pac-
CMOTPEHHBIE BbIIIE (DOTOHBI, IMOJIyYEHHBIE IPY U3ITYYEHUH BO3-
OyKJIEHHBIX aTOMOB WM SIA€P, HA30BEM «JIETKUMU» (POTOHAMH,
TOJIBKO TaKUM (POTOHAM CBOMCTBEHHO ONPEAEIEHUE UX SHEPTUU
yepes Mpou3BeJIcHUe YacTOThl U noctosiHHoM [1nanka. K ux yuc-
JIy CJIeAyeT OTHECTH U JIA3EPHOE U3TyYEHUE JAKE BICOKHUX IUIOT-
HocTel notoka jy4a. OnHako B npupose Beenennoii®® Berpeva-
I0TCSl TAKKE MTPOLIECCHI, HATIPUMED, JIEKTPUUECKUE pa3psbl aT-
MOC(EpHBIX MOJIHUM, MPU KOTOPBIX CUH(}A3HO 32 OY€Hb KOPOT-

KHil IPOMEKYTOK BpeMeHH nopsiaka 10712 CekyHpl 1 B OUeHb
MaJioM JIOKQJIM30BaHHOM 00BbEMEe” B MMITYIbCHO-TIEPEMEHHOM

%8 Takue stBreHus o6Hapy:xeHbl B atMochepe Onurepa u Connia.
9 Takoit 06BEM com3MepuM ¢ (pa3oBbIM 00BEMOM JTMHBI BOMHEI 0T 10 cm 10 10

MHUKPOH (0T 3 110 3 X 10* I'Twy) CBY H3ITy4YEHUS.



3MEKTPUYECKOM T10JIe OOJIBIIMX TOKOB M HANIPSIKEHUI POXKIAIOT-
Cs1 IyTEM CJIMSIHUS MarHUTHBIE 3apsiibl C MAKCUMAJIBHO BO3MOXK-
HOH IJIOTHOCTBIO YMAKOBKM 3€PEH-MOTEHIIMAIOB KaK HA CaMHUX
crnupaisax, popMupyonumx cgepy 3Toro 3apsja, Tak U Ha3BaH-
HBIX CMMpajieil, BIUIOTHYIO MPUMBIKAOIIUX IpYyT K Apyry (¢ur.
2.5). Ha30BEM Takue 37eKTPOMArHUTHBIE (POTOHBI «TSKETBIMU».

®@ur. 2.5 JIérkue aromubie u «TspKéIbIE» CBY — (hoTOHBI.

«Tsaxénpiit» MmoHonoss Buxpona CBY ' quanazona (B ero ¢a-
30BOM 00BbEME HAXOOUTCSI OUeHb OOJIbIIIOE KOJIMUYECTBO aTOMOB),
MIPOXO[Is Yepe3 KJIacTep BElIeCTBa, TaKKe MTPOU3BOAUT BOTHOBO-
IIbI ¥ CIIOCOOEH MOHM3UPOBATh HE TOJBKO JIEKTPOHBI BHEIITHUX
¥ BHYTPEHHHUX OOOJIOYEK aToMa, HO MOXET MOHU3WPOBaTh 4Ya-
CTHIIBI BHEIITHUX 000JI0UeK aTOMHBIX sifep. Kak cienctBue sTux
MIPOIIECCOB, BJIOJb MOTEHIIMAJIOB BOJIHOBOJA UIYT BUXPEBBIE TO-

100 HHS{ KPaTKOCTU UBJIOKEHUA B ITOT TEPMUH 6y)1eM BKJIaAbIBAaTb CMBICJT 4aCTOT

SMB, BKJIIOYAIOIIUX AJIMHBI BOJIH OT OJHOTO MUJUIMMETPA A0 OJHOIO MUKPOHA, T. €.
npaxkTuuecku Bech MK-nuanasoH.



KM, a IEPBUYHbIA XUMUYECKUI COCTAB BEILIECTBA U3MEHSETCS.
PaccmorpenHbl mpouecc kacaercs: (POPMHUPOBAHUS JIALIb
0/THOT'0 aTOMHOT'O MUKPOBHUXpOHa (pOTOHA. A, Harpumep, B pa-
6orax B. B. ABpaMeHKO MOKa3aHO pOXAEHHE MOLIHOTO MOTOKA
(boTOHOB Ha rpaHmIIe pa3pbiBa CIUPATIM HUTH OOBIYHOIN OBITOBOM
JIaMITbl HaKaJIMBaHUS, NPU MUATAHUU OJHUM MPOBOJIOM, BKIIIO-
YEHHOI B CXeMy, pa3padOTaHHOW ITUM aBTOpOM. B aTux skcre-
pPUMEHTaX MO OJHOIPOBOJHOM NEPEAave IHEPTUU IropAT KaK UC-
IIPaBHBIE JIAMIIBI, TaK ¥ NIEPETOPEBIIKE — ITO MPOLECC MEPEHOCA
JIEKTPUYECKOro 3apsi/ia MArHUTHHIMU MOHOIIOJISIMU.
Benbiku cera, mnpensapsmione atMOc(EpHbI  pas3psn
OObIYHOI MOJIHMM, WJIM TIPY BKJIIOYEHUU BUJIKU B PO3ETKY, VIS
MUTaHUs IpUOopa ¢ oTpedsieHHeM ToKa Oojiee OTHOrO amIiepa
— 3TO MOTOK BUXPOHOB C HIMPOKHUM CIEKTPOM YaCTOTHI BILJIOTh
1o ontuyeckux. [Ipu 3ToM creayeT CpaBHUTb CXOJICTBO U3JTyYe-
HMS NTOTOKA (POTOHOB IpU BO30Y:KAEHUHU KJIacTepa Iia3mbl (13-
MEHEHHE JIEKTPUUYECKOTO 10J151 B aTOMaXx I171a3Mbl — OJHO(POTOH-
HBIIl MEXaHU3M M3JTyYEeHHUsI Ha OJJH aTOM) C U3JIyYeHHUEM NIOTOKA
(bOTOHOB (BCHBIIIKK) B TIIYyOOKOM BakyyMme O€3 aTOMOB U Tula3-
MBI BOJIU3H 2/1EKTPO/A, Ha KOTOPOM ITPOMCXOAUT MUKOCEKYHJHOE
MMITYJIbCHOE BBICOKOBOJIbTHOE M3MEHEHUE MoTeHIMata. B stom
clyJae MMeeTcsl 00lacTh 3apOKACHHS MMOTOKA MarHUTHBIX MO-
HOMNOJIEN Pa3HOW 4YacTOThI, KOTOPOE MOXHO JIETEKTUPOBATh MO
BCTIBILIKE MOIIIHOTO MTOTOKA (DOTOHOB B ONITUYECKOM JIMala3oHe.
Ortciona BBIBOJI, YTO BO BCEX CIIy4asix, KOrJa B KakoOl-To oOJa-
CTU IPOCTPAHCTBA HAYMHAET MIHOBEHHO (CKOPOCTh M3MeHe-



HMHSI) UBMEHSITbCS JIEKTPUYECKOE I10JIe, BCErja POXKJAI0TCs CHH-
(pazHbIe MArHUTHBIE MOHOTIOJNY 32 CUET SHEPTUU €T0 U3MEHEHU S,
KOTOpbIE CIIOCOOHBI IIEPEHOCUTh COOTBETCTBYIOIIVIA JIEKTpUYe-
CKUM M MarHUTHBIN 3apsbl U3 OJHOM €r0 TOUYKH B IPYIYIO.

Ecnmu okpyxaroriee o0acTh BCIIBIIIKY TPOCTPAHCTBO COEP-
JKUT aTOMBI, & SHEPrusi 3apsijia MArHUTHOTO U COOTBETCTBYIOLIETO
EKTPUUECKOTO MOHOTIOJNIEN COM3MeEprMAa WK OOJIbIIe SHEPTun
3apsia aTOMHOIO fiApa, TO MPOUCXOOUT WM PE30HAHCHOE IO-
DJIOIIEHUe 3TOro (POTOHA C TIEPEBOIOM aTOMa B OJJHO U3 BO30YXK-
JEHHBIX COCTOSIHUM, WJIM MOHU3ALIMSI CBSI3AHHOTO B aTOME JIEK-
TPOHA, UJIM IIPOUCXOUT poxkieHue rnap '°! ajjeMeHTapHbIX YacTHUI]
— 2JIEKTPOHOB U MO3UTPOHOB, MIOOHOB. [Ipu B3aumozencTBun
aToMOB ¢ «Tsik€nbiMu» CBY (poToHaMU BO3MOKHO MX YaCTHY-
HOE TIOTJIONIeHNe ¢ BO30YK/IEHNeM MEeXaHUYeCKUX KojeOaTesb-
HO-BpaIllaTeIbHbIX YPOBHEN, MOHU3AIMS YACTULl BHEIITHUX 000-
JIOYEK aTOMOB M aTOMHBIX SIIEpP C BbIIEJIEHUEM SIEPHOUN SHEP-
run. Yactorsl Takux poTOHOB HaxonsTcs B u3BectHoM UK -ma-
na3oHe. A BOT SHEPrust TaKUX «TSOKETBIX» (POTOHOB OMpesieNs-
eTcsl y&Ke BEIMYMHON MarHUTHBIX 3aps/I0B, a He TPOU3BEICHUEM
4acTOThl Ha NOCTOsIHHYIO [11aHKa.

JIJTMHOBOJTHOBBIN TMTAHTCKUI COJTHEUHBI MAaKPOBUXPOH CIie-
muudecku'*? B3aumoecTByeT ¢ ria3moit CoJTHIIa — B MOMEHT

101
0 Poxnenuve rnap 2JIEMEHTApHBbIX YaCTUIl TaKHMX KaK 2JIEKTPOH-TIO3UTPOH U Mapbl

MPOTUBOIONOKHBIX MIOOHOB — 3TO XapaKTepHbIe ()OTOATOMHBIE PEAKIIUH.

102 310 sameueno B BBIOPOCAX COJIHEYHOW IUIa3Mbl — 3JIEKTPOMOHOIIONb MaKpo-
BUXPOHA 3aXBaTbIBacT KJacTep IUIa3Mbl (boTOChEpDL, a Yepe3 HEKOTOPOE BPEMS «BbI-
TUIEBBIBAET» €0 M3 CBOEro (ha30BOro oObEMa, Co3/1aBast IPH STOM XapaKTepHYIo Kap-



€ro BbIXOJa Yepe3 MOBEPXHOCTb (hOTOC(hEPhI €ro JEKTPOMOHO-
TOJIb 3aXBaThIBaeT Kjacrep (porocdepsl, KOTOPHI Y€pPE3 MIHO-
BeHUe OyAeT BBIOPOIIEH MCYE3aloNIMM 3IeKTPOMOHOIONIEM U3
ero ¢azoBoro oobEMa, u oopasyeT B doTtochepe mapy Opelib
— «4€pHoe TMATHO» U Oesloe MATHO HaJ HUM. Takue 3apsijibl 3a-
MeveHsl ((poto 2.2-2.3) Ha noBepxHOCTH CoTHIA — HA30BEM MX
«CBEPXTSKEIBIMUA» (DOTOHAMM.

LENR. NMeHHO Takoi METO[l MO3BOJISIET MPU OTHOCUTE b~
HO HeOonbIon vactote ¢doroHoB (BY, CBY, KBY u UK gua-
Ma30H), HO OYEHb BBICOKOM IUIOTHOCTH 3€PEH-NOTEHIMAIIOB Ha
BOJTHOBOJAaX, MHUIIMUPOBaTh 3dektsi CBY ObITOBON MUKpO-
BOJIHOBOM M€Y — BUXPEBBIE TOKH, a TAKKE yKE IIMPOKOU3BECT-
HBle HU3KO9HepreTuaeckue'® snepHsie peakimu (LENR) ¢ mpo-
V3BOJCTBOM JIOMOJHUTEIBHON SHEPIUH (TETJIOBOM WJTY JIEKTPHU-
YeCKOi1) 3a CYET IMOJHOW JIOKAIbHON OOIMPKHU OT 3JIEKTPOHOB
(MoHM3aMK) U (POTOMOHM3ALIMY YACTHIL], BXOAAIIMX B COCTaB
BHEIITHUX SIZIEPHBIX 00O0JIOUEK TSKENBIX 7eMeHTOB. [Ipu 3ToM,
HEOOXOMMO OTMETHTh aHAJIOTHIO TIOBE/ICHUSI B3aUMOJICHCTBUS
JIETKUX (DOTOHOB C BHEIIHUMU JIEKTPOHAMH B aTOME C «Ts-
KEMBIMU» (DOTOHAMU, KOTOPbIE TAKUM ke 00pa3oM MOHU3UPYIOT
YACTHIIBI C BHEITHUX O0O0JIOUEK aTOMHBIX SIJIED.

THUHY — ITapbl TEMHBIX U CBET/IbIX ISITEH.

103 DHeprusi MaTepuu, 3aKTI0YEHHAs B KBaHT€ MAarHUTHOTO «TSDKENOTO» 3apsija,
MPEBOCXOAUT SHEPrUI0 MOHU3ALMM YACTHI[ C BHEITHUX OOOJOYEK aTOMHOTO sapa,
MOSTOMY HA3bIBaTh TAaKWE SAEPHBIE PEAKIIMM HU3KOIHEPreTHUECKHMMU MOXKHO JIUIIb
YCJIOBHO B CUJTy UCTOPHH MX OTKPBITHS.



PaccmotpenHasi cTpykrypa!™ n€rkux m «TsKENbix» (hoTo-
HOB fIBJIICTCSl KJIIOYOM OTKPBITUSI TalHBI MAacCChl, 3apsa, CIIH-
Ha, TPaBUTALIMU, UHEPTHOCTH, IEKTPOTOKA, TBEPAOCTHU, BA3KO-
CTU U Jpyrux (PU3NYECKUX CBOMCTB PA3IMUHBIX CPEJl, MEXaHU3-
Ma 3JIEKTPOCOIIPOTUBJIEHU U APYTUX (PYyHAAMEHTAIBHBIX SIBJIE-
HUU IIPUPOABI B MUKPO— U MAKPOMHUPE aTOMHO-MOJIEKY/IIPHBIX
BeulecTs, B ToM uncie 1 LENR peakiyii B aTOMHO-MOJIEKYJISIP-
HBIX arperaTHbIX COCTOSIHUM MaTE€pUU.

104 10 COBOKYITHOCTb CTaTUKU U TUHAMUKU.



2.2 MuKpOBHXPOHDI

[IpocTpancTBa Bakyyma KocMoca BeeneHHoM 3aoIHeHbI CBe-
TOM U JIpYTUM BechbMa HIMPOKUM MHOroodpa3ueM MOTOKOB Ya-
CTHULI, MUKPOYACTHI] ¥ IEKTPOMArHUTHBIX BOJIH. OJIHAKO 3BYKO-
BBIM BOJIHAM HET MECTa B KOCMOCE — UM JUISl CYyHIECTBOBaHMA
HY’KHa BEUIECTBEHHAs aTOMHO-MOJIeKyJisApHasa cpeja. [losromy
OHU ’KMBYT U CYIIECTBYIOT JIUIIb HA 3BE3/aX U IUIaHeTax. B aTom
paszesie U pacCMOTPEHBI IEKTPOMATHUTHBIE, TEIJIOBbIE U 3BY-
KOBBIE MUKPOBUXPOHBI, NOPOKAAIOIINE TAKUE BOJIHBI U MUKPO-
YaCTULBL.

2.2.1 DneKTpOMarHuTHble MUKPOBHUXPOHbBI

N3 otkpeiToit uteparypsl co BpeMéH . K. Makcsenna u3-
BECTHO, UTO «MAZHUMHDBIIL MOHONOAL MONMCHO NPEOCMAUmMb, KaK
OMOENbHO 835IMblIl NOAOC OMUHHOZ0 U MOHKO20 NOCMOSIHHO20
maznuuma. OOHAKO Y 00bIuHO20 MAzHUMA 6ce20a 08d NOMOCA,
mo ecmwv o1 si8asiemcsi ounonem ', Ecau paspezams mazHum Ha
06e uacmu, mo Yy Kadxtcooll e2o 4acmu no-npexcHemy oyoem 06a
nontoca. Bce uzeecmuuie anemenmapHvle uacmuysl, 00naoaro-
uiue INeKMpPOMAZHUMHBIM NONEM, ABASIOMCS MAZHUMHBIMU OU-
noasmu. Cehopmyauposannvie /[. K. Maxceearom ypasHenus

105 B nanmHoii KHMTE MIPUHSATO IS YIOOCTBA BOCHPHSATHSI Ha3bIBATh dJIEKTpHYe-
CKHH JIUII0JIb, & MATHUTHDIA — OUIIONEM.



KAACCUMECKOL 3NeKMPOOUHAMUKU CEA3IBAIOM INEKIMPUUECKOE
U MAZHUMHOE NOAe C OBUNCEHUEM 3APSNCEHHBIX UaACUY. Imu
YPABHEHUSL NOYMU CUMMEMPUUHBLL OMHOCUMENbHO d1eKmpuye-
cmea u maznemusma. Ouu mozym 0bimv COeNaHvl NOAHOCHIBIO
CUMMEMPUUHBIMU, €CAU 8 OONONHEHUE K INEKMPUUECKOMY 3aPsi-
Oy U MOKY 88eCMU HEKULE MAZHUMHBILL 3aPS0 U MAZHUMHbL MOK.
06 smom Makceean ykasviean ewmé 6 1873 2. Takum oopazom
MOIICHO co30amb cucmemy ypasrenuii Maxceeana c yuemom cy-
UeCme08aHUsL MAZHUMHBIX 3aPs008.

Cywecmayrouue Kraccuueckue YypasHeHUs: Ompaxcarom mom
dbaxm, umo oObIUHO MazHUMHbLE 3apsiObl He Haoaroaromcs. Ec-
AU MAZHUMHbLE 3aPsiObl CYUECMBYOm, Mo CYUECMB08aHUe Maz-
HUMHBIX MOKO8 NPUBEOEN K NONPABKAM YPAGHEHULL YPAGHEHULI
Marxceenna, Komopvie MONXCHO HAONOOAMb HA MAKPOCKONUUe-
CKUX MACUUMaoax.

Ilocae Maxcseana (1873 2.), cnauana I1. Kwopu (1894 2.),
A. Ilyanxape (1896 2.), a 3amem u Il. Jupax (1931 2) cozoa-
AU KBAHMOBYIO MEOPU0 83AUMOOELICIBUS. INEKMPUUECKO20 3d-
pAoa ¢ MAZHUMHBIM 3aPSOOM, KOMOPAsk NPUMEHUMA NPU YCAO-
BULL BHAMEHUMO20 OUPAKOBCK020 Keéanmosanus. M3 nezo caredy-
ent, Umo MAazHUMHbLL 3aps0 4acmuubl OOANHCEH OblMb KPAMeH
INEMEHMAPHOMY MAZHUMHOMY 3apsiOy.

B 1974 2. Iloasikos u m*Xoogpm meopemuuecku onpeoeaunu
3HAUEHUe UCKOMOU MACCbl MAZHUMHO20 MOHONOAS. BEAUUUHOT 6

M 10" Ise.
B nacmosimee epemsi mazHummwlii MOHONOAL CMAA 00513a-



MEeNbHBIM NPUNOHCEHUEM BCEX 00BEOUHUMENbHBIX meopull. Abe-
/168 MOHONONb He UMeem Cmpo2ux 0zpanuvenuli Ha maccy. Bue-
cme ¢ mem, Heabeneg MOHONONb MONCEN UMEMb MACCYy OOCMYN-
nyro LHC.

* 2000-2004 22. — sxcnepumenmol, NOCMABAEHHbIE 2PYNNOU
uz Oklahoma University, TEVATRON, p p-cmoakHO8eHUs.

(AD) Inl=1,M> 285I3B; |nl=2, M> 355I5B

(Be) Inl=3,M> 325I5B; |nl=6, M> 420I5B

* 2005 2. — npsimvle NOUCKU MAZHUMHBIX MOHONOAEU (2pynna
CDF Run?2), mexarnuzm /peana-Ana.

M>360 I3B, s=1/2

* 2005 2. — npamvele noucku Ha yckopumene HERA, e + p —
cmonKkHosgerus, Mmacca monomnonss M > 140 ['3B.

* 2005 2. — epynna 6 cocmaee 0. Kypoukun, . Cauynkesuu,
1. Hlénkoswui, C. Anyw onpedeaunu npedenvt Maccol COBPEMeH-
HO20 CIamyca MazHUmHbIX MOHONOAELL U NEPCNEKMUBLL UX NOUC-
ka Ha ycmarnoske ATLAS, nymém obpazosanus napvl MOHONONb
— GHMUMOHONONL 08YMSL (DOMOHAMU.

Cywecmeosearue MazHUmHO20 MOHONOAS. C ONPEOENEHHBIM 3a-
PAOOM 00BACHUNO Obl HAONIOOAEMYIO 8 NPUPOOe KPamHOCHb
INEKMPUUECKUX 3apsi008 uacmuy, 3apsady nekmpona. OOHako
npu 3MOM, NPUNOCH Obl 00BACHAMb, NOUEMY 8 CE0I0 0Uepedd
MazHUmMHvle MOHONOAU UMEIOM KBAHMOBAHHbIE MAZHUMHbLE 3d-
PsiobL.

3akonbl Kaaccuueckori 31eKmpooUHaAMUKU OONYCKAarom cyuie-
CMBOBAHUE UACTIUY, C OOHUM MAZHUMHbBIM NOAIOCOM U Oaiom



0151 HUX OnpedenénHbvle YpasHeHUsi NOASL U YPABHEHUST OBUNCEHUSL.
Imu 3aK0HBL He cooepaicam HUKAKUX 3anpemos, 8 CUAY KOmopbix
MAZHUMHbIE MOHONOAU He MO2AU Obl CYUECMBE08aNb.

B obwem cayuae, no muenuro I1. /upaxa, mazHumuwlii mo-
HONOAb, KAK PE3YNbmam «OUHAMUUECKO20 83AUMOOELICIEUs» He
00124CEH UMEMb MPAOUUUOHHOU MACCHL NOKOSL.

«Ecau maznummble MOHONOAU 2EHEPUPYIOMCSL BbICOKOIHEP2UU-
HBIMU KOCMUYECKUMU AYUAMU, HENPEPLIBHO NAOAIOUUMU HA 3eM-
10, MO OHU OONHCHBL BCMPEUAMbCsl NOBCIO0Y HA 3eMHOL NOGepX-
Hocmu. Mx uckaau, Ho ne nawau. Ocmaémces OmKpolmvim 60-
npoc, C6A3AHO AU MO C MEM, UIMO MAZHUIMHbIE MOHONOAU OYEHb
PEOKO POACOAIOMCSL, UM JHCE OHU BOBCE HE CYUECTBYIONLY.

Hanbonee cepbE3HBIX pe3yJabTaTOB B TeOpUU (PEPMUOHHBIX
MarHMTHBIX MOHOIIOJIEU, pa3BUBasi UJIEW BHIILIEYKA3aHHBIX aBTO-
poB, noctur K. Jlomak (®panuus, padorel B nepuon 1987-
2005).

Kak moka3zaHo B KpaTko MpUBEIEHHOM 0030pe, HEYJIOBUMBII
MAarHMTHBIM MOHOMOJIb UINYT B COCTOSHUHM CTATHYECKOIO Cy-
HIECTBOBAHUS, B KAKOM CYIIIECTBYIOT JIEKTPOH U MO3UTPOH.

Takoit MoHOMOMB MY T yke 6omnee 80 yiet, ¢ Tex nop Kak [onb
Jlupak onpesaeant ero OCHOBHbIE CBOMCTBA!

— TOYEYHBI UCTOYHUK PAaJUaIbHOTO MArHUTHOTO MOJS

— B HWKHEM IpeJiesie MOXKET JIOCTUraTh IJIAHKOBCKUX ITpejie-

JIOB JJIMHBI, T. €. 1028 em
— B TEOPUM B3aUMOJICUCTBUM NEKTPAUECKOTO U MArHUTHOTO
3aps1/I0B Macca MOKOsi MArHUTHOTO 3apsiia He MpeiCKa3blBalach



— MarHUTHHIA MOHOMOJIb SAABJSIETCSI CTAa0MILHOI YacTH-
el 1 He MO’KeT HCYe3HYTh 10 TeX IOp, IOKa He BCTpe-
THTCS C APYTUM MOHOII0JIeM, MMEIOIIVM PABHBIH 10 BeJIH-
YiHe ¥ MPOTHUBONMOJOKHBIN 0 3HAKY MArHUTHBIN 3apsij

— moOON MarHUTHBIN 3apsiji KBaHTOBaH %

— MUHUMAJIbHBI MarHUTHBIN 3apsia B 137/2 pa3 Godblie 3a-
psizia JeKTpoHa

— MarHuTHbIA TOTOK!'?7 OT TaKMX 3apsI0B TaKKe KBAHTOBAH.

Ntak, MarHuTHBIX 3aps/10B ¢ ykazaHHbIMHU [ 1. [lupakom cBOM-
CTBaMH HET B MPUPOJE, a €CTh MATHUTHASI MHAYKIMS U CIINH
MUK POYACTHII, TOPOKAaeMblii lepeMeHHbIM MArHUTHBIM MO-
HOIIOJIEM.

[Ipn opmupoBaHUM CcaMOABUKYIIIErocsi (Pa3oBOro IMpo-
cTpaHCTBa (DOTOHA, COCTOSIILIETO M3 BOJHOBOJA JIEKTPOINOTEH-
LIMAJIOB-3EPEH, YJIOKEHHBIX Ha MTOBEPXHOCTH JIBYX CONPHUKACAIO-
muxcsl cep npuyacTHa Hekasi MyJIbCUPYIoas MarHUTHBIM U
MPOTHUBOJCUCTBYIOIIUM JIEKTPUUECKUM TOJIEBBIM TOKOM CaMo-
JBHKYIIAsICSA BUXPEBas NepEMEHHasi 4yacTulia C JIMAUPYIOIIH-
MU MarHUTHBIMH CBOWCTBAMH.

B omnyre oT cTanMoOHAPHOr0 MarHMTHOTO MOHomous u-

16 yenosue kBanToBanms I1. Jupaka He OrpaHMYMBACT BEPXHUI MpejIelT 3HAUCHUH
MarHuTHbBIX 3apsaoB. Ha CorHile, kak OyJeT oKa3aHo Jajibliie, TPAKTHUeCKU 3a(rK-
CHPOBAHbI TApbl MATHUTHBIX MaK POMOHOTIOJIEH, COeIMHEHHBIX YaCThIO CIIAPAIH JJTeK-
TPONOTEHIIUAJIOB — TUTAHTCKUWA MarHUTHBIA OUIOJb. DTU JJBA IPOTUBOIIONIOKHBIX MO-
HOTIOJSI He AHHUTWITHPYIOT, & BBIITYCKAIOT CBOU 3apsil B BUXPEBOU TOK (DIIOKKYIL.

107 Bonpoc. MarHuTHbIH NOTOK U3 4€ro OT Takux 3apsaaoB? OTBET — U3 3EpeH-1o-
TEHLIMAJIOB.



paka, OOHapyKEHHbII B 30HE UHAYKIIUN BUXPEBOM MEPEMEHHBIN
0 3HAKy W BEJIMYMHE MATHUTHBIM MOHOIIOJb W CBSI3aHHBIN C
HUM 11pu popMrpoBaHuU ha30BoOro o0béMa (oToHa CBOOOIHBIN
BUXPOH — 0030HHBIA MAarHUTHBINA OUII0JIb, HECKOJIBLKO OT/IH-
YaeTcsi OT CBOEr0 3HAMEHUTOr0 AaHAJIOra CBOMMHU YKE 3aperu-
CTPUPOBAHHBIMH JIECSATHIO CBOMCTBaMU. BUXpOH 00pa3oBaH cJie-
AYOIIUM 00pa3oM:

— B aTOME C MOTEHIIUAJbHBIM JIEKTPUYECKUM 1oJieM '8 ayek-
TPOH MIEPEXOIUT ¢ OOOJIOUKH, Ha KOTOPOW OH HAXOAUTCSI B CO-
CTOSTHUY BO30YX/ICHUSI, HA OCHOBHYIO OOOJIOUKY

— BO BpeMsl 3TOrO JABHKEHHSsI JIEKTPOHA €ro mojie HauYMHa-
€T U3MEHSTh MOTEHIIMAIBHOE JEKTpUYecKoe Tone siapa, B pe-
3yJIbTaTe JIOKAJIbHOE T0JIe 30HbI MHAYKIIMH, COCTOSIIee U3 MHO-
KECTBa 3ePEeH-EKTPONIOTEHIINAIOB, BOJIM3U JIEKTPOHA HAUYU-
HAaeT U3MEHSATHCS, T. €. KAXKJ0€ 3EPHO U3MEHSETCS TI0-CBOEMY /10
OIpeJeNIEHHOrO 3HAYEHUS] JIEKTPUUECKOTO MOTEHIMaNa, a BOT
CKOPOCTb U3MEHEHU I y BCeX OMIMHAKOBA — CKOPOCTDb PacipocTpa-
HEHMSI CTaTUYECKOTO EKTPUYECKOro IMOJisi OT CTAI[MIOHAPHOTO
UCTOYHUKA

— Takoe U3MEHEeHHe MOTeHIIMaIa-3epHa POKAaeT MarHUTHbIN
MOHOIIOJIb, KOTOPIA CBOMM POCTOM IPOTHBOAEUCTBYET % 310-
My M3MEHEHHIO, YeM OOJIbIlle CKOPOCTh Mepexojia, TEM MEHBIIe
cpennuil 3(phEeKTUBHBIN Palyc MArHUTHOTO MOHOIIONS U OO0JTb-
111€ TUIOTHOCTh MarHUTHBIX 3€peH (ur. 2.1)

108 o ..
SJICKTpOCTaTI/I‘{CCKI/H/I JUWIIOJIb AApa U JICKTPOHA B036y}K,H€HHOFO aToma.

109 banaHc cuin KBaHTOBaHUS.



— 3aTeM IpOIecC IBMKEHHS IEKTPOHA Ha OCHOBHYIO 000-
JIOUKY TPEKpaIaercsi — aToM MePeXoquT U3 BO30OYKIEHHOTO B
OCHOBHOE€ COCTOSIHME W 3TUM OIpPEAESIsieT MPOMEXKXYTOK BpeMe-
HM KBAaHTOBAaHWSI MUK POMOHOMOJIEN

— cuH(}pA3HO MHOKECTBO 3€PEH YKa3aHHOTO 00bEMa JIOKAJIb-
HOro moJist!'!%, oOpa3oBaBIIMX TaKWe MHUKPOMOHOIONHU, (hOpMU-
PYIOT CyMMAapHBIU JIOKQJTbHBI BUXPEBOM MAarHUTHBIN MOTOK MO-
TEHIMAJIOB; €CJIM CyMMAapHbIi'!'! MarHUTHBI MOTOK MOTEHIIU-
QJIOB JIOCTUIaeT MHUHUMAIBHOTO TIOpPOra, TO 0Opas3yercsi Mu-
HUMAaJIbHBII MArHUTHBIA CAMOJBHKYIIUUCS BUXPEBOM MOHO-
TMOJTb-BUXPOH B 30HE U3TYUYECHUSI

— Obnaronaps 3¢ dexty AapoHoBa-boma BBeeHa ocodast posib
JIEKTPOMATHUTHBIX MMOTEHIUAIOB B (DM3MKE KBAHTOBBIX SBJIE-
HUU

— MUHUMAJIbHBII MarHUTHBIN TIOTOK, OOHAPYKEHHBIN KCIIe-
pumeHTasIbHO Yyepe3 3pdekT A. Aaponosa — II. boma, cocras-

JISIET BEJIMYNHY 2,068x10'15 Bo.

— Kak TOJIbKO 3JIEKTPOH B aTOME 3aHsUI OCHOBHYIO O0OOJIOUKY,
TIOTEHITMAJIBI TIEPEeCTAI M3MEHSATHCSA U MAarHUTHBIA MOHOIIOJB 12
CTaT HCTOYHUKOM JIBHKE€HUSI-U3MEHEeHMsI, CAMOJIBUKYITIMM-

10 364 HHYKIIWY.

Hi SHCCB KOHKYPHPYIOT [Ba Ipouecca: CTaTUu4eCKasd MHAYKIUA OT CO34AI0IIUXCs
MarHUTHBIX MOHOIIOJICH U BUXpEBasA MHAYKIUSA OT UBMEHCHU A SHCKTPOHOHCﬁ BOKpPYyT
9JICKTPOHA-U3J1y4aTesid, CO3Jal0IMNX 9TH MOHOIIOJIN.

12 MarHuTHBIF MOHOIOJIb 9TO HE BHXPOH, a OJHA U3 €r0 BUXPEBBLIX KOMIIOHEHT, a
BOT €10 CBO60,IIHOC JABHKEHUE C BI/IXpeBOﬁ HHHyKHHeﬁ QJICKTPUIECKOI0 MOHOIIOJIA,
N «CKEJIET» U3 IJICKTPONOTECHIUNAIOB — 9TO U €CTb BUXPOH.



Cs1 BAXPOHOM — BBUIETE]I U3 30HBI U3JIyUSHHUs], B CITydae KBAHTO-
BOI1 3aBEPIIEHHOCTHU €T0 CTPYKTYPBI

— JaJiee TOT MarHUTHBIN 3apsijl, pa3psaxKasich B peKUME CamMo-
JIBUKEHUsI, CTPOUT BOJIHOBOJ Tpeka (cur.2.2) aBuxeHus poto-
Ha — MUKPOBUXPOH KBaHTYET 3€pHA-TIOTEHIMAJIBI TeOMeTpruie-
CKU (PUKCUPOBAHHBIE B TPOCTPAHCTBE, IPH STOM 3apsi]i MOHOIIO-
JISl YMEHBIIIAeTCsA OT MAaKCUMAJILHOTO JI0 MMHUMAJILHOTO '3

— OJJHOBPEMEHHO C HaYaJIOM [IBUKEHUSI MArHUTHOT'O MOHOIIO-
Jisl pOKAAeTCsl MPOTUBOACUCTBYIOIIMI €r0 Pa3psijIKe eKTpUye-
CKHMI MOHOIIOJIb

— MOHOINONB''* coBepIaeT KaHOHWYECKOE CIUpPaJIeBUIHOE
JBKEHUE C MEPEMEHHON 4acTOTOM, OOPAaTHO MPOMOPIUOHAITb-
HOU €€ JraMeTpy M MPsIMO MPOMOPIHMOHAIBHO BEJTMYUHE U CKO-
POCTH U3MEHEHM S IEPBUYHOTO MOTEHIIMAA; BpallleHUe LIEHTpa
cepsl TPOUCXOAUT TIO PaAUYCy-BEKTOPY MEPEMEHHOTO IJIeK-
TPOMOHOMOJIS.

Cozpnanue pazoBoro o0beéMa hoToHa UIET CIIeTyIoNUM 00pa-
30M:

— BHavasie!'® (pazoBoro o0bEMa (poToHa YMEHBIIAIOIIUNACS IO
BeJIMYMHE MAKCHMAaJIbHBII O 3apsily MarHUTHBIA MOHOIIOJb,

113 . ..
PeanbHO OH co3maér B Tponecce 3apAAKH CHavyalla 3€pHa-MOTEHIIUAIIBI, COOT-
BETCTBYIOIIIUE CBOEMY BHCIIHEMY NHUAMETPY, a 3aTEM LICHTPY C(l)epbl, MMOTOM Ha4yMHa-
€TCA IPOLECC PA3PAAKHU €0 3apA] YMEHIIACTCA U OITATh OH UMEET 3apsAll, COOTBET-

CTBYIOIIIMI TOTEHIMANaM OOJIbIIe cepsl.

14 HOKaf&aTeﬂbCTBOM BpallleHUd MarHUTHOTO MOHOIIOIA BOKPYT SJIEKTPUYECKOTO

aBisieTcst KOHyc A. ITyankape (1896 r.).

15 Ecnu Hauath OTCUET BPEMEHU B MOMCHT pa3pAJKU MarHUTHOI'O MOHOIIOJIA.



pa3psikasch, UHAYKTUPYET MPOTUBOAEUCTBYIOUIUI €r0 YMEHb-
HICHUIO EKTPUUECKUNA MOHOIIONb U MPOU3BOAUT BOTHOBOI U3
3€pEeH-3JIeKTPOIIOTEHIIMAIOB, BPAIAsICh O CIIUPAJISM YBEINYH-
BaIOLLErocs JUaMeTpa ¢ NepeMEHHON 4acTOTON

— CUHXPOHHO TPOTHBOJEICTBYIOIIMNA €My 3JIeKTPUYECKUI
MOHOIOJIb Ha Y4 meprofa MHIYKTUPYET YBETMUUBAIOLIMIACS IO
BEJIMUMHE BTOPUYHBIA MPOTUBOMOJIOKHBII MAarHUTHBIA MOHO-
TOJIb

— B Toukax 1/8 u 3/8 nmepuona nonBoiHbl (ha3oBOro 0obEMa
(poToHa, 062 MarHUTHBIX MOHOIIOJISI UMEIOT OJJTHAKOBYIO BEJIH-
YUHY, HO MPOTUBOMOJIOKHBIE 3HAKU

—Ha Y4 mepuona ''® nepBUYHBII MOHOIIONB MOJHOCTHIO MCYe3a-
€T, B3aMEH eMy B TOUKe Y2 neprona nosiB/isieTCs1 U HAUMHAET pa3-
PSIKATHCSI BTOPUYHBIN MOHOIIONB TOH K€ BEJIMYUHBI, UTO U TIEP-
BUYHBII, HO MPOTUBOMOJIOKHBIN 10 3HAKY

— Ha cleAyouied MoaBoIHe (POTOHA, IPOMCXOIUT TO KE ca-
MO€, YTO M Ha IMepBOM, TOJIBKO MPOTUBOMOJIOKHBIN MOHOIIOIb
MPOU3BOUT 3E€PHA-TIOTEHIMAIIBI TTPOTUBOIIONIOKHOUN TMOJISIPHO-
cTH

— TOJIHBII NIEPUOJ, BOJIHOBOIO ABMKEHUS] MArHUTHOI'O MOHO-
0JIs1 B O/IHY JIJIMHBI BOJIHBI (DOTOHA, XapaKTEPU3YIOLIUIICS CIH-
HOM YacCTHIIbI B OIHY NocTosiHHy10 [1aHka, onpeienser noiHyio
KBAaHTOBYIO 3aBEPILIEHHOCTh BOTHOBOTO MEPEeXo/ia BUXPEBOW Ma-
TepUU — 3TO BpeMsI B UeThipe pa3a Ooliblliee BpEMEHHU Niepexoa

116 Ha OKPYKHOCTU MUHHUMAJIbBHOTO paguyca BOJIM3M 9TON TOYKHU HaXoOATCA MaKCH-
MaJIbHBIC 110 a6CO.TIIOTHOMy SHAYCHUIO JICKTPONMOTCHIHAJIbI.



MEKTPOHA U3 BO30YKJEHHOTO B OCHOBHOE COCTOSIHUE.

Tak poxpaercsi OMuH MEepUoJ IJIMHBI BOJMHBI KBaHTa (pa3o-
BOro o0béma (potoHa, B KOTOPOM CBOOOIHBIN TIEPBUYHBIN MUK-
POBUXPOH, TMpeBpalliasich Ha IMOJBOJHE B 3€pPKAIbHBIA, OIMSThH
TpaHC(POPMHPYETCsI B U3HAYATBbHBIN. B O6CKOHEUHOM JIBHKEHUN
B IpocTpaHcTBe BeenenHnon poxaaercs Tpek potoHa — ¢ur.2.3.

Otciona MOXXHO ONpeaeSuTh MUHUMAJIBHO BO3MOXHBIA U
HEeToJISIPU30BaHHbII CBOOOHBIH BHXPOH B NMPOCTPAHCTBE,
KaK CaMOJBHKYIIUHCS 3JeMEHTAPHbIA MArHUTHO-3JIEK-
TpUYecKkuii'!'’ BUXpeBoil MUKPOOO'HEM C MyJIbCHPYIOIHMH
H B3aHMOCBSI3aHHBIMH B HEM BHXPEBbIMH MArHUTHBIMH
U JIEKTPUYECKHUMH TOKaMH, B KOTOPOM I004YepPeIHO Me-
HSAIOTCSI MATHUTHbIE MOHOMOJIU ' ¥ HA MPOTUBOMOJIOKHbIE,
OJJUH U3 KOTOPbIX NPOM3BOJNT reOMeTPU30BaHHbIE 3&p-
HA-NOTEeHIHAJbI TOJbKO HA MEPBOH Y4 BOJHOBO/1a, a BTO-
Poil MPOTHBOMOJIOKHBII €My TaK»ke MPOU3BOJIUT MOTEH-
IMAJbl, HO TOJbKO HA BTOPOH Y4 BOJIHOBO1a MOJIBOJIHBI 1
NMPOTHUBONOJIOKHOT0 3HAKA.

Yucnenno B cucreme CH!'° 3HaueHune ameMeHTapHOrO aToM-
HOrO MUKPOBHXPOHA MOXHO OIpeJenTh noctossHHou [lnaH-
Ka, T. €. MPOU3BEJCHNeM MHHUMAJBLHOIO 3JIeKTPHYeCcKO-
ro 3apsijia Ha MArHUTHBIA. DTa BeIUUYMHA sIBiIsieTcss (pyHaa-
MEHTAJLHOM aTOMHOM KOHCTaHTOM, a TIO9TOMY TakOM BHXPOH

7 He 3JIEKTPOMArHUTHBIN, B CHJTy TIPUYMHHO-CIIEICTBEHHOM CBS3H.
18 Takoit BUXPOH MOXHO Ha3BaTh U My/IbCUPYIOIAM OUTIOTEM.

119
Drta cucreMa B OCHOBHOM HCIIOJIb3YETCA IIPU MPOBEACHUHN SKCIIEPUMEHTOB.



— (pyH1aMeHTAJbLHBIN MOJIEBOI KBAHT ABWXEHMUS, MYJIbCUPY-
IOV CBOOOIHBI MarHUTHBIA OWIONB'>’ B CBOOOAHOM TMpO-
CTPAHCTBE. DTO MATHAAIATOE CBOWCTBO BUXPOHA — (pyHJa-
MEHTAJIbHOE CBOMCTBO TOrO KOHKPETHOTO KBaHTA, CO3JAIOIIETO
KOHKPETHbII CIIHH MUKPOYACTHUIIBl U XapakTepusymiero ¢u-
3udyecknil cmbica nocrossuHon Ilnanka, T. e. KBaHTa HaN-
MEHbIIEro aTOMHOIO JeHCTBHSI.

Buxpon Moxer HaxonuThest B (hopMe CBOOOTHO CYIIIECTBY-
IONMX KBAaHTOBAHHBIX MArHUTHBIX BUXPEW, BCErJa MBUKYIIMX-
Cs1 BpaIaTeJIbHO-TIOCTYATETbHBIM 00Pa30M CO CKOPOCTBIO CBe-
Ta C Maccod paBHOW HyJ0. B ciydae TOpMOXeHUsI U TOTHON
OCTAHOBKH, BCS SHEPIUs 3apsi/ia ITOrO BUXPsI IEPEXOIUT B MACCY
€ro MOKOSIIErocsl aHAJIOTa — FPABUTAITMOHHBIA MOHOMIONb. A Tak
KaK OH, B CWJIy CBOEH TUHAMUYHO-BUXPEBOUN CTPYKTYpE B CBO-
OO/THOM TIPOCTPAHCTBE, BCEr/la CBSA3aH C CO3/IaHUEM IMOTEHITNA-
JI0B!2! 37IEKTpUUECKHX BOJIHOBOJIOB, TO KBaHTOBaHme [1. [fupa-
Ka OTHO3HAYHO YKAa3bIBAET HA MPUYACTHOCTh ITUX CBOOOIHBIX
Y B3aUMHO-OPTOTOHAJIBHBIX BUXPEU C MUHUMAJIbHBIM Pa3MepPOM
10 10728 e B cosnanmu MUKPOYACTHII C IIETBIMU U TTOTYESTBIMU
crirHaMu. Takum 00pa3om, MUKPOBUXPOH — 3TO CIMHOOOpa3y-
I0II[ee «CEep/Ie» EMEHTAPHBIX YaCTUI], CO3/IaHHBIX WM.

120 ,HI/II'IOJ'IGM OOBIYHO OIIPEACIAIOT CBA3aHHBIC CTATMOHAPHBIC JIEKTPUUICCKUE 3apAa-

bl

12170 ectn r€OMETPU30BaHHbIX 3epeH (PUKCUPOBAHHBIX MUKPOIIPOCTPAHCTB, OTHO-
CHTEJIBHO CTaOMIIBHOE IOJIOJKEHNE KOTOPBIX B IPABUTAIIMOHHOM ITPOCTPAHCTBE 3aIly-
IIEHO POTEKTOPHBIM MAarHUTHBIM I10JIEM.



CoOcTBeHHO MOJIeBYHO (hOpMY BUXPOHA 3apErUCTPUPOBATH
TeXHUUYECKN HEBO3MOXHO B CBSI3U C OTCYTCTBHEM COOTBETCTBY-
IOIIMX TI0 OBICTPOJICHCTBUIO AeTeKTOpOB 22, [ToaToMy, B HaCcTOs-
11ee BpeMsl, PErMCTPUPYIOT JIMIIb JIEMEHTAPHbIE YaCTUIIbI, UM
NIOCTPOCHHbBIE, U B (pa30BOM 00BEME KOTOPBIX OHU JIBHKYTCSI.

HekoTopble BHENTHWE W BHYTPEHHUE CBOKMCTBA CBOOOIHBIX
BUXPOHOB YK€ PAaCCMOTPEHBI B MPEbIIyIeM pasjesie B Clemy-
IoIIel PUYMHHO-CJIEICTBEHHOM CBS3H:

— TapaMmeTpsl'??, oTpakamolue KOHKPETHble BHYTPEHHHE
CBOKMCTBa BUXPOHOB, POXIAIOT!>* OueHh KOHKPETHYIO 3JIeMeH-
TAPHYIO YaCTHUILY

—3Ta YyacTUIA TPOSIBJISIET TPU B3aUMOJIENCTBUY C TIOJISIMU Ma-
TEPUX OKPYXKAIOIIEH CPEIbl OUEHb XaPAKTEPHBIE TOIBKO €1 MPHU-
cylue (PU3NYECKUe CBOMCTBA, Ha3bIBAEMBIE 3/1€Ch BHEITHUMHU.

— Ha OCHOBaHWM 3TUX CBOWCTB OHA MIEHTU(PUUMPYETCS KakK,
Harpumep, (pOTOH WK JIEKTPOH.

Pox/ieHre ¢BOOOJHOr0 BUXpPOHA MPOUCXOMUT HA TPAHHUIIE

122 M. 1. Comun (2001 r) npeasoKui1 UCIIONb30BaTh B KAUECTBE IETEKTOPa MAarHUT-
HBIX 3apsAJ0B 3aTBEPAEBAOIINI PacIlIaB LIUPKOHUS, KOTOPbI (pUKcUpyeT Bce sAaep-
HbIE U 3JIEKTPOTOKOBbIE IIPEBPALLIEHN S, BBI3BAHHbBIE IIPOX0KIEHUEM MOHOIIOJEH.

123 HpOMe)KyTOK BPEMEHU U CKOPOCTb U3JTYUCHH A, TOJIAPU3allA U MTHTCHCUBHOCTD.

124 3101 MIPOLIECC HA3bIBAETCSl CAMOCTPYKTYPUPOBAHUEM TOM MJIM MHOM MUKpOYa-
CTHUIIBl B 3aBHCHUMOCTH OT OKPYXXAlOIIMX MOJeH, T. €., HalpuMep, B MaHTUU 3eMJIH
HEUTPOH MPH pacrajie NpeBpaiiaeTcsi B IpOTOH WM AHTUIIPOTOH M COOTBETCTBYIOIINE
MIOOHBI, 2 He TIO3UTPOH U IEKTPOH. AHAJIOTUYHO, HENTpaJbHBIE sSpa pacragaloTcs ¢
00pa30BaHUEM IOJIOKUTEBHBIX MJIA OTPHUIATEIILHBIX SIEP.



(1/8 — 1/6 pyuHBI BOJHBI) 30HBI MHAYKILIMU C 30HOU U3Iyue-
HUSI OKOJIO CTAllMOHAPHOTO UCTOYHHMKA, BOKPYT KOTOPOTO MEHSI-
eTcs1'?’ 3IeKTpuIecKoe Tosie.

Pa3mepsl akTUBHOrO 00BEMa MUKPOBUXPOHA B UETHIpE pas3a
MEHbIIIe JIJTMHBI BOJHBI (PA30BOTO MPOCTPAHCTBA ONMTUYECKOTO
(poTOoHA WM PAIMOBOMHBI, WM raMMa-KBaHTa. MUHUMaIbHbIE
pa3Mepbl ero MarHUTHOTO MOHOMOJISI MOTYT JJOCTUTaTh IJIAHKOB-
CKMX 3HAQUYEeHUU JUIMHBI, & MAKCUMaJIbHbIe HEOTPAaHUYEHHbI U MO-
I'YT JOCTUraTh 3HAUYEHUUN SHEepruu, oueHEHHble [lonskoBbIM U
T*X00(TOM 1 Haxe OONbIIe.

KaHoHuueckoe IBMKEHUME MAarHUTHOTO MOHOIIOJNS, CO3/al0-
IIEr0 KOHKPETHBI BOJIHOBOJ, MUKPOYACTHUIIbI, OIpe/essieT ee
CIMH. Y 3aMKHYTBIX YaCTHUI] TUIA JIEKTPOHA STOT CHHH MOIY-
LENbIA. Y HUX KaXIblM MONSPU30BAHHBIA MOHOIIOJb JIBUKET-
CS1 B CBOEM WHJIUBU/IyAIbHOM «JIOMUKE» — TIO3UTPOH WUJIH JIEK-
TpoH. [lonycdepsl 3aMKHYTHIX BOJHOBOJOB STUX YacTUIl OXBa-
YeHbl BUPTYaJbHbIM IPOTEKTOPHBIM MarHUTHHIM mojeM. Kpo-
Me TOrO, 3aMKHYTBIH BHEIIHWN BOJHOBOJ 3JIEKTPOMOTEHIHA-
JIOB UH/IYKTUPYET B IMPOCTPAHCTBE IEKTPUUECKOE T0JIe (BUPTY-
AJIbHBIN 3apsiji U TEOMETPUUYECKYIO TPOCTPAHCTBEHHYIO CTPYKTY-
py), Kak eciu Obl 3TO mojie ObLI0 chOPMHUPOBAHO TTOCTOSTHHBIM
TOYEYHBIM U OECCTPYKTYPHBIM TOYEUHBIM MCTOYHUKOM B TPO-

12
3 Tolte MOXHO MEHSAT TI0 pasHOMy: 1.M3MeHATh COOCTBEHHO TOJe, 2. IBUIaTh
OfIMH U3 3apsA7I0B AUIONS HABCTpeuy Apyromy, 3.00pbIB TOKa ITyTEM B3pbIBa MPOBO-
JI0YeK, OOpBIB TOKA AyTH, 4. IOJaBaTh HA NEKTPOPAPSIHBIA TIPOMEKYTOK HMITYIIbC

HarpsikKeHus1 ¢ (PPOHTOM 10712 CEKYH[IBI, 5. Ha U3JTy4aTeslb-aHTeHHY I0/1aBaTh Iepe-
MeHHOe HanpsikeHue, Hanpumep, CBY nuanazoHa.



CTpaHCTBE. JTO MEeCTHAAaTOe CBOMCTBO 3aMKHYTBIX MOJISp-
HBIX MUK POBUXPOHOB.

Oueprusa B 1022 KsB sBisgeTcs TeM MUHMMAJIBHBIM IOPO-
rom!'26, cBblIIe KOTOPOTO YT (DOTOATOMHBIE PEAKIIUH, B PE3YJlb-
TaTe KOTOPhIX 00Pa3yloTCsi 3aMKHYThI€ OJHOIOJSIPHBIE BUXPO-
HBI JIEKTPOHOB, MO3UTPOHOB WJIM MIOOHOB. [Io 3TOM 3HEpruu,
B 00IIIeM ciTydyae, MOIJI 00Opa30BBIBATHCS TOJIBKO OUITOJISIPHBIE
CBOOO/JHbIE MUKPOBUXPOHBI, T. €. O030HHBIE BUXPOHBI B (ha3o-
BOM 00BEME KOTOPBIX MYJILCUPYIOT Ba MEPEMEHHBIX MPOTHBO-
TIOJIOKHBIX MATHUTHBIX W OJIMH JIEKTPAYECKUI MOHOMNOIb. [Ipn
SHEPrUsIX MHOTO OOJIbIIIE MIEPBOTrO MOpora cTadWJIbHbIE BOJIHO-
BOJIbl MOI00HBIE JEKTPOHY OOJIbIlIE HE CO3/AI0TCS, TO €AMH-
CTBEHHAs PE30HAHCHAs YacTOTa Ha MOBEPXHOCTU 3EeMIIH.

BuxpoHs! (POTOHOB C CYIIECTBEHHO 00JIee BBICOKON SHEPrUei
CIMOCOOHBI CO3/1aBaTh MIPU OIMpPEJESIeHHBIX YCIOBUSIX 3AMKHYTbIE
HecTa0MJIbHBIE Nonyceprdeckue (CUH ¥2) MUKpOITpoCTpaH-
CTBa MIOOHOB, a TaKke 3aMKHYTbIe cepbl-0000uku (crmH ()
AIEPHBIX BOJTHOBOJOB U3 3apSKEHHBIX ME30HOB U JIPYIHX 3JIe-
MEHTAPHBIX YaCTHUL[ C TIOMOIIBIO MOISPU3OBAHHBIX MarHUTHBIX
3aps/IoB SAACPHOM 4YacTOTHl — MEe30HHbI€ MArHUTHBIE 3aps-
Ibl. DTO CeMHaAaTOe CBOMCTBO AAJAEPHBIX 3aMKHYTBIX MUK-
POBHXPOHOB.

NmeroTcs U Ipyrve pe3oHAHCHBIE YacTOThl S/IEPHBIX (POTO-

126 g MPHPOJIE TP ONIPEJIETEHHBIX YCIOBHAX MOTYT 00pa30BBIBaThCA M OOJIee HU3-
KOYaCTOTHBIE CBOOOJHBIE U 3aMKHYTHIE HECTAOWIIBHBIE TTOJIEBBIE KOIUIEKTUBHBIE MaK-
POBUXPOHBI B (hOPME JIMAEPOB JIUHENHBIX U IIAPOBBIX MOJIHUMA.



HOB, MPU KOTOPHIX MOTYT OOBEAUHATCS C MOMOIIBIO Pa3Jnd-
HBIX PE30HAHCHBIX MHUKPOBHUXPOHOB BJIOXKEHHBIE IPYr B ApY-
ra MHOT0OOOJIOUEUHbIe CTPYKTYPhl MUKPOYACTHUI] — STO MHOTO-
YUCJIEHHBIE AAAPA XMMUYECKUX JIEMEHTOB. DTO BOCEMHAAIIA-
TO€ CBOICTBO ME30OHHBIX 3aMKHYTbIX SIIEPHBIX BUXPOHOB. Tak,
HaIrpuMep, HECKOIBKO TaKMX BHXPOHOB, 0OPa3ylomux (hOTOHBI
¢ sHepruen Bolie 1 I'SB co CTpOro onpeneseHHbIM SHEPreTh-
YECKUM CIIEKTPOM IIPU OIpPENEeIEHHbIX YCIOBUAX (aHAJOr IO-
JIsl aTOMHOTO si/ipa — MUILEHb KOJUIaijiepa, OBEPXHOCTh sSApa
3B€3/Ibl MJT MOJIOZION TUIAHETHI) CIIOCOOHBI 0OPa30BHIBATH BJIO-
*KeHHBI€ JIpYT B Jipyra (pa3oBbie 00bEMBI 3aMKHYTHIX BOJTHOBO-
J0B-000J109eK (Kak BHYTPEHHUE CJIOM JIyKoBHIIbI). Takue pe-
30HAHCHO 3aMKHYTbI€ BOJHOBO/IBI, Cofepikaiiye B cebe ABU-
JKYIIMECS K CBOMM IOIIOCaM COOTBETCTBYIOIINE MarHUTHBIE ITPO-
THBOTIOJIOJKHBIE 3aps/Ibl, CIIOCOOHBI CTAOMIIBHO COCYIIECTBOBATh
B (hopMe 00bEMOB-MUKPOIPOCTPAHCTB HEUTPOHOB, ITPOTOHOB
U IpYTUX siep XUMUUYECKUX 1eMeHToB. HaumHas ¢ aToii mopo-
TOBOM SHEPIUHU sIIEpPHbIE MUKPOBUXPOHBI, NIOJIYYUB IIPU OIpe-
JEJIEHHBIX B3aMMOJIEUCTBUAX KOHKPETHBIM TUII IIOJISIPHOCTH, T10-
JISIPU3ALIMU U YacTOTY, CIIOCOOHBI TaKke CBOOOAHO 00pa30oBaTh
cepuyeckue, IMIMOTAYECKUE U MONychepuyeckrue 3aMKHY-
ThI€ MTPOCTPAHCTBA, KaK CBOOOIHBIE OUIIONSIPHBIE BUXPOHBI 00-
pa3yloT aHAJIOTUYHBIE BOJIHOBO/IBI CBOOOAHOrO hotoHa. B s71-
pax 3Be3/1 U Ha UX MOBEPXHOCTH, & TaKk€ B MAHTUU MOJIOABIX
TUIAaHeT B TIOMOOHBIX YCJIOBHUSIX HUAET MPOU3BOJCTBO SIJIEP CXO-
KHUX O CTPYKTYpe HEUTPOHY, HO U Ooree Tsokenbix. [Ipu aToM,



BUXPOHBI UX 00pasylollue, a UMEHHO MX YHUCIIO, MOJIspu3alus,
TOJISIPHOCTD U YacTOTa, B 3aMKHYTOM MHOTOOOOJIOYEYHOM TIPO-
CTpaHCTBE, OIPEIEISIOT TAKME BHEITHE MPOsIB/IsIEeMble CBOMCTBA
ITHX si/Iep Kak Macca, BpeMsl KU3HH, 3apsiji, CIIUH 1 pa3Mep cde-
pbl, 3aHUMaeMoi 3TuMu siapamu. [llnpokuii nuanazoH 4acror,
HaunHas ot 102 Tl IO TUIAHKOBCKHUX (1()43 r'11), OOJIbIIIOe Pa3HO-
obpasue popM U CTereHu MOJAPU3aIiK, BIUIOTh JIO JACJICHUS U
CJIOKEHU S SHEPTUU U CIIMHA, JIeJIEHUE Pa3HbIX U CJIUSHUE OJJUHA-
KOBBIX MOHOMOJIEN, KOHIEHTPUYECKUIA 3aXBaT U ClUsiHUE ce-
PUYECKUX IIEHTPOB PE30HAHCHBIX BUXPOHOB, BHICOKAS TJIACTHY-
HOCTh BO B3aUMOJICHCTBHSIX — BCE 3TO HAJIENISIET MUKPOBUX POHBI
TAKUMHU K€ CBOMCTBAMU IIPU CTPOUTENBCTBE IIMPOKOTO pa3HO-
o0pasusi MUKpoJacTull MUpo3aaHusi, KaKUMH 00J1a1aloT MoJie-
kysb1 JIHK npu BeIpanyBaHuy ’KUBBIX KJIeTOK (hJIOPHI U (hayHHBI.

VIMeHHO XapakTep CMHXPOHHW3AIlMH JBWKEHHUsS '’ ¥ B3auMO-
JEVCTBUSI MUKPOBUXPOHOB BHYTPEHHUX C BUXPOHAMHU BHEIIIHUX
000JI0YEeK TEMEHTAPHBIX YACTHII, & BHEITHUX — C OKPYXKAIOIIH-
MU TIOJISIMU, ONpeiesisieT UX BpeMsl KU3HHU, MEXaHU3M U TIPUPO-
Iy omHOro U3 (PyHIAMEHTaJIbHBIX B3aUMOJCUCTBUM — CJIA0BIX
B3aUMO/JeNICTBHI, T. €. [10CJIeJOBATE/IbHASI CUHX POHHOCTb [IBU-
’KEHUsI MarHUTHBIX 3apsI/IOB, PACIOJIOKEHHBIX B LIEHTPE Spa,
C IBJKEHHWEM MarHUTHBIX 3apsijIOB BHEIIHUX 000JI0UEK, PUBO-
JUT K CTaOMJIBHOCTH €ro MacChl, aCCHHXPOHHOCTh — K pacra-
ny. B ciyyae oTcyTcTBUS 3anMpaOIUX U HOISIPUBYIONIUX (IJIEK-

127 XapakTep JBHKEHUSI BUXPOHOB B 3aMKHYTHIX BOJTHOBOJAX B KOPHE OTJIMYAETCs
OT JIBMKEHUSI B CBOOOJJHOM IPOCTPAHCTBE.



TPUYECKUX) UM CTAOMIIM3UPYIOIIMX (HAPUMEp, MMOBEPXHOCTD
HEUTPOHHOW 3BE3/bl) MOJIEM PAaHO WM MO3JHO BUXPOH IOKH-
JIaeT CO3/IaHHBIA UM BOJIHOBOJI, CTPOWT HOBBIM, COOTBETCTBY-
IOLIMI HOBBIM YCJIOBUSIM. DTUM B HEM JIOCTUIAETCSl SHEPIeTH-
YecKuil OajlaHC M HOBasi CTaOWJIbHAsI KHU3Hb. TakuM 00pa3oM,
MEXaHU3M CJIa0bIX B3aHMO/1eHCTBHIl ONpeaesieTcs mapamer-
paMu, CBOICTBaMHU M CHHXPOHHOCTBIO B3aMMOJIEICTBUIN TBUKY-
HIMXCS B MUKPOYACTUI[aX MHKPOBHXPOHOB. JTO /1eBSITHA-
JIIAaTOe CBOMCTBO SIJEPHBIX BUXPOHOB.

Otcioma BbITEKaeT OOOCHOBAHWE TPOU3BONCTBA SIICPHON
SHEPruM He TOJIBKO 3a CYET JesieHus 28 (IKCIIO3UM) TSKEBIX
aTOMHBIX fIEP, HO U 32 CYET JIETKO PETryJIMPYEMOro BBIHYXK-
JIEHHOTO pacrajia Takux siiep'?, myTém oOnydyeHust pe3oHaHC-
HBIMH <TSDKEJBIMU» BUXPOHAMM C MOCIEAYIOIEN NOHU3ALMEN
MHUKPOYACTHII, COCTABJISAIONIMX BHEITHUE siepHble 000JI0UKH, U
NEPECTPOMKON SIEPHOTO OKPYKeHMsI PEIIETKY TBEPAOIO Tell,
T. €. aKTUBM3AIMS IEMHOM PeakIMM MO KaCKaJIHOW MOOoYepes-
HOW MOHU3AIMM STUX YACTUIl MyTEM KyMYJSTUBHOW UMIUIO3UU
KJIACTEPOB MOTEHIIUAJIOB B 00acTh mojieit ux cssu. [locnenyio-
M CUHTE3 TSKEJBIX U CBEPXTSAKENBIX AEP XUMUYECKUX dJIe-
MEHTOB OKPY2K€HHSI UJIET C IPOU3BOJCTBOM SHEPIUU B JIECATKU

128 JTenenne Tsokémbix saep UAET 3a CUET PAcIlakKOBKU M HOBOH IepeNakoBKY BHYT-

PEHHUX 000J10YeK ¢ 06pa303aHHeM MPUMEPHO ABYX OOUWHAKOBBIX OCKOJIKOB, I'Jl€ AN~
POM «KOHACHCAIIMW» OAHOI'0 U3 OCKOJIKOB SABJIACTCA 3aXBavYeHHBIN HCﬁTpOH.

129 [Mpupona menpo moTpyauaach B CBOMX MOA3EMHBIX JJA0OPaTOpHsIX, CO3AaBast Ts-
KEJble aTOMHBIE SIpa U BKJIAJIBIBAsI B HUX OIPOMHYIO SHEPIUIO [PU CHHTE3€e, TEM Ca-
MBIM aKKYMYJIUPYS €€ B HECMETHBIX KOJIMUYECTBAX — KOMIIPECCHS SHEPTUM.



Pa3 MPEBbIIAOIIEN SHEPTUIO AeeHUs sep.

WTak, 3aMKHYTBIII BUXPOH — 3TO MYJbCUPYIOIIUNA MarHUT-
HBIM ¥ IPABUTAIIMOHHBIM BUXPEBBIM IOJIEM MEPEMEHHBIN 3apsiji,
ofHa U3 (opM MaTepuu, MOKOSIIUNACT MUKPOOObEM BUXPEBBIX
nojied — UCTOYHUK MAaccChl, UHAYKTUPYIOLUIUI C MMOMOIIbIO, UM
CO3/IaHHBIX BOJIHOBOJIOB JIEKTPUYECKUI 3apsi]l, CIIMH, Maccy U
MarHUTHBIE MOMeHT. OH sIBJISI€TCS CIMHOOPA3YIOIIUM «Cep/-
1IEM» Y JIEMEHTAPHBIX YaCTHIl U «MO3TOM» TBOPEHMS TOW WJIH
WHOUN MUK POYACTHIIBI, T. €. NEKTPOHA, MIOOHA WJIM ME30HA M T. JI.
B 10 e BpeMsi CBOOOHBINA aTOMHBIN BUXPOH — ITO 3apsi/I-«K-
BaHT JABMKEHUS», (pru3udecKuil cMbICa nocTosiHHOu [1naHka,
poIuTeNeM KOTOPOTo sIBJIsIeTCs 00IACTh U3MEHEHU S JNIEKTpUde-
CKOT0 TOJIsI B atoMe Wik ero sapa. CBo0OJHbIH BUXPOH, T. €.
BUXPEBOW MArHUTHBIA OUTIONL B OTIIMYKE OT JIEKTPUUYECKOTO
JIUTIOJISI, HE CYIIECTBYET B COCTOSIHUM TIOKOSI U HE UMEET MOCTO-
SIHHBIX MACChI M JIeKTpUuecKoro 3apsjaa. [1pu atom apdexTus-
HBII pa3Mep MarHUTHOTO 3apsiia BUXPOHA MOKET U3MEHSIThCS B
HIMPOKUX TIpeaesiaXx U JOCTUraTh Kak MUHMMAJIbHBIX 3HAYEHUM
Ha MHOTO JIECSITUYHBIX TIOPSIJIKOB MEHBIIIe CaMOil BO30YKIEHHOM
MUKPOYACTHIIBI, €70 U3JTYYaIOIIe, TaK U JIOCTUTaTh MaKCUMaJlb-
HBIX 3HAaYEHM, 3a(pUKCHPOBAHHBIX B XpoMocdepe Ha TOBEPXHO-
cru ConHia.

['maBHOE BHellIHee CBOICTBO, MPOSBISEMOE 3arlOPOrOBHIMHU
3aMKHYTBIMH MHUKPOBUXPOHAMU B TIPUPOIE — ITO CO3JaHME
JOJITOKUBYIIUX «JIOMHUKOB» M3 CBEPXTEKyUUX MHUKPOBOJIHOBO-
JIOB U3 3EPEH JIeKTPO— U T'PaBMIOTEHIIMATIOB, U3 KOTOPBIX MO-



CTPOEH BECb aTOMHO-MOJIEKYJISIPHbIA MUP IUIAHET, 3BE3]l U Ia-
JIAKTHK, a TaKke Bcs iopa u (payHa Ha 3emJie. DJIeKTPOMArHUT-
Hble MUKPOBHXPOHBI — 3TO MPUPOJIHOE SIBJIEHHUE, PaHEE HEeW3-
BECTHOE B HAYYHOM JIMTEPATYpPE, HO UMEHHO 3TH NEPBOYACTU-
1l TyTEM CAMOCTPYKTYPUPOBAHUSI IOCTPOUIIU BECh MATEPUATTb-
HbI MU Haien BeeneHHou B Tex (popMax, KOTOpbIe MOJTHOCTBIO
COOTBETCTBOBAJIM YCJIOBUSIM UX MECTOHAXOXKAEHUS, T. €. OKOJIO
s71ep 3B€3/1 U B MAHTUU 3€MJIM OJJHU YaCTUILIbl, a Ha €€ MOBEepX-
HOCTHU Te, KOTOpbIe yXke onucaHbl Tabnuieir Menzaeneesa.
VICTOYHUK «TSAKENBIX» BUXPOHOB — 3TO OTJHMYHASA OT U3-
MEHSIOIIErocs nosjs atoma odnacts npocrpancrsa: sapo YCT,
AKTHBHbIE AHTEHHbI, MOJIHUU, BO30YXIECHHbIE TUIOIU U JPY-
rve pa3sHOOOpa3Hble TEXHUYECKHEe YCTPOMCTBA, PACCMOTPEHHbIE
B TpeTbeil r1aBe 3Toi KHUTH. CBOOOIHBIE «TSIKENTbIE» BUXPOHBI
B (hopMe TEKTPOMATrHUTHBIX KBAHTOB CIIOCOOHBI TIPOU3BOMTH
BuxpeBble TokH'*Y. Takue ke BUXpOHbI OTBETCTBEHHBI 32 KBAHTO-
BBII JIOKQJIbHBIN TIEPEHOC MEKTPUUECKOTO 3apsijia B TPOBOIHU-
Kax, B ra3ax U B XKUAKOCTAX. Bed paguonokanys, TeJeBUICHNE,
nanpHsIs'?! KocMUYecKasi CBS3b U JII00ast Apyras CBsi3b 00yCIIOB-
JIeHa CaMOJIBHIKYIIIUMHUCST CBOOOJHBIMH BUXPOHAMU U T. J1. Of-

130 ByixpeBbie TOKM HALLIM IHPOKOE [PUMEHEHHE Il PA30rpeBa ML B MUAKPO-
BOJTHOBBIX IeYax, a TAKXKe B IPOMBIIUICHHOCTH JIJIsI pa30rpeBa JI0 BHICOKUX TeMIlepa-
TYp TBEPABIX METAJUIMIECKHUX 0Opa3IIOB.

131 Takas cBs3b CO31aHA HA YACTOTe GIM3KOM K UH(PAKPACHOW M ONTUYECKOM, OHA
Mpo3padHa B BaKyyMe, HO TOIVIOIAETCs MPOBOISAIIEH CPenoi, IpeoOpasys BCIO SHep-
ruo BuxpoHoB B LENR u BuxpeBble Toku — 3apsinoble kiaactepsl K. loynaepca, 3k-
ToHbl I'. A. Mecs1a, 1a3MOTPOHbI, MUKPOBOJIHOBBIE €YU U T. 1.



Hako HeoOxomuMo pazimuyath CBY aTromMHBIX (OTOHOB OT Ta-
KHX e TI0 YaCTOTe «TSIKETBIX» (POTOHOB, KOTOPHIE YKe CIOCO0-
Hbl npuBOaUTh K LENR n3MeHeHnsaM nepBuyHOrO XMuMMU4ECKOTrO
COCTaBa KJIaCTEpPa aTOMHO-MOJIEKYJISIPHOTO BELIECTBA. DTO pas3-
JIMYME 3aKJII0YAETCS B TOM, YTO B ITOCJIEIHEM CJIy4ae UCIOJIb3ye-
Mble (POTOHBI TTOTYYEHBI IIPY OUSHb OOJIBIINX TOKAX U HAITPSIKe-
HUSIX B OYEHb KOPOTKOM MMIYJIbCE, T. €. UMEIOT MAaKCUMAJIbHO
BO3MOXHYIO IIJIOTHOCTb 3EPEH-TIOTEHLIMAJIOB Ha EAUHUILLY IJTMHBI
¥ TIOBEPXHOCTU BOJTHOBOZIOB. [Ipyrumu cioBaMu, OHU 0OIaAaioT
ropaszzio OoJblliel SHEPrrel, YeM MPor3BeIeHNe UX YacTOTHI Ha
nocrosiHHyo I1nanka.

HeonHokpaTHbIE NMONBITKA UCCIENOBAHNAS OYEHD 3araJOYHO-

IO JIMara3oHa 4acTtoT ()POHTOB BICOKOBOJIbHBIX UMITYJILCOB 109

~ 10" I, MOPOXKAAIIMX B NEKTPUUYECKUX pa3paaax IKTOHbI
VI 3apsi0BbIe KJacTepsbl NpuBoauIM aBTopos . A. Mecsaua
u K. Hoyngepca k CO3AaHMIO 1aKe HOBBIX TEXHUYECKUX OTpac-
Jielt — pa3paboTKe MOIIHBIX criermaibHbix CBY-reneparopos.
CrnoxxHOCTh OOHapY:KeHus1 132 BUXPEeBbIX MATHUTHBIX MOHOTIO-
Jie ¥ UJIeHTU(UKALMS WX CBOMCTB MACKUPYETCS CBOWCTBAMU
TEX JIEMEHTAPHBIX YaCTHUII UJIU 3aPsJOBbIX Ia30BbIX KJIACTEPOB,

132 o o
Marnautssliii MoHononb I1. HI/IpaKa, TO €CTb MarHUTHBIU 3apsid, HaXOQUTCS B pO-

3bicke ¢ 1931 r. U 10 cuX TOp SABJISAETCS aKTyaJbHOW TEMOM MccienoBaHuid. Tem He
MeHee, Oonbinoii 3acnyroit JI. U. Ypyukoesa, C. B. Anamenko u M. U. Conuna ectb
BBISIBJICHUE U TIEPBast MOMBITKA JOCTYITHON MACHTA(DUKAIIMN MATHUTHBIX MOHOIIOJICH

CBY npamna3ona — 10°-10"3 I,



(azoBbie 0OBEMBI'?? KOTOPBHIX OHM CTPOSAT WJIM IPeoOpasyloT,
CBEPXTEKy4rMM 00pa30oM JIBUXKYTCSI B HUX IO BOJIHOBOJAM M 00-
HOBJISIIOT UX, MOJ/IEP’KUBAIOT U KUBYT TaM JOCTATOYHO JIOJTO.

Jlpyrasi CIOXHOCTb 3aKJIIOUAETCsl HE TOJIBKO B TOM, YTO
BCE€ 3JIeMEHTapHbIE YacTHUIIbl (KpOMe HEWTPUHO) COAepXkKaT 3TU
BUXPOHBI, & B TOM, UYTO OHH He JTAI0T OOHAPYKUBATh ceOs1 B COO-
CTBEHHOM BHJIE 32 TO BpeMsl, KOTOpPOE COBPEMEHHbIE IETEKTOPHI
CMOCOOHBI PEruCTPUPOBATH CamMble KOPOTKOKUBYIIME SJIE€MEH-
TapHble yacTuipl. [ToaTtomy Te OpMBI «TOMUKOB» WU CIELH-
(pyueckux KJIaCTEPOB, KOTOPbIE OHU CO3AAIOT HA MOBEPXHOCTU
3emtd, U perucTpupyloT yke B (popme TeX UM MHBIX 3apaHee u3-
BECTHBIX MHKPOYACTHI], SKTOHOB WM 3apsAJ0BbIX KJIacTe-
POB.

Tak, Hampumep, MEepexoHONl MOMEHT SIIEPHOTO BUXPOHA B
Ty WIKA UHYI0 MUKpouacTuily B Hacrosiee Bpems B CAII onpe-
JensieTcs: «00pa3oBaHUEM CTPYyH». DTH CTPYH SIBJISIIOTCS TIPO-
JOyKTaMU MPeBPAIleHUs] B aJPOHBI, IKOObI, KBApKa WX TJIIOOHA.
NccnenoBanus cTpyy B CTOJIKHOBEHUSAX (SIPO-SAPO) MOKA3aJIo0,
YTO OHU, B OCHOBHOM, COCTOSIT U3 JI-ME30HOB C SHEPrUel B CU-
cTeMe TOKOs KJlactepa siipo-sapo nopsagka 150 Mas.

Bo Bpems 3kcnepuMmeHTa Ha KoJulaWjepe B DbpykxeriBeHe
2001 ropma perucrpupoBaiics cnenuduieckui 3p@exT, Ha3BaH-
HBII MofaBjieHueM cTpyu. Korma cTajkuBaloTcsl JiBa MOHA B
OOBIYHBIX YCJIOBUSIX, OHU JIAIOT JBE CTPYM YaCTHI], PacCenBaIo-
IIMXCS B IPOTUBOINOJIOKHBIX HarpaBieHusix. Ho B sxkcnepumeHn-
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T€ MO CTOJIKHOBEHMIO siep 30J10Ta B BpykXsiiBeHe AaTunkuy Bpe-
MeHaMU (PUKCUPOBAIIA HAJTMYKE TOJBKO OAHOM CTpyu. Bbiu mo-
CTaBJIEHbl KOHTPOJIbHBIE KCIIEPUMEHTHI (siHBapb — MapT 2003
rosia), B Xo[e KOTOPbIX MOHBI 30JI0Ta CTAIKUBAJIUCH C TOPa3/I0
Oostee JISTKUMU MOHAMU JIeTepus1. XOTs SHEPIHsl HOHOB 30JI0Ta
OCTaBaJIaCh TAKOW ke, KAK U B OCHOBHBIX IKCIIEPUMEHTAX, COBO-
KYIHOUN SHEpruy CTOJIKHOBEHUS OBbUIO YK€ HEeJOCTaTOYHO, YTO-
ObI MOJTYYUTh KBAPK-TJIIOOHHYIO M1a3mMy. HarpoTus, ManeHbKui
JEUTPOH MPOXOIUT Uepe3 «OOJBIIoe» SIPO 30J10Ta «IOA0OHO
myJsie», Kak yepes3 MyCcToTy, He HarpeBasi U He C:kuMasi ero. Sapo
30J10Ta OCTAETCS B CBOEM OOBIYHOM COCTOSIHMH, TO €CTh COCTaB-
JICHHBIM SIKOOBI U3 TIPUBBIYHBIX MPOTOHOB U HEHTPOHOB. 3
9TOTO CJIelyeT, YTO MPOTOH-HEUTPOHHASA MOJIENb sA/ipa «Xpo-
MaeT» yxke Ha 00e HOTH, a Ompejie/ieHre KBapK-TIII0OHHOM T11a3-
MBI (ceiuac TOT TEPMUH 3aMEHEH Ha KBApK-TJIIOOHHYI0 MaTe-
pUI0) U €€ KOHKPETHOE IKCIIEPUMEHTAIbHOE MOATBEPAKIEHUE /10
CHX [TOp He MoJtyueHbl. bosiee Toro, 1 MexaHu3M reHeparyu mac-
Chl, B TOM YHCJIe U y HYKJIOHOB, C TIOMOIIbIO 0030HOB XHUITCa
TaKXe He TIONTBEPKIEH O0Jiee TOCTOBEPHO, YEM TO «ITPeICTaBIIe-
Hue» Ha BAKe B [IEPHe 04.07.12. CnenoBatenbHo, CTaHaapt-
Hasl MOJIEJTb JIEMEHTAPHBIX YACTHI] HE ONPABJIbIBAET CEPhESHBIX
HAJIeXK]T HA MEXaHU3M POK/IEHUS MaCChI.

Hepaspymaomuyx TUIOB AETEKTOPOB HE CYIIECTBYET, MOITO-
My TOCJI€ PErucTpaluyd CTPYKTypa NMEPBOHAYAIBHOU YaCTHIIbI
nporagaet. Tak, HarpuMep, MepBOHAYaIbHBIN (POTOH MOCIIe B3a-
UMOJICVICTBUS C aKTUBHBIM BEIIECTBOM JIETEKTOPA MPEBPAIAeT-



cs1 B (bOTONEKTPOH, MM OCBOOOTUBIIIMICS JIEKTPOH U U3Me-
HEHHBIN (DOTOH, WM BOOOIIE 00pa3yeTcs mapa MeKTPOH-TI03H-
TPOH WJIM Mapa pa3HOMOJSPHBIX MIOOHOB. A CBSI3aHO 3TO C TeM,
4TO OBICTPOJEWCTBUE Mpollecca 0Opa30BaHMsI HOBOUW YaCTHIIbI

BUXPOHOM (10'23 C) Ha MHOTO JIECATUYHBIX MOPSAKOB OOJIbIIE
Mpoliecca PerucTpaly TUX YacTHUIL JIIOOBIMU CBEPXOBICTPOICH-
CTBYIOIIIUMH COBPEMEHHBIMU JETEKTOPAMH.

s u3yuenusi BO3OYXAEHHBIX KJIACTEPOB siiep U CTPyHd B
npocTpaHcTBe Hanbosee 3h(eKTUBHBI TPEKOBBIE JIETEKTOPHI Ya-
CTUII, TIO3BOJISIIOIIME PETUCTPUPOBATh MHOKECTBEHHOE POXKJIe-
HUE YaCTHIl B YCJIOBUSIX 47T-TE€OMETPUU — ITy3bIPbKOBBIE KaMephl

¥ HekoTopele apyrue. OmHako mo ObicTpoaeiicTBuio (1-5 x 1073
C) OHM JIaJIEKO YCTYNAIOT BpeMEHH 0O0pa30BaHMUsI MUKPOYACTHII
BUXPOHAMHU — JBALATh IECATUYHBIX MOPSIKOB.

BHemHee oTpULIaTENIbHOE MEKTPUYECKOE MOJIE 3aMKHYTOrO
MHUKPOBHXPOHA CBOOOIHOTO TEIJIOBOTO JIEKTPOHA HA MOBEpX-
HOCTH 3€MJIM IIpU 3aXBaTe JIEKTPUUECKUM II0JIEM s/Ipa aToMa
CIIOCOOHO B COOTBETCTBUM C 3aKOHOM Jie bpoiiiis nepectpanBath
CBOM BOJIHOBOJ, B YacCTb OJHOW U3 aTOMAPHBIX CPEpPUUECKUX
000JI0YEK C COOTBETCTBYIOIIMM pa3MepoM M npuHiumnom Ilay-
7 — Ha30BEM UX J1e0poiijieBCKHMHU aTOMHBIMU MUKPOBHXPO-
HaMmU. Bosiee BBICOKOYACTOTHBIE 3aMKHYTHIE BUXPOHBI IIPU CO-
OTBETCTBYIOIIMX YCIOBUSIX CHOCOOHBI CO3/1aBaTh Mapbl MUKPO-
YacTUL IPOTUBOIIOJIOKHBIX IO IEKTPUYECKOMY 3PSy BOJIHO-
BOJIOB, 00pa3yIolMX sJepHble 0OOJOUYKH CO CTPYKTYpOH THMA
IIU-HOJIb U K-HOJIb ME30HOB. CTPYKTypa 9TUX 4aCTUL] aHAJIOTUY-



Ha MIOOHAM C TIOJYIEJbIM CIIMHOM. DTO JBAIIATO€ CBOWCTBO
ATOMHBIX, SIICPHBIX 3aMKHYTHIX U OIHOMOJSIPHBIX BUXPOHOB,
NPUHAJIEKAIINX IEKTPOHY, MIOOHAM WU SIIEPHBIM YaCTHIIAM.

CnvH MUK POYACTHUIIBI XapaKTEPU3yeTCst COCTOSTHUEM MarHHT-
HOI'O MOHOIIOJISI B MUKPOYACTHIIE, T. €. €r0 CIOCOOHOCTBIO K IMPO-
1eCCy pa3psiIKU-3apsiIKM WIN TOJBKO 3apsijike, T. €. €ro CIo-
COOHOCTBIO K TTOJTHOMY WJIM HETIOJTHOMY KBaHTOBOMY Ipeodpa-
30BaHMIO MHJIYKTUPOBAHHOTO KBAaHTAa SHEPrMM OT 3HAKa TLTIOC
K 3HaKy MHUHYC Ui COXpaHeHus cpeaHed. EciaM MarHUTHBIN
MOHOTIOJTb MHAYKTUPYET MPOTUBOMOJIOXHbINA Yepe3 MOCPEICTBO
JEKTPUYECKOTO, TO MPOUCXOAUT 3aKOHYEHHOE KBAaHTOBO-BOJI-
HOBOE ITpeodpa3oBaHue JCKTPOMArHUTHOM (pOPMBI MaTepuu, U
CIIMH paBeH eauHuIle — (poToHbI. EciM MarHUTHBIA MOHOIIOJb
UHIYKTHPYET BMECTO IIPOTUBOIOIOKHOTO TOJIbKO IPaBUTAIIMOH-
HbBIA MOHOIIOJTb, KOTOPBIA pa3psikKasich OMATh BO30YKAAET aHa-
JIOTUYHBIA MAarHUTHBI MOHOIIOJIb, T. €. TIPOMCXOAUT HETOJTHOEe
KBaHTOBO-BOJIHOBOE MPe0Opa3OBaHKE JICKTPOMArHUTHOM HEP-
YU, U CIIMH TaKOW YaCTHUIIbl paBeH MOJIOBUHE OCTOSTHHOM [11aH-
Ka — 3TO 3JIEKTPOH, MIOOH WJIM SIIEPHBIE YACTHIIbI, BXOASIIUE B
COCTaB sJIEPHBIX 0O0JIOYEK.

CB0OOIHBIN BUXPOH, KaK (pH3MUECKOe SIBJICHHUE MOKHO, COTIO-
CTaBUB C 3apsAJIOM MaCChl 1 JIEKTPHYECKHM 3aPsTI0M MUKPO-
yactuil' 34, B 00IeM, Ha3BaTh 3apsoM JABUKeHHs. Takum 00-

134 He 3a6hiBas IIPU 9TOM B [IPUUUHHO-CJIEICTBEHHOM CBSA3U, UTO MACCa U JIEKTPU-
YECKUM 3apsl — 9TO CJIEACTBUE [IBUAKEHUs BUXPOHA B 3TOM YaCTULIE, HAIPUMED, K-
TPOH.



pa3oM, CIIMH, MacCa U JIeKTPUYECKHI 3aps] 4acTull — 3TO
3apsi/ibl' 3> COOTBETCTBYIOIIETO COCTOSIHUSI MAaTEPUU U TTPU3HAKU
HaJIM4UsI MUKPOBUXPOHOB B JIEMEHTAPHOM YacTUIIE, T. €. 3apsi-
JoB nBukeHus. [1pu aToM, Macca U 3apsf ABJISIOTCS PU3HAKA-
MU 3aMKHYTBIX BOJIHOBOIOB. [Ipnuyém nepBast MHIyKTUPYETCA
BO BHEIIHEM ITPOCTPAHCTBE CTAIMOHAPHBLIMH 3EPHAMHU I'paB-
MOTEHIMAJIAMU BHYTPEHHETO BOJIHOBOJIA M TTPEJICTABIISET COOOM
(popmy sHepruu B BujE 3apsja Macchl IMOKOSI, a BTOPOU —
CTAlIOHAPHBLIMH 3€pHAMM-3JIEKTPOIIOTEHIMAIAMU BHEIIIHETO
BOJIHOBOJIA.

Hpyroii HEMaJOBa)KHOW XapaKTEPUCTUKOW BUXPOHA SIBJISIET-
Csl BEJIMYMHA IJIOTHOCTU 3allOJIHEHUS1 3€PHAMU-TIOTEHIIMAIAMU
cnvpaseld BOJTHOBOJOB, KOHEYHOTO BPEMEHU U3JTy4YEHHUs U pa3-
Mep 00J1aCTH U3JTyUeHHsI ero IOPOIUBIIIMMU, CBSI3aHHBIE C SHEP-
rver, 4acTOTOM Crvpaiedd, U YaCTOTOW MyJibCalliid MPOTUBOMO-
JIO)KHBIX MarHUTHBIX 3apsAJOB — MarHUTHBIX MOHoIojen. Cko-
POCTb U3MEHEHUsI IEPBUYHOIO MOJIsl BJAMUSET JIUIIb HA YaCTOTY
3Toro BuxpoHa. Cuja ToKa YW BEJIMYMHA HANPSLKEHUS MPU Ta-
KOM M3MEHEHUH TOJISI CTAHOBSATCS PEIAIOIIMMU B CO3/IaHUU Be-
ca «TSKECTU» MArHUTHBIX 3apsI0B — IUIOTHOCTH 3EPEH-TIOTEH-
[MAJIOB HA €JMHUILY IOBEPXHOCTH BOJTHOBOJOB. B ciyyae ¢poto-
HOB, ITPOUCXOIUT Pa30B0e ITPOU3BOJCTBO OMOPHBIX IEKTPOIIO-
TEHIIMAJIOB Ha OTKPBITHIX U OECKOHEUHO JJIMHHBIX BOJTHOBOJAX B
KOCMHMYECKOM IPOCTPAHCTBE.

135 IMpu 5TOM HEOOXOAMMO YIUTHIBATE B IIPUINHHO-CIIEICTBEHHOH CBSI3H IPHOPUTET
BUXPOHOB.



[IponykTamu caMOABUKEHHSI PE30HAHCHBIX BUXPOHOB B 3a-
MKHYTBIX BOJIHOBOZIAX SIBJISIIOTCSI BCE M3BECTHDIE CTAOMIIbHBIC 1
PaIMOAKTUBHBIE MUKPOYACTULIbI, B TOM YUCJIE SJIEKTPOHBI, ITPO-
TOHBI, HEUTPOHBI, BCE aTOMbI M aTOMHBIE P2 XUMUUECKHUX 3JIe-
MEHTOB, UX U30TOIIbl M BCE U3BECTHBIE IEMEHTAPHbIE YACTULIBI.
DTU NPOLYKTHI MOTYYATCS MOCPEICTBOM MPOU3BOICTBA IEK-
TPUYECKHUX U TPABUTAIIMOHHBIX MOTEHIMAIOB-3epeH '*°, reomeT-
PUYECKM pa3MeIaeMbIX Ha 3aMKHYTBIX BOJIHOBOJAX (Pa3OBBIX
00BbEMOB MUKPOYACTHUI] C TIOJIYLEIIBIM CIIUHOM.

B oTkpbITON nuTeparype, U Aaxe B MOCIAEOHMX padoTax
JK. Jlomaka, He UMeeTCs TEOPETUYECKUX YPABHEHUH, ONMChIBA-
IOIIMX POXJEHUE BUXPOHOB U UX OECKOHEUHO JOJTYIO KU3Hb B
KOCMUYECKOM IPOCTPAHCTBE, CAMOJBUKEHUE, B3AUMOJIENCTBUA
1 00pa3oBaHMe BCEX MeMEeHTapHbIX yacTull. C MOMOIIBI0 MakK-
pockonuyeckux ypaBaeHui 37 Makcpena — ®apazes u ypaBHe-
HU [lupaka HEBO3MOXKHO 3TO BBIIIOJIHUTb, TAK KAK OHU OIUCHI-
BAIOT WJIM PACHPOCTPAHEHUE MAKPOCKONUYECKUX IEKTPOMAr-
HUTHBIX BOJIH B CPEJIE, UJIM B HUX 3apaHee 3JI0KEHO OTCYTCTBHE
NIEPEMEHHBIX MarHUTHBIX U JIEKTPUUECKUX MOHonoseu. Her B
HUX U UHIYKIMHA BEKTOPHOTO I'PAaBUTALIMOHHOTO MOHOIOJIS — OC-

1

3% 3epHO-NIOTEHIHAT €CTh «KUPITHU» GECCTPYKTYPHOTO MIKPOIPOCTPAHCTBA C M-
HMMAJIBHO BO3MOKHBIM Pa3MeEpOM, 3apsKEHHOTO ONpeAeNEHHBIM MOTEHIHUAIOM (KO-
JIMYECTBEHHO U KAueCTBEHHO ONpEeSEHHBIM LBETOM) M OTPAaHMYEHHOTO TOHKOMN

TUIEHKOW HEeBEIIECTBEHHOTO IIPOCTPAHCTBA.

137 I[axce, €CJI1 MPOM3BECTU B HUX COOTBETCTBYIOIIUE 3aMEHBI HA MAarHUTHBI MOHO-

I10JIb I[I/Ipal(a " CcaeJiaTh UX IMOJTHOCTbIO CUMMETPUYHBIMU OTHOCUTEJIBHO JJICKTPHUYC-
CTBa U Maro€rTusma.



HOBHOT'O YpaBHEHHM S JJ1s1 OObEIMHEHU I BCEX TeOPUil JIeMeHTap-
HBIX YaCTHULl C TEOPUSIMH TATOTEHHUS.

CB000,1HBIIT BUXPOH 3TO €MHCTBEHHAs1 OECKOHEUHO 38 1o71-
TOKMBYILIAsl M CAMOJBMKYIIIasicsl BUXpeBasi Oe3MaccoBasi moje-
Basl YaCTUIIA, HE UMEIOLAsl TIOCTOSIHHOTO IEKTPUYECKOro 3apsi-
74, a ero NepeMeHHble N0 BeJMYMHE MarHUTHBIA U J1eKTpUYe-
CKUIA 3apsi]l TIPX CBOEM ITOJTHOM MCYE€3HOBEHHHU B (Da30BOM 00b-
€Me MepUOJNYECKN MEHSIOT €IIE U CBOU 3HAK. DTU NIEPBOYACTH-
bl (popmupyoT (ha3oBbIi OObEM U TpPEeK BUKEHUS (POTOHOB
U JIPyTUX 3JEKTPOMArHUTHBIX KBAaHTOB B BEILIECTBEHHOM WIIU
HEBELIECTBEHHOM IIPOCTPAHCTBE. 3aMKHYTbI€ BUXPOHBI CTPO-
SIT BOJIHOBOJIBI (pa30BbIX 0OBEMOB CTAOMIIBHBIX ATOMOB U aTOM-
HBIX SiIep XMMHUYECKUX JIEMEHTOB, JIEKTPOHOB U JPYTUX KO-
POTKO U JIOJTOXUBYIIUX M CBOOOTHBIX JIEMEHTAPHBIX YACTHII —
OJIHMM CJIOBOM, 3TO ME€PBOYACTHIIA BCEr0 MaTepUaIbHOIO MU-
pa Bcenennoit. IIpu MK-uactorax, korma B ¢azoBoM oObEMe
BUXPOHA TOSIBJISIETCS] OOJBIIIOE KOJMYECTBO HEUTpPATIbHBIX aTo-
MOB WJIM MOHOB, X SHEPIrUs COCOOHAa MpeoOpa3oBHIBAThH TO-
CclieTHHe MPH YCJIOBUM JI0CTATOYHOM IJIOTHOCTU MOTEHIIMAJIOB Ha
€/IMHUILY JJIMHBl BOJTHOBOJA.

[MosicHuM HeKOTOpBIe CBOWMCTBA MHKPOBHUXPOHOB Oojiee Ha-
[JISIIHO B AMHAMMKE UX JBUKEHUSI.

Ha ¢wr. 2.6 nmokazansl 4eTbipe'*® (pa3bl MTHOBEHHOTO CyIIie-
CTBOBaHUSI CBOOOJHOTO BUXPOHA (BUXPOH-OUIIONB) — pa3psijg

138
Nwmeercs BBuy BUXPOH (POTOHA, KAK OIUH U3 €r0 IIPUMEPOB.

139
3 Ilo JBEC, B HA4YaJIC 1 KOHLIEC 1y JUIMHBI BOJIHBI Pa3pAAKU U 3apsiaKA.



NEPBUYHOTO MarHUTHOIO MOHOIIOJSI ¥ 3apsi/{ MPOTHBOIOJIOXK-
HOI'O MOHOIIOJISI B COCTaBe MPOM3BEIEHHBIX BUXPEN BOIHOBO-
JIOB MOJIO)KUTESIBHBIX ¥ OTPULIATEIbHBIX JIEKTPONIOTEHIIUAJIOB, a
TaK’Ke BHEIIHUX POTEKTOPHBIX MAHUTHBIX TOJIEH.

®ur. 2.6 CxeMbl BUXPOHA — pa3psiJi €ro NEPBHYHOTO MOHOIIOJS N 3apsif

NpPOTHUBOIOJOKHOTO

Ha 310i1 cxeme He MoKa3aHO TUHAMUYECKU HU3MEHSIOIIeecs
BUXPEBOE M0JI€ IEKTPUUECKOr0 MOHOMOJISI BUXPOHA, BO3HUKA-
foliee Mpy pa3psike MepBUYHOIO MarHUTHOro MoHomnosst. Ero
10JIe MAaKCUMAaJIbHO B MOMEHT Havajia pa3psiKu U U3MEHSeTCs
0 pajnycy, NepneHIuKyIsIpHOM ocHu BuxpoHa. [Tokazansl ce-
PONOIOOHBIE MAarHUTHBIE MOHOIIOJM, MarHUTHBIE BUXPEBBIC 3a-
pslibl, CTPYKTYpPbl KOTOPBIX TMpeAcTaBieHbl Ha puc. 2.1. MeHb-
U cyieBa (3eJIEHDIN ) HAaUMHAET MTPOLIECC Pa3PsIKH C MPOU3BO/I-
CTBOM TOJIOKUTETbHBIX JIEKTPONOTEHIIMAIOB U Yepe3 YEeTBEPTh
JUIMHBI BOJTHBI, YBEJIMYMBASICh B pa3Mepax, MOTHOCTHIO UCUE3aeT
u3 (pazoBoro oovEMa. [IpoTrBOIEHCTBYIOIINI TPOLIECCY pa3psia-
KU JIEKTPUIECKUN MOHOMOJIb UHAYIMPYET B Havyajle YeTBepTU
JUTMHBI BOJTHBI TTPOTHBOMOIOKHBIA MOHOIIONb (OONBININI Cripa-



Ba, 3€JIEHBIN ), KOTOPBIH, 3apsKasCh ykKe Ha y3Ji€ MOJIOBUHBI [IJTH-
HBl BOJIHBI UMEET TOT K€ pa3Mep W 3apsijl, UTO U MEePBUYHBIN.
[Ipu 3apsiake OH Takke MPOU3BOAUT MEKTPOMNOTEHIIUANBI, KaK
Y MIEPBUYHBINA, HO Ipyroro 3Haka. MTtak, BUXpOH-OUIONb TUTIOC
MIPOM3BOAUT TIPU Pa3psIKe TOJOKUTENIbHbIE TTOTEHITUAIIBI U UH-
JQYKTUPYET JIeKTPUIECKUI MOHOIIONb,  €r0 TPOTUBOIOIOKHBIIA
IPOIYKT — BUXPOH-OUIONL MUHYC TPH 3apsiiKe MPOU3BOIMT
orpuniarenbHble. [1o hopme BCTpeuHblid MArHUTHBIA MOHOIIONb
(cxema cnpaBa) MHAYKTUPYETCS] MPOTUBOAEUCTBYIOIIMM 3JI€K-
TPUUYECKUM MOHOIIOJIEM, HAMPABJIEHHBIM HABCTPEUy AEUCTBYIO-
nieMy (cxema cjieBa), KOTOPbIA U SIBJISIETCS] HCTOUHUKOM POXK/Ie-
HUS CIIMPATIM U3MEHSIIOIIUXCS TTOJIOKUTEIIbHBIX JIEKTPOIOTEH-
1anoB. Ock BUXPOHA MPOXOIUT uepe3 HEeHTpPhl '“C GobIoro u
MaJioro chepornoi0OHBIX MOHOIIONEH, SIBJISIETCS TOCTOSTHHO OPH-
€HTUPOBAHHOU B MPOCTPAHCTBE U CIIy’)KUT OCHOBHBIM TapameT-
POM, XapaKTepU3yIIUM HoIspu3aIuio (boToHa.
[TpoTHBOMONOKHBIE MATHUTHBIE MOHOIIOMM HUKOTAA HE CO-
€/IMHSIIOTCSI BMECTe, OHU BCET/Ia pa3/iesieHbl B POCTPAHCTBE YeT-
BEPTHIO JUIMHBI BOJIHBL. VX Bceraa B IBUKEHUM pasfielisieT pa3o-
pBaHHasl COMpab EKTPONOTEHIIMATIOB M JABWXKYITUICS JMeK-
TPUYECKUI MOHOIIONb'*! HE3aBUCHMO OT BEIMYMHBI MATHUTHBIX
3apsy10B. Eciiu cMoTpets cHapyku (hazoBoro oobéma (hoToHa Ha
HEro, ToO OH COBEPIIAET MOCTYIMaTeIbHO-BpAIllaTeIbHOE JIBUKE-
HUE T10 CIUPAIU C IEPEMEHHBIM paguycoM. MITOrOBbIM pe3yJib-

140 ..
B ITUX HeHTan naer HpOI/I3BO,HCTBO COOTBeTCTByIOLHI/IX E)IICKTpOHOTeHI_[I/Ia.HOB.

141 o
MuHHAMaTBHBIN 3apsi] STEKTPUIECKOrO MOHOTIONS paBeH 3apsiay JeKTPOHa.



TaTOM 3TOTO Iporiecca OyJeT pa3MelleHre MOJIOKUTETbHBIX WIN
OTPULIATENIbHBIX AEKTPUUECKUX MTOTEHIMAIOB Ha IIHYPE BOJIHO-
BOJIOB, PACIOJIOKEHHBIX Ha MOBEPXHOCTH YePEeyIOIIUXCS BbITSI-
HYTBIX WM CIUTIONIEHHBIX cep'*? Ha Tpeke aABUkeHUs (POTOHA,
KaK 3TO MMOKa3aHo Ha ¢ur.2.3.

Ha ¢ur. 2.7 npencrasneHa cxema JUHAMHUKYU CO3[AHUS CBO-
OOIHBIM BUXPOHOM CIHMPAJIU EKTPONOTEHIIMATIOB BOJTHOBO/IA U
NepeMEHHBIX BUXPEBbIX MATHUTHBIX MoJieit '4? (poToHa B hazoBoM
o0BEMe (romyOast cdhepa) Ha TIOTBOJTHBIL.

®ur.2.7 U3MeHeHHs1 MAarHUTHOTO MOJIsI B (pa30BOM 00bEMe MOJIBOJIHbI

B ¢dazoBoM 00bEMe Ha TIOJIBOJHBI HEMPEPHIBHO MPOUCXOIUT
W3MEHEHHE MarHUTHOT'O MOJISI OT MOHOIIOJBHOIO (CJIeBa) OQHO-
IO 3HaKa 4Yepes3 JUIOJIbHOE (MOCPEeIMHE) K JPYrOMY MOHOIMOJb-
HOMY (cripaBa), HO Apyroro 3Haka. Ha dwur. 2.7 cpeansis no3u-

192 Ymeerca BBHJY 00pa30oBaHue CITUPATIEBUIHBIX IIHYPOB MPOCTPAHCTBA, 00pasy-
I0IIUX c(heporogoOHyI0 MOBEPXHOCTD, 3apsSKEHHBIX MOJOKUTETbHBIMU WM OTPHUIIa-
TeJbHBIMU [OTEHLIUAIAMU-3EPHAMU.

143 TOpOMIHBIX MYJIbTHUIIONEH, aHATIONb MPOCTEHMIINIA, HaYaIbHBIH.



1151 JEMOHCTPUPYET MTHOBEHHOE COCTOSIHUE CHMMETPHYHOI0
JIMII0JISA (PO30BBIM JIBYXIOMIOCHBIA TOPPOWA) MPH IMOJOKEHUH
1/8 nepBUYHOrO MOHOJIs1 OT Havyas1a pa30BOro o0bEMa, a BTOp1y-
HOT'O MOHOIIOJISI HA COOTBETCTBYIOILIEM PACCTOSIHUU B 3/8 IJIMHBI
BOJIHBL. BO Bcex qpyrux noiokeHusix nose Mexay MOHOMOMISIMU
Oyzer accMMeTPHYHbIMIUIOJEM. A B MOMEHT IMOAXO/A Tep-
BUYHOTO MOHOTIOJISI K YETBEPTH JIJIMHBI BOJIHBI BHEIITHEE MAarHUT-
HOe roJie OyJeT 1eJTMKOM OMPeIeNsITCS TIOJIEM MOJTHOCTBIO 3apsi-
JKEHHOTO TIPOTUBOIOJIOKHOTO MOHOMOJISI. [ 1aBHOW 0COOEHHO-
CTBIO B3aUMOJIEHMCTBUS JBYX POTUBOIIOIOKHBIX MOHOMOJIEH 51B-
JISieTcsl TO, YTO OHUM HMKOIAAa He COMMKAITCS Ha PACCTOSIHUE
MEHbIIIEE YETBEPTH JJIMHBI BOJIHBI, & IPOCTPAHCTBO MEXKY JIBY-
MsI TIOJIIOCAMHU, TIOMEYEHHOE PO30BBIM JUIMIICOMIOM, HE CONEP-
KHUT OCEBOTO MarHUTHOrO NoJist. B 3TOM mpocTpaHcTBe MpUCyT-
CTBYET JIMIIIb HAYaJI0 HEJOCTPOEHHOW BTOPUYHBIM MOHOIIOJIEM
COMPAIA BOJIHOBO/A JIEKTPONOTEHLIMAIOB IPOTHUBOMOIOKHOTO
3HaKa. AKTUBHBI 00BEM BHXPOHA pa3MepOM B UETBEPTh [JTH-
HbI BOJIHBI BCET/Ia COACPKUT NEPBUYHBIN PA3PsKAIOLIUICA MOHO-
10J1b, TPOTUBOAEUCTBYIOIIUI 3TOMY MPOLECCY EKTPUYECKUIA
MOHOMOJIb, UM MUHIYKTUPOBAHHBI BTOPUYHBII MarHUTHBII MO-
HOIIOJIb Y YacTh CIIMPAJIM BOJIHOBOJA, YCTAHOBJIEHHOW YK€ BTO-
puyHbIM MOHonosieM. Ilpu nepexoze Ha BTOPYIO 4acTh MOJIBOJ-
Hbl BUXPOH CMEHsIeT ceOsl Ha 3epKajibHbIi, MPU 3TOM MEepBUY-
HBIJ MAarHUTHBII MOHOIIOJb MCYE3AET, & BO3POAMBLINICS BTOPON
MPOJIOJIKAET AIBUKEHUE U MOBTOPSIET CO3/1AHME BOJIHOBOJIA CAMO-
JBHKYyILErocst oToHa C 1eKTPONOTEHMAIaMH1, HO TPOTHUBOIIO-



JIOKHOM TIOJISIPHOCTH.

PaccMoTpeHHOE IBUXKEHME M M3MEHEHUE JIEKTPUYECKOTO U
MarHUTHOTO TOJIei B CBOOOJHOM BUXPOHE Ha OIHOU JJIMHE BOJI-
Hbl HOCUT 3aKOHYEHHbIN TOJTHBI KBAHTOBbIN MEPEX0j1 JIEKTPO-
MAarHMUTHOM MaTepuy B BOJIHOBOM MPOIECCE MPU COXPAHEHUU
CpelHeH, 4To 1 onpeaesnsier cnvH (potoHa. B nnHamuke, no mepe
NpOIBHXeHUs 4 BUXpOHA 1O BOJHOBOAY (hOTOHA, B TIPOCTPaH-
CTBE OCTAlOTCSl JIMIIIb COOTBETCTBYIOIIME JIEKTPONOTEHIINAIIBI,
T. €. «CKeJIeT» BOJIHOBOA. [IpOTEeKTOpHOE MarHWTHOE MOJie MO-
JKET BOBHUKHYTh B TOUKE JIUIIb B CIIy4ae U3MEHEHHSI T€OMETPHU-
3l WM BEJIMYMHBI TUX JIEKTPONOTEHIIUMAJIOB B TPOCTPAH-
CTBE.

PoxaeHrneM CTOJIb YCTOMUMBBIX KOJieOaTeIbHBIX COCTOSTHUM,
KaKMMU SIBJISIIOTCSI BUXPOHBI, IpUpofia 00s13aHa B3aMMHOW 00111~
HOCTH U pa3Huile B (GOPMUPOBAHUU CTANHMOHAPHBIX U BHUX-
PeBbIX 3EKTPUUECKUX WU MArHUTHBIX TOJIE B MPOCTPAHCTBE.
BuxpeBble MarHuTHBIE TOJIS1 BCETJ]a BO3HUKAIOT C U3MEHEHUEM
NEKTPUYECKUX TOJIEU U HE CYIIECTBYIOT B COCTOSIHUM TOKOS, a
JIMIIb B COCTOSIHUM BpallaTeIbHO-MOCTYATETbHOTO U CIIMPaJib-
HO-paJUaJIbHOTO JIBUKEHUSI. B oTiMuve OT BUXPEBBIX, UHIIYK-
IIMOHHbIE MarHUTHBIE TMOJIsI, TOPOKAAEMbIE IEKTPUIECKUMHU Ka-
TYIIKaMU-COJICHOMIAMH, CITOCOOHBI JIUIIIb CO3J]aBaTh MEPEMEH-
HBIE I0JIS1 IEKTPOMOHOINOJIE BUXPOHOB. BUXpeEBbIE a7IeKTprye-
CKMe TOJIsI — JIEKTPUUECKHe MOHOIIONM, TaKKe OTJINYAIOTCS OT
TMOJIEN CTAIIMOHAPHBIX UCTOYHUKOB. DJIEKTPUYECKHUE MOTEHIIMA-

144 MarauTHbIi 1 3JI€KTpPI‘{€CKI/Iﬁ TTOJIEBO TOK COOTBETCTBYIOIIUX MOHOIIOJIEH.



JIbl HA CIIUPATBHBIX BOJTHOBOJIAX CYIIECTBYIOT B COCTOSIHUU OT-
HOCHUTEJIFHOTO TIOKOSI, YTO MPUBOAUT K BUXPEBBIM ToKaM Pyko
B CIUIOIIHBIX TBEPIBIX Cpe/iax, IJie UMEIOTCS] CBOOOJHBIE 3apsiIbl.
Kpome Toro, 31eKTponoTeHI1asIbl U TPaBIoOTeHIIMAb 4% — 3€pHa
Ha BOJTHOBOJAX SIBJISIIOTCS OMOPOW JIBUKEHHSI BUXPOHOB, CTPO-
UTEJIBHOW MaTepHaJIbHON 0a30i1 0Opa3oBaHMs JEMEHTAPHBIX
YacTHII, MOJIEKYJI, TBEPIOTO BEIIECTBA U T. JI.

Crtporo reoMeTpu3oBaHHAsi COBOKYMHOCTb 3JIEKTPUYECKUX
MOTEHINAJIOB, Pa3MEIIEHHBIX HAa BOJHOBOAAX B COCTOSIHUM OT-
HOCHTEJIFHOTO TTOKOSI B METaJIaX 00pa3yeT BUXPEBbIe TOKH. DTO
SIBJICHUE Ha TIPAKTHKE UCHIONB3YIOT IS TIepejadn JIeKTPOIHEP-
T TIO MEKTPUYECKUM MPOBOIAM, HO OHO MOKET MPUHOCHUTD
¥ Bpell. B CIIIONHBIX MArHUTOMPOBO/IAX MOIIHBIX TpaHcopma-
TOPOB U/IyT OOJBINIKE TIOTEPHU MEKTPOIHEPTUH HA BUXPEBBIE TO-
k. [ToaTomy, ¢ 1e/bI0 CHUKEHUS ITUX TIOTEPh, MArHUTOIIPOBO-
Jbl IEJIAI0T He CIUIONTHBIMU, & HAOOPHBIMU U3 TOHKUX IJIACTHH.

MarHuTHbIe MUKPO3apsiapI 46 B COCTOSIHMM TTOKOSI HE CYIIle-
CTBYIOT U TIOCTOSIHHOTO 3apsiia He MMEIOT — 3T0 HCTOYHHKHU
JBHKEHUSI 1 H3MEHEHHsI MaTepuu, 3aPsi/iblABHKEHUS, CITU-
HOOpa3ylollye MepBoYaCTUIbl. B MOCTOSHHOM MarHUTHOM I10-
Jie MEKTPOH JIBUXKETCS TIO CIIUPAJTIN U 3TO MOXKHO HA3BaTh JIUIIIb
PETrUCTpaLIEN €r0 JEKTPUYECKOro 3apsaaa ¢ OYeHb MAJIEHbKOU

5
14 HpI/I BpalaTeJIbHO-IMOCTYMAaTEIbHOM MJIM TOJIbKO BpallaT€JIbHOM JABUKECHUU I'-

POCKOIOB TaKME I'PaBIOTEHIINAJIBIL ABJIAIOTCA OHOpOﬁ TIOCTOAHHOI'O HAITPaBJIEHUA OCU
BpalicHus, T. €. MaCChbl.

146 Bor umenHo MO3TOMY 0 CUX ITOP MAarHUTHBIE MOHOIIOJIM HE ObUIH O6Hapy>KCHI>I.



Maccoi. 1 B To ke Bpemsi ero MarHUTHBIN MOHOIIOJTb ITOCTOSTHHO
MyJbCUPYET B €0 3aMKHYTOM (hba30BOM 0OBEME, TEHEPHUPYS €r0
Maccy, MEeKTPUIECKHIA 3apsi]] U MPOCTPAHCTBEHHYIO CTPYKTYDY.

3aperucTpupoBaTh U MOWMaTh PeasibHbIiI MArHUTHBII MOHO-
NIOJIb MOXKHO JIIIb KOCBeHHO. CyTh crioco0a 3aKkimoJaercs B
TOM, YTO MAarHUTHBI MOHOMOJIb — 3TO JIMIIb OIHA COCTaBHAS
YacTb CBOOOHOT0 BUXPOHA, B KOTOPOM CYILIECTBYET €IlIE U ero
HeoTbeMJIeMasi YaCTh, BOSHUKAIOIIASI TIPU pa3psAAKe — IeKTpU-
YECKUIl MOHOMOJIb, 2 B 3aMKHYTOM — €lI€ U IPABUTAIIMOHHBIIA
MOHOTIOJIb, BOBHUKAIOIIUIA TOJBKO TIPU 3apsijiKe. DIeKTpuye-
CKUI MOHOIOJIb MOKET OBbITh 3aXBaYeH MOJIEM aTOMHOTIO sIIpa,
a «Tsok€npiii» BuxpoH CBY amanaszona — 3apsiiom kiacrepa '’
TJIa3MbI C COOTBETCTBYIOIIMMU MapaMeTpamu. [ paBUTalIMOHHBIN
MOHOTIOJIb MPOSIBJISIET ce0s1 HHEPTHOCTHIO MOBe/IeHus1. B Takux
YCJIOBUSIX BUXPOH M3MEHsIET CBOM BHYTPEHHHE U SHepreTuye-
CKUE MapameTphl:

— JeNUTCs TonojiaM, oopasys ABe MPOTHBOMOJIOXKHbBIE dJIe-
MEHTapHbIE YaCTUIIbI, TAKHME KaK IEKTPOH U MO3UTPOH WJIH TIapy
MIOOHOB

— MPUOOpETaeT AMEKTPUIECKUI 3apsa]] ¢ 00pa30OBaHUEM 3apsi-

147 Kractep MOHOB aTOMHOM IJIa3Mbl 0OnagaeT yxke HEKOTOPOM Maccoil MOKosl, a
MOSTOMY JIEKTPUYECKUI MOHOIIOJb, KECTKO CBSI3aHHBIA C MArHUTHBIM, CTAHOBUTCS
WHEPTHBIM ¥ BU3YyaJIbHO HabmoaeM, 4To 1 HadmonaeTcs: npakrudeckn — BY u CBY
M3JTy4eHHe XOPOIIO MOMIOMAETCS TIA3MOM, CTPYKTYPHPYs MOCIEIHION MOLYJISLUeN
HOBOH (pOpMBI U CBOKCTB.



JIOBBIX KJIacTepoB !+

— MPUOOpETaeT MacCy 3aXBAUYEHHOTO KJIacTepa IyIa3Mbl

— mpeoOpasyeT reoOMeTPUUECKH TOT KJIACTep IUIa3MHl, T. €.
MOAYJIUpYeT

— npeodpasyeT (PU3NIESCKH XUMUUECKUI COCTaB 3aXBauyeHHO-
ro KJIacTepa IUia3Mbl U HarpeBaeT ero.

WM BOT mocjie 3TOro yxe oH U MOXeT ObITh 3aperucTpUpOBaH
M0 JIBMKEHUIO W B3aUMOJICMICTBUIO C OKPYXKAIOIIMM BEIIECTBOM
¥ TIOJISIMU, & TAKKe TI0 MOAYJISIIHH TUIa3MBbl (ha30BbIM 00BEMOM
MOHOIIOJIEN. A eCJIi Macca I1a3Mbl KECTKO CBsI3aHa, HAIIpUMep,
C PeIETKON TBEPIOTO TeJia, TO OH OyAeT MJIEeHEH U ero PErucTpH-
PYIOT TI0 TIPOJYKTaM €ro B3auMOJAEUCTBHUsSI C 0OOMOUYKAMHU sITIep
perietku. OJHAKO STOT METO MOXKET ObITh TPUMEHEH JIUIIIH JIJIST
peructpanyd MarautHeix MoHonosned CBY nuanazona ¢ BbICO-
KOH TUIOTHOCTBIO 3apsI/IKH.

Ecnmu perucrpupyercss MHEPTHOCTH IMOBEACHHAS M Macca
3JIEMEHTAPHOU YaCTULIbI — 3TO 3HAYUT PETUCTPUPYETCS U BUXPOH
€€ CO3JaIoIIHUIA.

Meton peructpalii 3J€KTPOHHBIX BUXPOHOB  SIBJISIETCS
TaK)X€ KOCBEHHbIM. OH 3aKJII0YaeTCsl B TOM, UTO JIEKTpUYE-
CKHMI MOHOIIOJIb — 3apsij] MOPOrOBOr0 BUXPOHA raMMa-KBaHTa ¢
sHepruent Boie 1022 K3B MoxkeT B3aMMOJENCTBOBATh C CUJIb-
HBIM JIOKQJIbHBIM CTAllMOHAPHBIM 3JIEKTPUUECKUM TMOJIEM aTOM-

148 3apsagossle kiactepsl K. Ioynpepca, 5 marenroB CIIA NeNe 5 018 180 —
5148 461 3a 1991-92 rop! 1 COOTBETCTBYIOIIUE CTaThi U MOHOTrpacuu ot 1987 rona.



HOTO $1/1pa ¢ 00pa30BaHMEM Nap MUKPOYACTHUI] U TAKUM 00Pa3oM
TPOSIBIISATH CeOsl.

MarHuTHBIE MOHOTIONM B BUXPOHAX KECTKO CBS3AHBI C IJEK-
TPUYECKUMU. DJIEKTPUYECKHE MOHOIIONM BUXPOHOB, BO3HHUKA-
IOIIYE TOJIbKO MPH Pa3psiiKe MarHUTHBIX, CIOCOOHBI 3aXBaThI-
BaTbCSl U YAEPKUBATBCS ATOMHO-MOJIEKY/ISIPHOM (ITOIVIOLIEHUE
(bOTOHOB) M MJIa3MO¥ pemeTKy TBEPAOTO Tesa, 3aCTaBJsisl Mar-
HUTHbBIE MOHOIIOJIA «BMOPAKUBAThCS» B HEE U PACXO/10BATh BCIO
OCTaBIIYIOCSI B HUX SHEPIUIO HA BUXPEBbIE TOKU, OOIMPKY K-
TPOHOB C aTOMHBIX 000JI04eK 1 poTO3hPeKT 4 3apskeHHBIX Ya-
CTHII C BHEIITHUX 00O0JIOUEK sIAep THIA ME30HOB.

CuioBBIE JIMHUM JIEKTPUYECKOTrO MOJIsS CTAallMOHAPHBIX MC-
TOUHHKOB — PaJHUalIbHbl, COEJUHSIOT MPOTUBOIIONOXKHBIE 3apsi-
Ibl U CIIOCOOHBI TIPEPHIBATHCS, HAYMHAIOTCS M OKAHYMBAIOTCS
Ha TIOBEPXHOCTH 3apsIOB, WM Ha 3aMKHYTHIX METaUTMUECKHUX
noBepXHOCTsAX. CHJIOBbIE JIMHUY CTAIHOHAPHOIO MarHUTHOTO
HOJIsI B OCHOBHBIX MaKpOIPOCTPAHCTBEHHBIX MOJISIX HEMPEPHIB-
HBI ¥ BCETIa UMEIOT HalPaBJICHUE JIEBOTO FJTH IIPABOTO BHHTA T1I0
OTHOIIICHUIO K TeM JIEKTPOTOKAM MX BBI3BABIIIUM — BCET/IA KOJb-
LIEBbIE, JUIMIITUYECKUE U T. 1., 3aMBIKAIOTCS1 TOJIBKO Ha ceds U
HUKOTIJIa He rpepbiBatoTcs ',

CBoOOIHBIE BUXPEBBIE OIS BCETa B3AMMOCBSI3aHbI B IBUKE-
HUU WIN U3MEHEHUH TIPH CIIeIYIOIIeH apXUTeKType:

149 Onmaxo Takoe sBenne peayi3yeTcs JIUIIb TpY OONBIINX MIOTHOCTAX MOTOKOB
CBY-BUXpOHOB.

1
30 C TOYHOCTHIO pa3pbiBa B ICHTPE BUXPOHA Ha pasMepe Va CIIMPAJIN JJIMHBI BOJTHBI.



— NpU U3MEHEHUU 3HAYEHUs JIMIIb OAHON TOUKH MPOCTPaH-
CTBa NOTEHIIAAJIA-3€pHA EKTPAYECKOTrO 101, BCErJa BOZHUKA-

eT KBaHT 00bEMHOM 4™ crimpaib-cdephl!®! 3epeH — OTeHMalIoB
MarHUTHOT'O TOJISl, YIUIOTHSIIOIIUIACS K LIEHTPY, B KOTOPOM pa3-
MEILIEHO 3TO 3€pHO, U C HANPABJIEHUEM CUJIbl TPOTUBOAEHCTBUSA
TOH, KOTOpasi U3MEHSIET STOT U3HAYAIBHBIN JIEKTPOINOTEHIIUAT

— TpU Havaje IBUKEHUS] WM CMEIIEHHs] TOrO JEKTPOIIo-
TEeHIMaJIa-3epHa BO3HUKAET CIUPATb-IIMINHIP OOBEMHBIX Mar-
HUTHBIX MOTEHIIMAIOB-3EPEH, KOTOPbIii CBOMM BO3HUKHOBEHHEM
NPOTHUBOJEUCTBYET TOM CHJIe, KOTOpasi Havasa rnepeMeiaTb SToT
IEKTPONOTEHIIAI

— NP IPOJBMKEHUUN U U3MEHEHUU 3€PEH-JIEKTPONOTEHIIUA-
JIOB 1O CIIMPaJIM, BOKPYT KaXA0r0 BUTKA CIIUPaJIM BO3HUKAET Op-
TOTOHAJIbHBIA BUTOK CIIMPATIA MArHUTHBIX MMOTEHIIMAIOB-3€pPEH,
MPEMSATCTBYIONINI 3TOMY MPOJBHKEHUIO WM U3MEHEHUIO.

D10 noxaTBepxkaaeTcs cienyomuM. Ecnu conoctaBuTh Nei-
CTBUE BHMXpPEH 3JIEKTPUYECKOr0 M MAarHUTHOTO MOHOINOJIEH B
OKpY’KalollIeM Hac MaTepuaJibHOM MHpE, TO 3TO JEHUCTBO s
MarHUTHBIX OoJsiee MPOSIBUMO, YeM JJisl eKTpudeckux. Yem
9TO BbI3BaHO? Bo-1epBbIX, MUHUMAJIbHBII MAarHUTHBIN 3apsi B
137/2 pa3 Gobllie MUHIMAILHOTO IEKTPUIECKOro 3apsaa. Bo-
BTOPBIX, HA 3TO, B YACTHOCTH, YKa3bIBa€T COIMOCTABJICHUE Mar-
HUTHOW MPOHUIIAEMOCTH BaKyyMa U JIEKTPUYECKOM MTPOHUIIAe-

51 Bonee cnabbie norenmpasl (opmupyioTcs Ha BHeIHE#H cepsl, a 6osee CUITbHBIE
Gmoke K eHTpy. Heckonbko Takux ciHba3HbIX cep 30HBI MHAYKINH, CIUBASICh APYT
C IpyroM, 00pa3yloT KBaHT MarHUTHOTO MOHOIIOJIS.



MOCTH BaKkyyMa B cuctemMe eaunui] ['aycca. M3BectHO, 4To Mar-
HUTHAas1 MPOHUIIAEMOCTh BaKyyMa, KOTOpasi XapakTepu3yeT Mar-

HUTHBIE CBOWCTBA 9TOM cpefibl, paBHa 1,257 x 10 TH/M, a JJIeK-
TpUYecKasi IPOHULIAEMOCTh BaKyyma, KOTOpasi B CBOI0 OYepeab
XapaKTepu3yeT JEKTPUUYECKUE CBOWCTBA Cpefbl, paBHa 8,85 X

1012 /M. B cucreme equnun CI'C papaga v reHpyU BbIpakaroT-

Csl Yyepe3 eIMHUILY JJTMHbI, 2 UMeHHO: 1¢p=9 x 10 ? M, a 1ru=10"
M, TorJia B 6e3pa3MepHbIX eIMHUIIAX MarHUTHAS IPOHUIIAEMOCTb
paBHa 12,57, a anexkrpuueckas — 0,08. Ix cooTHolIeHUE paBHO
157. D10 3HAYUT, YTO U3MEHSIOIIEECs CTAlMOHAPHOE JEKTPU-
YecKoe MoJie, KOHIIEHTPUPYIOILieecs: B TOUKE 3epHe-TMoTeHI1ae,
(hopmupyeT MarHMTHBIN 3apsii 0OBEMHON cpepoil WM HUJIMH-
JPOM BOKPYT 9TOM IBMXKYILIEHCS WU U3MEHSIOMIENCS TOUKU —
LEHTpa, U MTPOTUBOACUCTBYET CUJIE TBUTAIOIIECH WM U3MEHSIO-
1IeH 3TOT MOTEHIIUAI-3€PHO.

OnHOVMMEHHBIE CTAIMOHAPHBIE IEKTPUUYECKUe 3apsibl OT-
TAJIKUBAIOTCS] PYT OT ApPYyra, IPOTUBOIOJIOKHbIE — MPUTITHUBA-
10TCS. Y CTallMOHAPHBIX MAarHUWTOB KJIACTEPOB BEIECTBA STOT
nporiecc aHajornyeH. CTalmoHapHble MOJIs TPaBUTAIUM, JJEK-
TpUYECTBa U MarHeTU3Ma MOAYMHSIOTCS 3akoHaM HplotoHa, Ky-
JoHa u bro-CaBapa, BBI3BIBAIOT PaJUAIbHO-LIEHTPAIBHOE IIO-
CTymnaTe/ibHOe JBUKeHHNe Matepuu. DTu 1ojist opMUpyroTcs 132
Onarojaps cTalMOHAPHOM MHIYKIIVH.

BuxpeBass nHAYKIMS — 3TO SIBJIEHUE B KOPHE OTJIMYAETCS

152
32 Kak a10 MPEAJIOKEHO B pazenie «I[IpocTpaHCTBO U MaTepusi».



OT CTAlMOHAPHOM MHAYKIIUH 110 CBOEU (PU3UUECKON PUPOIE.
CamoaBMXEHME MarHUTHOT'O MOHOIIOJIS BBI3BIBAET €€ TIOMUMO
YMEHBIIIEHUS €ro 3apsAaa eI€ U MHAYKLUIO IEKTPUIECKOTO MO-
HOIIOJIS1, KOTOPBIM B CBOIO OUYEPE/Ib, UHIYKTUPYET EILE OJUH Mar-
HUTHBI MOHOIIOJIb, HO Y€ IPOTUBOIONIOKHbIA MEPBUUHOMY —
Hen30eKHOCTh HHBEPCHH TIONoca. A 4TO caMoe TJIaBHOE, CBO-
00IHBINl MUKPOBUXPOH MaTEPUATLHO C MOMOIIBIO 3EPEH-3T1eK-
TPONOTEHIIAAJIOB Pa3BEPTHIBAET B IPOCTPAHCTBE UCTOPUIO U3ME-
HEHU$ JIEKTPUUYECKOTO M0JIs1 B TOUKE cBOero poxaeHus. [lomsap-
HBII MAarHATHBIMA MOHOIIOJIb 3AMKHYTOI'0 MUKPOBMXPOHa WH-
JOYKTUPYET ellI€ ¥ TPaBUTAlMOHHBIN MOHOII0JIb. B cBOGOIHOM
BUXPOHE 3TOr0 MPOLIECCa HE MPOUCXOAUT, a KOTZIa OH BBIHYX-
JEHHO OCTAHABJIMBAETCS — TOJIBKO TOT1A BCSI SHEPIHsl 3TOrO UC-
TOYHMKA JABHKEHUS U3 BUXPEBOU (POPMBI IEPEXOIAUT B IHEP-
U0 MOKOSI — TPaBUTAIIMOHHBIA MOHOIIONb. DTOT MpoLiecc 00-
paTuM, T. €. YCKOPEHHO-3aMEJIEHHOE JIBUKEHNE AJEep aTOMOB,
aTOMOB M MOJIEKYJT B COOCTBEHHOU cpelie MHAYKTHPYET BUXPO-
Hbl. Hanmprimep, nenenrie ypana ¢ BLIOPOCOM OCKOJIKOB, XUMHYe-
CKHe B3pbIBbI KJIACTEPOB BEIIECTB C BHIOPOCOM MOJIEKY/ISIPHBIX
OCKOJIKOB, 2JIEKTPOPA3Ps[, B KUIKOCTH C B3PbIBHBIM JABUKEHUEM
K JIEKTpOJaM MOJISPU30BaHHBIX YacTHIl U T. 1. Buxpessle 1o-
JIs1 BBI3BIBAIOT BPAILICHUE WJIH CIIPAJIBHO-PAJUAIBHOE JBUKEHUE
Marepry U Ha000POT — Takoe ABUKeHHE MATePUH BbI3BIBACT
BUXPEBYIO MHYKIIMIO BCEX TPEX MOJIEU, TPOTUBOAENCTBYIOLIAM
CHUJIaM, BBI3BIBAIOLIMX 3TO JIBUKEHME.

Ecim mpoTHMBONOIOKHBIE CTAalMOHAPHBIE 3apsAbl MPUTATH-



BAIOTCSl U COEJUHSAIOTCS, TO Y MarHUTHBIX BUXPEBBIX 3apsI0B
BCE HA00OPOT!>*: OMHOMMEHHBIE TIPUTATUBAIOTCS, (POKYCHUPYIOT-
cs1, 00BEIUHSIOTCS WM CJIMBAIOTCS, 2 MPOTHBOMOJI0KHbIE HU-
KOIJa He COeJUHAITCs. [lepeMeHHbIE 21eKTPUUECKME MOHO-
NOJIM B CBOOOZIHBIX BHXPOHAX MHIYKTHPYIOT BOOOIIE HE POM-
CTBEHHbIE €il MOJIsI — MarHUTHbIE MOHOIOU. A B 3aMKHYTBIX
BUXPOHAX MPOUCXOAUT MPOLIECC, HE POICTBEHHbI U MAarHUTHO-
My C MHIYKLIMEN MACChI — POXKAEHUE BEKTOPHOTO IPaBHTAIU-
OHHOro MOHOMOJs1. Takas pa3HULA MEXJYy CBOMCTBAMU BUX-
PEBBIX ¥ CTALIMOHAPHBIX MOJIEN MPOSBIAETCSA U B TOM (DaKTe, 4TO
B OKpY’KaloIlleM Hac MUpe OOHapyXMBaeTcsi SHeprus B popme
TOJIBKO 2JIEKTPUUYECKU 3aPSIKEHHBIX YaCTUL U YaCTUL] C MacCou
MIOKOSI ¥ CITIHOM, HO He OOHapy:KMBaeTcsl SHeprus B (popme ya-
CTHUI[ CO CTATHYEeCKUMH MarHUTHBIMU 3apsilaMH.

Kpome Toro, mo0oe n3MeHeHne paHee YCTaHOBJIEHHOM reo-
METPUYECKON PETYJIAPHOCTU IEKTPUYECKUX IOTEHIMATIOB B
IPOCTPAHCTBE BEJET K MOABJIEHUI0 BTOPUYHOI'O MarHUTHOT'O T10-
751 (M 0OpaTHBIN 3(PQPEKT — POKIECHNE MArHUTHOTO MOHOIIO-
JI51), KOTOpOEe CBOUM JEHCTBUEM IPOTUBOIEHCTBYET MpPUYKHE,
BBI3BABLIEN 3TO NEPBUYHOE U3MEHEHME, T. €. MarHUTHOE IOJIe
obnagaer emeé M NMPOTEKTOPHBIMU CBOICTBAMH [JIsI TE€OMET-
PUYECKON CTAOMIM3AlMK NIEKTPHUECKUX TMOTEHIMAIOB. Bak-
HO NP 3TOM OTMETUTh, YTO MPU ONPEESEHHBIX YCIOBUSX CH-
CTEMHOTO Kpy4YeHHs1 Y4 IIMHBI BOJHBI TAKUX TMOTEHIMAIOB BOJ-

153 BHGCL pe4b I/I,HéT HE O MArHUTHBIX ITIOJIIOCAX IIOCTOAHHBIX MArHUTOB, 4 O MarHUuT-
HBIX 3apAaaXx, KOTOPbIC CYIIECCTBYIOT TOJIBKO B IBUKCHUU.



HOBOJI4, TIPOUCXOUT OOPATHBINA MPOIIECC — MPOIIECC POKACHUS
MarHMTHOTO MOHOIIOJIS, 3aPsi/ia BpallaTesbHO-MIOCTYHaTeIbHO-
ro JIBHKEHHUS.

Takum 06pa3oM, B MUKPOMUPE Y JIeMEHTAPHBIX YaCTHUI] UMe-
I0TCS JIEKTPUYECKHUI 3apsi/l C TIOCTOSITHHBIM 3HAUYeHHeM, rpa-
BUTAIIMOHHBIN 3apsi]] C MOCTOSTHHON MAacCOM — 3apsij MOKosl, a
TaK)Xe KOHKPETHBIW 3apsiji IBWKeHUs — cmuH. [Ipu 3TOM, Mo-
CIIeTHUI SIBJISIETCSI IPU3HAKOM JIBYX TMEPBbBIX 3aPsIIOB.

Jlpyroii BecbMa CyIIECTBEHHON OCOOEHHOCTBIO IBYX B3aUMO-
CBSI3aHHBIX BUXPEBBIX MOJICH SIBJISIETCS POXKJICHHUE Y OTPBIB OT UC-
TOYHMKA KBAaHTOBaHUS U JBUKEHHE CO CKOPOCTHIO cBeTa. Takum
K€ CBOMCTBOM 00JaaloT cBoOOAHbIe (poTOHBI e Bpoiiis, ko-
TOpPbIE KBAHTYIOTCS JBMIKYIIIMMUCS] MUKPOYACTHUIIAMU U OTPbIBA-
I0TCS1 OT HUX, B YACTHOCTH, OT MOTOKA JIEKTPOHOB B KOJLIaie-
pax. B muinienu kosiaiiiepa (aHaJIoruyHo, Kak 0Opa3oBaHUe Ma-
pbI B TI0JIe aTOMHOTO siipa) 00pa3yeTcsi OYeHb TUIOTHAS T1a3Ma
U3 TaKuX JAeOpOMIEBCKMX BUXPOHOB HE TOJBKO C OYEeHb HIMPO-
KuM criekTpoM suepruii 1 — 100 I'3B (B o6macT KOTOPOIt 1 00-
Pas3yIoTCs LIEHTPATBHOU (POKYCHPOBKON 3aMKHYTbI€ 000JI0uey-
HbIE CTPYKTYPBI 2JIpOHOB, BJIOKEHHbBIE IPYT B APYra Kak MaTper-
KH), HO U C TAKUM HAOOPOM '>* BHYTPEHHUX CBOWCTB $I/I€ PHBIX
BUXPOHOB, KOTOPbIE CITIOCOOHBI C(DOPMUPOBATH M CTPYKTYPHI aH-
tudacTuil>®. OTcioa MoydaeTcsi BHIBO, YTO B 9TOM MUIIICHU,

154 Pmeercs BBHIY HaOOp 3epKaJIbHBIX BUXPOHOB.

155 To ectp, Tak Hasambix B CAII yactu, c(hOPMUPOBAHHBIX [IPOTUBOIOJIOKHBI-
MU-3€pKaJIbHBIMM BUXPOHaMU. PeaslbHO B IpUposie — aHTUHENTPOH TakK:Ke IIafaeT Ha



B 00yactu-oopEMe, rie oOpasyercsi cBoeoOpasHasi sijiepHO-Me-
30HHAS «IUIa3Ma», UMeeTCsl HA0Op TaKUX BUXPOHOB, KOTOPHIE
SIBJISIIOTCS 3ePKaJIbHBIM OTPaKEHUEM yXke pacCMOTpeHHBIX. Ta-
KH€ BUXPOHBI, HAIIPUMEDP, CIOCOOHBI yXkKe CTPOUTh «JIOMHK» U
JUIsl QHTUNPOTOHOB.

CBOOOIHBII BUXPOH — 3TO MAarHUTHBINA ITyJIbCUPYIONIUN 3a-
ps, T. €. KojieOaHWsI MarHUTHOTO TIOJIEBOTO TOKA IPH Tepe3a-
psiJIKe OT OJHOTO K JIPyroMy 4epe3 MOCPeICTBO EKTPUIECKO-
IO MOHOMOJIS C TTO3UITMOHHOM CMEHOM 3HaKa > U rpeBpalieHu-
€M Pa3psIKAIOIIErOCs MOHOTIONS B MPOTHBOIIONOKHBINA 3apsiKa-
foruiics. [Tpy BBICOKOW KOHIICHTPAIIMU 3aMKHYTBIX BUXPOHOB
UX BHEIITHUE TOJIs OHYKAAI0T K B3aMMHOMY CITUSIHUIO — (POKY-
CHPOBKE M KOHIIEHTPUYECKOMY OOBEAMHEHUIO B OOOJIOUYEUHbIS
CTPYKTYPBI TUIIA HEUTPOHOB WJIM aHTUHEUTPOHOB. JTO O3HAYa-
€T, YTO MUK POCKOITMYECKME BUXPEBbIC MArHUTHBIE TOTOKH KBaH-
ToBaHbl. OJIMHAKOBBIE TI0 3HAKY MOHOIOJM 'Y’ criocOOHBI 00b-
eUHSATBHCS C COCEJHUMU C TIOMOIIIBIO CBOMX TOJIeH KaK I0 Bep-
THKaJIM, TaK ¥ TI0 TOPU3OHTANIH, & C MPOTHBOMOJIO:KHBIMH HE
COE/IMHSAIOTCS HHKOrJa. DT0 — JBAJAIATHh MEePBO€ CBOWCTBO
BUXPOHOB U TOX€ BECbMa CYIIIECTBEHHOE, TaK KaKk MPOTUBOpe-
4T npeackazaHusim teopuu I1. [Iupaka o Tom, 4T0 MOHOIIOJIb
MOXET MCYEe3HYTh TOJIBKO B TOM CIIy4yae, eCJId BCTPETHT MPOTH-

3eMJi0, KaK U HEUTPOH.

156 T ecTb cmena HarpaBJIeH!s] MArHUTHOTO TOJIS1 — KOJIBIIO CUJIOBOY JIMHUHM JIEBOTO
BUHTA, MEHsETCs Ha IpaBoe.

157 MunuMaTbHBIA MATHUTHBIA KBaHT TIOTEHINAJIOB PaBHbIN 2,0678)(10'7 3. oM’
(popMupyeT MarHUTHOE MOJIE OT JIEMEHTAPHOTO MYJILCUPYIOIETO MATHUTHOTO 3apsijia.



BOTIOJIO)KHBIN W COEIMHUTCS C HUAM.

PeasbHO, 01IH MAarHUTHBIII MOHOMNOJIb MOXKET HCUYe3-
HYTb, JIMIIb MPEBPATHBIINCH B MPOTHBOMOJIOKHBIN MPH
pa3psake, Npoi/as Yyepe3 NPOMeKYTOUHbIIN dTan U0
— 3TOT MpoIeCcC 3aMedYeH B NMPHUPOJde MATHUTHBIX MoJiel
(runepBuxponoB) 3emumn u Couanna. Ilycts 310 Oyer ABa-
JATh BTOPBIM CBOMCTBOM MAarHUTHBIX MOHOIIOJIEW — NHBEP-
CHI TIOJTIOCOB CBSI3aHHBIX TUTIEPBUXPOHOB.

[Tpu uccnenoBaHUM pacCMOTPEHHBIX MPOIIECCOB B3aMMOIEH-
CTBU TIPOTUBOIOJIOKHBIX BUXPOHOB YCTAHOBJIEHO, UTO MH-
HUMAaJIbHOE PACCTOSIHAE B Y4 JUIMHBI BOJHBI, HA KOTOPOE MO-
I'yT NPUOIU3UTHCS BUPTYaJIbHbIE IIEHTPhl B3aUMOJEUCTBYIOIIMX
MIPOTUBOTOIOKHBIX ¥ U3MEHSIONIMXCSI MATHUTHBIX MOHOTIOJIEH,
Bceraa ObLIO JIMIIb 3aMOJTHEHO HEJAOCTPOEHHOM YacThio CITUpa-
i BosHOBO#A (Pwr.2.7), MHIYKTUPOBAHHBIX 3apsKAIONIMMCS
MarHUTHBIM MOHOTIONIEM. DTO MOATBEPKAAETCS U IKCIIEPUMEH-
TaJIbHO BUACOCHEMKAMHM 1> MarHUTHOTO AUMONS B Xpomocde-
pe ConHna — mapoBasi MoiHUA. U3 3THX BUaeoomatepuaioB
clieflyeT, 4To 00NacTh OCH MEX/Y IByMsI MArHUTHBIMU MOHOIIO-
7MUY (CBSI3QHHBIN C MPOTUBOIONOKHBIMU KJIACTEpaMU MOHOB
MaKpOBUXPOH) HE COAEPIKUT CHJIOBBIX JIMHUU, TaM BU/IHBI JIUIIIb
OJIHU BUXPEBbIE MEKTPUICCKHIE TOKH HA YaCTH HEIOCTPOCHHON
COMpasu, T. €. BUAHA JIMIIb JABWXKYIIAsICS U BO30YKIEHHAS Ma-
Tepusi, a BUXPEBbIE M0JIs1 MArHUTHOTO JBYXIIOJIIOCHOTO TOPPOU/ia
(Ha BUJEOCHEMKE MarHUTHBIE CHJIOBBIE JIMHUU BUAHBI Oarojia-

158 dupm «Our secrets Sun», 2-51 4acTb, MATHETH3M, aBTOp nokTop Ken Lang.



P HEBUJIMMBIM CIIUPAISIM JIBUKEHHSI BOKPYT HUX JIEKTPOHOB)
Y JIEKTPUUECKUE OCTAIOTCSI HEBUAUMBIMU. Takoil CBA3aHHBIN C
Maccoi IJ1a3Mbl XpomMocdepbl MaKpOBUXPOH > WM 3apsiJOBBIIA
kiacrep K. [lloynnepca — G1mosis MOKHO OOHAPYKUTh TOJIBKO Ha
CornHile, Tak Kak ero 3JeKTPUUeCKU MOHOMOJIb 3aXBaYeH-«BMO-
POXEH» IEKTPUUECKUM OOBEMHBIM 3aPsIOM UOHU3UPOBAHHON
aTOMHOM TUIa3MOM W OyJIeT HaXOQUTCS B HEW 0 TeX Mop IMOKa
HE M3PaCcXOIyIOT BCIO CBOIO SHEPrvio 00a MarHUTHBIX 3apsijia Ha
BUXPEBbIE TOKH U sIJICPHBIE IPEBPAIICHU S IIPOTOHOB B OOJIee Ts-
KENble apa, HAIpUMep, siipa Tesusl, TUTHS, KaIbIUsS WU Ke-
Jie3a.

Me:x 1y noTeHIMagaMy BOJTHOBOJA TEKYT BUXPEBbIE MOHHBIE
TOKU ((poTO 2.4) TaKOW CUJIBI, YTO BCIO CIIUPAb JEKTPOIOTEH-
[[UAJIOB MOXHO YBUJIETD JIUIIIb NP 3aTyXaHUM CBeUeHUs (IIOK-
KyJIbl Ha oBepxHOCTH (poToceps! (oto 2.5).

[Ipu 3TOM CrenyeT pa3nuyarh CIUsHUE OJMHAKOBBIX BHX-
PEBBIX MArHUTHBIX MOHOIIOJNEN OT OTTAJIKUBAHUST OJJHHAKOBBIX
MOJTIOCOB CTAIIMOHAPHBIX MATHUTOB Y MPUTSTUBAHUS PA3HBIX TO-
JIIOCOB CTAaTMUECKUX MArHUTHBIX moniedd. [ noneit craimoHap-
HBIX UCTOUHUKOB'® IefCTBYIOT Apyrue (pu3nuecKre 3aKOHbI UX
(opmupoBanusa. OHM He TIPUMEHUMBI IS CBOOOTHBIX BHXpe-
BBIX MOJIEW B CWJIY Pa3IMYHOM (PU3MYECKOUN MPUPOAbI UHIYKIIMU
MOTEHIIMAJIOB — Pa3/IMYeH MEeXaHU3M WHAYKIIUU CTallUOHAPHBIX
Y BUXPEBbIX MoJieH (miasa 1).

159 o ..
TO BCEro JIMIIb «BMOPOKECHHBIN» CJIE[] U3 BO36y)K,HeHHI)IX YaCTHUII IJIa3MBI.

10 311 3aKkomEI paccMOTpeHsI B pazgene «[IpocTpaHCTBO U MaTepusi».



Pazamunble 1o yacrore, TUIY MOJSIPHOCTUA U CTENIEHU MO-
JIIpU3alUK siIEPHbIE BUXPOHBI, 3aKJIIOUEHHBIE B T€ WIA WHbIE
000JIOYKY MUK POYACTHI] (JIEMEHTAPHBIE YaCTHUIIbI, ATOMHBIE $I]1-
pa), IBUTAsCh B HUX BHYTPH sjipa Ha cOnmxkeHue, (hOKycupy-
I0TCSl CHayaJla BHEIIHUMM JIEKTPUYECKUMHU TOJISIMA COOTBET-
CTBYIOIIMX BOJIHOBOJIOB, 4 3aT€M MPOUCXOAUT 3aXBaT U B3aUMO-
JIEMICTBUE MarHUTHBIX MOHOIOJIEH, B PE3yJbTaTe KOTOPOTO M3-
MEHSIOTCS MapaMeTpbl B3aUMOJEVCTBYIOIIMX BUXPOHOB U COOT-
BETCTBEHHO MEHSIIOTCS CaMM YaCTHUIIbl, COIEPXKAIIUE HECKOIb-
KO SIIEPHBIX BUXPOHOB. DTO — MEXaHU3M CJIa0bIX B3auMO/1eli-
CTBHIL.

Heuro aHajiornuHoe MpoucxoauT CHAPYKHU IPU B3aUMO/IEH-
CTBUSIX CBOOOJIHBIX BUXPOHOB C AaTOMHBIMH U s1IepHbIMU. TaK,
HaIrprMep, MPOUCXOAUT B3aUMOIeCTBIE (POTOHA CO CBOOOHBI-
MU 3JIEKTPOHAMH, AaTOMHBIMU JIEKTPOHAMU WJIM AaTOMHBIMU $I]1-
pamMu TOU WM UHOM cpefibl — KOMOTOH-3(eKT, dhoToaddekT,
nap obpazoBanue U T. . OueHb MOIHO IKCIEPUMEHTATBHO UC-
CJIeIOBaHbI B3aUMOJICHCTBUSI CBOOOIHBIX aTOMHBIX BUXPOHOB,
00pa3yloluX raMMma-KBaHThl C pa3lWYHON SHEpruei, ¢ Belle-
CTBOM, aTOMaMH U siipamu %!, AHanor (hoTOAaTOMHBIX peakIuii
u potoaddekty nmeer MecTo U B (POTOSAEPHBIX PEAKIMX C
oropoxaenriem me3oHOB. Hanbonee nHTEpeCHbIE pe3yIbTaThl,

161 Tk, HanpuMep, XOPOILIO M3yUeH THTaHTCKMil PE3OHAHC SIep TaMMa-KBAHTAMI C
sHepruei 10 25 MaB u 6osee 10 2,5 I'9B, U Kak CleqcTBUE, PACIAKOBKA BHYTPEHHHX
oborouek — (poTosiiepHbIe peaknuy ¢ (hoTOPOXKASHHEM ME30HOB-IIMOHOB MU HOpOTe
B 150 M»3B. CeueHue B3aUMOZEICTBUS IIyUKOB IIMOHOB C ApaMu 10 CPaBHEHUIO C
otosimeprbIME peakmsvu B 137 pas Gomblrre.



B 9TOM HaNpaBJIEHUH, MTOTYYEeHBl B TIOCJIEIHUE TO/BI TIPU OOITY-
YEeHUU s1ep MyykamMu Me30HOB. 1 B HacTosiiiee BpeMs B TaKUX
9KCTIEPUMEHTAIBHBIX paboTax yxke cepbE3HO MpopadaThiBaeTCs
BOIPOC O BXO’KACHUHU B MOJIEJIb s1[Ipa CTPYKTYpP THUIIA HEUTPAb-
HBIX U 3apsIKEHHBIX TT-Me30HOB. Kak 1 cTpyKTypa aTOMHBIX 000-
JI0UeK 00pa30BaHa U3 CBA3AHHBIX BUXPOHOB-3JIEKTPOHOB, TaK U
BHYTPEHHsISI CTPYKTYpa sipa COCTOUT M3 OUIONSIPHBIX 000JI0-
YeK, BJIO)KEHHBIX JPYT B Ipyra 3aMKHYTbIX BAXPOHOB THIIa OTHO-
000JI0UEYHON CTPYKTYpbl HEUTPAIBHBIX TT-ME30HOB. BHemHue
000JIOUKY $i7Iep, KaK 3alMparoliye OT pacnajga BHyTpeHHHUE, 00-
pa30BaHbl yxke 3apsKEHHBIMU JT-ME30HAMU I10 THUITY JIEKTPOH-
HBIX aTOMHBIX O0OJIOUEK.

[lepBbie uccnaenoBaHust CBOMCTB (POTOHOB HAUMHAIKCH C U3Y-
YEeHHUs1 BOJHOBBIX CBOWCTB B ONTMYECKOM M Paguo Juara3o-
Hax. JIocTaToYHO MOJIHO U3YYeHbl U B3aUMOJCHUCTBUS 3aMKHY-
TBIX 3JIEMEHTAPHBIX BUXPOHOB, 00PA3yIOIIUX JIEKTPOHBI, O3U-
TPOHBI, MIOOHBI M ME30HbI, IPOTOHbI, HEUTPOHBI U JIPyTUE dJIe-
MEHTapHbIE YaCTHUIIbl, C aTOMHO-MOJIEKY/ISIPHBIM BEIIECTBOM U
€ro aTOMHBIMU siipaMU. 3a 3TH SIBJICHUS] OTBETCTBEHHbI — JIET-
KM€ aTOMHO-51IepHble MUKPOBHXPOHBI. A 32 TaKu€ CBOWCTBA,
KaKue MPOSIBIISIOT KCIIEPUMEHTAILHO OOHAPYKEHHbIE IKTOHBI
Mecsaua I'. A., 3apsinoBble kaacrepsl K. lHloynaepca, crpan-
Hoe u3Jiydenue JI. M. Vpyukoesa, a1eKTpOMarHuTHele «CHA-
PAABI» U «BOJIHbI», II0JIyY€HHbIE 10 TEXHOJIOTUU B3PbIBO-Mar-
HUTHBIX reHeparopoB MK-1 u MK-2 Caxaposa A. [I., yxe oTBe-
YaIOT «TSKEIbIe» MAaKPOBUXPOHBI.



[Ipouecc LENR wnu XosonHbli CUHTE3 TSIKENBIX SAEp U3Y-
yaJIcsl O4YeHb MHOTMMU aBTopamu, B Tom umcie K. [loyngepcom,
M. N. Conunbim, A. B. BauaeBbim, C. B. Anamenko, JI. U. Ypyu-
koeBbIM. CyTb €ro CBOAUTCS K MOMIOLIEHMIO TIa3MOM PEIETKU
TBEPAOrO Teja XOPOILIO MPOHUKAIOIIUX B HEE «TskKENbIx» CBY-
(poroHOB HOONITHMYECKOTO crieKTpa. OJHAKO MUKPOCKOIAYECKO-
ro OOBSICHEHU ST HAOTIOAEMbIM SIIEPHBIM MTPEBPAIICHUSIM HU Ofl-
Ha U3 3TUX HAYYHBIX I'PYIIT HE IPUBOAMT.

DKCMepUMEHTAIBHBIM TTOATBEPKIEHNEM OOpa30BaHMs CBO-
OOIHBIX MArHUTHBIX MOHOIIOJEN BBHICOKOW TUIOTHOCTH 3apsIKH
anekTponoreHnManaMu CBY auana3zoHa M KX MOCIEAYIOLIErO
JBKEHUsI ¢ 00pa30BaHUEM TpPeKa JEeKTPOMArHUTHOTO KBaHTA
SIBJISIETCS] OOHAPYKEHHOE «CTPAHHOE U3Ty4YeHHUE», MOIIIHBIH 1O-
TOK KOTOPOTO OCBOOOKAAETCSI IPU B3PhIBE TUTAHOBBIX (pOITBI 162
B JKMJIKOCTSIX, & TAK:KE CJIeJbl TAKOTO U3JTyYEHHs B )KUAKOM LIUP-
KOHMH, oOpasymoluecs B saepHoM peaktope M. M. Conuna. B
9TUX ke padoTax ObLIa MPOU3BEeHA U TOCTYITHAS UIEHTU(DUKA-
L1 9TOTO U3JIyYEHU s IO €r0 B3aUMOJIEHCTBUIO C MAKPO— U MUK-
PO-MarHUTHBIMU NOJIAMMU. [10 yTBEPK IEHUIO aBTOPOB «CTPAaHHOE
U3JTyYEHHE» — 3TO MOTOK Pa3IMYHOrO poJa MarHUTHBIX MOHOIIO-
neit. B atux paborax nmpuBeneHb MUKpodoTorpaduu % cremon

162 Vpyukoes JI. W. u ap. 2000-2007 r.r. B )xypHane «[IpuknagHas pusuka», PU-

AH, «KypuaToBckuii MHCTUTYT», sinepHblid peaktop M. W. Conuna, 1994-2002 r.r.
u 1p.

163 Ecnn 06bémHblit (pazoBbiit 00bEM (pur.2.2) 3TUX HOTOHOB pazpe3aThb MIOCKO-
CTBIO, IPOXOJAIIEH Yepe3 ero ock, TO MONMYIUTCs (PUrypa HAEHTHYHAS TOH, 4TO TTOKa-
3aHa Ha MUKpodoTorpaduu.



9TOr0 «CTPAHHOTO U3JTyYeHHsI», 3aPErMCTPUPOBAHHBIX C TIOMO-
HIBIO AIEPHBIX (DOTOIMYIILCHIA — ITO JBYMEPHBIE CIIE/Ib pa3pe-
32 00BEMHOT'0 BOJTHOBO/IA JIEKTPOIIOTEHIIMAIOB (hOTOHA, OCTaB-
JIEHHbIE CBOOOIHBIM OUTIONISAPHBIM BuxpoHoM MK-nuanazona 64
9JIEKTPOMArHUTHBIX BOJIH, T. €. QHAJOI TAKOTO «CTPAHHOIO M3-
Jy4eHUs» ¢ AJuMHOM BOJHBI B 20 MKM. Kak Xxopomo u3BecT-
HO, BJIOJIb 3THX 3JIEKTPOIOTEHIIMAIOB UAYT CUJIbHBIE BUXPEBbIC
TOKH, BbI3bIBasi MOHM3AIIMIO W SIZIEPHBIE CTPYKTYPHbIE W3MEHE-
HUSI B CpeJie paclipoCTpaHeHMsl, B JJaHHOM Mpumepe, B (OTo-
SMYJILCUU, WX B PACTIIaBJIEHHOM HIMPKOHUH. XapaKTEPHBIM Ka-
YECTBOM 3THX CJI€JO0B, OTIMYAIOIIMX MX OT M3BECTHHIX CJIEIOB
Pa3JIMYHBIX JIEMEHTAPHBIX YACTHI] B TAKUX JICTEKTOPAX, SIBJIs-
eTCs1 CTporasi MePHOAUYHOCTh 1 BBICOKAsl CTETICHb MOHU3AIUH,

T. €. JJIMHAa BOJHBI (POTOHOB mopsaka 20 Mkm (1,5 x 10* I'r).
«CTpaHHOCTh» TAKOTO M3ITyUEHUSI ¥ 3aKJTI0YAETCS B TOM, UTO 3TO
«TSAKEJIbIe» KBAHTBI.

A, HanipuMep, B akcniepuMenTax C. B. AjamMeHKo NMKo-HaHo-
CEKYH/HbIE'® «TskKENbie» BUXPOHBI YK€ CIOCOOHBI POIUTH Ca-
MOPOJIOK '%¢ 13 yrcToro xkene3a nuamerpom 100 MUKpOH B miep-

164 B nannom cllydae yacTtora (poToHa cocrapiser BeauuuHy 10 BTuu MIpUHAIE-
KuT guanasony UK-usmyuenus.

165 Bonee Toumo, OOpBIB TOKA KJlacTepa JIeKTPOHOB BOJIW3M aHONIA TP MMITYJIbCe
HapactaHus HanpsikeHus 10 500 KB B BakyyMHOM KaMepe MOXKET CO37aBaTh IIMPOK U
CIIEKTP BUXPOHOB BILIOTh [0 ONTHYECKUX K MAKCUMYMOM TJIOTHOCTH ITOTOKa (hOTOHOB
¢ JmHO# BOyHBL 20-50 MKM.

166 Crnenyer 3amMeTUTh, 4TO Ha BepxHeM Buutioe, B SIKyTuM, B U3BECTHOWM aHOMAJIbHON
30HE M3J]aBHA HAXO/IMJIN METATMIECKIE «KOTIbD» HA IIOBEPXHOCTH 36MJIU — IIPOIYKTHI



BUYHOM MaTpulie aHOJa, MYyTEM MOHMU3ALMU BUXPEBBIM MOJIEM
MaKpOBUXPOHA YaCTHII C BHEIITHUX 000oueK sijaep menu. [Ipy-
TMMU CJIOBaMU, NMPOUCXOAUT MOHU3AIMS 3aPSDKEHHBIX YacTHIL C
BHEITHUX 000JI0YeK siiep Meau 0 00pa3oBaHUs B CTAOUIBHOM
(6e3 paIMOaKTUBHOCTU TPOTOHHOMW, HEUTPOHHOM, raMMa-TyJei)
COCTOSTHMM aTOMOB Xkeje3a B (Da30BOM 0OBEME TBEpHIOro Tena
C pa3MepHOCTHIO MOJIBOJIHBI 3TOrO pe3oHaHCHOro ¢otoHa B 100
MUKpPOH. Takou rpoiiecc MOKHO Ha3BaTh (hoTo3hPEKTOM 3apsi-
JKEHHBIX YaCTHUIl C BHEIIHUX 00O0J0OYeK sigep meau. MexaHus3m
VOHM3AIIMM HUYEM HE OTIMYAeTCs OT arOMHOro (oroaddek-
Ta BHEIIHEro JIEKTPOHA, HO HEBO3MOXKEH JIETKUMU aTOMHBIMU
(potoHamu Toii ke yactoThl. B 3TOM TIporiecce pe3oHaHCHbIE 7
«1spkénsie» CBY oToHbl, co3aatoniyecs: MOITHBIMA MarHUTHBI-
MU 3apsiiamMu U chOKYCUPOBAHHBIC €r0 JIEKTPOMOHOIIONSIMU B
HEeHTp nonycgepsl aHO/a, CIOCOOHBI B30PBATh MEKTPOJI U3HYT-
pY BUXPEBBIMU TOKaMH BJI0JIb BOJHOBOJOB M3 3JIEKTPONOTEH-
anoB. [lepea HaYamoM BUXPEBBIX TOKOB MIET CBEPXOBICTPHIN
AIEPHBIA TOK — PacClaKOBKa-(POTOMOHM3ALINSA MTOTOKA 3aPsKEH-
HBIX YaCTHIl BHEHTHUX OOOJIOYEK aTOMHBIX sep, a TaKkkKe WX
PE30HAHCHOE B3aUMOJEWCTBHE C OKPYXKAIIMMU IpaMHU, TIpe-

MOIIIHBIX MAarHUTHBIX 3apsiIoB. AHAJIOTMUHBIE c(pephl U3 IICEBAOMETAIIA HAXOIWIN B
maxtax Kiepkepopna, IOxHas Adpuka, BO3pacT KOTOpbIX OLieHUBaeTcsl B 3.5 MIIpA.
JIeT.

167 Kak nokasamo SKBCMEPUMEHTAILHO JyIMHa BoJHbI 3TX CBY Haxonutcs B mpe-
nenax 10 20-50 MKM, HO 3TH (POTOHBI OTJIMYAIOTCA OT AaTOMHBIX (DOTOHOB 3HAYEHUAMU
TOKA Y HAIPSIKEHUS UMITYJIbCOB 3apsiIKA MX MarHUTHBIX MOHOIOJIEW TIPU MPOU3BO/I-
CTBE — «TSIKENBIE» (DOTOHBI.



00pa3yoIuX MepBOHAYAIBHBIN COCTaB sIAep TBEPIOW PEIIETKU
Kpuctayia 1ekTpoaa. OcBOOOKIEHHbIE «TSIKETBIMI» MArHUT-
HBIMM 3apsiiaMu ‘%8 3TH pe30HaHCHBIE YaCTUIIBl AaKTUBHO OCe/ia-
0T Ha OM3JIeKaIuX sapax Meay ¢ 00pa3oBaHUEM siiep [IMHKA,
4TO 1 HaOmonaeTcs B onbiTax-poicTpenax C. B. Agamenko. B o1-
Jvaue OT [ uraHTcKoro pe3oHaHca Ha siipax, OH SIKOOBI SIBJISIET-
Cs1 HU3KO9HEPIreTUUECKUM U TIOATBEPKIACT YUACTUE «TSIKETBIX»
MAarHUTHBIX 3apSAJ0B B TAKOM MpoLIecce. ITU «TskKeble» (PoTo-
HBI co3faloTcsi BOmm3u anona paspsaaom B 500 KB ¢ ¢ppontom
MMITyJIbCA 1O OOHOM HAaHOCEKYHIb! U TOKOM cBbie 10 Ka. Ya-
CTOTHI, (hopmupyIoiye (PPOHTH TAKUX UMITYIbCOB, HAXOJATCS B

Jraria3oHe 102101 11, @ IUIOTHOCTh KJIacTepa 3€pEH-II0TEH-
1[MAJI0B, TPUBHOCMMOI'O MAarHUTHBIM MOHOIOJIEM BO BHEUIHIOK
000JIOUKY Si/Iep MEIU yXke CTAHOBUTCSI JOCTATOYHBIM /IS UOHU-
3al[MM 4YacTull e€ 3anojHsomux. [Ipy B3pbiBE MEIHOrO aHonaa
CHELMAIbHBIM JIEKTPUYECKUM UMITYJIbCOM, ITOIaBAEMbIM Ha Ka-
TOIl, B KQUECTBE MPOIYKTOB TMOTy4aeTCsl OYTH TOJTHAS TaOJHIa
XUMHMYECKHUX 3JIeMeHTOB MeHjie/ieeBa, a Takxke ellé TSxKeble U
cBepxTsikénbie saapa 10 1000 aTOMHBIX €MHMIL.

HccnenoBannsg LENR A. B. BauaeBbIM moka3zaji, 4To I
MOJTyYEHUs] KaXJOrO IIEeJIEBOr0 JIEMEHTAa CYIIECTBYET OITH-

MaJIbHBIA TOK cradmim3aruu. Hanpumep, mis Zn — 30 A/MM2,

mia Al-18,5 A/MMZ, s Fe —22.2 A/MMz, 11 Cu—-25 A/,
VIMeHHO Takue KaTuOpOBOYHBIE IIJIOTHOCTH TOKOB JJTsI KOHKPET-

1
o8 Tounee, ero COITYTCTBYIOIIIUM 3JIEKTPOMOHOITOJIEM U BOJTHOBOJIOM BUXPOHA.



HOW BOAHOH MPOTOYHO-Pa3psiiHON stueiiku (¢oto 2.6) B couera-
HUU C JIEKTPOHHOM CXEMOM MHIyKTUBHOTIO THNa pa3psaa (goro
2.7) B TAKOM peakTope 3aps1KarT 0COOble MAarHUTHBIE MOHOIIO-
JIM C BBICOKOW IIJIOTHOCTBIO 3aCEJIEHHOCTU 3€pHAMU-MArHUTOIIO-
TEHLIMAJIOB €r0 CIUPATIbHBIX c(pep, KOTOpble IPU pa3psilKe yxe
CIMOCOOHBI MIOHU3UPOBATh BHEITHUE OOOJIOUKH SifIep MyTEM MM-
TUIO3MOHHOTO KYMYJISITUBHOTO BHEAPEHU I KJ1acTepa 3€peH-2/1eK-
TPOTMOTEHIIUAJIOB, YK€ JOCTAaTOYHOro IJisi OcjalfeHusl CBs3ei
YacTull, 00Opa3yoIMX BHEIIHUE 000JI0UKH sAaep. B aTux uccie-
JOBaHUSIX 0cO00e BHUMAHUE MPHUIABATIOCH TAKkKe PeKUMaM pa-
OO0TbI OJTYTIPOU3BOJICTBEHHOI YCTAHOBKU «DHEProHUBA-2» MIPU
MIPOU3BOJCTBE NEKTPUUYECKON SHEPTrUM U NiepepaboTKe KUIKUX
PalMOaKTUBHBIX OTXOOB ¢ aTOMHBIX ADC myTéM nepeBoja ux
B HEPAMOAKTUBHBIE IILJIAMBI.

CTaOUIbHOCTh MUK POYACTHIIBI, MUK €€ pacria, TIeproI Moy-
pacrnaja sneMeHTapHbIX YacTuIil'®® ornpenensercs COOTBETCTBU-
eM (POpMBI 1 ITapaMeTPOB UX BOIIHOBOJIOB, 0OPa30BaHHBIX BHEIII-
HUM BUXPOHOM, BEJIMUMHE 3alMPAIOIEro CTAMOHAPHOIO JJIeK-
TPUUYECKOTO TIOJSI U CPeIHEN KPUBU3HE OKPYXKAIOIIUX TMOJIeH.
Tak, HanpuMep, U3BECTHBIN HU3KOIHEPreTUUECKUH OeTa-pacraj
B CBSI3aHHOE COCTOSIHUE JIEKTPOHA B aTOME Ha CBOOOIHYIO 000-
JIOUKy COKpaIaeT nepro mojypacnana. A eciu cBOOOJHBI BCe
3MeKTPOHHBIE 000I0uKK '7°, Kak B ciryyae penust Re-187, nepuon

169 Criacoe B3aUMO/IEIICTBHE.

170 10 JOCTUTACTCA TTOJTHOM 06,HI/IpKOﬁ BCEX aTOMHBIX JIEKTPOHOB-CTCTICHb TTOJTHOM
HWOHU3alUu.



nojrypacnaja cokpamaercs 10 33 ser Bmecto 4,3 x 10 10 ner s
HEUTpaJIbHOTO aTOMa. BUXPOH B HOBBIX YCIIOBUSIX OKPYKAIOIIMX
NoJIel, B TOM YKCJIe CUJIbHBIX T'PaBUTAIIMOHHBIX, BCEI/Ia CTPOUT
HOBBIII COOTBETCTBYIOIIHNI BOTHOBO/I, U3MEHSISICh U BbUIETAS] U3
CTaporo — 000CHOBaHHE MEXaHM3Ma CJIa0bIX B3aMMOJICHCTBHUI.

Hawubonee rpanauosHeie o 00bEMY KCIIEpUMEHTaIbHbIE HC-
C/IeZIOBaHUSI CBOKCTB CBsi3aHHBIX BuUXpoHOoB CBY amamnaszona
npoeeniensl K. Hloynaepcom ¢ 1987 rona — MarHUTHBIE U JIEK-
TpPUYECKUE TIEpEeMEHHbIe 3apsijibl BUXPOHOB 3aXBaThIBAIOT W3
WMOHM3UPOBAHHOTO ra3a KjacTepbl MOHOB M 3JIEKTPOHOB U MPHU/Ia-
10T UM HOBBIE CBOKCTBA, T. € CBOMCTBA 3apPsA0BbIX KJIACTEPOB.
Kak 1 B KAHOHMYEeCKOM CJiyyae reHepalliyu aTOMHbIX MUKPO-
BUXPOHOB IMyTEM M3MEHEHUs MEKTPUUYECKOro MoJisi Ipu JABH-
sKeHHMH aTOMHOTO 3JIEKTPOHA B OCHOBHOE COCTOSIHUE, HA3BaHHbIE
BUXPOHBI CO3/IaBATUCH NMepPeJHUM (PPOHTOM BBICOKOBOJIBTHO-
ro OTPHULATEJbIO JIEKTPUUECKOTO UMITY/IbCA MMKOCEKYHHOM
JUIATENILHOCTU, KOTOPBIM MOJABAJICS Ha KaToM, Pa3MEIlEHHbIN
B BaKyyMHOW CTEKJISTHHOU TpyOke (oto 2.8) ¢ ocratounpim!”!
pa3peKeHHbIM Ia30M JI0 €IUHHI] MAJUTUMETPOB PTYTHOTO CTOJ-
6a. ABTOp ompefesseT MoMy4YeHHbIe TaKUM 00pa3oM 3apsiao-
Bble KJACTepbl, Kak OCUMWJLIMpYIOLHe chepuyeckrue MOHOIO-
JIY, WJIA KaK 3JIeKTPOHHBIE TUIA3MOU/IBI C AUCKPETHHIMU YPOBHS-
MU SHEPruH, UM KaK COJMTOHBI — JIEKTPOMATHUTHBIE KOHTEH-
Hephl, Tperidyrorue B riayookon notenimanbHon sive. K. [oyo-

171 o
Ecnu Takoit HUMITYJIbC HAIIPSAXKEHUS 1I0JaBaTh B BAKYYME, KdK 3TO AEIA€TCA IIPpU
peamm3anuun aaaneﬁ KOCMHYECKOU CBA3U, TO HOCHGHHHﬁ MpO3payvycH JIsd BAXPOHOB.



Jepc POU3BENT U3MEPEHU S U BBIYMCIIAIT KOHKPETHBIE ITapaMeTphl
3apsJOBBIX KJIacTepoB. Pa3sMep HaOmomaeMbIX eIMHIYHBIX KJla-
cTepoB (CBSI3aHHBIX BUXPOHOB) O0KoJo 0.1 MKM!72, a KOTMYeCTBO

JIEKTPOHOB, YIIAaKOBAaHHBIX B TAKOH KJIAaCTep, COCTABJISAET 108 -

10" wryk. [anee, 3aps1oBbiii KJacTep PUOOPETAET 3HAYUTEIb-
HYIO MacCy, 3aXBaThiBasi U3 OKPYKAIOIIEro MPOCTPAHCTBA ATOMBI

BE€ICCTBA B BUJIC IIOJIOXKHUTC/IBHBIX MOHOB, B KaXXJIOM I1O 103 -

10® atomos. Jlpurasics B MEKTPUYECKOM TIOJIe ITON TPYOKU U
JOCTUTasl aHOAQ, ITH 3aPsAJOBBIE KJIACTEPBI IPOU3BOAUIIN AAEP-
HBIE PEAKLIMU C U3MEHEHUEM NIEPBUYHOIO XMMUYECKOI'O COCTaBa
anektponoB — LENR.

[lepBbIM 3KCIEPUMEHTAIBHBIM TTOATBEPKIECHUEM BO3JEH-
CTBUSI CBOOO/IHBIX PE30HAHCHBIX BUXPOHOB!’® Ha mepuox moiy-
pacnazia paguoHYKIUAOB sIBJSAETCS OONyYeHUe «CTPAHHBIM M3-
Jy4eHUEM» YPaHOBOIO pacTBopa. Kpome Toro, u3inydaemslii npu
MOIIHOM 3JIEKTPOB3pbIBE (POJIBIM MOTOK «CTPAHHBIX YACTUIL»
MOXET B3aMMOJECUCTBOBATh C MarHUTHBIM IIOJIEM fApa XKeye3a
Y TEM CaMbIM M3MEHATH €ro 3(p(EeKTUBHOE 3HAYEHUE HA AApax
xene3a Fe-57 na Bemuuny B 400 D, 4ro onpejenser ero mar-
HUTHYIO CTPYKTYpy. [Ip B3pbiB€ TUTAHOBBIX (DOJIBI B KHUIKO-

172 A g HAHOCEKYH/IHBIX UMITYJIbCOB, Kak y C. B. AgaMeHKo, 3TOT pa3mep cocTaB-
aser 100 MKM.

173 VYpyuxkoes JI. U. ¢ corpynaukamu, 2000-2007 r.r. 910 U3JIy4YeHUE MarHUTHBIX
MakpomoHonoseil CBY uacTor, Ko/uleKTUBHOE U 3(P(PEKTUBHOE BO3JEHCTBUAE KOTOPBIX
¢ OOJBINON TIOTHOCTHIO TIOTOKA Ha TSIKENbIe aTOMBI, 3aKPEIUIEHHBIX B KPUCTAUTIYE-
CKOM pelnéTke TBEPIOro Teja, MPUBOIUT UX B COCTOSIHUE SIICPHOM TPAaHCMYTAITUH.



CTH TIOITYTHO TIOTOK «CTPAHHOTO U3JTyYEeHHUs» U3MEHSIET U30TOI-
HO-SIJIEPHBIN COCTAB MEPBOHAYAIBHO YUACTBYIOLIMX aTOMOB. AB-
TOPHI OMPEAEIAIT 3TO B3aUMOJCUCTBUE KaK MAarHUTO-sIep-
HOe€, a TIPY OTPEEIEHHBIX YCIOBUSAX, 3TO U3TyUYEHHUE eIIé CIo-
COOHO BJIMATH M HA pacriaji N30TOIOB, U3MEHSIS TP 3TOM ITEPHO]T
NoJTypacmnajia HEeKOTOPbIX PaIMOAKTUBHBIX SIJEP, T. €. BIUITh Ha
KOHCTAaHTY CKOPOCTH CJIaObIX B3auMOJIeHCTBUI. MOXHO CUnTaTh
3TO JOCTOBEPHO YCTAaHOBJIEHHBIM (PaKTOM.

C TOUKM 3peHusl YK€ Ha3BaHHBIX CBOMCTB BUXPOHOB, B 3TUX
mpoleccax MPOUCXOAUT MocsenoBartesibHast oTosiiepHasi pac-
MAKOBKA-MOHW3AIIMS YaCTUI] C BHEITHUX OOOJIOYEK siipa BHE/I-
PEHHBIMU B HUX KJIACTEPOB BOJTHOBOJOB PE30HAHCHBIX MArHUT-
HBIX MOHOMOJIEH — «TSDKENBIMU» (POTOHAMHU C JUTMHOW BOJIHBI
20-50-100-200 mukpoH. [TpuBHOCHMBIA B 00/IACTh NIEKTpUYE-
CKOTO TIOJISI aTOMa WM Spa KJIacTep MOTEHIMAIOB BOJTHOBO/IA
CBOOOJHBIX MJIM 3aMKHYTHIX BUXPOHOB U3MEHSIET €ro, UTO U IPH-
BOJWT K MOHU3AIIMU UM BO30YKICHUIO YACTHIl BHEIITHUX 000-
JIOUEK Siiep W MEKTPOHOB aTOMHBIX OOOJIOUEK. DTOT MPOIIECcC

SIIEPHBIN, a 3HAYUT CBEPXOBICTPHIN 102 CEKYH/Ibl, U B 3aMKHY-
THIX BUXPOHAX MPOUCXOAUT B MOMEHT 3apsiIKU MAarHUTHOIO 3a-
psizia C MPOM3BOICTBOM BOJHOBO/IA JIEKTPOIOoTeHIMaIoB. Orpe-
JeMM 3TO CBOWMCTBO — PACMaKOBKA-MOHU3ALMS MUKPOYACTHII
BHEIITHUX OOOJIOUEK aTOMHBIX SiJIEP KPUCTAIMUEKON PelieTKU
TBEPJIOTO Teja «TSIKENBIMU» PE30OHAHCHBIMU MAarHUTHBIMUA MO-
HOIIOJISIMA MAaKPOBUXPOHOB, KakK JBAJALATh TPEThE.

B ciiyuae TemnsioBbIX SHEPruii, BUXPOHBI JIBUKYIIUXCS IJEK-



TPOHOB MIPU PEKOMOMHAIINY C MIOHAMH 00PA3yIOT TAKkKe BJIOKEH-
Hble J1eOpoiljieBCKHe aTOMHbIe 3aMKHYTHIE BOJHOBOIBI-000-
JIOYKH, HO YXe pa3MepoM JIMHbI BOJHBI Ha TATh JECATHY-
HBIX TIOPSAKOB OOJIbIIIE — T. €. 00O0JOYKMA aTOMOB CO CPEJHUM

pasmepom 108 cm. B crity OOJBIION PAacIpOCTPAHEHHOCTH Ta-
KHMX BUXPOHOB Ha30BEM MX aTOMHBIMH. OIHAKO BO3MOXKHO 3TO
JIMIIb B YCIIOBUSX, KOTOPBIE UMEIOT MECTO HA IOBEPXHOCTU 3EM-
. B ycrnoBusix MaHTHH, TITyOOKO B HE/Ipax HaIlleH TIaHeTH, T/ie
JaBJIeHUs JOCTUraloT 4 MIIIMOHOB armocdep, TeMreparypa u

ioTHOCTH cooTBeTcTBeHHO 5000 °C 1 12 000 KF/M3, Kak IOoKa-
3BIBAIOT I'€0JIOrMYECKHE UCCIICAOBAaHUS MEXaHN3Ma BO3HUKHOBE-
HUS M JBMKEHUs TUTIOMOB!7* K MOBEPXHOCTU 3eMIId OT IPaHu-
bl SIIpa C MAHTUEH, a TaKkKe MPOUCXOXKJICHUE HEKOTOPBIX MO-
PO ¥ MUHEPAJIOB, HAXOSIIUXCS B MPUIIOBEPXHOCTHOM KOHTHU-
HEHTAJILHOW KOpe, BUXPOHBI 00Pa3ylOT WHbIE MHKPOYACTHUIIHI
U C UHBIMU CBoiicTBamu. Jla M caMu U3BECTHBIE HaM TTPOIIECCHI
PaJIMOaKTUBHOIO M3JIyUYeHHUs U Pacriajia CTAHOBSITCS JAPYTUMU B
CBSI3U C OTCYTCTBHEM CBOOOIHOTO MPOCTPAHCTBA B MAHTUM JIJISI
CO3JIaHUSI TeX WJIM MHBIX MUKpoYacTHIl. [Ipr 5TOM OOBIYHBIE XH-
MUYECKHUE Peakiy 3aMEeHSI0TCs OYeHb MOXOKUMU !>, HO saep-
HBIMU U IJIEPHO-XUMUYECKUMU MPEBPAIICHUSIMU, 110 TUITY MIO-

174
74 Tlmiombl, BCUIBIBaONIME U3 siapa 3eMITH — BELIECTBO HEXMMHUUECKOTO COCTARa,

MpU SAIEPHO-XUMHUUYECKOM MPEBPAIIEHHH KOTOPBIX 00pa3yIOTCsl €ro SHEeprusl JIBUXe-
HUsI, OOBIYHbIC BEIIECTBA U Ta3bl, M3BEPrakoIliecst BO BpeMsl BYJIKAHIMIECKOH JesiTe b-
HOCTH.

175 B OTKpLITOﬁ JIMTEPATypeC NU3BECTHBIC KaK TPAHCMYTAlluA XUMHWYCCKUX IJIEMCHTOB.



OHHOTO KaTajiu3a ¢ 00pa30BaHMEM MIOOHHBIX aTOMOB WMJIM Me-
30aTOMOB. bosnee TOro, U3BECTHO, UTO TaKWe SIBJICHUS HU3KO-
SHepreTuvecko Tpancopmaryu !’ syiep XMUMUIECKUX SJIeMeH-
TOB HE UMEIOT B HACTOSIIMI MOMEHT B OTKPBITOH JITEparype
yOenutenbHbIX 00bsicHeHui B pamkax CAITL.

C ToukH 3peHusi peajJbHOro NpecTaBJIeHusl, 1Jsi 00b-
SICHeHHsI JBUJKEHHsI 3THX IUIIOMOB, a TaKKe S/AePHbIX
npeBpalleHnii NMpH 00pa3oBaHUM MECTOPOKIEHHI MO-
andaeHa, ypaHa B rpaHHTax, rpaHATa W3 0a3ajbTOB M
T. 1., HEOOX0JUMO MPHUMEHSITH He MPOTOH-HEHTPOHHYIO
Mo/1eJIb S1/IPa, a 000JI0YeYHYI0 HA OCHOBE CTPYKTYP THIA
Me30HOB H MIOOHOB, CO3/1aBa€MbIX MHKPOBUXPOHAMI.

K zmpyriM cBO#CTBaM BUXpPOHA OTHOCSITCSI €0 OECKOHEUHOE
BpeMsl KM3HU B BaKyyMe KOCMOCAa W OTpaHMUYEHHE CKOPOCTU
NPSIMOJTMHEHOTO PACIIPOCTPAHEHHUSI TIPEAeIOM CKOPOCTH CBe-
Ta, 0OYCJIOBJIEHHOE er0 COOCTBEHHBIM JIBUKEHUEM I10 CIIMPAITH.
HMeHHO MO3TOMY CKOPOCTHh CBETAa He 3aBHCHUT OT CKOPO-
CTH IBUKEHHS NCTOYHUKA W3JIydeHHs.

flnepHble 1 aTOMHBIE 3AMKHYTbIE BUXPOHBI C MACCOH MMe-
I0T BUJI IBUKEHUS 110 3aMKHYTHIM BOJTHOBOJIAM B KOPHE OTJIMY-
HBII OT JBWXKEHHUs ONTUYECKUX MHKPOBUXPOHOB IO BOJHOBO-
naM (DOTOHOB U OYEHb AUCKPETHBIN CHEKTP KOHKPETHBIX Pe30-
HAHCHBIX YaCTOT, TIPU KOTOPBIX BO3MOXHO OOpa30BaHUE U CTa-
OWJIBHO JIONTast )KM3Hb aTOMOB, SIJIEp XUMHUECKHUX JIEMEHTOB U

176 TpancMyTauuu saep XUMAYECKUX 31eMeHToB, B. @. banakupes, B. B. Kpbiv-
ckuit, (2003 r.), I'apees ®@. A. (2005 r.).



9JIEKTPOHOB, T. €. CTAOWJIbHBIX MUKPOYACTHUI]. MaKpOBUXPOHBI
CBY gunana3oHa ¢ CylecTBEeHHbIM 3HAY€HUEM MarHATHOT'O 3apsi-
114, B OTJIMYME OT BBICOKOYACTOTHBIX ONITUYECKUX U JPYTHX KECT-
KHX KBaHTOB, TIPH NIPOXOXKJICHUH Yepe3 BEIIeCTBO UMEIOT B CBO-
€M (pa3oBOM 00bEME OUYEHB OOJIBITIOE KOJTMYECTBO aTOMOB 1 MO-
JIEKYJ1, & TIOSTOMY CITOCOOHBI X BO3OYIUTD UJIH JIa)Ke UOHU3UPO-
BaTh, a TAK)KEe YaCTUYHO PaCIiaKoBaTh BHEITHUE 0O0JIOUKH HEKO-
TOPBIX AaTOMHBIX SIJIEP.

Yacrora oOpallleHuii MarHUTHOTO MOHOIIOJISI TIO CIUPAJISM,
oOpasyomux (a3oBelii 00BEM aTOMHOTO (POTOHA WA 3aMKHY-
TO MUKPOYACTHIIBI 3aBUCUT OT JuaMeTpa cepbl U CKOPOCTU
W3MEHEHUs 10151, B KOTOPOM 3apOJIUIICS STOT MOHOIONB. YacTo-
Ta CMEHBI MOJISIPHOCTA MOHOIIONSI HAa TPOTUBOMOJOXHBIA TPH
€ro pa3psiike orpe/essieT MOJIOBUHY JITTMHY BOJHBI KBaHTA. Ero
SHEPrysl YUCJICHHO paBHa noctostHHou [1naHka, nenéHHom Ha 27
¥ BpeMsi (pOPMUPOBAHMSI KBaHTA JIEKTPOMArHUTHOTO TIOJIsT WITH
BpeMs ero usinydeHusi. KocBeHHO, ero BHEIIHUE CBOKCTBA MPO-
SIBJISTIOTCST BO BCEX JIEMEHTAPHBIX YaCTHIIAX B BUJIE CITMHA, Mac-
CBI, 3apSIJIOB, a TAKXe B XapaKTEPHBIX SIICPHBIX B3aUMOJICHCTBH-
X ¥ T. 1. Pa3Mep M macca MUKpOYACTHUI] HaNpsSIMYIO CBsI3aHa
C YMCJIOM BUXPOHOB B HEWl M 3HAUCHUEM BEJIMUYMHBI UX SHEp-
ruu. Bce u3BecTHBIE B3aMMOJICHCTBISI MUK POYACTHIT OOYCIIOBIIE-
HBI CBOMICTBAMM BHXPOHOB U TeX (ha30BbIX OOBEMOB, KOTOPbIC
OHU TIOCTPOMJTH ¥ B KOTOPBIX CaM¥ KUBYT. [1py pa3inyHbIX B3a-
UMOJIEHICTBUSIX OHU BeyT ceOs1 BeCbMa IIACTUYHO, 00'heIMHSI-
SICh C JIDyTMMU BUXPOHAMU T10 BEPTUKAINA U TOPU3OHTAIIH, ITy-



TEM 3aXBaTHBIX U (DOKYCUPYIOIIMX BHEIIIHUX MArHUTHBIX MOJEN
¢ 0O6pa3oBaHNeM KOHIICHTPUYECKH BJIOKEHHBIX JIPYT B JIpyra 3a-
MKHYTBIX BOJTHOBOJIOB, 0Opa30BaHHBIX pa3HBIMU 110 SHEPTUU Pe-
30HAHCHBIMU BUXpOHaMu. OHM JIETKO U3MEHSIOT (pOpMY BOJIHO-
BOJIOB U3 3aMKHYTBIX B CBOOO/HbI€ B OTCYTCTBHE BHEIIIHUX
3aMypaloliux Mojiel, Hanpumep, AaHHUTWISIIUY MUK pouacTull. U
MIPU 3TOM TaKKe JIETKO MEHSIOT CBOM BHYTPEHHHUE MapaMeTphl
TaKue, KaKk TUIl [OJISIPHOCTH, HAIpaBJIEHUE OCU BpAIlIEHUs1, TUIl
NOJISIPU3AIK U YacToTy Konebanuii. Popmupyst BOTHOBO (o-
TOHA TIPY CBOEM JIBWKEHUU-Pa3psifie, CBOOOHBIA MarHUTHBIN
MOHOIIOJIb BECh CBOW 3apsijl HA Y4 JIJIMHBI BOJIHBI MpeBpaIiaeT
B 3JIEKTPONOTEHLIAAIbI M IPOTUBOMNONI0KHBI MATHUTHBIA MOHO-
nojib. B TO Bpemsi, Kak 3aMKHYTBIII MarHUTHBII MOHOMOJIb B
CBOEM JIBUKEHMHU-3apsIlie B JIEMEHTAPHOM YacTULE, UCUe3asi Ha
MT'HOBEHHE, TTPEeBPAIlaeTCsl B TPABUTAIIMOHHBIN BEKTOPHBIN 3a-
psn. Tak mpoucxoauT 3aMmeHa CBOOOHOTO ABUKEHHSI MATHUTHO-
IO MOHOIOJISI HA 3aMKHYTOE ABMXEHHE C poxkIeHrueM maccel. U
HAa000pOT, 3aMeHa KMHETUIECKOTO JBIKEHHSI MACCOBOM 4acTH-
bl Ha CBOOOIHOE JIBMKEHHE (POTOHOB CO CKOPOCTIO CBETA — I0-
TOK BBICOKOHEPI€TUYECKHX JIEKTPOHOB MTPU TOPMOKEHUU-TIO-
IJIOIIEHUU HETIOJBUKHON MUILIEHbBIO U3 TSKEIBIX JIEMEHTOB I'e-
HEepUpYyeT MOTOK PEHTTEHOBCKUX JIy4YeH.

Takum 00pazom, cBOOO HBIE OUIIOISPHBIE BUXPOHBI 0Opa-
3yI0T CTaOMIIbHBIE (DOTOHBI SEKTPOMATHUTHBIX KBAHTOB CO CIH-
HOM DPaBHBIM e/lMHuIle. BUXpoHbl (DOTOHOB C SHEpPrue BblllIe
1022 K3B criocoOHBI 3aXBaTBIBATHCSI TI0JIeM aTOMHOTO sipa



U JeJHUTCS Ha JBa MOJSPHBIX 3aMKHYTBIX W MMPOTHUBOIOIOX-
HBIX BUXPOHA, KOTOPhIE POXAAIOT CTAOWIbHBIC SJIEKTPOH U T0-
3UTPOH CO CIIMHOM 2. Bosiee BhICOKOYACTOTHBIE (DOTOHBI B TI0JIE
SIpa CO3AI0T 3aMKHYThI€ OJJHOTIOJISIPHBIE BUXPOHBI, HO TIPOU3-
BOJISIIIIUE yXkKe HeCTaOWIIbHBIE MIOOHBI CO CIIUHOM Y2, T1pu aHHU-
TSN TTPOTUBOMOJIOKHBIX YaCTHUI], B YaCTHOCTHU, IIPOTOHOB U
AQHTUTIPOTOHOB!”’, TTOSIBJISIIOTCSA KOPOTKOKUBYIIIE HEUTpaJIbHbIC
Y 3apsOKEHHBIE ME3OHBI C IIEJIOYHUCIICHHBIM CITTHOM, OOOJIOYKH
KOTOPBIX COCTABJICHHBI U3 MPOTUBOIMOJOXHBIX 3apsKEHHBIX Ya-
CTHII CO ClIHOM Y2. HecKoJIbKO pa3HbIX 10 YacToTe pe30HaHC-
HO-3aMKHYTBIX OUIIOJISIPHBIX SIIEPHBIX 000JIOUEK MPH Orpeie-
JIEHHBIX YCIIOBUSIX TIPOSIBJISIIOT CIIOCOOHOCTh K KOHIIEHT PUYECKO-
My CJHMSIHHIO C OOpa30BaHUEM BIIOKEHHBIX B JIPYT Jpyra OUIIo-
JIIPHBIX O0OJIOUEK HEHUTPOHOB M AHTUHEWUTPOHOB, MPOTOHOB W
AQHTUTIPOTOHOB U JIPYTUX SI€P U3BECTHBIX XMMHUYECKUX JIEMEH-
TOB. Pa3HOOOpa3ue BUXPOHOB TaKOe ke, KAKOBO pa3HOOOpasue
(hopM aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA.

BuxpoHbI MOTYT pOXKIAThCSI HE TOJNBKO B TIEPEMEHHOM JJIeK-
TPUYECKOM TIOJIe CTAllMOHAPHBIX 3aps0OB, KOrda OJWH M3 3a-
PSIIOB HAUMHAET JIBMKEHHE Ha CONMMKeHue. DTOT Mporecc Bo3-
MOXEH U B MEPEMEHHOM MarHUTHOM I10jJié B MOMEHT pa3psii-
KM Yepe3 MOCPECTBO NEPBUYHO-POKAEHHOTO JIEKTPOMOHOIO-
ns1. Kpome Toro, eciim uMeroTcst YCIoBHS JUTUTEILHOTO Bpailie-
HHS HEUTPAILHOTO WJIM MarHUTO3apsKEHHOTO Kiactepa (ras3o-

177 Mpu Takoit aHHUTWIALIN TaK ke HAET [0CIEOBATe/bHAS PACIIAKOBKA BHEIHIX
000JI0YEeK TIPOTOHOB.



BOT0, KUAKOTO, TBEPAOIO MK (pa3bl arperaTHOrO COCTOSTHUS Ma-
tepun B popme YUCT) matepun BOKpYr COOCTBEHHOW M CTall-
OHApPHOW OCH, aTOMHO-MOJIEKYJISIPHOE BEIIECTBO B TAKOM KJia-
crepe, Kak W Mpy MPOU3BOJICTBE MArHUTOB, CIIOCOOHO MOJISIPU-
30BaThCs C 0Opa30BaHUEM COOCTBEHHBIX BEKTOPHBIX MOHOMOIEH
BCEX TPEX BUJOB — IEKTPUYECKOTO, MATHUTHOTO U T'PaBUTALIU-
oHHOTO. OJTHAKO 9TH MOHOTIONU OYIYyT KECTKO CBA3AHBI C UCTOY-
HUKOM, U M03TOMY Ha3BaHbl CBA3AHHBIMH C MAacCOl MaKpo-
BHXPOHAMMH. DTOT Mpoliecc 0OHApYKEH NP BPAIIICHUH KJIaCcTe-
POB TBEPABIX TeJI, MATHUTHBIX TeJI, & TAK:KE MPU BPAIIIEHUU SITIEDP
nysabcapoB. B nocnennem ciyvae sapa YCT poxaaloT cBsA3aH-
Hble NIepEMEHHbIE IMNEePBUXPOHBI, KOTOPbIE aHAJIOTMYHO 3a-
MKHYTBIM BUXpOHaM' 78, criocOOHBI poXJaTh (MHBEPCHS MarHUT-
HBIX TIOJTIOCOB 3BE3/1 Y AKTUBHBIX [UIAHET ) IEPEMEHHBIE TPOTUBO-
TMOJIOKHbIE MATHUTHBIE MOHOTIOJU, HA MEPEXOIHBIX YUACTKaX JIU-
TNIOJIM ¥ KBAJIPYIIOJIH, A TAKXKE JIOTIOJIHUTESIbHbIE BEKTOPHBIE I'Pa-
BUTAILIMOHHBIE U IEKTPUUYECKUE MOHOIIONH.

WTak, 271eKTpOMarHUTHbIE BUXPOHBI — 3TO MUKPOBHXPOHBDI,
MAaKpPOBUXPOHBI ¥ TUNEPBUXPOHBI, B CBOOOHOM, 3aMKHYTOM
WINA CBSI3aHHOW (popMe, SHEPreTUYecKH JIETKME aTOMHBbIE WU
TSIKETBIE», OTSTOIIEHHBIE TIJIOTHOCTBIO 3€PEH-TTOTEHIIMAJIOB UX
BOJIHOBOJIOB, CO CITMHOM ITOJTHOU WJIM YaCTUYHO-KBAHTOBOM 3a-
BEpIIEHHOCTbIO BOJHOBBIX MPOIIECCOB. MarHuTHbIe 3apsiipl B

178 Ormiuve cas3aHHbIX ¢ Maccoii BUXPOHOB OT 3aMKHYTBIX MUKPOBUXDPOHOB 3a-
KJII0YaeTcs B TOM, YTO OHH CITOCOOHBI TaKKe TIOPOKJATh eIIE M MOIITHOE TIepeMeHHOe
3IEKTPUYECKOE MOJIE.



CBOOOJIHBIX BUXPOHAX MPEBPAIIAIOTCS TIPU pa3psiike B POTUBO-
NIOJIOKHBIE Yepe3 MOCPEICTBO MPOTUBOAEUCTBYIOIIMX UM JIEK-
Tpudeckux MoHonouei. [Tocnennue cnocoOHbl, B3aUMOAEHCTBYS
C BHELIHUM 3JIEKTPUYECKUM MOJIEM, 3aTOPMO3UTh U OCTAHOBUTh
MarHUTHBIM C KBAHTOBBIM MEPEXOJOM €ro B I'PaBUTALIMOHHBIN
MOHOMOJTb, 00pa30BaB TEM CaAMBIM Tapy 3aMKHYTHIX U IIPOTHBO-
MOJIOKHBIX BUXPOHOB TOUM WM MHOW KOPIYCKYJISIPHOW MHUKPO-
YaCTUIBI C TIONYLIEJBIM CIIMHOM. B aTOMHBIX MUKPOBHXPOHAX
STOT MPOIIECC OTpakaeT PU3MIECKUI CMBICT TTocTosHHOM [11an-
Ka. MarHuTHble 3apspl B HUX MOTYT UMETh IMPOKUI Mara-
30H OT JIEMEHTAPHOIO 10 MaKCUMAaJIbHbIX TUIAHKOBCKUX 3HAYe-
HUH BeJIMYUHBI HEprun. «Tsoxenbie» Buxponsl ot CBY no UK-
JMana3oHa MpU B3aUMOJIEHCTBUM C BEIIECTBOM CIOCOOHBI CO-
3[aBaTh CBSI3AHHO-3aMKHYTbl€ MUKPOBUXPOHHI'”® — B nX (ha-
30BBIX 00EMax HaXOAMUTCS OOJMBIIOE KOJTMYECTBO AaTOMHO-MOJIE-
KYJISIPHOTO BEIEeCTBa. BUXPOHBI MOTYT B3aMMOJEICTBOBATH C
BHEIIIHUMU 3JIEKTPUYECKMMU U T'PaBUTALMOHHBIMU MOJISIMH, a
TAK:Ke C MJIa3MOM aTOMHO-MOJIEKYJISIPHOTO BELIECTBA BO BCEX €€
arperaTHbIX COCTOSIHUSIX, BUAOM3MEHSISICh, HArpeBasi U U3MEHsIs
ATOMHBIN U SI/IEPHBIN COCTaB OKPYKAIOIIETO BEIIECTBA.

2.2.2 TenoBbIie u
3BYKOBbl€ MUKPOBHUXPOHBI

B3aumopaenicrsue 9MB c BemecTBoM . SIBiieHNE TEMIOBO-

179 To tuny 3apszoseix kiactepos K. Ioyiepca.



ro a¢gpdexra'®’ npu Bo3aerictun nuagpakpacuoro (MK) mznyde-
HUS HA BEIeCTBO ObUIO BIEpBble OOHApYkeHO YwibsamoM [ep-
miesieM. 1o 3¢ deKT mpsaMoro npeoOpa3oBaHUsl IHEPTUU JIEK-
TPOMAarHMTHBIX MUKPOBUXPOHOB B MEXaHHYECKOe KojeOarelib-
HO-BpaInaTejIbHOe ABMKeHHe '8! MOJIeKy1 T aTOMOB BelllecTBa,
T. €. MeXaHH4ecKoe '32 BIKeHre MUK POYACTHII, 00JIaJal0NIHX
Macco, U, KaK CJIe/ICTBUE, POXJEHNE IMIIep3ByKa C YaCTOTaMU

or 10° hio) 1013 't T. e. moTok )OHOHOB U POTOHOB. Takoe Me-
XaHUYECKOE JBMKEHHUE B BEIIECTBE XapaKTepU3yeT ero TeMiepa-
TYpy ¥ B3aUMOJIeWiCTBHE (POHOHOB C €r0 IEKTPOHAMU MTPOBOM-
Moctu. O6patHbIi 3(pPeKT N3MEHEHU S COCTOSTHU S — HarpeBaHue
KJIACTEPOB BelecTBa ', MoJeKyIbl KOTOPBIX HAYMHAIOT JBUTATh-
cs1 6oJiee MHTEHCUBHO, YEM ITPU HOPMAJIbHBIX YCIIOBUSIX, IPUBO-
JWT K U3TYYEHUIO EKTPOMArHUTHBIX (pOTOHOB B 3TOM ke K-

nManas3oHe 3 X 10''-3x 10" I, T. e. ¢ IIMHOM BOJIHEI OT Of-
HOT'O MUWJUTUMETPA /IO OIHOTO MUKPOHA, OXBaThIBasl MPHU ITOM,

or 107 bi (e} 10* aToMHBIX CIOEB B KUIAKOCTU WIHA TBEPAOM TEJIE.
BosmoxeH u Tpetui 3(pheKT — OXJIaKAEHNE BEIECTBA IIPU MTPO-

180 Ve nuuenue wmm yYMEHbIIIeHHe, T. €. U3MEHEHUe TeMIIepaTyphl Kjlactepa Belie-
CTBa.

181 . .

ITOT NpoLecc aKKyMyIMpYyeT U OIpeAessieT OfHY U3 YacTell BHYTPEHHE! Hep-

TUU BelllecTBa B (popMe BpararebHO-KoIeOaTeIbHOW SHEPrUM aTOMOB M MOJICKYJL.
Eme nmeertcst BHyTpEeHHsIs1 SHEprusl, 3anacéHHas B 000JI0UKaX aTOMOB U VX siIep.

182 Mexamuueckoe JBIKEHHE — 3TO KHHETUYECKOEe U LIEHTPOOEKHOE ABUKEHHE KJla-
cTepa Macc.

183 Okorno 50 % conueunoit sHepruu usny4vaercs B UK-quanasone. [JucraHiuionHoe
yIpaBJieHUE TeJIEBU30POM IIPOU3BOIAT MyJIbTaMu, usiyyatormumu MK-uznyuenve.



U3BOJICTBE EKTPUUECKOro TOKa B ycTpoiictBe CButa Proija,
HO TOKa CO CTPAHHBIM 1 ITPOTUBOIIOIOKHBIM CBOUCTBOM P KO-
POTKOM 3aMbIKaHUM HE TUIAaBUTh MECTO KOHTAKTA, a MpeBpaIaTh
ero B uHed. AHasioruuHbiid 3¢¢eKkT HadmonaeTcs u B addekte
[lenbThbe, B KOTOPOM IPU NIEPeXo/ie KOHTAKTA IEKTPOHBI IIPOBO-
IMMOCTH MepeJalT U30BITOYHYIO SHEPIHIo KojieOaTeIbHO-Bpa-
IaTeJIbHBIM JIBUXKEHUSIM aTOMOB B KPUCTALTUYECKON pelieTke
IIPOBOJIHUKA, HArpeBasi €ro UM OXJIakAasi, OIIoas Ty SHEp-
TUIO.

Mexann3M BO3/4eiiCTBUSA HCTOUYHUKOB, MPUBOSIIUX BO
BpallleHre aToMbl U MoJsieKyJ1bl B Beriectse B CAIT Hen3BecTeH.
W3 aHanu3a pe30HaHCHBIX TEIUIOBBIX, IEKTPUUECKUX U SIIEPHBIX
3(ppeKTOB, BOSHUKAIOIIMX TTPU MPOXOKIACHUM JIETKUX U «TAKE-
JIbIX» MUKpPOBUXPOHOB UK-13ydenus yepes BEIIECTBO CleLy-
eT, 4To (PU3NYECKUM MEXaHU3MOM (POTOH-(POHOHOTO Mpeodpa-
30BaHUS SIBJISIETCSI YACTOTHBIN PE30HAHC JIEKTPOMOHOIONEN
MUKPOBUXPOHOB U €r0 BOJHOBOAOB C JIEKTPUUYECKUMHU MOJIsI-
MU aTOMOB U MOJIEKYJI IIPU MPOXOKAEHUN MAarHUTHBIX 3apsiIoB
B (pa30BOM 00bEME BUXPOHOB BOJIM3HU Y3JIOB BOJIH,  TAKXKe Mar-
HUTHOM PACKPYTKH KJIACTEPOB aTOMOB MarHUTHBIMM 3apsAAAMU,
HaxonsAmMMucs B (ase yxe ONvKe K IMyYHOCTH BOJNHBI. Mar-
HUTHBIE 3apsi/ibl UX (PA30BBIX OOBEMOB, B3aMMOJICHICTBYS ITPH Ca-
MOBpAIIATeIbHOM JIBUKEHUM C MArHUTHBIMU 3apsiiaMu (MarHo-
HaMM) KJIacTepa YacTHll, COCTABJIAIOIIMX U3 aTOMOB U MOJIEKYJI
cepuyeckue CIoM 3TOro KJjactepa, IpUBOAST BO BpalaTeb-

4
HO€ ABMKEHHE HE TOJIBKO 3TU CJIOU C KOJIUYECTBOM OT 10



70 107, Korjia MarHUTHbIE MOHOTIOH Ha3BAHHBIX MUK POBUXPO-
HOB TTPOXOJAT Y3JIbl BOJTHOBOIOB, IJIE 3apsi/i MAaKCHMAJIeH, a pa3-
Mep MOXET ObITh TOPa3/I0 MEHBIIIE J1aXke pa3Mepa aTOMHBIX sIEp,
UX JIEKTPOMOHOIIONH YK€ CIIOCOOHBI PACKPYYMBAaTh U OT/IEIb-
HBIE aTOMbI, HOHU3UPOBATh UX U UX aTOMHBIE sI/Ipa, yBeIUIUBAs
B I1€JIOM BHYTPEHHIOI0 SHEPIHIO, JTUHEWHbIE U OObEMHBIE pa3-
MepHl KJIacTepa BellecTBa. B/1oiab co31aHHBIX MU BOJIHOBOJIOB
BO3HUKAIOT BUXPEBbIE JIEKTPUUYECKUE TOKU U U3MEHSIETCSl €ro
MEPBUYHBI XUMUUYECKUI COCTaB. [lpyrumu cjioBamu, yBeande-
HUE BHYTPEHHEW SHEPruM BellecTBA U U3MEHEHUE ero MepBrY-
HOT'O XMMHYECKOTO COCTaBa MPOKMCXOOUT 32 CYET MPUBHECCHUS
SHEpPruv EKTPOMArHUTHBIMU MUKPOBUXPOHAMU MyTEM Bpa-
AaTeJbHO-CTPYHHOMUMILTO3HM '#* NIX MATHUTHBIX 3aPsi/I0B
Y YCTAaHOBKM MMH COOTBETCTBYIOIIUX BOJHOBOAOB. B mporiec-
Cce MeXaHN4eCKOH PACKPYTKH MHKPOYACTHI[ C MAaCCOH Ha-
YUHAIOT 3apsKAThCsl TPABUTALIMOHHBIE MOHOIIOJHU, KOTOPBIE MPU
paspsijike MOPOXKJAI0T 3BYKOBbIe (DOHOHBI M POTOHBI TUTIEP3BYKA.
Ecnmu rpaBUTallMOHHBIE MOHOIIONM JOCTaTOYHO «TSIKENbD», TO B
Tporiecce UX pa3psaKku 00pa3yloTCcsl OUYeHb «IUIOTHBIE» IpaBUTA-
IIMOHHBIE TTOTEHITUAJTBI, YKe CITIOCOOHBIE CO3/1aBaTh BUXPEBBIE TO-
KM U3 JIeKTPOHOB MPOBOAMMOCTH. TakuM 0Opa3oM TUIep3ByK
CHocoO0eH POXIaTh AMEKTPUUECKUN TOK, HO MPOU3BOJUMBIN He

18% Takoil ke MEXaHM3M BOBJEHCTBIS Ha 1a3My TBEPIOTO Tesa HaOMomaeTcst Ipu
MOHU3AMU aTOMHBIX JIEKTPOHOB U YACTHUI] C BHEIHUX SIEPHBIX 000IOYEK, IIPUBO-
JAIIMNA K BUXPEBBIM TOKaM B IMPOBOAHMKAX U U3MEHEHHUIO IEPBUYHOTO XUMUYECKOTO
cocraga BemectBa (LENR).



MIEKTPOINOTEHIIMAIAMHY, & TPABMOTEHIMATIAMY, UTO U HaOmoaa-
erca B ycrpouctse C. ®rnoiga.

[Mpumep oOpaTHOro (HOHOH-POTOHHOTO B3aAUMOJIEHCTBUS
TUTIEP3BYKa CO CBETOM 3aKJI0YAeTCsl B U3MEHEHUH ToKa3aTels
npesiomyienus DMB mof AericTBUEM pe30HAHCHOM BOJIHBI — JIU-
(ppakims cBera Ha yabTpa3BYKe.

Takum 00pa3oM CyIEeCTBYeT MpsiMble KBAHTOBBIE MEPEXObI
PE30HAHCHBIX B3aUMOJIEHCTBUIA MEXIY 71eKTPOMArHUTHBIMU U
MeXaHUYECKMMHA MUKPOBUXPOHAMH — OIPEJeSMM TaKue mepe-
XO[Ipl KaK ABAALATH Y€TBEPTOE CBOWCTBO EKTPOMATHUTHBIX
BUXPOHOB.

Wtak, n”3MeHeHUe BHYTPEHHEW SHEpruu OJHOr0 aTtoma Io-
POXJAeT WM mnorjouiaer (pOTOH, a U3MEeHEeHHe BHYTPEHHEN
SHEpruv KOJUIEKTHBA aTOMOB KJjacTepa BEIeCTBa MOPOKAa-
€T WM TOTJIONAeT KBAHThI 3ByKa. EciM 3TOT KOMIEKTUB aTo-
MOB 0 Macce MPEeBOCXOJUT 3HAUYEHHe TUIAHKOBCKOW Macchl (2,2

x 107° ), TO TPAaBUTAIIMOHHBbIC B3aMMOACUCTBUSI M KBAHTOBbBIE
SIBJICHUS] HAUMHAIOT MPEBAJIMPOBATh HAJ| JIEKTPOMArHUTHBIMHU.
K Takum m3MeHeHHMsIM MOXET IMPUBOJUTH MOIJIOIIEHUE SHEP-
ruu UK-u3nyueHus BemecTBoM, MEXaHUUECKU yap, JEKTPU-
YECKUU Pa3psill, JOKAJIbHBI TEPMUYECKUI HArpeB KJacTepa Be-
IIECTBA, JAETOHALIUS U B3PbIB XUMUUYECKOTO WJIM SIIEPHOTO 3a-
psaga u T. 1. Hanpumep, TenioBoil HarpeB Kjacrepa KpuUcTa-
Jla TBEPAOIO Teja, YBEIMYMBAET CPEJHEE MEKATOMHOE PACCTO-
STHUE B 9TOM KJIACTEpEe M MOPOKAAET TaKUE SIBJICHUS, KaK YBe-
JIMYeHue ero o0bEMa 1 TeTJIONPOBOTHOCTh, KOTOPOE OCYIIECTB-



JISIETCS TIOCPEICTBOM (POHOHOB, CIIOCOOHBIX C ITOMOIIBI0 BUX-
PEBBIX TOKOB aTOMOB, BO3HUKAIOIIIMX Ha BOJTHOBOJAX U3 IPABIIO-
TEHIIMAJIOB TIOCJIe pa3psijia TPABUTAIMOHHOIO MOHOIIONS, Tiepe-
HOCHUTb SHEPTUI0 COCTOSTHUS '$> HarpeBa OT OJHOrO Kjacrepa K
apyromy. ITpu 3TOM IJIaBHYIO POJib UTPAET JAJIMHA CBOOOIHOIO
npodera mpu KosnedaHusx '8 aroma BOIM3U TONOKEHUST PaBHO-
Becusl. DTO sIBJICHUE U €CTh CaMOe JIEMEHTAPHOE U CaMOe BbICO-
KOYaCTOTHOE MpOsIBJIEHUE 3BYKa, T. €. TMIIEP3BYKa, TaK KaK ero
BEPXHSS IPAHUIA JJTMHBI BOJHBI MOXET OBITh TOJBKO OOJIBIIE
YIIBOGHHOT'O MEKaTOMHOTO PACCTOSIHHSI U COOTBETCTBYET YacTo-

Te 1013 I'u. ITpu 3TOM Cniepyer OTMETUTD, YTO aMILIUTYAA KOJIe-
OaHMI1 aTOMOB CYIIIECTBEHHO MEHBIIIE KX MEKaTOMHOTO PACCTOsI-
HUsA. O0/IacTh 3BYKOBBIX YAaCTOT CHU3Y HEOrPaHWYEHHA — B IPH-
pore BcTpevaroTcsl uppa3ByKOBbIE KOJIEOAHHS ¢ YACTOTOM B CO-
ThIE W THICSTYHBIE JIOJIU repil. YacTOTHBIN Juana3oH runep3ByKo-
BBIX BOJIH UIMEET OrPaHUYEHHU S, BBI3BAHHOE aTOMHBIM U MOJIEKY-
JIIPHBIM CTPOEHUEM Cpelibl. B ra3ax JjiMHa BOJTHBI MOXET OBITH
TOJIbKO OOJIbIIIE JJIMHBI CBOOOAHOTO TIpodera Mosieky. [loartomy

BEPXHsA I'PaHULIA TUIIEP3BYKA B ra3e 10° .
OCHOBHOE CBOWCTBO 3BYKa, PAaCHpPOCTPAHSIOIIErocsl B Ka-

185 Ouenp BaxHO — MIEPEHOC COCTOSIHUSI KOPITYCKYJISIPHOTO BELECTBA C ITOMOILLBIO
MEXaHMYECKUX BOJTH M3 OIJHOTO PerrioHa B APYroi. DTOT Mpolecc HEOOXOAUMO yUH-
THIBaTh MPH UCCIICNOBAHUH «bIP>» HA TIOBEPXHOCTU 3eMJIH, 00YCIJIOBICHHBIX TIEPEHO-
COM COCTOSIHUSI MaTepUU B MAHTHU K ITOBEPXHOCTH KOPBI IyTEM MOIIHBIX MEXaHUYe-
CKUX BUXPOHOB, POKIAEMbIX B3PbIBOM.

186 JIMHEAHBIX WITH BpalaTeJIbHbIX.



KOU-TMOO cpejie BellecTBa — 3TO NMepeHoC SHepruu 187 3ByKoBou
BOJIHBI ITOCPE/ICTBOM MEXAHUYE€CKOI0 COCTOSIHUSI aTOMOB. 3a-
MeTUM, 4To B DMB nepeHoc sHeprum nNpoucXoauT 3a CYET ca-
MOJIBHKEeHHsI TIEPEeMEHHOT0 MarHUTHOTO 3apsijia, He UMeloIIIe-
T'O MACCHI.

Kak npouncxoaur 3ToT nepeHoc WiH KaK NPOMCXOIUT
caMO/IBH:KeHHe 3ByKa?

31ech yXe YMECTHO 3aMeTUTh, YTO UCTOYHMKA CaMOJIBU-
KEHUSI, TIOPOXKAAIONIEr0 CTPYKTYPhl MEXaHUYECKOro «oTo-
Ha»-KBaHTa'%® 3BYKOBBIX BOJIH, KaK ¥ MEXaHU3Ma €ro CaMOJIBH-
xenus B CAIl, aBTOpoM B OTKpPHITOH JUTEpaType NAaHHBIX HE
OOHapyKEeHO, KaK 3TO TMOJIOKEHUE CYIIECTBYET U CO CTPYKTY-
POl 371eKTpoMarHuTHoOro oroHa. [lpyrumu cioBamu, Ha MHK-
POCKOITMYECKOM YPOBHE (PU3MYECKMU MEXaHW3M paclpocTpa-
HEHMS 3BYKAa HEU3BECTEH. 3aKOHBI PACIPOCTPAHEHUE 3BYKOBBIX
BOJIH ONpe/ie/ieHbl JIMIIIb Ha OCHOBE SKCIIEPUMEHTAJIbHBIX [IaH-
HBIX ¥ HOCSIT, UCKJTIOUUTETIbHO MaTeMAaTHIeCK! (DEHOMEHOJIOTH-
YECKUU XapakTep.

HcrouyHnkaMu KBaHTOB 3BYKa MOTYT ObITh, KaK WM IPH
pOXAeHUN (POTOHOB, OBICTPOE M3MEHEHHE SHEPreTUYecKoro
COCTOSIHMSI aTOMOB, B JAHHOM CJlyyae, MeXaHN4eCKOro COCTO-
SIHASI KOJUIEKTHBA aTOMOB, OOpa3yIolIuX CBS3aHHYI0 CHCTEMY

187 31eck umeercs BBUJLY Pa3nyuHble (POPMbI SHEPTUH, 00YCIOBIEHHbIE COCTOSIHUEM
BEILIECTBEHHON MaTepUH HCTOYHMKA, B TOM UYKCIIe MEXaHUYECKOE U MATHUTHOE JaBJie-
HUE, TUIOTHOCTb, TEMIIEpaTypa, CIIuH U T. 1.

188 SJIGMGHTaprIG MMPOABJICHHUA MEXaHUYECKUX KBAHTOB — 9TO q)OHOHbI 1 POTOHBI.



Macc. MexaHu3m pacrpocTpaHeHMs 3ByKa — 3apsiika MOTOKa
rpaBUTAIMOHHLIX MOHomoen. M3 ananuza Bo3aeucreus NK-
U3JIy4YEHHUs] Ha aTOMbl, UCCIEAOBAHUNA MEXaHU3Ma SJIEKTPOrU/I-
paBimueckoro paspsiga JI. A. FOTkuHa, MexaHM4YecKoro yjaapa
1o TBEPIOMY Tely, IE€TOHAIIUK W MOCIEAYIOLEro B3pbiBa, Cie-
JyET, 4TO BCErJa BbIHYKJIEHHOE W3MEHEHHE COCTOSIHUS MOCTY-
naTeJIbHO-BpAaIllaTeIbHOTO JBUKEHHUS KJlacTepa BEIIeCTBA Jaxke
Ha Tipejesie JJIMHBI CBOOOTHOrO Mpodera aToMOB MpHU Kosieda-
TEJIbHO-BpaIlaTeIbHOM JIBMKEHUHU X OKOJIO TOJIOKEHUST PaBHO-
BECHS B BEILIECTBE MHAYKTUPYET MAKET IPABUTALMOHHBIX MO-
HOMOJIeM. DTO aHAIOT UHAYKIIMA MarHUTHOTO MOHOTMOJS B U3-
MEHSIIOIIEMCS JIEKTPUYECKOM TI0JIe, T. €. B MEXaHUYEeCKU BO3-
MYIIEHHOM NMPOCTPAHCTBE TOKOSAIIEICS aTOMHO-MOJIEKYJIsIp-
HOU cpeabl. Takoe MpoCTpaHCTBO-Cpella JOKHO COCTOSITh U3
MOJBUKHBIX MUKPOYACTHUI] C MACCOM — aTOMbI, MOJIEKYJIbI, KO-
HbI, JIEKTPOHBI U T. 1. Hampumep, npu mMexaHu4yeckoMm yjaape
10 KJIacTepy TBEPAOIO Tela, T. €. B CBA3AHHOM CHUCTeMe Macc, B
€ro MPOCTPAHCTBE MPUXOAAT B IBUKEHUE aTOMBI, COXpPaHsIs CBOE
MHEPTHOE COCTOSIHUE TOKOsI. DTO JBUKEHUE CIIOKHOE U COCTO-
UT W3 MEXaHUYeCKHUX KojieOaTeIbHO-BpaIllaTeIbHbIX JIBUKEHUN
aTOMOB OKOJIO MOJIOKEHHUSI PABHOBECH S U UX BBIHYKJIEHO-BO3MY-
LIEHHOTO ITyTEM yJapa MOCTYIATENBHOIO IBUKEHUS U3 COCTOS-
HUSI MIHEPTHOTO NoKosi. Takoe cuH(pa3zHoe NBU:KEeHHe KOJUIEK-
THBa AaTOMOB MPUBOJMT K 3apsiIKe MOTOKAa MUKpOCcep U3 MOTeH-
1IMAJIOB I'PaBUTALIMOHHBIX MOHOIOJEH, T. €. HOCHTeJ el KBaH-
TOB MHAYKTUPOBAHHOW SHEPIUY — KJIACTEPOB BUXPEBBIX MOJIEH.



CnuBasich B OIMH, OHU Y:ke 00pa3yloT CyMMapHbIi I'PaBUTALIMOH-
HBII 3apsif cO CTPYKTypoi (¢pur.2.1) mogoOHOM CTPYKType Mar-
HUTHOTO MOHOMNOJIA. [lasiee ciefyer pa3psijika ST0ro MOHOIONS B
IIPOCTPAHCTBE KJIaCTepa C TPOM3BOACTBOM BOJTHOBOJIOB U3 I'PaB-
NOTEHIMAJIOB — C 9TOI0 MOMEHTA HAUMHAETCS KU3Hb MEXaHHU-
yecKoro Mukposuxposa. [locie gero, B1oa» Hux cuH(pa3HO
BO3HUMKAIOT BUXPEBbIE TOKM aTOMOB, KOTOPblE KBAHTOBAHO Mepe-
HOCSAIT COOTBETCTBYIOILYIO SHEPIUI0 MAaTEPUU B PA3INYHOU (POp-
Me (1aBJIEHUE, IUVIOTHOCTb, TEMIIEPATYPY U T. J1.) U OHU KE pere-
HEPUPYIOT-3apsIKAIOT HOBBIM KOJUIEKTUB MTPOTUBOIOIOKHBIX O
3HAKy I'PaBMOHOIOJEH BIiepean Ha Y4 JIMHBI BOJIHBI M HA HO-
BoM Mecte. [Ipu 3TOM CKOpOCTh paclpocTpaHeHUs 3ByKa yxke
onpeessieTcsl MPOAOIbHON COCTAaBJIAIONIed BUHTOBOTO JBUXKE-
HUs aTOMOB BJOJIb ITOTEHIMAJIOB BOJIHOBOZA U COM3MEpUMa C
UX TEIJIOBOM CKOpOCThI0. CHH(]A3HOE ABUKEHNE ATOMOB ITPUBO-
JWT K CO3/1aHMI0 (DPOHTA 3BYKOBOU BOJIHBL. DTO U €CTh OTBET HA
BOIIPOC — 3a4€M Hy)XKHa cpeJa [Ulsl paclpoCTpaHEeHus 3ByKa U
yeM 0O0yCIJIOBJIEHa CKOpOCTh 3ByKa B Her? [lpu pacnpocTpane-
HUM 3BYKa B cpelie UHIYKTUPOBAHHBIE T'PABMOHOIIOIN MEHSIOT-
C41 110 3HaKy MOCJEeNYIOUMMHA BUXPEBBIMUA TOKAMHU MUKPOYACTHLL
B/I0JIb TIOTEHLIMAJIOB BOJTHOBOJIOB — 3TUM 0OECTIeunBaeTCsl MOJl-
HOE KBAHTOBOE MpeoOpa3oBaHMe WHIYKTHPOBAHHOW B IPaBMO-
HOIIOJIE SHEPIUH [TPU COXPAHEHUU CPETHEMN.

Tepmuyeckue koneGaHUsA aTOMOB KPHUCTaJLJIa BBI3BIBAIOT pac-
IPOCTPAHEHNE B BEIIECTBE CUCTEMBI 3BYKOBBIX BOJIH, KBAaHTa-
MU KOTOPBIX SIBJISIIOTCS (POHOHBI. POHOHBI M MX B3aUMOJIEICTBUSA



C UEKTPOHAMU UTpaloT (PYHIAMEHTAJIbHYIO POJb B COBPEMEH-
HBIX TIPEJCTABICHUsX MO (PU3UKE CBEPXIPOBOJHUKOB, MPOIIEC-
cax TErUIOMPOBOAHOCTH, TMPOIIECCaX PACCesHUSI B TBEPIBIX Te-
Jlax. 3aKOHbl PacIpPOCTPaHEHUs BOJIH — Audpakuusi, uHTepde-
pEHLIMsI, OTpaXeHUe, MPeIoOMIIEHUE OJUHAKOBBI U ISl JJIeK-
TPOMAarHUTHBIX BOJIH U JU1s1 3ByKa. OJTHAKO €CTh OTJIMYMS B TIO-
TEeHIIMaJIaX Ha BOJIHOBO/IaX M CKOPOCTSIX PaclpOCTpaHEeHU I 3ByKa
Y CBETa. DJIEKTPOMArHUTHbIE BUXPOHbI YCTAHABJIUBAIOT JIEKTPU-
YeCKHe MOTEHIINAJIbl, KOTOPbIE BHI3bIBAIOT BUXPEBBIE IEKTPUYE-
CKHe TOKHY B MPOBOJHUKAX, 2 MEXaHUYECKHE — IPaBUTALIMOHHBIE
MOTEHIIUAJIBI, KOTOPBIE BBI3BIBAIOT BUXPEBbIE TOKU MUKPOUYACTHUIL
¢ Maccou U (pOPMUPYIOT TEM CaMbIM (PPOHTHI JABJIEHUS U CKO-
POCTH MX JBUKEHMS, a TAKKe, B HEKOTOPBIX CIy4asiX, — BUXPe-
BbI€ TOKM MOHOB U 3JIeKTPOHOB. [loaTOMy 1pu pacnipocTpaHeHun
3BYKOBOW BOJIHBI IPOUCXOIUT ClIEyIOIIee:

— Ha paCCTOSIHUH B IOJIBOJIHBI aMIUIMTYHOE 3HAYEHUE JJaBJie-
HUS1 U3 TIOJIOKUTESIbHOTO CTAHOBUTCSI OTPULIATENIbHBIM, T. €. pa3-
HUIIA JIaBJICHUW B JIBYX TOYKaX, OTCTOSIIUX JIPYr OT JApyra Ha
TIOJIBOJTHBI ITYTH PACIIPOCTPAHEHU ST BOJTHBI, TPEBHIIIIAET B IBA Pa-
3a.

— J1aBJIeHUE, OKa3blBAEMOE Ha YaCTHUIIbl CPEe/bl MPU PaCIpo-
CTPAaHEHUU BOJIHBI, SIBJISIETCS] PE3YIbTATOM AEWCTBUS BUXPEBBIX
TOKOB BJIOJIb TIOTEHIIMAJIOB BOJTHOBO/IA.

— YaCTUIIbI CPE/ibl, YUYACTBYIOIIME B BUXPEBBIX TOKAX IPHU Ie-
penaye SHEPruv BOJIHBI M JEKTPUUECKOro 3apsia, KoNeOmoTcs
OKOJIO TOJIOKEHUSI CBOETO PAaBHOBECHS.



Ha ocHOBaHMM 3TOr0 MOKHO CIeJIaTh 3aKJII0UEHUE O TOM, UTO
IpY MEPEeHOCEe SHEPIUM 3BYKa MPOMCXOAUT IMOJTHOE KBAHTOBOE
npeoOpa3oBaHUe SHEPIUM BUXPEBOW MaTepHUHM MUKPOYACTHI] C
Maccoll B 3TUX BOJHOBBIX ITpOLECCax, T. €. JaHHbI MeXaHUu4e-
CKUI MUKPOBHUXPOH SIBJISIETCS] CBOOOIHBIM.

B3aumopeiicTBue cBeTa co 3ByKOM (¥ HA000POT) UCTIONb-
3yeTCsi B COBPEMEHHOH OITHKE, ONTOJIEKTPOHUKE, JIa3epHOM
TEXHUKE JJI1 yIIPABJIEHUS KOTEPEHTHBIM CBETOBBIM U3JTy YEHUEM.
AKYCTOONTUYECKUE YCTPOICTBA MO3BOJSIOT YIPABIATh aMIUIH-
TY[IOU, 4YaCTOTOM, MOJIAPU3ALUEN, CIIEKTPAIBHBIM COCTABOM CBE-
TOBOI'O CUTHAJIa M HalpaBJI€HUEM PacpOCTPaHEHHUsI CBETOBOIO
ayya. V3 npukaaHbeIX acleKTOB aKyCTOONTHYECKUX 3(PdeKToB
MIPaKTHYECKOE PUMEHEHUE UMEIOT CUCTEMbI 00pabOTKH MH(OP-
Mallyy, 1€ aKyCTOONTHYECKUE YCTPOWCTBA MUCMOIBb3YIOTCS IS
o6pabotku CBY-curaanoB B pealbHOM MaciiTade BpeMEHH.

DOHOHBI U POTOHBI — JIEMEHTAPHBIE BBICOKOYACTOTHBIE MPO-
SIBJICHUSI MEXaHUYECKUX BUXPOHOB. PU3BNYECKUI1 CMBICIT MOSIB-
JIEHUs1 POTOHOB COOTBETCTBYET IMOSIBJIEHUIO BUXPEBOIO JIBUKE-
HUSI MUKPOKJIACTEPA B CBEPXITPOBOSIIEH KUAKOCTU. DHEPreTH-
YEeCKUI CIIEKTP SJEeMEHTAPHBIX BO3OYKAEHUI B KUAKOM TreIiu
MMeeT JUHEHHYI0 3aBUCUMOCTh B Ha4aJIbHOM 4acTH. JIoKasb-
HbIA MUHMYM SHEPIrMU COOTBETCTBYET TEMIIEPATYPE OKOJIO 8,6
K. DnemenTapHbie Bo30YX/1eHUS JMHEHHOI YacTH CIIeKTpa co-
OTBETCTBYIOT POXJIEHUIO (POHOHOB, a BO30OYXAEHHUSI B 00IaCTH,
ONMM3KOM K MUHUMYMY — POXJIEHUI0 pOTOHOB. OHU TECHO CBfI-
3aHBbI C EKTPOMAarHUTHBIMU (DOTOHAMU U JIEKTPOHAMMU CPEJIBL.



®oHOHBI B3aMMOJIEHCTBYIOT HE TOJBKO JIPYT C JPYroM, HO M C
JPYTMUMH KBa3U4YaCTUIIAMM, KAK C JIEKTPOHAMU IMPOBOJUMOCTH
B METAJIJIaX U MOJYIPOBOJHMKAX, TaK U C MArHOHAMHU B MarHu-
TO-YNOPAJOYEHHBIX cpeAax. Vciyckanue u noroiieHue (poHo-
HOB 3JIEKTPOHAMHU — OCHOBHOU MEXaHMU3M 3JIEKTPUUECKOTO CO-
MPOTHUBJIEHUSI METAJUIOB Y TIOJTYITPOBOAHUKOB.



2.3 DJIeKTPOH — MO3UTPOH

Craogicu MHe, umo makoe 3NeKmpoH,
U 5 00BACHIO Mebe 6C¢ OCmanbvHoe.
B. Tomcon

DJEeKTPOH, KaKk 3aMKHYTO€, a [I03TOMY UHEPTHOE U CTa0MITb-
HOE€ MUK POIPOCTPAHCTBO, 00JIA/IaeT CTPYKTYPOU, BHYTPEHHUMU
Y BHEITHUMU (PU3UUYECKUMHU CBOMCTBaMH. Ero KOMNTOHOBCKAas

JUTHA'% BOJHBI COCTaBIISAET BEIMYUHY 2,4 X 10719 cm. JeOpoii-
neBckasi'® MHa BOJIHBI JIEKTPOHA B aToMe (T. e. pa3mep cde-
pUYECKOr 00JIacTH, B KOTOPOUW JIEKTPOH, OyIydH CBS3aH K-
TPUYECKHUM TIOJIEM SI/Ipa, YKe MepecTaéT CyIecTBOBaTh CO CBOM-
CTBaMM CBOOOJIHOTO 3JIEKTPOHA) B HOPMAJIBHBIX YCIIOBUSIX pe-
KOMOWHAITMOHHOTO TETJIOBOT'O PABHOBECHSI COCTABJISIET BEINYH-

HY 107-10%cm, a B YCIIOBHSIX BaKyymMa KOCMoca B 0071aCTsX ¢
TeMIlepaTypoit OJIM3KOM K aOCOMIOTHOMY HYITIO MTPUOIKAETCS K

- 4 ..
1072 = 107 cm. Takum 00pa3oM, BEICOKOBO30YKEHHBIE COCTOSI-
HUSI aTOMOB, UMEIOIIHE Ha TOBEPXHOCTH 3eMJIM OYEHb KOPOTKOE

¥ 310 pa3mep oOnacTH, KOrga 4acTHia MepecTaéT MposiBIATh cedsl Kak MaTepu-
aJIbHasl TOYKA, U B TAKUX B3AMMOJICHCTBHAX YK€ HAYMHAIOT MPOSIBIIATHCS HEKOTOPHIE
CTPYKTYpPHbIE CBOWCTBA.

190 dopmabHOE OIpeie/ieHne KOMIITOHOBCKOM M JeOpOMIEBCKOM TMHBI BOJIHBI
OJIMHAKOBO, HO B IEPBOM CJIy4ae KCIONb3yeTCst CKOPOCTh CBETA, B3aNMOICHCTBYIOIIHX
raMMa-KBaHTOB C JIEKTPOHAMH, & BO BTOPOM — peasibHasi CKOPOCTh JIBMIKEHUSI K-
TPOHA OTHOCUTEJIBHO SI/Ipa TIPH KOTOPOH BO3MOXKHO (POPMUPOBAHUE aTOMA.



BpeMsl )KU3HH, B ITyOMHAX KOCMOCA MTPAKTUYECKU CTAOMJIbHBI.
VY onekTpoHa camass MHMHUMAaJIbHO BO3MOXHas Macca'®!

uHeptHOro nokos (511 KaB), ogHako apdekTrBHbIN pazmep da-

30BOro 0OBbEMA BOJHOBOJOB COCTaBJIsIET BeMW4nHy 1,2 X 10710

CM U CYILLIECTBEHHO MPEBOCXOAUT pa3mMepsl aTOMHOro siapa. Ero
cTabWJIbHOE MO BO3PACTY KU3HU MUKPOIPOCTPAHCTBO UMEET I10-
JIyLIEJIbIA CIIMH ¥ OTPUIATESIbHBIN (TTO3UTPOH — MOJIOKUTETbHBIN )

3apsan 1,6 x 107" Ki, a Takke cOOCTBEHHBII MarHUTHBIN MO-
MEHT, paBHbIl MarHetony bopa.

DIEeKTPOHBI POXKJIAIOTCS B MPUPOJE, C OAHOW CTOPOHBI, TIPU
00pa30oBaHUU 3apsKEHHBIX sIIEp XUMHUYECKUX JIEMEHTOB, ITy-
TEM pacrajia HeUTpPaIbHBIX sIIep, B TMpoleccax Oera-pacmana
siIep aTOMOB XUMUYECKUX JIEMEHTOB, [IPU pacrajie HeUTpoHa U
JPYTUX HECTAOUJIBHBIX JIEMEHTAPHBIX YaCTUIl. A ¢ APYTroM CTO-
POHBI IPY B3aUMOJEUCTBUYN (DOTOHOB € aTOMHO-MOJIEKYJISIPHBIM
BEIIECTBOM B Pa3JIMYHBIX arperaTHbIX COCTOSTHUSIX — (pOTOI(-
(hext!”? u map — oO6pazoBanue. CBOMCTBA CTPYKTYpPHI IEKTPO-
Ha, KpOMe Ha3BaHHBIX SIBJIEHUI, MOTYT TaK:Ke JIOTIOJTHUTh pacra-
JIbI KOPOTKOXKUBYIIIUX JIEMEHTAPHBIX YACTHUII, TAKUX KaK MIOOH,
a Takke BechbMa 3arajJiouHble sBJIeHHs OeTa-pacrnana KoOasb-
Ta-60, HEUTPOHA U HEKOTOPHIX APYrux yactuil. B aTux nmpespa-
IIEHUSIX OPUEHTUPOBAHHBIE TI0 CIIMHY BHEITHUM MarHUTHBIM I10-

191 Wnu, uTo, TO %e camoe, COOCTBEHHbI BEKTOPHBIN I'PABUTAILIMOHHbBIA MOHOIIONb —
Pe3yabTaT KBAHTOBOTO Mepexoa MArHUTHOTO MOHOIIONS B TOUKE €r0 MCYe3HOBEHHUS.

192" dIpnernue MPOTUBOMONOXHOE 3(PeKTy m3mydeHHs (HOTOHA, BOIOYKIEHHBIM
ATOMHBIM 9JIEKTPOHOM.



JieM pacnajalolrecs siipa U3JydaloT B OJHY CTOPOHY OOJblie
3JIEKTPOHOB, YeM B APYTYI0. DTO K€ sIBICHNE HAOMOAaeTCs U 'y
AQHTUYACTUL. DKCIIEPUMEHTBI, BBITIOJTHEHHbIE B 9TOM HallpaBJie-
HUM ¢ 1956 1o 1964 MUPOBBIM Hay4HBIM COOOIIECTBOM, MOKA-
3aJIM O HAJIMYUH Y JIEKTPOHOB, TIO3UTPOHOB U JPYTMX MUKPOYA-
CTHULI CJIOKHOH JIEBO M MPABO BpaLaTeIbHOU CTPYKTYPBI.

HononHurenbHast MHGOPMALUS 110 CTPYKTYPE EKTPOHA MO-
KeT ObITh TIOJIyYeHa U3 OTBETA Ha BOITPOC O €r0 MEKTPUIECKOM
3apsijie U Macce Mokosi. JIoCTOBEpHO YCTaHOBJIEHO, UTO JIeKTPH-
YecKMe 3apsiipl pa3esibHO CYIIECTBYIOT B JABYX BHJaX — IOJIO-
KUTEJIbHBIE U oTpULiaTesibHble. [Ipu 3TOM pa3sHOMMEHHbBIE 3apsi-
Jbl IPUTSTUBAIOTCS, 2 OMTHOMMEHHbBIE OTTAJIKMBAIOTCs. B KBaHTO-
BOU 9JIEKTPOIMHAMUKE TIOHSTHS 3HAKA 3apsijia He CYIeCTBYeT, a
TIO3UTPOH OITUCHIBAETCS KaK JEKTPOH, IBIKYIIHICS 00PaTHO
BO BpeMeHH.

BhemHee nposiieHre CBOUCTB (hOpMBbI BOJTHOBOJIOB JIEKTPO-
Ha C BPAIAIOIIUMCS MOJISIPHBIM MAarHUTHBIM MOHOIIOJIEM — 3TO
€ro CIMH, EKTPUYECKUI 3apsi]l, FTeOMETpUUEcKas CTPYKTypa 1
uHIyKTHpyeMas macca ' (B repmuHax cuctembl CU wmu CI'C), a
Tak:xe OECKOHEUHO J0JIToe BpeMsi KU3HU. BHyTpeHHMe cBOMCTBA
9MIEKTPOHA, OTBETCTBEHHbIE 32 3TO BHEITHEe MpOsIBJIEHHE, 00Y-
CJIOBJIEHBI NPOLIECCAMM, MPOUCXOASIIMMU B PE30HAHCHOM I10-
JISIPHOM BUXPOHE, B KOTOPOM MarHUTHBII MOHOIIOJb NIEPUOIU-
YeCKM U BCerJa JIBUKETCS-BKpyUuMBaeTcs: (MMILUIO3Us OceBasi) B

193 W cobersenmbiit BEKTOPHBII IPABUTALIMOHHBII MOHOIIONb — IPABUTALIMOHHBII
3apspl.



OIHOM HATpaBJIEHWH B CTOPOHY K IIEHTPY MOBEPXHOCTU TONIY-
cepsl, rae ucuesasi, mpeodpa3yercsl B IpaBUTAIMIOHHBIA MOHO-
nonb. [locnennuii, pa3psikasch (BHYTPEHHSIS CIIMPaIb Pa3psAAKU
I'PaBUTAIIMOHHOTO MOHOIIOJS, MOKa3aHHas Ha ¢ur. 2.8) B none
BOJTHOBOJIA (BHEIIHSISI CITUPAJIb), OMSATh PEAaHUMUPYET ero — UH-
JOYKTUPYET M 3apsiKaeT MAarHUTHBIA MOHOIIONb M TaK J0 OecKO-
HeuHocTHu. lpyrumu cioBaMu, OECCTPYKTYpPHOM TOUEYHOU Tac-
CHBHOI MacChl 9JIEKTPOH HE UMEET, a UMeeT BHYTPEHHUIA BOJIHO-
BOJ] U3 IPABIIOTEHIIMAIIOB, KOTOPBI, CO3/IaBasi BHEIIHEE T'PaBU-
TAlIMOHHOE T0JIe, B3aUMOJIEHCTBYET C [IEHTPAJIbHBIM I'PABUTALIN-
OHHBIM T0JIEM 3eMJTH, MTHEPTEH U MPOSIBISIET COOCTBEHHYIO MacC-
cy. TOYHO Takke BHELIHWI BOJHOBO[ U3 JIEKTPONOTEHIINAIOB
(popmupyeT oTpULIaTENIbHBIN TEKTPUUECKUN 3apsif JMEKTPOHA.

Il HarISIIHOCTU MPOWLTIOCTPUPYEM CKa3aHHOe Tpaduue-
CKUMU cxeMamu (pa30BOro 00bEma JIEKTPOHA ¥ €r0 BO3MOKHBIX
COCTOSIHUM.



®ur. 2.8 Cxema 3J1eKTPOHA, 0003HAYEHHAs JIEKTPO (CHHUMH) H rPaBIo-

TeHIHaJaMu (KpaCHLIMH) €ro BOJHOBO/1A.

Ha 31O cxeme He yKa3zaHa CTPyKTypa IWHAMMKHU IIEpEeMEH-
HBIX IPAaBUTALIMOHHOTO W MAarHWTHOTO 3apsfiOB, a TaKXe MX
BHEIIIHMX MOJIEeH, KaK IBYX (pOPM SHEprur UCTOYHHUKOB JIBUKE-
HUS1 B 3aMKHYTOM IPOCTPAHCTBE.

Ha ¢ur. 2.9 nokazaHa ynpoméHHas cxema mpouecca UHAyK-
L[UU NIOJISIPU30BAHHOTO MArHUTHOTO MOHOIIONSA (YEPHBIN HIAPUK )
B 3aMKHYTOM OOBEME /IEKTPOHA MPOCTPAHCTBEHHOW pa3psii-
KOM T'DaBUTALMOHHOTO MOHOMOJIA (3€JIEHBIE IAPUKUA HA Kpac-
HOM BHYTpPEHHEM BOJHOBOJE). [Tocie Toro, Kak B I0JIe aTOMHOTO
siipa, MarHUTHBIA MOHOMOJb (POTOHA TIOAEJTUJICS MonojaaM (4ep-
HBII KOHYC), OH JJO TIOJIHOM OCTAaHOBKHM BO BpPeMSl TOPMOXEHMS



MIPEBPATUIICS-3aPSIANIICS B CBOM aHAJIOT, HCTOYHHMK IBHKEHHUS
B 3aMKHYTOM OOBEME — rPaBUTAITMOHHBIA MOHOIIOND (3EJIEHBIN
HIApYK B IEHTPE HA MOBEPXHOCTU BOJTHOBO/IA), KAK MTPOLIECC MTPO-
TUBOAEWCTBUS M3MEHEHMIO cKopocTu. IloaTtomy ero crpykrypa
aHAJIOTMYHA CTPYKType MarHutHoro mononoss (¢wur.2.1). On-
HAKO HEKOTOPBIE €T0 CBOMCTBA OTJIMYAIOTCA OT CBOWCTB MArHUT-
HOro. B oTiMunMe OoT MarHUTHOrO OH MPOU3BOJUT BOJHOBOJ U3
3€peH-TPaBMOTEHIIMATIOB Oe3 MOCPEACTBA yyacTHsl IPYrux Io-
Jei, T. e. 6e3 MPOTUBOJEUCTBYIONIETO NIEKTPUIECKOTO BUXpE-
BOTI'O MOJISI, KAK 3TO MPOUCXOOUT C MATHUTHBIM 3apsioM (pOTo-
Ha. MIMeroTcs u Apyrue CyniecTBeHHble oTnurs. B cBoOOIHOM
BUXpOHE (DOTOHA 3apsiika MarHUTHOT'O MOHOIIOJISI HAXOAUTCS
B (DYHKIIMU MTPOTUBOJEUCTBYIOLLIETO MPEAbIIYIIEMY IeKTprUYe-
CKOrO MOHOIOJA. B 3aMKHYTOM BUXPOHE 2JIEKTpOHA 3Ta (PyHK-
IIUsl BO3JIaraeTcsl Ha TPaBUTAIMOHHBIA MOHOMNOMb. OO1ee 1y
000uX — 3apsi/IKa MAarHUTHOTO MOHOMOJIS TPOUCXOAUT Oe3 BO3-
OyXJIeHUs] BTOPUYHBIX TIOJIEH.

Pa3psjaka rpaBUTallMOHHOTO MOHOIIONS — 3TO BpallaTesIb-
HOE€ [IBUKEHHWE MO BHYTPEHHEW KPACHOM CIMpau, T. €. JIBU-
’KE€HUE CHUPATIBHOIO 3eJ€HOro topa. Bo BpeMs 3Toro apuxe-
HUS TPOMCXOIUT Pa3BEPTKA-yYCTaHOBKA !** cBOMX ke 3EpeH-TIo-
TEHIIMAJIOB MAaCcChl HA BHYTPEHHEM BOJIHOBOJE OT OOJIBIIETrO 10
MEHBIIIETO, KOTOPBIE MPU JOCTHKEHUU 3aMKHYTOCTH MTOBEPXHO-
CTU 3JIEKTPOHA BO BHEIIHEM MPOCTPAHCTBE, KaK OT CTallMOHAp-

194 =
? YcraHoBka 3EPEH-IIICKTPOINIOTCHIUAJIOB Ha TPEKE q)OTOHa MMPOU3BOAUTCA Mar-
HHUTHBIM MOHOIIOJIEM



HOT'O UCTOUHUKA, UHAYKTUPYIOT MAcCCy U SJeKTPUYeCKuH 3a-
paa exktpoHa. CTpyKTypa 3HaYeHNH TOTEHIMAIIOB c(pephl rpa-
BUTAITMOHHOTO MOHOIIOJ S, aHAJIOTUYHA MArHUTHOMY — OOJIbITIeH
cepe criupaibHbIX BOJIHOBOJIOB U3 3€PEH COOTBETCTBYIOT MEHb-
€ 3HAYEeHUA M0 aOCOJIIOTHON BEJIMYMHE, a MEHBIIIEH — Hau-
Oospilie 3HaYSHUS IOTeHIAIoB. [loaToMy, Korya rpaBUTaIy-
OHHBIA MOHOMOJIb PA3PSIIUIICS, €ro HauOosbIas cepa B 3TOT
MOMEHT HaXOJIUTCSl B TOUKE BOJHOBOJA C MaKCUMaJIbHOU ITy4-
HOCTbIO, OTKYAa HAYMHAJI CBOIO 3apsi/IKy U JIBUKEHUE BHOBb MH-
JQYKTUPOBAHHBI MarHUTHBI MOHOIIONB chepoit OOJIbIIero pa-
Jauyca, a B JaHHBIM MOMEHT 3aKaHUMBAET CBOIO 3apsjKy cde-
PO MEHBILIEro 1uamerpa (MOJIOKEeHUe, YEPHBIN IIapUK Ha (PUT.
2.9). Utak, pa3psxkasch U3 HEHTPAIbHOW TOUKU PACHONIOKEHUS
3eJIEHOU C(pepbl, TPABUTALIMOHHBIA MOHOMNOJNb CO3JAET BOJHO-
BOJ1 U3 3€pEH-NIOTEHIIMAJIOB (Macca), U 3apsi’KaeT MarHUTHBIN MO-
HOIIOJIb, KOTOPBIM, KaK U B (DOTOHE, CO31AET BOJHOBOJ U3 3€-
PEH-2JIEKTPOIIOTEHIIMAIOB. BOJTHOBO, M3 3€peH-TpaBNOTEHIIAA-
JIOB M CO3JAET MOCTOSIHHOE BHEIIIHEE I'PABUTALMOHHOE IOJIE —
Maccy MOKOS 3JIEKTPOHA.



®yr. 2.9 Cxema npouecca pereHepanyyu MarHUTHOT0 MOHOIIOJISI TPABUTA-

IIUOHHBIM.

Wrtak, nepes MOMEHTOM HUCUE3HOBEHUS c(pepbl 3apsiKEHHOTO
JI0 MAaKCMMyMa MarHUTHOTO MOHOMOJIS TPaBUTALIMOHHBI MOHO-
NOJIb TOKE MOYTHU 3apsIUIICS 10 CBOETO MAKCUMAJIbHOTO 3Haye-
HUSI M UMEET BOKPYT ceOs MAaKCUMAJIbHO BO3MOKHOE [IEHTPaITb-
HOE BHEINIHee I0Jie, KOTOpOe CIIOCOOHO B3aMMOJENCTBOBATD C
JPYTUMU OKPYKAIOIIMMU MOJISIMU, B TOM YHKCIIE C aTOMHO-MOJIe-
KYJISIPHBIM BEILIECTBOM U MOJIEM TATOTEHUs] 3eMJIA. DTH BHEIII-
HUE T0JIs1 Ha CXEME He YKa3aHbl, TAK KaK UMEIOT JIIIIb MTHOBEH-
Hble 3HaueHusl. Takum o0pa3oM cyMMapHbIe BHEIITHHUE JIOKAIb-
HBIE T10J151 JIEKTPOHA (POPMUPYIOTCS IOCTOSIHHBIMU U3 BOJIHOBO-
JIOB C 3€pHAMU-TIOTEHIIMAIAMU U TIEPEMEHHBIMU U3 CAMOJIBUKY-
mxcsi cpep-3apsiIoB MArHUTHOTO U TPABUTALIMOHHOTO MOHOIIO-



Tei.

Pox/ieHre 37eKTPOHOB U MO3UTPOHOB BO3MOKHO HE TOJILKO
C MOMOIIIbI0 (POTOHOB B MOJIE ATOMHOTO s1pa. B 0CHOBHOM, 3TH
YaCTHIIbl MOSIBJISIIOTCS B pe3yJibTaTe pacriajla aTOMHbIX U Hel-
TPaJbHBIX SI/IEP B AHAJIOTUYHOM TIOJIE, B TOM YHMCJIe TIPU pacra-
ne HerdTpoHoB (dur. 2.10). B aTOM cityyae 31eKTpoHbl 00pasy-
I0TCSl B pe3yJibTaTe MOCIeAYIIMX PacnajoB BHEIIHEN 000J104-
KU, COCTOSIIIIEN U3 IBYX MPOTUBOIONIOKHO-3aPSKEHHBIX 3aMKHY-
TBIX 00OJIOUEK-BOJTHOBOJIOB YACTHI] CO CTPYKTYpOW THIIA MIOO-
HOB, B 1ojie saapa. [Ipu pacnage HEUTPOHA BOJTHOBOJ JIEKTPO-
Ha oOpa3yeT BbUIETUBIIMN COOTBETCTBYIOUIMI MAarHUTHBIA MO-
HOIOJIb, (DOPMUPYIOIIUI YACTHILY TUTIA OTPUIIATETHBHOTO MIOOHA,
KOTOpasi HeCTaOUJIbHA U PacragaeTcsi ¢ 00pa30BaHUEM EKTPO-
Ha ¥ aHTHHEUTPUHO — BOJTHOBOJ] CTApOY BHEIITHEN 000I04YKY O3
MarHUTHOTO 3apsija. A Tak Kak ero yacrora yxe (4acTb dHep-
Iy UIET Ha BbLJIET aHTUHEWTPUHO) CYIIECTBEHHO MEHbIIIE Ma-
TEPUHCKOTO BUXPOHA, TO OH CTPOUT HOBYIO OOOJIOUKY, TOJIyYast
IIPY TOM CKOPOCTb, CIIOCOOHYIO TIPEOIOTETh MPUTSKEHUE MPO-
ToHa. Tenepp 3Ta 000I0YKa-BOTHOBO/L MPENCTABIISET COOOM TIO-
nycepy MeKTPOHa, COOTBETCTBYIOINYIO cBOer (hOPMOM HOBBIM
napaMeTpam MOJISIPHOTrO JouepHero BuxpoHa. [Ipu atom, paau-
yc BOJIHOBOJIA nosrycepsl (puc. 2.10) 351eKTpoHa yBEIMYMUBACT-
CS1 Ha TPY JICCATUYHBIX MOPSIKA 10 CPABHEHHIO C BHYTPEHHUMU

000JI04KaMy TIPOTOHA ¥ COCTABIISIET BeIMunHy 1,2 X 10710 em.



®ur. 2.10 Pacnaja HeliTpoHa

Wtak, B3auMHasi HeTpepbiBHAs WM TMepUOAWYECKas WHIYK-
Us-peaHrMaIys IBYX MOHOMNOJIEN B 3aMKHYTOM BOJTHOBOZIE
HOCHUT OECKOHEUHBIII BO BPEMEHHU MPOLIECC, BHI3BAHHBINA CXO[IsI-
IIMMCS BpalleHueM U YBeJIMUUBAIOIIUMCS 3HAUEHUEM MarHUT-
HOT'O MOHOMOJIS TI0 CMUPAIXA BOJTHOBOAA JIEKTPONOTEHIIMATIOB
(opme nonycdepsl, B 1IeHTpe MOBEPXHOCTH KOTOPOWl OH HCYe-
3aeT, 3apsikasi v nepexofs B cepy rpaBUTAIIMIOHHOTO MOHOIIO-
ns1. B aT0# TOUKe, mepes TeM Kak MPOM3OMIET TaKOM KBAHTO-
BBl TIepexo]], KOHIIEHTPUPYIOTCSI OfHA B OTHOM JIB€ U3MEHSIIO-
myecs cepbl-3apsA0B MAKCUMAIbHBIX 3HAUEHHIA 3TUX MOHOIIO-
neit. Cxemy MporieccoB B (pa30BOM 3aMKHYTOM 0OBEME JIEKTPO-



Ha MOXHO TaK:Xe MPEeICTaBUTh, KaK MeproJruecKas 3apsaaka'®
cpepbl MarHUTHOTO 3apsia HA MyTH CO3/1aHUSI UM BHEILIHEro
NPOCTPAHCTBEHHOI0 BOJHOBO/A IEKTPOMOTEHIIUATIOB U OfI-
HOBpEeMEeHHasi 3apsika cpepbl BTOPUYHOIO T'PABUTAIIMOHHOTO
MOHOMOJIS. 3aTeM pa3psiaka cepbl IPaBUTALIMOHHOTO 3apsiia
C IOCTPOEHUEM MPOCTPAHCTBEHHOI'0 BHYTPEHHETO BOJIHOBOIA
I'PaBMOTEHIIMATIOB U OMATh NOCIEYIOMEeH MHAYKIIMUA MarHUTHO-
ro 3apsja.

3épHa-TIOTEeHIMAJIbI — 3TO COOTBETCTBEHHO 3apsKeHHbIe Oec-
CTPYKTYPHbIE MUKPOOOBEMBI-3EpHA MTPOCTPAHCTBA C 3(PPEKTUB-

HBIM pa3MepOM MHOT'O MEHBIIM 1028 ~ 103 cm 1 uBeTom',
XapaKTepHU3YIOIIUM CTATHUECKOE T0JIe 3apsSHKEHHOTO IeKTpruyie-
CKOT0, MarHUTHOTO WJI TPABUTAIIMOHHOTO UCTOYHHKA.

JI1s1 HarAAHOCTH TPOWJLTIOCTPUPYEM CKa3aHHOe rpaduye-
CKUMHU cxemaMu (pa30BOro 00bEMa JIeKTPOHA U TTO3UTPOHA, €T0
BO3MOXHBIX cocTosiHMi. Ha ®ur. 2.4 npuBeieHbl cXeMbl pOXk-
JEHMS SMEKTPOHA U TO3UTPOHA, €r0 MEKTPUIECKUX MOTEeHITA-
JIOB-3epEeH Ha BOJTHOBOJAX U MArHUTHOTO MoJist. IHIyKIMs BeK-
TOPHOTO TPABUTALIMOHHOTO MOHOTIONSI CBUJIETEILCTBYET O Tepe-
MEHHOM'®” MAarHUTHOM TOKE U KECTKOU CBSI3U C HUM B 3aMKHY-

193 321[)}1,[11(8. MMPOU3BOANTCA pa3pﬂ111<0171 TPaBUTAITAOHHOI'O MOHOIIOJIA.

196 I_[BeT 1 €0 UHTCHCUBHOCTDb HAIIOJIHACT 3épHa IMMPOCTPAHCTBA COOTBETCTBHUEM I10-

TCHIOHAaJIa ﬂeﬁCTBy]OH.IeFO (I)I/ISI/ILICCKOFO HWCTOYHUKA B TAHHOM TOUYKE MPOCTPaHCTBa, a
€Iro KBAHTOBAHHUE ITPOUCXOAMUT 3a BPEMA MHOI'O MEHbIIEE IVIAHKOBCKOI'O U HOCUT ApY-

TyI0, OTIMYHYIO OT JIEKTPOMATHUTHOM, IPUPOLY.

197 I[BI/I)KQHI/IG MArHvMTHOI'O 3apsAia UACT MO CIIUPAJIAM PA3HOIo JUaMETpa C pa3HbIM

YCKOPEHHEM.



TOM MUKporpocTpaHcTBe. CTPYKTypa pa3MeIleHns IpaBUTaIH-
OHHBIX MMOTEHIIMAJIOB, UHAYKTUPYIOIIMX TaKOM 3apsii, OCECHM-
METPHUYHA, C yBEJIMUEHUEM 3HAYEHUI K IEHTPY MOBEPXHOCTH. A
HAJIMYME JEKTPUYECKOro 3apsijia TOro WJIM WHOTO THUIIA JIMIIb
pe3yabTaT CTaTUYECKON MHIYKIMM BHEITHero mojsi'®® coorser-
CTBYIOILIMMH 3JIEKTPOIOTEHIMAIAMH, pa3MEILIEHHBIMU C OIpe/e-
JIEHHOM IJIOTHOCTBIO Ha BHeITHeM BostHoBofie. [lonmycdepa amnek-
TPOTMOTEHIIUAIOB BOTHOBO/IA CHAPYKU U U3HYTPU OXBaYeHa TOP-
POUJIATTLHBIM MarHUTHBIM TIOJIEM.

TOYeYHBIX B COCTOSTHUM TTOKOSI ¥ OECCTPYKTYPHBIX pa3HOIO-
JIIPHBIX JIEKTPUUYECKUX U MATHUTHBIX 3apsiioB %, Kak ogHOH 13
(opm cyiecTByolell MaTepur — HET B MPHUPOJAE, KaK HET U
OeCcCTPYKTYPHBIX IPaBUTAITMOHHBIX 3apsioB. CyIeCTBYIOT JIUIIIb
HOCHUTEJN-BOJIHOBObI, KOTOPbIE MHAYKTUPYIOT CBOMMHM TOTEH-
MaJJaMy B HEKOTOPbIX TOUKAX MPOCTPAHCTBA OKOJIO HUX LIEH-
TPbI JIEKTPUUECKUX U IPABUTAIIMOHHBIX 3aps/IOB, T. €. B TOUKaX
HEHTP cepbl WK LEHTP MOBEPXHOCTU Nonycdepsbl, POKyC Mo-
JYJUTMITAYECKOUN TIOBEPXHOCTH U T. JI. TaKuM 00pa3om, UHTyK-
LS MEKTPUYECKOTrO 3apsia EKTpoHa 00yCIIOBIEHA EKTPU-
YeCKMMU MOTEHIIMAJIaMH BOJTHOBOIOB B (hopMe crivpasiei, pas-
MEIIEHHBIX Ha Toiycdepe, COXPaHSIeMbIX U BOCCTAHOBIISIEMBIX
JBIKYILIMMCS BCETAa Ha 3apsi/IKy B OAHOM HallpaBJIeHUH MOJsIp-
HBIM MarHUTHBIM MOHOTIOJIEM.

198 Bremmee nose na paccTosiHusIX GoJiee AaTOMHbBIX Pa3MepOB CHMMETPUYHO, KaK OT
TOYEYHOTO ¥ 6ECCTPYKTYPHOTO 3apsifia, a BOIM3U MEHEee aTOMHBIX, OHO ACCHMETPHYHO.

199
0 Takux 3apsa0B, KAKUMU OHU OITPEACJICHBI B TCOPHUA III/IpaKa.



CBepxcBeToBOE BpalleHKE (3apsaKa) ¢ HEHTPOCTPEMUTEIIb-
HBIM YCKOPEHMEM MAarHUTHOIO 3apsAa IO BOJTHOBOLY B 3AMKHY-
TOM (pa30BOM IPOCTPAHCTBE IIEKTPOHA MHAYKTUPYET B HEM
OIpE/IEIEHHbIE MHEPTHBIE CBOWCTBA, IIPUCYIIIEE BCEM MEXaHUYe-
CKHAM THMPOCKOIIAM — 3TO U €CTh MHEPTHOCTb U I'PaBUTAIIMIOHHAS
Macca okos1. VICTOYHMK MHyKIIMY BEKTOPHOM I'PaBUTALMOHHON
MAacchl — 3TO BPALIAIOIIMKICA MarHUTHBIA MOHOIIOJb — HMCTOY-
HHK JBHKeHus1. B ueHTpe nomnycgepsl BOTHOBOIA MAarHUTHBIN
MOHOMOJIb MCYE3AET, HO MOSIBJISIETCS TMOJHOCTHIO 3apsKEHHBIN
I'PaBUTAIMOHHBII MOHOMONb. COOCTBEHHBI HEMOIHO-KBAHTO-
BBI MEPEX0/l MArHUTHOTO 3apsijia B pa30BOM 0ObEME IEKTPO-
Ha UHIYKTUPYET BHEIIIHEE CBOMCTBO HA3bIBAEMOE CIIUHOM, T. €.
HETIOJIHYIO €/IMHUITY 3apsAa JeKTPOMArHUTHOTO KojeOarelb-
HO-BpAaIlaTEeIbHOIO ABUKEHUA. [101ApHbIA BUXPOH JIEKTPOHA
CBOUM (PepPMHOHHBIM MarHUTHBIM MOHOIIOJIEM (DOPMUPYET I10-
JIOBMHY Takoro 3apsja, T. €. NOJOBUHY NOCTOsiHHOW IlnaHka.
Ero aBukeHue 1Mo cnupajbHbIM BOJHOBOJAM 3TOrO HIHYpa OT

OOJIBIIIero MamMeTpa K HEHTPY 3a BpeMs 10720 C, UHJIYKTUPYET
COOCTBEHHBII BEKTOPHBIN I'PaBUTALIMOHHBIA MOHOIIOJb. A OTPH-
HaTe/IbHBIE MEKTPUUECKUE MOTEHIIUAIbl BOJTHOBOAOB (F€OMET-
puyeckas CTpyKTypa) (popMHUpYIOT TaKOe BHEIIHEE NIEKTpUde-
CKoe 1oJie, Kakoe cpopMHrpoBas1 Obl TOUEUHBIN OECCTPYKTYPHBbIIA

EKTPUYECKUN 3apsi/i BEIIMUMHOM 1,6 X 1071 K1, pazmenieHHbIn
OKOJIO 1IeHTpa noycdepbl. CIIMH MOXKHO ONPEEIUTD €IlIe Kak
MaJIeHbKUI MarHUT C ABYMS nosocamu. Torja 371eKTpoH MOKHO
MPEJICTABUTh KaK, MEePUOAMYECKOe BpalllaTebHO-TIOCTYATEb-



HOE JBMKEHUE MarHUTHOTO MOHOTIONSI B OTHOM HAIPaBJICHUH IO
CXOJISILLENCS B OfIHY TOUKY CIMPAJIHU, YTO U SKBUBAJIEHTHO TAKO-
My 3J€MeHTAPHOMY MAarHuTy. DJeKTpUuecKoe rnoje, o0paso-
BaHHOE MOTEHIMaJIaM1 BHEIITHETO BOJIHOBO/IA, CHAPYKU BOCIIPH-
HUMAaeTCsl, KaK IoJie JIEKTPUYECKOro 3apsijia, pa3MenIEHHOTO B
LEHTpe nonycepsl Mo BOJIHOBOJAMH, XOTSI HA CAMOM J€JIe €ro
TaMm HeT.

Bo3Hukaer Bompoc: moueMy 3JeKTpHUYecKHil 3apsij
JIEKTPOHA W NPOTOHA OJMHAKOB M INPOTHBONOJOMEH,
HECMOTPS HA TAKyl0 0O0JbIIYI0 Pa3HUILY B pa3Mepax BoJI-
HOBOJOB?

3TO CBS3aHO C MJIOTHOCTBHIO pa3MellleHHsl 3E€peH-TMOTeHIIra-
JIOB Ha cooTBeTcTBRYIoIIEN nonycgepe. CyMMapHBII MOTOK TMO-
TEHIMAJIOB-3€PEH Ha TIOBEPXHOCTH MOIycepsl JI0O0ro paauy-
ca OT BUPTYaJIbHOTO 3apsija, pa3MEUIEHHOIO B LIEHTPE MOBEPX-
HOCTHU 3TUX TNonycdep 1151 STUX MUKPOYACTHII, Be3/ie OMHAKOB
¥ COOTBETCTBYET MUHUMAJILHO BO3MOKHOMY U PABHOMY 3apsiy
JIEKTPOHA WJIU MTO3UTPOHA.

OOpa3oBaHue aTOMOB BOJIOPOJA CTAHOBUTCS BO3MOXKHBIM
TOJIKO TOTJA, KOrja JeOpOMIeBCKUE pa3sMepbl UIMHBI BOJHBI
CTAQHOBSITCSI OIMHAKOBBIMU, KaK JIJIsI SJIEKTPOHA, TaK U ISl TIPO-
ToHa. [Ipn cOOTBETCTBYIOLIEN CKOPOCTH ABMKEHUS JIEKTPOHA
€ro BOJIHOBOJ| CTAaHOBUTCSI M3Jy4aTeJbHOW aHTEHHOH JJisi CBO-
O0MHBIX AeOpOIIeBCKUX (DOTOHOB, HO TMPU TEIJIOBBIX CKOPO-
CTSIX peKOMOMHALIMY ¢ TTPOTOHOM>Y, 3TOT BOJIHOBOJI IpeBpalia-

2 o
00 HpI/I B3aMMOJICUCTBHUU BOJIHOBOJA JICKTPOHA C IJICKTPUUYCCKUM IIOJIEM AApa.



€TCsl B 4acTb c(pepruiecKoro (JIMITUYECKOT0) 3aMKHYTOrO Jie-

OpOIJIEBCKOr0 BOJHOBOJA C JIJIMHON BOJIHBI 10%10% cm u
oOpa3yeT OfIHy U3 pa3pelieHHbIX 000104eK 2! 00ITel CUCTeMB,
T. €. 3AMKHYTOTO ¥ BO30YK/IEHHOTO MUK POIPOCTPAHCTBA aTOMA,
(pur.2.11.

®ur.2.11 CBsa3aHHbII ¢ AAPOM JEKTPOH — AaTOMHAA 000JI0YKA POTOHA

Tak a8 masMbl BOAOPOAA, Haxodsuencss B arMocdepe
ConHIla, €ero 3J1IeKTPOHBI HAXOISTCS ykKe B TAKOM CBSI3aHHOM CO-
crossHuM Jaxe npu temneparypax ot 2200 ¢ C go 5000 ¢ C, a
B XOJIO[IE ¥ BaKyyMe KOocMoca pu0eproBCKUii aTOM BOAOPOAA €
«n»202 paBubIM 1in 6ostee 100 MOXeT cyiecTBOBaTh Takxke Oec-

201 C riaBHBIM KBAHTOBBIM YHCIOM «n» OT | 1o 100, 1o, Tak Ha3bIBAEMBIX, prIOEP-

TFOBCKUX COCTOSIHHM.

202
0 «» — I3TO INTABHOEC KBAHTOBOEC YHCJIO, CTEIICHb BO36y>K,H€HI/IH ATOMHOT'O JIEKTPO-

Ha.



KOHEYHO JI0JITO, KaK U aTOM BOZAOPOJIA C «N» PaBHBIM €AUHULIE
Ha MOBEPXHOCTH 3eMJIM. JTa NPUYMHA MPENATCTBYET, HAPALY
C Ha3BaHHBIM OapbepHBIM JAS(PUIIMTOM SHEPIUU, 3aXBaTy ITOrO
9JIEKTPOHa MPOTOHOM?? — 310 (hyHJaMeHTAJIbHOE SBJICHUE, B
pe3yJbTaTte KOTOPOro 00pa3oBaIUCh BCE ATOMHO-MOJIEKYIISIPHOE
BEIIECTBO Ha MoBepxHOCTU 3eMin. OIHAKO 0OpaTHBIN Mporiece
CTAHOBUTCS BCE K€ BO3MOXXHBIM, HO TOJIbKO /111 MIOOHOB, Y KO-
TOPBIX 3TOT pa3Mep COM3MEPUM C BHEITHUMU OOOTIOUKAMH MPO-
TOHA.

OTtcroa cieayetr HeMaJ0BaKHbII BHIBOJ] — OTCYTCTBHE
HEO0X0JMMOCTH MPHUBJIEYEHHSI MeXaHU3Ma OpPOUTAIBLHO-
ro JBHKEHMSI JIEKTPOHOB B aTOMax BOKPYT s/iep.

N 3nech cambiil IIaBHBIN BBIBOJ O TOM, YTO NPOHU3-
BOJCTBO aTOMHO-MOJIEKY/ISIPHOTO BelecTBa MPONCXOUT
TOJBKO B CWJIbHBIX I'PABUTANIMIOHHBIX MOsICAX IJIAHET, a He
B KOCMHY€CKOM BaKyyMe BJAJH OT TArOTEHIUX HCTOYHHU-
KOB.

AHHUTWISILMS JIEKTPOHA U no3uTpoHa (Pwur. 2.12) mpowuc-
XOIUT

203 o o
Kak HeBO3MOXKHO MaTepUuaIibHON cq)epe OOJIBIIIOrO paanyca yrnactb B CBOU LIEHTP
T. €. CXJIOIIHYTbCH.



»

Pur.2.12 Cxema aHHUTIJISIONS JIEKTPOHA U NO3UTPOHA

crenyomuM oopazoM. OxJiakaeHHbIe CBOOOHBIE JIEKTPOH
Y TO3UTPOH, (POKYCUPYSCh BHEUTHUMU IEKTPUUECKUMHU TOJIsI-
MU, COMMKAIOTCA U MPOXOAST BOJIHOBOJAMU CKBO3b APYT JPY-
ra, B3aMMHO HEUTPaIu3ysl MPOTUBOIOJIOKHBIE MMOTEHIAJIBI BOJ-
HOBOJIOB, T. €. 3alIMPAIOLIME IeKTpUyeckue nois. B ator mo-
MEHT 3aMKHYTbI€ MPOTHBOIOIOKHbIE MOHOMOIN OCBOOOXKIa-
I0TCSI OT 3aMMPAIOIIUX UX IEKTPUUYECKUX MO U CTAHOBSTCS
CBOOOJHBIMH. 3aMKHYTOE IBHKCHUE TPaBUTAITMOHHOTO MOHO-
TI0JIsl CMEHsIeTCsl Ha CBOOOHOE ABUKEHMe BUXpoHa. O0pazyercs



MIPOMEKYTOUHOE COCTOSTHHME, Ha3bIBaeMOe Tapa-Mo3UTPOHUIA CO
CIIMHOM PaBHBIM HYJIIO. DTO COCTOSIHUE UMeET popMy (hpa30BO-
ro MPOCTPAHCTBA JT-HOJIb ME30HA (CITUH PaBeH HYJIIO), IOTOMY
pacriajg ujeT B OCHOBHOM IO KaHaJTy UCITYCKaHMS ABYX KBAaHTOB
c sneprueit 511 KsB. Wnmu npyrumu cnoBamu, 0cBOOOIMBIIITE-
Cs1 MOHOTIOJIU, BbLJIETAs U3 MUK POIPOCTPAHCTBA TPOMEKYTOUHO-
r'0 COCTOSIHUSI CO CTPYKTYPOH JT-HOJIb Me30Ha, (hOpMUPYIOT CBO-
00HbIe (ha30BBIE MPOCTPAHCTBA JBYX CAMOIBUKYIITUXCS (hOTO-
HOB C YaCTOTOM NEPBUYHBIX BUXPOHOB JICKTPOHA U TTO3UTPOHA.



2.4 M1ooHBI

MIOOHBI — 3TO MPOMEKYTOUHbIE COCTOSIHUSI PACHaJaloINXCSI
MUKPOYACTHII, BXOIALIMX B COCTaB sIIEPHBIX 000104eK. MIOOHBI
MMEIOT JIEKTPUUYECKUM 3apsiji O CITMHOM h/2, BpeMsi )Ku3Hu 2,2

x10%cu Maccy B ~207 pa3 Oosbliie Macchl MOKOS IEKTPOHA,
T. €. 105,66 M3B. CTpyKTypa U MEXaHU3M UHAYKIIMM MacChl aHa-
JIOTUYEH Ipolieccam, MPOUCXOSAIIHNX B MEKTPOHe. AOCOTIOTHOE
3HauU€HME IEKTPUUYECKOro 3apsiia COOTBETCTBYET 3apsly JeK-
TpoHa U NMO3UTpoHA. CTPYKTYpbl MUKPOUACTHUIL TUMA TEKTPOHA
¥ MIOOHA — 3TO OCHOBHBIE CTPYKTYpPBbI, 0Opa3yloliye 000JI0uKU
aTOMOB U siiep, CIOCOOHBIE yXke, B OTIMYME OT ME30OHOB, CYIIe-
CTBOBAaTh CAMOCTOSITEJILHO OT CBSI3eH B sIIpe CO CIIMHOM Y2 Gornee
JUIMTeIbHOE BpeMs. B mpolieccax pacnaia MIOOHOB POXKJIAIOTCS
9NIEKTPOHBI, MO3UTPOHBI U COMPOBOXAAIOIINE €r0 COOTBETCTBY-
IOIie HEUTPUHO U aHTUHEUTpUHO. KOMITTOHOBCKAasI A/TMHA BOJI-
HbI MIOOHOB B 207 pa3 MeHbIIIE, YEM Yy NEKTPOHOB, HO B 10 pa3
OoJibllie YeM y HeUTpoHOB. [leOpoiiieBcKasi 1JIMHA BOJHbI TEIUIO-
BBIX MIOOHOB COM3MEpUMA C aHAJIOTUYHBIM MAPaMETPOM BHEIII-
HUX 000JIOYEK TeIJIOBBIX IMPOTOHOB, MO3TOMY IPOIIECC 3aXBaTa
UMM MIOOHOB HJIET JIETKO C 0OpPa30BaHMEM MAJIBbIX IO pa3Mepy
ME30aTOMOB, OTJIMYHBIX [0 CBOMCTBAM OT aTOMOB BOJOPO/IA.
OCHOBHBIMU UCTOYHMKAMU MTPOU3BOJICTBA MIOOHOB B IIPUPO-
e SIBJISIIOTCS TIPOIIECChI, KOTOPbIE MPOUCXOMAT MPU CTOJIKHOBE-
HUSIX COJTHEYHBIX MIPOTOHOB C SIAPAMU aTOMOB I'a30B, HATIOJIHSIIO-



nmx armocdepy. MexaHus3m npou3BOACTBA — MIOHU3BALMS sIIEP-
HBIX YacTUI] (THIAa ME30HOB), 00pa3yIOIMX 0OOJIOUKH SI/IEp aTo-
MOB U TIOCJIEAYIOIIHI UX pacraj B 6oJiee JONrOKUBYIINE YaCTH-
1bl C TEM k€ CIIMHOM, T. €. B MIOOHbI CO 3HAKOM IUIIOC ¥ MUHYC.
Ipyrue nponecchl, MpUBOSIITUe, B KOHEUHOM UTOTe, K MIOOHaM
— 3TO POXKIEHMA AP — MIOOHOB (POTOHAMM BBICOKMX HEPIUU
B BEPXHUX CJIOSIX aTMOC(Epbl, a TakKe B MaHTUU 3eMJIM MpU
pacniane siaep. Ha ypoBHe Mopsi MIOOHBI 00pa3yloT OCHOBHYIO
KOMITOHEHTY 110 80 % OT BCeX 4YacCTHI] KOCMUYECKOIO U3Jyde-
HUSI. MIOOHBI PETUCTPUPYIOT B TTyOMHE MOIIHBIX CIOEB KOHTH-
HEHTAJILHOW MOBEPXHOCTU 3eMJIM. B MOA3EMHBIX SKCIEpUMEH-
Tax MIOOHBI PETHCTPUPYIOTCS Ha ITyOMHE B HECKOJIBKO KUJIOMET-
poB. Haxosch B IJIOTHBIX CJIOSIX TPYHTOB KOHTUHEHTOB, MIOOHBI
3aXBaTBIBAIOTCS SIpAMH aTOMOB Ha BO30YXIEHHBIE OPOUTHI Me-
30aTOMOB, 3aTeM CJielyeT KacKaaHblid niepexoa Ha K-0005mouky
9TOr0 Me30aToMa W TOC/IEAYIONINIA sIIEPHBbI 3aXBaT MIOOHA,
MPUBOJSIIINANA K COOTBETCTBYIOIIEH SIIEPHON peakuu. DKCIepU-
MEHTaJIbHbIE JaHHbIE IMOKA3bIBAIOT, YTO BO BCEX M3BECTHHIX B3a-
UMOJICHICTBUSIX MIOOHBI TTPOSIBJISIIOT ceOs1 TaKXkKe KaK JIEKTPOHBI
Y MO3UTPOHBI, OTIMYASICh OT HUX JIMIIh Maccou. 1o atoit mpuuu-
HE MIOOHBI MOXHO PAacCMaTpUBaTh KaK «TSIKEJIbIe» JIEKTPOHBI,
KOTOpbIE 3aMEHSIIOT MOC/IEIHUX MPH 00Pa30BaHUM MIOOHHBIX Be-
IIECTB U MUHEPAJIOB B IJIOTHBIX CJIOSX MAHTHH, TJie MPaKTHYe-
CKU OTCYTCTBYET CBOOOJIHOE IMPOCTPAHCTBO M BCSAKOE MOCTYIA-
TeJIbHO-KoJIe0aTeIbHOe IBUKEHHE SIIep aTOMOB. DHEPreTUUeCKr
TEIIOBOE MPOSIBJIEHUE TAKKX ITPOLIECCOB BBIPAKAETCS JIUIIIb Bpa-



IIEHNeM BOKPYT COOCTBeHHOI ocu. [loaToMy pacriaji HeUTpasb-
HBIX SIJIEp ¥ HEUTPOHOB UJIET C 00pa30BaHNEM 3apsIKEHHBIX sITIep
¥ MIOOHOB. JIEKTPOHBI, UMelole pazmep B 207 pa3 Oosbiie
MIOOHOB, HE CIIOCOOHBI 00pa30BaThCsl B YCJIOBUSIX J1ake BepXHe
MaHTUH.

Jns uccneaoBaHuii KOHJEHCUPOBAHHOTO COCTOSIHUSL Bele-
CTBa C IMOMOIIbIO MIOOHOB M ME30HOB IOCTPOEHbl ME30HHbIE
(baOpuku-yckoputenu s MOJMyYeHUsl MyYKOB BHICOKOW MHTEH-
CHBHOCTH.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.



https://www.litres.ru/aleksandr-shadrin/vihrony-illustrirovannoe-izdanie/
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