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[Touck AMPaKOBCKUX MOHOMOJIEN BEIETCS HAYYHBIM MUPOBBIM COOOIIECTBOM

yxe 6onee 80 yieT u noka 6e3pesyabraTHo. OHAKO 3Ta podemMa OCTaETcs
aKTYyaJIbHOM Y B MOCJIEIHUE TO/IBI 1151 OObSCHEHUS] OPUTMHAIIBHBIX PE3YJbTaTOB
pador M.N.Conmna, C.B. Anamenko, JI.W.YpyikoeBa u Ipyrux B 001acTu
HU3KOHEPreTUUECKOIr0 CUHTE3A SIACP TAKEIBIX aTOMOB XMMUUYECKHUX JIEMEHTOB.
ITHU KCIEPUMEHTHl HEOOBSCHUMBI C TTO3UINI COBPEMEHHBIX TEOPUl aTOMHOT'O
sapa. U ectb cepbE3HblE MPEATNONOKEHUSI O IPUUACTHOCTH HEKOTOPBIX
PE30HAHCHBIX MATHUTHBIX MOHOIIOJIEN K 9TUM mnponeccaM.B jaHHOM KHHUTre
MPeJIOKEHO UHOE OIPEIETIeHUE CBOMCTB MAarHUTHBIX 3aPsiI0B, OTJIMYAIOIIEECs

ot ux npexacraienus I1.Jupakom. BUXpoHbI — TaK Ha3BaHbl TH NEPUOAUIECKU
M3MEHSIOIIMECS Y CAMOABUKYIIIMECS] MATHUTHBIE 3apsiibl. BUXpOHBI — 3TO

MUK POBUXPOHBI, MAKPOBUXPOHBI U TUTIEPBUXPOHBL. [IpOAYKTH MUKPOBUXPOHOB —
3TO JIEMEHTAPHBIE YACTUIIBI, S/Ipa XUMUUECKHUX IEMEHTOB, (POTOHBI, SJIEKTPOHBI
U T.1. [TponyKThl MAaKpPOBUXPOHOB — 3TO BUXPEBbIE TOKHU, TPOU3BOACTBO HOBBIX
siiep aToMoB Tabmuibl MeneneeBa, MHAYKIMs Dapajies, IeKTpUIecKre

TOKH, CBEPXIIPOBOJUMOCTh, aTMOC(EPHBIE JIMHEWHbIE U IAPOBBIE MOJTHUM,
CHPAXTBI, Tb(]BI, IITIOMBI-(DITIOUIBL Y TUTIOMBI-TIJIA3Mbl B MAHTUW 3€MJIU, U T.1I.
[IpoaykTamMu rUNepBUXPOHOB SIBJISIETCS BOJIOLIMS KBA3apOB B 3BE3/bI U IUIAHETHI,
a TaKKe IPaBUTAIUSI 1 UHBEPCUS TIOJIIOCOB X MArHUTHBIX ToJien. OnpenesieHbl
CBOWCTBA BUXPOHOB, C TIOMOIIbIO KOTOPBIX YIAETCSI OObSCHUTD YKa3aHHbIE
SKCIIEPUMEHTHI, a TAKKE U IPYrve sIBJICHUS TPUPOJIbI — OT POKICHUS U
AHHUTWJISILINS TTPOTUBOMOJNIOKHBIX YaCTHI, CTPYKTYPbl ATOMHBIX sifiep, (DOTOHOB,
3JIEKTPOHOB, aTOMOB, MOJIEKYJI 10 IIIAPOBBIX MOJIHMM, CBEPXIIPOBOAMMOCTH,
3eMJIETPSICEHUI, BYJIKAHM3Ma, UHBEPCUM MarHUTHOTO 1oJis riaHet u CosHia,
MPUPO[IbI ET0 «UEPHBIX MATEH», TPaHyJISIIMKU (POTOChEPhl 1 MATHUTHBIX 3apsI0B HA
ero nopepxHoctu.KHura paccuntaHa Ha IMPOKUIN KPYT YUTATEJIEH: OT IIKOJIbHUKOB
10 akajaeMuKoB. TekcT ormyOMKOBaH B aBTOPCKOM peJaKkIuu.
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A.A. IlTagpun
Buxponsl

Anekcanap Anekcannposuu HIAIPVH

B 1972 r. okoHums1 MockoBcKuil nHkeHepHO-(pusrueckuid uHCcTuTyT (MUDHN). Pabortas no
CHELMATIbHOCTHU «siiepHas (pusrka», B 1982 r. 3ammTui KaHIMIATCKYI0 IUccepTanuio, a B 1992 r. —
Jnokropckyo (MUDN).

OO6nacTh HayYHBIX MHTEPECOB: MPOOIeMbl (PyHIAMEHTAIBHON (PU3MKU; KOCMOJIOTHS M KOC-
MOT'OHUS; (PU3MKa CaMOOPraHU3alMK BEIECTBEHHBIX CTPYKTYP; AETEKTUPOBAHUE SI/IEPHBIX YaCTHULL;
ra30BBI pa3psid B MEKTPUUECKOM I10JIe; IApoBasi MOJIHKS; OXpaHa OKpYKalollel cpelpl OT cOpo-
COB sII€PHO-TOIUTMBHOT'O LIMKJIa; pa3paboTKa M CO3/JaHUe CPEICTB MHCTPYMEHTAJIbHOTO MOHUTOPHHTA
OKpYKaIOIeH cpebl Ul PErMOHOB, NMOCTPaJaBIIMX OT aBapuu Ha YepHoObuibckoit ADC. ABTOp
6omee 50 Hay4HBIX padoT.

DBOJIOLIMS 3BE3/Ibl B [UIAHETY, ClieBa-HAMPaBO, CBEPXY-BHU3:
21. Keasap, 22. Heiimponnas 36e30a, 23. B3pwie ceepxroeoii, 24. Kapauxk, 25. 36e30a; Imanvl
agontouuu naarnemol 26-30, 31. Pacnao naarnemot.
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Ha numeBoii ctopoHe 0OJIOKKY MPUBEAEHBl HEKOTOPBIE CXEMBbI CTPYKTYP MPOAYKTOB MUKPO-
BUXPOHOB M MaKPOBUXPOHOB, CJIeBa HAMPABO U CBEPXY BHU3 COOTBETCTBEHHO: 1.O/IHO U3 MrHOBEH-
HBIX COCTOSTHMUM MUKpPOBHXpOHA, 2.Pa3oBbiii 00béM (poToHa, 3. [lenenue ¢oTtoHa B mojie siapa Ha
JIEKTPOH U MO3UTPOH, 4.9EKTPOH U MO3UTPOH, 5. AHHUTHIISLINS JEKTPOHA U MO3UTPOHA, 6. Pac-
naj HeuTpoHa, 7. m° Me3oH, 8. Pacnan m® me3ona, 9. m+ me3oH, 10. Pacnan m+ me3ona. 11,12.
JIBe monoBrHBI HeWTpoHa, 13. KonebarenpHoe cocTosiHMe HelTpoHa, 14. Pacnian BHeITHe 000I0UKH
snpa, 15. BHemHsAs obonouka atoma, 16. Monekyna Bogopona, 17. Cxema 1mapoBoit MoiHuu, 18.
DrekTpuyeckoe mnoje crpanra, 19-20. Poxienue kBa3apos.
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IIpeaucaosue

Henpexparmmaomumiicst MOMCK HayYHBIM COOOIIECTBOM MAarHUTHBIX MOHOIOJIEN CO BpEMEHU
OIpeJeIeHNs] €T0 BO3MOKHBIX CBOMCTB [lonem [Iupakom b noAaTrsepkAacT (pakT HELoCTauu
KaKOro-To KHPIMYHUKA B 0011eM (pyH/IaMEHTe COBPEMEHHOM (PU3HMKH /17151 co3/1aHus1 Oosee MPOYHOi
CBSI3U €€ C ABJICHUSMU [TPUPO/IBL.

HakonuBiieecs: 0osbllioe KOJIMYECTBO BHOBb OTKPBITHIX SIBJIEHUN B T€OJIOTMU U reousukKe,
acTpo(pu3MKE M aCTPOHOMUM, ANEPHOMN (PUBUKE U (PUBUKE EMEHTapHbIX yacTull, pusnuke ConHua
U IUIAHET, a TAK)KE B JPYTMX €CTECTBEHHbIX HAIlPABJIECHUSX HAYKH, YK€ He YKJIaJbIBaeTCs B PaMKH
COBPEMEHHOI0 aKkajieMuyeckoro npeacrasieHuss Muposnanus (CAID).

PyHJaMeHTaIbHOE CBOMCTBO MaTepuy — ABHKEHHE M M3MEeHeHHe. A BpallleHUe MPUCYILE
KaK 2JIEMEHTApHBIM YacCTULaM, TaK M IUIAHEeTaM, 3BE3/1aM M rajlakTukam. TOJNbKO B IEPBOM ciyyae,
YaCTULB! 00/1A/1AI0T €1IE M BHYTPEHHUM BpaILlEHUEM, UTO U ONpesiesiseTcs uX cnuHoM. VccnenoBa-
HUSA (PU3MKOB BO BTOPO nosioBuHe XX Beka yOeIUTEeNbHO MOKA3aIM, YTO HYKJIOHBl — OTHIOOb HE
MOHOJIUTHBIE 00PA30BaHUA, & UMEIOT PBIXJIYIO CTPYKTYPY. DIEKTPOHbI, YCKOPEHHBIE Ha YCKOPHUTEISX
10 TIOYTH CBETOBBIX CKOPOCTEM, TPOHM3BIBAIOT sApa aTOMOB Kak Iy/u neHy. PasHooOpasue B opu-
EHTallMK OCell BpallleHHs IJIAHET CBUJIETENILCTBYET 00 UX pa3BOpoTax co BpeMeHeM. O CHUKEeHUU
IUIOTHOCTH 3€MHOTI'0 BEILLECTBA OT Apa K MOBEPXHOCTU M COOTBETCTBYIOLEM POCTE paanyca 3eMin
CBUJIETENILCTBYET HEMOCTOSTHCTBO MOJYJISI €€ YIJIOBOrO MOMEHTa U e€ Oe3pa3MepHbIii MOMEHT UHep-
uu 0,33.

CoBpemeHHas (pu3MKa He JAET OTBETA HA ONPEAEIECHUE MCTOYHHMKOB TaKOro JABHKEHHSI U
n3MeHeHust. CuMTaeTcs, 4To IUIAHETHI, 3BE3/1bl Y TAJIAKTUKY TAK JBUXKYTCS 10 UHEPLIUAH, TIOCIIE UX
POXIEHUSA U3 Ta3OMNbLIEBIX TyMaHHOCTEM. OIHAKO BOT YTO SABJIAETCA BHYTPEHHUM MCTOYHHKOM,
OIPE/IEJISIIOIIMM CIIMH YacTUI] — Ha 3TOT BOIIPOC TOKa TOe oTBeTa HeT. HeT oTBETOB M Ha BechMa
371000JHEBHbIE BOIIPOCHI COBPEMEHHOI HayKH, SIBJISIOLIMMUCS JIOTUYECKH CBA3AHHBIMU C NIEPBbIMU:

1. Kakoii sxe MHOI MOXeT ObITh CTPYKTYpa JeMEHTapHbIX YacTull, ommyanmasics ot CAIT?

2. KakoBa nprpoja HHEPTHOCTH TeJl, MACChl M IPaBUTALIMOHHBIX MO ?

3. CyiecTByeT I MarHUTHBI MOHOIIOJB ?

4. KakoB MexaHu3M 3¢¢eKTa BOSHUKHOBEHHU S OCEBBIX CHJI ITPU BPAIlleHUU Macc?

5. Tlouemy cyniecTByeT pa3pblB MekIy TEOPUSAMHU I'DAaBUTALMKM M JEMEHTAPHBIX YacTULl, U
MOXET JIM OTKPbITHE MArHUTHOI'O MOHOIIONS YCTPaHUTb €ro?

6. Hackonbko pocroBephsl nonoxkenust CAIT o «BeuHOCTH» aTOMOB, aKKPELIMOHHOM TeHe31ce
COJIHEYHOW CHUCTEMbl M MHEPLIMAIBHOM BPAILIEHMH KOCMUUYECKHX Tes1?

7. KakoBa nprpoa 3JIeKTpHYECKOro TOKa, CBEPXIPOBOAMMOCTU M CBEPXTEKyUYeCTH?

8. KakoBa npupona poxIeHUs MUPOKOro CIEKTpa HOBBIX AP XUMUYECKHUX IEMEHTOB IIPU
JEKTPUUYECKUX B3PbIBAX METAJUIMUECKHUX IEKTPOAOB?

Her oTBeTOB M Ha MHOTHE Jpyrye BOIPOCH, KaK TO:

— MarHuTHoe 1oJjie ¥ sHeprus sAapa riaHer u ConHua,

— pacupenue o0bemMa 3eMHOro 11apa,

— MEXaHWU3M ITPOUCXOKACHUS XUMUYECKUX IEMEHTOB,

— CTPYKTYpa s1Iep MUKPO ¥ MaKpOMHUpa,

— POXJEHHUE U IBOJIOLMS ATOMHO-MOJIEKYJISIPHOTO BEIIECTBA,

— CTPYKTYpa Ir'MneprpocTpaHcTBa BeesleHHON U e€ paciiupeHue,

— SBOJTIOLMA 3BE3/1 M IUIAaHET OT POXKAEHUS [0 pacriaja,

— HarpasJieHue 3BomoLuK BeeneHHoil.

Ha s111 Bonpoch! Henb3s1 HATU OTBETHI [IOKA B IO3HAHWE MUKPO U MaKpoMHUpa He OyAyT BBe-
J€HBI KOHLIENTYyaJIbHbIE ONpe/ie/IeH!s] IPUYUHbI U CJIeICTBHUS [OCTYNATEIbHOrO IBUKCHUS paH-
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aJIbLHO OT KaKOro-iu0o IeHTpa 0ObeKTa ¥ BPAIIATEJbHOIO [BMKEHHS MATCPUM OTHOCUTEJILHO
KaKOI';I-HI/I6O OCH. I[pyrI/IMI/I CJIOBaMH — BHYTPEHHUEC W BHCIIHHUEC IPUYUHBI U CJIIEACTBHUA CIIMHA MHK-
POYACTHII ¥ BpAILlCHUs siaep 3BE3/, IUIAHET U T.[I.

A nnsa Gonee rIyOOKOro MO3HAHMSI MaTE€PUU TUIAHKOBCKME TMPEEbl JJTMHBI M YacTOTHI
JIOJIZKHBI ObITh 3aMEHEHbI MEHBIIIMMH, OTPEIE/ISIEMbIMU ITYyTEM CMEHbI CKOPOCTH CBeTa B (hopMyJiax
onpe/esieHNst STUX MPeJIe/IOB HA peajibHbIe CKOPOCTH MOCTYNATeIbHOTO PACpOCTPaHEHUsI TPABH-
TAIIUOHHBIX IOJIE OT UCTOYHUKOB MAcCChl WU SJICKTPUUCCKUX N MATHUTHBIX IIOJIEU OT UX cTaluo-
HapHBIX 3apsioB. [Tocie yero HeoOXOMMO UCKATh U OMPEICIATh HCTOYHUKH, TIPUBOJISIINE MUKPO
Y MaKpOMAaTepUIO BO BpallleHUE, BUXPb WIH CIIUPaJlb, OIIUCATh UX OCHOBHBIE IIPOAYKTHI U CTPYKTYPY.

ITO U CTaHeT BO3MOKHBIM, KOr/ia OyJeT BBeJIcHO OoJiee ITyOOKOe 10 CPaBHEHUIO C JIeMEeHTap-
HBIMU YaCTUIIAMH M3yUeHUE MaTepUH, B KOTOPOM HaOI0aeMble IPOCTPAHCTBA MPECTABIICHBI Pery-
JISIPHBIM BBICOKOYACTOTHBIM ITYJIbCUPYIOIIUM TIOJIEM pactipe/ie/ieHus] 3€peH-MOTeHINAJIO0B BOKPYT
uX UCTOUHMKOB. Hampumep, rpaButanmonHoe none Bokpyr 3emum win ComHia. B takom mpes-
CTaBJICHUU pa3Mepbl JIEKTPOHA BHIPACTYT JI0 pa3MepoB 3eMHOro arMocdepHoro TopHaao. K kakum
MOCJICICTBUAM MTO3HAHKS 3TO MPUBEAET — MPEAMET STOH KHUTH.
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BBenenne

IIpocTpancTBO, 3BE3/bI, IUIAHETHI, (DOTOHBI U MX IBUKEHUE CO CKOPOCTBIO CBETA, CKOPOCTh
JBVKEHUs TUIAHET, U3MeHeHUs1 (PU3UYEeCKUX T0JIel, CIHH, 3apsi YaCcTHIIbl U UX Macca — 9TH sIBJie-
HUS1, KOTOPbIE HAOJIOAIOTCS B Tiprpojie U BeeneHHo. MHOrOBEeKOBbIE N3bICKAHUS Pa3IMYHBIX (hOPM
MPECTaBIeHNUs MPOCTPAHCTBA, U B YACTHOCTH, B (popMme 3upa 1 (pU3HUECKOTO BAKyyMa, HE Mpo-
nayiv Japom. ['paBuUTaIuio U poaCTBEHHOE el sIBJieHNe MHEPTHOCTH TeJl HEBO3MOKHO pacCMaTpUBaTh
B OTpbIBE OT UCTOYHUKOB MX MOPOAMBIIMX. Bce M3BeCTHBIE U ellé HeM3BECTHbIE sIBIeHUs1 BO Bcee-
JICHHOU B3aMMOCBSI3aHbl, KaK B )KkMBOM opraHu3me. COBpeMEeHHasi HayKa MpPU3HaB, HAKOHELl, 4YTO B
(bu3MYEeCcKOM OTHOIIIEHUU MPOCTPAHCTBO MPECTABIAET COOOM HEKUI CIIOKHBIA OOBeKT — (Ppu3nue-
CKHIl BaKyyM, TeM He MeHee, B IOJTHON Mepe He MPU3HAET 3a MOCIEAHUM BaKyyMHOTO COCTOSIHUSI
MaTepuu, Kak OHOU U3 €€ hopm.

N3yueHreM CTpYKTypbl MPOCTPAHCTB Mbl M3HAYATBHO 00sI3aHbI ICTOPUU PA3BUTHS ITPEICTAB-
nenuii 00 3¢upe. Mnes adpupa Kak MUPOBOU cpejibl HEOMHOKPATHO BBIBUIAJIACH €Ille JPEBHUMMU
unocodamu. Pa3zButre BOTHOBOW TEOPUU CBETA, OTKPHITHE €ro IEKTPOMArHUTHOW MPUPO/ILI eIlie
OoJIbllIe YKPEnusIo Mo3uuu pupa.

C onmHOU CTOPOHBI, MEPBbIE MOIBITKM ONMCATh CTPYKTYPbl MOJEW TOYEUHBIX HMCTOYHHUKOB
(HanpuMmep, rPaBUTALIMOHHBIX, MATHUTHBIX U MEKTPUUYECKUX) CKOpee HOCAT rpaduueckuil xapak-
Tep — 3TO pachpejeieHne B TpeX KOOpAMHATaX YObIBaHMS IMOTEHIIMATA C POCTOM PACCTOSIHUS OT
ucTouHMKa. Takoe pacrpeesneHre SKCIePUMEHTATbHO OATBEPKIAeTCS, HATPUMED, KAPTUHOM pac-
npeesieHr s MeTAJUIMYECKUX YaCTUYeK B TOJIe OIHOTO MOJII0CA MarHUTa WU JIBYX, PACHONOKEHHBIX
noakoBooOpasHo. [locTpoeHre Takux rpaduueckux pacrnpenesneHrii BO3MOXKHO U ¢ (PU3UKO-Mate-
MaTUYECKUX TMO3UIUH, T.€. YUCIEHHO-IIM(POBOI pacyeT MOTEHIIMAIOB B 3aBUCUMOCTU OT PacCTo-
SHUSA OO UCTOYHMKA 1o 3akoHaMm Helotona, Kynona, ®apanes u Makcgemna. OnHako 10 cuX Mop
OTCYTCTBYIOT IIPEJCTABJIEHUs MPOCTPAHCTB, U TAKUX MHUKPONPOCTPAHCTB, MPOAYKTOB BUXPEBBIX
TMOJIeH, KaK fep aTOMOB XMMHYECKHX JIEMEHTOB, JIEKTPOHOB, (DOTOHOB U T.[., & TAKKE MaKPO-
NPOCTPAHCTB, KaK NPOIYKTOB CTALIMOHAPHBIX UCTOUHUKOB TATOTEHUS, SJIEKTPUYECTBA UM MarHe-
TH3Ma B (hopMe mojiell 00bEMHOTO U PEryJIsiPU30BAHHOTO pacIipe/ie/icHrs 3€peH-TMOTeHIHATOB —
HEKHUX KBAHTOB aMOp(HOro npocrpanctBa. Kpome npezacrapieHns IpOCTPAHCTB NOISAMU 3€PEH
HEoOXOIMMO 3HATh U MEXAHW3M IPOU3BOJICTBA UX KBAHTOBAHM S, IOCTOSIHHOTO OOHOBJICHHU S U U3Me-
HeHUsl. OYeBU/IHO, UTO B MPUPOJIE CYIIECTBYIOT MCTOYHMKH MEXaHU3Ma TaKOro MpOU3BOJCTBA.

Takum o6pa3oM, 3a1a4a MpeAcTaBIeHrs] IPOCTPAHCTB Aenutcs Ha aAse. OiHa — mpecTaBie-
HUE MPOCTPAHCTB B (hOpPME BHEUIHUX I0JIEW BOKPYT CTAlMOHAPHBIX HCTOYHMKOB, B TOM YHCJIE
MoJIe BOKPYT 3apslia JEKTPOHa, sjapa U T.A4. pyras — npencrapieHre MpPOCTPaHCTB B (opme
BHYTPEHHUX BUXPEBBIX MOJIEN C MOMOLIBIO BUXPEBbIX UCTOYHUKOB JIBUXKEHHU S, HA30BEM UX BHXPO-
HaMH. DTU BUXpEBbIe MO OyayT 0ToOpaxaTh BHYTPEHHIOI CTPYKTYpPY (POTOHA, JIEKTPOHA, siep
M aTOMOB XMMHYECKHX JIEMEHTOB.

CBoMCTBa BHEIIHUX T0JIEV TOTO WM MHOTO CTAIHOHAPHOI0 MCTOYHHMKA , TPUCYTCTBYIOLLIETO
B JIAHHOW TOYKE MPOCTPAHCTBA, HAEJISIET €0 CBOMCTBOM HEKOM PEerysipHO-CUIOBOW MPOTSIKEHHO-
ctu o0beMa, Kak (DYHKIIMU yObIBaHHS TOTO WJIM MHOTO TIOTEHIIMAsIa OT IIEHTPa, B KOTOPOM pa3me-
IIEH TakoW MCTOYHUK. Takue mojisi HeHTPaIbHbl U pa3AyBaloTCs OT LIEHTPA UCTOUHUKA PETyIsipHO,
oOHapykuBasi ceOsl TI0 B3aUMOJICHCTBUIO C YIAIEHHBIMK 3apsaaMu 1 Onaroapsi MposiBIIsieMbIM
ciwiam uyepe3 (pyHIaMeHTaJbHbIe (PU3NYECKUE MOCTOSHHbIE — I'PaBUTALMOHHYIO, JUAJIEKTpUYe-
CKYI0O U MarHUTHYIO TIPOHHUIIAEMOCTh BakyyMa. [Ipu 3TOoM HaOmonaercs CTaOMJIbHAsi COBMECTH-
MOCTh 00Jiee CHIIBHBIX MPOCTPAHCTB B Oosiee c1adbIX, T.€. AMEKTPOMATHUTHBIX B I'PaBUTAIIMOHHBIX,
a TakXke HeCTaOMJIbLHAsI COBMECTMMOCTh HEKOTOPHIX MHKPOIPOCTPAHCTB JIEMEHTAPHBIX YACTHII
(okoiso 3000 pacnagarmuxcs U30TOMOB S/IEP ATOMOB XMMUYECKHUX JIEMEHTOB) B IPABUTALIMOHHBIX
NPOCTPAHCTBAX.
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Jlns1 ompeneneHusl MOHATUI CHUJIBHOIO U €JA0Oro MposiBICHWI MaTepuu, a Takxke Oolnee
HAIJISIAHOM JIEMOHCTpAllM OPraHMYHOW CBSI3BHOCTH TPOCTPAHCTBA C MaTepHel, MOXHO TOJIBKO
BBe/Is OMpe/ie/ieH!s] HeBelleCTBEHHOI0 U BellleCTBeHHOro npocrpaHctsa. HeBemecTBeHHoe
MPOCTPAHCTBO HE COIEPKUT B cebe HUKAKMX (pOpM MaTepuy U MCTOUHUKOB JIBUKEHUS — HOJIb TTPO-
CTPaHCTBA, HOJIb IPABUTALIMOHHBIX TIOTEHIIMAJIOB, HOJIb MATHUTHBIX TIOTEHIIMAJIOB, HOJIb JIEKTPOCTa-
THUUYECKHX TOTEHIIMAJIOB M HOJb ABUXKEHHUS, T.e. aOCOMIOTHBIA HOJIb TEMIIEPATypbl WM HOJb JEK-
TPOMArHUTHBIX BUXPEBHIX MOTEHIMAIOB. [ToaToMy popma ero cymecTBOBaHHsI HE UMEeT HUKAKOM
reoMeTpUIecKor WM (pu3nIeckoi (popMbI — TOUKA, JIMHUSA, IJIOCKOCTh, 00bEM UM KaKOU-TTHO0 BT
nyctoThl. Ho mpu 3ToM OHO JO/MKHO 00safaTh BECbMa XapaKTEpPHBIM CBOMCTBOM — CIIOCOOHOCTBIO
MO/IIEPXKUBATh B HEM3MEHHOM COCTOSTHMM Kakoe-T10o aMopdHoe v BellecTBeHHOe IPOCTPaH-
CTBO TPH MONAJJAHUH B HETO KAKUX-TTMOO MOTEHIINAJIOB, YaCTUI] WM APYTUX UCTOUHUKOB ABWKEHUS,
Macchl WK 3apsiaa. EcTh He0OXOIUMOCTh Takke BBECTH U OIpeAeuTh aMopdHOe TPOCTPAHCTBO,
KOTOpOE HE COEPXKHUT B CBOEM 00BEME HUKAKUX CTAIMOHAPHBIX HCTOYHUKOB T0JIeH M HUKAKHX
BUXPeBBbIX HCTOYHHKOB JIBHK€HHsI, HO MOJKET COJEPKaTh BCE BbIIIIEHA3BAHHBIE TOTEHIUAIBI, YTIO-
PsIIOYEHHbIE TEOMETPHUECKH, UTO M Oy[eT OIpEeAeNsTh ero HEKOTOPYIO ONpeleieHHYI0 JIOKAIBHO
KOHCEpPBHPOBAHHYI0, OECIPEPHIBHO MEHSIOIIYIOCS TIO]] IEWCTBUEM BHYTPEHHUX, BHOBb UH/IyKTHPYe-
MBIX TIOJIEH, TEOMETPUYECKYI0 (DOPMY, COCTABIEHHYIO U3 STUX MOTEHIUAJIOB.

ITH TPH MOHSTHUS — BellleCTBEHHOEe, HeBelleCTBeHHOe 1 aMopHOe IPOCTPAHCTBO, SBJIS-
I0TCSI HEOOXO/IMMBIM JIOTIOJIHEHHEM B OTpe/iesieHre MPU3HAKoB (hM3MUecKOro BaKyyMa, Kak OHOM
u3 (hopM MaTepuu.

Takum 06paszom, TpaHchOopMalis UICTOPHUECKOTO 3(prpa B HEKOE BeleCTBEHHOE 3EPHICTOE
MPOCTPAHCTBO OyJeT BechbMa IUIOAOTBOPHBIM JIOTIONIHEHUEM /1JIsi Oosiee ITyOOKOro Mo3HaHWs Mate-
pun. Vcroprueckuii 3¢pup B Takoit popme ecTh camoe cjiadoe mposieiaeHre (GpopM marepuu, T.e.
(opM MpeAnIecTBYONMX SMeMEHTapHbBIM YacThiam, Oosee TIyOMHHBI 1 Oosee crnadblid. Pasmep

3epeH 3(pupa MHOIO MEHbIIIE JIa)ke [0 CPaBHEHMIO C IUIAHKOBCKUM pa3MepoM ( 10 em), Tak uro
Jaxe Ha ypOBHE OOBIUHBIX JIEMEHTaPHbIX YaCTHUI] €r0 MOXKHO PacCMATpPUBATh, KakK CIUIOIIHYIO CPEAy.
Heo6xoaMmo TOJbKO OCO3HATH-TIOHATH B KOHKPETHBIX TePMHHAX (DU3UKY SIBJICHUH, a HEe B OOIIHX
(unocockux KaTeropusax, MEXaHU3M JUHAMUUYECKOTO 3all0JTHEHUS] KOHKPETHBIM 3€PHOM-IIOTEH-
IHAJIOM HeBeleCTBEHHOr0 ITPOCTPaHCTBA — T.€. MEXaHW3M KBAaHTOBAaHUs HEBeIleCTBEHHOIO
MIPOCTPAHCTBA 3€pHAMU-TIOTEHIIMAIAMI COOTBETCTBYIOIIETO UCTOUHHKA.

PaccMoTpum BemecTBeHHBbIE IPOCTPAHCTBA, Kak cj1adyld MaTepui0 B (opMe BHEIIHUX
(br3rYecKrX Mosieit reoOMeTpUUYECcKH pacipeiesIEHHbIX OTEHIIMAIOB-3ePEH OKOJIO CTAaTUYECKUX WU
KBa3MCTaTUYECKUX' MHMKPO U MAKPOMCTOYHHMKOB M KPYITHOMAacUITaOHYI0 CTPYKTYpYy SYE€UCTOro
runepnpocTpascTea BeeneHHOM, BKOYAOLIE BHANMYIO, IIPOMEKYTOUYHYI0O 1 HEBHIAMMYIO
YaCTH.

Wtak, mepBoe — 3T0 KccleJoOBaHUe TPOCTPAHCTB, 00pPa30BaHHbIX HEBHMXPEBBIMH BHELTHUMU
MOJISIMUA CTallMOHAPHBIX MCTOYHUKOB TAKUX, KAK I'PABUTALMOHHBIE, EKTPOCTATUYECKUE U MarHu-
ToctaTuyeckue. Bropoe — 310 NpocTpaHcTBa BellecTBEHHON MaTepuu, oOpa3oBaHHbIE BHXpe-
BBIMH TIOJISIMU JIBUKYIIMXCSI UICTOUHUKOB U, KaK MPaBWJIO, IPUBOASIIME K O0Jiee CUJIbHBIM MPOsIB-
JIEHUAM B (pOpMe MUKPOYACTHLL, ATOMHO-MOJIEKY/ISIPHOTO BELECTBA, 3BE3/IbI, IIAHETHI, TAJIAKTUKU 1
T.J. YCJIOBHO? HA30BEM IIEPBYIO — IPOCTPAHCTBAMH, 2 BTOPYIO — BeIleCTBEHHOI MaTepuei.

IlepBoe pacnpocTpaHsieTcsi CO CKOPOCTHIO MHOTO OOJIBINEH CKOPOCTH CBETa® M MMEET JIUIIb B
CBOEM apceHasie OeCCTPYKTYPHBIE KBAHTbI 3€pHA-IIOTEHIMAJIbl BeleCTBEHHOT0 IIPOCTPAHCTBA.

! HekoTopble MUKPOMCTOUHUKH (3IEKTPOH, MPOTOH) MOTYT JBUTaThCsl B MPOCTPAHCTBE MIEKTPUUECKUX MOJIEH CO CKOPOCTAMHU
GJIM3KUMU K CKOPOCTH CBETA, OJHAKO, 110 CPABHEHHIO CO CKOPOCTSIMH X ITyJIbCUPYIOIIMX TOJEH, 0OYCIOBICHHBIMU JIEKTPUYECKUMU
WM TPAaBUTALIMOHHBIMU 3apsJaMU, MOKHO CIUTATh UX MOKOSIIMMUCS-KBa3UCTAIMOHAPHBIMU.

2 Jpyrumu cioBamu, CBepXciiaboe MposIBIIEHHE MaTepHI — 9TO IIPOCTPAHCTBO, Ooslee CHIIbHOE e€ MPOSIBICHNE — 3TO MaTepHst. ITO
JIBE CTOPOHBI OJIHON MeJaIy — MaTepHu.

3 1, clieoBaTe/bHO, IMAIA30H IIAHKOBCKHX IIpeJiesIoB CYLLECTBEHHO U3MEHUTCS B CTOPOHY YBEJIMYEHU s AUaIla30Ha YacTOT KBaH-
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[Tpu 5TOM BTOpOE CO3MAETCS CO CKOPOCTHIO CBETAa M MMEET OoJblloe pasHooOpaszue (hopm
MHKpPOMAaTepUH OT (POTOHOB M MUKPOYACTUI] 10 AaTOMHO-MOJIEKY/ISIPHOIO BEIECTBA, & B KOHEU-
HOM CYETE, IPUBOIMT K 00Pa30BaHUIO pa3IMYHbIX (hopM MaKpoMaTepun u runepmarepuu. 1 ror
Y Jpyro MpousBe/leHbl UCTOUHUKAMU, HO pa3HbIMU. OJIMH — 3JIEKTPOMArHUTHBIM JIMHAMUYHBIM
MIPOIIECCOM CaMOJIBHKEHHSI BUXPOHOB, IPYrof — CTAlIMOHAPHBIMHI HCTOYHHUKAMH* TPaBUTAIIMOH-
HOT'0, JIEKTPOCTaTUYECKOTO ¥ MarHUTOCTATUYECKOTO MOJIEH.

Muxkpomarepusi, pe/ICTaBIeHHas] B COBpeMEHHOM (pU3KKe — MEPTBAsA MaTepusi, 3TO JICITOHBI
Y KBAapKU C TOIYIEIbIM CITHOM, 00pasyloliye BCE MHOrooOpa3ue 2JIeMEHTAPHBIX YaCTHIL, & TAKKe
KBaHTBI T1071e ((POTOHBI, OO30HBI, TIIIOOHBI 1 TPABUTOHBI), 0OJIAJAIOIIMMU TeJIBIMK CITMHAMU U OCY-
IIECTBIISIIONINE YeThIpe THIA (PyHAaMEHTATbHBIX B3aMMOJICHCTBHIA. 3/1eCh BPeMsI® 3aMEHIIIO JIBUXKe-
HUe U u3MeHenue pasubix ¢opm matepuu. B CAII Bce Teopuu neperpy:keHsl Mmarematukon. [Tostomy
CYTb 9TUX TEOPHUI COBCEM OTPBIBAETCS OT MPUPO/BI (PUBUUYECKUX SIBJICHUM.

Bonee cuibHble MPOsIBIEHHUS] MaTepur® U COOTBETCTBYIOIIME MM TOJIST HAOMOOAIOTCSl B KOp-
MYCKY/ISIPHBIX 3aMKHYTBIX MUKPONPOCTPAHCTBAX — HEUTPOH, ITPOTOH, IEKTPOH, sijipa XUMUYe-
CKHX 3JIEMEHTOB, JIEMEHTAPHbIE YaCTHIIbI, U T.1. ATOMbI U MOJIEKYJIbl SIBJISIOTCS MPOU3BOIHBIMU
9TUX 3aMKHYTBIX MMPOCTPAHCTB MUKPOMHPA. DTH MHUKPOMPOCTPAHCTBA MPOKJIAABIBAIOT IIUPOKYIO
TPONUHKY B JPYroil MUpP TOXE 3aMKHYTBIX, HO OoJiee CJ1a0bIX MAaKpOIPOCTPAHCTB, MPH 3TOM Oosiee
OILIyTUMBI ¥ BUIMMBIA, OCHOBAHHBIN yke HE Ha MOTEHINAJIAX, a Ha ONpPeJe/IEHHON COBOKYITHO-
CTU CMECH MUKPOIIOJIEN MOTEHIMAJIOB, IEMEHTAPHBIX YaCTULl U ATOMHO-MOJIEKYJISIPHBIX BEILLECTB.
VimeHHO 3TOT MHp Ham HauboJIee siCeH U TIOHATEH, TaK KaK 9TO MUP KJIACTEPOB BUAUMOM 1 OoJiee KOH-
HEHTPUPOBAHHON MAKPOMAaTePHH CO3[IaH U3 OYEeHb OOJIBIIIOrO KOJINYECTBA OPraHMYECKUX M HEOP-
TaHUYECKUX CTAOMIILHBIX aTOMOB M MOJIEKYJT B (DOpME YETBIPEX OCHOBHBIX arperaTHbIX COCTOSIHUI
BEIIIECTBA.

Tenepb, Bo3Bpalasch Ha3zaja K (popmaM marepuu, T.e. K CTPYKTypaM MHKPOMAaTepHH THUIIA
HEUTpPOHA, CJeyeT OTMETUTb, YTO T'PABUTAIMOHHBIE, IEKTPUUYECKUE, MATHUTHBIC, a TaKXKe JIeK-
TPOMAarHMTHHIE MOJSA-MPOCTPAHCTBA, Mbl UMEEM BO3MOKHOCTh M3y4YaTh IKCIIEPUMEHTAILHO, TaK
KaK UMeeM KOHTAKTHYIO JIOCTYITHOCTb, KaK K UX pa3MepaM, Tak U K MPOSIBISEMbIM UMU CBOMCTBAM
(moteHmanam u 3apsaam). C MOMOIIBIO OMpeIeNIeHHOro Habopa MHCTPYMEHTOB MbI MOKEM H3Me-
PATH MPOSIBJISIEMbIE CBOMCTBA MPOCTPAHCTB B 3TUX pa3Mepax.

CoBeplIeHHO HEBO3MOXHO ITPOHUKHYTh B INIyOMHY 00beMa, 3aHUMAaeMOro HEUTPOHOM (10713
CM), WJIM, YTO ellle CI0XHee, B IIIyOMHY 00beMa, 3aHUMaeMOro JIeKTPOHOM WM HelTpuHO. Benen-
CTBHE Yero HeBO3MOKHO MPEACTABUTh ceOe M HAIISAHBIN 00pa3 CTPYKTYPBl TAKUX MHUKPOYACTHIL.
Dta 3aga4a, HaJ MPOOJIEeMOl pelleHus] KOTOPOi 3aHUMAIOTCsl caMble BeyIlue JIaOOpaTOpUu BCETo
MUpa, U noka Oe3pe3ynbpraTHo. K Bemkomy coxanenuio metoapl KM’ u KTII takxke He nmpuBoAT K
HarJIsi/IHO IPUEMJIEMBIM 00pa3aM CTPYKTYPbl 3TOM MUKpOMaTepuH, HAOMI0JaeMBbIX B IPUPOJE, KpOME,
KaK K CTPYKType HEeKHMX MEPTBBIX KBAapKOB U IJIIOOHOB, OKPYXKEHHBIX «MOpPEM» BUPTYAJbHBIX Map
KBapK-aHTUKBAapK U ONMCHIBAEMBIX HE HAIVISIAHBIMU MaTeMATUYECKUMU MaTPHIIAMHU.

Jl1s1 pellleHrst Ha3BaHHBIX 33/1a4 HAYHEM CO CJIaOBIX MPOSIBJIEHUIA MaTepyM — MPOTSKEHHBIX
00BEMOB (PH3HYECKOr0 BAKyyMa, 3allOJJHEHHOTO Pa3lMYHbIMU MOJSIMH-IIPOCTPAHCTBAMH, U
KpyIHOMAacCIITaOHOM CTPYKTyphl BceneHHOM. 31ech HEOOXOAMMO J1aTh ONpeleeHns] U PasHUIYy B
CBOICTBaX CTAIlHOHAPHOM U BUXPeBOil MHAyKLMH nosel. [Tocne yero nepeiaéM Kk uccaeaoBaHusaM
THUIIOB CaMbIX CWJIbHBIX €€ ITPOSABJIEHUH B (P)OPME MUKPOMATEePUH, MAKPOMATEePUH U rUIepMare-
puu. B 3Tux paszgenax ocHOBHas 3a/1a4a ONPEAEIUTh KOHKPETHYIO CTPYKTYPY MaTepPHH, CTPOUTEb-

TOBaHUA U YMEHBIIECHHUS pa3sMepa 3€pPEH MMPOCTPAHCTBA.

4 ..
B 06H_I€M TO — 9TO 3aMKHYTadA MOBEPXHOCTb, COCTaBJICHHAA U3 3€PECH-TIIOTEHIINAJIOB, HE3aBUCUMO OT TOI'O €CTb WJIM HET BHYTPU
3TOI NMOBEPXHOCTH MOCTOSIHHBINA WJIM BUPTYaJIbHBIN 3apsi]l.

’B NpHUpPOJE HET BPeMEeHH, Kak (pOpMBI CYILIECTBOBAHUS MAaTEPUH, a ECTh YaCTOTa-MOBTOPSEMOCTb OJHHX U TeX K€ MPOLIECCOB.
°o KOTOPOM MOJKHO CYJMTB IO ITOTHOCTH HOTEHIIMAJIOB B KJIACTEpax JKUJIKOTO MM TBEPIOTO arperaTHOro COCTOSTHUSL.

7 KBaHTOBast MEXaHMKa ¥ KBaHTOBasI TEOpH4 IOJIA.
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HBI MaTepraj, UCTOUHUKM e€ KBAHTOBaHUs M JBWkeHHs. Kpome Toro, HeoOXOAMMO AaTh OIEHKY
AENCTBYIOIIMM B MPHUPOJIE CUJIAM WHAYKIIMM B MAKPOMAaTePUH HA COOTBETCTBHE YK€ OTKPBHITOTO
Y JISUCTBYIOIIETO B Hayke hopmasiu3Ma, Harpumep, uaaykims dapanes-Makcpemna® u MHIYKIAsS
T0JIS1 BOKPYT CTALIMOHAPHOT'O JIEKTPUUYECKOrO 3apsaa.

[Toatomy cTpyKTypa KHUTM TIOCTPOEHA B COOTBETCTBUU C OCHOBHOM (hopmyJsioin Mupo3ganust
— IPOCTPAHCTBO, MaTepusl, ABHKeHNe U N3MeHeHune. B niepBoii miaBe peayiokeHo paccMaTpu-
BaTh BCE MPOCTPAHCTBA KaK MoJeByl0 (hOpMy MaTepuy CTAllMOHAPHBIX UCTOYHUKOB. Bo BTOpOW,
TPEThEW U YETBEPTOH IVIaBaX U3JIOKEHBI IIPEACTABIICHHUS BEILIECTBEHHON MaTepHH, T.€. €€ s1epHO-
aTOMHO-MOJIEKY/ISIpHOUM (POPMBI, KaK MPOAYKTOB BHUXPEBBIX UCTOYHUKOB — BUXPOHOB. B msATON 1
IIECTOH IIaBax MPEACTABICHO ABHKeHHe U H3MEeHeHNe MaTepuy B KaYeCTBE POIUTEIBLCKOW pon
BUXPOHOB U NOTEHI[UAJOB, IPUBO/SIIEE K POKICHUIO ¥ SBOJIOLUHM sIep 3BE31I, a TAKXKE K MPOU3-
BOJICTBY [I€PBOHAYAJILHOM €€ (POpMBI M TIOCJIEYIOILIEN SBOJIIOLIMHI B AaTOMHO-MOJIEKYJISIPHOE BEIIECTBO
Ha MOBEPXHOCTH 3BE3]] U TUIAHET.

8 Nmenno YpaBHEHUA MakcBesia B X COBPEMEHHOM BHU/IE IIPUBEJIN K Pa3pbIBy MEXAY TEOPUAMU IJIEMEHTAPHBIX YaCTULL U T€O-
puAMUA TATOTEHUA.
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I'nasa 1. IIpocTpancTBo u MmaTepus

Yro paHble poJaujoch: NPOCTPAHCTBO WM Kakasa-amo6o popma marepun? CoracHo
CAIl u OTO u3 CHUHTYJISIPHOW TOYKH BAPYr G€CHPUYHMHHO Mpou3ouien Bombinoii B3peB U Havya-
JIoch MTHOBeHHOe® 00pa3oBaHKe (pa3ayBaHue) MPOCTPAHCTBA ITyTEM MH(ISIIMOHHOTO PAaCIIMPEHHS

HIPOTOITY3bIPsI B 10%° pa3, aOCOMIOTHBIN OTCYET BPeMeHH C MOMEHTa BoJbIoro B3phiBa M CHHTE3
CJIOKHOHM MaTepuu U3 ropsiueit ra3000pa3Hoii CMeCH IpaMaTepyuu — KBApKOB, JIEKTPOHOB, HEUTPHHO,
¢otoHOB, TMIOOHOB U X-6030HOB. OTCIONA M OTBET HA MOCTABJIEHHBIN BOMPOC — MOYTH O/IHOBpe-
MeHHO. OTKyza B3s710Ch CTOJIBKO MaTepun? OTBET: U3 CUHTYJISIPHOM TOYKM C IJIAHKOBCKOM TUIOT-
HOCThio 5 X 107 r/em?. A uro ke Gbu1o BOKPYI' CUHTYJISIPHOM TOYKHM 1O B3peiBa? OTBeET: mo-Buau-
MOMY, HU IIPOCTPAHCTBO, HU BPEMsI HE UMEJTH CKOJIbKO-HUOY/Ib OIpe/IeNIEHHOro cMbicia. BeeneHHas
HAaxOJWJIaCh B COCTOSIHUM C BBICOKOH CHMMeTPHeH.

CBA3HOCTb MPOCTPAHCTBA CO BPEMEHEM JIOJrOe BPeMsl HaXOAWJIOCh B MPAKTUKE y MaTeMaTu-
koB. Kak M3BECTHO OLIyTUMBIX pe3yJabTaToB 3TO He mpuHecao. C Opyroil CTOPOHBI, OOLIEN3BECTHA
CBSI3HOCTb IIPOCTPAHCTBA ¢ MaTepueil U (hopMoil e€ cylecTBOBaHUS — ABUAKEHUEM U U3MEHEHUEM.
OnHako ¢punocodsl HUKOTJA He 33yMbIBAIUCh HaJl TOUHBIMU OINpEAeIeHUSAMU MaTepun (1a U Iiy-
OuHa 1o3HaHus1 (bOPM MHUKPOMATEpPUH B TO BpeMsl Oblla HEBeIMKa) M (popM e€ CyIecTBOBAHHS —
CTPYKTYPBI U ICTOYHUKOB €€ OECKOHEYHO JI0JTOM ¥ CTAOMJIbHOM KU3HU.

Tenepp, 4T0O KacaeTcsi BTOPOM COCTABJISIOIIEH MPEACTAaBIEHNs CBA3HOIO MPOCTPaHCTBa- Bpe-
MeHH. [Ipu rirybokoM aHasmM3e He yaeTcst OOHapyKUTh BpeMsl, Kak OJHY U3 CYIIECTBYIOMIMX (OpM
MaTepuy ¥ HeOTheMJIEeMYI0 YacTh NMOHATUSA MpocTpaHcTBa. [IpeacTaBieHre BpeMeH! B 4eTBepTon
KOOPIHMHATE — 3TO €CTh UCKJIIOUUTENbHOE CYOBEKTUBHOE TIOHATHE YeIOBeKa JUIsl CO3JaHus MaTeMa-
THUUYECKHMX MOJIeJIel OMUCAHUSA JBUKEHHUS U U3MEHEHU s MaTepUH U3 OHOM (DOPMBI B IPYIYIO, T.€. 3TO
NPOYKT MBIIIIIEHHS YeTOBeKa, a He hopMa MaTepuu U YK TeM Oosiee He sIBJICHUE MTPUPOJIBL.

PaccMoTpum BemecTBeHHBbIE IIPOCTPAHCTBA, Kak cj1adyld MaTepui0 B (opMe BHELIHUX
(buzryecKux nosei reoMeTpuYecky U AMHAMUYECKH paclpe/ie/IEHHbIX MOTEHINAN0B-3€PeH Hajl
CTATHYECKMMH WM KBAa3UCTATHYECKMMHU ' MHKPO ¥ MAKpPOMCTOYHHKAMH, 2 He Kak 0Opa3oBaB-
1iefics nociie B3pbiBa Mpamarepru B (hopMe KBAPKOB, JIEITOHOB U T..

B CAll MIPOCTPAHCTBO HE CUUTAETCS] MaTepHeld, a TI03TOMY JOIYCKAeTCsl, YTO OHO CIOCOOHO PAaCIIMPATHCS CO CKOPOCTBIO, BO
MHOTO pa3 MPEeBOCXOJSAIIEN CKOPOCTh CBETa.

10 HekoTtopble MUKPOMCTOYHUKH (3IEKTPOH, IPOTOH) MOTYT JBUIAThCsl B MPOCTPAHCTBE IEKTPUYECKHX MOJIEH CO CKOPOCTSAMU
OIU3KUMU K CKOPOCTH CBETA, OJIHAKO, 110 CPABHEHHIO CO CKOPOCTAMH X ITyJIbCUPYIOIIHX TOJIEH, 0OYCIOBIEHHBIMU JIEKTPUYECKUMU
WY TPAaBUTALIMOHHBIMU 3apsiJaMH, MOKHO CUMTATh UX MOKOSILIUMHUCS, T.€.KBa3UCTALIMOHAPHBIMHU.
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1.1 ®Pusnveckue MoJasi CTAIHOHAPHBIX HCTOYHNKOB

CornacHo CAIl ¢pusnueckoe moje — 310 ogHa U3 OpM Marepuu, XapakTepusylolasi Bce
TOYKH IMPOCTPAHCTBA ¥ BpEMEHH, 1 TIO3TOMY 00J1a1aonias OeCKOHEYHbIM YKCIIOM CTeTIeHel CBOOOIbI.
Cpenu nosneii B (pU3MKe BBIIESIOT TaK Ha3biBaeMble (pyHIameHTasibHble. Cpequ pyHAaMeHTa bHbIX
ToJiel CHavasta ObUTM OMpeJie/IeHbl JIEKTPOMAarHUTHOE, TPAaBUTAIIMOHHOE, clladoe, U CUJIbHOE — TI0Jie
sanepHbix cuil. [locne co3gaHust KBaHTOBOWM MEXaHMKHU CTaJlO0 OYEBUJHO, UYTO U BCS JApyras mare-
pHsl TaKKE ONMUCHIBACTCS KBAHTOBAHHBIMU TOJISIMU: OTAEIBbHBIMU (PYHAAMEHTATIBHBIMU WU UX KOJI-
JIEKTUBHBIMH BO30YyXAeHUsAMH. Harnprimep, MpOTOHBI, COCTABIEHHBI U3 TPEX KBAPKOB U TIIIOOHHOTO
nonst. OMHOYHBIMEI BO30YXKICHUSMH (DYyHIAMEHTAIBHBIX TOJIEH SIBJISIOTCS MX KBAHTHI. DTO 3Jie-
MEHTapHbIE YaCTUIBI: (POTOHBI, BEKTOPHBIE OO30HBI, TTIOOHBI, JIENTOHBI, KBAPKH, U TPABUTOHBL. DTH
TOJIS1 TIPOSIBIISIIOTCS B BUJE B3aMMOJEWCTBUS TeJl, IEPEHOCUMOTO C MPEeSIbHON CKOPOCTBIO CBETA.
ITpu 3TOM Ccurna B3auMOIENCTBUSA ONpeessieTCsl pa3InyHbIMU 3apsi/laMu:

— MaccoM JiJ1s1 IPaBUTALIMOHHOTO TT0JIS,

— JIEKTPUYECKUM 3apsIIOM AJIs1 JEKTPOMArHUTHOTIO U T. 1.

B KBaHTOBOW MeXaHWKe B3aUMOIECUCTBHUSI OOBSICHSIOTCSI 0OMEHOM KOHKPETHBIMH JIJIS1 KK I0TO
THIIA TIOJIsI KBaHTaMH — (DOTOHAMU [JIsI SJIEKTPOMAarHUTHOTO, OO30HAMU TSI CJ1a00ro, TUIOTETHYe-
CKMMHU I'PaBUTOHAMMU J1J151 TPABUTALIMOHHOIO U T. [I.

C mo3unmil JaHHOTO PeajibHOr0 MpeCTaBJeHHs] OJUHOYHBIMH BO3OYKICHUSMU SIBJISI-
I0TCSl TIOTEHLMANIBI-3€pHA, T.€. KBAaHThl aMOP(HOrO MPOCTPAaHCTBA. A MEXaHU3M B3aUMOJEICTBUS
ME>X/1y OTHOPOTHBIMU MCTOYHUKAMH OOYCJIOBJIEH MOIJIONIEHNEM WM OTTAJIKMBAHUEM IMOTOKA THUX
3€peH. [IpuTskeHne NCTOYHUKOB — 3TO MOIVIOI[eHNe MIOTOKOB, OTTaJIKMBAaHUE OIMHAKOBBIX UCTOY-
HUKOB — 3TO OTPa’keHHe MOTOKAa 3¢peH (HyJeBoe U INIaBHOe CBOKCTBO 3EpeH), NEHCTBYIOMINX
B JJAHHOM TOYKE CYMMAapHBIX OJIEd OHOTO THIIA, YBEIMUYMBAIOIIMX WM YMEHBIIAIIUX CHIIy STUX
B3aMOJIEHICTBHUH.

Torna mepBoe CBOWCTBO NOTEHLMAJIOB-3EPEH — 3TO MOCTPOEHUE (MHAYKLMS) JUHAMHYeCKH
TMIOJIBM)KHOM CTPYKTYPBI MOJIEH C TaKOM YacTOTOM, YTO HA (pOHE COOBITHI MPOMCXOASIIIUX CO CKOPO-
CTBIO CBETA 3TO M0JIE KaXKEeTCs IOCTOSIHHBIM. TOJIBbKO B TAKOM I10JIE€ MOXKET POKAAThCs UICTOYHUK JABH-
’KeHMsI — MAaTHUTHBI MOHOIIOJb.

Pusnueckuil MeXaHU3M IPOU3BOACTBA, 3apsAOKU M paclpelesieHHs] B MPOCTPAHCTBE KBaH-
TOB-TIOTEHI[MAJIOB C MOMOIIBI0 CTALMOHAPHBIX MCTOYHMKOB OTJIMYAETCS] B KOPHE OT TaKOTO MeXa-
HU3Ma MOCPEICTBPM BUXPEBbIX UCTOUHUKOB.

[ToreHuumansl BUXpeBBIX MCTOYHMKOB CO3JAIOTCS HEMPEPbIBHO MAarHUTHBIMU MOHOIIOJSIMU
BUXPOHOB — OfIHA chepruyecKas MHOrOOOOJIOYEeYHAsI CIIMPATb TIEPEMEHHBIX MArHUTHBIX TTOTEHIIU-
aJIOB-3€peH 3TOro MOHOMOJIsAA'! co31aéT Ha ceporooOHOM BOHOBOIE (POTOHA OHY KPYTOBYIO
MOBEPXHOCTHYIO CHMpaJb MEPEMEHHOIO paauyca, CTallMOHAPHO YCTAHOBJIEHHBIX 3JIEKTpOCTaThYe-
CKUX 3€peH-II0TEeHIMAIOB. B 3TOM npolecce NpuHUMAIOT yyacTHe ABa BUXPEBBIX MO — ITO MYyJIbCH-
PYIOIe MAarHUTHBIE ¥ IEKTPUIECKIE MOHOTIONU CBOOOJHOI0 BUXPOHA. DIIEKTPOMAarHUTHbIE OIS
MMEIOT MPeIENIbHYIO MPOIOJIbHYI0 CKOPOCTh PaclipOCTpaHeHMs], OrPaHUUYEHHYI0 CKOPOCThIO cBeTa. B
3aMKHYTBIX WY CBSI3AHHBIX BUXPOHAX YK€ IPUHUMAIOT yYacTUe TPU BEKTOPHBIX BUXPEBBIX MO,
T.€. UHAYKTUPYETCs elI€ U MyJIbcupylolliee rpaBUTaliioHHoe noiie. I1o gpopme reomerprueckoro yio-
KEHUS 3€PEH-TIOTEHMAJIOB U COXPAHHOCTH BO BPEMEHM OHU TAKXKE OTJIMYAIOTCS U MPEACTABJICHBI
B BHJIE BOJTHOBOZIOB (POTOHOB, JIEKTPOHA, MPOTOHA U IPYTUX IE€MEHTApHBIX YacTull. OTHOCUTEb-
HOE MOCTOSTHCTBO B3aMMHOTO PACIIONOKEHU S 3EPEH MEKTPONOTEHMAIOB STUX YAaCTUL OXPAHAIOTCS
MIPOTEKTOPHBIM MAarHUTHBIM IOJIEM.

" MarnuTHBIi MOHOIONb — 9TO HCTOYHMK IBHKEHNS, 3apsi| ABVKEHHS, OO IAIONIIA CIIMH Y S/eMEHTAPHBIX YaCTHII, KOTOpbIS
OH CO3JA€T U B KOTOPHIX OH «KUBET».
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[NoTeHrmansl CTaMOHAPHBIX MCTOYHUKOB 0Opa30BaHbl KBAHTOBAHHOW 3apsiikoi (BTOpOe
CBOICTBO — KBaHTOBaHHWe ' 1 3apsijika KBAaHTOM 3aps/ia UCTOYHMKA) TOTEHIIMAIOM UCTOYHUKA TTPU-
JIETAIOIIETO CJIOA eI He3apsKEHHOTO OKPYXKAIOIIEro STOT UCTOYHUK MPOCTPAHCTBA, B TOM YHCIIE U
HeBel[eCTBEHHOIO, C MOCIENYIONUM OTTAJIKUBAHUEM- HHAYKIMEN (TPeThe CBONCTBO) 3apsKeH-
HBIX 3€PEH CO CKOPOCTHIO'? BO MHOTO'* MUJUIMOHOB Pa3 MPEeBBIIIAIOIIEH CKOPOCTh CBeTa. S1po 3EpeH,
COOCTBEHHO 3apsi]l — 3TO KBAaHT aMOP(PHOro npocTpaHcTBa (4eTBEPTOE CBOWCTBO). Pexnm cMeHbI
3apsKEHHBIX CIIOEB HOCUT MEPUOANYECKHI XapaKTep C YacTOTOM (ISITOe CBOMCTBO 3EPEH — Helpe-
PbIBHAS IEpHOAMYECKAst UHAYKIIMS TAKMX KBAHTOB) MPEBBIIIAIOIIEH COOTBETCTBYIOIIUE IJTAHKOBCKHUE
suavenns (2 x 10°¢™h). ror IPOLIECC HOCUT HeNpePBIBHBIN XapaKkTep Ha BCE BPeMs KU3HU 3TOTO
CTallMOHAPHOTO UCTOYHUKA, (DOPMUPYS AUHAMUYECKH 00BbEMHOE My IbCUPYIOLLEe M BHOBb OOHOBJISIE-
Moe riosie. B mporiecce 06pazoBaHust 3THX 3¢peH — KBAHTOBAHWH MTOTEHIMAJIOB CTAIMOHAPHBIX UCTOY-
HUKOB, YUYaCTBYIOT KOHTAKTUPYIOILIUE CJIOU JBYX Pa3HbIX POCTPAHCTB, UMEIOIUX PA3HbIE 3apsiIbl.

KBanTOBaHME 1 MHIYKLIUS TPOU3BOIAT OECKOHEYHO OOJBILOE, HO (PMKCUPOBAHHOE U KOHEUHOE
KOJIMYECTBO 3E€PEH-NIOTEHIMAIOB B €MHUIY BpeMEHH (IOTOKA) Yyepe3 3aMKHYTYI0 c(hepUyecKylo
MOBEPXHOCTb, TAKUM 00pa30M, UTO Ha JIOOOM CKOJIb YTOJHO YAAJIEHHOM OT UCTOUYHMKA PACCTOSTHUM B
3aMKHYTOM C(hepPUYECKOM CJI0€ C TOJIIIMHOM 3epHa HAXOIUTCS NEPBUYHbINA UHAYKTUPOBAHHBIN 3apsij
(3TO mIeCTOe CBOICTBO) B TOUHOCTH PaBHBIN 3apsily UCTOUHMKA, T.€. B IPOCTPAHCTBE C yAaJIeHUEM
Pa3MBIBaeTCsl «<KOHTPACTHOCTB» TIEPBUYHOIO 00pasa. DTo peanusyercs cieayomum oopazoM. Kon-
KPETHOE NEPBUYHOE KOJHYeCTBO 3E¢PEH, IUIOTHO CO CMEKHBIM KOHTAKTOM PacOIOKEHHBIX Ha Nep-
BUYHOM 3aMKHYTOH MOBEPXHOCTH MCTOUHMKA, 110C/IE MHAYKLUH U C yaJeHUeM OT UCTOUHMKA LIeH-
TPAJIBHO 110 paJIiycaM PaBHOMEPHO paclpeIesieTcs B CJASAYIOIEM eAMHIYHOM CJI0€ Ha IOBEPXHOCTH

cepsl YBEIMUMBAIOILETOCs paanyca R MJIOIma/bio 47R% ¢ YMEHBIIAOIIEHCS MOBEPXHOCTHOM TUIOT-
HocThi0. Takum 06pa3oM, ¢ pOCTOM paccTosiHUSA R yMEHbIIAeTCs CpeiHssl IOBEPXHOCTHAS IUIOTHOCTh
3apsUKEHHbIX 3€PEH-TIOTEHIMAIOB, pa3MELIeHHbIX B C(hepUUYECKOM Clloe — MoJie Ocaadsaercs, cpel-
HUI CyMMapHbIil TOBEPXHOCTHBII NOTEHLMA c(peprUyuecKoro cjios ymeHbluaercs. OTcioa u ciaeayer
3aBUCUMOCTb UHTETPAJIbHOM CHJIbI B3aMMOJIEHUCTBUS, YOBIBAIOLIEH C KBA/IpaTOM paccTosiHusl R — pea-
JIU3YIOTCSl U3BECTHBIE U3 MPAKTUKU 3aKOHBI'®. [IpOHMIIAEMOCTh 3TUX 3€peH pa3jidyHa [Uisl pa3HbIX
HCTOYHHUKOB (CeIbMoO€ CBOMCTBO) M IMPAaKTUUYECKU U3BECTHA, KaK JJI BaKyyMa, TaK U 1Jis1 KOHJEH-
CHPOBaHHBIX BellecTB. CaMOil BBICOKOM MPOHULIAEMOCTBIO 00J1a/1al0T 3€pHA I'PABUTALIMOHHBIX IOJIEH,
a MPOHULIAEMOCTb 3€PEH EKTPOCTATUYECKUX MOJIEN MOKHO CBOAUTD K HYJIIO C TIOMOILbIO METAJLIN-
YECKUX 3a3eMJIEHHBIX 9KPAHOB, TEM CaMbIM CO3/1aBaTh IKPAHNPOBAHME BHEIIHETO MOJIs IEKTPU-
YECKHU 3apsSKEHHOr0 CTAMOHAPHOIO UCTOYHUKA.

Bcé u3noxeHHoe 10Ka3bIBaeT, YTO MPOoUEecC MHAYKIMH (PU3NYECKUX MMOJel CTalMOHAPHBIX
MCTOYHHMKOB — 3TO MEPEHOC CaMoil c1aboi (hopMbl MaTepuy, MOTEHIUAIOB-3EPEH CO CKOPOCTBIO,
KOTOpasi MHOTO OOJIbIIIE CKOPOCTH CBETA.

CTpyKTypa MpOKBaHTOBAaHHOT'O 3epHa 00pa30BaHa U3 s/Ipa U 0OOJIOUKM — 3TO BOCbMOE€ CBOW-
CTBO. fnpo-noTeHnman, coOCTBEHHO, M MPEACTaBIsAeT COOOM COOTBETCTBYIOIIYIO OO BETMYMHbI
NIEPBUYHOIO MOBEPXHOCTHOrO MOTEHIIMAIa 3apsa UCTOYHMKA, a 000JI04Ka (hopMHpyeTCs U3 HeBe-
IeCTBEHHOr0 IPOCTPAHCTBA WJIM MOTEHLMAIa 3apsja MPOCTPAHCTBA, OKPYXKAIOIEro B JaHHbIN
MOMEHT MCTOUHMK. Toraa CTpyKTypy HOJisl, OKPYXKAIOILEro TakOW UCTOUYHUK, MOXHO MPEICTaBUTh
B BUJE YepeyIOUIMXCS, MYJbCUPYIOLIMX 1 HEIPEPhIBHO OOHOBIISIEMBIX C COOTBETCTBYIOLIEN CKOPO-
CTBIO C(hEPUYECKUX CIIOEB, C YOBIBAIOIEH BEIMYMHON YCPEJHEHHBIX 110 MOBEPXHOCTH MOTEHIIMAIOB
— 9KBUIOTEHLMAIBHBIX TTOBEPXHOCTEH, OTAENEHHBIX JPYT OT ApYra ClIOSMU HEBELECTBEHHOIO WJIM

12
KsantoBanue u 3apAlKa NpUJICralomero oA HEBEUECTBEHHOI'O IPOCTPAHCTBA MPOMUCXOAUT B IPOUECCE 3apAAKU 3€pHaA 10
BCJIMYWHBI, paBHOﬁ COOTBeTCTByIOI_[Ieﬁ J0JI1 HOBerHOCTHOﬁ TJIOTHOCTH 3apAna CaMOro MICTOYHUKaA.

B30 HOATBEPKAACTCS] CAMUM CYILIECTBOBAHUEM CTAOMIIBHBIX JIEMEHTAPHbBIX YaCTHL] C IEKTPUYECKHM 3apsIIOM.
"o Jlartacy — B 50 MutH. pas.

15 3akomer HeiotoHa, Kynona u apyrue.
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APYroro OKpyXaloliero UCTOUHMK mpoctpaHcTBa. [IpocTpaHcTBO, 00pa3oBaHHOE MO TAKOMY MeXa-
HU3MY C IOMOIIBIO 3EPEH-TIOTEHIUAIOB, TPOSIBIISIET B OOJIBIINX MaKpOOOBEMaX Bce M3BECTHBIC MHTE-
rpajibHble CBOMCTBA (JI€BSITO€ CBOMCTBO) TPEXMEPHOTO IJIOCKOTO MPOCTPAHCTBA.
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1.2 MukponpocTpanCcTBa-moJst

DNEeKTPUYECKHUIA M MAaCCOBBIH 3apsiIbl AMEKTPOHA '®, MPOTOHA, siiep U ATOMOB XMMUYECKHUX 2J1e-
MEHTOB U T.JI. (pOPMUPYIOT CBOU BHEIIHHE CTALMOHAPHBIE 110151 110 BBIIIE U3JI0KEHHOMY MEXaHU3MY
cpasy ke IocJie TOro, Kak MX BHEIIHWE BOJIHOBO/BI CTAIM 3aMKHYTHIMU U CTaOMIbHBIME. [Tpu 3TOM
TOJISI Pa3JIMYHBIX MOHOMOJIEH OT OHOTO MCTOYHMKA CBSI3aHBI APYT C IPYTOM TOJIBKO Yepe3 OOIIHiA
HEeHTP MHAYKIUK'’ 1 Ha nieprdepur He BIMSIOT APYT Ha Apyra — MPUHIMII CYTIEPIO3UITIH.

16 Teopema I'aycca myist S1eKTpOAVHAMUKIL.

17 LleHTpOM MHAYKIMHU 3NEKTPUUECKOTO 3apsjia MEKTPOHA SIBJISETCS 3aMKHYTHIA BOJIHOBOJ 3€PEH JIEKTPONOTEHIINAJIOB, OXpa-
HsIeMbIi IPOTEKTOPHBIM MarHUTHBHIM 1ojieM. LIeHTpoM MHAYKIMH ero Macchl (IpaBUTALIOHHOTO MOHOIIONS) SAB/SIETCS BUPTYaJIbHBIN
LIEHTP, BOKPYI' KOTOPOr'o MyJIbCUPYET Bpallasich IEPEMEHHbIH 110 BEJIMYMHE MUHUMAJIBHO BO3MOKHBIN MAarHUTHBIA MOHOIIOJNb.
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1.3 MakponpocTpaHCTBA-10JI

Kractepsl pa3nuyHbBIX PeryssipHO MOBTOPSIONIMXCS aTOMOB WJIA MOJIEKYJ, 0Opa3yloT OIHO
U3 YeThIpeX arperaTHbIX COCTOSIHMM BeIeCTBa — TBEpHOE, XUAKOE, ra3000pa3HOe WU COCTO-
ssHUe TUTa3Mbl. BHeIIHHMe TpOCTpaHCTBA, HAJ TAaKMMM KjacTepaMy Ha30BEM MAaKPONPOCTpPaH-
CTBAMHU-IIOJISIMH TIO CPAaBHEHUIO C 3J€MEHTAPHBIMH MHKPONPOCTPAHCTBAMHU-NIOJSIMH HAJl
SIIPaMK, aTOMaMH 1 JIEKTPOHAMU C MX MYJIbTHIIONSAMH. K HUM OTHOCSATCSI BHYTP€eHHHE 1 BHEIIHIEe
TOJIsI KJIACTEPOB BEIIEeCTBA, TUIAHET, 3BE3/1 U FAJIAKTHUK.

HernpepbiBHBII TIpolIeCC KBAHTOBAHUSI-3aPSIIKYA U MHAYKIMU-OTTAIKUBAHUS 3epEH OT 3aMKHY-
TOH MOBEPXHOCTU TaKUX KJIACTEPOB MOJSIPH3YET OKPYKaloIllee BEIECTBEHHOE MPOCTPAHCTBO, Tpe-
BpaIIlaeT ero B COOTBETCTBYIOIIEE MYJIbCUPYIOIEe, HEMPEPHIBHO OOHOBIIsSIEMOE TIOJIE U CO3AET MHA-
MHUYECKH pacipesie/IEHHYIO TNIOTHOCTh COOTBETCTBYIOIIUX MTOTEHIIUAJIOB TIOJIS.

CymMapHble BHYTPEHHHeE T10J151 TAKUX KJIACTEPOB OIpelesisiioT ero (pu3nyeckre CBOICTBa U
00YyCJIOBJIEHBI IJIOTHOCTBIO ¥ pacrpeieieHu s TOTeHINAJIOB.

IlepBuuHOE rpaBUTAlMOHHOE MAaKPONPOCTPAHCTBO-MOJIe B pacimpsionieiics Beenen-
HOM co31a€Tcsi BOKPYT MepBUUHBIX uy€pHbIX chepudeckux Ten (YCT-kBazapel, nosunus 211%), koto-
pble BbinagaioT U3 atMocdepsl Haiell Beenennon. Kak Tonpko YCT «ynasno» B BemiecTBeHHOe
MIPOCTPAHCTBO Hailel BeeneHHoM B hopMe Bparaomerocs cpepuieckoro Kiryoka, HaqaJics ero pac-
na?’, oOpa3oBaIMCh MepeMeHHbIe IPABUTAIMOHHOE, JIEKTPUYECKOe U MarHUTHOE ToJist. Bo Bpems
MaJIeHNs K IEHTPY HauOOJIBIIEro TATOTEHHU S B IOBEPXHOCTHON HEBUAMMOI yactu BeeneHHol, macca
YCT u cooTBETCTBEHHO, 00BEM Hanbosee 3(p(HEeKTUBHOTO MO BCE BpeMsl yBEIMIUBAETCS 110 BEJHU-
YHMHE TMPU TIOCTOSIHHOM BHEITHEM JramMeTpe. DT0 00yCIOBICHO OYeHb OOJBINON UIMHOW BOJTHOBO-

108, Gonee 10%® cm, uro COOTBETCTBYET BPEMEHM KU3HU [IBUKYIIMXCA B BOJIHOBOAAX M3 LIEHTpa K
MOBEPXHOCTH JIEKTPOMArHUTHBIX KBAaHTOB 10 14 Mipa. et u 6onee. [Ipon3BoACTBO HEUTPOHOB Ha
nosepxHocT YCT mporcxogut TOJIBKO MO UCTEYEHUH TOrO Neprona BpeMeHu. OHaKo, IpU 3TOM,
HanOosblIast yacth Macchl 10 80% WHAYKTUPYEeTCsl KBaHTAaMM IpU ABWKEHUHU 10 BOJIHOBOAAM Ha
MOBEPXHOCTH chep, PaCIIONOKEHHBIX OMike K LeHTpy. [Toatomy 6onbinue o pasmepam YCT, nonas
B HEKOTOpPOE KPYIHOE IApOBOE CKOIUIEHHE 3BE3]] MPUMEPHO OIMHAKOBOI BETMYMHBI, CTAHOBATCS
AnpoM cnMpaabHol [anaktuku. Crivpany 3BE3]1 U ra30MblIeBbIX TyMaHHOCTEH B Takux [ayakTu-
Kax, CXOZSIIMEcs pyKaBaMu K LIEHTPY, 1 00pa30BaHbl BCE BPEMs1 YBEIMUMBAIOIIEICs MAcCOW U CUJION
nonisg Takoit YCT, B OT/IMUME OT KPYTOBBIX M SJTTMIITUYECKUX OPOUT IUIAHET BOKPYT 3BE3[, sipa KOTO-
PBIX YK€ IJaBHO HAXOAATCSA B CTaIUM MPOU3BOACTBA HEUTPOHOB U JJ0JITO€ BpeMs UMEIOT ITPAKTHUECKH
MOCTOSIHHYI0 Maccy. VIMeHHO ¢ 3TuM 3¢ peKToM cBA3aHOo 95% (hopMupoBaHue Mol TEMHON MAcChl
Y SHEpPruM BO BHEIHUX closIX BeeneHHoi.

Ipors:kénnocts moJeil. [IpakTuyeckn ycTaHOBIEHO, 4To HamOosee 3(QeKTUBHOE Mone
TATOTEHUSI 3E€MJIA PACIPOCTPAHSETCA IO IMOJyTOpa MWIUIMOHOB KujoMmeTpos. IToka orcyrcrByer
KaOpoBka cootBeTcTBUsA pazmepoB YCT pasmepy 3¢ PpeKTUBHOIO AaNbHOAENUCTBUSA LIEHTPAJIBHOTO
nons. He u3aMepeHsl SKCriepuMEHTaIbHO U CKOPOCTH PaclipOCTPaHEHUs TPABUTALIMOHHBIX, JIEKTPU-
YECKMX U MarHUTHBIX nosied. Ho ysxe namepensl 3p(peKTUBHBIE P eaeJibl JAIbHOACUCTBUS CTAalHO-
HAPHBIX UCTOYHUKOB U (POTOHOB — OHU Pa3Hble. DTO JOKA3BIBAET PA3JIMYHBIA MEXaHU3M U, COOT-
BETCTBEHHO, CKOPOCTb PACIIPOCTPAHEHUS ITUX MOJIEH.

18 Camut 1o ceGe aTOMBI ¥ SIPa ATOMOB — TO OTHOCHTE/HO MYCTBIE POCTPAHCTBA [0 CPABHEHMIO C PA3MEPAMM MATHHTHBIX
MOHOIIOJNEH, X 00BEMBI TEOMETPUYECKH «HALYThl» U3 COOTBETCTBYIOIIMX 3EPEH NEKTPONOTEHLIUAIIOB.

19 TMeppas nosumus pucyrka Ha 3aHe CTOPOHE OGNOKKM KHHTH.

2 Ymeercs B BUJLY UTO, B CHJTy TPaBUTAILIMOHHOTO CaTHsl BOJHOBOJA B LIGHTPE, IPOUCXOIUT 00paTHasl reHepalisi BAXPOHOB U3
TOTEHIMAJIOB-3EPEeH BOJIHOBOJA M X JBMXEHUE CO CKOPOCTBIO CBETa MO MCKPHUBJIEHHOMY BOJIHOBOIY K BHelHei oBepxHoctu YCT,
KOTOpBbIE BBUIETAT U3 HETO JIMIIb TOJBbKO 4yepe3 14-30 MuimapaoB JieT.
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[TpoTs:k€HHOCTh pacrpoCTpaHEeHUsl MPaBUTALMOHHBIX Tosieil 3aBUcUT OT pasMepoB YCT u
CpaBHMMa, B MHHUMYMe, C BUJIMMBIMU pa3MepaMu ['anakTuk, IJIaHET CO CIyTHUKAMU U 3BE3/IHBIX
CHUCTEM, COAEPKAILMX HEKOTOPOE KOJIMUECTBO IJIaHeT, TIia COIHEUHOM CUCTEMBI WIIM CUCTEMBI I1J1a-
Het lOnurepa niu Carypha.

Takum 00pa3om, mapa HMCTOYHUK-TIPOCTPAHCTBO MHIYKTHUPYET 3€pHA-TIOTEHIIUAJIBI, a IpO-
CTPAHCTBO, MPH ITOM, SIBJISIETCS UX TIPOBOJHUKOM, a BMECTe OHM 0Opa3yloT BeleCTBEHHOE Ipo-
crpaHcTBO. Eciii Obl HICTOUHMK 3apsija He MHIYKTHPOBAJ Obl HEITPEPHIBHO N3MEHSIIOIIEeCs COOCTBEH-
HOE TI0JIe, TO BOKPYT TAKUX UCTOYHMKOB HE MPOUCXOANIIO OB IBMKEHUS aCTPO(PU3NUECKIX OOBEKTOB,
He Ob110 Obl ['aTaKTUK U 3BE3AHBIX CUCTEM, COMICPKAINUX IJIAHETHI U X CITYTHUKH, He ObLIIO ObI ceBep-
HOTO CHSIHUSI ¥ MOJTHUM, CHHUX CTPYH, CITPAalTOB U 11b(OB, He ObLIO Obl CTAOUJIBHBIX SIIEP XUMHUe-
CKHX 3JIEMEHTOB U 3JIEKTPOHOB, He ObLIIO OBl ATOMHO-MOJIEKYJISIPHOTO BEIeCTBa U T.JI.

I'paBuTamus — 3ta camas cnadas ¢opma mons marepur. B 60ombmx MakpooObEMax Hall
VCTOYHHMKAMH €€ 10JIs ITPOSIBIISAIOT BCE U3BECTHBIE CBOMCTBA TPEXMEPHOTO MIOCKOTO IIPOCTPAHCTBA.

VICTOYHUKY TpaBUTAIIMOHHOTO TOJIsI OBIBAIOT CIIELYIOIINE:

— nenTpaibHble, YCT 13 MIOTHOTO SIEpPHOIO BELECTBA, TUIIA HEMTPOHA, 9TO KBa3aphbl

— paccesiHHbIE B (pOpME KJIACTEPOB S1IEPHO-aTOMHO-MOJIEKYJISIPHOTO BELIECTBa

— KOpa ¥ MaHTUsl, «XKUJIKoe» siape, eHTpaibHoe sapo YCT, 3To miaHeTs

— UCTOYHMKH CMEIIaHHOTO TUIIA, 9TO 3BE3/IBI.

Camblil oCTpBIl BOIIPOC COBPEMEHHOCTH — CYHIECTBYIOT JIM AHTHIPABUTAMOHHbIE
noJs?

C nosurmii CAII Takue mosst J0JKHA co3/laBaTh aHTUMatepusi. OHAKO MOMCKU TaKOBOW BO
Bceil BcenleHHOW He NMpHUBEI K MOJNOKUTEIbHOMY pe3yibTaTy. Takylo MaTepHio, Kak U MarHUTHBIN
MOHOIIOJIb, UIIYT YK€ MHOIO AECATUIIETHUH.

C no3unuii peajbHOr0 MpeaCTaBJeHNs, KaK U B Cllydae ¢ MArHUTHBIM MOHOIOJIEM, HE00-
XOIMMO IIPOCTO YTOUHUTh MCKOMBI€ CBOWCTBA 3TUX M0OJIed. I paBUTALIMOHHBIE 110JI51 AKTUBHBIX acT-
podusnyeckux 0ObEKTOB — MHOTOKOMITOHEHTHBI. OJJTHa 13 OCHOBHBIX KOMITOHEHT — LIEHTpajibHa U
MH/IyKTUPOBaHA JIBUKEHHEM C OIpeJeSIEHHOW CTOPOHOM BpallleHHsl OT LEeHTPAa MUKPOYACTUIL 110
BOJIHOBOJAM C LIEHTPOCTPEMUTENIbHBIM YCKOPEHHUEM IO OKPYKHOCTSIM YBEJIMUMBAIOIIET0Cs paanyca K
noBepxHocTU. B Hateid BeeneHHOM He BCTpeyaeTcsl TAKUX s1ep KOCMUYECKUX 0OBEKTOB, B KOTOPBIX
TaKoe BpallaTeIbHOe JBMKEHUE YACTHUII>! B HUX HAMpaBiieHo K HeHTPY. OHAKO B OTIMYKE OT IpH-
POzl TEXHMYECKOe BOIUIOLICHUE TaKOro 3ePKaJIbHOI0 ABH:KEHHsI BO3MOXHO. Tak, Harpumep,
peanu3aiys Takoro JBMKEHUs B «pemyiibcuHe» B.Illay6eprepa, B anmaparax ®@.Ceuta, Cepna u B
koHseptepe B.Pommna, C.I'oquHa, oiHO3HAYHO yKa3bIBAa€T Ha BO3MOKHOCTh TEXHUYE€CKOT0 MPOU3-
BOJICTBA COOCTBEHHOTO aHTUTPABUTAITMOHHOTO MOHOIIOJS B aNfapare, HarpaBieHHeM BEKTOpa KOTO-
POro MOXHO YIPaBJIATh MyTEM BpallleHWs] MAarHUTHOTO KJlacTepa MO YacOBOW WUJIM MPOTUB YacCOBOW
CTpeJIKU. [Ipyrumu cjioBamu, €cTb peajibHasi BO3SMOXKHOCTb PEILIEHHs 3TOW 3aJjauy C MIOMOIIBIO TeX-
HMYEeCKHX CPeJCTB 1 Ha OCHOBE JIEVCTBYIOIIMX 3aKOHOB B ITpUpojie Hallel BeeneHHoi.

21 B MUKPOMUPE TAKOE NBUKEHUE PEATUIYETCA IPU 3apAJKE BTOPUYHOI'O MArHUTHOI'O MOHOIIONIA B BUXPOHE q)OTOHa, Ipy 1BU-
JKEHUU MAarHuTHOI'O MOHOIIOJIAA B MUKPOBUXPOHE JIEKTPOHA U T.J.
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1.4 I'mnepnpocrpancTtBo Beenennon

CrpykTypa npocTpaHcTBa BeeneHHON HOCUT 0ObEeMHO-CETUAThId U TYeUCTBIN XapakTep. bec-
KOHEYHO OOJIbIION, HO KOHEUHBIH M HETPEPHIBHO PACIIMPSIONIAIACS «ITy3bIpb» HaIlell BceneHHoi,
JaJIEKO HEPaBHOMEPHO 3aCeJieH 3B€3/1aMU, TAJIAKTUKaMU, CKOTIJIEHUSIMU 1 CBEPXCKOIUIEHUSIMU TaJlak-

TUK B BUAUMOM €€ YacTU pa3MepPOM ~ 10?8 cm. HccnenoBanus BpallleHU CIIMPAJIbHBIX TATAKTHK, a
TaKKe pacripeieieHHi CKOPOCTEH TaJIAKTHUK B CKOTUICHHSIX U CBEPXCKOIUICHUSIX TIOKA3aJIo, U4TO OOJTb-
11asi YacTh MOJIHOW Macchl BeeseHHON HeBHAMMA M OOHAPY:KUBAETCS JIUIIIb [0 TPABUTALIMOHHOMY
BO3/ICWICTBUIO HA HaOJoaemMble BUAMMBbIE 00BEeKThl. [109TOMYy OCHOBHAsI YacTh TPaBUTAIIMOHHOTO
npoctpaHcTBa (6onee 95%) sIBlisieTCs] HEBUAMMOM, U, CJIeJOBATEIbHO, IOTIOJTHUTEIBHO HE OCBEIlleHa
notokamu (potoHOB. U Kak B 10O0M paciupsiioieMcsi IPOCTPAHCTBE Ha TIEPBOE MECTO T10 €ro CTPYK-
Type BCTaeT BOMPOC O MECTOPACIONOKEHUU LIEHTpa Takor cdepbl. TOUYHOE yCTaHOBIIEHUE IIEHTpPa
BcenenHoii, a Takxke ee aHaJIM3 U U3yYeHHe ee CTPYKTYPbI MO3BOJIUT JaTh OTBET Ha BOMPOC O XapaK-
Tepe HalpaBJIeHUs SBOTIOIMYA MAaTEPUU B MPOCTPAHCTBE — CUHTE3 WM pachaj’?

Ecnu cuutath BUauMyIo Yacth BcenleHHOU Onmkaiineid K IeHTPY, TO HEHTPAIbHBIM SIIPOM
9TOTO «ITy3bIPsi» JOJKHA OBITh 00JIACTB, T TMOJTHOCTHIO OTCYTCTBYeT TéMHast Macca i YCT, a ee
LEHTP J0JDKeH OBITh OIpe/IesieH IO MOJIHOMY OTCYTCTBHUIO IIEHTPAJIBHBIX T'PABUTAIIMOHHBIX (3BE31,
[ayIakTHK) TOJIeH, T.€. POCCHITM Ta30MbLIEBBIX TYMAHHOCTEH, TI0 Macce SKBUBAJICHTHBIX OOJBIITNM
3Be3IHBIM CKOIUIeHUsM. O0IacTi BUAUMOIT yacT BeesleHHOM, rie mpeoOiaaaeT s4encTo-cervaTast
CTPYKTypa B BUJIe TPYIIT M CKOIICHHUI I'aJIAKTUK, 00OPa3yIONIUX BBHITSHYThIE «HUTH» — (DUITAMEHTBI,
CO3JIAI0T CBSIZHYI0 TPEXMEPHYIO CETKY IPaBUTALMOHHBIX MoJieil. B MecTtax mepeceuenus puiameH-
TOB PACIIOJIAraloTCsl CBEPXCKOTUICHHSI TaJIAKTUK. Mexkay (huiaMeHTaMK HaXOJsATCS IyCThie OOJIacTH,
B KOTOPBIX OTCYTCTBYIOT IaJJaKTUKUA. Buammoe npocrpaHcTBO Mexay ['amakTvkamu U 3Be3JHBIMU
CKOIUIEHUSIMU — CYTb IUIOCKOE MPOCTPAHCTBO, PEryJIsipu30BaHHOE NAJIbHONEHCTBYIOIIMMU TPaBU-
TAlIMOHHBIMU TOJISIMU, AOJTOXUBYIIMMH, U CAMOJIBMXKYIIUMUCS JIEKTPOMATHUTHBIMU TOJISIMU, a
TaKke pa3pO3HEHHBIMU CKOTICHUSIMU Ta30MbLIEBbIX 00IaKOB U TyMaHHOCTel. Hanbonee ynaneHHbIe
BHETaJIaKTUYECKHe 0OBEKTHI — KBa3apsl, IPUHAJUIEKAT K O0Jiee TOBEPXHOCTHBIM CJIOSIM BceneHHOi.
K 1988 r. 6b110 oTKpBITO OKO710 4000 KBa3apoB. HabmoneHus KBa3apoB SABJIAIOTCA BaKHBIM UCTOY-
HUKOM MH(OPMAIIMU O paclipefe/ieHny MaTepur Bo BeeeHHOM.

HernpepbiBHOE pacivpeHre BHEITHEH MOBEPXHOCTH BceneHHOW 00YCIIOBJIEHO BbINAICHUEM
UCT u3 ee «atMocepbl», T.e. U3 00IaCTH, Tie KOHYAIOTCS TPAHUIIbI TPABUTALIMOHHBIX TONel. YBe-
JIMYEHNe BHEIIIHEN MOBEPXHOCTU BceneHHOM MPOUCXOIUT 3a CUeT Pa3IBUTaHK s IPAaHULL ¢ aMOP(HBIM
CUHT'YJISIPHBIM MIPOCTPAHCTBOM, KOTOPOE PEryIsipU3UpyeTcsi PaBUTAIIMIOHHBIM 110JIEM BHOBb 00pa30-
panHou YCT.

Takum 00pa3zomM, KpynmHOMacITabHas CTPyKTypa rMIeppocTpaHcTBa BeeneHHo criemyomast:

B nesiom Haia BeeneHHast —3To «ITy3bIpb» Pa3lyBaloOIIErocs He B3PbIBHBIM 00Pa30M I10 BHEIII-
HEH MOBEPXHOCTU BeIIeCTBEHHO SY€HCTOr0 rPaBUTALMOHHOIO MPOCTPAHCTBA, 3a CYET YBEJIUYU-
Barorierocs unciaa YCT u 06bEMa npocTpaHcTBa BOKPYT HUX. CpaBHUTD 3TOT MPOLIECC MOXKHO C IIPO-
LIECCOM MEHOO00Pa30BaHMsI P B3yBAHUU MbUILHOM MEHBI.

Buumast dacth pasmepoM 10°% cM oT LeHTpa 3amonHeHa raJakTMKAMHM, CKOIUICHUAMH 1
CBEPXCKOILUICHUSIMHU TAJIAKTUK, O0Pa3yloIMX TPEXMEpHOE SYEHCTO-CeTyaTroe AaibHOACHCTBYIOIIEe
I'PaBUTAIIMOHHOE T10JIe ¥ IJIOCKOE MPOCTPAHCTBO BeesieHHOM, HepaBHOMEPHO PeryJisipu30BaHHOE T'pa-
BUTALIUOHHBIMU, SJICKTPOMATHUTHBIMU IIOJIAMU W I'a30IbIJICBBIMU O6JIaKaMI/I. B stoii yactu npous-
BO/ICTBO NMPOCTPAHCTBA 3aKOHYEHO, 3 MaCCa MOCTOSTHHA .
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IIpome:KyTOUYHAsI YacTh BHEIIHETO c(hepryecKoro rTueprpocTpaHcTBa 00pa3oBaHa pachaia-
foumricss YCT Ha pa3HBIX STanax BOJIONUK ¢ 00Opa30BAHMUEM CBETSIIUXCS 0OAKOB 22 cOPOIIeHHON
Ia3Mbl TIPA B3pPbIBaX HOBBIX M CBEPXHOBBIX, MMITYJIbCHBIM M3JIyUYeHHEM TYJIbCapOB U KBa3apoB U
T.1I., a TAK)KE TOYEYHO HEBHIMMYIO YacTh, Pa3MEIIEHHYIO B 3TOW MTPOMEKYTOUHON M 0Opa3ylomie
KPYIMHOMACINTAOHYIO U emE YacTHIHO BHAUMOI1 yactu Beenennoit. YCT, mysbcapsbl, KBa3aphl, HEll-
TPOHHBIE 3BE3/IBI, IBETHBIC U OCJble KAPJIMKHU, a TAKKE FAJITAKTUKU TOYSUHO-O0BEMHBIMU I'PABUTAIH-
OHHBIMU TIOJISIMH BOKPYT ce0s1 (pOPMUPYIOT BEIIECTBEHHOE IMPOCTPAHCTBO Halleil BeeneHHoil B Buze
SIYEUCTO-TOYEYHOU I'PAaBUTAILIIOHHOM MIEHbI U TIEPEMEHHON MACChI.

HeBuaumasi moBepxHOCTHAasI YacTh MPOCTPAHCTBA BeesleHHOM cy1iecTBeHHO OoIbiIe IO 00b-
eMy MPEBOCXOUT MPOMEKYTOUHYI0 Y BHYTPEHHIOI BHAMMYI0. DTa 00J1aCTh Pery/sipu3oBaHa, B
OCHOBHOM, TOJIbKO TPABUTAIIMOHHBIMHU, MATHUTHBIMU | 3JeKTpraeckumu nionsimu YCT kBa3zapoB u
My/ILCAPOB, a TaKXkKe UX HEBUIUMBIMH JICKTPOMATHUTHBIMH TIOISIMH (POTOHOB B PEHTTEHOBCKOM U
panuonuanaszonax. B atoit yactu Beenennoit, B cBsizu ¢ HenpepbiBHBIM nepementieHrieM YCT, Been-
CTBHUE TMOCTOSIHHO PacTylieil Macchl, U UX pa3HOU BOJIOIMEH, POUCXOAUT MPOU3BOICTBO JIOTO-
HUTEJILHOTO I'PABUTAIIMOHHOTO MPOCTPAHCTBA — paciIupeHre BeesleHHON 1 yBennveHre e€ MacChl.

I'paHnna rpaBUTAlIMOHHBIX MOJIEM — 3TO BHELIH:As MOBepXHOCTh BeenenHoil. Ha 3toii rpa-
HUIIEe TIPOUCXOUT HarOoJIee MHTEHCMBHOE TIPOM3BOACTBO JIOTIOJTHUTENIBHBIX TPABUTAIIMOHHBIX TIPO-
crpaHcTB 32 cueT HoBbIX YCT, nmocrynamomuyx n3 HeBemeCcTBeHHOr 0 npocTpaHcTBa. Macca — niepe-
MEHHa.

3arem crieyeT nepexonHas oonacts — armocdepa Beenennoil. B armocdepe npoucxonut
MTPOU3BOJICTBO TOJIBKO TPEKOBBIX BOTHOBOJIOB 3JE€KTPOMATrHUTHBIX ITPOCTPAHCTB (DOTOHOB.

Okpyskaroriee mMpoCTPaHCTBO BOKPYT U CHapyku atmocgepsl BeeneHHol — cyTh amopdgHoe
CUHTYJISIPHOE TIPOCTPAHCTBO, JIUIIEHHOE KAKOW-TMOO OPUEHTALMM M PEery/sipu3aliiy, BCIEICTBHE
OTCYTCTBHSI B HEM JIIOOBIX BU/IOB MaTE€PUH, U KOTOPOE MPOHU3AHO TOJIBKO TpeKamu (pOTOHOB, 0Opa-
sytorux YCT.

Tam Kynma He JocTuraioT gaxke noreHiuanbl-3épHa ot noiein YCT, tam mapcTByeT HeBele-
CTBEHHOE ITPOCTPAHCTBO, Ty/la U3PEIKa 3AJIETA0T Aaxe (DOTOHBI.

[NonBoas UTOrM MexaHU3MaM OOpa30BaHMSI TOTO WJIM MHOTO MIPOCTPAHCTBA, BO3PACTa KU3HU
Y MIEPeHOCca MaTepyur B HEM, MOKHO C YBEPEHHOCTBIO KOHCTaTUPOBaTh. BO-NiepBbIX, BCE BBIIIEU3IIO-
JKCHHBIC ITPOCTPAHCTBA-TIOJIA (OT AACPHBIX 10 FpaBI/ITaJ_lI/IOHHbIX) OYCHb CUJIBHO OTIIMYAIOTCA OpYyT OT
Jpyra M0 IJIOTHOCTH 3aceieHUs1 3épHaMU-TIOTeHIIMaIaMu. BO-BTOPBIX, MEPEHOC MaTepUu B SIIEPHBIX
cheprUIeCcKUX MUK POIPOCTPAHCTBAX MPOUCXOOUT MIOUTH Oe3 paccesiHus, T.€. B COCTOSIHUU CBEpXTe-
Ky4eCTH, 4TO U OIpe/IeJIsIeT BO3PACT MPOTOHA U IPYTHUX sIeP aTOMOB XMMUYECKHUX 7IeMeHTOB. B-Tpe-
ThUX, 0OpazoBasimecs neppuuHbie YCT B ycoBHsAX aMOPGHOTO MPOCTPAHCTBA (HOJb MPOTSIKEHHO-
CTH, HOJIb MaTePUH ) HAUYMHAIOT PACIaiaThCsl B CBOEM COOCTBEHHOM I'PaBUTAIIMOHHOM TPOCTPAHCTBE,
uMes TI0 OTHOIICHUIO K MOCIeIHeMy Oosiee BHICOKHMI MOTEHIMaN SHeprud. Y, HakoHel, nocieasee,
paszyBaHue «I1y3bIpsi» BceneHHON IPOUCXOAUT 3a CUET peryisipu3aluid aMop(pHOro NpocTpaHCTBa,
T.€. HAITIOJITHEHUE €TI0 HOBLIMU HEMIPEPLIBHO PpACIHHUPAIOIIMMUCA AYCHUCTO I'PAaBUTALMOHHBIMUA IOJIAMMU-
MPOCTPAHCTBAMM C LIEHTPOM BOKPYT Kaxkaoro u3 yucia najgawomux YCT.

Tak popmupyercsi pacmpsiomasicss KpynHoMacirabHasi CTpyKTypa BeeneHHo.

2o Ty KpaGoBHUIHON TYMaHHOCTH, B LIGHTPE KOTOPON HAXOMUTCS MyJIbcap.
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3akJaroueHnue

B peansHom nipencrasienuu BeegeHrueM YCT v, MHAYKTUPYEMBbIX BOKPYT HUX IPaBUTAIMOH-
HBIX MOJICH C TIOMOIIIBIO HOBBIX YacTHIl (3épeH-MOTEeHINAIO0B ), YIAETCS OOBSICHUTh MHOTHE N3BECT-
Hble MapPaJOKChI B (PU3UKE SIBJICHUI PUPO/bI, COBEPILLIEHHO HenoHATHbIE ¢ no3uuui CAIL Camble
IJIaBHbIE U3 HUX — MeXaHU3M (pOpMHUPOBaHUS U paclIUpeHus MpocTpancTBa BeeneHHoM, npous-

BOJICTBO HOBOM Y€PHOIM MaTepHuH 1 KpyHOMaciTabHasi CTPYKTypa rureprpocrpaHcTea Beesen-
HO.
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I'naBa 2. MUKpPOBHXPOHBI H 3JIEMEHTAPHbIE YACTHUIIbI

2.1 ®oTon

BriepBrie 3aperucTpupoBaHHbBIE MUKPOCKOITMYECKHE TIPOSIBIICHUS 9TOW (POPMBI MaTepyH, T.e.
HaJm4yre (POTOHOB B MOTOKAX BUIMMOTO M [IBETHOTO CBETa ObLIM OOHAPYKEHBI C MOMOIIBI0 (hoTO3D-
(exTa, T.. SIBIEHHS MPUPO/bI, CBSI3AHHOTO C PE30HAHCHBIM TOIJIOMIEHHEM OJHOrO (DOTOHA aTOMOM
¥ TIOCJIE/TyIOIIMM MCITyCKaHUEeM CBOOOIHOTO MIEKTPOHA. [IpyrumMu MUKpPOCKOITMUECKUMH XapaKTepH-
CTHKaMH HeHTU(UKAIUKA (POTOHOB CITyKaT ero MapaMeTphl — YacToTa, CIUH, JUTHHA BOJIHBI, MOJISIPU-
3a1Ks1, CKOPOCTh CBETA, BpeMsl XKU3HU U T.1. OCHOBHbIE MaKPOCKOITMUECKHE MapaMeTphbl KOJIJIEKTHB-
HOTO TIepeHOCa CBOMCTB (POTOHOB — 3TO IJIOTHOCTH MOTOKA YaCTHII, BOTHOBBIE 3(PEKTHI, TaBIeHIE
CBeTa, SIPKOCTh U T.J. [JOCTOBEpHO yCTaHOBJIEHO /sl (POTOHOB PaJMOBOJIH, YTO HA PACCTOSIHUM OT
MCTOYHMKA He Ooniee 1/6 UIMHBI BOIHBI Pe0OIaJaloT Mmoisi> MHAYKIMY OT CTAIHOHAPHBIX HUCTOY-
HHKOB (aHTEHH NIePEIaTYMKOB), ¥ ITO IPOCTPAHCTBO YCIIOBHO CUMTAETCS 30HON HHAYKIH. Ha 6onee
NAIEKUX PacCTOSHUSX MPeoOIaaioT MO U3JTyUeH!s] BUXPEBbIX NCTOYHUKOB — M0JIsI BAXPOHOB.

JlnHamMuyeckas CTpyKTypa mnojeil u3JiydeHusi, (pa30Boro NpocTpaHcTBa (poToHa U (hOTOHOB
APYTHX JEKTPOMArHUTHBIX KBAaHTOB?* 10 CHX MOp HEM3BECTHA. MeXaHU3M X M3JTyYeHHsI U MOTJI0-
IIeHUsI, CAMOJBIKEHUE M CaAMOIIO/Iep)KaHNe CTAOMIbHOCTH YacTOThI, OECKOHEYHOE BpeMsl JKM3HU
U CTPYKTYypa (pa3oBoro o0bEMa — 3T0 KJIKOY AJ1s IOHUMaHuUsl BCel cTpyKTypbl Muposnanus Bee-
neHHO#. Jlo cuX TOp HU OJHA TEeOpHs, T.e. HU KJIACCUYECKasl MEKTPOJMHAMUKA, HU KBAaHTOBAs, HU
MoIU(pHUIMPOBaHHbIE YpaBHeHUs1 MakcBeia, HM TOJICThIE KHUTH IO ONTHKE, HM MHOTOYHCIICHHbIE
COBpEMEHHBIE TPAKTATHI 110 JIa3epaM, CBETOBO/IaM M BOJTHOBOZIAM, PaJOBOJIHAM M aHTEHHAM, HHU ITy0-
JIMKALMH 110 JIeMEHTapHbIM YacTUI[aM, aTOMHOMY U IEPHOMY M3JIyYEHUIO He CMOIJIM OTBETUTh Ha
CJIE/IyIOIINE BOTIPOCHI:

— Kakue (pu3nYecKue MpOLecchl OTIMYAIOT 30HY HHAYKIMH OT 30HbI H3JIy4eHNsI 1 BOJHOBOM
30HBI

— B 4éM COCTOUT MEXaHWU3M NPUPOIbl HHAYKIMH U U3Jy4eHus1 GoToHA

— KaKOB MEXaHM3M B3aMMHOW MHAYKIIMM BUXPEBBIX MEKTPUIECKUX U MATHUTHBIX TTOJICH

— B 4EM 3aKJTI0YAETCsl MEXaHU3M (PH3UYECKOM MPUPObI CBS3M MOCTOSTHHOM [11aHKa co cniHOM
MUK POYACTHII

— KakoBa MpHUpoJa CIIMHA U MarHUTHOTO MOMeHTa (POTOHA

— 1IoYeMy pa3Mep 00JIaCTH U3ITyYEeHHs aTOMHOT'O MJIH SIIEPHOTO (POTOHA HA MHOTO J€CSTUIHBIX
TIOPSIIKOB MEHBIIIE €TO JIMHBI BOJTHBI

— YTO MOXET BBI3BIBATH BpallleHHe 3JIEKTPOMArHUTHBIX NoJiel B (pa3oBOM 00bEME (POTOHa, O
YEM CBHIETEIBCTBYIOT CITHH, (hopMa MONsIpu3alys 1 nocrosiHHast [1nanka

— TI0YeMY CKOPOCTh CBETa HE 3aBHCHUT OT COCTOSTHUSI IBMKEHHSI 1 CKOPOCTH MICTOYHHMKA, BCEria
MOCTOSTHHA JJTs1 BCETO CIIEKTPa IeKTPOMAarHUTHBIX BOJH

— (bOTOH M3ITydaeTcs B CBSA3U C M3MEHEHUEM MOJIOKEHHSI JIEKTPOHA B T0JIe aTOMHOTO sIApa, a
YTO M3JIy4aeT aHTeHHa paaronepeaTynKa

— MOXHO JIM KaK TO CBSI3aTh TaKWe Pa3IMYHbIC SBJICHUS, KAaK MEXaHU3M HM3JTyueHHUs] aHTEHHON
PaZMOBOJIH C MEXaHU3MOM pa30rpeBa BUXPEBBIMHM TOKAMH CIUIOIIHBIX BEIIECTB B MUKPOBOJHOBON
Ne4d, ¢ HaBeJCHUEM 3.71.C. MHAYKIIMU BO BTOPMYHBIX OOMOTKaX TpaHC(OPMATOPOB, C BUXPEBBIMU
TOKaMH B CEpEYHNKAX MarHUTOITPOBOJOB, C BUXPEBHIMHU MOTEHIMAIIAMH B YCKOPHTEIE JEKTPOHOB
B OeTaTpoHe

2
3 Hpe}lbmymaﬂ IJ1aBa — MMPOCTPAHCTBA U MAaTEpUsd, NMOJIA CTATUOHAPHBIX UCTOYHUKOB.

2 N3 Bcero n3BeCTHOIO AMarna3oHa 9JIEKTPOMArHUTHBIX BOJIH.
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— KakoBa CTPYKTypa CaMOIBMKYILIETOCS U CaMOIOJIEPKUBAIOLIErOcsl (pa30BOro MHUKpPOIPO-
cTpaHcTBa POTOHA

— noyeMy (pOTOHBI MOTYT OBITH MOJISIPU30BAHHBIMH, B YEM MpUpOLa 3Toro 3¢ dexra

—YTO 32 MEXaHU3M OTBevaeT 3a (popMy NOISIPU3ALUU — IMHENHYIO, KPYTOBYIO, SJUIMITUYECKYIO
U T.1.

— noyeMy (POTOHBI IBUKYTCS MPSIMOJTMHEMHO OT UCTOYHMKA, & TTPU OTPAKEHUM OT ONpe/IesIEH-
HBIX T€JI YIoJ MaJIeH!s1 paBeH yIily OTpaKeHUsI

— KaKOB MEXaHU3M IOIJIOIIEHUS IEKTPOHOM (DOTOHA B aTOME, BE/lb JUIMHA €r0 BOJHbI MHOTO
OobIIIe pa3Mepa Jake CBSI3aHHOTO JIEKTPOHA

— KaKoB MEXaHU3M JieJieHus (pOTOHA Ha JiBa B TIOJIE si/ipa ¢ 0Opa30BaHUEM JIEKTPOHA U TIO3HU-
TPOHA, WU Mapbl MIOOHOB

— KaKOB MEXaHU3M JIeOpOIJIEBCKOrO M3ITydeHus (KBAHTOBAHUS) ABWXKYIIIUMUCS MUKPOYACTHU-
L[AMH, TIpY KaKUX YCJIOBHUSX M C KaKOW YacTOTOM MPOUCXOIUT OTpbIB (pOTOHOB jie Bpoilis oT 3Tux
YacTHUIL

— KaKOB MeXaHU3M 00pa30BaHusI aJpOHOB Ha KOJUIAliepax U3 BCTPEYHBIX MyYKOB JIEKTPOHOB
Y TIO3UTPOHOB C MTOPOrOBOM HEPruel HeHaMHOTo IpeBbianoen 1 [

— YeM OTJIMYAIOTCS CTPYKTYpPhI (pa30BBIX 0OBEMOB ME30HOB OT (DOTOHOB IO CBOEH CTPYKTYPE,
Be/Ib CITUHBI Y HUX 1EJIOUMCIICHHBI

— MIOYEMY Macca IMOKOSI 3JIEKTPOHA B TOYHOCTH PaBHA SHEPruM (POTOHA, KOTOPBII U3JTyyaeTcs
IIPU €ro UCYE3HOBEHUM, KAKOBBI CBOICTBA 3TOr0 (POTOHA, KaKOBa CTENEHb U (popMa Mojsipu3aluu

— KaKkOB MEXaHW3M aHHMIWISALIMU Mapbl YacTULA-aHTUYACTUIIA, [TPUBOISAIIMI B KOHEUHOM
UTOre K 00pa3oBaHUIO0 (POTOHOB M KAKOBBI CBOKMCTBA 3TUX KOHEYHBIX (DOTOHOB, CTEeNeHb U (hopma
MOJISApU3ALIIU

— KakoWd MeXaHW3M HNpeBaJUPYeT B «KPAaCHOM CMEIEHUH» KOCMHUYECKUX (POTOHOB W3
HECKOJIKHX U3BECTHBIX.

®otoH oOnagaeT BHYTPEHHUMH M BHEITHUMHU (DPUBMYECKUMH CBOMCTBaMU. K BHYTpeHHUM
CBOMCTBaM CJIe[lyeT OTHECTU YaCTOTy U LIEJIOUYMCIIEHHBIN CIIMH (POTOHA, MOJISPU3ALIMIO, OTCYTCTBHE
Macchl ¥ 3apsiia MOKosi, OECKOHEYHOE JOJITOe BpeMsi JKU3HH, BOZMOXHOCTD MPOSIBIICHUS KOPITYCKY-
JISIPHBIX CBOWCTB, TP U3TTyYE€HUU ¥ TOTJIONICHHH.

K BHemHuM cBoiCTBaM OTHOCSTCS:

— NPSAMOJIMHENHOCTD JIBUKEHUS C IOCTOSIHHOM CKOPOCTBIO CBETa

— y4acTHe B JIEKTPOMAarHUTHBIX U IPaBUTAIIMOHHBIX B3aMMOJEUCTBUAX

— BO3MOXHOCTb HEYNPYIoil Nepeiadd CBOE! SHEPIUy MOJHOCTHIO CBSI3aHHBIM JIEKTPOHAM B
aromax (potoapdexT) uim 4acTsiMu, B COOTBETCTBUM C KOMIITOH-3(P(HEKTOM

— nenenust (pOoTOHA Ha [Ba ¢ 0Opa30BaHKUEM JIEKTPOHA M ITO3UTPOHA (U TApbl MIOOHOB) B T10OJIE
aToMHOTO sapa (3¢dekT nap — odpa3zoBaHus1) P JTOCTHKEHUU UM HEKOTOPOU MOPOTOBOM SHEPTUU

— POX/IeHHE aIPOHOB Ha KOJIJIai/Iepax U3 YCKOPEHHBIX JIEKTPOHOB C yYacTHEM UX JeOpoiiieB-
CKUX (pOTOHOB IpH MOPOTrOBBIX IHEPrUsiX Mpepbiamx 1 DB

— MPOSIBJIEHNE BOJTHOBBIX CBOVCTB, IPU KOJUIEKTMBHOM JBM>KEHUU OJIMHAKOBBIX (POTOHOB

— 3¢ deKTh OTpakeHHUs U MPEJTOMJIEHUS Ha IPAHULIE IBYX CIUIOIIHBIX CPEJl, & TAK)KE SIBJICHUS
o pakimy, MHTepgepeHIn

— U IpyTYe U3BECTHbIE CBOMCTBA U3 Pa3IMYHbIX TUANa30HOB YACTOT I€KTPOMAarHUTHBIX BOJIH,
Halpumep, pajvoyacTor.

@®OTOHBI U NEKTPOMArHUTHBIE KBAaHTHI U3 APYTMX BO3MOXKHBIX YACTOT POKAAIOTCS NP Iepe-
XOaX MUKPOYACTHUI[> B OCHOBHOE COCTOSTHHE M3 BO30YKAEHHOTO. DTOT MPOIECC BO3BMOXKEH, KaK
B COCTOSIHUM OTHOCHUTEJIBHOTO TOKOSl, TaK U ABWKYILIMMHCS MUKPOUYACTULAMM, T.€. U3JIyuYeHHEM
NeOpOMIIEBCKIX KBAHTOB, a TAKKe C MIOMOIIBI0 BCEBO3MOKHBIX TEXHUYECKUX CPEJICTB — AaHTEHHBI 1

» Hanpumep, a1 Bogopoaa 3to cepuu (poroHoB banbmepa, Jlaiimana u IMammena.
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T.11. BpeMs Ku3HU (POTOHOB — OECKOHEUHO JIONTOe B BaKyyMe KOCMHUYECKOTO MPOCTPAHCTBA, OHAKO
BCJIE/ICTBHE BCEBO3MOXKHBIX PacCesHUI Ha IEKTPOHAX, aTOMAX U MOJIEKYJ MX CPOK KHU3HU 3aBUCHUT
OT TOU Cpefbl, I/1€ OH JABUKETCS.

Tem He MeHee, INIaBHOE BHEIIIHEE CBOWICTBO, KOTOPOE MPOSIBJISIOT (DOTOHBI B KOCMOCE BaKyyMa
Bcenennoi, cBs3aHHOE ¢ OECKOHEYHO JIOITMM CPOKOM KM3HU — 3TO MEPEHOC aKTUBHOTO (ha30BOro
MUKPOIPOCTPAHCTBA HA OECKOHEUHO JUIMHHBIE PACCTOSIHUS, T.€. CBEPXTeKy4ecTh (DOTOHOB B YCJIO-
BUsIX KocMoca. M, Kak Terepb yke M3BECTHO, STMM CBOMCTBOM (DOTOHBI OOSI3aHBI, TMPEK/E BCEro,
CBOEMY CIIHHY PaBHOMY €IMHUIIE, W CTPYKTYPe YacTHIl C TAKUM CITIMHOM — OO30HaM.

Takue cBoiicTBa (POTOHOB, KaK CIIHMH, CTENIEHb U (popMa MoJIspU3aliii, CaMOIBUKEHUE, BUXPE-
BbIE TOKHU B CIUIOIIHBIX Cpeax, pasMep OONIaCTH M3JIyYeHUs U MOTJIOMIEHUEe aTOMHBIM JIeKTPOHOM
(poToHa, MeKTpOMarHUTHAsA MHIYKIMS U 3.4.C. CAMOMHIYKIIMY, a TaK)Ke aHaJIU3 KPyroBOW PaBHO-
BECHOW MTHOBEHHOU OpOUTHI, HA KOTOPOU MPOUCXOAUT yepKaHUe YCKOPSIEMbIX JIEKTPOHOB B OeTa-
TPOHE, MO3BOJISAIOT C/IE/IATh 3aKJII0YEHUE O TOM, UTO BCEra U3MEHSIOIIEECs 32 KOHEUHbII BpEMEHHOW
NEpUO/] JIEKTPHYECKOe TI0JIe B TOUKE, PacIioNoKeHHOM B 30HE MHAYKIMH CTAllMOHAPHOIO UCTOY-
HUKa, TPOU3BOIUT c(hepooOpasHbIii 1 MHOTOOOOIOUYEUHbI KBAHT BUXPEBOTO MOTOKA MATrHMTHBIX
MOTEHIMAJIOB — MArHUTHBIA MOHOMONb. Tak poXk/1aeTcsi MArHUTHBIM MOHONOJIb . Takoi MarHUTHBIA
KBaHT T0CJIE TIPEKPAILEHUs] U3MEHEHUS EKTPUIECKOTO MO B 3TOM TOUYKE U BHayaje CBOETO Mep-
BUYHOIO CaMOJIBUKEHMSI CTAHOBUTBCSI UICTOYHHMKOM POXKAEHUS B 30HE M3JIydeHusi (pyHIaMeHTallb-
HBIX BUXPEBBIX YaCTUIl — MUKPOBUXPOHOB,

Kak 310 npoucxoaut? Yto 310 32 4acTuna, KakoBbl OCHOBHbIE €€ cBoiicTBa?

MexaHu3M poXkJIeHHE MHKPOBHXPOHA MPOUCXOAUT CIEAYOIUM oOpa3oM. s HarsaHo-
CTH pacCMOTPHM COBMEIIEHHOE 0OBbEMHOE TOJIE MOTEHIMAIOB BYX PaBHBIX M MPOTHUBOIOIOKHBIX
TOYEYHBIX 3apsJ0B aTOMa BOJOPOIa — sapa U 31eKTpoHa. OHO rpapuyecku COCTOUT U3 aCCUMET-
pudeckn®’ COBMENIEHHBIX C(PepUIECKIX IKBUTIOTEHIIMATBHBIX IOBEPXHOCTEN C IPOTUBOIOIOKHBIMU
MOTEHIMAIAMH, MEX/1y KOTOPHIMHA HA PABHOM PACCTOSIHUM OT STHUX 3apsI0B MPOXOAUT TUIOCKOCTH 28
C TMOTEHLIMAJIOM PaBHBIM HY/TIO. B MOMEHT mepexosa 37eKTpoHa U3 BO3OYKIEHHOTO COCTOSIHHS B
OCHOBHOE€ YMEHBILIAETCSl PACCTOSIHUE 10 s[Ipa, U Ha NEPECEYEHUH JIMHUM, COCIUHSAIONIEN 3TU 1Ba
3apsja C IJIOCKOCTBIO HYJIEBOTO MOTEHIMAJIA, TAKKE IPOUCXOAUT U3MEHEHHE JEKTPUIECKOTO MOJIS.
B 31011 TOUKE 30HBI HHAYKIMH U pOXAaeTcs: cpepooOpasHblii OObEMHBIT MATHUTHBIN MOHOIIOJIb
BUXPOHA ITyTEM IIEeHTPAJIBLHOr0 M CHH(PA3HOT0 CJAUSIHAS MUKPOMOHOIIONEH, 00Pa30BaBIIMXCs HA
KaXJJOM M3MeHsIonieMcs> 3epHe-TIoTeHIrasie 3Toi 30Hb1. [Iporecc causinust AauTcs Bech KOHeY-
HBII1 TIepro]] riepexoa U3 Bo30YKIEHHOTO COCTOSIHUSL B OCHOBHOE. 32 9TO BpeMsl IPOUCXOIUT KBaH-
TOBaHME MArHUTHOTIO 3apsi/ia, T.€. POCT 3apsAAa 10 HEKOTOPOil KOHEYHOW BeJnurHbI. [1o 3aBepiieHuio
3TOro NeproAa Ha3BaHHbIN c(pepuUYeCcKUil KBaHT, KBAHT BUXPEBOI'O MIOTOKA OTEHIMAJIOB MATHUTHOTO
T0JIs1 HAUMHAET CBOE KAHOHMYECKOE BpalllaTeIbHOE CaMOJBUKEHUE-U3MEHEHNE U CUH(a3HO ¢ 3TUM
M3MEHEHUEM POKIAAeT BUXPEBOW MOTOK MOTEHLMAIOB JIEKTPUUYECKOrO MOJs, KOTOPhI MPOTUBO-
JENCTBYS 9TOMY IpoIieccy, Bo30ykaaeT B (pa30BOM 00bEME MUKPOBUXPOHA COOCTBEHHOE BCTpEU-
HOE BTOPUYHOE MarHUTHOE BUXPEBOE M0JI€ — BTOPUYHBIN MPOTHB OI0JIOKHBIN MATHUTHBII MOHO-
noJb. [TocienHuil, Takke Kak U IEpPBUYHBIN, BO30YKJaeT MPOTUBOJCUCTBYIOIIEE €My aHAJIOTMYHOE
JEKTPUYECKOE BUXPEBOE MOJIE U T.J. DTOT BTOPUYHBINA BUXPEBON MOTOK MAarHUTHOTO M0 Iiepe-
MEHEH 10 BEJIMYUHE U MOJHOCTHIO UJEHTUYEH NIEPBUYHOMY, HO IIPOTUBOIIOJIOKEH IO HAIIPABJICHUIO.
Hanee, Becb 3apsj MEPBUYHOTO MAarHUTHOTO KBAaHTa 4Yepe3 MOCPEICTBO CUH(A3HOIO MpOTUBOAEH-

20 311 yacTHLIBI BIICPBBIE OMYOIMKOBAHBI B OTKPHITOI NEYATH HA CTPAHMIIAX STOM KHHTH.

z SddekTrBHOE MoJe HAMPSHKEHHOCTH MPECTABIISIET COOOM [Be MOTycepsl Kaxkaasi, U3 KOTOPBIX SIBJISIETCS] 3ePKAIbHBIM OTpa-
JKEHUEM JIPYroi OT HyJIeBOW MOTEHIMAIBHOM TIIOCKOCTH, POXOISAIIEH MOCPEANHE MEKAY STUMUA UCTOYHUKAMHU.

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

% Vi3MeHeHre NPONCXOMT GMIarofaps CTaTHYeCKOH MHAYKIMH CO CKOPOCTBIO MHOTO GOJbIIIEH CKOPOCTH CBETA 110 MEXaHH3MY,

PacCMOTPEHHOMY B IpE/IbIAYyILIeH IJ1aBe.
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CTBYIOILIETO JIEKTPOMOHOMOJS NIEPEXOJUT BO BTOPUYHBIN, HO C TIPOTHUBOMOJIOKHBIM 3HAKOM — TaK
pOXIaeTcsi MUKPOBHXPOH OITHUYECKOTro (hOTOHA BOAOPOJA.

Takum 06pa3oM, eciu MpeICTaBUTh TPOMEKYTOUHBI MOMEHT Bpemenu (1/8 mepuona), To B
HEKOTOpOoM (ha30BOM 00BEME BUXpPOHA BO3HHMKAET TIEPBUYHBIA MATHUTHBI MOHOIOJb, KOTOPHIN B
CWJIy CBOMX CBOMCTB, CHauajla MHIYKTUPYET IPOTUBOAEHCTBYIOIINI €My JIEKTPUYECKUN MOHOIIOMb.
[To mepe u3MeHEHMS 3TUX B3aUMOJEHCTBYIOLIMX BUXPEBBIX MOJIEH POXAAETCS MPOTUBOIOJIOXKHAS
napa MarHUTHOTO W JIEKTPUYECKOr0 MOHOIIOJEH, OTCTaloIas OT HUX Ha Y4 meprona pokiaioiie-
rocsi ontryeckoro ¢orona. Yepes Y4 neprona nepBUYHBI MarHUTHBIA MOHOIIOJb UCYE3aeT, HO Ha
Vo nyuHbl BOMTHBI (DOTOHA TIOSIBIISIETCST TAKOM K€ C MPOTHBOIMOIOKHBIM 3HaKOM. U Tereps yxe mpo-
LIECC OISTh MOBTOPSIETCS], HO C IPOU3BOJCTBOM IPOTUBOIIOJIOKHBIX IO MOJISPHOCTH IEKTPUUECKUX
MOTEHLIMAJIOB CIIMPAJI BOJTHOBOZIA U HA HOBOM (1/2 1yIMHBI BOJIHBI) MECTE B ITPOCTPAHCTBE, T.€. YKE
B 30HE M3JIy4eHHsI. BCE 3T0 IpoucXoauT B HEKOTOPOM AKTMBHOM JIBUXKYIIEMCS JIOKAJIM30BAaHHOM
BUXPEBO-M0J€BOM MUKPOOObEME, OCHOBHOE CBOMCTBO KOTOPOTO 3TO CBOOOHOE CAMOJIBUKEHHUE B
MIPOCTPAHCTBE. ITO U €CTh CBOOOIHBII OUTIONSIPHBIII MEUKPOBHXPOH — B 00IIIEM ClTyJae, JIBa mepe-
MEHHBIX U TPOTHBOINOJIOKHBIX MAarHUTHBIX, @ TAKXKe /IBa NIEPEMEHHBIX M MIPOTUBOIONOKHBIX SJIEK-
TPUYECKUX MOHOMOJIS.

Paccmotpum 31OT mpotiece 6osee eTalbHO Ha OJHOM M3 MHOKECTBA 3€PEH-TIOTEHINAIOB B
T0JIe U3MEHSIIOIIETOCsT NEKTPUUECKOTO MO, OKPYKEHHOTO POXKIAOIUMCS ** MAarHUTHBIM MOHO-
noneM. Korga mpoucxoaut Havanao M3MEHEHHUs ! 3TOro 2J1eKTPUYECKOro IMoJjisi, BOKPYT KakIOro
ero 3epHa-ToTeHIaIa Bo30yxaaeTcs cepuyeckrii BUXPEBOM MOTOK CITUPAIU TIOTEHINAIOB-3€PEeH
MarHUTHOTO M0JI5l, KOTOPBIM MPOJOIKAET PacTH 10 TeX MOp, IOKa M3MEHEHUE He 3aKOHuuTCs. B
HavyaJIbHbIIi MOMEHT U3MEHEHUs (POPMUPYETCsl BHEIIHSA cpepudecKasi Cliupajlb MarHUTHBIX 3€PEH
OOJIBIIIEro AMaMeTpa, KOTopasi Mpy JaJIbHEHIIIeM U3MEHEHUH MOCTENEHHO MEepeXOIUT Ha MEHBIIHNA
auametp cepbl. Hamensiiemy auamerpy cdepbl COOTBETCTBYET OKOHUAHUE U3MEHEHHUS JIEKTPU-
YECKOro MoJisi 1 MaKCUMaJIbHOE 3HaY€HUE MarHUTHBIX MOTEHIMAI0B. DTO COOTBETCTBYET MPOLIECCY
— MarHUTHBI MOHOMOJIb 3apsAWJICS JI0 HEKOEro MAaKCMMaJIbHO BO3MOXHOIO MarHMTHOTO 3apsja.
MarautHsble 3€pHa-TMOTEHIUATBI TAKOTO 0OBEMHOTO C(hepUIecKOro BUXPsI STOr0 MarHUTHOTO MOHO-
10151, HeNPEePBHIBHO YJIOKEHHBIE CIIMPAJISIMUA PA3HOTO IMAMETPa Ha KOHIIEHTPUYECKUX cepax pas-
HOT'O pajuyca, o CTPYKType MAKCUMAIILHO MPUOIMKEHBI K IEHTPAILHOMY JIEKTPUUECKOMY 3epHY-
MOTEHIMATY. DTO MPUOIMKEHHE 3aBUCUT OT CKOPOCTH M BpeMeHU M3MEHEeHHs IeKTPUIECKOro
T0J1S1 ¥ OMpeJIeNIsieT BEJIMUMHY CO3/1aHHOTO MarHUTHOT'O 3apsia. Toraa COOTBETCTBEHHO U YaCTOTHbIE
XapaKTepPUCTUKU JBMKEHHS CIUPAIA Ha cepax OoNbIero quamerpa OyayT OTIMYaThCsl OT YacToOT
Ha CIMPAJISIX MEHBLIETO JUAMETPA B CTOPOHY YBEJIMYEHHU . DTOT BUXPb BO BPEMSI TAKOTO U3MEHEHU S
NEKTPUUECKOTO MOJIs1 C(hEPUIECKU CKUMAETCSI*> BHYTPb BIOJb PAJMYCOB CBOUX CHJIOBBIX JIMHUU.
[Tpuyem, yem OoJbIle CKOPOCTh U3MEHEHHMSI TI0JIs, TEM MEHbIIe paguyc cepsl, U TeM OOoJblIe 3Ha-
YEeHHUE U IJIOTHOCTh MOTEHIUAIOB-3€PEH MArHUTHOTO T0JIS1 HA €IVHUILY JITMHBI CIIAPAJIH.

Bonee HarnmsigHO MpeacTaBUTh MOHOIOND KaK cheprHuecKr OOBEMHYIO CITUpPAb MarHUTHBIX
MOTEHIMAIOB MOKHO CJIEAYIIIM 00pa3oM. Bo3bMEM MeTanimyeckuil MpoBOjl B BUHMIJIOBOW 000-
JIOUKe, T.e. OOBIYHBIN JeKTPUUECKU TpoBo. Termepb 3TOT MpOBOJ IJIOTHO HaMOTaeM Ha cdepy
OJIHOTO MaMeTpa, a 3aTeM IMOpekeM BeCh IMPOBOJ Ha OJMHAKOBBIE NOJIBKU-3EpHA, KOTOpPHIE OymyT
UTPaTh POJIb IBYX MOTEHIMAIOB. 3€PHO U3 MeTasl1a OyAeT CIIyKUTh KAK MAarHUTHBIH MMOTEHITNAT OTpe-
JEJIEHHOTO 3HAYEeHH I, COOTBETCTBYIOIMI OTHOMY paanycy cepbl U JAHHOMY MOMEHTY U3MEHEHUS
NEKTPUIECKOTO TMOJIA. A OKpykamomas ero cepa BUHUIOBOW OOOJIOUKH Oy/IeT CIYXUTh OMOPHBIM
HYJIEBBIM TIOTEHLIMAJIOM JAHHOW TOYKHM IIPOCTPAHCTBA. 3aTeM CIMPaJib IEPEXOIUT BHYTPh HA MEHb-

3 o
% Pocr moHomoNS MTPOUCXOIUT JBHKEHUEM BUXPSI CIIMPANIBHOM chepbl MOTEHIMAIOB BHYTPb, T.€. K IEHTPY Chepbl C COOTBETCTBY-
IOIIM YMEHBbIIEHUEM e€ pajiiyca Mpy yBeIMIeHUH 3HaUeHH s OTEHIIUAJIOB.

1 o
3 310 MPpOoLECC ANMEKTPOCTATUIECCKOU MHAYKITUU, B 30HE UHAYKIINU OKOJIO CTAIMOHAPHOI'O UCTOYHHUKA.

32 CkuMaeTes B CiTyuae, eClu SIEKTPOH B ATOME IEPEXOIUT B OCHOBHOE COCTOSIHUE, T.¢. IIPUOMKACTCSA 110 PATAYCY K SIPY.
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i paguyc. Crienyromas cdpepa MEHbIIIEro JuaMeTpa oopa3oBaHa TaKUM ke 00pa3oM, HO U TOJI-
IIMHA TaKOro MpoBOJa CTaHOBUTCSI MeHbie. Kaknas cdepa orpeneneéHHoro pajauyca oopa3oBaHa
ClIMpaJIAMH U3 MAarHUTHBIX 3€PCH-TIOTECHIUAJIOB, ABJISACTCA CBOCO6pa3HOfI SAYEUKOU namMATHu, KoTopas
3allOMHHAET 3HAYEHME U 3HAK TOTO COCTOSIHUS JIEKTPUYECKOTrO 3epHa-TIOTEHIIMAIA, TPU KOTOPOM
oHa oOpa3zoBaziach. TakuM 00pa3oM, OCHOBHOE U IJIABHOE CBOMCTBO MAarHMTHOTO MOHOIIONS (CBOM-
CTBO HOJIb) — 3TO BUXPEBO-TI0JIEBOE 3alIOMUHAHHE BCEH NCTOPUU M3MEHEHH 1, CKOPOCTH U BPEMEHH,
BCJIMYMUHBI U HAITPABJICHHUA U3MCHEHU S JICKTPUYECKOI'O II0JIA B TOUKE, T.€. OH HOCUTEJIb U IIEPEHOC-
YK HH(popmanmun®.

Hakower1, mose MCTOYHMKA TEPECTano U3MEHSThCS, U 0OpPa30BaBIIMICS MOHOIONL OOJbIIE
HUYTO HE CBS3BIBAET C MEPBUYHBIM NEKTPUYECKUM 3EPHOM, TaK KaK B 3TOT MOMEHT M3MEHEHHUE
NEKTPUUECKOTO TI0JIE OKOJIO IAHHOTO 3€pHA-TIOTEHIMala PaBHO HYM0. BC€ MHOXECTBO TakKuX Mar-
HUTHBIX MUKPOMOHOIIOJIEH CJIMBAETCS B OVH B 30HE MHIYKIIUK TaKUM 00pa3oM, UTo Kaxasi cepa
MOTEHLIMAJIOB 3aHMMAeT LIEHTPAJILHO TOJIBbKO CBOE MecTo. Tak, mepBoe CBOWCTBO CHH(a3HbIX Mar-
HHUTHBIX MI/IKpOMOHOHO}IGﬁ — caugaue. Ecay MarHUTHBIA TTOTOK INMOTECHIHAJIOB CYMMAPHOI'O BUXPA
JOCTUraeT HEKOTOPOTO MUHUMAJTBHOTO TIpefesat, To oOpa3yeTcs eMEeHTAPHBI MarHUTHBIA 3apsi
yXke CIOCOOHBI K CBOOOIHOMY CaMOJIBUKEHHUI0. DTO BTOPO€ CBOWCTBO — CBOOOIHOE CaMOABHKe-
HHe 3JIEMEHTapPHOTO MOHOIIOJSI BUXPOHA IO CIUPATHA>® 3JIeKTPONOTEHIIMAJOB Pa3HOro TUaMeTpa,
CO3JaHHbIX WM.

3areM MPOUCXOAUT ABUK€HH e-U3TydeHre MOHOIIOJIe-BUX Peld B 3TOM 00JIaCTH IMPOCTPAHCTBA
NMEKTPUUECKOTO TNOJIsI U (POPMHUPYETCs] 30HA M3Jy4eHHsI, T.€. CAMO/IBHKeHe-U3MeHeHHe JABYX
OPTOrOHAJBHBIX M CHH(DA3HO MEHSIIOIINXCSI MOHOII0JIeil — MArHUTHOTO M 3JIEeKTPHYECKOro,
KOTOPbIe HHAYKTUBHO CBSI3aHHBI JIPYT C IPYroM.

33 Ha 5T0M CBOJCTBE OCHOBaHA M MO3rOBAs JIESTENLHOCTh YENIOBEKA — MOHOIIONb CIIOCOOEH He TOJBKO 3aIICATh COOITHE C IOMO-
IIBI0 3ePEH-IEKTPOIOTEHIINAIOB B COOTBETCTBYIOIIEM Y3JIe TOJIOBHOTO MO3ra, HO U NPU ONpeeIEHHOM BO3JEICTBIY Ha 3TOT y3el,
AKTUBU3UPOBATh OOPATHOE POXKICHHE MOHOIMOJIEH C MEePEChUIKON UX B «PETPAHCIATOP» Uil BCIOMUHAHUS TEX WM MHBIX COOBITHIA
JeJIOBEKOM, TIPOM3OMIEIINX C HUM JaKe HECKOJIBKO JECSTKOB JIET Ha3a/,.

4 o o
3 ToT TIpeaesI Onpeacasi€TCA CTENEHbIO KPUBU3HBI, KOJIMYECTBOM MOHOIIOJIEU U 3HAYECHUEM UX BEJIMYUHBI, T.€. HEKOTOPLIN Ha60p
COOTBCTCTByIOHIGfI MaTepuu 1A CO34aHuA 33.BCpI_HéHHOCTI/I CBO6OI[HOFO CyHIECTBOBAHUS 9TOTO BUXPA-KBAHTA.

35 PeasibHO, ABKIKEHME 110 CIIMPAIH 3314ET MOHOTIONb.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

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

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