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[Touck TMPaKOBCKHUX MOHOMOJMEH BEAETCA HAyUYHBIM MUPOBBIM COOOIIIECTBOM

yxe 6onee 80 yiet u noka 6e3pe3yabratHo. OHAKO 3Ta podemMa OCTaETcs
aKTyaJIbHOHM M B TIOCJIETHUE TOABI 111 OObSCHEHUS OPUTMHAIBHBIX Pe3yJIbTaTOB
pador M. U. Comuna, C. B. Angamenko, JI. 1. Ypynkoesa, A. B. Bauaesa, K. P.
Moynaepca, A. Poccu n apyrux B oonactu (LENR) HU3KO3HEpreTmueckoro
CUHTE3a SAEp TKEIBIX aTOMOB XMMUUYECKUX JIeMEHTOB. Pe3ybTaThl 3TUX

padoT HEOOBSCHUMBI C TIO3UITUI COBPEMEHHBIX TEOpUI aTOMHOTO sijpa. 1

€CTh CepbE3HBIE MPEANONOKEHUS O MPUYACTHOCTU HEKOTOPBIX «TSKETBIX>»
MarHATHBIX MOHOMOJEN K 3TUM Tporieccam. K HeoObICHUMBIM OTHOCATCS TaKKe

Y MEXaHU3MBI TIPUPOBI 0Opa30BaHMS CITMHA M MACcChl MUK POYACTHII, CTPYKTYpa
MOJIEN TPABUTALIMU U JIEKTPOCTATUKH, CBEPXITPOBOAUMOCTb, CBEPXTEKYUYECTh

Y 3BYK.B JaHHOW KHUTe MpeJjIokKeHO MHOE OIpe/ieSieHue CBOMCTB MarHUTHBIX
3apsAI0B, OTAMYamleecs oT ux npeacrasienusd I1. [Inpakom. Buxpons! — tak
Ha3BaHbl 3TU NEPUOIUYECKU U3MEHSIIONIUECS U CAMOJIBYIKYIIIUECS] MarHUTHbIE

Y TPAaBUTALIMOHHBIE 3apsijibl. BUXPOHBI — 9TO MUKPOBUXPOHBI, MAK POBUXPOHbBI

Y TUNEepBUXPOHBI. [TpOAYKTH MUKPOBUXPOHOB — 3TO JIEMEHTAPHbIE YACTHULIbI,
SIIpa XUMUYECKUX JIEMEHTOB, JIEKTPOHbBI, (POTOHBI, (POHOHBI U T. A. [IpomyKThI
MaKpPOBUXPOHOB — 3TO BOJTHOBO/IbI M3 MOTEHIIMAJIOB, BUXPEBbIE TOKH, JIETOHALIUS

Y yIapHbIe BOJTHBI B3PBIBOB, ITPOM3BOJCTBO-CUHTE3 SJICP aTOMOB TaOIMIIbI
MenpeneeBa, uHaykius Papajesi, EKTPUUECKUE TOKH, 3BYK, CBEPXITPOBOAUMOCTD
U CBEPXTEKY4eCTb, aTMOC(EPHbIE JIMHEWHbIE U IIAPOBbIE MOJIHUU, CIIPANTHI, b(HI,
TLTIOMBI-(DJTIOMBI ¥ TUTIOMBI-TIa3Mbl B MAHTUHM 3€MJIM, BUXPEBbIE TPaBUTAITMOHHbBIE
BBIOPOCHI U T. . [IpomyKTamu runiepBUXpPOHOB SIBJISICTCS SBOJTIONMSI HEKOTOPBIX
3BE3]1 B IUIAHETHI, 4 TAKKE IPABUTAIIMSI 1 UHBEPCHSI MOJTIOCOB UX MAarHUTHBIX TMOJIEH.
OmnpeneneHbl CBOMCTBA BUXPOHOB, C IIOMOIIBIO KOTOPBIX YAAETCS OOBSICHUTH
YKa3aHHbIE SKCTIEPUMEHTBI, & TAKKE U APYTUe SIBJICHUS IPUPOJBI — OT POKIACHUS

Y QHHUTWISALIAY MPOTUBOMNOJIOXKHBIX YaCTHULI, CTPYKTYPbl aTOMHBIX siiep, (hOTOHOB,
JIEKTPOHOB, aTOMOB, OT MOJIEKYJI 4O IIAPOBBIX MOJIHUAM, CBEPXITPOBOAMMOCTH,
3eMJIETPSICEHUM, BYJIKAHU3Ma, MHBEPCUI MarHUTHOrO 1oJisl tuiadeT u CosHila,



MPUPOJIBI ET0 «UEPHBIX MATEH», TPaHyJISUKU (POTOC(EPB U MATHUTHBIX 3aPs10B
Ha ero MOBEPXHOCTU. BBe/IeHbI MOHATHUS LIEHTPAJIbHOM AKTUBHOM I'PaBUTALIUU sI/Ipa
Y MIACCUBHOM SIIEPHO ¥ aTOMHO-MOJIEKY/IIPHOM MACChl BEILIECTBA, OKPY:KAIOLIErO
9TO aKTUBHOE PO, KaK AHAJIOTY ITPOTUBOIONOKHBIX 3aPAI0B B IEKTPUUECTBE U
MaraetusMme.KHura paccumTana Ha IIUPOKUMA KPYT YMTATENIEU: OT IIKOJIbHUKOB JI0
AKaJEMUKOB.

© Ilagpun A. A., 2013
© Agtop, 2013



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

Coaep:xanue

[IpenucnoBue
Baenenne
I'nasa 1. IlpocTpancTBO M MaTepus
1.1 Pusnyeckue nois CraliMOHAPHBIX UCTOYHUKOB
1.2 Mukponpocrpanctsa[35] — nosns
1.3 MakporpocTpaHcTBa-mosst
1.4 T'unepripoctpancTBo BeenenHom
3akioueHue
['naBa 2. MUKpPOBUXPOHBI M 3JIEMEHTAPHBIE YaCTHUIIbI
2.1 AtomHbli1 POTOH
2.2 MUKpPOBUXPOHBI
2.2.1 DneKkTpoMarHUTHbIE MUK POBUXPOHBI
2.2.2 TenoBble 1 3ByKOBbIE MUK POBUXPOHBI
2.3 DneKTpoH — NO3UTPOH
2.4 M1ooHbI
Konen o3HakoMUTENBHOTO (pparMeHTa.

10
15
16
20
22
26
30
31
31
50
50
72
76
83
84



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

Anekcanap IMagpun

Buxponsl. MiumrlocTpupoBaHHoOe U3 1aHNe
©A.A. lagpun, 2011

Bce npasa 3auwuwienvl. Huxakas uacmo 31eKmMpoHHOU 8epCUL 3Moll KHUZU He MOXdcem Oblmb
80CNPOU38e0eHA 8 KaKol Obl MO HU ObLA0 opMe U KAKUMU Obl MO HU ObLAO CPeOCBAMU, BKAHOUAS
pasmewjerue ¢ cemu MHmeprem u 6 KOpnopamueHuix cemsix, Oas YACMHO20 U NYONUUHOZ0 UCNONB3O0-
8aHUS 0€3 NUCbMEHHO20 PA3PEULeHUs. BAA0ENbUA ABIMOPCKUX NPAB.



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

IIpeaucaosue

Henpexparmmaomumiicst MOMCK HayYHBIM COOOIIECTBOM MAarHUTHBIX MOHOIOJIEN CO BpEMEHU
bopmyMpoBKM MX BO3MOKHBIX cBOUCTB [losiem [InpakoM, a Takke MOJHOE OTCYTCTBHE SCHBIX
OIpe/Ie/IeHN MeXaHu3Ma IPUPOAbI MOJIEN TATOTEHUS, MacChl, 3apsAAa U CTPYKTYPbl 1€MEHTApPHBIX
YaCTUII JIMIIb MOATBEPXKAAeT (PDaKT HEAOCTauM KAKMX-TO BRXKHBIX KHPIHHYUKOB B 0o0meM ¢yHIa-
MEHTe COBPEMEHHOM (PU3MKH IS CO3/1aHUsl OoJiee TPOYHOI CBA3U €€ C SIBJICHUMU PUPOJIBL.

HakonuBiieecst 0osbllioe KOJIMYECTBO BHOBb OTKPBITHIX SIBJIEHUN B T€OJIOTMU U reousukKe,
acTpo(pu3MKe U aCTPOHOMUM, ANEPHOMN (PUBUKE U (PUBUKE EMEHTApHbIX yacTull, ¢pusnke ConHua
U IUIAHET, a TAK)KE B JPYTMX €CTECTBEHHbIX HAIlPABJIECHUSX HAYKH, YK€ He YKJIaJbIBaeTCs B PaMKH
COBPEMEHHOI0 aKkajieMuyeckoro npeacrasieHuss Muposnanus (CAID).

Haszpena ocrpeiimmast HeOOXOOMMOCTh KaueCTBEHHOTO N3MEHEHH S METOIOJIOT MM FICCIIE/I0BAHUH
B (pyHIaMeHTaIbHOM (PU3MKE B MPSIMOI CBA3M C SIBJICHUSAMU IIPUPOLbI.

dyHnamMeHTaIbHOE CBOMCTBO MaTepru — ABMKeHNe 1 n3MeHeHue . [Ipeodpa3zoBaHue cBOOO-
HOTO MOCTYNATEJbHOI0 IBMKCHHS MATEPHHU B TOIBKO 3aMKHYTOE BpalaTeJbHO-KoJe0aTeIbH0e
WM IOCTYINaTeJJbHO-BpamaTeJbHOe 1 HA0OOPOT — 3TO IpeJMeT MPUCTAILHOTO BHUMAHHUSI COBpe-
MEHHOTI'0 Hay4YHOTO ITO3HAaHU CTPYKTYpbl Mupo3nanus. Bpamenune, kak onHa U3 (popMm ABUKeHM S,
IIPUCYILE KaK 3JIEeMEHTapHbIM YacTULIAM, TaK M AKTUBHBIM IUIAaHETaM, 3BE3/JaM U FaJIakKTUKaM, IIPUUYEM
OTHOILIEHWEe MarHUTHOTO MOMEHTa K MEXaHW4YEeCKOMY Y IOC/IEIHUX eCTh BEeJIMYMHA MOCTOsiHHAsA. B
NIEpBOM CJIy4ae, YacTULbl 00J1a1a10T el€ U BHYTPEHHUM BpAILIEHUEM, UYTO XapaKTepu3yeTcs MocTo-
ssHHOM [1naHka u onpezensercss uX CIMHOM M THPOMAarHUTHBIM oTHOIeHneM . [IprunHa takoro
JBWKEHUS, 4 TAK)XKE €r0 HCTOYHMKH HE OIPEJEIeHbl HU B MaKpOMaTepu, HA B MUKPOMATEPUHU.
[ocrynarenbHOE MEXaHMUYECKOE ABMKEHUE BEIIECTBEHHOW MaTepuu Mo, AEHCTBUEM CUJI U3BECTHBIX
TPEX MOJIEH CTAMOHAPHBIX UCTOYHUKOB U CTOJIKHOBEHHUE €€ OTAEIBHBIX KJIaCTEPOB TBEPABIX TEJ ITPO-
ABJIAET Y NIOCJIEJHUX SIBJIEHUE HHEPTHOCTH. A TOPMOXEHUE U OCTAHOBKA ITOCTYIIATEILHOTO ABHUKE-
HHSI CO CKOPOCTBIO CBeTa 6€3 MaccoBOro (hoToHa ¢ OnpeesIiEHHON SHEPruei B 1oJie aTOMHOTO Si/1pa
MIPUBOJUT K POXKJECHUIO BYX IPOTUBOIOJIOKHBIX YACTHL ¢ Maccoi nokos. M1 HaobopoT, B3aumoen-
CTBUE TEIUIOBBIX JIEKTPOHA U MO3UTPOHA MOJ JEHCTBUEM NPUTSKEHUsI MX TMOJEH NOPOXKIaeT rpe-
oOpa3oBaHe X MAcChl B CBOOOIHOE HEKUHETUYECKOE JBIKEHUE yike 0e3MaccOBBIX (DOTOHOB, a
B3aMMO/ICVICTBUE TETUIOBBIX JIEKTPOHA M IPOTOHA MPUBOAUT K POKAEHHUIO HOBOW (DOPMbI MaTepru —
aromaM. B Makpomupe nocrynarenbHO-BpalaTeabHOE ABUKEHNE HEKOTOPBIX TeJl IPUBOAUT K OpH-
T'MHAJIBHBIM «KYJIBOMTaM»? C €ro MOCASAYIOIMM CAaMOBOCCTAHOBIICHHEM, a y MYJIbCAPOB — K MHAYK-
LM CBEPXMOILHBIX MarHUTHBIX MOJIEH.

DKCreprMeHTaJIbHbIE UcclieloBaHus (PU3UKOB BO BTOPOM MOJIOBMHE XX BeKa yOeAUTEIbHO
MOKa3aJIH, YTO aTOMBI U X SI/pa HE MOHOJIUTHBIE 0OPa30BaHM s, @ IMEIOT PHIXJIYIO BUX PEBO-TIOJIEBYIO
CTPYKTYPY U B HIX LIEHTPAX OTCYTCTBYIOT KaKHe-JTMOO «KEPHbD» . DJIEKTPOHBI U TIPOTOHBI, Pa30rHAHHbIE
Ha YCKOPUTEJSAX JI0 OYTH CBETOBBIX CKOPOCTEH, IPOHU3BIBAIOT Spa aTOMOB KakK ITyJId MEHY.

Pa3HooOpasue B opueHTanmu oceil BparieHus: M (popMa MOJOABIX * TUIAHET CBUJIETEIbCTBYET
00 MX pa3BOpOTax BO BpeMs UX 3Bomonui. O CHWXEHHU TUIOTHOCTU 3€MHOTO BEHIECTBA OT Si/Ipa K
IIOBEPXHOCTH U HENIPEPHIBHOM POCTE paguyca 3eMIIM CBUIETEIBLCTBYET HETIOCTOSHCTBO MOIYJIA €€
YIJIOBOrO MOMEHTa U e€ Oe3pa3MepHblil MOMeHT uHepiuu 0,33, 4To COBEpIIEHHO HE O3HaYaeT Halu-
YyHe «KepHa» KeJIe30-HUKeJIEBOro CocTaBa B lieHTpe. LIeHTpasibHble ak TMBHBIE IPaBUTALIMOHHbIE OIS

! I'mpoMarHuTHOE OTHOILIEHHE JUIs 7IEKTPOHa (e/mc) MPOTHBOPEUHT BIBOE MEHBIIIEMY 3HAUEHHIO JJIS1 IEKTPOHA, HAXOASIIErocs B
OpOUTAILHOM ABMXEHUH BOKPYT $1/Ipa, YTO CTABHT M0 COMHEHHE TAKOBOE COCTOSIHHE B aTOME 1 BOOOLIE €ro OPOMTAIIBHYIO CTPYKTYPY.

2 Umeercs BBUAY 3 dekT [kaHnbexoBa.

3 Haripumep, 3emis B hopme reoua MOXeT ObITh COCTAaBJIEHA U3 TPEX JUIMICOUJOB BPAIEHHs, paHee BPAILAIOLINXCS BOKPYT
ocell, pacroJIOkKEeHHBIX OJIMKe K OCK MAarHUTHOTO JJUIIOJIST TUIAHETHI.

7
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Connua, IOnurepa, CatypHa 1 3eMiM KapAWHAIBHO OTJIMYAIOTCSI OT MACCUBHBIX I'PABUTAIIMOHHBIX
nioneit JIyHbI, acTeporIoB U APYTUX aCTPOHOMHUYECKUX OOBEKTOB, HE UMEIOINX aKTUBHOTO Siipa U
LEHTPaJIbHO-aKCUAJILHOTO MAarHUTHOTO T0JIS, @ TAKKE€ OT IPaBUTAIIMOHHBIX 110JIEH KJ1aCTEPOB aTOMHO-
MOJIEKY/IIPHOTO BEIIECTBA KOPbl 3€MJIH.

CoBpemeHHas1 (pu3MKa He JAET OTBETA Ha OIpeesIeHUe UCTOYHMKOB Ha3BaHHOTO JBUKEHMS
1 n3MeHeHus1i. Cunraercs, 4To MJIaHETbI, 3BE3/IbI ¥ TATAKTUKU TAK JIBUKYTCS 110 MHEPLMHU, TTOCTIE UX
POXKIEHHUS U3 ra30IbUIEBbIX TyMaHHOCTEN. HeT oTBeTa 1 Ha BOIpoc 0 MpOUCXOkKIEHUN MAcChl Y IBYX
HOBOPO’K/IEHHBIX B I10J1€ aTOMHOTO s1/ipa 3JIeKTPOHA U MO3UTPOHA, KaK U HET OTBETA O IIPUPO/Ie CIIMHA
yactull. HeT oTBeTOB M Ha BecbMa 371000/IHEBHBIE BOIPOCHl COBPEMEHHON HAYKH, SIBJISIONIMMUCS
JIOTUYECKU CBSI3AHHBIMU C NIEPBBIMU:

1. Kaxo#1 sxe MHOI MOeT ObITh CTPYKTYpa IEMEHTAPHBIX YaCTHUI], OTIIMYAIOIIAsICS UX OT CTPYK-
Typ CranpaptHoii mozenu CAIT?

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

3. CyIecTByIOT 11 ¢BOOO/IHbIE BUXPEBbIE NEKTPHUUECKIE M MATHUTHBIE TTOJIsI, HE CBSI3aHHBIE
C BELIECTBOM U JIEKTPUUECKUMU TOKAMU B HEM?

4. KakoB mexaHu3M 3(deKkTa BOSHUKHOBEHHSI OCEBBIX CHJI ITPU BPAILIEHUH Macc MYJIbCAPOB U
KBa3apoB, KaKOBO UX pacripeiesnienre Bo BeenenHoii?

5. Tlouemy TeopuM rpaBUTAllUM U JEMEHTAPHBIX YACTUIl HE B3aUMOCBS3aHbI, U MOXET JIU
OTKPBITHE MarHUTHOTO MOHOMOJISI U MEXaHU3Ma MHAYKIIUM MacChl y HUX YCTPAHUTb €ro?

6. Hackonbko goctoBeprbl niosioxkeHust CAIT 0 «BeUHOCTH» aTOMOB, aKKPEITMOHHOM TeHe3HCe
COJIHEYHOM CUCTEMBI U MHEPLMAJIBHOM BpAILIEHUU KOCMUYECKUX TeJ1?

7. KakoBa rpupopa 1eKTpUIecKoro Toka* M CBEpXIpoOBOIUMOCTH, 3ByKa U CBEPXTEKYUECTH B
KJIacTepax KOHJIEHCUPOBAHHBIX BEIIECTB?

8. KakoB MexaHn3M IMPOM3BOCTBA CUJIOBBIX JIMHUI, COEAUHSIONIMX [1BA PA3HONOJISIPHBIX U CTa-
LMOHAPHBIX UICTOYHMKA MarHUTHOTO, 3JIEKTPUUYECKOTO U I'PaBUTALIMOHHOTO TOJIEH ?

9. KakoBa npupofa siBJI€HHUS XOJIOAHOTO SAEPHOTO CUHTE3a U POKAEHUS IIMPOKOro CHEeKTpa
(LENR) HOBBIX siep XMMUYECKMX JIEMEHTOB IPU NEKTPUUYECKUX B3pbIBAX METAJUIMYECKUX JIEK-
TPOIOB?

10. IToyeMy CyIIecTBYIOT aTOMbl ¥ MOJIEKYJIbl B CTa0OMJIBLHOM COCTOSIHMM TIPU a0COIOTHOM
HyJIe B KocMoce BcesieHHOI B BUjIe Ta30IbUIEBBIX 00JaKOB — IABHO M3BECTHBINA BOIIPOC O «HYJIEBOM
SHEPruu» aTOMOB?

11. Kak peanu3oBaTh pecypchl BHYTPEHHEW YHEPruu BEIlEeCTBa, HAKOIUIEHHOW MPUPOAOH B
poreccax Mpou3BOJCTBA KOH/IEHCU POBAaHHOM (DOPMBI arperaTHOro COCTOSIHUS BELIECTBA U TSKETBIX
SIEp aTOMOB XUMUYECKMX JIEMEHTOB, Kak ajibTepHaTuBa YnpasiseMoMy TepmosinepHomy CUHTE3Y
TSIKENBIX U30TOMOB Bojopoaa’?

Her orBeToB 1 Ha MHOTME Ipyrue BONPOCHI, KaK TO:

— CTPYKTYpa ¥ MEXaHM3M BHEIITHUX MOJEeH CTAllMOHAPHBIX NCTOYHHUKOB?,
— MarHUTHOE MoJie U 3Heprus sapa riaHet u ConHua,

— UMCECT JIM 3HAK 3apsa MnoJi€ TArOTCHUA Aapa 3BéBII 1 AaKTUBHBIX IIJIAHET,
— MEXaHM3M pacimpeHnsi o0beMa 3eMHOTO 11apa,

— MEXAaHU3M IMPOUCXOKICHHUA CIICKTPA XUMNYCCKUX IJICMCHTOB,

— peasbHas CTPYKTypa siep MUKPO U MaKpOMMPa,

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

— CTPYKTypa runepnpocrpaHcTsa BeenenHol u e€ paciipenue,

4 o o
I[O CUX IIOP OTCYTCTBYET ONPEACJIEHNE MEXaHN3Ma (I)I/ISI/I‘ICCKOI/I IIpUPOABI AJIEKTPOTOKA U SABJIEHUU CBEPXIIPOBOAUMOCTH.

3 [Tosnst 3BE311 U IUIAHET, IJIEKTPUYECKUE U MArHUTHBIE I0JIA 3apAKEHHBIX KJIACTEPOB BEILIECTBA.
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— 9BOJIIOLIMA 3BE3/1 U IUIAaHET OT POKAEHUS JO pacraja,
— HarpasJIeHue 3BOMoLMKU BeeneHHoi.

Ha st11 Bomipoch! Helb3s1 HAWTH OTBETHI MIOKA B TIO3HAHWE MUKPO M MaKpoMHUpa He OyayT BBe-
JIeHBI KOHIIENITyaIbHbIe OnpeesieHus Bcex (popM MaTepuu, IPHUYNHBI U CJIeJICTBHSI Tpeodpaso-
BaHMs €€ MOCTYNaTeJbHOI0, BPAIIaTeJbLHOr0 WIH K0Je0aTeJbHOr0 IBIKEHHUS OTHUX (hopM
B Jpyrue. JIpyrumul cioBaMu — BHYTPEHHHE M BHEIIHME MCTOYHMKM CHMHA MHKpPOUYACTHII, MPH-
BO/1a BpAIlCHUs sijiep 3BE3], TUIAHET W CO3/1aHMe aTOMHO-MOJIEKYJISIPHOTO BEIeCTBa MPH MOCTyIa-
TeJIbHO-BpAIaTeTbHOM JABHKEHUU €€ TPOTOMATEPUH OT STHX SI/IEP K IOBEPXHOCTH ACTPO(PU3MUECKUX
OOBEKTOB.

A 1 Oonee TIyOOKOro MO3HaHUsSI BceX (hOpM MaTepPHUM TUIAHKOBCKHE TMPEAeNbl JUTUHBI U
YaCTOTHI JOJIZKHBI ObITh 3aMEHEHbI MEHBIITMMHU, ONPEAEIsIeMbIMH ITyTEM CMEHBl CKOPOCTH CBETa U
nocrosinHoil [liianka B hopmynax ornpeseneHrs 3TUX MPeIeoB Ha COOTBETCTBYIOIINE peaJibHble
CKOPOCTH TIOCTYNATEIbHOTO PacIipOCTPAHEHHs TPABUTAIIMOHHBIX MOJIEH OT UCTOYHMKOB aKTUBHOM
IPaBUTALIIM WM TEKTPUUYECKUX U MAarHUTHBIX TIOJIEH OT MX CTallMOHAPHBIX 3apsnoB. Kpome Toro,
HEOOXOIMMO KOJIMYECTBEHHO OIPE/IENIUTh MOCTOSIHHYI0 KBAHTOBAHUS Il TAKMX TOJIEH, aHAJIOTWY-
HYIO TUIAaHKOBCKOM KoHcTaHTe. [locie yero, HeoOXoauMo UCKaTh U ONpeessATh UCTOUHHKHU, IPUBO-
ASIIFMEe MUKPO M MAaKpPOMAaTEpUIO BO BpallleHHe U MOCTYNATeIbHOE ABWKEHUE, OMMCATh X OCHOBHBIE
NPOJAYKTHI, CTPYKTYPY H MeXaHU3M MPON3BO/ICTBA .

OTO U CTaHEeT BO3MOXHBIM, Korja OyJeT BBeieHO Oojiee TTyOOKOe M0 CPaBHEHMIO C dJIeMeH-
TapHBIMH YaCTUIIAMU TTPEICTaBIeHNE MaTePHH, B KOTOPOM HaOIoaeMble pOCTpaHCTBa®, Kak oiHa
u3 e€ HambOonee cnabbix (POPM-TIPOSIBIICHUH, OMpeesieHbl PEryIsipHbIM BHICOKOUACTOTHBIM ITYJIbCH-
PYIOIIUM TIOJIEM pactipeie/ieH!s] 3€peH-MOTeHI[UAT0B BOKPYT X CTAIIMOHAPHBIX aKTUBHBIX UCTOY-
HUKOB, XapaKTepU3YIOIIMM €ro 10 BHEITHUM CHJIOBBIM IPOSIBIICHUSIM TIPU B3aUMOJIEHUCTBUU C pa3-
JIMYHBIMHU YaCTUIIAMU WJTH KJIaCTepaMU aTOMHO-MOJIEKYJISIPHOTO BEIECTBA — IPABUTAIIMOHHOE TI0JIe
BOKpyr 3emim wn CoJHIIA, a TaKke SYeucTasi KpyImHOMacIITabHasi TUIepcTpykTypa Beenennoit. B
TAKOM IPEACTABICHUN Pa3MePhI JIEKTPOHA BBIPACTYT JI0 pa3MEPOB 3¢MHOTO aTMOC(EPHOTO TOPHAJIO.
Kakoii craner ¢pusuka 21 Beka — npeagMeT STOHKHUTH.

6 COOTBCTCTByIOH_II/Ie MoJIA CTAHUMOHAPHBIX UCTOYHUKOB, UCTOPUYECKU CBA3AHHBIE C TEPMHUHOM <<3q)l/lp>>.
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BBenenne

IIpocTpaHCTBO, 3BE3/1bl, TUIAHETHI, UX BpAILATEIbHOE IBUKEHNE U MOJIS TATOTEHU S, (POTOHBI
U MX JBUKEHHME CO CKOPOCTBIO CBETA, CIIUH, 3aps]] YacTHIIbl M UX Macca — 9TH SBJEHUS, KOTOpbIE
HaOmoaloTcsl B npupoze v BeenenHoil. KBaHTOBbIE sIBJIeHNsI B MEKPOMEPe BCTPEYaloTcs oBCe-
MECTHO, OHU XOPOLIO M3YYeHbl U JOCTAaTOYHO NMOAPOOHO onucaHbl. OHAKO B IPOTUBOPEUMAX HEKO-
TOPBIX MOJIOXKEHUI KOPITYCKYJISIPHO-BOJIHOBOT'O Ayajd3Ma JI0 CUX HOP HET JOCTATOYHO SICHBIX U MOJI-
HBIX OTBETOB U, B YaCTHOCTH, Ha yTBepxkaeHus Jlyu ne Bpoiiisg o Tom, 4to yiio6ass MUKpOYacTuIia
MOXET OTHOBPEMEHHO HAXO[HUTCS, KAK B COCTOSTHUM HEKOTOPOT'0 3aMKHYTOTo 00bEMa, 001aJaI0Iero
MAaccoOM, TaK 1 BOJIHBI. KBaHTOBBIE SIBJIEHNS B MAKPOMHUPE — 5TO HOBOE HAITPABJIEHUE B 9KCIIEPUMEH-
TaJIBHOU (PU3HKE, KOTOpOe O(pULMAIBHO NOABUIIOCH ¢ 1985 roma, co AHS OTKPBITUS B HEBECOMOCTH
kocMoca 3¢ dekra [IxannoekoBa. Kpome toro, cymecTByeT 1eibii psj 3(pheKToB U siBIeHUH, OOHa-
pyxkeHHBIX B 20 BEKE IKCIIEPUMEHTAJIBHO, KOTOPBIE TaKKE C YBEPEHHOCTBIO MOKHO OTHECTU K KBaH-
TOBBIM SIBJIEHUSIM B MAKPOMMUPE. JTO, IPEK/IE BCETO, POXKICHUE CBEPXTBEPAOU KYMYJISITUBHOU CTPYH
TIPY B3PhIBaX CIIENMAJIbHBIX OOEBBIX CHAPS/IOB, SIBJICHUS CTPYHHON MMIUIO3UH B YCTPOUCTBAX-PEIy.Ib-
caropax B. IllayOeprepa, XOJOAHBIA S/IEPHBIA CUHTE3 TSKENBIX XUMUYECKUX JIEMEHTOB, ekt
IOTKMHA MO KBAaHTOBOMY MpPeOOPa30BAHMIO TEKTPOIHEPIUM B MEXaHMUYECKYI0 M OOpaTHbIE MpO-
neccel, apdekr 1. Cepna u apyrue, KOTOpble JOCTATOUYHO MOAPOOHO OYIyT MPOAHATU3HMPOBAHBI
aanee.

MHOroBeKOBBIE U3bICKaHUS PA3JIMYHBIX (POPM IMpeICTaBIEHUs] MPOCTPAHCTBA, U B YaCTHO-
ctu, B (popme 3cpupa 1 (PU3MUECKOro BaKyyMma, He Mponaiy AapoM. I'paBUTalMIO U POACTBEHHbIE
€U SABJIEHUS WHEPTHOCTU TEJI, UX MOMEHTOB MHEPLIMH, HEBO3MOXXHO PACCMATPUBATh B OTPbIBE OT
MCTOYHUKOB MX MOPOAMBIIMX. Bce M3BECTHbIE M HEM3BECTHBIE elIE sIBJIEHUS BO BceneHHON B3au-
MOCBSI3aHbl, KaK B ;kMBOM opranusMe. CoBpeMeHHas HayKa IPU3HAB, HAKOHEL, 4TO B (PU3MYECKOM
OTHOILIEHUH [TPOCTPAHCTBO MPEJICTABIISAET COOOM HEKMIA CIIOKHBI 00bEKT — (PU3HYeCKHI BAKYYM,
TEM He MeHee, B IOJHOW Mepe He NMPU3HAET 3a MOCJIEJHUM BaKyyMHOTO COCTOSTHUSI MaTepuH, Kak
oiHOM U3 e€ popM. V3yyeHneM CTpyKTypbl HPOCTPAHCTB Mbl U3HAYAILHO 00s13aHbl UCTOPUU pa3-
BUTHUS TIpeJcTaBieHnid 00 3¢upe. Maes a¢upa Kak MUPOBOM cpejibl HEOJHOKPATHO BbIIBUIAIACH
ele ApeBHUMHU pustocodamu. Pa3BuTie BOIHOBOW TEOPUU CBETA, OTKPHITHE €TI0 IEKTPOMArHUTHON
NpUPO/IB erle Ooblle yKpernmwio no3uuun dpupa. C OQHON CTOPOHBI, TIEPBbIe MOMBITKN ONMUCATh
CTPYKTYpPHI HOJIE TOYEYHBIX UCTOYHUKOB (HallpyMep, IPaBUTALIMOHHBIX, MATHUTHBIX U 3JIEKTpUYE-
CKHMX) CKOpee HOCAT YMO3PHTEbHBII I'papuuecKuil XxapakTep — 3TO paclipeAeieHre B TpeX KOoop-
AMHaTax yObIBaHUS MOTEHLIMAIa C POCTOM PACCTOSHUSA OT UCTOYHUKA. Takoe pacnpeliesieHue KcCIie-
PUMEHTAJILHO MOATBEPXKIAETCs, HAlpUMepP, KAPTUHOM pacripefeneHns] MeTAJUIMYECKUX YacTHYeK B
T10JI€ O/IHOT'O MOJTI0CA MAarHUTA WJIH IBYX, PACHIOJIOKEHHBIX MOIKOBOOOpa3Ho. ITocTpoeHue Takux rpa-
(pryeckux pacrnpenesaeH!ii BO3MOKHO U ¢ (PU3UKO-MaTeMaTUYECKUX MO3ULMM, T. €. YUCJIEHHO-LU(-
POBOI pacyeT MOTEHIMAIOB B 3aBUCUMOCTH OT PAacCTOSTHUS [0 MCTOYHHMKA 10 3akoHaMm’ HeloToHa,
Kynona, bro-Casapa. OpHako JO CHX IOP OTCYTCTBYIOT JOCTOBEPHBIE MUKPO(DU3NIECKHE HATTIAJHbIE
IIPEICTABJIEHNS NIPUPOIB MPOCTPAHCTB, U TAKUX MHKPONPOCTPAHCTB — IPOLYKTOB BUXPEBBIX
TI0JIEN, KaK SJIEP aTOMOB XMMUYECKHX JIEMEHTOB, 3JIEKTPOHOB, (DOTOHOB U T. [I., a TAKXKE MAKPONPO-
CTPAHCTB — [IPOIYKTOB CTallMOHAPHBIX UCTOUHUKOB TATOTEHUS, EKTPUUECTBA UM MarHETU3Ma B
(opme noJieit 00bEMHOTO U JUHAMUYECKU PETYJIIPU30BAHHOIO pacrpe/esieHus 3€épeH-noTeHIua-
JIOB — HEKMX KBaHTOBaMop(Horo npocrpancrsa. Kpome npescrasieHns NpoCTPaHCTB MOIAMU
AMHAMUAYECKHU JBUXKYLIMXCSA 3¢peH HEOOXOAMMO 3HATh 1 MEeXaHM3M ITPOM3BOJICTBA UX KBAHTOBAHMS,

7 3akon HbI0TOHa B JaHHO# KHHTE YTOUHEH, OH TIOMHOCTBIO COBNIAAACT 10 (hopMe ¢ 3akoHoM KyiioHa — 0Ge B3anMozieiicTByomIme
MAcchl IMEIOT 3HaK 3apsia, HO TOJIBKO IPABUTALMOHHBIIL.
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MIOCTOSTHHOTO OOHOBJICHUSI M U3MEHEHH I, TOTOMY UTO B MPUPOJE CYIIECTBYIOT HCTOYHUKH MeXa-
HU3Ma TaKOTO MPOU3BOJICTBA.

Takum 06pa3zom, 3a/1aua NPe/ICTaB/ICHUsI POCTPAHCTB JieuTcs Ha aBe. OHa — IpeICcTaB-
JieHre MPOCTPAHCTB B (popMe BHEIIHHX MOl BOKPYr CTAIMOHAPHBIX MCTOYHHKOB, B TOM
YHCIie ToJIel BOKPYT 3apsijia M Macchl JIEKTPOHA, aTOMHOTO sifipa U T. 1. BTopas — npeacraBnenue
NPOCTPAHCTB CaMHUX MCTOYHUKOB B (hOpMe BHYTPEHHHUX BUXPEBBIX MOJIEH C IIOMOIIBIO BUXPEBbIX
MCTOYHUKOB JIBHKE€HUSI 1 H3MEHEeHH s, HA30BEM UX BUXPOHAMM. DTH BUXPEBbIE M0 OyIyT 0TOO-
paxaTb BHYTPEHHIOCTPYKTYPY (pOTOHA, (DOHOHOB U POTOHOB, IEKTPOHA, sIep M aTOMOB XMMHU-
YEeCKHUX 3JIEMEHTOB, & B MAKPOMUPE — yIapHble MEXaHUYECKHIe BOJIHBI U spa 3BE3M U IJIaHET.

CBo¥iCTBa BHEIITHUX TIOJIEW TOTO WJIM MHOTO CTAIMOHAPHOT0 HCTOYHUKA , TIPHCY TCTBYIOIIETO
B JIAaHHOW TOYKE MPOCTPAHCTBA, HAJIEJISIET €ro CBOMCTBOM HEKOM PEryssipHO-CUJIOBOM MPOTSKEHHO-
cTu 00beMa (CUJIOBBIE JIMHUU U TIOTEHIIUAIIBI TIOJIs1), KaK (DyHKIIMH YOBIBAHUSI TOTO MJIA UHOTO TIOTEH-
[Majga OT IEHTPa, B KOTOPOM pa3MeNIEH TaKoW aKTUBHBIA UCTOYHUK. Takue Mossi [EeHTpaIbHbl U
pa3mayBaloTCA OT IIEHTPa UCTOYHUKA PETYNISIPHO, OOHAPYKUBAsi ceOsl TI0 B3aUMOJICHCTBHIO ® ¢ yoanéH-
HBIMH 3apsiiaMH Oarofapsi MposiBIISIEMbIM CHJIaM Yepe3 (pyH1aMeHTaJIbHbIe (PU3HUECKIe MOCTO-
SIHHBIE — FPABUTAIIMOHHYIO, AUIEKTPUUECKYIO M MATHUTHYIO TPOHUIIAEMOCTh BaKyyMa. AKTHBHBIMU
HA30BEM MCXO/SIIIMUE CTAIMOHAPHBIE BEKTOPHbBIE IMOJISI CO 3HAKOM IUTIOC, A MACCMBHBIMHU HAa30-
BEM 3apsa/pl, (POpMUPYIOIIKE BXOASIIUE BEKTOPHBIE MOJISl CO 3HAKOM MUHYC. Torna nepBbie U3Iy-
YaloT, a BTOPbIE MOMIONIAIOT 3€pHa-noTeHIMasbl. [Ipu 3Tom HaOmonaercsi cradujibHasi COBMECTH-
MOCTb 00JIee CHITbHBIX IIPOCTPAHCTB B OoJiee Ca0bIX, T. €. JEKTPOMAarHUTHBIX B IPABUTAIIMOHHBIX, a
TaKkKe HeCTaOMJIbLHASI COBMECTUMOCTh HEKOTOPBIX BHYTPEHHUX MUKPOITPOCTPAHCTB JIEMEHTAPHBIX
yacturl (okoso 3000 pacrafaionuxcss U30TOMOB sAep aTOMOB XUMHYECKUX 3JIEMEHTOB) B CIAOBIX
I'PaBUTAIIMOHHBIX MOJISIX.

JL71s1 onpeiesieHu st OHSATHI CHJIbHOTO 1 ¢J1a00ro nposiBieHnid (hopM MaTepuu, a Takxe Oosee
HAIJISIAHOM JEMOHCTpAllMd OPraHMYHOW CBSI3BHOCTH TPOCTPAHCTBA C MaTepHei, MOXHO TOJBKO
BBe/Is OMpe/ie/ieH!s] HeBellleCTBEHHOI0 U BellleCTBEHHOro npocrpaHctea. HeBemecTBeHHoe
MIPOCTPAHCTBO HE COACPKUT B ce0e HUKAKUX (hOpM MaTepry, UCTOYHUKOB JBMKEHHS U TOTEHITUAIOB
— HOJIb MTPOCTPAHCTBA, HOJIb TPABUTAIIMOHHBIX MOTEHIMAIOB, HOJIb MAarHUTHBIX MOTEHIMAJIOB, HOJb
MEKTPOCTATUIECKMX TOTEHIIMAIOB U HOJIb JBMIKEHUS, T. €. aOCOMIOTHBIA HOJb TEMIIEPATyphl WM
HOJIb 3JIEKTPOMArHUTHBIX BUXPEBBIX MOTEHIMAIOB. [ToaToMy hopma ero cymiecTBOBaHUsI HE UMeEET
HUKAKOH reOMeTpUIeCKON WM (PU3MUECKOM KOH(PUTYPAITUH — TOUKA, JIMHHUS, TJIOCKOCTh, 00bEM HJTH
KaKoW-m00 BUJ1 ycToThl. HO mprt 9TOM OHO JOMIKHO 00J1a1aTh BeChMa XapaKTepPHBIM CBOMCTBOM —
CIIOCOOHOCTBIO MOAJICPKMUBATH B HEU3MEHHOM COCTOSIHUM KaKoe-T00 aMop(pHOe WM BeleCTBeH-
HOe€ TPOCTPAHCTBO TPH TOTNAJAHAU B HETO KAKMX-JIMOO MOTEHIIMAIOB WM UX CBSI3AaHHOW COBOKYII-
HocTU. EcTh HEOOXOMMMOCTh TaKKe BBECTH M OIPEACIUTh aMOpP(PHOE MPOCTPAHCTBO, KOTOPOE He
COIEPKHUT B CBOEM 00BbEME HUKAKMX CTAIMOHAPHBIX NCTOYHHUKOB IO/ 1 HUKAaKUX BUXPeBbIXH-
CTOYHHKOB/IBH2KEHHsI, HO MOXET COAEPXkKaTh BCE BBIILICHA3BAHHBIE TIOTEHIIMAJIBI, YIIOPSI0UCHHbBIE
reOMETPUUYECKH, YTO U OYyJEeT ONpeessTh €0 HEKOTOPYIO OIPE/IEICHHYIO JIOKAJIbHO KOHCEPBUPOBAH-
HYI0, OECTIpepbIBHO MEHSIIOIIYIOCS MO/ AEHCTBIEM BHYTPEHHHX, BHOBb MHIYKTHPYEMBIX TOJIEH, Teo-
METPUUYECKYI0 (pOpMY, COCTABJICHHYIO U3 3TUX MOTEHIIUAJIOB.

ITH TPH MOHSTHUS — BellleCTBEHHOE, HeBelleCTBEeHHOe 1 aMop(HOe 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. Vicroprueckuii 3¢pup B Takoil popMe U ecTh camoe cJ1adoe mnposisieHre (popMm Marepuu, T. €.

8 Eci Obl ObLJT U3BECTEH MEXAHU3M KBAHTOBAHUSA 3épeH—l’lOT€HLII/IaIIOB, KaK U3BECTCH MEXaHW3M KBAHTOBaHUA Cl)OTOHOB, TO OITU-
CaHUE CUJIOBOI'O B3aPIMO)ZleﬁCTBPIﬂ B 9THX MOJISIX MOKHO OBLIO ObI OIMUCATh WHaye, YeM 3akoHbl HploToHa 1 Kynox—la.
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(bopm npennecTByOIMX MEMEHTApHBIM yacTuliaM. Pa3smep 3epeH a¢upa MHOTO MEHbLIE 1axke 10

CPaBHEHUIO C IIJITAHKOBCKUM pa3MepOM (10"%cm), Tak uTo MAxKe Ha YPOBHE OOBIUHBIX IEMEHTAPHBIX
YaCTHII eT0 MOXXHO pacCMaTpUBaTh, KaK CIUIOMIHYIO cpey. HeoO6Xommmo ToibKo 0CO3HATh-TIOHATh U
OIPE/IE/IUTh B KOHKPETHBIX TePMHUHAX (PU3UKU SIBJIEHUH, a HE B 00X (PHIIOCO(PCKUX KaTErOpHsiX,
MeXaHHM3M JMHAMWYECKOT'O 3aM0JTHEHUA-Pa3/lyBaH!sl KOHKPETHBIM 3€PHOM-IIOTEHIIMAI0M HeBe-
IeCTBEHHOI'0 NIPOCTPAHCTBA — T. €. MEXaHMU3M KBAHTOBAaHMS HEBeI[eCTBEHHOI0 IIPOCTPAHCTBA
3€pHaMM-TNIOTEHIIMAJIaMU COOTBETCTBYIOIIETO UCTOYHUKA.

PaccMoTpum BemecTBeHHBbIE IPOCTPAHCTBA, Kak cj1adyld MaTepui0 B (opMe BHEIIHUX
(bu3rYecKrX Mosiei reoOMeTPUUYECKH pacipeiesIEHHbIX OTEHIIMAIOB-3ePEH OKOJIO CTATUYECKUX WU
KBa3UCTaTHYECKUX’ MHKPO Y MAKPOHCTOYHHKOB, a TAKXXe KPYITHOMACIITAOHYIO CTPYKTYpY SlUeH-
CTOro runepnpocTpasHcTsa BeeneHHoH, BKIoYaonied BUAUMYIO, IPOMEKYTOUHYIO M HEBH/H-
MYIO YacTH.

Wrtak, mepBoe — 3TO TMoOJeBble MPOCTPAHCTBA, 0Opa30BaHHbIE HEBHXPEBBIMH BHEITHUMHU
MOJISIMUA CTAIMOHAPHBIX MCTOYHUKOB TAKHMX, KaK I'PABUTALIIOHHBIE, JIEKTPOCTATUUECKHE U MArHUTO-
craTuueckue. Bropoe — 31o npocTpaHCcTBa, CO31aHHbIE BUXPEBBIMH IOJISAMU JIBUKYIIMXCS UCTOY-
HHKOB (MCTOYHHKOB JIBHK€HHUsI) U, KaK MPaBIJIO, IPUBOJSAIIME K OoJiee CHIIbHBIM ITPOSIBJICHHSIM B
(hopMe MUKpOYACTHUL, KJIACTEPOB aTOMHO-MOJIEKY/ISIPHOTO BEIECTBA, 3BE3/1bl, IIAHETHI, TATAKTUKH,
T. € CTAal[MOHAPHBIX MCTOYHMKOB. YCIOBHO!® Ha30BEM NepBYyI0 — MPOCTPAHCTBAMHU, 2 BTOPYIO —
BellleCTBeHHoIIMaTepuei. EcTb 1 TpeThe, HO HEJOCTAaTOYHO U3yUYEHHOE.

ITepBoe pacnpocTpaHsieTcsl OT UCTOYHMKA CO CKOPOCTBIO MHOTO OOJIbLIEN CKOpOCTH cBeTa 'l
Y MMEeT JIMIIb B CBOEM apceHasie OecCTPyKTypHblE KBaHThl 3€pHA-TIOTEHIHAJIbI BelleCTBEeHHOI0
MIPOCTPAHCTBA.

[Tpu 3TOM BTOpOE CO31AETCSI CO CKOPOCTHIO CBETAa M MMeeT Oolblloe pasHooOpasue (opm
MHKPOMAaTepPHH OT (POTOHOB ¥ MUKPOYACTHULL JO AaTOMHO-MOJIEKYJISIPHOTO BEIIECTBA, 4, B KOHEYHOM
cuére, MPUBOJUT K 0OPA30BAHUIO PA3IMUHBIX (DOPM IACCHBHON MAaKpOMAaTePHHU H THIIepMaTePUH .
W ToT 1 apyrou BUJ Matepuu MpOU3BEJCHB UICTOYHUKAMHU, HO Pa3HbIMHU. OVH — 21IeKTPOMarHuT-
HBIM JIMHAMUAYHBIM [TPOLIECCOM CaMOJBHKEHNSI BUXPOHOB, IPyTrof — CTalliOHAPHBIMHU HCTOYHHU-
KaM#'? rpaBUTAIIOHHOTO, JIEKTPOCTATUYECKOTO U MarHUTOCTaTUYecKoro nonei. M Tot u apyroi
KBaHTYET 3€pHa-IOTEHLMAJIBI, HO 110 PA3HOMY YCTaHABJIMBAET UX B IIPOCTPAHCTBE.

W HakoHel, TPeTHil TUI IPOCTPAHCTB, KOTOPBII SBJSAETCS CMELIaHHBIM IPOLYKTOM IEPBBIX
ABYX M OoTpaxaer 3akoH Jlyu ne Bpoiis, T. e. Kakaas yacTHLA WIK KJIacTep BEeIleCTBEHHOW Marte-
pUM, COBEPLIAIOLIMIA BpaIlleHUe WU MOCTYNaTeIbHO-BpallaTeIbHOe IBUKEHUE, POKAAET BOKPYT ceosl
B [IPOCTPAHCTBE KBAHTOBBIII HOCUTEIb HHAYKTHPOBAHHONIHEPIruH — 3TO IPOCTPAHCTBO TaKKe
HEBUIMMOE, KaK U MEPBOE. DTa SHEPrus SABJISETCSA HEOTHEMJIEMOM SHEPTUEN MOPOAMBLIEN €€ MaTe-
UM 1 OHA CIOCOOHA MTPUHUMATh, KaK MOJIOKUTENIbHBIE, TAK U OTPULIATE/IbHbIE 3HAYEHU JIIS COXpa-
HEHUs Ccpe/iHero 3HayeHus. Takue MakponpoCTPaHCTBA, KaK M MUK POIPOCTPAHCTBA SJIEMEHTAPHBIX
yacTul, o0JIaJaloT KBa3UCIIMHOM, HO OIpeesisieTcsl OH He yepe3 nocrosHHywo Ilanka. s atoro
IIPAPOZA U CO37aJIa MEXaHN3M KBAaHTOBBIX IIEPEXOMIOB JaKe B MAKPOMAaTEpHUH, TaHY KOTOPBIX yJa-
JIOCh PACKPBITh U ONKCATh B paMKax 3TOM KHUTHU — 3TO TOT NpeeJa, KOTOPbIY Tak U He CMOT ITPE0JIo-
netb Jlyu ne Bpoitib.

% HekoTOpble MUKPOUCTOUHMKH (37€KTPOH, MPOTOH) MOTYT JABUIATHCS B NPOCTPAHCTBE SMEKTPUUECKHX MO CO CKOPOCTAMM
OJIM3KMMU K CKOPOCTH CBETa, OHAKO, M0 CPABHEHHIO CO CKOPOCTSIMHU HX ITYJIbCHPYIOIIHX MOJIEH, 0OYCIOBIEHHBIMH JIEKTPHUYECKUMHU
WM TPAaBUTALIMOHHBIMY 3apsIIaMH, MOXHO CUMTATh X MOKOSIIMMUCS-KBa3UCTALIMOHAPHBIMY.

10 Ipyrumu coBamu, cBepxciaGoe NpoOsIBIEHNE MATEPHH — 3TO POCTPAHCTBO, GONEE CHIIBHOE 8 MPOSIB/ICHHE — 3TO ATOMHO-
MOJICKYJISIPHOE BEIIECTBO. TO JIBE CTOPOHBI OJHOM MM — MaTepUH.

"1, crepoBaresibHO, AMANIA30H IIAHKOBCKHX MPE/E/IOB CYLIECTBEHHO M3MEHHTCS B CTOPOHY YBEIMUEHUs MATA30HA YACTOT KBAH-
TOBaHHsI ¥ YMEHbILIEHUS pa3Mepa 3epeH MPOCTPAHCTBA.

12 B 06111eM T0 — 5T0 3aMKHYTast 10BEPXHOCTD, COCTAB/ICHHAS 13 3€peH-TOTEeHIMAJIOB, HE3aBUCUMO OT TOTO €CTh HJIU HET BHYTPH
9TO¥ MOBEPXHOCTH MOCTOSIHHBIN WM BUPTYAJIBHBIA 3apsijl.
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Bonee cuibHbBbIE MPOSBIEHUS MAaTepPUHM M COOTBETCTBYIOIIME MM TIOJIsl HAOMIOAAIOTCS] B KOP-
MYCKYJISIPHBIX 3aMKHYTBIX MUKPONIPOCTPAHCTBAX — HEUTPOH, MPOTOH, MEKTPOH, sI/Ipa XUMUYe-
CKHMX 2JIEMEHTOB, JIEMEHTAPHBIE YACTUIIBI, U T. 1. ATOMBI U MOJIEKYJIbl SIBJISIIOTCS MTPOU3BOIHBIMU
9TUX 3aMKHYTHIX MPOCTPAHCTB MUKPOMHUPA. DTU MHUKPOIPOCTPAHCTBA MPOKJIAABIBAIOT HIMPOKYIO
TPONUHKY B JPYroil MUpP TOXE 3aMKHYTBIX, HO OoJiee CJ1a0bIX MaKpOIPOCTPAHCTB, MPH 3TOM Oosiee
OLIYTUMBbII M BUJUMbIA, OCHOBAHHBI! YK€ HE HAa MOTEHIMAJAX, A HAa ONPEIEJICHHON COBOKYITHOCTU
CMECH MUKPOIIOJEH OTEHIIMAJIOB, JIeMEHTAPHBIX YaCTUIl M aTOMHO-MOJIEKYJISIPHBIX BELIECTB, 00pa-
3YIOIMX TaK Ha3bIBaEMYyI0 MACCHBHYIOMACCY KJIACTEPOB BellecTBa. VIMEHHO 3TOT MUpP HaM HauoOo-
Jiee sICeH M MOHSTEH, TaK KaK 3TO MUP KJIACTEPOB BUIMMOW U OoJsiee KOHIIEHTPHPOBAHHOW MAaKpO-
MaTepPHH CO3[aH U3 OYEHb OOJIBIIIOTO KOMMYECTBA OPraHMUECKUX U HEOPraHMYECKUX CTAOMIIbHBIX
aTOMOB ¥ MOJIEKYJI B (DOpMe UeTBIPEX OCHOBHBIX arperaTHbIX COCTOSIHUIA BEIleCTBa.

Tenepp, Bo3BpaIasch Ha3aa K (popMam mMarepuu, T. €. K CTPyKTypaM MHUKPOMAaTepPUH THIIA
HEWTpPOHA, CJIeAyeT OTMETUTh, YTO TPABUTAIIOHHBIC, NEKTPHUUECKIE, MATHUTHBIE, a TAKXkKe JeK-
TPOMAarHUTHBIE MOJISI-NPOCTPAHCTBA, Mbl UMEEM BO3MOXKHOCTb M3y4aTh SKCIIEPUMEHTATIbHO, TaK
KaKk MMeeM KOHTAKTHYIO JIOCTYITHOCTb, KaK K MX pa3MepaM, Tak U K MpOSIBIsSEMbIM UMM CBOW-
crBaM (moTeHIMasaM ¥ 3apsigaM). C MOMOIIBI0 OnpeaesieHHOro Habopa WHCTPYMEHTOB CHUCTEMBI
Mep (Harnpumep, cuctema CU) Mbl MOKEM HU3MEpATh MPOSIBIIsSiEMble CBOMCTBA MPOCTPAHCTB B ITUX
pa3mepax. CoBepIlieHHO HEBO3MOXHO MIPOHUKHYTh B TTyOUHY '° 00beMa, 3aHMMaeMOro HEUTPOHOM

(10'13 CM), WM, 9TO ellle CJIOXKHee, B INTyOMHYy 00beMa, 3aHUMAeMOro JIEKTPOHOM WJIM HEHTPHHO.
BcresctBre yero HEBO3MOKHO MPEACTABUTH cede M HAISIAHBIN 00pa3 CTPYKTYPbI TAKUX MUKpOYa-
CTHILL. DTa 3aj1a4a, Haj MpoOIeMoll pelieHs] KOTOPOW 3aHMMAIOTCSI caMble BeyIHe JJadopaTopum
BCEro MHpa, U 1moka Oe3pe3ynbratHo. K Benmkomy coxkarenuio metonsl KM ', KTIT u KX]I BooOie
OTKa3aJIMCh OT KJIACCHYECKOIO METO/IA MO3HAHUSA MUpPaA C MIOMOIIBI0 HATVISAAAHOCTH, a B YACTHOCTH,
Jaxe KOHKPETHYIO TPA€KTOPHIO JBUKEHUSA MUKPOUYACTHULIbI 3aMEHWIN HA MaTEMAaTHUYECKYIO Bepo-
SITHOCTB HAaXOX/JIEHUs €€ B TOM WM UHOHM 00JIaCTH POCTpaHCTBa. MUKpoMaTepus, peAcTaB/IeH-
Has B CAIl — mépTBasi Marepusi, 3TO JIENITOHbI U KBAPKU € MOJYLEbIM CIMHOM, 00pasyloliye BCe
MHOrooOpasue 3JeMEHTApPHBIX YacTHll, a TaKke KBaHTHI 1oseidl ((poToHbl, OO30HBI, TJIIOOHBI U Ipa-
BUTOHBI), 00JIAJAIOIIMMH [IEIBIMUA CIIMHAMU U OCYILIECTBIISIIONINE YEeThIpe THIA (PyHIaMEHTaIbHBIX
B3aMMOJIEUCTBUI. 311ech BpeMsA'> 3aMeHWI0 JBUKeHHe 1 H3MeHeHue pa3Hbix ¢opMm matepuu. B
CAII Bce Teopun neperpyKeHbl HEIKCIIEPUMEHTAIBHOM MAaTEMAaTHUKOM, T. €. MAaTEMaTUKOU HE CBA3aH-
HOU C CHCTEMOU MEP IKCIIEPUMEHTAIBHON (pU3UKH. [103TOMY CyTh 3THX TEOpPHI COBCEM OTPBIBAETCS
OT npuponsl (pusndeckux sAeneHu. CoBpeMeHHble (PeHoMeHoJIorudeckue Teopur CraHgapTHOU
Mogenu s5eMeHTapHbIX YacThll, Oyay4H aOCTpaKTHO-MaTeMaTHIeCKUMU, HeaeKBaTHbI (PU3MUECKON
PeaNbHOCTH, a TOTOMY, OIIMOOYHBI 1 OecriepcrieKTUBHBL. OHM JIOJKHBI OBITh TTOJTHOCTBIO 3aMEHEHBI
(pusrUeCKMMI MEUKPOCKONIUYECKIMH TEOPUsAMH, OTpakalolmu peabHOCTh. CAII cumnraer, uyto
KM 1 ee npeeMHUIIBI pelvig IpooaeMy CTPOSHHS aToMa, MpooJIeMy B3aUMOACHCTBHU S U3TyUeHUS C
BEILIECTBOM, ITPOOIEMY MAcChl JIEMEHTAPHBIX YaCTULL C IOMOIIBIO YKE «OTKPBITOrO» 0030Ha XUrrca
Y KBAHTOBbIE SIBJICHUSI B MAaKpOMHpE, HO 3TO 3a0JIyK/JeHHe — JJOCTaTOYHO YKa3aTh Ha KCIEpH-
MEHTaJIbHbIE Pe3y/IbTaThl padoT Mo XOJOMHOMY SIAEPHOMY CHHTE3Y TsSkENbIX neMeHToB (LENR) u
acpdexr xanndexona.

JI1s pelieHust Ha3BaHHBIX 3aJad HAYHEM CO cialObIX MPOSBIEHUN MaTtepuu B (popme Hpo-
CTPAHCTB — TMPOTSKEHHBIX OOBEMOB (PH3HYECKOr0 BaKyymMa, OOpa30BAHHBIX pPa3IMYHBIMU
NOJISIMH-IIPOCTPAHCTBAMH, A TAK)KE KPYIHOMACIITAOHOW CTPYKTypbl BeenenHoil. 3neck HeoOXo-

13 310 ocHOBHOI apryMeHT JJIs1 OrPaHUYEHHOTO I0CTYIA METOJI0B MaTeMaTHKH /71l OMIUCAHUS HEKOTOPBIX MTPOLIECCOB, T. €. METO-
noB teopetnyeckoit pusuku — KM, KTTI, KX]I, uto 1 OblJI0 OTMEYEHO B YETBETOM IMyHKTE COraleHus MakTa « MIOHXEHCKHI pa3-
TOBOP O PESTUTUM».

14 KpanToBas MexaHuka, KBaHTOBAs TEeOpHsI TOJIsT ¥ KBAHTOBAsI XPOMOIMHAMUKA.

5B IIPUPOJIE HET BPEMEHH, KaK (pOpMbI CyLLIECTBOBAHUS MaTepUH, a €CTh YaCTOTA-TIOBTOPAEMOCTb OIHUX U TeX ke IPOLIECCOB.
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VMO JaTh OINpeJeIeHNs] M Pa3HULly B CBOWCTBAX CTAIMOHAPHON M BHXPeBON WHIYKLIMU IOJIEN.
I'maBHoe B 3TOM pa3jeJjie, HAKOHEIl TO, JaTh OLEHKY IOJSIM TSTOTeHUs — eCTh WJIM HeT
y 9THX HCTOYHHKOB MOJel 3apsi/ibl, 0I00HbIE MOJSIPHOCTH 3apsi/I0B B dJeKTPUUYECTBe.
ITocne yero nepeiiéM K UCCAEOBAHUSAM THIIOB CaMbIX CUJIbHBIX €€ IPOSIBJIEHUI B (popMe MHK-
poMaTepnu, MAaKpOMaTepHu U runepMarepmuu. B sTux paszienax oCHOBHas 3a/1a4ya ONpEeUThb
KOHKPETHYIO CTPYKTYpy MaTepHH, CTPOUTEbHBI MaTepuasl, UICTOUHUKY €€ KBAaHTOBAHUS, IBUKeE-
HUS 1 u3MeHeHusi. Kpome Toro, HeOOXOIMMO JaTh OIIEHKY JEUCTBYIONIMM B IPUPOJIE CUJIAM UH/IYK-
MM B MAKPOMAaTEePHUH HAa COOTBETCTBUE YK€ OTKPHITOrO U JIEHCTBYIOLIETO B HayKe (popMasiu3Ma,
Harpumep, uHaykuus Papanes-MakcBenials, UHIYKIUS MO BOKPYT CTAIIMOHAPHOTO SJIEKTpUYe-
CKOTO 3apsijia 1 Ha00OpOT — MOJIsIpU3alysl BelecTBa B nosie. HeGe3nHTepecHO BBISICHUTD U JPYTron
(bakT KBAaHTOBBIX SIBJICHUI B MAKPOMATEPUH — CIIOCOOEH JIM MEXaHUYECKUII MOMEHT MHEPIIMU HEKO-
TOPBIX BpAILAIOLIMXCS TeJl KBAHTOBATh MEXaHUUYECKOE IBUKEHUE M MarHUTHBIA MOMEHT TaKuX TeJl.

[Toatomy cTpyKTypa KHUTU IOCTPOEHA B COOTBETCTBUU C OCHOBHOU (popMyaoit Mupo3ganusi
— NPOCTPAHCTBO, MaTepusl, ABIUKeHNe U U3MeHeHHne. B nepBoil miaBe MpeyiokeHo paccMar-
pUBaTh BCe MPOCTPAHCTBA Kak MOJeBYI0 (DOpMy MaTepuy CTAMOHAPHBIX UCTOYHUKOB. Bo BTO-
PO, TPEThEH U YETBEPTOH IJIaBaX U3JIOKEHBI NPeACTABJIEHUS BEIIECTBEHHON MAaTePUH B pa3iny-
HBIX (DOpMAX SHEPreTHUECKOro COCTOSTHUS !/, T. €. OT siiep 3BE3[ U IUIAHET JI0 e€ sIepHO-aTOMHO-
MOJIEKY/IIPHOU (POpPMBI, KAK KBAaHTOBBIX IMPOAYKTOB BHXPEBBIX HCTOUHUKOB — BUXPOHOB (3JIeK-
TPOMArHMUTHBHIX U MeXaHNYeCKHX), OTBETCTBEHHbIX KaK 3a POKAEHUE U F€OMETPUUYECKYIO CTPYK-
TYpy MUKPO-, MaKpO — M THIIEpMHpa, TaK U 32 Bce HAOJ01aeMble B TIPUPOZIE SIBJICHUS U TIPOLIECCHI.
OcHOBHOE BHUMAaHUE, IIPY 3TOM, y/IEJIEHO pa3InyHbIM (pOopMaM IJ1a3Mbl, KaK HHIAMKATOPY JKCIIe-
PUMEHTTLHOTO OOHAPYKEHHsI BUXPOHOB. B MATOI M IIeCTOl Ii1aBax MpeICTaBIeHO JBHKEHHE U
u3MeHeHne (TpeoOpa3oBaHKe MOCTYIATeIbHO-BpAIIaTeAbHOTO ABVKEHUsT OTHOW (hOPMBI MaTepUu
B JIPYTYI0 1 HA00OPOT) MaTepUH B KQUECTBE POIUTENIBLCKON POJIM POKICHNsI BUXPOHOB U MOTEHIIH-
aJ10B, IIPUBOJAIIEE K CO3/IaHUIO U BOMIOLINY SIAEp 3BE3] U FAJIaKTHK, a TAKKE K POU3BOJICTBY ep-
BOHAYaJILHOW €€ (pOpMBI U MOCJIEYIOLIEN BOMIOLIMHU B TACCUBHOE aTOMHO-MOJIEKYJ/ISIPHOE BEIIECTBO
Ha MOBEPXHOCTHU 3BE3[] U IUIaHET. Bce mpeacTaBieHnst NOATBEPKICHB IKCIIePHUMEHTAJIbHBIMHI
pe3yJIbTaTaMyd MHPOBOTO HAYYHOTO COOOIIECTBA (PU3UKOB U MO0 BO3MOKHOCTH HJLIIOCTPHUPOBAHBI
rpauyecKu WK C IOMOLIbIO BUAECOKJIMIIOB. B KHUre HaMepeHHO He NIPUBEIEHO HE €IUHOI MaTeMa-
THUYECKOH (DOPMYIIBI, TaK KakK, IO TIIyOOKOMY YOEXKIEHHIO aBTOpa, aHAIU3 JTII0OOT0 HEH3BECTHOIO
MeXaHM3Ma SIBJICHUH U MPOIIeCCOB JOJIKEH HAUMHATHCS C TPOPUCOBKH MX HAIVISIAHOTO o0pa3a. Ha
JAHHOM 3Tarle YCTaHOBJIEHO, YTO MaTeMaThyecKas JIOTMKa yCTynaeT )UBOH JIOrMke npupoasl. Mare-
MaTuveckue (hoOpMyJibl OTCYTCTBYIOT, B OCHOBHOM, U B IATEHTHO-U300peTaTe/IbCKOM 1 KOHCTPYK-
TOPCKOI JIOKYMEHTAIIMA Ha U3TOTOBJIEHUE TOTO WJIM MHOTO yCTpoMcTBAa. Maremaruyeckuil anmnapar
IIIUPOKO MPUMEHSIETCS B TEOPETHUECKOM (PM3UKE U HEKOTOPBIX JAPYTUX 0ONACTSX, U, B OCHOBHOM, B
KHIZKHOM Hayke JI71s1 (DEHOMEHOJIOTMYeCKOro onucanus nporeccoB Muposaanusi. [Ipu sTom, aBTop
0c000 XOYeT MOAYEPKHYTh, YTO OCHOBHBIE KCIIEPUMEHTAJIbHbIE 3aKOHBI, TUMA 3aKOHOB HbloTOHA,
Kynona, buo-Casapa-Jlannaca, ®apanes-Makcsemnia U T. 1., B KOTOpbIE BXOIAT (PyHIaMEHTaJIbHbIE
KOHCTAHTBI U IOMMEHOBaHHbIE TepMUHBI cucTeMbl CU, He ABJIAI0TCSA peleHus MU KakuxX TO MaTeMa-
THUYECKHUX TEOPH1, a €CTh SKCTIEPUMEHTAJIbHBINA TIOA00P CPEICTB U 3HAUSHUH, OTIPEeIEHHBIX U3 B3a-
MMOJICVICTBUI B TOM WJIM MHOM MOJIEJIMPYEMOM IIpoLiecce /JIsl U3yUeHHs U aHaIu3a IMpejarnoJiarae-
MOTOHAIJISITHOr000pa3a sIBJIeHNI B IPUPOJIE.

16 HMmenno YpaBHEHUA MakcBemia B Ux COBPEMEHHOM BHUJE IPUBEIN K Pa3pblBy MEXKAY TEOPUAMU SJIEMEHTAPHBIX YaCTULl U
TEOPUAMU TATOTEHUA.

17 WcTounuku IBUKeHUsT 1 U3BMEHEHMU S, ITOKOs, CTPYKTYPbL FeOMeTpH‘{eCKOﬁ CbOpMLI, a TaKXKe UX noneﬁ, KakK MHKpOI‘[Oﬂeﬁ KBa3u-
CTallMOHAPHBIX UCTOYHUKOB.
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I'nasa 1. IIpocTpancTBo u MmaTepus

Yro paHblle poJaujoch: NPOCTPAHCTBO WM Kakasa-amo6o popma marepun? CoracHo
CAIl u OTO u3 CHUHTYJISIPHOW TOYKH BAPYr G€CHPUYHMHHO Mpou3ouien Bombinoii B3peB U Havya-
Jloch MTHOBeHHOe ! 0Opa3oBaHue (pasayBaHue) MPOCTPAHCTBA MYTEM HH(ISIIHOHHOrO paciivpe-

HUS IPOTOILY3bIPS B 10 pas, abCOMOTHBII OTCYET BPpeMeHH C MOMEHTa BobIIoro B3psiBa 1 CHHTE3
CJIOXKHOU KOPIYCKYJISIPHOWM MaTepUH U3 ropsiueii ra3000pa3Hoi cMecH ITpaMaTepur — KBapKOB, JJIeK-
TPOHOB, HEMTPUHO U T. JI. C MOMOIIBIO 6030HOB Xurrca. OTciona U OTBET Ha MOCTABIEHHBIN BOITPOC —
MOYTH OJHOBPeMeHHO. OTKy/1a B35J10Ch CTOJIBKO MaTepun? OTBET: U3 CUHTYJISIPHON TOYKH C TUIaH-
KOBCKOI IUIOTHOCTBIO 5 X 1072 r/em’. A 4o ke 6b110 BOKPYT CUHTYJIIPHOM TOYKH 110 B3peiBa? OTBET:
MO-BUIMMOMY, HU MPOCTPAHCTBO, HU BPEMs HE MMeENU CKOJIbKO-HUOY/b OINPEAEIEHHOIO CMBICIA.
BcenenHas Haxoquiiach B COCTOSIHUM C BBICOKOI CHMMeTPHeI.

CBA3HOCTb IPOCTPAHCTBA CO BpPEMEHEM JI0JIr0e BpeMs HaXOAWJIOCh B MPAKTHKE y MaTema-
THKOB'®. Kak M3BECTHO OIIYTHMBIX PE3YyJbTaTOB 3TO He mpuHecno. C Ipyroi CTOPOHBI, OOIIEn3-
BECTHA CBSI3HOCTb IIPOCTPAHCTBA C MaTepueit 1 (popMoi e€ CyIecTBOBaHUS — ABMKEHUEM U U3MEHe-
HUeM. OnHako (punocodsl HUKOrIA He 3aJyMbIBAJIMCh Hajl TOYHBIMU OIPECICHUsMU MaTepuu (aa
¥ DIyOvHa 1o3HaHus1 (hOpM MUKpPOMAaTEpUH B TO BpeMs Oblla HeBeJMKa) U (popM e€ cylecTBoBa-
HUS — CTPYKTYPBI U ICTOYHUKOB €€ OECKOHEUHO JIONTroi M cTaOMIIbHOM %U3HU. Tenepb, UTo Kacaercs
BTOPOM COCTABJIAOIIEH PeCTaBIEHNS CBA3HOTO IPOCTPAaHCTBA- BpeMeHH. [1pu riyOokoM aHasm3e
He yaaeTcsi OOHapyKUTh BpeMsl, Kak OJIHY U3 CyILecTByoIIuX (hopmM MaTtepuy U HEOTbeMJIeMYIO
YacTb MOHATHSA NpocTpaHcTBa. [IpescTaBieHre BpeMeH! B YETBEPTOM KOOPAMHATE — 9TO €CTh UCKJTIO-
YUTETbHOE CYObEeKTUBHOE MOHSATHE YesIOBEeKa ISl CO3/IaHMsI MaTeMaTHUecKUX Mopesieii 2’ orncanust
ABUXEHUS U U3MEHEHHs] MaTepUu U3 OIHOM (DOPMBI B JIPYTYIO, T. €. 3TO NPOAYKT MBIIUICHUS Yeso-
BeKa, a He hopMa MaTepuu M YK TeM Oosee He sIBJIEHHE MPUPOIbl. DTO BUPTYAJIbHBIA BTOPOCTE-
NIEHHBbII napameTp, BBeAEHHHIN B cucteMy CU, 1151 onvcaHusl IBUKEHUSI U U3MEHEHUSI MaTepuu U1
IIPOLIECCOB B IKCIEPUMEHTaX. A TOT (PaKT, YTO UMBUIM3ALMA, U1 yI0OCTBA UCTIOJb3YIOIAs STOT
napaMeTp /j1s1 a0COMIOTHBIX METOK B TEUEHHE CBOEH KU3HU U IBOJIOLIUH, HE MOXET CIYKUTh OCHO-
BaHMEM [1s ONIpeesIeHNs €ro, Kak OfHON 13 (hopM CyllecTBOBaHUS MaTepHH.

PaccMoTpum BemecTBeHHBbIE IPOCTPAHCTBA, Kak cj1adyld MaTepui0 B (opMe BHEIIHUX
(buzryecKkux nosei reoMeTpuYecky U AMHAMUYECKH paclpe/ie/IEHHbIX MOTEeHINAN0B-3€PeH Hajl
CTaTUYECKUMM WJIM KBA3UCTATUYECKUMUA MHKPO 1 MAKPOHCTOYHNKAMH, a HE KaK MPOTOMY3bIPb,
00pa30BaBIIMIICS TOCHIE B3pbIBa MpaMaTepuy B (popMe KBapKOB, JIEITOHOB | T. 1.

18 B CAII npocrpaHcTBo He cunTaeTcs MaTepHeii, a OITOMy JOMYCKAETCs, 4TO OHO CIIOCOGHO PACHIMPATHCA CO CKOPOCTHIO, BO
MHOTO pa3 IPEBOCXOAIIEH CKOPOCTh CBETa.

19 B HosGpe 1940 r. GbLI0 3aK/TI0YEHO COMIALICHUE, H3BECTHOE KaK «MIOHXEHCKHIA PA3TOBOP O PENMIHI», MK Ly IPEICTABUTE MU
KJIACCUYECKOM (PUBMKH ¥ TIPEJICTABUTENSIMU TEOpeTHIECKOr (pu3KKu. ITepBbie TOMKHBI ObUIH MIPU3HATH MATEMATHUYECKUE PE3YIbTAThI
TEOPETHYECKOH (PU3MKU U NPEKPATHUTD MOJUTHYECKUE HAIAJKH HA HUX.

20370 GbLIO MACHMEHHO 3aKpeIUIEHO B TPEThEM ITyHKTE MaKTa «MIOHXEHCKHI Pa3roBOp O PENIUTUN».
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1.1 ®Pusnveckue MoJasi CTAIHOHAPHBIX HCTOYHNKOB

CornacHo CAIl ¢pu3nueckoe moje — 310 ofHa U3 GOpM MATEPUM, XapaKTepu3ylolas Bce
TOYKH MPOCTPAHCTBA U BPEMEHH, M TO3TOMY OOnajaias OeCKOHEUHbIM YUCIIOM CTETleHel CBO-
601p1. OUEBUIIHO, YTO C TOYKHU 3peHHs (PU3UKHU ITO MOJHBIA a0dCypl, TaK KaK Takoe OrpeesieHue
He oTpaxaer npupoay siiaeHus. Cpeau nosneit B CAII Boinesnsior pyngamenTanbabie. Cpenu pyH-
JaMEeHTAJIbHBIX TOJIel CHavasia ObUTM OIpe/esieHbl JeKTPOMarHUTHOE, TPaBUTAIIMOHHOE, clladoe, 1
cuibHOE — Tone siAepHbix cuil. [locne co3nanusa KM crano oyeBuaHO, YTO U BCsS Ipyras Marepus
TaKkKe J0JKHA OIUCHIBATHCSI KBAHTOBAHHBIMU: OT/EIBbHBIMU (DyHIAMEHTAIbHBIMU WM UX KOJIEK-
THBHBIMH BO30YXJIeHUsAMU. Hampumep, pOTOHBI, COCTaBIEHHBI M3 TPEX KBAPKOB M TJIIDOHHOTO
nonst. OAMHOYHBIME BO30YKICHUSMU (DYyHIAMEHTAIBHBIX TIOJIEH SIBJISIOTCS MX KBAHTBI. JTO 3Jie-
MEHTapHbIE YaCTUIIBI: (POTOHBI, BEKTOPHBIE OOXOHBI, ITTIOOHBI, JIENTOHBI, KBAPKH, U TPABUTOHBL. DTH
TOJIS1 TIPOSIBIISIIOTCS B BUJE B3aMMOJEUCTBUS TeJl, IEPEHOCUMOTO C MPEeSIbHON CKOPOCTBIO CBETA.
ITpu 3TOM Ccurna B3auMOoEeICTBUS ONpeessieTcs pa3InyHbIMU 3apsilaMu:

— MaccoM JiJ1s1 TPaBUTALIMOHHOTO TT0JIS,

— JIEKTPUYUECKUM 3apsIOM AJIs1 JEKTPOMATHUTHOIO U T. 1.

B KM B3aumopneicTBusl 0ObSICHAIOTCA OOMEHOM (KOHKPETHBIMH ISl KaXK/IOTO THIIA TTOJIsST)
KBaHTaMH — (POTOHAMH JIJI5 IEKTPOMArHUTHOTO, 0030HAMU JJIsI CJIa0Or0, TUIMOTETUIECKUMHU TPABH-
TOHAMHU JJIs1 TPAaBUTAIMOHHOTO U T. 1. A B CTaHJapTHOM MOJENU J€MEHTAPHBIX YacTHILl, KakI0u
YacTHIIE COOTBETCTBYET AHTUYACTHULIA, T. €. IPOTOHY C MOJIOKUTEIBHONU MAaCCOU — QHTUITPOTOH C OTPH-
1aTeIbHOM Maccou (KOTopasi JOJKHA OTTAJIKUBATLCS OT 3eMJIH), Macca 9acTull 00pa3yercsi ¢ IoMO-
B0 0030HOB XUITCA.

[Nepeuncnennsie 6azoBbie onpenenenuss CAIl yxe naBHO mepectany ObITh HEOOXOIUMBIMU B
00bsICHEHUH OOJIBIIIOTO KOJIMYECTBA BHOBb OTKPHITHIX sSIBJICHUI B IpHpojie, a B ocodenHocTr LENR —
XOJIOHOTO $SIIEPHOTO CUHTE3a TSIKENBIX JIEMEHTOB B MUKpoMupe U dpdekTa [JxannOekoBa — KBaH-
TOBOTO IIPOSIBJIEHUS B MaKpOMUPE.

C no3uiuii JaHHOTO PeaJbHOr0 NPeCTaBIeHISI0OANHOYHBIMH BO30YKICHUSMU SIBIISIOTCS
NOTEeHIHAJBbI-3EPHA, T. €. 0ECCTPYKTYpHBIE KBaHTBI>' aMOP(HOTro MpocTpaHCTBA. A MEXaHU3M B3a-
MMOJICVICTBUSI MEX/Y Pa3HOMMEHHbIMU MOJISIPHBIMM HUCTOYHUKAMM (YCJIOBHO IUTIOC U MHUHYC ISl
KaXJ0ro U3 TPEX U3BECTHBIX MOJIei) 0OYCIIOBIIEH MOMIOIIEHUEM WM OTTAJIKMUBAHUEM MOTOKA TaKUX
3€épeH. [IpurskeHne — 3T0 MOIJIOIeHHe MOTOKOB NOTEHI[AJ0B OTPHUIATEJbHBIMI HCTOYHH-
KaMH, a OTTAJIKUBAHUE OIHOIOMSIPHBIX (002 MCTOYHMKA UMEIOT MOJIOXKUTEIbHBINA 3HAK ) UCTOYHUKOB
— 3TO OTPA’KeHHENMOTOKA 3¢peH (HyJIeBOe U IIAaBHOE CBOMCTBO 3E€pEH), JEUCTBYIOIIMX B JAHHOU
TOYKE CyMMAapHBIX IOJIEN OIHOTO THUIIA, YBEJIMUYMBAIOIIMX UM YMEHBIIAIOIIMX CHIIYy 3TUX B3aUMO-
aevictBuid. [I71s1 ICTOYHMKOB??, KOTOpbIe (POPMUPYIOT BXOAsIUE (PU3MUECKHE MO (3HAK MUHYC),
T. €. TI0JIsl, KOTOpbIe HEU3JIyYaloT MOTOKU 3E€PEH, a TOJNBKO MOIJIONIAI0T UX, CBOCTBEHHO 00'beIH-
HeHHe?> (3TO mepBoe CBOMCTBO) OTAEIBHBIX MUKPOUYACTHI] MACCHl B OMHOMMEHHO 3apsiKEHHbIE KJla-
CTEPBl B CUJIbBHOM BHEIIIHEM LIEHTPAJIBHOM I0JI€ ITPOTHBOIIOI0KHOIO MCTOYHMKA, HO C BECbMa Clla-
ObIMU KOHCTAQHTAMH, THIIA IPABUTAIMOHHON TMOCTOSIHHOW. DTO, Mpeke BCEro, CIpaBeIMBO s
TOJIeH TATOTEeHUsI, TOTOMY UTO leHTpasibHble ucxopsiume nojs ssaep YCT 3BE3 1 rutaHeT co3/1a0Tcs

21 KanThi aMOp(HOIO IIPOCTPAHCTBA — 9TO GECCTPYKTYPHBIE 3EPHA-IIOTEHIMAIBI OIHOTO U3 TPEX (PyHIAMEHTANBHBIX 1 PEATHHO
CYLIECTBYIOIIUX HEBHXPEBBIX MOJIEH, MPaBUTAIIMOHHIO, MAarHUTHOTO U 3MeKTpudeckoro. KBaHThl BUXPEBBIX MoJed THMA (POTOHOB U
3JIEKTPOHOB CTPYKTYPHBI 1 COJIEPXAT B CBOEM 00bEME CTOUHNKHM JIBUKEHHSI — MATHUTHBIE M IPABUTALIMIOHHBIE MOHOIIOJH.

2 CranuoHapHbBle UCTOYHUKHY, CO3/AIOIINe UCXOMSINME M BXOASIINE BHEIIHUE MOJsi 0OJAJaloT PasiMdIHON cTpyKTypoil. Tax,
HanpuMep, sApo (Iwmoc) 3eMIIl OKPYKeHO MaHTHeH ¥ KOpoi (MUHYC), a KOpa COCTOMT M3 MAacCOBBIX B LIEJIOM /IeKTPOHENTPAIBHBIX
MHKpOYaCTUIl. ATOMHOE SO (TUTIOC TEKTPUIECKHUiT) BOTOPOAA CIOXKHEE 0 CTPYKTYpe IEeKTPOHa (MUHYC). DIEKTPOHBI, UMEIOIINe
BXOJSIIIHE MEKTPUUECKIe BHEITHUE MOJIs, CIIOCOOHBI OOBEANHATCS B KYIIEPOBCKHE TTaphl U CO3/[aBaTh MOJIEKYJIBI, TAKKe U aTOMBI C
Maccoi 0ObeUHSIOTCS B OTPOMHbIE KJIACTEPH MAHTUH, KOPHI, BOBI OKEAaHOB 1 aTMocepy.

= Sddexr Kasumupa.
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MPOTSKEHHOW C(PepUUECKOi MaTepueil ¢ ONpeJesIEHHON CTPYKTYPOM TUIIa HEUTPOHHOM U C COOTBET-
CTBYIOILIEH TUIOTHOCTBIO. A BXOZASAIIME IM0JIs1 KJIACTEPOB aTOMHO-MOJIEKYJISIPHOM MacChl, UMEIOIINX
IUIOTHOCTh Ha JECATh-NATHAALATD AECATUYHBIX OPSIIKOB MEHbIIE, (POPMUPYIOTCS] CyMMUPOBAaHUEM
BCeX BHEIIIHUX I10JIe}, B TOM YHCJIE U AaTOMHBIXSIIEP — B 3TOM UX I[TIABHOE OTJIMYME OT LIEHTPaJIbHBIX
TOJIeH TATOTEHUSI, KOTOPOe M pOXJaeT yKa3aHHOe CBOMCTBO — o0 beauHenne. Anpa YCT orranku-
BaIOTCS APYT OT Apyra A0 MpeaesIbHbIX IPaHUILL 1aIbHOAEHCTBUS UX BHEIIHUX nosiell. [Toatomy B none
MOIITHOTO LEHTPAJIbHOTO UCTOYHMKA C UCXOASAIIMM MOTOKOM 3€pEH, Takhe KJAacTepbl NPUTATUBA-
I0TCSI K HeMy Oe3 OTTaJIKMBaHMS Ipyr OT jApyra. [Jjisi HeHTpaIbHOro TpaBUTAIIMIOHHOIO MO siipa
3eMJu 1 3BE3]] YCTAaHABIUBAETCS MOJIOKUTEJbHAsA (YCIOBHO ILIIOC MOHOMOJb) MOJSIPHOCTh, KOTO-
pasi u3JIyyaeT 3TU MOTEeHIMAIBI U (hpopMHUpYeT Ucxosimee BekropHoe nosne?t. Kilacrepam naccus-
HOTO sIIEPHOTO U aTOMHO-MOJIEKYJISIPHOTO BEIECTBA, TAKMX KaK MaHTHUsI M KOpa TUIAHET WM ra3000-
pa3sHoe BELIECTBO 3BE3J1, OKPYXKAIOLIEe s1pO-LIEHTP ITOro MoJisl, IPUCBAMBAETCS OTPHIATeJbHAsI
MOJISIPHOCTh — TOJIBKO MOIVIOIIEHMe IOTOKA 3€PEH-TIOTEHUMAJIOB U (POPMUPOBAHUE BXOASIIET0
BEKTOPHOTO MOJIA.

Torga BTOPbIM CBOMCTBOM MOTEHIMAJIOB-3EPEH — 3TO KBAHTOBOE MOCTPOEHUE (MHIYKIIMS)
JUHAMIYECKH TIOJBIKHOU CTPYKTYPBI MOJIEH ¢ TaKOM 4acTOTOM, 4TO Ha (hOHE COOBITUIA MTPOHUCXO-
JAIIMX CO CKOPOCTBIO CBETA ITO MOJIE KAKETCS IOCTOSIHHBIM, T. €. 4YaCTOTa U3JTyYeHHUsl 3€pEH HAMHOTO
JECATUYHBIX TOPSIKOB MPEBOCXOAUT IIAHKOBCKYIO YacTOTY. TOJIBKO B TAKOM IOJIE MOXKET POKIAThCS
WCTOYHMK JIEKTPOMAarHUTHOTO ABMK€HHSI U1 N3MEHEHHUs — IEPEMEHHBII MarHUTHbBI MOHOIIOJb.

dusnueckuil MeXaHu3M IPOU3BOACTBA, 3apsAAKU, KBAaHTOBaHUS U paclipelesieHus B Ipo-
CTPaHCTBE 3€PEH-NOTEHUMAJIOB C NOMOUIbI0 CTAIMOHAPHBIX KCTOYHMKOB OTJIMYAETCS B KOPHE
OT aHAJOTMYHOTO MEXaHW3Ma IOCPEJCTBOM BHXPEBBIX HCTOUHMKOB (BUXPOHOB), YTO CJIEAyET
U3-32 CWJIBHOTO pa3jMyMsl B paJuycax JaJbHOIEHCTBUS IEKTPOMAIHUTHBIX M TPABUTALIMOHHBIX
none. Hanpumep, paauyc nercTBusi ontTuyeckux hOTOHOB B TpOCTpaHCTBe BeeneHHol cocraBsier

28 o o
6onee 10°° cm, a paauyc AeHCTBUS I'paBUTAIMOHHOTO Mojs 3eman 1 ConHevyHoW cuctembl — 1.5

x 10" emu6x 10" CM, COOTBETCTBEHHO.

[NoTeHrmansl CTalMOHAPHBIX UCTOYHUKOB 00Pa3yloT TUHAMHYECKH CTAOWIIBHOE TOJie BOKPYT
HEro, KOTOpoe PacipoCTPaHsIeTCs] CO CKOPOCTBIO BO MHOTO pa3 Oosiee cBeToBOM. [1OTHOCTH 3THX
MOTEHIIMAJIOB MAaKCUMAaJIbHA HAa €IMHIYHON 3aMKHYTOUW MOBEPXHOCTU CTAIIMOHAPHOTO MCTOYHHKA U
C YBEJIMYEHUEM PACCTOSTHUS OT HETro TOJBKO yObIBaeT. [IpoqykToM MX MpOM3BOACTBA SBJISIOTCS pa3-
JIMYHBIE TIPOCTPAHCTBA, B KOTOPBHIX BO3MOKEH MIEPEHOC SHEPIHHU C 3aPSIIOM MACCHI, C SJIEKTPUISCKUM
WA MarHUTHBIM 3apsiioM. Hanpuwmep, kocMudeckre pocTpaHcTBa BeesleHHOM, ameKTpocTaTuye-
CKHE NUJIN MAIrHUTOCTAaTUYCCKUE I10JIA.

HOTCHHI/IEUIBI BI/IXpeBbIX I/ICTO‘IHI/IKOB25 yCTaHOBJICHI)I KOJIJICKTUBHO B ITOKOAIIIUECA BOJTHOBOIbI
Y TIPOSIBJISIIOT CBOMCTBO OTHOCHUTEJILHO CTAIIIOHAPHOTO TMOJIOKEHHSI B TIPOCTPAHCTBE C OMOPOid Ha COO-
CTBECHHOE MArHuTHOEC WNJIN FpaBI/ITaHI/IOHHOC HpOTeKTOpHOe T1oJ1e. 3JIGKTp0MaFHI/ITHbIC T10JI1-BOJIHBI
PacCIpoOCTPAHSIOTCS CO CKOPOCTBIO CBETA. A TIOTHOCTh MOTEHIIMAIOB Ha BOJTHOBO/IAX MMEET IePHO-
IMYECKUI XapakTep ¢ HanOOJbIIIEH TUIOTHOCTBIO B Y3/1aX M HAUMEHBIIIEH B ITyYHOCTSIX BOJIHBI. Bo-
HOBOJIBI 3 TAKUX TOTEHIIMAJIOB CIIOCOOHBI MEPEHOCUTh SHEPTUI0 MaTepuu B Pa3IM4YHBIX (popmax,
Harpumep, B popMax 3JeKTPUUECKUX UM TPABUTALIMOHHBIX 3apsAA0B. Y BBICOKOYACTOTHBIX IEKTPO-
MArmMTHBIX HOHCI;'I nMeeTCd BO3MOXKXHOCTb HpI/I OHpCIICJIéHHbIX yCJIOBI/IHX HpOI/I3BOIII/ITb KBE]HTOBI)Iﬁ
riepexof] B KOPITCKYJIbI-MUKPOYACTHUIIB C TIPE0OPa30BAHUEM UX SHEPTHU MaTepry JBHKEHHS B €€
SHEPruio MOKOSI.

24
Bce IKCIIEPUMEHTATIBHO Ha6IIIO£[aeMI)I€ CTallMOHAPHBIE UCTOYHUKU XAPAKTEPU3YIOTCA 100 BXOOAIIVMUA CUJIOBBIMU JIMHUAMU
noJd, 100 UCXOAAINMHU, MMO3TOMY 9T UCTOYHUKH U Ha3BaJIM YCIIOBHO OTPULIATEJIbHBIMU U IOJIOKUTEIbHBIMU T10 3HAKY COOTBET-
CTBCHHO.
% DT0 MeXaHMUYECKUE 1 IJIEKTPOMATrHUTHBIE BUXPOHBI.
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DneKTpuuecKre 3€pHa-NOTEeHINANbI BUXPEBbIX NCTOYHUKOB CO3JAI0TCS HEMPEPHIBHO Tepe-
3apsUKAIOLIMMUCS MarHUTHBIMH MOHOTOJISIMA BHXPOHOB — OfHA ceprueckasi Criupaib MarHuT-
HBIX TIOTEHIMAIOB-3€PEH TOT0 MOHOMOJIA2® co31aET Ha cheporog0OHOM BOHOBOJE (POTOHA OTHO
3€pHO-MOTEHIIMAJ HA €0 KPYrOBOM MOBEPXHOCTHOI CIIMPAH, CTAIIMOHAPHO YCTAHOBJIEHHON B MPO-
cTpaHcTBe. B 3TOM mpoliecce NPUHUMAIOT yYacThe JBa BUXPEBBIX MOJS — 3TO pa3psika MarHUT-
HOTO MOHOTIOJISI ¥ TIPOTUBOJCUCTBYIOIINAI 3TOMY TTPOIIECCY JEKTPUUECKUN MOHOIIONL CBOOOIHOTO
BUXPOHA. B 3aMKHYTBIX WM CBSI3AHHBIXBUXPOHAX B MUKPOMATEPHH YKe TIPHHUMAET y4acTue
I'PaBUTAITMOHHOE TIOJIE COOTBETCTBYIOIIEr0>’ MOHOIONS, 3/1€Ch HEprus B (hopMe MOCTYNaTeIbHOTO
ABWXEHUS] CBOOOJHOr0 BUXPOHA NMPeoOpa30BaHO B MACCy — SHEPrHio Marepun B (hopme mokost. [To
(opme reoMeTpuyYecKoro ynoxeHus 3€peH-MOTeHINAIOB, BPEMEHHU KU3HU U JPYTUX CBOWCTB, OHU
TaK)Ke OTIIMYAIOTCS U MPECTaBICHbI B BUIE BOJIHOBOAOB (DOTOHOB, JIEKTPOHA, 00O0IOUEK MPOTOHA,
aTOMHBIX siJIep W JIeMEHTapHBIX YacTul]. OTHOCUTEILHOE MOCTOSTHCTBO B3AMMHOTO PACIIONOKEHUS
3€peH JIEKTPONOTEHIINAIIOB STHX YaCTHIl OXPAHSIOTCS IIPOTEKTOPHBIM MArHUTHBIM TIOJIEM.

B makpomarepun Bpalaomyecss CUCTEMbl MacC CBOMUM MEXaHMYECKUM MOMEHTOM WHEPLUH
MHIYKTUPYIOT MEXaHUYECKNE BUXPOHBI, KECTKO CBSI3aHHBIE C C IIEHTPOM MaccC, B KOTOPBIX IMYJIbCH-
pyIoIre BeJTMYMHON 1 3HAKOM I'PaBUTAIIIOHHBIE MOHOTIONH (HOCHTETN MHAYKTUPOBAHHOM SHEPIUN),
Pa3psiKasch U cOo3/1aBasi BOJHOBOJ U3 IPABUTALIMOHHBIX MTOTEHIMAIOB, KBAHTYET U 33/1aET BOJTHOBOE
repeMelleHre BCel cucTeMbl, Kak B apdekte xannOekoBa. ITO MOATBEPK/IAIOT U SKCIIEPUMEHTA-
TOPBI?®, KOTOpPBIE TABHO MOJMETHIIN «CTPAHHOE» MOBEJICHE TMPOCKOIIOB Ha Becax: OBICTPO BpaIaio-
IIAIACS] TUPOCKOM BECHT HEMHOTO MEHbIIIE, YeM HEOIBIKHBIN.

[NoTeHrmansl CTAHOHAPHBIX MOJOKHUTEJbHBIX MCTOUHMKOB OOpa30BaHbl KBAHTOBAHHOW
3apsiIkod (TpeThbe CBOWCTBO — KBAHTOBaHWE?’ W 3apsaKa KBAaHTOM 3apsijla MCTOUHHMKA) MOTEHIH-
aJla UICTOYHUKA TMPUJIETAIOIIETO SAMHUYHOTO CJIOS eIIE He3apsKEHHOTO OKPYXKAIOIIero 3TOT UCTOY-
HUK TPOCTPAHCTBA, B TOM UYHC/IE 1 HEBEIeCTBEHHOI0, C MOC/IENYIONMM OTTAIKMBaHIEM- H3JIy4e-
HHeM (MHAYKI[Hell — 4eTBEpPToe CBOICTBO) C(hepUUECKOro CJI0si OTHOMMEHHO 3apsKEHHbIX 3€PEH
CO CKOpPOCTHIO*® BO MHOTO®! MUJTMOHOB pa3 IMPEBHIIIAIIEH CKOPOCTh3? cBeTa. Anpo 3EpeH, cod-
CTBEHHO 3apsiJl — 3T0 KBAHTaAMOP(HOro npocTpaHcTBa (MATOE CBOICTBO). Pexxum cmeHsl 3apsi-
KEHHBIX CJIOEB HOCUT MEPUOIUYECKUIN XapaKTep C YacTOTOM (IIecToe CBOICTBO 3€pEH — Helpe-
PpbIBHAs IEpHOAMYECKAst UHAYKIIMS TAKMX KBAHTOB) IMPEBBIIIAIOIIEH COOTBETCTBYIOIIUE IJTAHKOBCKHUE

suavenns (2 x 10%¢1). Sror MIPOLIECC HOCUT HeNPePBbIBHBIN XapakTep Ha BCE BpeMsl AKU3HHU 3TOTO
CTallMOHAPHOTO UCTOYHUKA, (DOPMUPYS AUHAMUYECKH 0OBbEMHOE My IbCUPYIOLLEe M BHOBb OOHOBJISIE-
Moe riosie. B mporecce 06pazoBaHust 3THX 3¢peH — KBAHTOBAHWH MTOTEHIMAJIOB CTAIMOHAPHBIX UCTOY-
HUKOB, yYacCTBYIOT KOHTAKTUPYIOLIME CIIOU JIBYX pa3HbIX MPOCTPAHCTB, UMEIOIIMX Pa3HbIE 3apsibl.
BHOBB 00pa3zoBaHHbIe 3EpHA, 3apsAMBIIUCH OTHOMMEHHO U pa3MeIlEHHbIe Ha KBAHTOBAaHHOM cepu-
YECKOM MOBEPXHOCTH, NOIBMXKHBI M OTTAJIIKUBAIOTCS OT CBOETO HEMOABUKHOIO UCTOYHUKA.
KBaHTOBaHME 1 MHIYKLIUS TPOU3BOIAT OECKOHEYHO OOJBILOE, HO (PUKCUPOBAHHOE U KOHEYHOE
KOJIMYECTBO 3E€PEH-NIOTEHLMAIIOB B €JVHHULLy BPEMEHH (IIOTOKA) Yepe3 3aMKHYTYIO C(PEpUUECKYIO
MOBEPXHOCTb, TAKUM 00pa30M, YTO Ha JIOOOM CKOJIb YTOJHO YAAJIEHHOM OT UCTOUYHMKA PACCTOSTHUM B
3aMKHYTOM c(pepruecKOM eIMHUYHOM CJIO€ C TOJIMHON 3epHa HaXOIUTCS MEPBUYHBINA UHAYKTUPO-
BaHHBIN 3apA] (3TO ceAbMO€e CBOMCTBO) B TOUHOCTH PABHBIM 3apsi/ly UICTOUHUKA, T. €. B TPOCTPAHCTBE

26 MarHuTHBII MOHOIIOJb — 3TO UCTOYHUK ABUKEHUSA U UBMEHEHMS, a SHEPIUA 3aKJTIOYEHHAS B (bopMe Mar"HuTHOIO 3apdana ABU-
KEHUS, NOPOKIAACT emié CrH Yy 9JIEMEHTAPHBIX YaCTHII, ClI)aBOBI)Ie 00BEMBI KOTOPBIX OH CO3[[aéT 1 B KOTOPBIX OH «KUBET».

%7 OHaKo TPABUTALIMOHHOE T10JIE SIEMEHTAPHBIX YACTHIL OTIHYACTCS OT MAKPOTIONs 3eMIIH.
B ek [xaHnGexoBa.

2
0 KsantoBanue u 3apAlKa NpUJICralomero oA HEBEUECTBEHHOI'O IPOCTPAHCTBA MPOMUCXOAUT B IPOUECCE 3apAAKU 3€pHaA 10
BCJIMYWHBI, paBHOﬁ COOTBeTCTByIOIlIeﬁ J0JI1 HOBerHOCTHOﬁ TJIOTHOCTH 3apAna CaMOro MICTOYHUKaA.

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

32 Dddext Canbsika, 1a3epHble THPOCKOIB, paboTa KOTOPhIX OCHOBaHa Ha 3dpekte CaHbsIKa.
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C yIaJIeHHeM pa3MbIBACTCSI «KOHTPACTHOCTh» MEPBUYHOTO oOpa3a. DTO peasu3yercs CIeAyoIuM
oOpa3zoM. KoHKpeTHOe MepBUYHOE KOJIMYeCTBO 3EPEH, MJIOTHO CO CMEKHBIM KOHTAKTOM PacloJio-
JKEHHBIX Ha TIEPBUYHON 3aMKHYTOH MOBEPXHOCTH UCTOYHUKA, MTOCIIE UHAYKIIMU U C OOJIBIION CKOPO-
CTBIO YAAJIEHU S OT UCTOYHUKA LIEHTPAJIbHO 110 PaJlycaM PAaBHOMEPHO PaCpeIeNsIeTCsl B CAEAYIOIEM

€IMHUYHOM CJIOE Ha ITOBEPXHOCTHU C(hePBl YBEIMYMUBAIOLIETOCA paanyca R ruoniaaspo 47R% ¢ YMEHb-
[1aloIIeiics TOBEPXHOCTHOM IJIOTHOCTBIO MOTEHIMAIOB. TakuM 00pa3oM, C pOCTOM paccTosiHUs R
YMEHBIIAETCS CPeIHAA MOBEPXHOCTHAS IIJIOTHOCTD 3aPSKEHHBIX 3€PEH-TIOTEHIIMAIIOB, Pa3MELIEHHBIX
B cdeprueckoM ciioe — moje ocnadmnserca. OTcioaa U ciiefyeT 3aBUCUMOCTh MHTETPAIbHOW CHITBI
B3aMMOJICHCTBU S, yOBIBAIOIIEH C KBAIPAaTOM PACCTOSIHUS R — peann3yloTcsl I3BECTHBIC U3 MPAKTUKU
3akoHbI. [IpOHMITAeMOCTb STHX 3epeH pa3nuyHa il pa3HbIX UCTOUYHUKOB (BOCHMOE CBOWCTBO) M
IIPAKTUYECKU U3BECTHA, KaK JJI BaKyyMa, TaK M IS KOHIEHCUPOBaHHBIX BemecTB. CaMou BBICO-
KOW MIPOHHMLIAEMOCTBIO 00JIa/IAl0T 3€pHA TPABUTALIMOHHBIX IIEHTPAIBHBIX MOJIE — aKTHBHBIX U3ITy-
varomux aaep YCT (kBa3apoB U myJIbCapoB), a MPOHULIAEMOCTb 3€PEH-TIOTEHUAJIOB TTOJIOKUATEIb-
HBIX 3JIEKTPOCTATUYECKUX MOJIEV MOKHO CBOAUTH K HYJIIO C IOMOLIBIO METAJNIMYECKUX 3a3€MJIEHHBIX
9KPAaHOB, TEM CaMbIM CO3[1aBaThb IKPAHHMPOBAHME-T€Hb BHEIIHETrO MOJIA JEKTPUYECKU 3aPAKEH-
HOT'O CTallMOHAPHOTO UCTOYHMKA. TeHb IpaBUTALIMOHHBIX MOJIEH TaKke MOXKHO HAOMOAaTh, HO IS
9TOr0 HEOOXOIMMO HAJEeMUTh (PU3HYECKHM CMBICJIOM IOHATHS>* HHEPTHOI, IACCUBHOM 1 AKTUB-
HOWM Macchl.

Bce uznoxkeHHblE 37€Ch KBAaHTOBBIE SIBJIEHUSA B MAaKpPOMMPE YKa3bIBAlOT HA TO, YTO ITPOLIECC
HHAYKIMH (PUBAYECKUX TOJIEN CTAMOHAPHBIX UCTOYHUKOB — 3TO KBAHTOBBIM NIEPEHOC CAMOM CJ1a-
60i1 hopMbl MaTEpPUH, MOTEHIUATOB-3EPEH CO CKOPOCTBIO, KOTOPAsi MHOTO OOJIbIIIE CKOPOCTH CBETA,
YaCcTOTOM MHOTO OOJIbIlIE MJITAHKOBCKOM, HO TOpa3/io KOpoye MO pajinycy AajbHOIEHCTBUS CBETA.

CrpyKTypa MpOKBaHTOBAHHOTO 3€pHa 00pa3oBaHa U3 s/ipa U 000JIOUKH — 3TO 1eBATOE CBOM-
CTBO. fpo-noTeHnnant, cOOCTBEHHO, M MPEACTaBIsAeT COOOM COOTBETCTBYIOIIYIO OO BETMYMHBI
NIEPBUYHOIO NMOBEPXHOCTHOrO MOTEHIIMAIa 3apsAa UCTOYHMKA, a 000JI04Ka (hOopMHpyeTCs U3 HeBe-
IIeCTBEHHOI'0 IPOCTPAaHCTBA WM INOTEHIMAa 3apsjia MPOCTPAHCTBA, OKPYXKAIOLIETO B JaHHbIN
MOMEHT MCTOYHMK. Toraa CTpyKTypy IOJs, OKPYXKAIOIIEro TaKOW MCTOYHUMK, MOXKHO IPEICTABUThH
B BUJE YepelyIOUIUXCS, MyJbCUPYIOIIMX M HENPEPhIBHO OOHOBJISIEMBIX C COOTBETCTBYIOLIEN CKOPO-
CTBIO C(hEPUYECKUX CIIOEB, C YOBIBAIOIEH BEIMYMHON YCPEJHEHHBIX 110 MOBEPXHOCTH MOTEHLIMAIIOB
— 9KBUIIOTEHIMAJIbHBIX [TOBEPXHOCTEN, OTIAEAEHHBIX APYT OT Apyra CJIOSMHU HEBEIIECTBEHHOIO WM
APYroro OKpy»aloliero UICTOUHMK npocrpaHcTBa. I[IpoctpaHcTBO, 00pa3oBaHHOE 10 TAKOMY MeXa-
HHU3MY C TIOMOIIBIO 3€PEH-TIOTEHINAIOB, TIPOSIBIISIET B OOMBIINX MaKPOOObEMAX BCE M3BECTHbIC MHTE-
rpaJIbHbIE CBOMCTBA (J€CATO€ CBOMCTBO) TPEXMEPHOIO IIJIOCKOI'O MPOCTPaHCTBA — TOJBKO B TPEX-
MEpHOM TPOCTPAHCTBE I'PABUTAIIMOHHBIE CHJIBI MOTYT OBITh OOPAaTHO MPOIOPIMOHABHBI KBaApaTy
paccrosiHuil Mexay Tenamu. B XX Beke I1. Dpendect u [Ix. Yutpoy nokasau, 4to eciu Obl YUCIO
M3MEpEeHHH MPOCTPAHCTBA ObLIO OOJIbIIIE TPEX, TO CYIIECTBOBAHUE TUIAHETAPHBIX CHCTEM OBbLIO ObI
HEBO3MOXHBIM. TOJIBKO B TPEXMEPHOM MHpPE MOT'YT CYLIECTBOBAaTh YCTOWUYMBBHIE OPOUTHI IIAHET B
IUIAHETHBIX CUCTEMAX.

33 3akonsi HploToHa, Kynona u gpyrue.

34 Mocne OTKpBITHUS 3aKkoHa HBIOTOHA B OTKPBITOH JIMTEpaType HEOAHOKPATHO BBOJWJIMCH MaTeMaTUKAMK 9TU U JIpyTrUe TOHATHS
Macchl, 6e3 orpeeneHusi KOHKPETHOrO (PU3MYECKOro CMbICIa, B ToM uncie A. DiHiTeitHoM, I'. Bonam, P. JI. ®opeaprom.
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1.2 MukponpocTpancTBa® — moJist

B snekTpocrarndeckom mojsie SKCepuMEHTAIbHO YCTAHOBJIEHO HAJIMUKMe 3aKOHOMEPHOTO pac-
MIpe/iesieH s TIOJIOKUTENIbHBIX SKBUIIOTEHIMATBHBIX TTOBEPXHOCTEH (T. €. TIOJIOKUTENBHBIX IEKTPH-
YEeCKHUX MOTEHIMAIOB), YOBIBAOIIUX IO BEJIMUMHE C YBEJIMUEHUEM PACCTOSIHUS OT TOYEYHOT'O IOJI0-
KUTEJIbHOTO 3apsiia, U OTPULIATENIBHBIX BOKPYT 3apsia C OOpaTHBIM 3HAKOM, a TaKKe HaJMYue
(brBMYECKUX CUITOBBIX JIMHUM OIS, TIEPIIeHAUKY/ISIPHBIX STUM MOBepXHOCTSIM. Ecii B mpocTpaHcTBe
YCTaHOBJIEHBI [IBa® TOUEUHBIX 3apsia C POTUBOIOIOKHBIMY 3HaKaMu (cur. 2.1, cripaBa), TO MEXIY
HUMH CYIIECTBYIOT JIEKTPUUECKU HEUTpasibHAs 00IACTb, T. €. TNIOCKOCTD C HYJIEBBIM JIEKTPUYECKUM
noteHImanoM. Kapruna pacnpeneneHusi HOTEHIMAIOB MEK/1y ABYX MPOTHUBOIOIOKHBIX JIEKTpHUe-
CKHX 3apsiJIOB TOJTHOCTBIO MICHTHYHA PACIIPEICICHUI0 CTAIIMOHAPHO-TIOKOSIIMXCS MEKTPOIOTEHIH-
aJI0B Ha BOJTHOBOJIE (DOTOHA MEXTy y3JIaMH BOJIHBI — (pur.2.2, XOTs (pU3UUECKre MEXaHU3MbI POXK/IE-
HUS TAKUX TTOTEHITNAJIOB pa3nyHbl. [Ipy 9TOM HEOOX0IMMO OTMETHUTH ( OAMHHAALATOE CBOICTBO ),
npsamMoirg@eKT — ABa peasibHbIX MPOTUBOIOIOKHBIX CTAIIMOHAPHO MOKOSANIMXCA 3apsAa B Mpo-
CTPAHCTBE CO3JAIOT C MOMOUIBI0 BUPTYAIbHBIX ABHKYIIMXCSI TIOTEHIIMAIOB JIEKTPOCTaTHUECKOEe
Tojie, XapakTepu3ylolieecs peaJbHbIMU SKBUITOTSHIIMATBHBIMU TOBepXHOCTsMU. O OpaTHBIII (p-
(peKT — 1Ba BUPTYaJIbHBIX MPOTHBOMOIOXHBIX MEKTPUUECKUX 3apsia CO3/IAI0T peabHble MOKOSI-
M eCsl TOTEHIIMAITBI JIEKTPOCTATHYECKOTO MOJIsL. DT MOTEHIIUAIIBI UHAYKTUPYIOTCS] BOKPYT 3apsiIoB
U B IyCTOTE BaKyyMa. DTO BHEIIHEE COBOKYITHOE CBOMCTBO Maphbl MCTOUHHMK-TIPOCTPAHCTBO: KBaH-
TOBaTh COOTBETCTBYIOIIME MOTEHIMAIBI-3EPHA (SKBUITOTEHIMAIbHbIE TIOBEPXHOCTH) HAa IPUCYTCTBUE
OTHOCUTEJIBHO CTAIIMOHAPHOTO UCTOYHMKA U HEMPEPHIBHO ANHAMUYECKHU-TIEPUOIMYECKH TIOBTOPSTD
ero 0ObEMHO-TIOBEPXHOCTHYIO 3aMKHYTYIO (hOpMY MOTEHIMATIOB BOKPYT 3apsija — M3BECTHO KaK J1eK-
TpOCTaTHUecKast MHAYKIM. A 0OpaTHOE BO3JEHCTBHE OIS OTEHIIMAJIOB Ha MPOTSIKEHHYIO U CTPYK-
TYPUPOBAHHYIO MUKPOUYACTHILY C 00pa30BaHUEM JAUTIONSI, HATIPUMEP, aTOM I MOJIEKYITy, U3BECTHO
KaK TMOJISIpU3aIys.

CpenHue 3/IeKTpUUYECKU ¥ TPAaBUTAIIMOHHBIN 3apsi/ibl POTOHA?, iIep U aTOMOB XMMUYECKUX
3JIeMEHTOB (POPMHUPYIOT CBOM BHELIHHE CTAIMOHAPHBIE TOJISI TIO BBIIIE M3JIOKEHHOMY MEXaHU3MY
cpaszy e IocJie TOro, Kak X BHEITHHE BOJTHOBO/BI CTAJI 3AMKHYTHIMH — KOPITYCKYJISIPHOCTb. DJIeK-
TPUYECKHUE TIONSI MEKTPOHOB M JIPYTHX OTPULIATESIBHBIX 3aps/IOB, COIIACHO BXOASIIUM CHJIOBBIM
JIMHUSIM TIOJISI, CO3JAI0T TOJIS TIOTJIOIIEHUsT STUX 3€PEH-TMOTEHIMANOB. [Ipr 3TOM MO pa3IMYHbIX
MOHOIOJIENl OT OJHOTO MCTOYHHUKA KECTKO CBSI3aHBI APYT C JAPYTOM TOJBKO uYepe3 OOIIMI HEeHTp
VHAYKIUI® 1 Ha ieprdepruy He BIMSIOT IPYT Ha APYyra — MPUHIIUI CYNEPIo3Uy. MUKpPOTIONs OT
3JIEeMEHTAPHBIX YACTHUI] OUYEHb CHJIBHO OTIIMYAIOTCS OT COOTBETCTBYIOIIMX MOJIE MaKPOUCTOYHUKOB,
pazzesneHre Mekay KOTOphIMU OOYCIIOBJICHO TIAHKOBCKOM MaccOi. ITO 0OYCIOBJICHO CBOWCTBAMU
COOTBETCTBYIOIIMX MCTOUYHHMKOB. B3auMmopeicTBust Kak npu (hOpMHUPOBAHUM MHUKPOYACTHII, TaK U
MesX1y COOOI, B OCHOBHOM, OOYCJIOBJIEHbI S/IEKTPOMATrHUTHOW TIPUPOHOH.

Hcrounuk 3apsiia JBHZKEHHSI — CAMOIBHKYIIMIACS CBOOOJHBIN MarHuUTHBIA 3apsj, T. €.
HOCHTEJb MHAYKTUPOBAHHOM SHEPIUU C TIOTHBIM KBAaHTOBBIM MPE0Opa30oBaHUEM, BCET/Ia TPOU3BOIUT
JIEKTPOMArHUTHBIE KBAHTHI CO CIIMHOM PaBHBIM €JHUIIE WU LIeJIoN nocTosiHHOM [TnaHka.

35 . o
MUK pOIPOCTPaHCTBA IEMEHTAPHBIX YaCTHIl OyIyT JIeTaTbHO PACCMOTPEHBI B CIIEyIONIeH IiaBe 2 3TOH KHUTH.
3 o
® Ecim paccvaTpuBarh oMH U3 TAKMX 3apAI0B 4epe3 3epKaJIo, TO BTOPOi 3apsi/l 3a 3ePKaioM Oy/eT IPOTHBOTIONOKHBIM, 4 4epe3

IUIOCKOCTb 3epKaia OyeT NPOXOIUTh SKBUIMOTEHIMAIbHASI TOBEPXHOCTD C HYJIEBBIM NOTEHLIMAJIOM.

37 Teopema Taycca st SIEKTPOIMHAMUKH.

38 LIeHTpOM MHIYKLIMHU JIEKTPUYECKOrO 3apsjia JEKTPOHA SABJIAETCH 3aMKHYTBIN BOJIHOBOJL 3€pEH JIEKTPOIOTEHIUAIOB, OXPa-
HSIEMBII TIPOTEKTOPHBIM MarHUTHBIM ToJIeM. LIeHTpOM MHIYKIMK ero Macchl (IPaBUTALIMOHHOTO MOHOIIONS) SIBJISIETCS] BUPTYaJIbHBII
LIEHTP, BOKPYT KOTOPOTO MYJIbCUPYET, Bpallasich NEpeMEHHbIH M0 BEJIMYMHE, MUHIMAJIbHO BOBMOKHBIA MArHUTHBIN MOHOIIOJb.

20



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

VcrouHuk 3J1eKTpHuYecKoro 3apsja fep U JIEMEHTAPHbIX YAaCTHIl — BHEIIHUI BOJHOBOJ
(o6om0ouKa) ¢ 3EpHAMU-TIOTEHIMATAMH, Pa3MEIEHHBIMU Ha COOTBETCTBYIOIIMX MOMYC(heprUIecKIX
crnmpaisax pazHoro auamerpa. OH 0Opa3oBaH CaMOABMKEHUEM 3aMKHYTOI'0 MAarHUTHOTO 3apsija.

Ncrounuk 3apsiaa Mmaccesl (OTpULaTesIbHOE BHELIHEE I10J1€) 9TUX YaCTULl MHAYKTUPOBAaH BOJ-
HOBOJIOM U3 TPaBINOTEHIIMAJIOB, YCTAHOBJIIEHHBIX CTAIMOHAPHO BHYTPH (pa30BOro oObEMa 3aMKHY-
TOM YacTUILIBI IIPU paspsake cepbl BEKTOPHOTO I'paBUTALIMOHHOTO MoHonons. [locnennuil poxa-
eTCsI-3apsIKACTCS yTEM YCKOPEHHOI'O IIEHTPOCTPEMUTEIBHOTO JBMKEHMSI MATHUTHOTO MOHOIIONS B
LEHTP Ha MOBEPXHOCTH NOIycepbl BOIHOBOAA U3 IEKTPOINOTEHIIMATIOB 3TOM YaCTULIBl CO CIIMHOM
1/2, rae v MpOUCXOAUT STOT KBAHTOBBIN BBIXO/.

Mex 1y UCTOYHUKOM 3apsija JBHKEHHsI CBOOOIHOTO BUXPOHA C ONpeNeSEHHON SHepruei u
CaMBIMH JIETKUMH MUK POYACTHIIAMH, 0OJIAIAI0IIMMHE 3aPsIJOM MacChl, CyIIeCTBYeT KBAHTOBBIH Iiepe-
XOJI SHEPTUM MAarHUTHOTO 3apsija B SHEPIUIO TPABUTAIIMOHHOIO 3apsjaa. Tak mpoucxoaut npeodpa-
30BaHME-3aMeHa CBOOOIHOTO MTOCTYNATEIbHOTO CAMOJBHKEHHSI MArHUTHOTO MOHOMOJSA ((poToH Oe3
MAacchl) B €70 3aMKHYTO€ BpalllaTeIbHO-TIOCTYNATEIbHOE JBIKEHHE C 00pa3oBaHueM (ha30BOro 00b-
€Ma 13 IEKTPO U IPABUTAIIMOHHBIX MOTEHIIUAJIOB KAaKOK-TTMOO0 JIEMEHTAPHON YaCTHUIIbI C MACCOM.

MarnurtHoro 3apsiia ¢ HOCTOSIHHBIM 3apsiJOM HE CYILLIECTBYET, a CYIIECTBYET JIUIIb IEPEMEHHbIE
10 3apsIy BUXPOHBI CBOOOIHOTO M 3aMKHYTOTO ABHKEHUSI.
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1.3 MakponpocTpaHCTBA-10JI

Kracteps! U3 pa3imuHbIX peryssipHO MOBTOPSIOIIMXCS aTOMOB MJIA MOJIEKYII, 00Opa3yloT OJHO
13 YeThIPeX arperaTHbhIX COCTOSIHUM BellleCTBA MACCUBHOM 1 MHEPTHOM MacChl — TBEpIOe, KHUIKOE,
ra3000pa3HOe WIM COCTOSIHUE TIIa3Mbl, 2 HOBOE arperaTtHoe coctosiuue marepun — YCT?3? cozpaior
aKTHBHOE COCTOSIHUE [IEHTPAJIBHBIX OJIel TATOTeHUs. BHeIHUe mpocTpaHCcTBa, HAJl TAKUMHU KJla-
crepamu 1 YCT HazoBeM MaKpONPOCTPAHCTBAMU-NOJSMH T10 CPABHEHHIO C dJIEMEHTapHBIMU
MHKPONPOCTPAHCTBAMU-NIOJISIMH HAJl SIPAaMH, aTOMAMH U JIEKTPOHAMH C UX MYJIbTUIIONSIMU.
['paBuTAIIMOHHBIE B3AaMMOJEHCTBIS MEXIy KJIacTepaMy HAUMHAIOT MTPEBAIMPOBATH HAJ| JIEKTpOMar-
HUTHBIMH TIPU Macce OoJiee TMIaHKOBCKOM.

K TakuMm mpocTpaHCTBaM OTHOCATCS BHYTPEHHHE W BHENIHHE TIOJsS KJIacTepOB BEIlecTBa,
actepou1oB*, MaHeT, 3BE3/1 M FaJIakTHK, a TaK)Ke KBa3apoB U MyJIbCAPOB.

OTaenpbHBIN KJIaCC MaKpONpocTpaHCTB-Toselt oopasyot sapa YCT, kotopele eme He Tpou3-
BEJIM Ha CBOEH MOBEPXHOCTU COOCTBEHHOIO JOCTATOYHOrO KOJMYECTBA MACCHBHOM MAacChl MUK-
podacTuil 1Jis 00pa30BaHMsl TaKUX KJIACTEPOB OOBIYHOTO BelllecTBa. B 3TOT mepron ux 3BOMIOLUM
OHM aKTHBHO 3aXBaThIBAIOT U TMOIVIONIAIOT BHEIIHEE BEIIECTBO, B TOM YHCIIE, aTOMHO-MOJIEKYJISIPHOE
BEIIIECTBO, HAPAaOOTAaHHOE HA TIOBEPXHOCTHU YK€ CBETSIIUXCS 3BE3] WM Ta30KUIKUX TUIAHET, T. €.
00pa3yIoT CBSI3aHHBIE APl MyJIbcap-3Be3/1a WK MyJIbcap-TUIaHeTa. JTO MOJIsl, KOTOPbIE CO3Jal0T KBa-
3apbl U MYJIbCAPHL.

HenpepsiBHBIT MTpoIiecc KBAHTOBAHUSI-3aPSAAKY U MHAYKIIUU-OTTAIKUBAHUS 3epeH OT 3aMKHY-
TOH MOBEPXHOCTU TaKUX KJIACTEPOB MOJSIPH3YET OKPYKaloIlee BEIECTBEHHOE MPOCTPAHCTBO, Tpe-
BpaIIlaeT ero B COOTBETCTBYIOIIEE MYJIbCUPYIOIEe, HEMPEPHIBHO OOHOBIIsSIEMOE TIOJIE U CO3AET MHA-
MHUYECKH PACTIPEAEIEHHYIO ITIOTHOCTh COOTBETCTBYIOIIMX MTOTEHIIMAJIOB MOJISI — SKBUIMOTEHIIMATbHBIC
MOBEPXHOCTH.

CymMapHble BHYTPEHHHE 0151 TAKUX KJIaCTepOB OMPEAessIioT ero (pu3nyeckue CBOMCTBA 1
00YyCJIOBJIEHBI IJIOTHOCTBIO*! pacrpeieieHus TOTeHINAJIOB.

IlepBuuHOe rpaBUTAlMOHHOE MAaKPONPOCTPAHCTBO-MOJIe B paciupsionieiics Beenen-
HOW CO3J1a€TCsl BOKPYT NEepBUYHBIX Y€pHBIX cpepuyeckux e (UCT-kBazapel, YCT-mynbcapbl, no3u-
1us 214%), kotopele BeMaaaioT u3 arMocdepst Haiei BeenenHoit. 9t YCT MoryT ObITh 00pa30BaHbI
TOJIBKO B HEBEIIIECTBEHHOM IIPOCTPAHCTBE MyTEM MTPeoOpa30BaHMs JUIMHbI TIOCTYIATEIBHOTO JABUXKeE-
HUS-TIyTH TpeKa (pOTOHA BO BpallaTeJbHOE IBMKEHUE POKAAIoIIerocs ceporga-Kiyoka rnepemMeH-
HOro 1 Hapacrtaioniero paauyca. Kak tTonsko YCT «ynano» B BeleCTBEHHO€ MPOCTPAHCTBO HaIllen
Bcenennoii B hopme Bpamamomerocsi chepruueckoro Kiyoka, Hauascsl ero pacraa® u oopa3zoBa-
JIMCh TIepeMEHHbIE T'PAaBUTAITMOHHOE, SJIEKTPUUYECKOE Y MATHUTHOE OIS — CBA3aHHBIA MEXaHUYECKHUit
Y JIEKTPOMArHUTHBI THIIEPBUXPOH C €ro nossMu. Bo BpeMst ero mputshkeHus K HeHTpy (CKorie-
Hus ['anakTuk) Onvokaiiineir HanOoJbIIel CKOMUBITICHCS MACCHBHOM aTOMHO-MOJIEKY/ISIPHOU MacCHhI,
aktusHas macca YCT u, cooTBETCTBEHHO, 00BEM Hanbosee 3(PPEKTUBHOTO €ro rPaBUTALMOHHOTO
TOJIsI BCE BpeMsl YBEJIMUMBAETCS 110 BEJIMYHMHE MPH MOCTOSTHHOM BHEIIHEM AuameTpe. DT0 00yCIIoB-

39 Ipoctpanctea u monsg YCT OyayT neTanbHO paccMOTpEHHI B paszene 3.8.

40 B Hacrosee BpeMs B CIIIA npousBejeHa Bbicajika Ha acTepoua. AHAIM3UPYIOTCS pe3y/IbTaThl, [IOITyYeHHbIE [IPU MOcaKe Ha
acrepou] Becra B yc/lIOBUSIX IPAKTHUUECKU HYJIEBOM I'PaBUTALIUM.

1 Cavm o ceGe aromsl 1 siIpa aTOMOB — 3TO OTHOCHUTEJIBHO ITyCThIe NMPOCTPAHCTBA MO CPABHEHMIO C pa3MepaMH MarHUTHBIX
MOHOIIOJNEH, X 00BEMBI TEOMETPUYECKH «HALYThl» U3 COOTBETCTBYIOIIMX 3EPEH NEKTPONOTEHLIUAIIOB.

42 IMepsas cneBa ¥ BBepXy MMO3UINS PUCYHKA Ha 3aJHEN CTOPOHE OOJIOKKHU KHHTH.

 Ymeercs B BUJLY UTO, B CHJTy TPaBUTAILIMOHHOTO CaTHsl BOJHOBOJA B LIGHTPE, IPOUCXOIUT 00paTHasl reHepalisi BAXPOHOB U3
MOTEHLIUAJIOB-3EPEH BOJHOBOJA U UX ABMKEHHE CO CKOPOCTBIO CBETA MO UCKPUBJIEHHOMY BOJIHOBOAY K BHelHel nosepxnoctu YCT,
KOTOpBbIE BBUIETAT U3 HETO JIMILb TOJbKO 4yepe3 14-30 Muiiuapaos JeT.
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JIEHO OUeHb GOBLION JUTMHOI BONHOBOIOB, Goriee 1078 cm, uro COOTBETCTBYET BPEMEHU KU3HU JIBU-
XKYIIMXCS B BOJTHOBOJIAX U3 LIEHTPA K OBEPXHOCTH EKTPOMarHUTHBIX KBAHTOB 10 14 MuIMapios
net u 6onee. [Ipor3BOACTBO HENTPOHOB MJIM U3JTyUSHHUE [UTMHHOBOIHOBBIX KBAaHTOB Ha TIOBEPXHOCTH
YCT nporcxomuT TOIBKO MO UCTEUSHUH ITOTO neproaa BpemeHn. OHaKo, py 3TOM, HAanOOJIbIIas
YacTh aKTMBHOM Macchl 10 80 % MHIYKTHUpPYyeTCs] COOCTBEHHBIMH KBAHTAMU TIPH JBHKEHUH 110 BOJI-
HOBOJIaM Ha MOBEPXHOCTD chep, pacrlosiokeHHBIX Omke K eHTpy. [Toatomy Gonbinue mo pazmepam
YCT, nonas B HEKOTOPOE KPYIHOE IAPOBOE CKOIUIEHUE 3BE3[] MPUMEPHO OJVHAKOBOM BETWYMHBI,
CTaHOBATCA ApoM cnupaabHol ['anakTuku. Crivpanu 3BE3/ M ra30IbUIEBbIX TYMAHHOCTEN B TAKUX
lanakTKax, cXonsIumecs pyKaBaMH K LEHTPY, 1 00pa30BaHbl BCE BPeMsl yBEIMYMBAIOIIEHCS Mac-
coil u cunoit nona Takoid YCT, B omMuMe OT KPYroBbIX M JUIMIITHUECKMX OPOUT IJIAHET BOKPYT
3BE3[, fA/1pa KOTOPHIX YK€ JABHO HAXOAATCA B CTaJUM MPOM3BOICTBA HEUTPOHOB M JOJITOE BpPEMs
MMEIOT ITPAKTAYECKU MTOCTOSHHYIO WIM YMEHbIIAIYycsa Maccy. IMeHHO ¢ atuM a¢pdekToMm CcBS-
3aHO 95 % (popmUpOBaHUE MOJIEN TEMHOM MAacChl M SHEPTUU BO BHEITHUX U MPOMEXKYTOUHBIX CIIOSIX
BcenenHoil. B caMbIx BHEITHUX CJIOSIX ITPOMCXOAUT HAKOIUIEHUE U B3AaMMHOE OTTAJIKMBAaHKE APYT OT
apyra YCT (xBa3zapsl U myJabcapbl), IMEIOLIIMX OJWHAKOBBIE 3HAKM T'PABUTALIMOHHBIX MOJIEH, YTO U
MOATBEPKAAETCS UX pactipeseneHreM (¢ Z 6onee 7-10, kpacHoe cMerieHre (POTOHOB) B 3TOM YacTh
Bcenennoi.

Ipors:kénnocts moJeil. [IpakTuyeckn ycTaHOBIEHO, 4TO HamOosee 3(QeKTUBHOE Mone
AKTHBHOTI'O TATOTEHUA 3€MJIM PACIIPOCTPAHSAETCS JO MOJIyTOpa MUJUIMOHOB KMJIOMETPOB. YCTaHOB-
JIEHO ¥ TO, YTO MOJIsI COOCTBEHHOTO MACCUBHOTO TATOTEHUS aCTEPOMIOB OTIMYAIOTCS 110 TPOTSIKEH-
HOCTH M Ka4E€CTBOM IPUTSKEHUS OT LEHTPAJIBHBIX MOJIEN aKTUBHBIX I1aHeT U CoJHLA, T. €. Mpak-
THUUYECKH NPUTSKEHUE K aCTepOUAaM TaKMX aTOMHO-MOJIEKYJISIPHBIX KJIACTEPOB, KAKUMHU SIBJIAIOTCS
CIlyCKaeMble armaparsl, onpegenserca cwiamu 3¢gekra Kazumupa B none Connua. Iloka orcyt-
cTByeT KanuopoBka cootBercTBUs pasMepoB UCT pasmepy 3¢pheKTUBHOrO JajbHOAEHCTBUS LIEH-
TpasibHOrO nosist. He u3mMepeHs! sKcepyuMeHTaIbHO U CKOPOCTH PACIPOCTPAHEHHU s IPAaBUTALIMOHHBIX,
MEKTPUUYECKUX U MAarHUTHBIX osier. Ho yxe n3Mepensl 3 peKTUBHbIE MPexeJibl 1aIbHOAEHUCTBUS
CTAalOHAPHBIX UCTOYHUKOB U (POTOHOB — OHU Pa3HbIE. JTO JOKA3bIBAET Pa3IMYHbI MEXaHH3M
1, COOTBETCTBEHHO, CKOPOCTb PaclipOCTPaHEHU S STUX MOJIEH.

ITpoTskE€HHOCTh pacnpOCTpaHEeHUs] AKTHBHBIX IPABUTAIIMOHHBIX MOJIEH 3aBUCUT OT pa3Me-
poB UCT u cpaBHMMa, B MHUHMMYMe, C BUIMMBIMU pa3MepaMHy [ anakTuk, IUIaHET CO CIIyTHUKaMHU
Y 3BE3JHBIX CUCTEM, COIEPXKAIIMX HEKOTOPOE KOJIMYECTBO IUIAHET, TUIAa COJHEYHOM CUCTEMBI WIN
cucteMsl Tia”eT IOmurepa nim CarypHa.

Takum 00pa3om, mapa HMCTOYHUK-IPOCTPAHCTBO MHIYKTUPYET 3€pHa-MOTEHLUANbI, a Ipo-
CTPAHCTBO, IIPU 3TOM, SIBJISIETCS MX MPOBOIHUKOM, U BMECTE OHM 00pa3yloT BelleCTBEHHOE IPo-
crpaHcTBO. Ecmu Obl MCTOYHMKM 3apsiia Wi ABHKEHHS HE WHIYKTHPOBAJIM Obl HENpPEpbIBHO
U3MEHsIIoIIeecs: COOCTBEHHOE TI0JIe, TO BOKPYT TaKMX MCTOYHUKOB HE MPOUCXOAMIIO OBl ABMKEHUS
acTpor3nIecKrX 0OBEKTOB, He ObUIO Obl [‘AJTAKTHK M 3BE3/THBIX CUCTEM, COfIEPKAIIMX TIAHETHI ¥ X
CITyTHUKH, HE ObLJIO Obl CEBEPHOTO CUSIHUS U MOJIHMMA, JIMHEHHBIX U IIAPOBBIX, CHHUX CTPYH, CHpaii-
TOB ¥ 71b(POB, He ObUIO Obl CTAOWIIBHBIX ep XMMUYECKHX IEMEHTOB U JIEKTPOHOB, HE ObLIIO Obl
aTOMHO-MOJIEKYJISIPHOT'O BEIlleCcTBa U T. .

I'paBuTanust — s1a camas ciabass gopma mosist Matepur. B Gonpmmx MakpooObEMax Hap
VCTOYHUKAMH €€ MOJIs MPOSBIISIOT BCE U3BECTHBIE CBOMCTBA TPEXMEPHOTO IJIOCKOTO MPOCTPAHCTBA.

I'paBUTaIIHOHHBIE AHOMAJIMH.

N3mepenus cTaoHapHBIX IT'PaBUTAMOHHBIX aHOMaIUi (I'A) —3To OTIM4uMsA OT cpesiHeit Beu-
YHMHBI YCKOPEHUs cBOOOAHOTO NajeHus. OHAKO, KaK MOKa3bIBAET MPAKTUYECKHUI OIBIT, CYILECTBYET
Y UMITYJIbCHBIN OTPULIATEIbHbIA BEIOPOC IPABUTALIMOHHBIX MOJIEH B HEOOJIBIIMX IO MPOTKEHHOCTH
00J1acTsX Ha MMOBEPXHOCTH 3eMIIH.

Takue n3mMepeHus, npoBoAuBLIMecs ele B 50-X rogax npoIioro Beka, Mokas3aiu, 4To BOIU3U
OOJIBIINX IOP OTCYTCTBYIOT MOJIOKUTENbHBIE ['A, a B OKeaHax, Iriie ci1e10Bajio Obl OKUIATh KPYITHBIX
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orpuriarebHbix ['A (Beab MIOTHOCTH BOMBI, 3ATOMHSIONIEH BIaJHBI OKEaHOB, B 2,5-3 pa3a HIke
TUIOTHOCTU TOPHBIX TIOPO/I, 3aJIeTalOIMX Ha TAKOM K€ YPOBHE Ha MaTepUKax) HUYEro MogoOHOro He
HaOJI0aeTCsl.

B Hacrosiimee Bpemsi oyyeHsl MHOTOYHCIICHHBIE M YTOUHSIIOIIMECST KApThl I'PAaBUTALIMOHHBIX
nosieit 3emiin, Ha KOTOPOM Kak Ha PEHTTEHOBCKOM CHUMKE BUJIHBI T€HH, pesbedbl rop U3 00bIY-
HOT0 BEIIECTBA U PA3JIOMbI (ITyCTOTHI) B MAHTUH M KOpe 3eMJIH NP ITPOCBEYMBAHUY UX IIEHTPAITb-
HBIM TIOJIEM aKTHBHOTO siapa 3emuu. HambGonbive oTpuratesbHble CTAllMOHAPHBIE I'PAaBUTAIIMOH-
Hble aHOMaJIMM OOHapyXeHsl B MIHAuMicKoM okeaHe 1 Ha Boctounom nodepesxbe Kananpl. Hapsiny ¢
TAKVMH CTAIIMOHAPHBIMU aHOMAJIMSIMU UMEETCs1 OECUMCIIeHHOE MHOKECTBO MEPUOIMIECKUX KOPOT-
KHX BBIOPOCOB M ME/JIEHHO MEHSIIOLIMXCSl aHOMAIMI*, CBUIETEIIbCTBYIOIIMX O HEMPEPHIBHOM Iiepe-
pacnpeneneHur U (pa3oBbIX MPEBPAILICHUSX MACC TIPU MX IBMKEHUH OT MaHTHU K KOpe. AHAJIOrnY-
HbIe TEHU OTPHULIATEIbHBIX AHOMAJIMH OT IPABUTALIMOHHOTO OIS 3eMI OOHApYKeHbI M Ha 0OpaTHOM
cTopoHe JIyHBI.

VICTOYHUKY TpaBUTAIIMOHHOTO TOJIsI OBIBAIOT CIIELYIOIINE:

— nenrpaibHbie, YCT U3 MIOTHOTO SIIEPHOTO BELIECTBa, TUTA HEUTPOHA, 3TO KBA3aphl U IyJIb-
capbl, ICTOYHUKY AKTHBHOI'0 IEHTPAJIbHOI'0 MOJIsI TATOTEHUsI €O 3HAKOM TIOJIS ILTIOC — 47T U3ITy-
YEHHE 3EPEH-TIOTEHIIAATIOB,

— paccestHHBIE B (pOpMe KJIACTEPOB siIEpHO-aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA, 00pa3yIoIye
HHEPTHO-NACCUBHYIO MacCy U3 aTOMOB CO 3HAKOM MUHYC, BCTPEUAIOIIECs B BU/E ra30BbIX TyMaH-
HOCTEH, acTepONI0B, KOMET, METeOPUTOB U JIyHBI — MOIJIOMEHNe TOTOKOB MOTEHIIMAJIOB,

— HapabotaHHble pacniagoM cooctBeHHoro YCT, kopa M MaHTHS, «KHUIKOE» SIIPO TITAHETHI
00pa3yoT MaCCHUBHYI0 MacCy, HaXOASAIIYIOCS B TIOJie elIé aKTUBHOTO siApa TUIAHEThl U MMEIOIIUX
COOCTBEHHOE T10JIe CO 3HAKOM MHHYC — MOIJIOIIEHUE MOTOKA MOTEHIIMAJIOB,

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

[Nonst, COOTBETCTBYIOIIME STUM MAKPOUCTOUHUKAM — 3TO PA3IMYHBIE OIS TATOTEHHS C pas-
HBIMHU*® 10 W3JTyYaIOIIeH U MOTJIOMIAIOIIEH CIIOCOOHOCTH MOTEHIUAIAMH.

Camblil OCTpPBI BONPOC COBPEMEHHOCTH — CYIIECTBYIOT JIM AHTUTPABUTAIMOHHbIE
noJs?

C noszurmii CAII Takue mosst J0JKHA co3/laBaTh aHTUMatepusi. OHAKO MOMCKU TaKOBOW BO
Bcell BeenleHHOU He MpUBENU K MOMIOKUTETbHOMY pe3yJibTaTy. Takylo MaTepuio, Kak U MarHUTHBINA
MOHOMNOJb J[lMpaka, TOKe UIIYT ykKe MHOTO JEeCSTUJICTHUI.

C mosunuii peajJbLHOro0 MpeJCTaBJIeHNsI, KaKk ¥ B CJIydae C MArHUTHBIM MOHOIIOJIEM, HEOO-
XOIMMO TIPOCTO YTOUHUTh MCKOMBI€ CBOKCTBA 3TUX MNojie. [ paBuTalinonHsie nosisi acrpodpusuye-
CKUX 00OBEKTOB — MHOTOKOMITOHEHTHBI. OTHa N3 OCHOBHBIX KOMITOHEHT — IICHTPaJIbHA U UMEET TI0JIO-
JKUTEJIbHBIN 3apsafl, UCTOUHUK KoToport YCT, u copmupoBaHa IBUKEHUEM BHYTPH HETO OTLEHTPA
KBAHTOB I10 BOJIHOBO/IaM C IIEHTPOCTPEMUTENILHBIM YCKOPEHUEM TI0 OKPYKHOCTSIM YBEJIMYUBAIOIIE-

rocd pagnyca K NoBEpXHOCTU paAnyCOM O 1OSCM. ITons maccuBHOM MaccChl AACPHO-AaTOMHO-MOJIC-
KYJISAPHOIO BEIIECTBA CO3AAI0TCA O6paTHLIM JIBUXEHUEM MAI'HUTHBIX MOHOIIOJIEN K LICHTPY CO Cpel-

HUM pa3MepoM JI0 10"%cm. B Hatueit BeenenHoii e BCTpeYaeTCss MaKposiiep KOCMHUYECKUX OOBEKTOB
Jaxe ¢ pa3MepoM OoJiee OJHOTO CAHTHMETPa, B KOTOPBIX TaKOE BpaliaTeIbHOe IBUKEHNE YacTHIl*® B

4 Asomamiu B Canra-Kpy3, Kanugopuus u Ha 6epery o3epa Canantuna, BOnu3u ropoaa Yapata, ApreHTrHa, rie KeJaiomme
TYPHCTBI UCTIBITHIBAIOT Ha ceOe JeHCTBIE NEPHOIMYECKO (pa3 B HEJe/0) 1 MTHOBEHHO BO3HHUKIIEH HEBECOMOCTH — MOAOPAChIBAET HA
BBICOTY /IO TPEX METPOB KBEPXY.

45 JlyHa, KaKk MCTOYHHK TOJBKO MHEPTHOH MAacChl, JAET «TeHb» LEHTPAIBHOMY TPAaBUTALIMOHHOMY ITOJTI0 3eMITH Ha €€ HEeBUIMIMOIT
CTOpOHE, ¥ Jaxe OOJIBIINe acTepOU/Ibl He CTPEMSTCS K B3aMMHOMY IPHUTSIKEHHIO 0 3aKOHY HbloTOHa B M3BECTHOM Mosice, a paBHO-
MEPHO pacrpe/ieIeHb! Ha HEM.

;! MHUKPOMUPE TaKOe ABUKEHHE peau3yeTcs Py 3apsAAKe BTOPMYHOIO MarHUTHOTO MOHOIIONS B BUXPOHE (pOTOHA, TP ABU-
’KEHUM MarHUTHOTO MOHONOJIS1 B MUKPOBUXPOHE JIeKTPOHA U T. A.
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HUX HarpapJieHO KIeHTPY. OJHAKO B OTIINYKE OT IPUPOJIbl TEXHHYECKOE BOILIOIIEHUE TAKOTO 3ep-
KaJbHOT0 JBHKEHHS BO3ZMOXHO — 3TO SIBJIEHUE HA3bIBACTCS IICHTPAJILHOW WJIA aKCHAJTbHO-CTPYH-
HOW uMILIo3uei. Tak, HanmpuMep, peannu3alvs TaKOro JBMKEHUs B «pemnyiibcuHe» B. llaydeprepa,
B anmaparax ®. Cura, [I. Cepna u B kouBeprepe B. Ponuna, C. ['onvHa, OqHO3HAYHO yKa3bIBaeT
Ha BO3MOXXHOCTh TEXHHYECKONH MHAYKIHN COOCTBEHHOTO T'PaBUTAIIMIOHHOTO MOHOIIOJSI CO 3HAave-
HUEM BEJIMYMHBI COM3MEPUMOI C BPALIAIOIIENCS MAacCOW CUCTEMBbl, HAMIPABJIEHUEM BEKTOpa KOTO-
POro MOXXHO YIIPaBJISITh MYTEM BpallleHUsI MArHUTHOTO KJIacTepa M0 YaCOBOUM WJIM MPOTUB YacOBOM
CTpesiKH. B mprpose ke CylecTBYOT JIMIIb UHIYKTHPOBAHHBIE TPABUTAIIIOHHBIE 3apsiabl 000X 3HA-
KOB. [IpyrumMu cJioBamMH, eCTh peaibHast BO3MOKHOCTD PellieHuUsI STOU 33Ja4M C IIOMOIIIBI0 TeXHUYe-
CKHXCPEJCTB U Ha OCHOBE JICHICTBYIOIMX 3aKOHOB B MPHpOJIe Haiel BeeneHHO.
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1.4 I'mnepnpocrpancTtBo Beenennon

l'unepcrpykTypa rnpocrpancTBa BeesleHHOM HOCUT 0O BbEMHO-CETUAThINA U TYCUCTHIN XapaKTep.
BeckoHeyHO OOBINON, HO KOHEYHBIN M HETPEPHIBHO PACIIVPSIONINIACS «ITy3bIpb» Hallei BeeneHHo,
JaJIEKO HEPaBHOMEPHO 3aCeJieH 3B€3/1aMU, TAJIAKTUKaMU, CKOTIJIEHUSIMU 1 CBEPXCKOIUIEHUSIMU TaJlak-

TUK B CTE€HaX B BUAMMOM €€ YacCTU pa3MEpPOM ~ 10?8 om. UccnenoBanus BpallieHUi COMPATbHBIX
rajlakTUK, a TaKXkKe pacrpelesieHUid CKOPOCTEeH rajlakTUK B CKOIUICHUSIX U CBEPXCKOIJICHUSX TMOKa-
3aJ10, 4TO OOJIBIIIAs] YACTh TIOJTHOM Macchl BeesleHHOM HeBHAMMA 1 0OHAPYKUBAETCSI JIUIIIb 110 TPaBU-
TAlIMOHHOMY BO3J/ICHCTBUIO Ha HaOOaeMble BHIMMbIe OOBEeKThI. [109TOMY OCHOBHASI YacTh TpaBU-
TAlIMOHHOTO MPOCTpaHCTBa (Oosiee 95 %) sABisieTCs] HEBUIMMOW, U, CJISOBATEIBHO, JIOTIOTHUTEIBLHO
He OCBellleHa MoTokaMu (pOTOHOB. M Kak B TIOOOM pacIIMPSIOIIEMCs IIPOCTPAHCTBE Ha IIEPBOE MECTO
M0 €ro CTPYKType BCTAaeT BOIPOC O MECTOPACHOJIOKEHUH LieHTpa Takoi cepbl. TouHOe ycTaHOB-
JeHue 1eHTpa BceneHHOM, a Takke ee aHAJIU3 U U3yUeHHe ee CTPYKTYpPbl MO3BOJIUT JaTh OTBET Ha
BOMPOC O XapaKTepe HaIpaBJIeHHs BOIIOLMU MaTEPUU B MTPOCTPAHCTBE — CUHTE3 WM pacraa?
Ecnu cuutath BUauMyIo Yacth BcenleHHOU Onmkaiineid K IeHTPY, TO HEHTPAIbHBIM SIIPOM
9TOrO «ITy3bIPsi» JOMKHA ObITh 00JIACTb, IJIE MOTHOCTBIO OTCYTCTBYET TEMHAS AKTHBHASI Macca UK
YCT, a ee ueHTp AOKEH OBITh OMpejesieH M0 MOJTHOMY OTCYTCTBHIO IEHTPAJbHBIX T'PaBUTAIM-
OHHBIX (3Be3[l, ['alakTHK) moseir. ITo MOryT OBITh POCCHINU IA30MbUIEBBIX TYMAHHOCTEW COU3MEPHU-
MBIX 110 ACCUBHOM Macce OOJIBbIIMM 3BE3IHBIM CKoIieHHAM. O01acT BHAMMON JyacTu Bceenen-
HOW, TJie peodnaiaeT CTPYKTypa B BHUJE TPYIIT M CKOTUICHUH TaIaKTHK, 0Opa3yIoNIUX BBITSHYTHIC
«HUATW» (CTeHbI) — (PUIAMEHTBI, CO3JAI0T CBA3HYIO TPEXMEPHYIO CETKY IPABUTAIIMIOHHBIX MOJIEN —
13 My3bIpeii ¥ ux cTeHoK. [Ipuuém B LieHTpe Mmy3bipeit (Boia) Haxonsarcs MoiHble sapa YCT kBaza-
POB, KOTOpBIE OTTATKUBAIOTCS IPYT OT APYra OQHOMMEHHBIMHU MOJIOKUTEIBHBIMU MOJISIMU, OJUHAKOBO
MPUTSTHBAsi K ce0e CKOIUICHUsI U CBEPXCKOIUIeHHsI [aJlakTHK ¢ MX HapaOOTAaHHOW OTpUIIaTeTbHOM
MaccOM BEILECTBA B k€ IOCTATOYHOM KOoIMvyecTBe. B Mecrax nepeceuenust (puaIaMeHTOB pacnona-
raloTCsl CBEPXCKOIUIEHUSI FAJIAKTUK, K KOTOPBIM M IIPUTSTUBAIOTCS BHOBb 00pPa30BaHHbIE CaMble KPYII-

upie 6omee 108cm UCT, 00pasys 3Ty STYEUCTO-CETUATYyI0 KPYITHOMACIITAOHYIO CTPYKTYpYy BeeneHHOM.
Mexay ¢puiaMeHTaMH HaxOASTCs MyCThle OONACTH-MIPOCTPAHCTBA, B KOTOPBIX OTCYTCTBYIOT rajiak-
THKH, HO B MX LIEHTPax U pa3MelleHbl 3Th camble KpynHele YCT, koTopble U cO3/1a10T 3TU ITyCTOTHI-
BOfI)lI)I. BI/II[I/IMoe MMPOCTPAHCTBO MEXKAY I'anakTukamMm u 3BE3AHBIMU CKOIUIECHUSAMU — CYTb IIJIOC-
KO€ MPOCTPAHCTBO, PEry/IsSpU30BaHHOE JATbHOACHCTBYIOIUMU I'PABUTAIIMOHHBIMU TOJISIMU aKTHUB-
HBIX MACC, JOJITO)KUBYIIMMU, 1 CAMOABWKYIIMMUCS JICKTPOMArHUTHBIMU IIOJISAMHU, a TAKIKE pa3po3-
HEHHBIMU CKOIIVICHUAMMU I'a30IIbIJIEBBIX O6JIaKOB n TYMaHHOCTeﬁ.

Hawubonee ynanennsie ot ieHTpa BeeneHHOI BHeranakTiueckne 0ObeKThl — KBa3aphl, 001a/1a-
I0IIMe TTPAKTUYECKHM YMCTO TIeHTpabHbIM TosieM Tsarotenuss YCT, nmpuHapexar k 6ojee moBepx-
HOCTHBIM cJiosiM BceesnienHoi. C MOMeHTa OTKpPHITHs KBa3apoB B 1963 romy mporiecc oOHapyKeHUs
HOBBIX KBa3apoB IeJ1 04eHb ObICTpo U K 1988 rogy ux yxe HacuuthiBasioch okono 4000, a ceituac
— yxe 6onee 20 000. HabmoneHus 3a MecTornosioxkeHrneM 0OHAPYKEHHBIX KBAa3apOB SIBIISTIOTCS BaXk-
HBIM MCTOYHMKOM MH(OPMAIMU O pacipeAeeHuy MaTepud aKTHBHOM (OJHONOJSIPHOI) Macchl
BO Bcenennon.

Onpenenenue pacCTOSIHUM JI0 TAIEKUX KOCMUYECKUX 00BbEKTOB (TAJIAKTHK M KBA3apOB) MPOU3-
BOJIUTCS B HACTOSILIEE BPEMS 110 «KPACHOMY» CMELIEHUIO «Z» UX CIIEKTPOB U3JIy4YEeHHUS. «Z» Onpee-
JIACTCA OTHOIECHUEM BEJIMYNHBI «kKPACHOI'0» CMEIICHHU A KaKOﬁ-)IPI6O CH@KTpaJIbHOﬁ JIMHUU B CIICKTPE
Ha0oraeMoro oObeKTa K JUTMHE BOJIHBI 3TN JIMHUU. KBa3aphl — camble 1ajieKue BUAUMBIE OObEKTHI
Bcenennoii. [ToaToMy OHM SIBISIIOTCS TPEBOCXOAHBIM MTPEAMETOM [JIs KICCIEOBAHUS C LSO TIO/-
TBEPXKJEHUS TOW WM MHOU Mozeu BeeneHHOi.

Pacnpeneinenne kBa3apos . VccienoBanus pacripeeneHns KBa3apoB B IpocTpaHcTBe Bee-

JIEHHOM MMPOBOJMJIMCH 110 pa3HbIM NapaMeTpaM, B TOM YHUCJIE U 110 BEJIMYMHE «KPACHOTO» CMELIECHUS.
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HawubOonee nanexkue kBazapsl HaOMOMAOTCS Ha paccTossHud B 30-35 MWIIMApAOB CBETOBBIX JIET, a
camblil Jasiekuii ¢ Z ~ 9 Ha pacctosiHud 46 MWIIMApIOB CBETOBBIX JieT. [IIOTHOCTh KBa3apoB BO3-
pacraet Kk nepudepuu BeceneHHOI.

Pacnpenenenne I'anaktuk. I'pynna ramaktuk ¢opmupyeT (uiaMeHThl (OYeHb TOHKHUE
HUTEBHUJHbIE CTPYKTYPBI) MPOTSIKEHHOCTHIO B «MUJIJTMOHBI CBETOBBIX JIET M COCTaBIIsIET cKeneT Bee-
JIeHHOW». PUIaMEHTHl PacloNOKEHb! IPUMEPHO B 6,7 MUJLJIMAPIOB CBETOBBIX JieT OoT 3emuiu. ['anak-
TUKH, CKOTIJICHU S TAJIAKTUK U MX CBEPXCKOIUICHUSI, «BCTPOESHHBIC» B (DHIIAMEHTHI, ITOMEICHbI MEX Ty
MYCTOTaMH, CO3/1aBasi TEM CAMbIM IMI'AHTCKYIO «IeHY». [‘alaKTHKN M UX CKOIUICHUsI KOHIIEHTPUPY-
I0TCS1 B U30THYTBIX «CTEHKax» TOJIIIMHON nopsiaka 10 MUJIJIMOHOB CBETOBBIX JIET, NIEPECEKAIOIINXCS
apyr ¢ apyroMm. Hekotopble «CTeHKH» MPOCIIEKUBAIOTCS HA COTHU MUJUIMOHOB CBETOBBIX JIET. Tam,
I7Ie CTEHKU «CMBIKAIOTCS», TAJTAKTUK OCOOSHHO MHOTO (CBEPXCKOILICHU S ). DTH 00JIaCTH MOBBIINICHHON
KOHIICHTPAIMH IaJIakKTUK 00pa3yloT B IPOCTPAHCTBE MOJ0OME ATTMHHBIX BOJIOKOH (11erovek ). BHyTpu
sT9eeK, MeKy CTEHKaMH, HAXOISITCS ITyCTOThI — «BOK/IBI», B KOTOPHIX TNIOTHOCTD TAJTAKTUK KaK MAHU-
MYM B J€CATh pa3 MEHbIIIE, YeM B cpeiHeM. HEKOTOphIM aHaJIOroM TaKO# CTPYKTYPbl MOXKET CITyKUThb
NeHA U3 MbUIbHBIX My3bIpeil, B KOTOPOil CTEHKU Iy3blpeil U UrpaioT poiib ¢punamenrtos. [1paBaa,
pacnpereneHue rajlakTUK BIIOJb «CTEHOK» siYeeK, B OTIMYKE OT pacipeiesieHus] MbLIbHOTO pacTBOpa
B ITy3BIPSIX, OYE€Hb HEOIHOPOIHO, ]a U CAMU STYEHKH He 00JIafaioT MpaBUIbHOCTHIO (hopM. Pazmepsr
OOJBIINX STUYEEK COCTABISIOT OOJiee COTEH MUUTMOHOB CBETOBBIX JIET, HO MHOTO M 00Jiee MEJTKHUX.

Bimkailias Kk HaM «CTeHKa» MPOXOOUT UIMHHOM IYroil uepes3 I0:KHble co3Be3qus [uapbl —
IlenraBpa — Teneckona — [Tapnuaa — MHpeiina. O6pasyroliye ee raTlakTHKA UMEIOT JTy4eBble CKOPO-
CTU B HECKOJIBKO TBICSTY KM/C, U OOJIBIIMHCTBO U3 HUX YaJIeHO OT Hac He MeHee yeM Ha 20-30 muit-
JIMOHOB CBETOBBIX JIeT. K 3T0i1 «cTeHKe» npuHaie:xuT U ckoruieHue B Jlese, 1 Bce MectHoe CBepx-
CKOIUIEHHE, Ha nepudepun Kotoporo pacnosaraercss MectHas ['pynna rajakTuk, BKJIOYamoLias B
ceOs Hamry ['anakTuky. [TOCKOIBKY MbI HAXOIUMCS BOJIM3HM Kpasi 3TOM «CTEHKH», COCTABJISIONINE €€
raJlakTUKA 00pa3yloT Ha HeOe CPaBHUTEIBHO Y3KYIO TIOJIOCY, PAacTIHYBIIyocs Oonee yem Ha 1802,
Harogro0ue TOro, Kak 3Be3/1bl [ aJlakTHKY KOHIIEHTpUPYIOTCs B osiocy Muteunoro [Tytu. OTaenbHbIx
3Be3[] B FAJIAKTUKAX BO MHOTO pa3 OOJIbIIIe, YeM OT/IEIbHBIX TATAKTHK B CTEHKaX sSYeeK.

K npyroit iyimHHOM «CTeHKe», MHOTIa Ha3biBaeMoit «Bennkas creHa»*’, KoTopasi pOTsIHYJIach
TI0JIOCOM TIOUTH Ha 1OJT HeOa, PUHAJIIEKUT OoraToe XOpoIlio U3yueHHoe cKoruienre B Bonocax Bepo-
HUKH, Haxofsieecs: Ha paccTosiHuu oyt 300 MIWIJTMOHOB CBETOBBIX JIET OT HAC, B LIEHTPE PYroi
ceepxrajaktuku. CkoruieHre B Bonocax Beponuku — sBiisiercs neHTpoM «Benukoii crensl». Kak u
apyrue OoraTbie CKOIUIEHHUsI, OHO COAEPKUT MHOTO JUIMNTUYECKUX T'aakTHK. 3ydeHne ero quHa-
MUKH BIIEPBbIE YKA3aJI0 Ha HAIMYKE OOJBIIOTO KOJIMYECTBA HEBUMMOW MaTepruu. Macca CKOTUIeHHU ST

— okono 10" mace COJIHIIA.

OnHO U3 KPYITHBIX CBEPXCKOIUICHUH TaJIAKTUK, 0OPa30BaHHOE HECKOJIBKUMH CKOILICHUSIMH,
yAaJIeHHOe OT Hac nmpuMepHO Ha 200 MUJUIMOHOB CBETOBBIX JIET, MOJIYYUJIO Ha3BaHUe «Benukwuii
AtTpakTop». BeeleHHy10 MOKHO CUMTAaTh OJHOPOIHON TOJIBKO, HAYMHAS C MacITada B HECKOJIBKO
COTEH MIJUTMOHOB CBeTOBBIX JieT. Chepa Takoro uim OOJbIIEro pa3mepa OyaeT conepkaTh MPUMEPHO
OIMHAKOBOE KOJIMYECTBO TaJaKTHK, CKOIUIEHMI TaJJAKTUK WA «BOMIOB», a4 Ha OoJiee MEJIKUX Mac-
mradax pacrpe/ie/ieHie rajlakTUK HeJTb3sl CYMTATh OJIHOPOIHBIM JaXe MPUOIM3UTEITHHO.

B co3Be3nuu [leBbl HAXOAUTCS KPYITHOE CKOIJIEHUE TAIAKTUK, B KOTOPOM MPeo0IaaaloT SJIHII-
TUYECKHe 3Be3/Hble cucTeMbl. Cpeay MOCIeTHUX BCTPEYaloTCsl U CBEPXTMTaHTCKUE 0Opa30oBaHUs,
TakWe, Kak rajJlakTuka M87. 16 rajakTUK 3TOro CKOIJIeHWsI BOIUIM B Katajor Mecke. CKoIUleHHE
B /leBe, B KOTOPOM HACUMTHIBAIOT OKOJIO 2,5 THICSY FAJIAKTUK, U SBJISAETCA HEHTPOM OJHOMMEHHOIO
CBEPXCKOIUIEHHS TAIAKTUK. B HEro BXoAsAT Takxke, HapuUMep, CKOIUIEHUsI B cO3Be3usix Bosbioi

47 «Benukas cTena» Haxomutes B 200 MUJUTMOHAX CBETOBBIX JIET M HMEET pa3mep okos10 500 MUJIJIMOHOB CBETOBBIX JIET, & TOJIIMHY
BCEro 15 MUJIJIMOHOB CBETOBBIX JIET.
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Mensenuiipt u ['onunx Ilcos. o ckoruienuit [desbl u Bombinonn MenBeauiisl IpuMEpPHO OIMHAKOBOE
paccrosiHre — okoJio 20 Merarnapcex.

Pazmepsl cBepXCKOIUIEHUH TIOCTUTAIOT COTEH MIWIJITMOHOB CBETOBBIX JIET. Beero ke cBepxckon-
JIEHUH BBISIBJICHO OKOJIO MOJTYCOTHU. B Kaxaoe B cpeyHeM BXOOUT OKOJIO 10 CKOTJIeHU, XOTs ObIBAIOT
Y 3HAYUTEJIbHbIE OTKJIOHEHUS B OOJIBIIYI0 M MEHBIITYIO CTOPOHBI. CBEPXCKOIUICHUS TAJIAKTHK SIBJISI-
I0TCSI CAaMBIMU OOJIBIIIMMU U3 U3BECTHBIX CTPYKTYP, HIEIOCTHOCTh KOTOPBIX 00ECIICUNBAETC S TPABUTA-
uueit. Bo Bceil BunumMoit BeenieHHOI CBEpXCKOIUIeHUsI pacipeesieHbl paBHOMEPHO.

[TpakTruecku Bce CTEHBI COlepKaT B CBOEM IIEHTpe OOratoe CKOIUIEHHE TalaKTHK. B «Omu3-
Kol» BceneHHOW HaxXoauTCsi BCEro TpU Takux cKoryieHusi — B Bosocax Beponuku, Ilepcee u
ACO 3627, koTopoe SKpaHUpyIOT oOJaka el B Miteunom [yTtu.

CpaBHeHue JaHHBIX O rajaktukax ¢ Z=10 u Z=8, T. e. pa3HeCEHHBIX BO BPEMEHHU JPYyT OT
apyra Ha 100-200 MUJJTMOHOB JIET, O3BOJIMJIO YYEHBIM CAEJaTh 3aKJII0OYEHUE O TOM, YTO CKOPOCThb
3BE31000pa3oBaHus BhIpocia B 10 pas.

Mup 3Be3]1 ¥ raJIakKTUK BOOOIIe He cMOT Obl BO3HUKHYTh U BeenieHHast octaiach Obl 6eCCTpyK-
TYPHOM, eclTi Obl TPABUTAIIMOHHOE T10JIe OOBIYHOTO AaTOMHO-MOJICKYJISIPHOTO BeIllecTBa 3BE3/ U TIa-
HET He MPOSIBIISLIO Obl ceOs B BUjie (pHIaMeHT Ha (pOHE aKTUBHBIX IIEHTPAIBHBIX IMOJIeH TATOTEHUS
KBa3apoB, a TaKXkKe CBETSIIENCS MAaCChl BOKPYT sIIep 3BE3/ U IJIAHET.

HenpepsiBHOE paciivpeHre BHENIHEH MOBEPXHOCTH BceseHHON 0OYC/IOBIEHO BHITAICHHEM
UYCT u3 ee «atMocdepbl», T. €. U3 00JIaCTH, IJie KOHYAIOTCS IPAaHUIIbI TPABUTAIIMOHHBIX TOJIel. YBe-
JIMYEHUE BHEITHEe! MOBEPXHOCTH BCceleHHOM MPOMCXOANT 3a CUET pa3iBUTAHUsI TPaHUIL C aMOP(HBIM
CHHTYJISIPHBIM TIPOCTPAHCTBOM, KOTOPOE PETyIsIpU3UPYeTCs TPaBUTAIIMIOHHBIM TT0JIEM BHOBL 00pa30-
BaHHOU YUCT c aKTUBHBIM MOJIOKUTEJbHBIM I10JIEM I'PABUTALIVIH .

Takum 0Opa3oM, rHIepIpoCTPaHCTBO BeeneHHOM MOXKHO NIPE/ICTaBUTh CIIEAYIOIM 00pa3oM:

— Pa3meps! cambIx OOJIBIIMX CTPYKTYP BO BceneHHON — CBEpPXCKOIJIGHUH rajlakTUK *8 U TUraHT-
CKUX «BOMJIOB» — JIOCTUTAIOT JIECATKOB MeranapcekoB. Obnactu Beenennoit pazmepom 100 Mk u
OoJiee BHIITIAIAT BCe OJMHAKOBO, IIPH 3TOM BBIJICIEHHBIX HAIIPaBJIeHUi BO BceeHHOM HeT.

— IIpocTpancTBeHHas KpyBU3HA BceneHHOM eciiv U OT/IMYHA OT HyJIsl, TO OYeHb Maia.

— Ha Gonbimx paccTOSIHUSIX PETUCTPUPYIOTCS TOJNBKO SIPKUE OOBEKThI, 2 CAMBIMHU SIPKUMU
MOCTOSTHHO PAMOM3TyJaoIuMU 00ObeKTaMK BO BceleHHON SIBJISIOTCS KBa3aphl.

B meJsiom Hama BeenleHHast — 310 «Iy3bIph» pa3AyBalomierocsi HeB3pPbIBHLIM 00pa3oM 10
BHEIIIHEW MOBEPXHOCTU BeNeCTBEHHO STY€HCTOr0 IrPaBUTAIIMOHHOTO MPOCTPAHCTBA, 32 CUET yBe-
mauBaorierocs yncia YCT u o6bEma npocTpancTBa BOKPYT HUX. CpaBHUTH TOT MPOIIECC MOKHO
C MPOIIECCOM MEHOOOPa30BaHMS IPU BHEIITHEM B30OMBAHUY MBLTBHOU TICHHI.

Buaumast yacts pasmepom Oosiee 10% em ot LIEHTPA 3aIl0JIHEHA FAJIAKTUKAMU, CKOTIJIEHUSAMU
Y CBEPXCKOIUIEHUSIMU TaJIaKTUK, 0Opa3yoIIuX TPEXMEPHOE SIUEHCTO-CeTYaToe JallbHOACHCTBYIOILEE
I'PaBUTALIMOHHOE MOJIE U IIJIOCKOE ITPOCTPAaHCTBO BeesieHHoi, HepaBHOMEPHO pery/isipu30BaHHOE Ipa-
BUTALIMOHHBIMM, JIEKTPOMAarHUTHBIMU NOJISIMU U Ta30IbUIEBBIMU OOakaMu. B 3Toil yactu npomns-
BOJCTBO IIPOCTPAHCTBA 3aKOHYEHO, 2 MACCA IIOCTOSTHHA.

IIpomerkyTOUHAST YacTh BHEIIHETO c(heprIecKoro rurneprpocTpaHcTBa 0Opa3oBaHa pacraja-
formmmucs YCT Ha pa3HBIX 3Tanax 3BOMONMH C 00pa30BaHUEM CBETSIIMXCS 00JIaKOB *° cOpOIIeHHOM
IUIa3MBbl TIPH B3PbIBAX HOBBIX M CBEPXHOBBIX, UMITYJIbCHBIM U3JIyYEHUEM IyJIbCAPOB, HEUTPOHHBIX
3BE3] U T. JI., @ TAK)KE TOYEYHO HEBHAMMYIO YacTh, pa3MELIEHHYIO B 3TOI IIPOMEKYTOUHOI 1 0Opa-
3ylollel KpyMHOMAcIITaOHYIo U elié yacTUyHO BuAUMOIl yactu Beenennoit. YCT, mynbcapel, KBa-
3apbl, HEUTPOHHBIE 3BE3/IbI, IBETHBIE 1 O€JIble KAPIMKHU, C OJTHON CTOPOHBI, KaK 00J1a/1a01IHe TTIOJIOKHU-
TEJIbHBIM T'PABUTALIMOHHBIM 3apsI/IOM, a TAK)KE OTJEJIbHbIE 3BE3/IbI, FAJIAKTUKY U UX CBEPXCKOIUICHHUS,
C IPYroil CTOPOHBI, KaKk oOnagaomye BJOOABOK ellé M OTPUIATEIbHBIM I'PAaBUTAIIMOHHBIM 3apsi/IoM,

*8 Mspecrno Gosiee 20.

“Tlo Ty KpaGoBHUIHON TYMaHHOCTH, B LIGHTPE KOTOPON HAXOMUTCS MyJIbcap.
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(hopmupyIOT BellleCTBEHHOE MPOCTPAHCTBO Haillell BeeneHHoi B BUje SUEMCTO-TOUEUYHOU I'paBUTA-
LIMOHHOW TEHBI U IEPEMEHHON MaCChl.

HeBuaumasi moBepxHOCTHAsI YacTh MPOCTPAHCTBA BeesleHHOM cyIiecTBeHHO OoJIbIIe 10 00b-
eMy MPEBOCXOIUT MPOMEKYTOUHYI0 U BHYTPEHHIOI BHIHMYIO. DTa 00JaCTh peryisipu3oBaHa
OTHOCHUTEJIbHO PAaBHOMEPHBIM PACHPEAEICHUEM KBa3apoB M IMYyJbCAPOB M ONPEAEAETCS, B OCHOB-
HOM, TOJIKO T'PaBUTAIMOHHBIMU, MAarHUTHBIMU U ekTpudeckumu nosisimu ux YCT, a Takxke ux
HEBUIUMBIMU JIEKTPOMArHUTHBIMU NOJISIMU (DOTOHOB B PEHTITEHOBCKOM U pajinouana3oHax. B atou
yactu BeenenHoi, B cBsi3u ¢ HenpepbslBHBIM NepemertienreM YCT, BeencTBre MOCTOSHHO PacTy-
el Macchl ¥ MaJJIeHUEeM K LIEHTPY ITACCUBHOM MACChl, UX pa3HOM 3BOIOLIMEN, IIPOUCXOAUT POU3BO/I-
CTBO JOMOJIHUTEIBHOTO T'PAaBUTALIMOHHOIO MTPOCTPAHCTBA — pacliupeHre BeeneHHoN U yBennueHue
e€ Macchl. B 11eom 3Ty yacTh mpocTpaHcTBa BeeleHHOM Ooliee HArIsJHO OMUCATh KPUCTATUISCKON
PELIETKOI TBEPAOIO Tesa, Y KOTOPOM B y3J1ax pa3MeEIIEHbl MOJIOKUTENIbHBIE 3apsi/ibl, OKPYKEHHbIE
OTpULIATEJIbHBIMU. TOJBKO y PEIIETKU TBEPAOIO TENA MOJOKUTEIIbHBIE 3apsAbl (JIEKTPUUECKUE) CTa-
OWJIbHBI TI0 3HAUEHHUIO, a Y KBAa3apOB U IMyJILCAPOB 3TOT 3apsi[ (Macca) MepeMEeHHbIH, YTO U IPUBOIUT
K 9BOJIIOLIMHI U ABUXEHUIO BO BeeneHHOM.

Oruoarmasi HOBepXHOCTh I'PAHMI] TPABUTAIIMOHHBIX TOJIeH — TO BHEIIHSS MOBEPXHOCTD
Bcenennoii. Ha 3Toi rpanuiie mpoucxoauT Hanbosiee MHTEHCUBHOE MPOU3BOCTBO JOMOIHUTETBHBIX
IPaBUTALIMOHHBIX MPOCTPaHCTB 3a c4ET HOBBIX UCT, mocrynamomux U3 HeBeleCTBeHHOro Ipo-
cTpaHcTBa. Macca — nepeMeHHa.

3arem crieyeT nepexonHas oonacts — armocdepa Beenennoil. B armocdepe nporcxonut
MIPOM3BOJCTBO TOJBKO TPEKOBBIX BOJHOBOJOB 3JE€KTPOMATrHMUTHBIX IIPOCTPAHCTB (POTOHOB BCETO
YAaCTOTHOIO CHEKTpa.

Okpyskaroriee MpoCTPaHCTBO BOKPYT U CHapyku atmocdepsl BeeneHHol — cyth amopdgHoe
CUHTYJISIPHOE TIPOCTPAHCTBO, JIUIIEHHOE KAKOW-TMOO OPUEHTALMM M PEryJsipu3aliiy, BCIIEJCTBHE
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 noier YCT, tam mapcTByeT HeBele-
CTBEHHOE [IPOCTPAHCTBO, TyAA U3peIKa 3aJIETAI0T Jake (POTOHBI.

[NonBoas UTOrM MexaHU3MaM OOpa30BaHMSI TOTO WJIM MHOTO MIPOCTPAHCTBA, BO3PACTa KU3HU
Y NIepeHoca MaTepuM B HEM, MOXHO C YBEPEHHOCTbIO KOHCTATUPOBaTh. BO-IIepBbIX, BCE BBILIEU3IIO-
JKEHHBIE TTPOCTPAHCTBA-TIONS (OT SIIEPHBIX A0 I'PABUTAIIMOHHBIX) OYEHb CHJILHO OTJIMYAIOTCS JPYT
OT Jpyra Mo IUVIOTHOCTHU IMHAMUYECKOTO 3aceJIeHUsl 3€pHaMU-TIOTeHIIMaNaMu. Bo-BTOpBIX, epeHoc
MaTepud B SIIEPHBIX C(HEPUIECKUX MUKPOIPOCTPAHCTBAX MPOUCXOIUT TMOUTH O€3 paccesiHus, T. €.
B COCTOSIHUM CBEPXTEKYUYECTH, UTO U ONpeiesisieT BO3PACT MPOTOHA U APYTUX SAEP aTOMOB XMMUYe-
CKUX 37IeMeHTOB. B-TpeTbux, oOpa3oBapiuecs nepsudnbie YCT B ycmoBusax aMopgHOTO MPOCTpaH-
cTBa (HOJIb IPOTSHKEHHOCTH, HOJIb MATEPUH) HAUMHAIOT PaciafaThCsi B CBOEM COOCTBEHHOM I'paBUTA-
IIMOHHOM TIPOCTPAHCTBE, UMesl [0 OTHOIIEHHUIO K MOCIeHeEMY OoJiee BHICOKUI TOTEHIIMA SHEPTUH.
W, HakoHel, mocieHee, pa3ayBaHUe «ITy3bIps» BceleHHOW MPOUCXOMUT 3a CYET peryssph3aruu
amMopHOro MpOCTPaHCTBA, T. €. HANIOJIHEHUE €r0 HOBBIMU HENPEPbIBHO PACIUIMPSIOIIMMUCS SYEeU-
CTO I'PaBUTALIMOHHBIMU MOISAMU-TIPOCTPAHCTBAMU C MOHOIIOJIBHO I'PaBUTALIMOHHBIM LIEHTPOM BOKPYT

kaxkgoro u3 yucia nagaonmx YCT. Bece UYCT n3 nuamazoHa 10%-108 cM umeror OJVHAKOBBIM IO 3HAKY
I'PaBUTAITMOHHBIN 3apsifl, a HapaOOTaHHASI UMM JIOUEpPHSIsl SI/IEPHO-aTOMHO-MOJIEKYJIsIpHAsi Macca —
npoTuBONONOKHBIA. [ToaTomMy cambie kpynHble YCT B MecTax CBEpXCKOILIEHUM TaJIaKTUK CO3AAI0T
13-3a B3aMMHOTO OTTAJIKMBAHUS STYEUCTYIO CTPYKTYPY CO CTEHKAMU, IPUTITUBASCH K OOIIeN aTOMHO-
MOJIEKYJISIPHOM Macce STUX CBEPXCKOILIEHHI ¢ 00pa30BaHUEeM I'PaBUTAIIMOHHON ceTKH. Tak dhopmu-
pyeTcst pacimpsiioniasicss KpynmHoMaciTabHas CTpykTypa BeeeHHOI.
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3akJaroueHnue

N3noxeHHble pe3ynbTaThl HANPSAMYIO CBUIETENBCTBYIOT O SYEHCTO CTpyKType BceneHHoW,
THIA MBUILHOM MTeHbl. Bummas aToMHO-MOJIeKy/IsipHasi Macca acTpoU3NIecKuX OO bEKTOB KOHIICH-
TPUpPYETCs B €€ CTEHKax. DTO 03HAYaeT, UTO B cpepax MyCTOT HAXOJSATCS MOILHbIE IPAaBUTALIIOHHbIE
3aps/abl C OIHUM 3HAKOM, (hopMupyoire cpOKyCHPOBaHHBIE B LIEHTP UCXOISILIME OIS, UCITYCKAIO-
IIMX 3€pHA-TIOTEHIMAJIbI, 4 B CTEHKAX PACIOJIOKEHBI IpyTrue, paclipeJe/IiEHHblEe PACCesTHHO TpaBUTa-
IIMOHHBIE 3apsibl, C IPeoOIaJaHueM 0 BEIMYMHE MPOTHUBOMOIOKHBIX 3HAKOB TOJIEH TATOTEHUS —
BXOJSIIMX TOJIEW MOIVIOIEHUS 3€PEH-TIOTEHIUATIOB.

B peansnom npencrasienun BeeHreM YCT U, MHAYKTHUPYEMbIX BOKPYT HUX BEKTOPHBIX LIEH-
TPaJIbHBIX T'PABUTALIMOHHBIX 110JIE AKTHBHOM MacChl C TOMOILBIO0 HOBBIX YaCTHII (3€peH-MOTeHIH-
ayioB), ynaércsi OObSICHUTH MHOTHE M3BECTHBIE MAPAJOKChl B (pU3MKe SBICHUN MPUPOLIBI, COBEpP-
meHHo HenoHsiTHbie ¢ no3utiuid CAIL. Camble IJIaBHbIE U3 HUX — MEXaHU3MbI POXKJICHUST HOCUTENeH
VHAYKTAPOBAHHOW SHEPrvM, CBS3AHHBIX C MACCOW MaKpOMATEepPUU U B3aUMOJIEHCTBUSI aKTUBHOU U
MACCUBHOM MAacCChl Yepe3 MOCPEICTBO JAMHAMUYECKUX I'PaBUTALIMOHHBIX I0JIEW, PACIIMpPEHUE MPO-
cTpaHcTBa BceneHHOM, MPOM3BOICTBO HOBOM YE€PHON MaTepUH M KPYIMHOMACIITAOHOW CTPYK-
TYpPBI runeprpocrpaicTsa BeesneHHOI.

Kpome Toro ctaHOBUTCS MOHATHBIMU pa3iInyMs MEXJy CBOMCTBAMM aKTUBHOW, TACCUBHOM U
MHEPTHOUN MacCCHl.
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I'naBa 2. MUKpPOBHXPOHBI H 3JIEMEHTAPHbIE YACTHUIIbI

2.1 AtromHbIi1 pOTOH

BriepBbie 3aperucTpupoBaHHbIE MUK POCKOITUYECKUE MPOSIBIEHHS 3TOU (POPMBI MaTepuu, T. €.
HaJmuue (pOTOHOB B TIOTOKAX BUAMMOIO U IIBETHOTO CBETa ObUTU OOHAPYKEHBI C MOMOIIBI0 (POTOI(D-
(ekTa, T. e. ABJIEHUS TPUPO/IBI, CBI3AHHOTO C PE30HAHCHBIM MOIJIOIEHHEeM OJHOTO (pOTOHA aTOMOM
Y MOCTIeAYIOIIMM HCITYCKaHUEM CBOOOIHOTO /IeKTPOHA. IpyruMu MUKpPOCKOIMYECKUMU XapaKTepH-
CTUKaMU UAeHTU(UKAIMU (DOTOHOB CITyXkaT €ro napameTpsl — 4acToTa, CIHH, JIMHA BOJHBI, MOJIs-
pu3anusi, CKOpOCTb CBETa, BpEMs KU3HU U T. 1. OCHOBHbIE MAKPOCKOITMYECKUE MapaMeTpbl KOJUIEK-
TUBHOTO MEPEeHOCa CBOMCTB (DOTOHOB — 3TO (PPOHT BOJIHBI, IJIOTHOCTh MOTOKA YaCTHI], BOJIHOBbIE
3¢ deKTsl, TaBlieHne cBeTa, SPKOCTh U T. 1I. JIOCTOBEPHO YCTAHOBJIEHO AJist (POTOHOB PAAMOBOJH, UYTO
Ha PacCTOSIHUU OT MCTOYHMKA He Oosiee 1/6 AMHBI BOJIHBI Pe0OIaaaioT o> HHAYKIMHA OT CTa-
[IMOHAPHBIX UCTOYHUKOB (aHTEHH MepeJaTyMKOB), U 9TO MPOCTPAHCTBO YCJIOBHO CUMTAETCS 30HOMU
uaaykun. Ha Gonee nanékux paccTOSHUAX MPeoOnaaloT Mojisd U3JAyYeHUsl BUXPEBbIX UCTOYHU-
KOB — I0JIS1 BAXPOHOB, CO3JAIOIINX JIEKTPOMarHuTHbIE BOIHBI (OMB).

JlMHamMuyeckas CTpyKTypa noJjiel u3JiydeHus1, ha30BOro NpoCTPaHCTBA aTOMHOIO (pOTOHA U
(bOTOHOB IPYrUX MEKTPOMATHUTHBIX KBAHTOB! IO CUX MOp HeM3BeCcTHA. MeXaHN3M UX U3JTyYeHUsI
Y TIOTJIONICHU s, CAMOJIBH)KEHHE M CaMOTIOICpKaH!e CTaOMIIBHOCTH YacTOThI, OECKOHEUHOE BpeMsI
JKU3HU, JUTFHA ITyTH B IyCTOTE KOCMOCA U «KPAcHOE» CMEINEHHUE, a TaKXe CTPYKTypa a30BOro 00b-
éMa — 3T0 KoY 17151 moHuManus Bcedl CTpykTypbl Mupo3nanust Beeaennoii. [Io cux nop Hu
OfIHA Teopusl, T. €. HU KJIaCCUYecKas eKTPOAMHAMMKA, HU KBAHTOBAas, HU MOAUDUIIMPOBAHHbIE
ypaBHeHUs1 MakcBeJsuia, HU TOJICTbIE KHUTH 10 ONTHKE, HU MHOTOUYKC/IEHHbIE COBPEMEHHBIE TPAKTAThI
10 JIa3epaM, CBETOBOJIaM Y BOJTHOBOJIAM, Pa/IMOBOJIHAM Y aHTEHHAM, HH TyOJIMKAIIUY 110 SJIeMeHTap-
HBbIM YacTULIAM, ATOMHOMY U S1IEPHOMY M3JTy4YEHUI0 HECMOIJIM OTBETUTh HA CIIEAYIOLIUE BOIIPOCHI:

— Kakue (pu3nYecKre Mporecchl OTINYAIOT 30HY HHAYKIIUH OT 30HbI H3JIy4eHHUs U BOJHOBOI
30HBI

— B 4€M COCTOUT MEXAHU3M IMPUPObl HHAYKI[UH, H3JIy4eHHUsI U BOJHOBOI 30HbI (hOTOHA

— KaKOB MEXaHU3M B3aUMHON MHAYKILIMU BUXPEBBIX MEKTPUYECKUX U MATHUTHBIX MOJIen

— B U€M 3aKJII0YAETCs] MeXaHU3M (hU3NIECKOU MPUPOIBI CBSI3U MocTosiHHOM [11aHka co cniuHoM
MUKPOYACTHI]

— KakoBa MpUpojia CIIUHA U MATHUTHOTO MOMeHTa (POTOHA

— MOYeMy CIHH Y 3JIEKTPOHA MOJYLENbIH, a y (pOoTOHA paBeH 1iesoi noctossHHou [Tnanka

— YeM OT/IMYAeTCsl MeXaHW3M 0e3MacCOBOrO CaMOIBHKEHHUsI (POTOHA OT JIBMKEHMS YaCTHIL C
Maccon

— 4TO OTJIMYAeT J1Be (POPMbI SHEPTUU B BUJIE JBMKEHHUSI OT BUAA MOKOS

— ro4yeMy pasmep 00JIaCTH U3TYUYEeHHUsI aTOMHOT'O W SIIEPHOTO (pOTOHA HA MHOTO JIECSATUUHBIX
MOPSAKOB MEHBIIIE €ro AJTUHbBI BOIHBI

— YTO MOXET BbI3bIBaTh BpallleHUE IEKTPOMArHUTHBIX TMOJiei B ha3oBoM 00bEMe (hOTOHA, O
4EéM CBUJIETEJIbCTBYIOT CITUH, (popma nossipusanus u nocrosiHHas [1nanka

— [0YeMy CKOPOCTh CBETa B IYCTOTE BaKyyMa He 3aBUCUT OT COCTOSIHUSI IBUKEHUSI U CKOPOCTU
MCTOYHMKA €T0 U3JTy4eHHUs], BCeraa MOCTOsIHHA ISl BCEro CIEeKTpa JeKTPOMArHUTHBIX BOJTH

— (poTOH U3TyUaeTcs B CBSI3U C U3MEHEHUEM COCTOSTHHS JIEKTPOHA B MOJIe aTOMHOTO sI/Ipa, a
YTO U3JIyyaeT aHTeHHA paJuornepesaTdynKka

0
3 Hpe}lbmymaﬂ IJ1aBa — MMPOCTPAHCTBA U MAaTEpUsd, NMOJIA CTATUOHAPHBIX UCTOYHUKOB.

Sl N3 Bcero n3BeCTHOIO AMarna3oHa 9JIEKTPOMArHUTHBIX BOJIH.
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— MOKHO JIM KaK TO CBSI3aTh TaKU€ pa3IMyHbIE SIBICHUS, KaK MEXaHU3M U3J1y4YeHHs] aHTEHHOW
PaIMOBOIIH C MEXaHU3MOM pPa30orpeBa BUXPEBBIMU TOKAMM CIUIOIIHBIX BEIIECTB B MUKPOBOJIHOBOM
MIeYr, C HaBEAECHWEM 3.]1.C. MUHIYKIIMH BO BTOPUYHBIX OOMOTKax TpaHC(OPMATOPOB, C BUXPEBBIMU
TOKaMH B CEpIEUHMKAX MarHUTOIIPOBOJOB, C BUXPEBbIMU MOTEHIMAIaMHU B YCKOPUTEJIE IEKTPOHOB
B OeTaTpoHe

— KakoBa CTPYKTypa CaMOIBMKYILIETOCS M CaMOIOJIEPKUBAIOLIETOcs (pa30BOr0 MHUKpPOIPO-
cTpaHcTBa POTOHA

— noyeMy (pOTOHBI MOTYT OBITH TOJSIPU30BAHHBIMH, B YEM MpUpoLa 3Toro 3¢ dexra

—YTO 32 MEXaHM3M OTBevaeT 3a (popMy NOISIPU3ALUU — IMHENHYIO, KPYTOBYIO, SJUIMITUYECKYIO
UT. A

— noyeMy (POTOHBI IBUKYTCS MPSIMOJTMHEMHO OT UCTOYHMKA, & TPU OTPAKEHUM OT ONpe/IesIEH-
HBIX T€JI — YIoJl aJIEHUs1 PaBEH YINIy OTPaKEeHUs

— KaKOB MEXaHU3M IOIJIOIIEHUS IEKTPOHOM (DOTOHA B aTOME, BE/lb [UIMHA €0 BOJHbI MHOTO
OoblIIe pa3Mepa Jake CBSI3aHHOTO IEKTPOHA

— KaKOB MEXaHU3M JiesieHrst (DOTOHA Ha JjBa B TIOJIe aTOMHOTO sIpa ¢ 0Opa30BaHUEM MAaCChI
JIEKTPOHA U MO3UTPOHA, UJIU Napbl MIOOHOB

— KaKoBa MPHUPOJIa MEXaHU3Ma BOHUKHOBEHHUSI 1€OPOMIEBCKOM BOJIHBI ABUXKYIIUMUCS MUK-
pOYACTHULIAMU, TIPU KAKUX YCJIOBUSAX U C KaKOUW YaCTOTOW IMPOUCXOIUT OTPBIB (POTOHOB je bpoiins
OT THX YaCTHII ¥ TPOMCXOAUT JIM OH BOOOIIE, T. €. MpodiemMa cOpoca MHAYKTUPOBAHHOW SHEPTUM

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

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

— MI0YEMY Macca IMOKOSI JIEKTPOHA B TOYHOCTH PaBHA SHEPruM (POTOHA, KOTOPBII U3JTyyaeTcs
IIPU MCYE3HOBEHUH €T0 Macchl, KAKOBbI CBOMCTBA 3TOr0 (POTOHA, KaKOBa CTENEHb U hopMa MoJIsIpH-
3aLUuu

— KaKkOB MEXaHM3M aHHMIWISALIMU Mapbl YacTULA-aHTUYACTHUIIA, MPUBOISAIIMI B KOHEUHOM
uTOre K 00pa3oBaHUIO (POTOHOB M KAKOBBI CBOKMCTBA 3TUX KOHEYHBIX (DOTOHOB, CTeNeHb U (hopma
MOJISIpU3ALIII

— KakoWd MeXaHW3M HNpeBaJUPYyeT B «KPAaCHOM» CMEIIEHHMH KOCMUYECKUX (POTOHOB W3
HECKOJIKMX U3BECTHBIX.

AtoMHBII (hOTOH 00IaaeT BHYTPEHHUMHU U BHEITHUMU (DPU3NYECKUMH CBoWcTBamMH. K BHYT-
PEHHUM CBOMCTBaM CJIeyeT OTHECTH YaCTOTY U LEJOYHUCIIEHHbIN CIIMH (POTOHA, MOJISIPU3ALIUIO, OTCYT-
CTBHE MACCHI M 3apsia TIOKOsI, 0ECKOHEYHOE JJOJITOe BPeMsl KM3HU, BO3MOKHOCTD MPOSIBIICHUSI KOP-
ITYCKYJISIPHBIX CBOWICTB, IIPY M3JTy4YE€HUM U norsiomeHny. [1pu 3Tom, cambIM 3araloyHbIM CBOMCTBOM
(poToHA, KOHEUHO ke, ABJSETCS €ro CIIUH.

K BHemHuM cBoiCTBaM OTHOCSTCS:

— NPSAMOJIMHENHOCTD JIBUKEHUS C IOCTOSIHHOM CKOPOCTBIO CBETa

— y4acTHe B JIEKTPOMAarHUTHBIX U IPaBUTAIIMOHHBIX B3aMMOJEUCTBUSX

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

— nienienye (hOTOHA Ha J1Ba C 00pa30BaHMEM JIEKTPOHA U TIO3UTPOHA (MJIM TTApbl MIOOHOB) B T10JIE
aroMHOrO s71pa (3¢dekT map — oOpa3oBaHus ) MPU AOCTHKESHUA UM HEKOTOPOW MOPOTOBOIl SHEPrUn

— POX/IeHHE aIPOHOB Ha KOJIJIai/Iepax U3 YCKOPEHHBIX JIEKTPOHOB C yJacTHeM UX JeOpoiieB-
CKUX (pOTOHOB IpH MOPOTrOBBIX IHEPrUsiX Mpepbiawmx 1 DB

— IPOSIBJIEHUE BOJIHOBBIX CBOWCTB, IPU KOJJIEKTUBHOM JBMKEHUU OJIMHAKOBBIX U CUH(A3HBIX
(poronoB

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

32



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

— U IpyTYe U3BECTHBIE CBOMCTBA U3 Pa3IMYHbIX TUANa30HOB YaCTOT I€KTPOMAarHUTHBIX BOJIH,
Halpumep, pajuoyacTor.

@DOTOHBI ¥ MEKTPOMArHUTHBIE KBAHTHI U3 JPYIHX BO3MOXKHBIX YaCTOT POXKAAIOTCS MPHU Tepe-
XOJaX MUKPOYACTHUI[>? B OCHOBHOE COCTOSTHHE M3 BO30YKAEHHOTO. DTOT MPOIIECC BO3BMOKEH, KaK
B COCTOSIHUM OTHOCHUTEJIBHOTO TOKOSl, TaK M ABMKYILMMUCS MUKPOYACTHIIAMH, T. €. U3JIyuYeHHEM
NeOpOIJIEBCKMX KBAHTOB, & TAKKE C MIOMOIIBI0 BCEBO3MOKHBIX TEXHUIECKHUX CPEJCTB? — aHTCHHBI
T. 1. Bpemst ku3Hu (pOTOHOB — OECKOHEYHO JIONTOe B BAKyyMe KOCMUYECKOTO IMTPOCTPAHCTBA, OHAKO
BCJIE/ICTBHE BCEBO3MOKHBIX PacCEsSHUI Ha IEKTPOHAX, aTOMAX U MOJIEKYJ MX CPOK KHU3HU 3aBUCHUT
OT TOU Cpefbl, I/I€ OH JABUKETCS.

Tem He MeHee, ITITABHOE BHEIIIHEE CBOWCTBO, KOTOPOE MPOSIBISIIOT (POTOHBI B KOCMOCE BaKy-
yMa BceneHHOM, cBsi3aHHOE ¢ OECKOHEYHO JIOJITUM CPOKOM KM3HU — 9TO HEKMHETUYECKUI MepeHoC
KBaHTa SHEPI'UU aKTUBHBIM (Pa30BBIM MUKPOIIPOCTPAHCTBOM Ha OECKOHEYHO JUIMHHBIE PACCTOSIHUS,
T. €. CBepXTeKyuecTb (hOTOHOB (O030HOB) B yCIOBUsX KocMoca. U, Kak Ternepb yxke U3BECTHO, STUM
CBOMCTBOM (DOTOHBI 0OSI3aHBI, TTPEXKE BCEro, CBOEMY CIIMHY PAaBHOMY €IMHMIIE, KOTOPBIH ITOKa3bl-
BaeT, YTO YaCTUIIA ABWXKETCS U TP ITOM MPOUCXOAUT TMOIHOE KBAHTOBOE Mpeodpa3oBaHue HOCH-
TeJisl KBaHTa UHAYKTHPOBaHHOH 3Hepruu. Kak nanpie 6yaer nokasaHo, HOCHUTeIeM KBaHTa UHIYK-
TUPOBAHHOW HEPIruu B (POTOHE SBJISAETCS MEPEMEHHBbIN M0 3HAKY M 3HAYEHUIO BEJIMYMHBI 3apsja
MarHUTHBI MOHOTIOJTb.

KakoB MexaHu3M u3JydeHusi (poToHa BO30Yy:KAEHHLIM aTOMOM?

Takue cBoiicTBa (DOTOHOB, KaK CIHH, CTENEeHb M (popMa NONSPU3ALUMN, CAMOJBHKEHUE, BUX-
peBbie TOKM B CIUIOIIHBIX Cpe/laX, pa3Mep OONacTH M3TyYeHHs U TOMJIOMIEHUE aTOMHBIM JIeKTPO-
HOM (POTOHA, JEKTPOMArHUTHasE MHAYKUMSA M 3.]1.C. CAMOMHIYKIIMU, a TaKkKe aHaJlIu3 KpyroBou
PaBHOBECHOW MIHOBEHHOH OpOMTHI, HA KOTOPOM MPOUCXOOUT YAEPKaHHE YCKOPSIEMBIX IEKTPOHOB
B OeTaTpoHe, MO3BOJISAIOT CHAEaTh 3aKJHUYeHHe O TOM, YTO BCerja M3MEHsIoeecs 32 KOHEUHbIN
BPEMEHHOW TepHrof, (MMITYJIbC HANPSDKEHUs WM OOpBIB TOKAa) JEKTPHYECKoe I0jie B TOUYKAX,
PACMONIOKEHHBIX B 30HE MHIAYKIMH CTAI[MIOHAPHOTO MCTOYHHUKA, MPOM3BOIUT ChepOoOOpa3HbIil U
MHOTOO0OJIOUEYHBI KBAaHT-C(hepy BUXPEBOr0 MOTOKA’* MAarHUTHBIX TOTEHIMAJIOB — MATHUTHBIN
MOHONOJIb ((ur. 2.1), T. €. MAarHUTHBIA 3apsii CO CBOMM BHEIIHUM MarHUTHBIM TOJIEM, HOCUTEIb
KBaHTa UHIYKTHPOBAHHOW SHEPTUU, UCTOYHUK CAMOJIBUKEHUSI.

®ur.2.1 MarHATHBIA MOHOMNOJIb B IEPEMEHHOM TOJI€ AaTOMHOTO S1/Ipa

2 Hanpumep, ny1s Bogopona sto cepurt (potoHoB banbsmepa, Jlalimana u [Narena.
53 Onaxo B 910M cllydae yke pokIaloTCs] «TSDKEbIe» MeKTPOMArHUTHEIE (DOTOHEL.

4 NzBecTtHO OIIpEICJIEHNE TTI0TOKA KaK MapaJijieJibHO€ IBUKEHUE YaCTULL. B nanHom ClIy4da€ pacCMaTpuBaeTCA BI/IXPCBOﬁ KBaH-
TOBO-HOCJIelIOBaTeJIBHbIﬁ IIOTOK YacCTHI.
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Tak poxaaeTcs MarHMTHBII MOHOMOJILY, T. €. 3apsKaeTcsl ero CTpyKTypHas cdepa. Yto
9TO 3HAUUT? A 3TO 3HAYMUT, YTO B HAYAIBHBI MOMEHT U3MEHEHHsI JEKTPUUYECKOTO TOJIsl 3apsiKa-
ercst 6onblnast cpepa U3 OAMHAKOBBHIX MAarHUTHBIX 3€PEH-TIOTEHIINAIOB, Pa3MENIEHHbIX Ha CIHpa-
51X, 00pa3yoIuX MOBEPXHOCTh 3TOM cepbl. B crieyomuil MOMEHT TakuM ke 00pa3oM 3apsika-
eTcs TIOCJIeIOBAaTeIbHO BHYTPEHHsIs cpepa, HO yxke OOJBIIHX M0 aOCOMIOTHON BETMYMHE MATHUTHBIX
MOTEHIMAIOB. Tak MPOUCXOIUT 3apsiKa MarHUTHOTO MOHOIIOJNS 0 CaMOTO IIEHTpa.

Takoii MarHUTHBIY KBAHT TMOCTIE MTPEKPAILICHHU I U3MEHEHHM I JIEKTPUIECKOTO TOJIS B 9TOM TOUKe
Y B HauaJie CBOETO MEPBUYHOTO CAMOABHKEHUSI CTAHOBUTHCS ICTOUHUKOM POXKJICHUS B 30HE M3JIY-
yeHust PyHIAMEHTATBHBIX BUXPEBBIX YACTHUI] — NEKTPOMArHUTHBIX aTOMHBIX MHKPOBHXPOHOB®.

Kak 3T10 mpoucxoaur? Uro 3T0 3a yacTnma, Kak NpPOUCXOJUT eé caMOJBHKEeHMHe,
KAaKOBbI OCHOBHbIE e¢ cBoicTBa?

MexaHu3M poXkJIeHHE MHKPOBHXPOHA MPOUCXOAUT CIEAYOIUM oOpa3oM. i HarisaHo-
CTH pacCMOTPHM COBMEIIEHHOE 0OBbEMHOE TOJIE MOTEHIMAIOB BYX PaBHBIX M MPOTHUBOIOIOKHBIX
TOYEeUHBIX 3apsAoB (ur.2.1, cnpaBa) atToma BOJOPOAA — MPOTOHA U JIEKTPOHA, T. € CTAIIMOHAPHBIX
UCTOYHUKOB®’. OHO rpapueck COCTOUT U3 ACCUMETPUYECKI® COBMEIIEHHBIX C(DepUIECKUX IKBU-
MOTEHIMAIBHBIX MTOBEPXHOCTEH ¢ MPOTUBOIMOJIOKHBIMU TOTEHIIMATIAME, MEX/Iy KOTOPHIMU HA PaB-
HOM PACCTOSIHMM OT STHUX 3apsI0B MPOXOAUT IJIOCKOCTh>® ¢ IOTEHIIMAIOM paBHBIM HYJ0. CHIIOBBIE
HUM® HATTPSIKEHHOCTH TIOJIS1 MCXOIAT M3 TIOJIOKUTETBHOTO 3apsijia M BXOASIT B OTpHUIIATE/IbHBIN. B
MOMEHT Tepexo/ia JMEKTPOHa U3 BO30OYKIEHHOTO COCTOSIHUSI B OCHOBHOE YMEHBIIIAETCsI PACCTOSTHUE
10 si7Ipa, MyTEM JBUKEHHSI K HEMY JIEKTPOHA — MTPOUCXOAUT MPOLIECC M3MEHEHU ST IEKTPUIECKOTO
TOJIS B TIPOCTPAHCTBE MEXY CONMMKAIOIUMICS 3apsaamu. HanOosnbliie MarHUTHBIE TIOTEHIIATIBI,
oOpasyolye oBepXHOCTH cep OMKaiime K IeHTPY, POKAAIOTCS B CAMBIN MOCTIEAHUI MOMEHT,
COOTBETCTBYIOIIMI KpaTUYalIlieMy pacCTOSTHUIO MEKIy 3apsiiaMy. B 3THX Toukax 30HbI HHAYKIMH
U poxpaaercs cpepooOpasHblil 0ObEMHBI MATHUTHBIH MOHOIOJb MHUKPOBHXPOHA MyTEM I€H-
TPaJBLHOr0 ¥ CHH(PA3HOT0 CIAMSTHUA®! MUKPOMOHOMOJIEH, 00pa30BaBIIMXCS HA KAXI0M U3MEHSI0-
memcsi®? 3epHe-noTeHImane 00béma 31oi 30HbI noss. [poriece cuHgaszHOro canstHusA-3apsiaKu’’
B JIOKAJIM30BAaHHOM OOBEME aTOMa JITUTCS BeCh KOHEYHBIH TMepHo[ repexoia U3 Bo30yKIEHHOTO
COCTOSIHUSI B OCHOBHOE. 3a 3TO BPeMsI [TPOUCXOUT POKAeHUe MarHUTHOTO 3apsifia, T. €. POCT 3apsiaa
J0 HEKOTOPOil KOHEYHO! BEeJMYMHBI — psAAMol npounecc. Ilornomenne aHaJoruyHOro MarHuT-
HOTO MOHOTMIOJISI Yepe3 MOCPEICTBO B3aMMOJICHCTBHSI JIEKTPOMOHOIONSI BUXPOHA C TOJIEM aTOMa B
TAKOM K€ TOYKE HEeBO3OYKJIEHHOTO aToMa MEPEBOAUT €ro B COCTOSIHUE BO30YXK/AEHHUS — 00OpaTHBIN
npouecc. [1o 3aBepienHuio 3Toro nepuoja Ha3BaHHBIN KBaHT-cepa, KBAHT MOCIIeI0BATEIbHO-BUX-
PEBOTO MOTOKA MOTEHIMATIOB MArHUTHOTO TIOJIsI HAUMHAET MPOIeCC Pa3psiAKH — CBOE KAHOHUYECKOe

35 B6M3M MOIIHBIX PaAMOTEX HIUECKIX AHTEHH HIIH IIPH Pa3pLIBE MOLIIHOIO TOKA MyUKA SIEKTPOHOB, OGPBIBE TOKA 3/IEKTPHUYECKON
Oyrd ¥ B MOMeHT cOmmxerns: 1o 0,01 MM KOHTAKTOB BWJIKM U PO3ETKH TOXE TEHEPUPYETCsl MepeMEeHHOe MEKTPUUECKOe Mo, HO
COBJIAI0TCA TAKUM TOJIEM «TsDKEIbIE» MAarHUTHBIE MOHOIIONM C FOPa3/o GOBIIEH IIIOTHOCTBIO 3ePEH-TOTEHINANIOB — BUTKH CIIUpasiei
MIPUMBIKAIOT BIUIOTHYIO IPYT K IPYTY (aMIUTUTY/a MMITYJIbCa), IVIOTHOCTh pa3MellieHust 3¢peH Ha CIMpaIIsIX OJIM3Ka K HACBHIIEHHIO (TOK
B UMIIYJIbCE).

%6 3111 vacTuipl BIIEPBBIE OMYOIMKOBAHBI B OTKPBITOM NeYaTH HA CTPAHUIIAX 3TOH KHUTH.

57 TIpoton w3itydaer 38pHA-TOTEHIAABL, @ FIEKTPOH HX OIJIOMIACT.

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

59 Ecim 9Ty II0CKOCTh PACCMATPHBATH KAK 3¢PKAJIO, TO APYTOii 3apsii OYIET ero 3epKaIbHBIM OTPAKEHHEM.

60 CutoBBIe MHIM — 5TO HATPAB/ICHNS M3y YEHNS TIOTOKA 3EPEH-TIOTCHIMAIOB, 4 MX MCKPHBJIEHHE N0KA3bBACT B3aMMOJIeli-
CTBHE C JPYTMM HCTOYHUKOM, B IAHHOM CIIy4ac MOTJIOMIeHNe.

61310 cBoliCTBO OTBET-060CHOBAHME Ha TEXHOIOTHIO IPOM3BOICTBA AMEKTPUUECKON KOMITPECCHH SHEPIHH METOIOM YKOPOUEHHSI
HMITYJIbCA HaNPsKEHUs BIUIOTh [0 MUKOCEKYH/IHBIX 3HAYEHUIL.

62 VIsmenenne NpOMCXOMUT GIarofaps CTATHYECKON MHAYKIMK CO CKOPOCTHIO MHOTO GOIBILICH CKOPOCTH CBETA 110 MEXAHU3MY,
PaccMOTPEeHHOMY B IIpeAbIIyIIeH I1aBe.

63 Zamerim, uto 3apsaka (opmupyeT BHellIHee BXOAsIIee MoJe, U TOJBKO JJIsl TAKOTO IMOJIsi CBOMCTBEHEH MPOLIeCC CMSTHHS-
00BbeIMHEHN T MUK POMOHOIIOJICH OTHOTO 3HaKa.
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MOCTyMaTeIbHO-BpalareibHoe camoaBuzkeHne. CuH(a3HO ¢ STUM MPOIIECCOM MArHUTHBIA MOHO-
T0JIb HAUMHAET POXKAATh BOJHOBOJ M3 JIEKTPOMOTEHIIMAJIOB, T. €. BUXPEBOW MOCIEIOBATEIbHBIN
MOTOK 3JIEKTPONOTEHIINAIOB-3EPEH, KOTOPble OH YCTAHABIMBAET CTAIMOHAPHO B MPOCTPAHCTBE B
CTPOTO TeOMETPUYEeCKOM mopsijike (pur.2.2), U TPOTUBOJCUCTBYIOIIMI €ro pa3psijike MepeMeHHbIN
3JIeKTPHYECKH MOHOMNOJIb — 3TO U €CTh aKTUBHBIN (pa30BbIid 00BEM (1/4 A7MHBI BOJHBI) Tep-
BUYHOI'O aTOMHOTO MHKPOBHXPOHA.
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®ur. 2.2 CxeMa BO.THOBOA (p0TOHA U3 3E€PEH-3JeKTPONOTEeHIIHAIOB.

ITOT NPOTUBOJECUCTBYIOIINN WHIYKTUPOBAHHBIA JIEKTPOMOHOIIONb B JBUXKEHUU OIHOBpE-
MEHHO BO30yXaeT-3apsikaer B (pa3oBoM 0ObEME Ha YIaleHUH Y4 JJIMHBI BOJHBI OT y3Ja (Hadauia
Pa3psAAKM) MUKPOBUXPOHA COOCTBEHHOE BCTPEYHOE BTOPMUHOE MAarHUTHOE BUXPEBOE 10J1e — chepy
3apsKAIOUIErocs U JABUXKYILETOCs BTOPMYHOIO NPOTHUBOIIOJIO0KHOI0 U aHAJIOTMYHOTO MArHUTHOTO
MOHOIOJIA. DTOT BTOPUYHBIA MarHUTHBIA MOHOIIOJb TaKXke, KaK M NEPBUYHBIM Cpa3y kK€ Hauu-
HaeT MPOU3BOJIUTH CBOIO YacTh BOJHOBOJA M3 JIEKTPOMOTEHIIMAIOB, HAYMHAS C Y4 JIJIMHBI BOJIHBI.
Ata cpepa BTOPHYHOIO BUXPEBOIO MOTOKA MATHUTHBIX ITOTEHIIMAJIOB NIEPEMEHHA 10 BEJIMYMHE U
MOJIHOCTBI0 MJEHTHYHA MEPBUYHOMY, HO MPOTHUBOIOJIOKHA MO HAIPABJIEHUIO CUJIOBBIX JIMHUM (110
3HAKy) — CBU/IETE/ILCTBO 3aKOHA COXPAHEHUs CPEeHEeW SHEpruu, T. €. MOOYepEnHas CMEHa KBaHTa
MH/IyKTUPOBAHHOM SHEPrUM CO 3HAKOM ILTIOC Ha KBAaHT CO 3HAKOM MUHYC. [lanee, Becb 3apsj nep-
BUYHOI'O MarHUTHOTO KBaHTa yepe3 MOCPEeICTBO CUH(A3HOTO MPOTUBOAEHCTBYIOIIETO IEKTPOMO-
HOIIOJISI IEPEXOAUT BO BTOPUYHBIMA, HO C IIPOTUBOMNOJIOKHBIM 3HAKOM — TaK POXKIAETCA yke BTO-
PHUYHBII MHKPOBHXPOH ontuyeckoro ¢oroHa Bogopona. Utak, 3apsiaka — poxjeHue cgepsbl
MarHUTHOTO 3aps/a, pa3psiika — 3TO ero CaMoOJBH K€HHe C IIPOM3BOACTBOM BOJIHOBOJA W3
3€pEH-2/1EKTPONOTEHIAJIOB, IIPY STOM IPOLIECCEe MPOUCXOIUT POXKIEHUE CUH(A3HOTO EPEMEHHOTO
Y IIPOTUBOJIEMCTBYIOLIETO JIEKTPUYECKOr0 U MAarHUTHOTo MoHonosiei. Oco6o cieayeT OTMETUTb, YTO
BO BpeMs 3apsiIK1 IPOTUBOIOJIOKHOIO MarHUTHOI'O MOHOIIONS POTUBOAEUCTBYIOLIUM JIEKTpHYe-
CKHMM, HE IIPOUCXOIUT Mpouecca Bo30y:KIEHUs 3TOMY MPOLIECCY COOTBETCTBYIOIIETO IEKTPOMOHO-
nosisi. Bpemsi B 06oux mporieccax OQMHAKOBO M PAaBHO BPEMEHH Nepexozia aToMa U3 BO30YKIEHHOTO
COCTOSIHMSI B OCHOBHOE — 3TO ¥4 nieproza (hoToHa.

Takum 00pa3oM, ecii NpeICcTaBUTh IPOMEKYTOUHbII MOMEHT BpeMeHH Ha 1/8 mepuona B
(azoBoM 00BEME BUXPOHA IOCIIE HAYaJIa CAMOJBKEHH S IEPBUYHOTO MOHOIIOJ S, TO BO3HUKAET BTO-
PUYHBII MarHUTHBIA MOHONOJIb B TOYKE 3/8 mepuopa 4epe3 MOCPENCTBO NPOTUBOAEHCTBYIOLIETO
NIEPBUYHOMY 3JIEKTPUYECKOIO MOHOIIOJIA, KOTOPBIH YK€ paBeH MOJOBUHE NEPBUYHOTO 3apsia — 3TO
€IMHCTBEHHbII MOMEHT CYIIIECTBOBAHUS B BUXPOHE CUMMETPUYHOIr0 MarHuTHoro aunois. ITo mepe
M3MEHEHUsI ITUX B3aUMOJEHCTBYIOIIMX BUXPEBBIX MOJIEH U 3apsiKaeTcsi IPOTUBOIOIOKHBII MarHuT-
HbI MOHOIIOJb, OIIePEKAIOIINI IepBIUYHBII Ha Y4 meprona. Yepe3 V4 nepuona nepBUYHBI MarHUT-
HbI MOHOIIOJIb MCUE3aeT, HO Ha Y2 JUTMHBI BOJIHBI (DOTOHA 3apSIKAETCS TAKOM e C MPOTUBOIONOXK-
HBIM 3HaKoM. U Tenepsp y:ke mpoLecc OIsATh MOBTOPSIETCS, HO C MIPOM3BOICTBOM ITPOTHUBOIOJIOKHBIX
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IO TMOJISIPHOCTH JIEKTPUUECKUX MOTEHLIMAIOB CIIMPAIM BOJIHOBOJA U HA HOBOM, T. €. 1/2 nyvHbI
BOJIHBI — MECTE B IPOCTPAHCTBE U YK€ B 30HE M3JIy4eHHs1. BCE 3T0 MpoMcXoauT B aKTHBHOM JIBUKY-
IIeMcsl JIOKQJIM30BAaHHOM BHXP€EBO-I10JIEBOM MUKPOOO'bEMe , OCHOBHOE CBOMCTBO KOTOPOTO — 3TO
CBOOOJIHOE CaMOJIBMKEHHE B MPOCTPAHCTBE. ITO U €CTh CBOOOHBINH OUTIONSPHBI aTOMHBIA MHK-
POBHUXPOH, AKTUBHBI 0OBEM KOTOPOTO B YETBEPTH BOJIHBI COIEPXKUT JBA MEPEMEHHBIX U MPO-
TUBOIIOJIOKHBIX MAarHUTHBIX, OJUH NIPOTUBOJAEUCTBYIOIINI pa3psKe EPBUYHOIO CMH(pa3HbIN epe-
MEHHBIN EKTPUUYECKUI MOHOIIONb TUIIOC YacTh BOJIHOBOJA U3 3JIEKTPOIIOTEHLIMAIIOB.

Paccmotpum atoT mporiecc Gosiee NETaNbHO HA OJHOM M3 MHOXKECTBA 3€PEH-TIOTEHIMAIOB
aTOMHOTO 00bEMa M3MEHSIIOIIErocs MeKTpuieckoro nons. Korga Hactynaer Hadyano n3MeHeHus %
3TOTO EKTPUYECKOTO OIS, BOKPYT KaXKIOTO U3 3€PEH-TIOTEHIINATIOB BO30Y:KAaeTcsi ChepuIecKuil
BUXPEBOW MOTOK CIUpPAJIeld MOTEHIMAJIOB-3¢PEH MArHUTHOI'O MOJIsl, KOTOPBIM MPOAOJIKAET IIpOpac-
TaTh B UEHTP K 3€pHY JI0 TeX IOp, [OKa U3MEHEHUE HE 3aKOHYUTCS. B HauaabHBII MOMEHT M3MEHe-
Hus (popMupyeTcs BHEIIHsS cepuyecKasi Cliupaib MarHUTHBIX 3€PEH B CPEIHEM OJJHOTO 3HAUEHUS
ooibiero quamerpa (dpur.2.1, crieBa), KOTopas Mpy JAaJbHEHIIIEM H3MEHEHUH MTOCTETIEHHO TIepeXo-
JOWUT Ha MEHBIIMI JuaMeTp cdepbl — nporecc 3apsaaku. Hanvensinemy quamverpy cdepbl COOTBET-
CTBYET OKOHUYAHUE U3MEHEHMS IEKTPUUECKOrO MOl U MAKCUMAJIbHOE 3HAYEHUE MarHUTHBIX [TOTEH-
LMAJIOB. DTO COOTBETCTBYET IIPOLIECCY — MArHUTHBII MOHOIOJIb 3aPsIIUIICS 10 HEKOETO CyMMAapHOTO
MaKCHMMaJIbHO BO3MOKHOTO MAarHUTHOTO 3apsiaa. MarHuTHbIE 3¢pHa-TIOTEHIIMAIIBI TAKOTO OOBEMHOTO
ceprUecKOro BUXpsi STOr0 MarHUTHOrO MOHONOJISI, HENIPEePbIBHO YJIOKEHHbIE CIUPAISIMU PA3HOTO
AMaMeTpa Ha KOHLIEHTPUYECKUX chepax pa3HOro pajanyca, 1o CTPyKType MaKCUMAJIbHO MPUOJIMIKEHBI
K LEHTPAJIbHOMY JIEKTPUYECKOMY 3epHY-TOTEHIMATY. DTO MPUOIMKEHHE 3aBUCUT OT CKOPOCTH,
BpeMeHH N3MeHeHMsI IEKTPUUECKOro MoJsA%, a Takke IJIOTHOCTU ero 3€peH-TMOTEHITNAIOB TOTO
TOJIs1 — TU MAapaMeTphbl U OIpeJesisieT BEIMYMHY CO3JaHHOIO MarHUTHOIO 3apsiaa U pasMep cgepsl
ero o0beémMa. Torga COOTBETCTBEHHO M YaCTOTHBIE XapaKTEPUCTHKY JBMKEHUsI CIIMPaJIU Ha cepax
OonbIIIero AuaMeTpa OyayT OTIIMYaThCsl OT YaCTOT HA CIIMPAJISIX MEHBILIETO JUaMeTpa B CTOPOHY YBe-
JMYeHus1. DTOT BUXPb BO BPEMsI TAKOTO M3MEHEHH S JIEKTPHUUECKOTO MOJsl ChepUIECcKH CKIUMaeTcs1 %
BHYTPb BJIOJIb PJINYCOB CBOMX CUJIOBBIX JIMHUI. [Tprdem, uem Oosibliie CKOpOCTh M3MEHEHHM S U 3Haue-
HUSI [TApaMETPOB 0I5, TEM MEHBIIIE 0 CTHIaeMblil paanyc cepbl, ¥ TeM OOJIbIIe 3HAUSHU s U IJIOT-
HOCTb TIOTEHIMAIOB-3€PEH (KOMITPECCHsI SHEPIUU MaTepur B (hopme JTI000r0 THIA MOHOIIONS) Mar-
HUTHOTO OIS HA €MHUITY JUTUHBI CIIMPaTU 1 MX YacToTa. [Ipu 3ToM crieyeT OTMeTHTh, YTo Hanbosiee
BaXHYIO pOJIb 3aHMMAET MPOLECC FeHepalii IVIOTHOCTH 3EPEH-TNIOTEHIIMANIOB Ha €AUHULLY JIMHBI
CMUpaJii BOJIHOBOJA. B a5ileMeHTapHbIX MpoLieccax MUKPOMATepUU TUIOTHOCTh KOMIIPECCHUU SHEPIUU
3aps/ia MOXKET YBEJIMUMBATHCS JIUIIb 32 CYET CJAMSAHUSA OJMHAKOBBIX MArHUTHBIX MOHOIIONEH B JIOKA-
JIM30BaHHOM 00BbEME aTOMa WIIH sIpa B MOMEHT MX 3apsiAKH. B mpolieccax xke ¢ yJacTuem 3J1eKTpo-
pa3psIHbIX KJIACTEPOB (MOJIHMM) aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA UJIH CIIELIUATIbHBIE TEXHUYECKHE
JEKTPOPa3psAbl MEXKIY ABYMs JIEKTPOAAMH, STOT MapaMeTp MarHUTHBIX MOHOIIOJIEH, OIIpeeIsiio-
IUA aKKyMYJISIMIO €0 3apsia-SHepruy B eIMHUIe 00bEMA, MOKET yBEIUIMBAThCS, KaK 32 CUET
IUIOTHOCTHM TOKa B MMITYJIbCE 3aps/IKH, TaK U 32 CYET MAKCUMYMa HaIlpsDKEHUs 3TOro umMiysibca. He
MeHee BaKHBIM MTapaMeTpoOM B TAKOM Ipoliecce SBJsieTcsl (PPOHT HapacTaHWs WM pa3phiBa®’ TOka
MMITYJIbCA, YTO MPUBOIUT K YMEHBIIEHUIO OXBAYEHHOTO MPOIIeCCOM 00bEMa MPOCTPAHCTBA. A YeM
MeHbIIle 00bEM 1 MHTEHCUBHEE MPOLIECC, TeM OJIHke U TUIOTHEE IPYT K JPYTY POKIAIOTCS CUH(pA3HbIE
MarHUTHbIE MOHOIIONH, TeM OOJIbIIIE CIUSTHUN MOHOIOJIE!, TEM CHITbHEE KOMITPECCHsI SHEPTUH B €U~
HUIIE 00bEMA, B KOTOPOM €IlI€ MOXKET MPOMCXOAUTH TaKoe CusiHUe. [IpyrumMu ClioBaMH, TAKOMY ke
MpoILIeCcCy COCOOCTBYET YKOpOoueHHe (hpOHTa UMITYJIbCa HANPSIKEHUE, KOTOPBIN OTBEYAET 32 YMEHb-

4 o
6 10 IPOHECC IEKTPOCTATUIECKON MHAYKIINU, B 30HE NHAYKIHWH OKOJIO CTATMOHAPHOI'O UCTOYHHMKA.

65
ITpu aHanorn4HOM (hOPMHUPOBAHNU MArHUTHOTO 3apsija TEXHUYECKUMH CPEJICTBAMH — 3TO UMITYJ/IbC HANPSKEHUsT BOJIM3HM UCTOY-
HUKa, ero MepeJHUI WK 3aAHUIA (DPOHT U TOK B TAKOM MMITYJIbCE.

66 Cxxnmaercsi B CJIy4dae, €CJIM JIEKTPOH B aTOME NEPEXOAUT B OCHOBHOE COCTOAHUE, T. €. HpI/I6J'II/I)Ka€TCH 10 paguycy K Aapy.

67 B3prB IIPOBOJIOYEK, Pa3pbIB TOKA SJTCKTpH‘{eCKOﬁ AYTU U T. 1.
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eHre 00bEMa JIOKATM3ALMN POKAAIOIIMXCS MOHOIOJEH, T. €. OMATh ke YIUIOTHEHUEe BUXPEBBIX
noteHuuaioB. Takoi npouecc NPUBOAUT K POXKACHUIO «TSIKEIBIX» U «CBEPXTSLKENBIX» MarHUTHBIX
3apsaaoB®e.

Bonee HarisaHO MpeCTaBUTh MOHOIIONb, KaK cpepruueckr 0OBEMHYIO CMpaib MarHUTHBIX
MOTEHIMAIOB MOKHO CJIEAYIIIM 00pa3oM. Bo3bMEM MeTaninyeckuil MpoBojl B BUHIJIOBOW 000-
JIOUKe, T. €. OOBIYHBIN MEKTPUUECKUN MPoBOM. Termepb 3TOT MPOBOJ IJIOTHO HaMoTaeM Ha cdepy
OJIHOTO JMiaMeTpa, a 3aTeM IMOpekeM BeCh IMPOBOJ Ha OJMHAKOBBIE NOJIBKU-3EpHA, KOTOpPBIE OymyT
UTPaTh POJIb IBYX MOTEHIMAIOB. 3€PHO U3 MeTasl1a OyAeT CITyKUTh KAK MarHUTHBIH MTOTEHITNAT OTTpe-
IENEHHOTO 3HAYEHU S, COOTBETCTBYIOIIMI OMHOMY paauycy cepbl U JaHHOMY MOMEHTY U3MEHEHUsI
NEKTPUIECKOTO TOJIs. A OKpysKamias ero chepa BUHIUIOBON 000JIOUKY OYyJEeT CIYKUTh OMOPHBIM
HYJIEBBIM MOTEHIMAIIOM JaHHON TOYKHU MPOCTPAHCTBA. 3aTeM CITUPANIb TIEPEXOJUT BHYTPh HA MEHb-
i paguyc. Crienyromas cdepa MEHbIIIEro JuaMerpa oopa3oBaHa TaKUM ke 00pa3oM, HO U TOJI-
IIMHA TaKOTO MIPOBOJIa CTaHOBUTCS MeHbile. Kaxas cdepa onpenenéHHoro paauyca, o00pa3zoBaHHasI
CIIMPAJISIMH U3 MATHUTHBIX 3€PEH-TOTEHIMATIOB OJMHAKOBOTO 3HAYEHUS IO aOCOJIIOTHON BEIMYMHE,
SIBJISIETCS] CBOGOOPA3HOM STYSHKON MaMATH, KOTOpasi 3allOMUHAET 3HaYeHUe W 3HAK TOTO COCTOSTHUS
NEKTPUUECKOTO 3epHA-TIOTEHIIMAIA, TP KOTOPOM OHa 0Opa3oBasiack. TakuM 00pa3oM, OCHOBHOE U
[JIaBHOE CBOMCTBO MAarHUTHOTO MOHOTION S (CBOMCTBO HOJIb) — 3TO BUXPEBO-TI0JIEBOE 3alIOMUHAHHE
BCEH MCTOPUH U3MEHEHH s, CKOPOCTU M BPEMEHH, BEJIMYMHBI ¥ HAITPABJICHN S U3MEHEHH ST SJIeKTpHUe-
CKOTO TIOJISI ¥ TOKA B TOUKE-00BbEME, T. €. OH HOCHTENb U MepeHOCUNK HHopManuu®.

Hakower, mose MCTOYHMKA TEPECTano U3MEHSAThCS, U 0OpPa30BABIIMIICS MOHOIONL OOJbIIE
HUYTO HE CBS3BIBAET C MEPBUYHBIM NEKTPUYECKUM 3EPHOM, TaK KaK B 3TOT MOMEHT M3MEHEHHUE
JIEKTPUYECKOTO M0JIS1 OKOJIO JIAHHOTO 3€pHa-NOTEHIIMaNa paBHO HyJ0. BCc€ MHOXECTBO Takux mar-
HUTHBIX MUKPOMOHOIIONEH cluBaeTcs (TOK 3apsiiki) B OIUH B 30HE MHAYKIIMU TaKUM 00pa3oM, YTo
Kaxgas cepa MOTEHIMATIOB 3aHUMaeT HEHTPAIbHO'® TOJIBKO CBOE MECTO, YBEINYMBasl TNIOTHOCTh
MOTEHIMAIOB-3¢PEeH Ha eAUHUILY UTMHBI CIUPAIU JaHHOTO paauyca. VTak, mepBoe CBOICTBO CHH-
(ba3HBIX"! MATHUTHBIX MUK POMOHOIIOJNIEH — CJIMSsIHME, HO JIUIIb B MOMEHT 3apsiiku. Eciiu MarHUTHBIN
MOTOK MOTEHIMATIOB CyMMAapHOTO BUXPSI IOCTUTAaeT HEKOTOPOr0 MHHUMAJIBHOIO KBAaHTOBOTO TIpe-
nena’, To oopa3yercs JIeMEHTAPHBI MArHUTHBIN 3apsi]l y’Ke CIOCOOHBIN K CBOOOHOMY CaMOIBHKe-
HUIO. DTO BTOPOE CBOCTBO — CBOOOTHOE caMOBU KeHHe -pa3psiaka (Buaeo 2.1) aneMeHTapHOro
MOHOIIOJISI BUXPOHA C POKAEHUEM BOJHOBO/A (BUAEO 2.2) CrUpay’® 3eKTPONOTEHIIMAIOB Pa3HOTO
AMAMETPa, CO3JaHHBIX UM. DTOT MPOIIECC BCEraa COMPOBOXKIAECTCS BO30YKAEHUEM MTPOTUBOACHCTBY-
IOLLETO pa3psi/IKe IEKTPUUECKOTO MOHOIIOJ S, BHIIOIHSIOIIETO BCIIOMOTaTeIbHYIO POJIb B IPOLIECCE
niepe3apsiKM KBaHTa MArHUTHOTO MOHOIIONS B CBOOOJJHOM BUXPOHE ISl COXPaHEHHUsI CPeTHEro 3Ha-
YEeHUs1 SHEPTUM TPH MOJIHOM KBAaHTOBOM IPEOOPA30BAHUH STOTO HOCUTEIISI MHAYKTUPOBAHHOW SHEp-
T'MU B YaCTHILIE CO CIIMHOM PaBHBIM €JJHUIIE.

boabmasi 3acjyra B NepPBHYHBIX HCCJIEJOBAHUAX MPOCTPAHCTBEHHO-BPEMEHHOTO
Pa3BHUTHS UMITYJIbLCHOTO JEKTPHUYECKOro pa3psijia B BaKyyMme, ra3e, >KHJAKOCTH U TBEPIbIX
TeJax npuHaaie:kutT BopoobéBy A. A., YmakoBy B. f., Mecsauy I'. A. n apyrum y4éHbiM
ToMcKo-cOUPCKOil MKOJIbI BLICOKOBOJIbTHHKOB.

%8 Takpe MarHUTHbIC 3aps/Ibl 3aMeYeHbI Ha TIOBEPXHOCTH COIHIIA.

% Ha 510M CBOJiCTBE OCHOBAHA ¥ MO3rOBasi ACSTEBHOCTh Ye/I0BEKA — MOHOTIONb CIIOCOOEH HE TOJIBKO 3AITUCATH COOBITHE C IIOMO-
IIBIO0 3ePEH-MEKTPOIIOTEHIIMAIOB B COOTBETCTBYIOIIEM Y3JIe TOJIOBHOIO MO3ra, HO U MPH ONPEeIEHHOM BO3JCHCTBUM HA STOT y3el,
AKTUBU3UPOBATH 0OPATHOE POXKJICHHE MOHOIOJIEH C MEPECHUIKON MX B «PETPAHCISATOP» IS BCIOMUHAHUS TEX WM MHBIX COOBITHIA
YEJIOBEKOM, IIPOM3OIIE/IIINX C HUM JIake HECKOJIBKO JIECSTKOB JIET Ha3al.

70 Ouennb BakHO, 3apsiika B LeHTp — (popMupyetcs chepa, paspsika — GOpMEPYeTcst BOTHOBOL.

"I CungpasHocTh — IIABHOE CBOVCTBO ISt CIMSIHHS 1 IIPEOOPA3OBAHMS MEKTPUUECKON SHEPIUH B MATHUTHYIO M €& KyMyJISLst
B OJJHOM MOHOIIOJE.

72 10T NIpe/en onpeaeseTcs CTENEeHbo KPUBU3HbL, KOMAYECTBOM MOHOTIONEH 1 3HAYCHHEM IX BEIHUMHbL, T. €. HeKOTOPBIi HaGop
COOTBETCTBYIOILEH MaTepHH 11l CO3AAHHSI 3aBEPIIEHHOCTH CBOOOHOTO CYIIECTBOBAHHSI 3TOrO BUXPsI-KBAHTA.

73 PeanbHo, BIKEHIE 110 CrMpaiy 3aJaéT MOHOIIONb.
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[IpenyioxkeHHy10 31€Ch CTPYKTYpY (POPMUPOBaHUS B IIPOCTPAHCTBE BOJIHOBOJA-TPEKA ABUKE-
HUSI MArHUTHOTO MOHOTIOJIS ITOATBEPAKJAIOT U SKCIIEPUMEHTAJIBHBIE UCCIIE0BAHUSA STUX ABTOPOB U B
yacTHOCTH padoThl B. {. Yinakosa. B 3Tux uccnenoBanuii Obl1 yCTAaHOBJIEH Psill yHUKAIBHBIX PE3YITb-
TaTtoB ¢ (pororpadusaMu pa3psAaoB C BHICOKMM pa3pelieHUeM, Ha KOTOPbIX BUIHBI CIIMpAJIM Hayaja
BUXPEBBIX TOKOB HAa BOJIHOBOJE, OCTABJIEHHOIO ABMKEHMEM MAarHUTHOIO MOHOIIOJS.

JKcnepuMeHTANbHbIE HCCJIeJ0OBAHUS NPHPOALI M OCHOBHBIX 3aKOHOMEPHOCTeM
HMIIYJIbCHOTO 3JIEKTPHUYECKOro NMPo0o0s KUJKOCTEeMH.

B 1962 r. B. 4. YmakoBbiM B DHeprernyeckoM uHcTUTyTe MM. I'. M. KpxkunxkaHoBckoro
(OHWH) Obutn HavaThl MCCIEAOBAHUS MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEH MpoOost
KUJIKOCTEH € MCMOJIb30BAHUEM JIEKTPOHHO-ONTHYECKON aIllapaTypbl, 00J1aaomeit OoIbIIM Bpe-
MEHHBIM Y IIPOCTPAHCTBEHHBIM pa3peLLEHUEM.

Ocobennocmu 21eKmpuueck02o paspsaoa 8 HCUOKOCMAX (MHO2000pa3Ue U CAOHCHOCHTb SBAEHUL,

Manvle xapakmepHvle pazmepol ~ 10 MKM, 8blcokue ckopocmu pazeumust ~1 0°...10" cm/e ) nozeo-
ASIOM 8blOeAUMb PSIO MPEOOBAHUL, NPEOBABNAEMBIX K MEMOOAM BbICOKOCKOPOCHHBIX ONMUUECKUX
usmepenuii: 1) oaumenvHocms umnyavbcos nooceemku He oonee ~10...0,1 uc; 2) uac-moma cvemku 8

Kaoposom pedxcume ~1 0°...108 Kaopos/c; 3) uzmeneHue UHmMepeana Mexcoy Kaopamu 8 WUpoKom ouad-
nazone (~1...100 Hc); 4) 6vicokasi MOUHOCHb CUHXPOHU3AUUL KAOPO8; 5) IHepeUsi C6emosoz20 nyuKd
00NIHCHA ObIMb OOCMAMOUHOU 0151 NOAYUEHUSL NOCAEOYIOUUX KAOPOB C COOMBEMCMBYOW4ell 3A0epiC-
Koli; 6) 8blcOKoe Kauecmeo nyuka Onst NOAYHeHUs: HAOEHCHBIX KONUUECINBEHHBIX Pe3YNbMarnos.

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

Ota oTtorpadusi — KIACCUUECKUN TTPUMEP Pa3BUTUSI BUXPEBBIX TOKOB Ha OCTaBJIEHHOM TpPeKe
3€peH-TIOTeHIIUAJIOB, CO3/IaHHBIX MAarHUTHBIM MOHOTIOJIEM.

Hanee, BHavasie NBUKEHUS-U3MYUEHUSI U U3MEHEHUS-MHIYKIIUM MOHOIIOJIEH-BUXPEN B ITON
00JIaCTH MTPOCTPAHCTBA EKTPUIECKOTO 1oJIsA, (hOpMUpPYeTCsl 30HA U3JIYyYeHHs], T. €. CAMOIBIIKE-
HUE-U3MEHEHNE IBYX OPTOTOHAJIBHBIX M CMH(A3HO MEHSIOIINXCS MOHOIOJIEN — MAarHUTHOTO U MPO-
TUBOJCUCTBYIOIIETO €My JIEKTPUIECKOro, KOTOphle MHIYKTUBHO CBSI3aHBI IPYT C IPYTOM U B IPO-
1iecce pa3psAAKU NPeICTAaBIAIOT €JUHOE LIENIOe.

Taxo¥i mepeMeHHbIN MarHUTHBI MOHOTIOJIb CTAHOBUTCSI HOCUTEJIEM KBaHTa MHIyKTUPOBAHHOMN
SHEPIUU U «TPAHCTIOPTOM» ISl IEPEHOCca MapaMeTPOB MEPBUYHOIO KBaHTa. [pyrumu cioBamu, ipu
CaMOJBMKCHUU-Pa3ps/IKe OH CTAHOBUTCS BHXPOHOM U Pa3BEPTHIBAET B MPOCTPAHCTBE’* BCIO UCTO-
puio (MHGOPMAIIHIO ) U3MEHEHHS SJIEKTPUIECKOTO MOJIs B TOUKE, Tjie OH poauiics. Ha Y4 miiHbI BOITHBI
(Iy4HOCTB) OT IEPBOHAYAILHOTO MECTOIOJIOKEHH I IEPBUYHBIE MOHOIIOJIM — MArHUTHBIN U TIPOTUBO-
JEHCTBYIOIINI NEKTPUYECKUI NCUE3aI0T, U Yepe3 MIHOBEHHUE yike Ha Y2 1yIMHBI BOJIHBI (Y3el1) BO3-
HUKAeT BTOPUYHBIN MOHOIIOJb, WJCHTUYHBIA 10 BeJIMYMHE (MArHUTHBIA) W TTPOTHBOMOIOKHBIA 1O
3HaKy nepBuyHOMY. [Iporiecc moBTOpsieTcs 3aHOBO, HO C TTPOTUBOIOJIOKHBIM 3HAKOM.

CamoBrkeHMe- pa3psiAKa MOHOIIONS IPOUCXOIUT U3 TOUKU-Y3J1a 110 chepuyecKoil criupanu
BO3PACTAIOIIETO pajiiyca U YMEHBINAIIIEHCS] YaCTOThI — MPOAOJILHOE JIBUKEHUE BIEPEs] CO CKOPO-
CThIO cBeTa. Paguyc cepsl MOHOMONS, TPU STOM, HAUMHAET YBEJIMUMBATHCS, a 3HAUCHUE BEJTMYMH
JIEKTPOTIOTEHIIMAIOB Ha TPEeKe YMEHBINAThCS MO0 aOCOMIOTHOW BEJMYMHE W CTAHOBATCS PaBHBIMU
HYJTIO Ha Cepe/iiHe MyYHOCTH TpeKa — Y4 bl BojiHBL. Bpariienue chepryeckoro MarHuTHOrO MOHO-
TOJISl IIPOUCXOMIUT CO CKOPOCTBIO MHOTO OOJIBIIIE CBETOBOM M, €CJTM CMOTPETh CHapyXXH Ha HEro, TO
Oy/IeT BOCIIPHHUMATHCS TOJIBKO IPOIOJIBHOE JIBUKEHHE CO CKOPOCTBIO CBETa YBEIMUYMBAIOIIETOCS B

74 o .. .. o
Kak nokazan CIIEKTPOMETPUYCCKUU aHAJIN3 CBETA NAJIEKUX 3BE3M, TaKasd I/IHdt')OpMa.LII/IH MOXKET NepeaaBaTbCA C PaCCTOAHUN

cabime 1078 CM, HO C «TIOKPACHEHHEM» YacTOThl KBaHTOB.
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IraMeTpe cripaieBugHoro topa (Bugeo 2.3). Bo BpeMsi ABMKEHHSI OH M3MEHSIETCsS B JUaMmeTpe,
YMEHBINAETCS 110 3apsily U KBAaHTYET > MPOCTPAHCTBO CIMPAJIH, OTKJIAJbIBAsI EKTPUUECKUE 3epHa-
MOTEHIMAJIBl HA HEll B COOTBETCTBUM CO CBOEH MaMSATHIO M B CTPOrO reOMETPU30BAHHOM TOPSIIKE.
[Tpu paspsiake BHauasie OBMKEHHWS] MOHOMOJS OT y37a OTKJIAIBIBAIOTCS MOTEHIMATbl MAaKCUMAaJlb-
HOro 3HayeHus. Ha Y4 mivHbI BONHBI (ITyYHOCTB) OTKJIAJBIBAIOTCS HYJEBBIE [0 3HAYCHUIO TIOTCH-
1Masbl. B MOMEHT 3apsiKy IPOTUBOIOIOKHOTO MarHUTHOTO MOHOIIONSI IPOUCXOIUT aHAJIOTUYHBIH
MPOIIECC C MPOU3BOICTBOM CITMPAIM BOJIHOBOAA, HO yXe MPOTUBOIOJIOKHOTO 3HAKAa — BOJHOBO]] B
TIOJIBOJTHBI JIEKTPUYECKH 3apSANIICS 10 JBOMHOrO 3HAYEHUS pPa3HOCTH MOTEHIMATIOB. AKTUBHBIN
00BbEM BUXPOHA B HAYAIbHBI MOMEHT Pa3psiKU Pa3MEPHOCTBIO B YETBEPTh JUTUHBI BOJIHBI CONCPIKUT
JBa TAaKMX TOpPAa C MUHUMAJIbHBIM M MaKCUMaJIbHBIM pagnycoM. OHAKO MaKCUMAJIbHOTO 3HAUEHUSI
(3aps/iKa) MAarHUTHBIA BTOPUYHBIA MOHOMOJIb JOCTUTAET JIMIIH B TOUKE MOJIOBUHBI IEPHOA YACTOTHI
(oToHa, T. €. B TOUKax COMPUKOCHOBEHM: (Y37bl) JBYX c(ep crvpajieil BOJIHOBOJA. DTO TPeThbe
CBOICTBO MOHOTIOJISI BUXPOHA: KBAHTOBaHME 3EéPeH-3J1eKTPONOTEeHIINATIOB ITPYU CBOOOTHOM [IBHU-
KEHUU B CBOOOJHOM BaKyyMHOM IPOCTPAHCTBE, T. €. Pa3BEPTKA B MPOCTPAHCTBE CBOEH MCTOPUM
POXIEHHUS.

B moment 1/8 meproga oT y3ima B aKTUBHOM B YETBEPTb BOJHBI MHUKPOOOBEME BHXPOHA
yXke CYIIECTBYIOT IO JJBa OJMHAKOBBIX MO 3apsily MArHUTHBIX MOHOIIOJIEN, HO MPOTHBOIOJIOKHOM
HAIPaBJIEHHOCTH, MPUUYEM MPOTUBOMOOKHBIA 3apsKaeTcsl IepeMEHHBIM JIEKTPUIYECKIM MOHOTIO-
JieM, KOTOPBIA CO3/1aET MepBUYHBIA. BTOPUYHBIA MOHOIONb 3apsikKasCh HAYMHAET CTPOUTH OT Y4
JUTMHBI BOJIHBI B 3TOM ke 00BbEME CIUpPaib MEKTPONOTEHIIMAIOB MTPOTUBOIONIOKHON TOJISIPHOCTH
(¢ur.2.2). 910 yeTBEPTOE CBOICTBO BUXPOHA: CAMOMHAYKIMS [IPOTUBOIOJIOKHOIO MOHOMONS U
CO37]aHNe CBOOOIHOTO OMIOJISIPHOT0 BUXPOHA'® — 030HHOI0 MAarHUTHOIO OUNOJsA, (POpMUpY-
IOIIEr0 TAKyl0 MUKPOYACTHUILY CO CIIMHOM PAaBHBIM €IMHHMIIE, KaK (DOTOH JIEKTPOMArHUTHOTO KBaHTa
— 0030H.

B mpocrtpancTBe, mocie BhIXOda BUXPOHA M3 TMEPBOrO Meprona, OcTaéres ciieq-paHToM U3
YeThIPEX noycgep-crupanei, Ha KOTOPBIX pa3MeIeHbl SJIEeKTPONOTEHIIMATBI-3¢pHA Pa3HBIX 3HaUe-
Huit”? (dur.2.2, cnpapa) U 3HAKOB 1O MoJsipHOCTU. Camble OOJbIlMe 3HAYEHHs] OTEHIIMAIOB T10
aOCOJTIOTHOM BEJTMYMHE M ¢ OOJBINeH YaCTOTON pa3MellleHbl Ha CIMPAJIsAX HAaUMEHBIIIEro AuameTpa ’s.
3aTeM OHM YMEHBIIAIOTCS JI0 HYJISl B CeperHE MyYHOCTH Toycgepsl, MOocie Yero HauMHaoT yBe-
JIMYMBATHCSA TIO 3HAYEHHIO, HO C JPYroil MoisipHOCTBIO. [TonmoxkuTesnbHble ¥ OTpUlaTeSIbHbIe 3€pHa-
3JIEKTPONIOTEHIIMAIIBI TEOMETPUYECKU (PMKCUPOBAHBI B TPOCTPAHCTBE OTHOCUTEIILHO JIPYT JIPYyTa, T. €.
mo0Ooe UX CMeIIeHHe OTHOCUTENIBHO JIPYTOro BhI3BIBAET MATHUTHOE T0JIE C TAKUM HAIpaBJIeHUEM Aeii-
CTBUS1, KOTOPOE HAIPABJICHO Ha BOCCTAHOBJICHHE TIEPBUYHOTO MOJIOkKeHHs1. TakuM oOpa3oM, Ux reo-
MeTpHU30BaHHas (PUKcalMsl B IPOCTPAHCTBE OXPAHSIETCS 3aIUTHHIM MArHUTHBIM 11ojieM. OTHaKo mpH
ONpe/eIEHHBIX YCIOBUSX TOC/IEI0OBATeIbHO-CHHX POHHOTO CMEIIeHHs] TAKUX 3€peH Y4 JTMHBI BOJIHBI
crimpaieil Bo30y:kaaeTcsi’”® mepBUYHBI MarHUTHBIN MOHOIIONb, T. €. BO3MOXKEH 1 00paTHO-Mocje-
JI0BaTeJIbHBII MPOIeCcC BO3POKICHHUS U3 YaCTH BOIHOBO/IA MUK POBUXPOHA.

JIBukeHne KOHKPETHOro CBOOOJHOTO MHKPOBHXPOHA C OOpa30BaHMEM KBaHTA-HOCUTEINS
VHIYKTUPOBAHHOW SHEPIUM XapaKTEepU3yeT ero CBOWCTBO POXIATh MUKPOYACTHUILY C KOHKPETHBIM
cnuHOM. B 1anHOM ciydae crivH (poTOHA paBeH equHUIe®, a YUCTIEHHO TS SJIEMEHTApHBIX YaCTHUI]

5 Bo BpEeMsi TaKOTO TpoLecca «TsKENbIN» MarHuTHbIA MoHonoib CBY nuanazoHa crniocoOeH emé MpOHUKAaTh B aTOMHBIE siIpa
Y MOHU3MPOBATh €10 000JIOUKH.

= INepeMeHHOro MarHUTHOTO JHIIONIS.

7B y3ite MaKCHMAITHHOE 3HAYEHHE MTOTEHITNAIIOB, B ITyYHOCTH — HYJIEBOE.

8 Nmenno su PE30HaHCHBIE TIOTEHLIUABI, IPUBHOCHMBIE B COOTBETCTBYIOLIEE MEKTPUIECKOE MOJIe aTOMa MarHUTHBIM MOHOTIO-
JIeM, IePEBOJIAT aTOM M3 OCHOBHOT'O COCTOSIHMSI B BO30YKAEHHOE MJIM MOHU3UPYIOT ero — (poTo3(hhEKT.

7 Cornacto TIPUHIIMITY IeTaJTbHOTO PaBHOBECHSI.

80 Penonuenne momsoro keantoBOrO npeoOpa3oBaHKsl HOCUTEIIsl MHIYKTUPOBAHHON SHEPTHU B CBOOOJHOM BHXPOHE — BOJHOBOE
JBWXKEHUE MaTepUH.
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OH onpeziensieTcs nocrosinHou [lnanka. Mtak, msiToe cBOWCTBO, XapaKTepHU3yIoIlee BUXPOH — POK-
JaTh KOHKPETHYI0 MUKPOYACTHILY C OINPEAEIEHHBIM CIMHOM. MexaHu3Mm o0pa3oBaHusl ClIMHA B
CAII HeusBecteH. MOXHO JaTh Clielyloliee olpeeseHue MPUpoibl CIMHA MUKPOYACTUILIBI — STOT
napaMeTp XapakTepusyeT CTereHb KBAHTOBOW 3aBEPIIEHHOCTH MPeoOpa30BaHusl MHIYKTUPOBAHHOM
JIEKTPOMArHUTHOW SHEPIMU MaTePUH, KOTOPBIN ONPeAesieT B 3aBUCUMOCTH OT BHYTPEHHHX CBOMCTB
MUKPOBUXpOHA (popMy U BUAY! NBMKEHHMS] MUKPOYACTHIIBI, T. €. 00pa3yercsi 3aMKHYTO-KoJie0a-
TeJbHBIA WM OTKPBITHIN caMOABMKyIIuiicsa e€ (a3oBblii 00bEM. PaznuyHele mo THy, T. €.
3aMKHYTbI€ WY CBO0OOIHbIe MUKPOBHXPOHBI CIIOCOOHBI 00PA30BBIBATH MUKPOYACTHUIIBI CO CITUHOM
paBHBIM enuHUIIE ((POTOH), C TOMYIETBIM CIMTHOM (JIETITOHBI), @ TAK:KE MUKPOUYACTHIIBI C HYJIEBBIM
CITIMHOM — ME30HBI (TTMOHBI, KAOHBI), KAK IIPOMEKYTOUHbIE COCTOSIHUS PACHAAIONINXCS SIEPHBIX 000-
nouek. [Ipruém BUXpOHBI, 0Opasyolyie 3aMKHYTO-KoJde0aTebHble (pa3oBbie 00BEMBI MUK pOUa-
CTHII, BMECTO NMPOTUBOJEUCTBYIOIIETO MEKTPUIECKOr0 MOHOIIONSI MHAYKTUPYIOT B HUX TPaBUTAIM-
OHHBII1 MOHOIOJIb — HOBBII HOCHTEJb UHAYKTUPOBAHHOW SHEPTMU MaTepUU MOKOSI.

Takum 06pa3oM CBOMCTBa MUKPOBUXPOHOB CTAHOBSITCS ONPEAEISIOIUM (PaKTOPOM 00pa3oBa-
HUS CTAOMJIBHBIX XMMUAYECKMX 3JIEMEHTOB B MPOIIECCce UX 3apOXIEHUs, pacnaja U CTaOUIM3aiy Ha
JOJITOM IyTH OT siipa 3eMJIU K €€ MIOBEPXHOCTH.

OnucanHas Bbile cxeMa (hOpMUPOBAHMS M KBAHTOBAHMS 3€PEH-IEKTPOIIOTEHIIMATIOB (ha3o-
BOro o6bpéMa (pOTOHA CYIIECTBEHHO YMPOIIEHa M BechbMa Ipy00 pa3pbIBHO-NOCJI€10BATENHHO
MOKa3bIBACT OCHOBHBIE BKJIA/IBl YYACTBYIOIIUX MPOIIECCOB. DTO CENAHO JIsl YIIPOIIEHUsT TOHIMa-
HUS BCETO TpoIiecca B 11eJI0M, He yriayOusisich B eTayu. PeaqbHO B IPUpPOAE STOT MPOILECC MPOUC-
XOIWT TOpa3ao CIOXKHENH®? W KapThHa TUHAMUKH oOpa3oBaHus (ha30BOro oObéMa jaaxe poToHa B
JETaJIsIX HECKONbKO OTJHMYAETCs OT YK€ paccMOTpeHHOW. KBaHTOBaHME MOTEHIMATIOB PeabHOTO
3JIEKTPOMArHUTHOTO MPOCTPAHCTBA-TPeKa (POTOHA MPOUCXOAUT CHH(PA3ZHO-IOCJIeJ0BATEJIbHO C
MOMEHTa U3MEHEHHS! IEKTPUIECKOro MOJsl elle B 30He MHAYKIIMM OKOJIO MCTOYHMKA®> B MOMEHT
3apsAAKY MOHOIMOJIS, a M0 CKOPOCTU MepeHoca MOTEHIMAIOB T0JIel KOHKYPUPYIOT ABa Ipolecca —
CTATHYECKOW WHIYKIIMU 1 BUXPEBOIl reHepalun 3€peH-/IeKTpoIroTeHIManoB. [1epBriil mporiecc
opmupyeT BHEIIHee T0Jie UCTOYHUKA, BTOPOM — BHYTPEHHHE TOJIsI CTPYKTYpbl MUKpodacTuil. Cko-
POCTb CTaTMYECKOW MHAYKIMH TTOTEHIIMAIOB OT MOCTOSIHHBIX MICTOYHMKOB BO MHOTO pa3 IMPEBHIIIAET
CKOPOCTb BUXPEBOI TeHepalliy MOTEHLIMAJIOB, T. €. CKOPOCTh CBETA BO MHOTO pa3 MeHbIIIe CKOPOCTU
pacnpocTpaHeHHsI TOCTOSIHHBIX MEKTPUYECKUX 1mojiell. He 3aTpoHyTHI M BOIPOCH MPSIMBIX U 00paT-
HBIX IIPOLIECCOB KM3HU OTEHIIMAIOB-3EPEH — y CTAIIMOHAPHBIX 3aPsIJOB OHU IBHKYTCSI CO CKOPOCTBIO
OoJIbIIIe CKOPOCTH CBETA, & MATHUTHBIN 3apsifl CaM JIBUKETCSI CO CKOPOCTBIO OOJIbIIe CKOPOCTH CBETA,
HO (PUKCHPYET reOMETPUYECKH MOKOSIINECs B MPOCTPAHCTBE MOTEHIIUAIIBI — 9TO OYeHb BaKHbIN
MOMEHT B IPUPOJIE YCTAHOBKH IOJIeN MAaKPO ¥ MUKPOUCTOYHMKOB. MOMEHTY Havasa pa3psaku Mpo-
TUBOJIENCTBYET MHAYKTUPYEMBbIiA IEKTPUYECKUI1 MOHOMOJIb. DTO 3HAUUT, YTO UMEHHO B 3TOT MOMEHT
ero BHElITHee JIeKTPUIECKoe MoJie MMeeT HarnOosiee MPOTsKEHHbINA paguyc JaJbHOAeiCTBUS 1 3Ha-
YeHue, KOTopoe CrocoOHO Hambosee 3(pheKTUBHO B3aUMOJIEHCTBOBATh C OKPYKAIOIIMMU TIOJISIMH,
HarpuMmep, ¢ oJieM aTOMHOTO siipa — Iap oopa3zoBanue. [I0JHOCTBI0 MATHUTHBIN MOHOTIOND pa3psika-
eTcsi Ha ¥4 y4YHOCTH JUTMHBI BOJIHBI, OCTaBJIsIsl HA OKPYKHOCTA MAaKCUMAJIbHOTO IMaMeTpa TpeKa HyJle-
Bbl€ NTOTEHIMANBL. [IpOTHBOAENCTBYIOIIMI TaKO! pa3psi/Ike BHAYAJIE ITOTO MPOoLecca MEKTPUIECKUNA
MOHOIIOJb, B 9TUX TOYKaX Ha Tpeke Y4 Takke mcyeszaer. DIEKTPUIECKOMY MOHOIIONIO B CBOOOIHOM
BUXPOHE OTBOJIUTCSI OCHOBHASI POJIb B3aMMOECTBHSA C OKPYKAOIIUMH TOJISIMU TP JABUKEHUN
Yyepe3 BEIeCTBO — TOJIBKO OH CIIOCOOEH 3aTOPMO3UTh U OCTAHOBHTH, «<BMOPO3UTH» B TIA3MY, CO3JaTh
KBaHTOBBII MEPEXO]] U3 MArHUTHOTO COCTOSIHUSI MATEPUH B IpaBUTAIMOHHY0. CaMoe ri1aBHOE 3aKJTIo-

81 BoJIHOBOM, KHHETHYECKUI WITH 1eOPOIIEBCKHIA.

82 PaccMoTpeHa TOJBKO IUIOJIbHAST MH/YKIHsI BTOPUYHOTO MATHUTHOT'O MOHOIIOJIS, A CYIECTBYIOT €IIE ¥ KBAIPYIIOIbHAS U IPyTHe
MeHee 3HAYUTEIbHbIE BKJIAIb TIPA U3MEHEHUH TIEPBUYHOTO MOHOIIOISI.

83 Cravama MIPOUCXOOUT (POPMHUPOBAHHUE HYJIEBBIX TIOTEHLMAIOB C GOJIBIION Cepbl, 3aTeM MaKCUMAJIBHBIX Ha MaJIOM pajiyce B
y371e (pOTOHA U TTOTOM OMATH OCIAOJSIOTCS TOTEHIMANBI [0 BEJIMYKMHE 10 HYJIs1 Ha OOJIBIIOM pajuyce, T. €. 3apsiaKa-paspsiaKa.
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YaeTcss B TOM, YTO C MOMEHTA HavyaJla pa3psAKM MarHUTHOTO MOHOMOJISI, MHAYKTUPYEMbIA POTH-
BOIIOJIOKHBIN MOHOIIOJb, ABWKYIIUICS BIiepeqy Ha Y4 mepuona, NpaKTUYeCK HeBHIMM JUTS OKpY-
KAIONUX TOJIEH U BEIeCTBA. DTO MO3BOJISAET ISl «TSIKETBIX» MarHUTHBIX MOHOIIOJIEH CBOOOTHBIX
MUKPOBUXPOHOB ONPeIeIEHHON JTUHBI BOTHBI (OT 5 10 20 MUKPOH) BUXPOHOB OECIIPETISITCTBEHHO
MIPOHUKHYTH BIITyOb aTOMHOTO Si/ipa ¥ MOHU3UPOBATH €70 MUKPOYACTHUIIBI, COCTABJISIONIIE BHEIITHUE
000JIOYKH. DTOT K€ MOHOIOJb SIBJISIETCS] OTBETCTBEHHBIM 32 OTJIMYME KOMOTOH-3(eKTa OT aToM-
Horo ¢oto-3¢pdekra. [IpyruM He3aBUCMMBIM ITapaMETPOM BUXPOHA, MIO3BOJISIIOIIMM KOCBEHHO 3ape-
TUCTPUPOBATH AKT MPOJIETA MATHUTHOTO MOHOIIONS B IPOBOMSIIIEM BEIIECTBE, SIBJISIETCS BOJTHOBO
U3 JEKTPONOTEHIMATIOB, B/IOJb KOTOPOTO MO €ro CHUpasisiM YT BUXPEBbIE MEKTPUUYECKUE TOKH.
Cy1iecTByer emié MHOTO JPYTrUX MapamMeTpoB, YCIOKHSIONMX KAPTUHY CO3/IaHMsI HAIJISITHOTo 00pasa
peanbHOro camopBrkeHust (potoHa. OJHUM U3 HUX SIBJISETCS MEXaHU3M MpeoOpa30BaHUsl KBaHTA
CrMpajiell MarHUTHBIX TMOTEHIIMAIOB, pa3MENIEHHbIX Ha c(pepruecKoil TOBEPXHOCTU OIHOTO Paju-
yca, B OJJHO 3€PHO-TIOTEHIIMAJ ONPE/IIEHHOIO 3HAUeHUsI M 3HaKa, CTPOro Pa3MENEHHOTO B OTHOM
TOYKE TPeKa BOJHOBO/IA IEKTPHUUECKOTO MOHOIIONS. JpyrumMu napaMeTrpaMu, KOTOpble HAMEPEHHO
HE PacCMaTPUBAIOTCS B TAKOM U3JIOKEHUH, 3TO KAPTHHA BEKTOPHOI0, TUHAMUYHO U3MEHSTIOLIUXCS
MarHUTHOTO (B MOMEHT pa3psAKH) U MEKTPUYECKOr0 MOHOIONEH M JTUHAMHYECKH MEHSIOIasiCs
CTPYKTypa BHYTPEHHHMX M BHEIIHUX MOJIEH mocieiHero. PaccmarpuBaeMblil MEXaHM3M CaMOJIBUKe-
HUSI MArHUTHOTO MOHOTIOJ S TIPOLIECC ABTOHOMHBIH, T. €. IBUKeHHe (POTOHA CO CKOPOCTBIO CBETA — ITO,
10 CYTH, JIEKTPOMAr HUTHBIH TOK B IIPOCTPAHCTBE O€3 SHePreTHUECKOU BHEITHE!N MOAMUTKY 1 HA HETO
UJIYT 3aTPaThl TOJTBKO COOCTBEHHO-HAKOIUICHHON SHEPIUH MEPBUYHOTO KBaHTA, KOTOPBIE 3aCTABIISIOT
(boToHBI, pUsIETEBILINE U3 JAIEKUX IAJIAKTUK, «KPACHeTb». Takoi BUJ KBAaHTOBO-ITYJIbCUPYIOLIETO
IBWXKEHUSI, KOTOPBIN 331a€TCS1 MATHUTHBIM 3apsIIOM, B IPUHIIMIE OTIIMYAETCSI OT KOPITYCKYJISIPHOTO
KMHETHYECKOTO TBMKCHUSI YaCTHUIIBI, OOIAIAIONIEe MacCOM, HAPUMED NMEKTPOHA, ABUKYIIETOCS CO
CKOPOCTBIO OJTM3KOM K CKOPOCTH CBETA.

Takum 0Opa3oMm, CBOOOAHBIH MHUKPOBHUXPOH (PoTOHA — OO30HHBIM MArHUTHBIA OUIIOJb,
MOXHO Ha3BaTh co3jiaresieM (pa30Boro o0ObEMa KBaHTa aTOMHOTO (DOTOHA, T. €. KBAHTOB JIEKTpOMar-
HUTHBIX BOJTH BCETO U3BECTHOTO Iuana3oHa. Kpome Toro, ero MOXHO OMpeenTh U Kak CaMOIBHIKY-
IIAACS] MUKPOBUXPEBOIM MarHUTO-3JIEKTPUYECKUN OOBEM, B KOTOPOM ITYJILCUPYIOT B CMEHSTIOLIHX 54
APYT Apyra MPOTHBOMOJOKHBIX MArHUTHBIX MOHOIIONS Yepe3 MOCPEACTBO MPOTHBOACUCTBYIOIIETO
MIEPBIUYHOMY JIEKTpHUecKoro. [IoMUMo 3TOro oHu eI npou3BOASIT BOJIHOBOMA, B KOTOPOM CTPOTO
reoMeTpruecKy 3a(pMKCUPOBAHBI B TPOCTPAHCTBE MOKOSIIIUECS TTOJIOKUTENIbHBIE U OTPULIATETbHBIC
JIEKTPONIOTEHIIAAIIBI.

MarHuTHBII MOHOTIOJb BUXPOHA B OTJIMYKE OT JIEKTPUUYECKOTO He B3aMMOJICHCTBYET S ¢ Bellle-
CTBOM Cpe[ibl B KOTOPOM JBMKETCS, B TOM YHCIIE U B METaJlIe, B KOTOPOM OH TaKKe JIBHKETCS CO
CKOpOCTBIO cBeTa. Eciu Obl HE CONPOBOKAAIOIIMI €ro BCIOAY MpU pa3psiKe MPOTUBOAEHCTBYIO-
A 3JIEKTPOMOHOIMOJb M BCETAa OCTABJISIEMbIN CIIE/I-BOJIHOBO M3 3€PEH-MIEKTPOIIOTEHINATIOB, TO
ero HuKoraa Obl He OOHAPYKWJIM U He MOIIM Obl UIeHTU(UIMPOoBaTh. KOCBEeHHO ero perucrpanyu
CIIOCOOCTBYET MEXaHMU3M MPeoOpa30BaHMsl KBaHTA CIMpaJiell MOTEHIINAIOB KaX 0l cepbl OTHOTO
paauyca B OJHO JIEKTPHUYECKOE 3epHO-TIOTEHIMAT ONPeeIEHHOTO 3HaKa U 3HAYEHU S, YIOKEHHOE B
CTPOro OTBEIEHHOE MECTO Ha BOJTHOBOJE, a TaKKe MPOTHUBOICUCTBYIONINI pa3psiAKe IEKTPOMOHO-
T0JTb, CIOCOOHBIN K PE30HAHCHOMY 3aXBaTy MOJIEM aTOMa, ¥ TIEPEBOAOM IOCIIEIHETO B BO30YKAEHHOE
WJIM MIOHU3MPOBAHHOE COCTOSIHUE, a MPU MIPEBBIIICHUH ITOPOra SHeprui MUKpoBuxpoHa B 1022 KB
— poxzeHue map. B MOMEHT, Korja MarHUTHbBIA MOHOIIONb HAXOOUTCS B y3/IaX BOJHOBOIA (DOTOHA,
B 00bEME BUXPOHA OTCYTCTBYET JIEKTPUUECKUN MOHOIIONb — B STOT MOMEHT OH BOOOIIC HEBH/IMM.
DNIEKTPUIECKHIA MOHOTIOJb BUXPOHA, B OTJIMYKE OT MArHUTHOTO, TIEPUOIMUECKU UcUe3ast Ha V4 nepu-

4 .. ..

8 Crengyer 0co60 3ahMIKCHPOBaTh 3TO SIBJIEHUE, NMeIolee CBOE Ha3BaHNE — MHBEPCHS TOJI0ca MarHUTHOTO mojist. [lpuaém B
citydae (POTOHOB 3Ta MHBEPCHS MIMEET OAMHAKOBBIH MEepHo JUIsl TOTO U IPYToro Iojioca, Kak U B Ciy4yae MarHuTHoro nosst CosrHia
— TMIEPBUXPOHA.

85 Ero ocHOBHOE Ha3Haue€HUE — 3TO BOJIHOBOJI C SJIEKTPOIIOTEHINAJIaMU.
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oJla ¥ TOSIBJISISICH JIMIIIb B IPYTOM MecTe ero (pa3oBoro o0beéMa yke Ha Y2 mepuona ¢ nepeMeHHbIMU
3HAUEHUSIMU 3HaKa 1 a0COMIOTHOW BEJIMUMHBI, IEPUOTNYECKI B3aUMOJCHCTBYET C BCTPEYAIOIIUMUCS
TIOJISIMU BEIIECTBA, Yepe3 KOTOPbIE OH IMPOXOIUT. DTU B3AUMOICUCTBUSI, HAPUMED, TPUBOJST K Clie-
ayomuM ¢ dexTam:

— C 9NIEKTPUYECKHM I0JIeM aTOMHOTO sipa — oTto3pdeKT, BO30ykIeHre U nmap odpa3oBaHue

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

BoHOBOIBI U3 2/IEKTPOINOTEHIMATIOB BCEra OCTAIOTCS B BEUIECTBE IMOCTE MPOXOKICHUS B
HEM MarHUTHOTO 3apsiga. Ecim B BelecTBe, HampuMep, CTEKJI0, HET TMOABIIKHBIX, JaKe XOTs Obl
JIOKQJILHO TIOJBIKHBIX MIEKTPUUECKUX 3aPSJIOB (MEKTPOHBI), TO 3TO BEIIECTBO MPO3PAYHO ISl Mar-
HUTHBIX 3aps/IOB, T. €. A7 (poToHoB. Ecnu BemiecTBo MMeeT aToMbl, KOTOpbIE U3TyYaloT Pe30HAHC-
Hble (DOTOHBI, TO TaKKe (POTOHBI OYIYT MOITIONIATHCS BEIIECTBOM, a B I1€JIOM OHO OyAET HETTPO3pavHO
st Hux. Ecm B BelecTBe MPUCYTCTBYIOT CBOOOIHBIE NIEKTPOHBI, TO UIYT CHHXPOHHBIE IO JITUHE
Y TUaMeTpy MPOBOIHUKA KOPOTKOIIPOOEKHBIE BUXPEBbI€ JIEKTPUUYECKUE TOKH BIOJb BOJTHOBO/OB,
a BEIIEeCTBO B IIeJIOM OyJeT HarpeBaTbcs. Takue e MPOLECcCH MPOUCXOIAT C «TSIKETBIMI» MAarHUT-
HeiMu 3apsiiamu CBY otoHoB. Och BUXpOHA, KaK OCHUJUIMPYIOLIETO JIEKTPOMarHuTOrMPOCKOIIa,
OIMHUPAIOIIETOCs Ha TIOTEHIIMAITBI, SIBJISETCS] IOCTOSIHHO OPUEHTUPOBAHHOM B MPOCTPAHCTBE U OIpe-
nensiet (popmy U CTeNeHb MoJspu3aluu (POTOHA — IIeCTOe CBOWCTBO.

Takum o6pa3om, mponecc caMmoABHKeHUs1 (POTOHA — ITO JABWKEHHE CBOOOTHOTO BHXPOHA
C OIOPOM Ha MEKTPOMOTEHIMAH TpeKa (OoToHA B (ha30BOM 00BbEME, KOTOPOrO BTOPUYHBIN ITyJThb-
CHUPYIOIIUI MarHUTHBII MOHOTIONb, TAK)KE KaK U MEPBUYHBIHA, MPOJOIKAET MPOIECC HEMPEPHIBHOTO
reOMETPUUYECKH YIMOPSIIOYEHHOTO KBAHTOBOTO MTPOU3BOCTBA STHX OMOPHBIX IEKTPUUECKUX 3EPEH-
MOTEHITUANIOB (TIOJIOKUTENIBHBIX M OTPUIIATEIbHBIX ) HA HOBOM MecTe B mpocTtpaHcTBe. CamoaBmaxke-
HHe CBOOOIHOro (hoToHa OOYCIIOBJIEHO MPOJIBMKEHUEM IYJIbCHPYIOIIEro ¥ MEPEMEHHOTO MO 3HaKy
BUXPOHA ¢ 00pa30BaHMEM CIMPATBHOTO BOJHOBOA IEKTPUUYECKUX MOTEHIMAIOB (ha30BOTO Mpo-
CTpPaHCTBA, Yepe3 MOCPEACTBO ITUX MOTEHIINAJIOB, OMMPAIIUXCS HA MPOTEKTOPHOE MarHUTHOE
ToJe.

3oHa uzJyyeHust popMHUpyeTcs cpasy ke Mocje OKOHYAaHHS NIeproAa 3apsAKK MarHUTHOTO
MOHOMOJIS 32 30HOMUHAYKIMY, T. €. OT 1/8 10 yeTBepTH AuHBI BOJIHBI. CTallMOHAPHBIM MUK POUC-
TOYHUKOM, B JAHHOM CJIy4dae, SIBJISIeTCS] CBS3aHHBIM M BO30OYKIEHHBIN aTOMHBIN 351eKTpoH. Ha rpa-
HUIIE 30HBI MHAYKIIMY 3TOT0 UCTOYHUKA C 30HOW M3ITyYeHHs pOXkKJaeTCss BUXPOH BCIIEICTBUE HavYasa
ABWXKEHUS] MArHUTHOTO MOHOMOJS. [lepeHoc BUXpEeBOro aTOMHOTO KBaHTa MOTEHITMATIOB®® UM ero
BOCITPOM3BOICTBO HA HOBOM MECTE MPOU3BOAUTCS YK€ BUXPOHOM — 3TO MPOLIECC CAMOABUKEHUS
azoBoro o6bvEMa (poTOHA U MEPEHOC FJIeMEeHTAPHBIX NEKTPUIECKOr0 U MAarHUTHOTO 3apsiioB —
3TO ceibMOe CBOIICTBO.

KomnnexktuBHoe cuH(azHOe NBIKEHNE MHOKECTBA OMHAKOBBIX BUXPOHOB B pa3HbIe CTOPOHBI
OT KCTOYHMKA 00pa3yeT CyMMAapHBIN B KK A0M TOUKe Mosist CHH(a3Hb (h)POHT NOTEHINAIOB JJIeK-
TPOMArHUTHOH BOJIHBI U TIPEBpaNIaeTcsl B IBUKYyIeecss®’ BOJTHOBOE JIEKTPOMArHUTHOE TOJIE STOTO
UCTOYHUKA®® — 3T0 BocbMoOe cBOMCTBO. Takum 00pa3oM, KOJUIEKTUBBI CUH(A3HBIX KBAHTOB (DOTOHOB
00pa3yloT BOJHOBYIO 30HY JIEKTPOMArHUTHBIX BOJIH.

PaccMoTpeHHBIe BbIIIIe MTPOIIECCh TPOUCXOAAT BO BpDEMEHHOM MHTEPBaJie 1 MUKPOOOBEME Mpo-
CTPaHCTBA, 32 KOTOPHII MPOU30IIUIA 3apsiIKa MEPBUYHOIO MArHUTHOTO KBAHTA, 32 TAKOE K& BpeMs
Pa3psAAKKM STOT MOHOIMOJIb MUKPOBUXPOHA YCIIEBAET COBEPIINTH KACKa/1 TOCTYIATeIbHO-BPAIaTEIh-
HBIX CIIMPAJICBUIHBIX JIBMKEHUI ¢ 00pa30BaHUEM Y4 IUIMHBI BOJIHBI (ha30BOTO MPOCTpaHCTBA (hOTOHA
Y MCUYE3HYTh U3 Hero. Takoe MocTynare/ibHO-BpaliaTeIbHOe ABMKEHNE MArHUTHOTO MOHOIIONS Orpa-

8 Monosuna (azoBoro 06bEMa (HOTOHA, T. €. HOBEPXHOCTh OTPULIATENIBHBIX [TOTEHIMAIOB, MHAYKTUPYET BO BHEILIHEM MIPOCTPaH-
CTBE EKTPUIECKOE T10JIE OT BUPTYAJIbHOTO OTPHLATENBHOTO EAMHUYHOTO 3apsjia, PAaBHOTO 3apsily IEeKTPOHA, a Apyras MOJOBHHA —
3apsily MO3UTPOHA.

87 Co CKOPOCTBIO CBETA.

88 Hanpumep, ecu B KayecTBe MCTOUHMKA UCTIOIB30BAH JIasep.
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HUYMBAET MPOJIOTBHYI0 CKOPOCTh JABWXEHUSI MUKPOBHUXPOHA CBETOBBIM IMPEAEIOM — 3TO EBSITOE
CBOICTBO BUXPOHA, OIpEAESIoiee OIHY U3 OCHOBHBIX (PYHIaMEHTAJbHBIX KOHCTAaHT — CKO-
pocThb cBeTa. [TosToMy IBMkeHHE (DOTOHOB PE3KO OTIUYASTCS IPUPOION MEXaHU3Ma CBOETO CaMo-
IBWXKEHUSI OT JIBUKEHUSI KOPITYCKYJISIPHBIX YaCTHUI] C MAaCCOM MOKOs, T. €. OT KHHETHYECKOro TUIa
IBWXKEHUS] M TEM CaMbIM OrperessieT 6e3MacCoBBIN TUI ABWXEHUs (POTOHA. DTO JABMKEHUE OTIIH-
YaeTcsl U OT ABMKEHMsI 6€3MacCOBbIX 3€PEH-TIOTEHIMAIOB IIPY MEXaHU3Me CO3/IaHMs TIOJIel CTaluo-
HAPHBIX UICTOYHMKOB I'PABUTAIIMIOHHBIX, JIEKTPUIECKUX M MATHUTHBIX 3aps/I0B.

[TpogykTamMu BHXpEBOr0 TOKa MarHUTHBIX 3apsiIoB B COOCTBEHHOM (Pa30BOM MPOCTPAHCTBE
BUXPOHA SIBJISIETCS TEOMETPUIECKOE pacrpe/ie/ieHre JeKTPOINOTEHIMAIOB (Pery Isipu3aris Uiy reo-
MeTpu3anusi) Ha (pa30BOM MPOCTPaHCTBE TpeKa (POTOHA, AJMHA KOTOPOro B KOCMOCE TOJNBKO B €€

BIAMMOM wacti gocturaer 10%° cm. Ha 910 nér 3arpara SHEpPruM 3apsa MArHUTHOTO MOHOIIOJIS.
B pesynbrare npu IBUKEHUM B KOCMOCE MPOUCXOAUT «KpacHOe» cMelleHue B (hOTOHE, T. €. 4acToTa
ABTOKOJICOAHUI YMEHBIIIAETCS, JITTMHA BOJIHBI YBeTMUnBaeTcs. [109ToMy 1 MOsIBISIETCS «PETMKTOBOE»
M3JTy4YeHUe, U30TPOITHO 3aIOJHSAIOIIEe MPOoCcTpaHCcTBO BeeneHHoM. B ciyyae 1BukeHUs B HeBemie-
CTBEHHOM I1POCTPAHCTBE, 3TOT TPEK (POTOHOB C (PUKCUPOBAHHON r€OMETPU3AINEN NEKTPUIECKUX
MOTEHIIMAJIOB «<KOHCEPBHUPYETCSI U 3aMep3aeT», 00pasys TOHKYIO (¢ur.2.3)

®ur. 2.3 Tpek cdoTona

1 BECbMa JIMHHYIO HUTH BOJTHOBOJA-CJIElA 3TOI'O KBAaHTA. Hepnon noaypacnajia 3TUuX 1moTeH-
OrajJoB 3aBUCHUT OT yCJIOBI/Iﬁ HX HAXOXICHUA U IBMKECHUSA B TOM WJIK MHOM IIPOCTPAHCTBE, 4 TAKKE
q)OpMI)I CymI€CTBOBAHHW A — YaCTU MIHYypa BOJIHOBOAOB WJIN BCel AJIMHBI TPEKA ABUKCHUA KOCMUYEC-

cKoro (poToHa (1028—1026 CM U JaJiee B HeBeleCTBEHHOe IIPOCTPAHCTBO). [INIMHOBOTHOBBIE TPEKU
«TSKEBIX» (POTOHOB, 0OPa30BaHHBIE MOLTHBIMU MArHUTHBIMU 3apsilaMy OT 3BE3/ U BBIIIE/IINE 32
npeziesisl Halllei BeeneHHOM MOryT poxJaTh MOIIHBIE U Oosiee JUIMHHbIE Tpeku. OOpa3oBaBIIMICS B
HeBelleCTBEHHOM ITPOCTpaHCTBE aMOP(PHBIN U BbIlle ONpeIeEHHbIA IeKTPOMarHUTHBIN TpeK-
MIPOCTPAHCTBO (DOTOHA, BIOCIIEACTBUN CBOPAYMBAETCS B C(DepUUECKUI KITyOOK M CTAHOBUTCS SIIPOM
YCT Bpamaonienics HEUTPOHHOM 3B€3[Ibl WIM KBa3apa. JTO JecsToe U, NOXalyl, BCeJeHCKoe
CBOICTBO MUKPOBUXPOHA — poskieHne Y€pHbIX cpeprueckux Te1 (UCT) B HeBemecTBEeHHOM IPo-
CTpaHCTBE 3a MpejeaMy Hailen BeenleHHOH, B e€ «atMocdepe».

W MeHHO 31ech yke MOKHO OTBETUTh Ha BOIPOC — OTKY/a B3sUIOCh TAKOE OFPOMHOE KOJInye-
CTBO 2JIEKTPOMArHUTHOIN M KOPIYCKY/ISIPHOIM MaTepuu B Haieil Beenennoit #? Best Bunumas u ocs-
3aemMasi MaTepHsi — 3TO COBOKYTHOCTb TeOMETPUYECKHU (PUKCUPOBAHHBIX B IPOCTPAHCTBE 3€PEH-JIEK-
TPOIOTEHIMAIOB U I'PaBIMOTEHIINAJIOB, TOCTPOEHHBIX CBOOOIHBIMU M 3aMKHYTHIMH BHXPOHAMH C
Pa3INYHON MJIOTHOCTBIO Pa3MEIIECHUS.

OTBeT — TOJIbKO OJJUH BHICOKOYACTOTHBINA”® BUXPOH, MPOHUKILHUI B 00J1aCTh HEBEIIECTBEHHOIO
MIPOCTPAHCTBA, CIOCOOEH Mpou3BecTH OgHO sAApo COoJHLA, T. €. TO HEUTpPalIbHOE, IPAaBUTALMOHHO
OYeHb TSKETOE AP0, KOTOPOE Pacnafasch U MUHYs CTaJUM HEUTPOHHOH 3BE3[Ibl, TEMHBIX Kapiu-
KOB U T. [I., BCIIBIXHET (POTOHHBIM CBETOM 3B€3/1bl, HE Cpa3y, CHa4ajia B3pbIBaMU CBEPXHOBBIX, 3aTEM
MIOCTOSIHHO, @ BBIPA0OTaB BCIO ITMHY HAa3BAHHOTO TPEKa-BOJIHOBO/A 3aMIACEHHBIX 3E€PEH-TOTEHIUAIOB

8 Cornacro CAI u3 CHHTYJISIPHOH TOUKH C IUVIOTHOCTBIO 10%* r/em’.

3
%0 C vactotamu COOTBETCTBYIOILIUMU, YaCTOTaM 3aMKHYTBIX BUXPOHOB, 06pa3y10uu/1x ANEPHBbIE 060."[0‘"(1/[, T. €. Gonee ]02 I
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B IIPOM3BOACTBO (DOTOHOB M MUKPOYACTHII, IIPEBPATUTCS B TBEPDbII C(HEPUUECKUI OCTATOK CMECU
HapaOOTaHHOTO UM aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA Pa3TMYHOIO XMMUYECKOTO COCTaBa MEPTBOM
ryiaHeTsl Tumna JlyHa.

Ecmu 310T (DOTOH ITMHHOBOIHOBOW®!, MM 00pa30BaH BO BPeMsl CUJIbHBIX Pa3ps0B MOJTHUU
B arMocdepe TUIaHeT, WK MpopBaBIIMICS CKBO3b (oTocepy CosHIIa TUTAaHTCKUIA CBOOOJHBINA U
OYeHb JITTMHHOBOJIHOBOM JIEKTPOMAarHUTHBIA MAaKPOBUXPOH, TO B HEBEIIIECTBEHHOM IPOCTPAHCTBE 32
npezesiaMy Hareil BeesleHHOM pokJaloTcst CIECTBEHHO OOJIbIIME 10 pa3MepaM YE€pHbIe ceprue-
CKHe TeJla, KOTOpble, BO3Bpallasich B Hally BceeneHHylo, pacnaiaioTcsi B TEYeHHE MHOTUX MUJLUTHAp-
I0B JieT 06e3 M3JIyYeHusl, OJHAKO M0 UCTEYEHUH ITOrO0 CPOKA OHU CIIOCOOHBI M3JTydaTh JIMIIb JIAH-
HOBOJTHOBBIE®? (DOTOHBI M1 HUKOT/IA He 00pa3yloT KOPIYCKYJISIPHbIE YACTUIIBI aTOMHO-MOJIEKYJISI PHOTO
BEIIECTBA — 3TO siApa KBa3apoB U KBA3aroB, KOTOPHIE U CO3/1AI0T TEMHYIO MATEPHIO.

Bce BoilieHa3BaHHbIE ¥ BHEIIIHE MPOsIBIIsieMble (POTOHOM CBOMCTBA OOYCIIOBJIEHBI BCETO JIUIIb
BHYTPEHHUMH CBOWCTBAMHU OJIHOTO OIPEAEIEHHOrO U CBOOOJHOTO BHXPOHA®® — 3TO mepeMeHHas
YacToTa CIMPAIbHBIX BOJTHOBOJOB M YacToTa (ha3oBasi, BEIMUMHA 3HAYCHUI U MOJISIPHOCTD IEKTPO-
MOTEHIUAJIOB, IJIOTHOCTh MX pa3MelIeHHs Ha eAUHUILY JUTMHBI BOJTHOBO/A, BA TIEPEMEHHBIX ITYJIb-
CUPYIOUIMX MAarHUTHBIX Y OJUH MTPOTUBOAEHCTBYIOLUINI IEKTPUYECKUI MOHOIIONb, UX THUII U (hopMa
MOJISIPU3ALIMH, OPUEHTAIHSI OCH MY/ IbCHPYIOIIETrO IEPEMEHHOTO MArHUTHOTO BUXPSL.

WTak, cxemy BHYTPEHHHUX MPOLIECCOB B (DOTOHE, TOOYKAAIOIINUX €r0 K CBOOOTHOMY JBHAKEHUIO
Aaxe B BaKyyMe MOXHO Takke MPeACTaBUTh, KaK Havyaslo pa3psaky ccpepbl MarHUTHOTO 3apsiia u3
y37a (a3oBoro o0bEMa ¢ MHAYKIMEH MPOTUBOAEHCTBYIOIIETO MPOLIECCY ITOW Pa3psAKH EKTpHUe-
CKOTO MOHOIIOJS IyTEM MPOCTPAHCTBEHHO -T€OMeTPUYeCKOM YCTAHOBKY €ro 3¢peH-TI0TeHIIMAIOB
10 TMYYHOCTH B YETBEPTb JUIMHBI BOJHBI U 3apsIKU chepbl MPOTUBOMOIOKHOTO MarHUTHOTO MOHO-
TOJIS C HAYQJIOM B YETBEPTh M KOHIIOM B Y3JI€, T. €. TIOJIOBUHBI JUIMHBI BOJIHBIL. 3aTeM 3TOT MPOIIeCcC
MIOBTOPSIETCS1, HO C TIPOU3BOJCTBOM HA YYACTKE OT IMOJIOBHHBI IO TPEX YeTBEPTEH IJTMHBI BOJIHBI MTPO-
THBOTOJIOKHBIX 10 3HAKY 3EPEH-3IEKTPONIOTEHIINAIIOB.

PaccMoTpeHHast CTpyKTypa JIOKQJIM30BaHHOTO UM CBOOOAHOTO (pa3oBOro MUKPOIIPOCTPAHCTBA
CaMOZIBMKYIIIerocsi (poToHa MO3BOJISIET CBSA3AaTh BOEIMHO BCE HAOMIOHaeMble SIBJICHUsI B3aMMOJIEH-
CTBUI (DOTOHOB B MUKPO— ¥ MaKpOMHUpe, a Takke OOBSICHUThH U CBSI3aTh €r0 BHYTPEHHUE M BHEIII-
HUe (pusnueckre cBoiicTBa. VIMEHHO Takasl ke CTPYKTypa M3 T€OMETPUYECKH pPeryisipu30BaHHBIX
NIEKTPOMArHUTHBIX TIOTEHIIMAIOB, POKICHHBIX ABWXKYIIIMMUCS 3aMKHYTHIMH BUXPOHAMH U pa3Me-
IIIEHHBIMHU Ha COOTBETCTBYIOIIMX BOJIHOBO/IAX, HAOIOIAeTCsl B ME30HAX U B MHOTOYPOBHEBBIX 000J10-
YeYyHbIX (IO THITYy CTPYKTYpPbl BHYTPEHHHUX CJIOEB JIyKOBHIIBI) MUKPOIIPOCTPAHCTBAX aTOMHBIX SIAEP,
ATOMHBIX JIEKTPOHHBIX 000JIOUEK U IEMEHTAPHBIX YACTHII.

B3anmopeiictBue BUXpoHOB ¢ BemecTBoM. ®oTo3d¢ekr, horoaromunie u ¢oto-
siiepHble peaKIum.

NoHu3zarus BHEITHEro 3JIeKTpoHa — 3T0 3(pdeKT oOpaTHBIN yKe PacCCMOTPEHHOMY H3ITyue-
HUI0 (DOTOHA C BHEITHEW 000I0UKH BO30YkIEHHOTO atoMa. Y MexaHu3M 3toro agdekra Takxke mpo-
THBOIOJIOKEH MEXaHU3MY M3JIy4eHus: (POToHa. 31ech HEOOXOAUMO yUUTHIBATh HE TOJIBKO SHEPreTH-
Yyeckuil OanaHc, HO M U3MEHEHHE JIEKTPUUYECKOro T0JIsi B KOHKPETHOW TOUKE MPOCTPAHCTBA — TOJie
aTOMHOTO sIJIpa, CBSI3BIBAIOLIETO BHEIIHMIA 7IeKTpoH. [Ipu 00mydyeHnn Kiactepa aTOMOB ra3a pe3o-
HAHCHBIMH (POTOHAMM BCeTJa HalJIETCA B MOTOKe Takou (poToH, y3eJa (a3oBoro 06EMa KOTOPOro
Ipy niepecedeHny 00bEMa atoma OyeT HaXOAUTCS B KPUTUIECKOH 30HE MIEKTPUUYECKOTO TOJIsT aTOMa
Y KOHKPETHOTO 3JIeKTpoHa. Torna B MOMEHT Havyasia pa3psiKiu MarHUTHOT'O MOHOTIOJNSI TAaKOTo (hOTOHA
MIPOTUBOCHCTBYIOIIUI eMy IEKTPO3apsi]] 3aXBaThIBAETCS M0JIEM aTOMa, OCTAHABIMBAET Mar HUTHBIH

o1 C nmnoit Bonust Gonee 1070 em
92 B tom uncre PEHTTEHOBCKHE, ONITUYECKHE W PAJUOBOJIHEL.

93 Nwmeerca BBI/IHy, YTO CaMO IBUXCHUEC BHXpOHa onpe)lem{eT 3HAK U BeJ'II/I‘H/IHy CIIMHa — Lejasd IIOCTOsSTHHasA [Tnanka nm l'lO]'[y—
nesias.
44



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

3apsill, KOTOPHIA TYT Xke MpeoOpasyeTcsi B rpaBUTAIIMOHHBINA 1 00pa3yeT 3aMKHYTHI BUXPOH C HETOJI-
HBIM KBaHTOBBIM IPe0Opa30BaHUEM HOCUTEJISI MHIYKTUPOBAHHOM SHEpruu. [ paBUTAIIMOHHBIN 3apsif
OylieT pereHepupoBaTh MArHUTHBIH 3apsi]] A0 TeX MOP MOKa MOCAEJHAN HEe OTIACT BCIO CBOIO SHEPTHUIO
Ha CO3/IaHME BOJIHOBOJIOB U3 3JIEKTPOIOTEHLIMAJIOB, I10JI€ KOTOPBIX MEPEBENET EKTPOH Ha OJHO U3
Oosiee SHEPreTUIECKUX COCTOSTHUI aToOMa WJIM BOOOIe MOHM3HUPYET aToM. Takoi mporecc JuTcs

OYEHb KOPOTKOE aTOMHOE BpEMS NOpsIKa 10 cekyHapl. [Ipu 3T0M, 271€KTPOH atoMa NepexonuT Ha
OoJee 1anbHEe PACcCTOSIHUE — OOJiee BRICOKOIHEPreTHUECKUi ypoBeHb. Takum ke 00pa3oM Mporcxo-
JUT U MOHU3ALIMA MEKTPOoHA — (pOoTOIDEKT.

INopor sToro npouecca camplil OOJBIION AJI1 AaTOMOB, HAXOASIIMXCSA B TA30BOM COCTOSTHUM, a
MUHHUMAJIBHBIN /17151 aTOMOB, 3aKPEIJIEHHBIX B pPeIlETKe TBEPAOro Teaa. Tak Hanpumep, AJ1s MIeNoy-
HBIX METAJIOB OH JIOCTUTAeT HECKOJbKUX EJUHUII HIEKTPOHBOIBT M MOXKET ObITh aKTUBH3MPOBAH
Aaxe ONTUYECKUMU (POTOHAMM.

MexaHu3M nepejiauy YaCTUYHOM SHEPrui MUKPOBUX POHA IIPU KOMITOH-3(P(EKTe MPOUCXOAUT
0e3 ero 3axBara 3JeKTPUIECKUM I0JIeEM CBOOOJHOTO IEKTPOHA ITyTEM IPUBHECEHUS B €r0 BOJIHOBOJ
KJIACTEPA EKTPONOTEHIIMAIOB BOJIHOBOJA IIPOXOISAILETO CKBO3b HETO BUXPOHA. DTUM U OTJIMYAETCS
MEXaHM3M KOMIITOH-3(pekTa oT poToadpekTa.

CoBepIlIeHHO [Ipyrue SHEprMu U PaJualOHHbIE NOCJIEICTBUS HACTYNAIOT B Cllydyae, Korma
HEOOXOIMMO MOHM3MPOBATh MEKTPOHBI ¢ BHyTpeHHNX K,L,M,N-o6o0m0uek atoma. Hepruu ¢oto-
HOB YBEJIMUMBAIOTCS B THICSYM Pa3, a MOHU3ALMS JIEKTPOHA C TAKOW BHYTPEHHEW 000JI0UKH ITPUBO-
JWT K Kackajay XapaKTepUCTUUECKOrO M3TyYeHHs TOro BEeLIeCTBa MPpY BO3BPAIEHUU U CTaOMIN3a-
LIMM aTOMOB B OCHOBHOE cOCTOsiHME. Ha 9TOM npuHIMIIe OCHOBAaH PEHTIeHO-(hII0OPECLIEHTHbI METO/L
aHaJn3a BellecTBa.

dortoaromuble peaknuu. CBOICTBAa pa3IMUHBIX MUKPOBHXPOHOB OOPa30BbIBATH TE WJIM
WHBIE MUKPOYACTUIIBI, TTPEKE BCETO, 3aBUCAT OT MPOMEKYTKA BPEMEHH U CKOPOCTH M3MEHeHHUs ™
T0JIeH, TOPOAMBIIMX UX, a YK MOTOM OT YCJIOBUH IOJIEl TPOCTPAHCTBA, Yepe3 KOTOpbIe OHU IPO-
XoAAT. BHelHue cBoMcTBa BUXPOHOB TaKke 3aBUCAT OT [JIMHBI BOJIHBI, KaK CBOWMCTBA PaJMOBOJH
OTJIMYAIOTCSl OT CBOMCTB (DOTOHOB, PEHTIEHOBCKUX JIyyell M raMMa-KBaHTOB. Tak, Harpumep, Mpu
SHEPruy HAJIETAIOIIEro Ha atoM (pOTOHA ramMMma-u3iIydeHus Bbile noporopos B 1022 KaB anekrpo-
MOHOIIONb €r0 CBOOOJHOT0 MUKPOBUXPOHA TOPMO3HUT IO TIOJTHOW OCTAaHOBKH JBH KE€HHE MarHUT-
HOT'O MOHONOJIS, B3aUMOJEWCTBYA C MOJIEM aTOMHOTO sapa. [Ipyr 3ToM MpOoMCcXoauT ero JejieHue Ha
7IBa CAMOCTOSITEIIbHBIX, HO 3aMKHYTBIX > ¥ TIOKOSIIIIMXCS] BUXPOHA, B (pa30BOM 00BEME KOTOPBIX yKe
POKIAIOTCS TPaBHTANMOHHbIe MOHOMOH. Ha ¢ur.2.4 npuBenena cxema JeJieHHsI CBOOOIHOTO
(4€pHBI1 IAPUK) BUXPOHA TaKMX (DOTOHOB Ha ABa PA3HOMNOISAPHBIX (KPACHBIA U CUHUI).

% Bpemst xku3HM aTOMHBIX BO30Y:KIEHHBIX COCTOSTHUI WM BpeMsI [Iepexo/ja XapaKTepH3yeTcsl BeIMINHON 108¢,a SIIEPHBIX — 1020
C, Y MOJIHHH 3TO BpeMsI JOCTUTaeT JeCATKOB MIJUTUCEKYHT, y «TsDKENbIX» CBY mecaTky MIKOCEKyH T M MOIIHBIX TOKOB B IEPEMEHHbIX
HIMITYJIbCaX.

%3 Takum 00pa3oM pokIaeTcs Macca 1 HHEPTHOCTD JIEMEHTAPHBIX YaCTHILI.
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®ur.2.4 Cxema pox/1eHUs apbl B 110JIe aTOMHOI'0 S1Apa

[Tpupona MexaHu3Ma 3TOTO SIBJICHHUs 3aKJII0YaeTcsl B cieayiomeM. Haxonsch B IBUKEHUH B
dazoBom o6vEMe (oT 1/8 mo 3/8 meprona) poToHa, OCTATOK MEPBUYHOIO MArHUTHOTO MOHOIIOJS,
Yyepe3 MOCPeCTBO MPOTUBOAEHCTBYIOIETO €My JIEKTPUUYECKOrO MOHOMOJIS, yKe BO3OYIUI paBHbINA
€My U MPOTHBOMOJIOXKHBIA. M, B 9TOT MOMEHT, BHEIIHEe I0Jie OTPULIATEIBHOTO JIEKTPUUECKOTO
MOHOIIOJISI BUXPOHA B3aMMOJIEHCTBYET C CHJIBHBIM II0JIEM aTOMHOTO si/ipa’® — MPOMCXOAUT TOPMO-
KEHUE Y OCTAaHOBKA MarHUTHBIX MOHOIMOJIEW, OJApU3alusl, pa3phiB U JejeHHe (a3zoBoro o0bEMa
MUKPOBUXPOHA. DIEKTPUUECKUI U MATHUTHBI MOHOIIOJIM 3TOI'O BUXPOHA MOJISIPU3YIOTCS U TOPMO-
3ATCS B IBMKEHUU OT CKOPOCTH CBETa JI0 NMOJHOH 0CTAaHOBKH. B MOMEHT TOPMOKeHMsI TONISIpU-
30BaHHBII MArHUTHBIA MOHOIIONb YK€ HE MOXKET CyHIeCTBOBATH, TAKKE pa3psKaTbCsl U MPOAOIIKATh
MPeABIAYIIHIA POLECC MHAYKIMY MPOTHUBOMOJIOKHOTO MOHOMOJISA, TIO3TOMY MPOUCXOAUT MPOTHBO-
JIefiCTBHE STOMY IMPOLIECCY, TOA0OHOE AEHUCTBHUIO NEKTPUUECKOTO MOHOIIONS ITPU CBOOOHOM JIBU-
KEHUU. DTO NMPOTUBOAEHCTBUE — KBAHTOBbIN MEPEX0l B €ro MOKOSUIUICS aHAJIOT, T. €. B Ipa-
BUTAIIIOHHBII MOHOIIO/b, HCTOYHUK MOKOSI B 3aMKHYTOM 00b&ME HOBOM yacTHIIbl ¢ Maccoi. [1pu
9TOM, OKOHYAHME 3apsiIKU TPABUTALIMOHHOTO MOHOIIONS COBIAJAET C TMOJHON OCTAaHOBKOHM MOCIe
TopMoxeHus. CB0OOJHO-MOCTYNaTeNbHOE JIBUKEHHUE BUXPOHA CO CKOPOCTHIO CBETA 3aMEHSIEeTCs
POXIECHHEM JIByX MOKOSIINXCS T'PABUTALMOHHBIX MOHOIIONEH. DT MOHOIOJU, Pa3psiKasich yxke B
3aMKHYTOM 00bEME, CIIOCOOHBI TOJIBKO 3apsIzKaTh-pPereHepupoBaTh I0JIsIpPU30BaHHbIE MATHUTHbIE
MOHOIIOJIM ¥ Pa3BEPTHIBATH P Pa3psi/IKe B 3TOM 3aMKHYTOM MPOCTPAHCTBE UCTOPUIO CBOETO POIK/Ie-
HUS B 3€pHAX-TPaBIOTEHIMAIAX. BOIHOBOA U3 3THX 3EPEH BO BHEIIHEM MPOCTPAHCTBE UHAYKTUPYET
I'PaBUTALIMOHHOE T10JIe MPOTUBOIOJIOKHOE IO 3HAKY aKTMBHOMY MO0 TsAroteHus: 3emun. [Iporiecc
NePUOJMUYECKH TIOBTOPSIETCSI C BBICOKOW YaCTOTOM, HO TeNeph yXke BMECTO JIEKTPHUUECKOTrO MOHO-
TOJIsl, C YYacTHEM U 4epe3 MOCPEICTBO 3apsIKU-pa3psIKu T'PaBUTALMOHHOTO MoOHoMoss1. Temnepb
OCHOBHBIM HOCHTEJIEM KBaHTa MHAYKTMPOBAHHON SHEPrHU sIBJISETCS] TPABUTALIMOHHBIA MOHOMOb.
Tak oOpazyercsi crabusIbHAST OJHOMOJSIPHAS KAHOHMYECKasi (hopMa 3aMKHYTON 000JI0UKH MUK pOYa-
CTHII cO cHOM /2 — HenosiHasi KBaHTOBAsl 3aBEPIIEHHOCTb MPe0Opa30BaHusl MArHUTHOW SHEPrUU
co cOPOCOM OCTaTKa Ipejiesia e€ HaKOTUIEHHsI B IPaBUTALIMOHHBIA MOHOIIONG. B pe3ysbTare, qBa npo-
TUBOIMOJIOKHBIX U MOJISIPU30BAHHBIX MOHOIIONS CO3JAI0T 3aMKHYTbI€ OOBEMBI JIBYX CAMBIX JIETKUX U
NEKTPUIECKH 3aPSIKEHHBIX CTAOMIBHBIX MUKPOUYACTUI], 00IaJAI0NINX MACCOM. DHEPrusi MaTepuu B
(hopMe 0THOro MarHUTHOTO 3apsifia, KaK HOCUTE S KBAaHTa MHAYKTUPOBAHHOM SHEPTUU Y HCTOYHHKA
CBOOO/IHOTO JBHKEHHSI CO CKOPOCTHIO CBEeTa — IMEPEeXOAUT B SHEPIUIO ABYX APYTuX B (hopme
3apsiIOB COCTOSIHUSI MOKOSI — IPABUTALIMOHHBIX MOHOIONEH. Tenepb HOCUTENsIMU MHAYKTHPOBAH-

9% )],aﬂb]—leﬁmee CBO60}1H0€ ABUKEHUE MUKPOBUXPOHA IIPEKPALNACTCA JIEKTPUIECKUM ITOJIEM s11pa, T. €. SJ'leKTpI/I‘{eCKI/Iﬁ MOHOIIOJIb
BHUXPOHaA B3aHMOﬂeﬁCTByIOT C 3TUM IIOJIEM.
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HOW SHEPruM SIBJISAIOTCS I'PaBUTALIMOHHBIE MOHOIIOIH. DTOT MTPOLIECC NIEPEXOAUT B MOC/IEI0BATENIbHBIN
B3aMMHO-TIEPUOIMYECKUI C TAKOW YaCTOTOM, YTO MPY IKCIIEPUMEHTAIBHON PErucTpaluy U3MepsIoT
JIVIITH BEJIMIMHBI JIEKTPUIECKOTO 3apsiaa, MacChl U CIIMHA. DTO OJUHHA/IIIATOE CBOWCTBO CBOOOI-
HOT'O 3allOPOrOBOTO 3JE€KTPOHHOI0 MUKPOBHXPOHA — 3aXBaT JIEKTPOMOHONOJS U JeJleHue Ha
JIBA CAMOCTOSITEJILHBIX TOJISIPHBIX ¥ TPOTUBOTIOJIOKHBIX BUXPOHA, CIIOCOOHBIX CO3/1aBaTh 3aMKHYThI
(ba3oBbIit 0OOBEM OIHOIONSIPHON MEKTPUUYECKU 3apsKEHHOW MUKPOYACTHUIIBI CO CITMHOM Y2. Takoi
MPOLIECC BO3MOKEH JIUIIIb B CBSI3U C TEM, UTO JIBUKEHUE U3MEHUBIIUXCS U MOJISIPU30BAHHBIX MOHOIIO-
JIe¥l B 3THX 3aMKHYTBIX 00bEMAaX MPOUCXOAUT Oe3 MHIYKIIUK BCTPEUHOTO MOHOMIOJSI, HO C CAMOUH/TYK-
1Mel camoro ceOsl yepe3 MOCPEACTBO pa3psiIKU-pereHepalii BHOBb POXJEHHOTO TPABUTAIIMIOHHOTO
MOHOTIOJISI — TO ABEHAAIATOE CBOWCTBO 3aMKHYTOTO MUKPOBUXpOHA. Takum oOpa3oM, nepeMeH-
HbIA MArHUTHBIE MOHOIIOJIb OJJHOTO 3HAKa MOKET CYIIECTBOBATh HE TOJBKO B 30HE MHAYKIIMU, HO
Y B 3aMKHYTOM OOBEME MEKTPOHA M IPYTUX 3apsHKEHHBIX OJHOIOISIPHO JIEMEHTAPHBIX YacTHUIIAX.
DNEeKTPUUYECKUI1 MOHOIIOJ b BO3HUKAET BCET/a, KaK MPOTUBOJECHUCTBUE pa3psiIke MArHUTHOIO 3aps/ia.
I'paBUTAlIMOHHBI MOHOIOMb WHAYKTUPYETCS TOJBKO B 3aMKHYTBIX BUXPOHAX, KaK MPOTUBOJIEH-
CTBHE W3MEHEHHUIO CKOPOCTU B LIEHTPOCTPEMMTENILHOM ABUKEHUU-BPAILIEHUA MAarHUTHOIO 3apsiia
MIPY €ro TOPMOKEHUH BO BpeMsI 3apsIIKH M Kak cOPOC HAKOTIJIEHHOM HEPTr Uy P HEMOJIHOM KBaHTO-
BOM IPe0OPa30BaHUU MarHUTHOTO MOHOMOJsI. CTPYKTypa reOMEeTpUIECKOro YJIOKEeHHU s CIMpaJiel U3
3€pEeH-TPaBIOTEHIMAJIOB MPU 3apsiiKe Ha IMOBEPXHOCTH COOTBETCTBYIOLIMX cpep, sIBsETCA NOI-
HbIM aHajloroM cTpyktype (Pur. 2.1) MaruutHoro 3apsifa — cpepa ¢ MaKCUMJIbHBIMU 3HAYEHU-
SIMM 3€PEH-TPaBIOTEHIIMAIOB HAXOAUTCS B 1IeHTpe. OTIn4Ke ero CBOWCTB OT CBOMCTB MAarHUTHOTO
MOHOTIOJIS 3aKJII0YAIOTCS JIMIIb B TOM, YTO OH BCErJa POXK/IAETCsl U CBSI3aH C TEM 3aMKHYTHIM (pa3o-
BBIM 00BEMOM MHUKPOYACTHUIIBI, B KOTOPOM HAXOOUTCS (TPHMHAIATOE CBOWCTBO), a MPH paspsiake
VMHAYKTUPYET MOJISIPU30BAHHBIA MArHUTHBIA MOHOIIOJb TOTO K€ 3HAKA Ha Y/IaJIeHUU YEeTBEPTH JIJTMHBI
BOJIHBI OT CBOETO HayaJIbHOI'O MECTOIOJIOKEHUs. BOTHOBOA M3 IpaBMOTEHIMAIOB, CO3/IaHHbIA NTpU
paspsiike B 3aMKHYTBIX BOJTHOBOJIaX Pa3HOTrO JIMaMeTpa BO BHEIITHEM ITPOCTPAHCTBE UHIYKTUPYeT
Maccy Mokosl yacTulpl. [Ipy 9TOM, MarHMTHBIA MOHOIIOJb BCETIa IBUKETCS TOJIBKO Ha 3apsAaKy K
LEHTPY NOBEPXHOCTH NOIyc(epbl 3aMKHYTOTO BOJIHOBOJA. DIEKTPUUYECKUI MOHOIOJb B 3TOM IIPO-
1iecce He BO30yskaeTcs. ITO YeThIPHAAIATOE CBOMCTBO 3aMKHYTOI'O MUKPOBHXPOHA — KBAHTOBbIN
Mepexojl SHepruy U3 MCTOYHHUKA JBUKEHHsI B Apyryio ¢opMy B BHJE HCTOYHHKA MOKOS, T. €.
MHIYKLMS MacChl MUKPOYACTHIIBI BO BHEITHEM [TPOCTPAHCTBE C IMOMOILBI0 BHYTPEHHETO BOJTHOBO/A
U3 YCTaHOBJIEHHBIX 3€PEH-TPABIIOTEHIINAIOB.

Urak, rmaBHoe, ipu paspsijike U JABUKEHUU IO OKPYKHOCTH CO CKOPOCTBIO BBIIIIE CKOPOCTH
CBEeTa MarHUTHBIA MOHOIIOJb B CBOOOHOM MUK POBUXPOHE WHAYIUPYET MTPOTUBOICHCTBYIOIIHIA IPO-
LlecCy YMEeHBbIIEHHsI €ro 3apsia IEKTPUUECKUIl MOHOIIONb, a IPU TOPMOKEHUN U YMEHbIIeHUH
CKOPOCTH JIO MOJIHOW OCTAHOBKH OH ITPEBPAIIIAETCS B CBOM MOKOSIIMICS aHAJIOT — T'PaBUTAIIMOHHBIN
MOHOTIOJIb.

PoTossaepHbIe peaKnuy JErKNMH (POTOHAMH. AHAJIOTUYHO C YK€ pACCMOTPEHHBIM IIPO-
1eccoM (POTOATOMHBIX PEaKLMi ¢ UCIYCKaHUEM MHUKPOYACTHLI, MPOUCXOnuT nporecc I'mranrcko-
rope30HaHca IMpy MOpPOroBbiX 3Heprusix poroHo ot 10 10 25 M3B, Koraa IJIMHA BOJTHBI CTAHOBUTCS
CPaBHMMOI1 C IMAMETPOM $IIpa, YTO MIPUBOJUT TAKKE K U3ITYUYEHHUIO PA3JIMUYHBIX MUKPOYACTHII.

doTosiiepHbIe PeaKnMu «TKEIbIMI» (poToHaAMH. PaccMoTpeHHble Bbillie (POTOHBI,
TMOJTyYeHHbIE TIPU U3TyYeHUH BO30YKAEHHBIX aTOMOB WM Si/IEp, HA30BEM «JIETKUMU» (POTOHAMM,
TOJIBKO TaKUM (POTOHAM CBOMCTBEHHO OIpEJe/IEeHNE X SHEPrUu 4epe3 MPOU3BEIAECHUE YacTOThl U
noctosiHHOM ITnanka. K ux yuciy cienyer OTHECTH U J1a3epHOE U3JIyUYeHHUE JaKe BBICOKMX IIJIOTHO-

o7 n YK€ 34eChb HaJO OTMETUTD, YTO MUKPOCKOITMYECKUE YPABHEHU A Makcgenia HeO6XO}ZlI/IMO HE TOJIBKO 1€J1aThb CUMMETPUYHBIMU,
HO JOIIOJIHUTh HHZIyKLIHeﬁ I'paBUTALIMOHHOI'O MOHOIIOIA B HEKOTOPLIX ClIydyadX U C y‘{éTOM TJTAHKOBCKOM MacChl.
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creii motoka Jiydya. OgHako B npupoze BeeneHHoi?® BeTpeuatoTest Takue MpoLecchl, HapuMep, JeK-
TpUYECKUE Pa3psbl aTMOC(EPHBIX MOJTHUM, TPU KOTOPBIX CHH(A3HO 32 OU€Hb KOPOTKUI IIPOMEKY-

TOK BPEMEHM NOpsIKa 1012 CEeKYyH/IBl ¥ B OYeHb MaJIOM JIOKQJIM30BAaHHOM 00BEMe? B MIMITYJIbCHO-
NIepPEMEHHOM JIEKTPHUYECKOM ToJIe OOMBIIMX TOKOB M HANPSKEHUH POKIAIOTCS ITyTEM CIUSTHHS Mar-
HUTHBIE 3apsAJbl C MAKCUMAJIbHO BO3MOXHOM IJIOTHOCTBIO YIAaKOBKM 3€PEH-NOTEHIMANIOB KaK Ha
caMuX crupaisix, GopMHUpYyOIIUX cepy ITOro 3apsia, Tak U HA3BAaHHBIX CIIMPAJIe, BIUIOTHYIO ITPU-
MBIKAIOIIMX APYT K Opyry (ur. 2.5). Ha30BEM Takue 3/1eKTpOMarHUTHbIE (DOTOHBI «TSKETBIMU».

Tr A .

wp ! ..

%

@ur. 2.5 JIérkne atomHble U «TsKéaAbIe» CBU - hoToHBI.

«Tsx€nprit» MmoHomnonb BuxpoHa CBY!'% nquanazona (B ero pazoBomM 00bEMe HAXOTUTCS OYCHD
OO0JIBIIIOE KOJTMYECTBO aTOMOB), IIPOXO/ISl Yepe3 KJIacTep BEIIeCTBA, TAKKe IMPOU3BOAMUT BOTHOBO/IBI U
CrIocoOeH MOHM3UPOBATh HE TOJIHKO JIEKTPOHBI BHEIIHUX M BHYTPEHHUX 000JI0UYEK aToMa, HO MOXET
MOHM3MPOBATh YACTHUIIBI BHEIIHUX 000JI0UeK aTOMHBIX sijiep. Kak crnecTBre 3THX MporeccoB, BAOb
MOTEHIMAJIOB BOJTHOBO/IA YT BUXPEBbIE TOKH, & IEPBUYHbBIA XUMHUECKHIA COCTAB BELIECTBA U3Me-
HSIETCSI.

PaccmoTpenHslil poriecc kacaetcsi (GOpMUPOBAHUS JIMIIb OJJHOTO aTOMHOTO MUKPOBUXPOHA
dotona. A, HaripumMep, B padoTax B. B. ABpamMeHKO moka3zaHO poKIeHUE MOIITHOTO MOTOKAa (hOTOHOB
Ha rPaHMIIe pa3pbiBa CIUPATA HUTU OOBIYHOM OBITOBOM JIAMIThl HAKAIMBAHMUS, TIPYA MTUTAHUU OTHUM
MIPOBOJIOM, BKJTIOUEHHOM B CXeMY, pa3paOOTaHHOW TUM aBTOPOM. B 3THX 3KCIepuMeHTax 1o OJHO-
MIPOBOIHON Tlepeade SHEPrUu TopsAT KaK MCHpPaBHBIE JIAMIIBI, TaK W TEPErOPEBIIe — 3TO MPOIIEeCcC
NepeHoca JeKTPHUYeCKOro 3apsijia MarHUTHHIMUA MOHOTIOJISIMH.

Benbiku cBeta, npeaBapsiione atMocepHbIid pa3psi OOBIYHOW MOJHHUM, WIIH MPU BKJIIO-
YEHUM BWIKM B PO3ETKY, Ui MUTaHUs MpuOopa ¢ morpedieHreM Toka OoJiee OIHOro ammepa —
9TO MOTOK BUXPOHOB C HIMPOKHUM CIIEKTPOM YaCTOTHl BIUIOTH 0 onTudeckux. Ilpm atom cremyer
CPaBHUTb CXOJICTBO U3JTyUeHHUs MOTOKA (POTOHOB MpY BO30YKIEHUH KiacTepa Iuia3mbl (M3MEHEHHe
NEKTPUUYECKOTO MO B aTOMaX TUIa3Mbl — OHO(OTOHHBIN MEXaHU3M M3JIy4eHHs] Ha OIMH aToM) C
U3JTyYeHUEM MOTOKa (POTOHOB (BCIIBIIKK) B IITyOOKOM BakyyMme 0e3 aTOMOB U TJIa3MBbl BOJTM3H SJIEK-
TPOAA, Ha KOTOPOM IPOUCXOANT MUKOCEKYH/IHOE MMITYJIbCHOE BHICOKOBOJILTHOE U3MEHEHHUE MTOTEHIIH-
ana. B aToM ciydyae nmeetcst 00/1acTh 3apOsKIeHHS IOTOKA MATHUTHBIX MOHOIIOJIEW pa3HOW YacCTOTHI,
KOTOPOE MOYHO JETEKTUPOBATH IO BCIIBIIIKE MOIIIHOTO MOTOKA (DOTOHOB B ONTUYECKOM JIMara3oHe.
OrTciona BBIBOJ, YTO BO BCEX CIIydasiX, KOrJa B KaKOW-TO OONACTH MPOCTPAHCTBA HAYMHAET MIHO-
BEHHO (CKOPOCTb U3MEHEHUsI) U3MEHATHCS AMEKTPUUECKOE T0JIe, BCETIa POKAAIOTCS CHH(a3HbIE

%8 Takue siBnenns obHapyxeHbl B atmocepe FOmurepa u ConHua.

99 Takoit 06bEM com3MepnM ¢ (ha3oBbIM 00bEMOM ATMHEL BOHBI OT 10 cM 10 10 Mukpor (ot 3 10 3 X 10* I'Tu) CBY usnyyenus.

100 )lj'lﬂ KPaTKOCTH U3JIOKEHHUS B 9TOT TEPMUH 6y)leM BKJIaAbIBATb CMBICJT YaCTOT SMB, BKJIIOYAIOHIUX OJIMHBI BOJIH OT OJHOI'O

MUJUIMMETPA 10 OAHOIO MUKPOHA, T. €. [IPAKTUYECKU BECH WK-nuana3oH.
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MarHUTHbIE MOHOIIONM 33 CYET SHEPIMU €r0 M3MEHEHHsl, KOTOpbIe CIIOCOOHBI MEPEHOCUTh COOTBET-
CTBYIOIIMI €KTPUUYECKUI 1 MATHUTHBIN 3apsiibl U3 OHOM €r0 TOUKU B JPYIYIO.

Ecmu okpyxatomee 007acTh BCIBIIIKK MPOCTPAHCTBO CONECPIKUT aTOMBI, a SHEPrusl 3apsiaa
MarHUTHOTO U COOTBETCTBYIOILIETO IEKTPHUUECKOTO MOHOIIONEH coM3MepuMa Wi OOJIbIIIe SHEPTrUuu
3aps/a aTOMHOIO $/1pa, TO MPOUCXOAUT WJIM PE30HAHCHOE TOIIOIEHHE ITOTO (POTOHA C NEPEBOOM
aToMa B OIHO W3 BO30YXAEHHBIX COCTOSTHUM, WJIM MOHU3AIMS CBSI3aHHOTO B aTOME JIEKTPOHA, WU
MIPOMCXOIUT pOsKeHue rap'®! seMeHTapHbIX YaCTUIl — IEKTPOHOB M MO3UTPOHOB, MIOOHOB. [1pu
B3aMMOJIEVICTBUM aTOMOB C «TsikeénpiMu» CBY ¢oToHaMKu BO3MOXKHO MX YACTUYHOE TOIVIOIEHHE C
BO30YyXJEHINEM MEXaHMUECKHX KOseOaTeIbHO-BpaIlaTe/IbHbIX YPOBHEW, HOHU3AIMS YACTHUI] BHEII-
HUX 000JIOYEK aTOMOB U aTOMHBIX SIIEP C BbIACJICHUEM sIIepHON SHeprun. YacToTsl Takux (POTOHOB
HaxosTcsl B u3BecTHOM MK-nuanasone. A BOT SHEPrusl TaKUX «TSIKEBIX» (DOTOHOB OIpelesieTCs
y’ke BEJIMYMHON MarHUTHBIX 3aps/I0B, a HE IPOU3BEIECHUEM YacTOThl Ha IOCTOsIHHYIO [ 1nanHka.

JITMHOBOJTHOBBIM TMTAHTCKUI CONHEYHbII MaKpOBUXPOH crierduuecku %2 B3anMoeiicTByeT
¢ mazmoi CoJHIIa — B MOMEHT €ro BhIXOJa Yepe3 MOBEPXHOCTbh (hOTOC(EPBI Ero 3IEKTPOMOHOIIONb
3axBaThIBaeT KJactep otocepbl, KOTOPHIN Yepe3 MIHOBEHHE OyAeT BHIOPOIIIEH UCUE3aI0IIUM K-
TPOMOHOIIONIEM U3 ero (ha30Boro o0bEMa, 1 oopasyer B potochepe mapy Operib — «4€pHOe MATHO» U
6enoe niATHO Hag HUM. Takue 3apsabl 3ameueHsl (poto 2.2—2.3) Ha oBepxHOCcTH CONHITA — HA30BEM
UX «CBEPXTSKEIBIMU» (DOTOHAMM.

LENR. MMeHHO TakoW MeTOj MO3BOJISET MPH OTHOCUTETIHFHO HEOOMBINON YacToTe (POTOHOB
(BY, CBY, KBY u UK nuana3oH), HO O4€Hb BBICOKOH TUIOTHOCTU 3EPEH-TIOTEHIIUAIOB HA BOJIHOBO-
nax, THAMUpoBath 3(pdextsi CBY OGpITOBOI MUKPOBOJTHOBOM MEUH — BUXPEBBIE TOKH, a TAKKE YKe
IIMPOKOU3BECTHBIE HU3KO3HepreTudeckue ' saepusie peakuun (LENR) ¢ mponsBoacTBoM a0mon-
HUTEJILHOW SHEPrUM (TETJIOBOM MJIHM JIEKTPHUECKO) 3a CUET TIOJTHOM JIOKAIbHOU OOIMPKH OT MeK-
TPOHOB (MOHM3ALMK) ¥ (DOTOMOHM3ALIMH YACTHII, BXOISIIMX B COCTAB BHEITHUX SIIEPHBIX 000JI0UEK
TSDKETBIX 971eMeHTOB. [1pu 9TOM, HEOOXOAUMO OTMETUTH AHAJIOTUIO TIOBECHHS B3aUMOICUCTBHS JIET -
KHMX (POTOHOB C BHEIIHUMH 3JIEKTPOHAMM B aTOME C «TSKENBIMU» (DOTOHAMH, KOTOPbIE TAKUM ke
00pa30M MOHU3UPYIOT YACTHUIIBI C BHEITHUX 0O0JI0UEK aTOMHBIX SIfIED.

Paccmotpennast crpykrypa!® nE€rkux u «TSKENBIX» (POTOHOB SIBJISETCSA KIIOYOM OTKPBITHS
TallHbl MacChl, 3apsiJia, CIIMHA, TPABUTALIMY, UHEPTHOCTH, JIEKTPOTOKA, TBEPAOCTH, BA3KOCTU U JIpY-
I'UX (pU3MYECKUX CBOICTB pa3lIMYHbIX CPEl, MEXAHU3MA IEKTPOCONPOTUBIICHUS U APYIruX (pyHIa-
MEHTAJIbHBIX SIBJIEHUH MPUPOIBl B MUKPO— U MAKPOMHPE aTOMHO-MOJIEKY/ISIPHBIX BELIECTB, B TOM
yucie 1 LENR peakiuii B aTOMHO-MOJIEKYJISIPHBIX arperaTHbIX COCTOSIHUN MaTepHH.

101 Pk ieHte ap 1eMeHTapHBIX YACTHI] TAKMX KaK SMEKTPOH-TIO3UTPOH 1 TAPI IPOTHBOTIONOKHBIX MIOOHOB — 9TO XAPAKTCPHBIE
(poTOaTOMHBIE pEaKLUU.

12310 3ameueno B BBIOPOCAX COTHEYHOM IIa3Mbl — 3JIEKTPOMOHOIIONb MAKPOBHX POHA 3aXBATHIBAET KJIACTEP ITa3Mbl (poTochepsl,
a yepe3 HEKOTOPOE BPeMs1 «BBIIIEBBIBAET» €r0 U3 CBOEro (ha30BOro 00bEMa, Co3aBast IIPU TOM XapaKTePHYI0 KAPTUHY — apbl TEMHbIX
Y CBETJIbIX IISATEH.

103 Speprus Marepun, 3akmOUEHHAS B KBAHTE MATHUTHOIO «TSKETIOTO» 3apsiia, NPEBOCXOIUT SHEPIUI0 MOHU3ALMM YACTHIL C
BHEIITHUX 00O0JIOYEK aTOMHOTO sIIpa, MO3TOMY Ha3bIBATH TAKUE SACPHbIC PEAKLIMH HU3KOIHEPreTHYECKUMH MOKHO JIMIIIb YCJIOBHO B
CHJIY UCTOPHH UX OTKPBITHSL.

104 10 COBOKYITHOCTb CTaTUKU U JUHAMUKU.
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2.2 MuKpOBHXPOHBI

ITpocrpancTBa BakyyMa KocMoca BcesleHHOM 3anoIHEHbl CBETOM U APYTUM BECbMA IIUPOKUM
MHOTo00pa3ueM MOTOKOB YaCTHIl, MUKPOYACTHII M IEKTPOMarHUTHBIX BOJIH. OJHAKO 3BYKOBBIM BOJI-
HaM HeT MecTa B KOCMOCE — UM [yl CyLIECTBOBAHUs HY)KHA BELIECTBEHHAs aTOMHO-MOJIEKYJISIpHas
cpena. Ilostomy OHM KMBYT M CyLIECTBYIOT JIMIIIb Ha 3BE3Jax U IJIaHeTax. B aToM pasgene u pac-
CMOTPEHBI JIEKTPOMAarHUTHbIE, TETJIOBBIE U 3BYKOBbIE MUK POBUXPOHBI, TOPOXKIAIOIINE TAKUE BOJIHBI
Y MUKPOYACTULIBL.

2.2.1 DyieKTpOMarHuTHbIe MUKPOBHUXPOHBI

N3 orkpeiton ureparypsl co BpemeH [l. K. MakcBemia U3BECTHO, UTO «MAZHUMHbIE MOHO-
NONb MOJCHO NPEOCMAasUnb, KaK OMOeAbHO 835IMblil NOAOC OAUHHO20 U MOHKO020 NOCMOSIHHO20 Mde2-
Huma. OOHAKO Yy 00bIMHO20 MAZHUMA 6ce20a 08a NOAIOCA, MO eCMb OH Seasiemcst ounonem'®. Ecau
paspe3amv MAazHUm Ha 08e YUACMU, Mo Y Kaxcooll ezo uacmu no-npedxciemy oydem 0ea nonioca. Bee
U38eCmHbLE 3NeMEHMAPHbIE YACTUYbL, 001a0arouie INeKMPOMAZHUMHbIM NOAEM, S8ASIOMCsL Mae-
Humuvimu ounoasmu. Cihopmyauposannvie /]. K. Maxceennom ypasHenusi Knaccuueckoti nekmpo-
OUHAMUKU CE53bI8AIOM ANEKMPUUECKOE U MAZHUNMHOE NOAE C OBUNCEHUEM 3APAHCEHHbIX UaCmuy. Imu
YpasHeHUusi NOYmiu CUMMEMPUUHbL OMHOCUMENbHO ANeKmpuuecmead u mazHemusma. Ouu mozym oOblims
coenambl NOAHOCHBIO CUMMEMPUUHBIMU, €CAU 8 OONONHEHUE K INEKMPUUECKOMY 3apsidy U MOKY 66e-
cmu HeKuil MazHumHblil 3apsio u mazHummbsili mok. 06 smom Makceean ykazviean ewé ¢ 1873 e.
Taxum obpazom modxcHo co30amv cucmemy ypaerenuti Maxceenna ¢ yuemom cyuyecmeoseanust maz-
HUMHBIX 3aPsI008.

Cyuecmsyrouue Kaaccuueckue YpagHeHust Ompaxicaiom mom pakm, umo 00bI4HO MAZHUMHbIE
3apsi0vl He Hadarodaromest. Ecau maznummule 3apsiovl cyusecmayrom, mo Cyulecnmeosanue MazHum-
HbIX MOKO08 NPU8e0ém K NONPAaeKam ypasHeHuil ypasueruii Makceenna, Komopwle MONMCHO HAOA00aNb
HA MAKPOCKONUYECKUX MACUMAOAX.

Tocne Maxceenana (1873 2.), chauana I1. Kiopu (1894 2.), A. [lyanukape (1896 2.), a 3amem u
I1. Jupak (1931 2) coz0aau Keanmosyro meopuro 83auMO0elicmeust 3NeKmpu1ecKozo 3apsoa ¢ maz-
HUMHBIM 3apPs00M, KOMOpAsi NPUMEHUMA NPU YCA08UU 3HAMEHUMO020 OUPAKOBCKO20 KBAHMOBAHUSL.
H3 Hezo credyem, umo mazHumHulii 3apsio YacmuLbl 00NdHCeH OblMb KPAMeH 31eMeHMapHomMy Mmaz-
HUMHOMY 3apsioy.

B 1974 2. Ilonsxos u m*Xoogpm meopemuuecku onpeoenunu 3HAUeHUe UCKOMOU MACCbl Maz-

Hummnoeo mononoas eenuunoii 6 M 10'° I'sg,

B nacmosiuee apemsit mazHummwili MOHONONb CMAN 0OSA3AMENbHLIM NPUNOHCEHUEM B8CEX 00BeOU-
HUMENbHBIX Meopull. Abeneg MOHONONL He UMeen CIMpoUX 02panuMeHuti Ha maccy. Buecme ¢ mem,
Heabenee MOHONONbL Modicem umems maccy oocmynuyio LHC.

* 2000-2004 22. — sKcnepumenmol, nocmaenennvie epynnoi uz Oklahoma University,
TEVATRON, p p-cmoakHogeHusl.

(AD) |lnl=1,M> 285I5B; In|l=2, M> 355I5B

(Be) Inl=3,M> 325I5B; Inl=6, M> 420I>B

* 2005 2. — npsamvle noucku mazHumuwvlx monononel (epynna CDF Run2), mexanusm /[peana-
Ana.

M>360 I>B, s=1/2

* 2005 2. — npsamvie noucku Ha yckopumene HERA, e + p — cmoakHoéeHust, Macca MOHOMOJIS
M > 140 I'3B.

105 B JIaHHOﬁ KHUI'C IPUHATO 1A y}106CTBa BOCIIpUATUA HA3bIBaTh E)JIEKTpI/I'-IeCKI/Iﬁ JUIIOJIb, a MATrHUTHBIN — OUIIONEM.
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* 2005 . — epynna 6 cocmage 0. Kypouxun, U. Cayynkesuu, /1. Illénaxoswiii, C. Anyw onpede-
AUAU NPedeNbl MACChL COBPEMEHHO20 CIAMYCA MAZHUNMHBIX MOHONOAELL U NEPCNEKMUBbL UX NOUCKA HA
ycmanosxe ATLAS, nymém oo6pazosanust napvl MOHONONb — AHIMUMOHONOAbL 08YMSsL POMOHAMU.

Cyuwecmsosarue MazHUMHO20 MOHONOASL C ONPEOeNEHHBIM 3APA0OM 00BACHUNO0 Dbl HAOAOOAE-
MYI0 8 NPUPOOE KPAMHOCHb INEKMPUUECKUX 3aPsi008 uacmuy, 3apsoy 3nekmpoHa. OOHAKo npu Smom,
NPUULAOCL Obl 00BACHAMb, NOUEMY 8 C80I0 OUEPEOL MAZHUMHbBIE MOHONOAU UMEIOM KEAHMOBAHHbIE
MazHummble 3apsobl.

3akonbl Kaaccuueckoli INeKmpoOUHAMUKU OONYCKAIOM CYULECMB08AHUE YACTIUY, C OOHUM Mae-
HUMHBIM NOAIOCOM U 0arom OAsi HUX ONPeOenéHHble YPABHEHUS NOASL U YPABHEHUS. OBUNMCEHUS. ImuU
3aKOHbL He CO0ePIHCam HUKAKUX 3anpemos, 8 CUNY KOMOPLIX MAZHUMHble MOHONOAU He Mo2au Obl
cyuecmeosamo.

B obwem cayuae, no muenuo I1. Jupaxa, mazHummblii MOHONOAL, KAK PE3YAbIMAM «OUHAMUYE-
CK020 83AUMOOELICMBUS» He QONHCEH UMENMb MPAOUKUOHHOU MACCHL NOKOSL.

«Ecau maznumuvie MOHONOAU 2eHEPUPYIOMCSL BbICOKOIHEPUUHBIMU KOCMUMECKUMU AYUAMU,
HenpepoléHO NadarouUMy Ha 3eMat0, Mo OHU OONHCHBL BCIPEUAMbCsl NOBCIO0Y HA 3eMHOU NOBEPXHO-
cmu. Hx uckanu, Ho He Hawiay. Ocmaémcsi OmKpblmslM 80NPOC, CEA3AHO AU MO C MeEM, UMo Mae-
HUMHbIE MOHONOU OUEHb PEOKO PONHCOAIOMCSL, UNU JHCE OHU BOBCE HE CYULECTBYIOND».

HawnGornee cepbE3HBIX pe3y/bTaTOB B TEOPHH (PEPMUOHHBIX MATHUTHBIX MOHOIIONEH, pa3BUBAasI
WJiey BhIIIIeyKa3aHHBIX aBTOpoB, noctur JK. Jlomak (®panmus, padots! B mepuon 1987-2005).

Kak mokaszaHo B KpaTKO NMpUBEAEHHOM 0030pe, HEYJIOBUMBI MarHUTHBIII MOHOMOJIb UINYT B
COCTOSIHUM CTATHY€CKOI'0 CYIIECTBOBAHUS, B KAKOM CYLIECTBYIOT JIEKTPOH U TIO3UTPOH.

Takoi MoHOTIONB UIITYT yxke Oonee 80 jieT, ¢ Tex nop Kak [onb [lupak orpenesnu ero OCHOBHbIC
CBOJNCTBA!

— TOYEYHBI KCTOYHUK PATUATBHOTO MAarHUTHOTO TTOJIS

— B HUJKHEM TIpejielie MOXKET JOCTUIaTh IUIAHKOBCKUX MPEJEsIOB JUIUHBL, T. €. 1028 cm

— B TEOPUU B3aUMOJIEICTBUII JIEKTPUUECKOTO U MATHUTHOTO 3aPsiIOB Macca MOKOsSi MarHUTHOTO
3apsijia He MpecKa3bIBaIach

— MarHATHBII MOHOMOJIb SIBJISIETCS] CTA0OMJIbHOI YacTHIIel U He MOKeT HCYe3HYTh /10
TexX Mop, NOKa He BCTPETUTCS € APYTHM MOHOIIOJIEM, HMEIOIINM PaBHbII 10 BeJHMYNHe H
NPOTHBOMOJIOKHBII M0 3HAKY MArHUTHBIN 3apsi/

— JII0OOI MarHUTHBIN 3apsi]] KBaHTOBaH' %

— MUHUMAaJIbHBIA MarHUTHBIA 3apsj B 137/2 pa3 Goblie 3apsAaa 3JIeKTpoHa

— MarHuTHBIA MOTOK "7 OT TaKMX 3aps/IOB TaKKe KBAHTOBAH.

Ntak, MarHuTHBIX 3apsAaoB ¢ ykazaHHbiMH [1. [Iupakom cBoiicTBaMU HET B MPUPOJE, A €CTh
MarHuTHasi MHAYKIMSA ¥ CIIMH MUKPOYACTULL, IOPOXKJAEMbIil IepeMeHHbIM MAarHUTHBIM MOHO-
10JIEM.

ITpu opmupoBanum camonBukyiierocsi (bazoBoro MpocTpaHcTBa (POTOHA, COCTOSILIETO U3
BOJTHOBO/IA 9JIEKTPONIOTEHIINAIOB-3E€PEH, YIOKEHHBIX Ha IIOBEPXHOCTH IBYX COITpUKacaloumxcs chep
MpUYACTHA HeKasl MyIbCUPYIONas MarHUTHBIM U TTPOTUBOJACUCTBYIOIIUM IEKTPUUECKUM TOJIEBbIM
TOKOM CaMOJABHKYINAsICSI BUXPEBasl IEpEMEHHAsl 4aCTULA C JMIUPYIOIIMMU MAarHUTHBIMH CBOM-
CTBaMH.

B ommmuue oT CTamMOHAPHOrO MAarHUTHOrO MoHomojs Jlupaka, oOHapyXeHHBI B 30HE
MHIYKLIMU BUXPEBOH MEpeMEHHbI MO 3HAKY W BEJMYMHE MArHUTHBII MOHOIIOJIb U CBSI3aHHBINA C
HUM 1ipu (popMuUpoBaHKH (pa3oBoro o06bEMa (OTOHAa CBOOOIHBINI BUXPOH — 0030HHBIN MarHUT-

106 yenosue kpanToBanus I1. Jlupaka He orpaHUYMBAeT BEPXHUI MpefeN 3HaUYeHN MarHUTHBIX 3apsaoB. Ha Conxre, kak Gyaer
TIOKa3aHo Jajbllle, MPaKTHIeCKH 3a(pUKCHPOBAHbI Mapbl MATHUTHBIX MaKpPOMOHOIMOJEH, COeMHEHHBIX YacThi0 CIIMPANH JIEKTPOIO-
TEHIIMAJIOB — TUTAHTCKUI MarHUTHBIA OUITONb. DTH B MPOTHBOIOJIOKHBIX MOHOIOJS HE aHHUTHJIMPYIOT, @ BHITYCKAIOT CBOH 3apsiy
B BUXPEBOIT TOK (DIOKKYII.

107 Borpoc. MarHUTHBI IOTOK U3 Yero OT TakuX 3apsAnoB? OTBET — U3 3EPEH-NMOTEHIINATIOB.
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HbIil OMNO0JIb, HECKOJIBKO OTJIMYAETCs OT CBOETO 3HAMEHUTOr0 aHAJ0ra CBOMMH YKe 3aperucTpu-
POBaHHBIMHU JECATHIO CBOMCTBaMU. BUXpOH 00pa3oBaH CiieAyoImuM 00pa3oMm:

— B aToMe C MOTEHIIMATBHBIM JIEKTPHUECKUM T0j1eM '%® 3JIeKTPOH MepexoquT ¢ 0O00JI0UKH, Ha
KOTOPOH OH HAXOJWTCSI B COCTOSIHUU BO30YKJICHHUsI, HA OCHOBHYIO 00OJIOUKY

— BO BpeMs 3TOr0 ABUKEHHSI IEKTPOHA €ro Mojie HAYMHAET U3MEHATh TOTEHIIMAIbHOE JIeK-
TPUYECKOE TOJIe sApa, B pe3yJbTaTe JIOKAIBHOE T0JIe 30Hbl MHAYKIIMU, COCTOSIIEe U3 MHOKECTBa
3epEH-2JIEKTPONOTEHIINAIIOB, BOJIM3U IEKTPOHA HAYMHAET U3MEHSITHCS, T. €. KaK/10€ 3epHO U3MeHsI-
eTCsl TI0-CBOEMY JI0 OMpeeEHHOrO 3HaYeHHS MEKTPUUYECKOro MOTEHIMANA, & BOT CKOPOCTh U3Me-
HEHUs1 Y BCEX OIMHAKOBA — CKOPOCTb PacIipOCTPAHEHU s CTATHUECKOTO MEKTPUIECKOrO MOJIs OT CTa-
IIMOHAPHOTO MCTOYHUKA

— Takoe M3MEHEeHUE MOTEeHIIMala-3epHa POXk/IaeT MAarHUTHBIA MOHOIIOJIb, KOTOPBI CBOMM
POCTOM TPOTHBOIEHCTBYET!? 3TOMY M3MEHEHMIO, YeM OOJIbIlle CKOPOCTh TMepexoia, TeM MEeHbIIe
cpenuuil 3(pHeKTUBHBIN paguyc MArHUTHOIO MOHOIIOJISL M OOJIbIIE TIOTHOCTh MarHUTHBIX 3€pPeH
(dwur. 2.1)

— 3aTeM MpoIecC ABHKEHMSI JIEKTPOHA HAa OCHOBHYIO 00O0JIOUKY MPEKPaIIaeTcsi — aTOM Tiepe-
XOAUT U3 BO30YKIEHHOTO B OCHOBHOE COCTOSTHHE M STUM OIpe/esisieT MPOMEXYTOK BPpeMeHH KBaH-
TOBaHUS1 MUKPOMOHOIIONEN

— cuH(a3HO MHOKECTBO 3€PEH YKa3aHHOTO 00bEMa JIOKATIBHOTO oI 0, 00pa30oBaBIINX TaKue
MUK POMOHOMNONU, (DOPMUPYIOT CyMMAaPHBIH JIOKATbHBIA BUXPEBOW MAarHUTHBIN MOTOK MOTEHIUAJIOB;
€CJIM CyMMapHbIi'!! MarHUTHBIN TOTOK MOTEHIIMAIOB JOCTUTAET MUHUMAJIBHOTO TIOpOra, TO 00pasy-
eTCsl MUHMMAaJIbHBII MATHUTHBIN CaMOJIBUKYILUIICS BUXPEBOW MOHOMOJIb-BUXPOH B 30HE U3JTy4YEHUS

— Omaronaps a¢pdekry AapoHoBa-boma BBereHa ocodast poiib IEKTPOMArHUTHBIX MOTSHITA-
JIOB B (pM3HKE KBAHTOBBIX SIBJICHUIA

— MUHUMAQJIBHBIA MArHUTHBIA TTOTOK, OOHAPYKEHHBI IKCIIEPUMEHTATBHO uepe3 ekt

S1. Aaponosa — [I. boma, cocraBisieT BETMYUHY 2,068)(10'15 Bo.

— KaK TOJIbKO 2JIEKTPOH B aTOME 3aHsUI OCHOBHYIO OOOJIOUKY, MOTEHIMAbl IEPECTald U3Me-
HSATHCS] U MAarHUTHBIA MOHOTIONG ! 12 CTal NCTOYHUKOM JBU KEeHUSI-H3MeHEeHHsI, CAMOJIBIIKYIIIMCS
BUXPOHOM — BbLJIETE]T U3 30HbI U3JIyYEeHUs], B CIyyae KBAHTOBOM 3aBEPLUIEHHOCTH €TI0 CTPYKTYPbI

— Jajiee 3TOT MarHUTHBIN 3apsjl, pa3pskasch B PeKUME CaMOIBHMKEHHS, CTPOUT BOJTHOBO[
Tpeka (¢ur.2.2) neuxeHus (poToHa — MUKPOBUXPOH KBAHTYET 3€pHA-IMIOTEHIMAIbI T€OMETPUYECKU
(pvKCcHpOBaHHBIE B IPOCTPAHCTBE, IIPU ITOM 3apsiJl MOHOIOJISI YMEHBIIAETCS OT MAaKCUMAJIBHOTO J10
MUHUMAJILHOTO '3

— O/IHOBPEMEHHO C HaYyaJIOM JIBUKEHUsI MAarHUTHOTO MOHOIIONS POXKJIAETCs POTUBOJEUCTBY-
IOLIUI €ro pa3psiKe JMeKTPUUECKUA MOHOMOb

— MOHOTIONB ! ' coBepIIaeT KAHOHWYECKOe CIIMPaJIeBUIHOE IBIKEHUE C IEPEMEHHOMN YacTOTOH,
0OpaTHO MPOMOPIMOHATILHON €€ AUaMeTpy M MPSIMO MPOMOPIIMOHATIEHO BEJTMYMHE M CKOPOCTH U3Me-
HEHUs1 EPBUYHOIO MOTEHIIMAIA; BpallleH!e LeHTpa chepbl MPOUCXOIUT O PaANYCy-BEKTOpY Iepe-
MEHHOTI'0O JIEKTPOMOHOIIOJNS.

1 . ..
03 DJIEKTPOCTATHUECKUI IUTIOND s/Ipa U EKTPOHA BO30YKIEHHOTO aToma.
109 Bananc cun kBaHTOBaHUS.

110 30Ha UHIYKIIKY.

111 o
3nech KOHKYPUPYIOT [Ba Ipouecca: CTaTU4eCKad UHAYKIHUSA OT CO3JAI0IUXCA MarHAUTHBIX MOHOIIOJIEW U BUXPEBasd MHAYKIUS
OT UBMCHCHU A SHGKTpOHOJTeﬁ BOKPYT' 2JIEKTPOHA-U3ITYUaTEIA, CO3JA0IIUX 3TU MOHOITOJIA.

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

11 . ..
3 PeanbHo oH CO3a€T B IPOLIECCE 3APANKHN CHavajla 3€pHA-NMOTCHIUATIBI, COOTBETCTBYIOIIIUE CBOEMY BHEITHEMY OUAMETPY, a
3aTEM LIEHTPY C(l)epbl, IMOTOM HAYMHACTCA NIPOLECC PA3PAIAKH €T0 3apA] YMCHBIIACTCA U OIATH OH UMEET 3apsl, COOTBCTCTByIOIlIPIfI

MOTEHIIMAJIaM OOJTBIIIEH chephl.

114 NokasarenscrBom BpAIlleHNs] MArHUTHOTO MOHOTIONSI BOKPYT /IEKTPUYECKOro ABjsAeTcs: KoHyc A. ITyankape (1896 r.).
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Cosnanue ¢azoBoro oobéma poroHa HAET CIASTYIONIM 00pa3oM:

— BHavaie'"” (a3zoBoro oObEMa (HOTOHA YMEHBIAIOIIUICS M0 BEIMIMHE MAKCUMAILHBIA IO
3apsily MarHUTHBII MOHOTIOJTb, Pa3psiKasiCh, UHAYKTUPYET MPOTHUBOICUCTBYIONIUIA €70 YMEHBIIEHUIO
NEKTPUUYECKUI MOHOIIONb ¥ TIPOU3BOJUT BOJHOBOJ U3 3EPEH-3EKTPONOTEHIIMAIOB, Bpaasich 1o
CIMPAJISIM YBEJIMYMBAIOIIETOCS JUaMeTpa ¢ IepeMeHHOM YacTOTOr

— CMHXPOHHO TPOTUBOJICHCTBYIOIIUI eMy 3JIEKTPUUECKUI MOHOIIONb Ha ¥4 Tiepuoia MHIyKTH-
PYET YBEJIMYMBAIOILMIICS 110 BEJIMUMHE BTOPUYHBII TPOTUBOIONIOKHBIM MATHUTHBI MOHOIIONb

—B TouKax 1/8 u 3/8 meprona mosBosHKI (ha30BOro o0beéMa (poToHa, 00a MArHUTHBIX MOHOIIOJIST
MMEIOT OJIMHAKOBYIO BEJIMYMHY, HO POTUBOIOJIOKHbIE 3HAKU

—Ha V4 nepuopa''® nepBUYHBIN MOHOIIOJIb ITOJTHOCTBIO UCUYE3aeT, B3aMEeH eMy B TOUKe Y2 neprojia
TMOSIBJISIETCS] U HAYMHACT Pa3psiKaThCsi BTOPUYHBIN MOHOIIOND TOH e BEJIMUUHBI, YTO U IEPBUYHBIN,
HO TPOTUBOIOJIOKHBIH O 3HAKY

— Ha CJIeflyIolel MoBoHe (POTOHA, MPOMCXOAUT TO K€ CAMOE, UTO M Ha TIEPBOH, TOJIBKO MPO-
THBOTMOJIOKHBIA MOHOTIOJb TPOM3BOUT 3€PHA-TIOTEHINAIBI TPOTUBOIIOIOKHOM MOJISIPHOCTU

— TIOJTHBINA MIePHO]] BOJTHOBOTO ABWKEHUSI MArHUTHOTO MOHOTIOJSI B OIHY JUTMHBI BOJTHBI (POTOHA,
XapaKTepU3YIOIIUICs CIIMHOM YacCTUIIbI B OIHY TocTosiHHYIo [Tnanka, onpezenser NoJiHylo KBaHTO-
BYIO 3aBEPIIEHHOCTh BOTHOBOT'O Mepexo/ia BUXPEBOM MaTepUH — 3TO BpeMsI B YeThIpe pa3a Oosbliee
BpPEMEHH Tepexo/a MEKTPOHa U3 BO30YKAEHHOTO B OCHOBHOE COCTOSTHHE.

Tak poxgaeTcs oavH NepUoA JUIMHBI BOMHBI KBaHTa (pa3oBOro oObéMa (PpoToHa, B KOTOPOM
CBOOO/HBIN IEPBUYHBI MUK POBUX POH, ITPEBPAIIASCH HA TIOJIBOJIHE B 3ePKAIbHBIH, OMATH TpaHC(op-
MUPYETCsl B U3HAYTbHBIN. B OECKOHEUHOM JIBMKEHUM B TIPOCTPAHCTBE BeeneHHOW pokIaeTcs Tpek
¢orona — ¢ur.2.3.

OTcioga MOXHO OMpeieIuTh MUHUMATBHO BO3MOKHBIM M HETOISIPU30BAHHBI CBOOOIHbII
BUXPOH B MPOCTPAHCTBE, KAK CAMOABIKYIIMIICSI J1eMeHTAPHbI MarHUTHO-3JeKTpuye-
ckuii''” BUXpeBOH MHKPOOOBEM C MyJbCHPYIOIIMMH U B3aHMOCBS3aHHbIMH B HEM BHX-
PeBLIMH MArHUTHHIMH U JIEKTPHYECKHMH TOKaMH, B KOTOPOM I0OOYepPeIHO MEHSIOTCS
MAarHUTHbIe MOHOIOJH!'® HA POTHUBOMOJIOKHbIE, OJJHUH U3 KOTOPbIX NPOU3BOJUT reOMeT-
pHU30BaHHbIE 3€PHA-NOTEHIHAJbI TOJbKO HA MEePBOM Y% BOJIHOBO/1a, 2 BTOPOI NPOTHBOMO-
JIO’KHBIH €My TaK’ke MPOU3BOJUT MOTEHIHAJbI, HO TOJbKO HA BTOPOIl % BOJHOBOJA MOJI-
BOJIHBI U IPOTHUBOMOJIOKHOT0 3HAKA.

Yucenno B cuctemMe CH!''° 3HaueHWe 3eMEHTaApHOIO aTOMHOIO MHKPOBHXPOHA MOXHO
orpeenuThb nocTosiHHou [1naHka, T. e. mpou3BeieHeM MHHHMAJIBLHOIO JIeKTPUYECKOro 3apsia
Ha MArHUTHBIA. DTa BeIMYMHA SBIsIeTCS (PyHIAMEHTAJIbHOW aTOMHOM KOHCTaHTOM, a MO3TOMY
TaKOW BUXPOH — (PYH/JaMeHTAJIbHBII MOJIEBON KBAHT JBUKEHHUSI, ITyJTLCUPYIOIINI CBOOOIHBII Mar-
HUTHBIN OUTIONB!?’ B CBOOOTHOM MTPOCTPAHCTBE. DTO MATHAIIATOE CBOICTBO BUXpPOHA — (hyH/IA-
MEHTAJILHOE CBOMCTBO 3TOr0 KOHKPETHOTO KBAHTA, CO3/AIONIEr0 KOHKPETHBIN CIIMH MUK POYACTHIIBI
U XapakTepusyiolero pu3nyeckuii cMbic nocrossiuou Ilnanka, T. e. KBaHTa HAMMEHbIIEro
ATOMHOTIO JelCTBHS.

BuxpoH MoxeT HaXoauThes B (popMe CBOOOHO CYIIECTBYIOIINX KBAHTOBAHHBIX MArHUTHBIX
BUXpeW, BCErAa IBIKYIMXCs BpalaTeIbHO-TIOCTYAaTeIbHBIM 00pa3oM CO CKOPOCTBIO CBETa C Mac-
COl paBHOI HyJO. B ciydae TOpMOXEHHUsI ¥ TIOTHOM OCTAaHOBKH, BCSI SHEPTUs 3apsia 3TOro BUXPs
MIEPEXOIUT B MACCy €ro MOKOSIIErocs aHajIora — paBUTALIMOHHBIA MOHOIIONb. A TaK KaK OH, B CHITy

"5 Ecim wauars orcuér BPEMEHU B MOMEHT Pa3psIKi MarHUTHOTO MOHOTIOJSI.

16 Ha OKPY)KHOCTH MUHHUMAJIBHOTO paJnyca BOIM3U 3TOM TOUKH HAXOHATCS MAKCHMAJbHBIE 10 a0COMIOTHOMY 3HAYCHHMIO JIeK-
TPOHOTEHIIHABL.

"7 He sniekTpoMarHUTHBIA, B CHITY IPHYMHHO-C/IC/ICTBEHHOI CBSI3H.

18 Takoit BHXPOH MOXHO Ha3BaTh U IYJIbCUPYIOLMM OHUITOIEM.

19 31a cicrema B ocHOBHOM WCIOJB3YETCsI MPH IIPOBEICHIN SKCIIEPUMEHTOB.

120 Iumonem oGbiuno OIIPEAIEIIAIOT CBSI3aHHbIE CTALIIOHAPHBIE JIEKTPUYECKUE 3apsibl.
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CBOE JMHAMUYHO-BUXPEBOM CTPYKType B CBOOOJHOM IPOCTPAHCTBE, BCETA CBS3aH C CO3JaHUEM
MOTEHIMAIOB?! 3IEKTPHUECKUX BOJHOBOIOB, TO KBaHTOBaHMe [1. [[upaka OMHO3HAYHO yKa3bIBaeT
Ha MPUYACTHOCTD STUX CBOOOIHBIX M B3aUMHO-OPTOTOHAJIBHBIX BUXPEN C MUHIMAJILHBIM Pa3MepOM

10 102 e B co3pannu MUKPOYACTUI] C LEbIMU U MOTYLIEIBIMU cTIMHaMU. Takum 00pa3oM, MUKPO-
BUXPOH — 3TO CIHHOOOPa3yloIee «cepile» JIeMEHTAPHbIX YaCTHII, CO3/IAHHBIX HM.

CoOcTBEHHO MOJIeBYI0 (hOpMY BUXPOHA 3aPErUCTPUPOBATh TEXHUYECKU HEBO3MOXKHO B CBSA3U
C OTCYTCTBMEM COOTBETCTBYIOIIMX MO OBICTpoAeicTBUIO AeTekTopos'?2. [loatomy, B Hacrosiee
BpEMsl, PErUCTPUPYIOT JIUIIb SIEMEHTAPHBIE YaCTULIbI, UM ITOCTPOEHHBIE, U B (ha30BOM 00BEME KOTO-
PbIX OHU JIBUKYTCA.

Hekotopsle BHeIIHWE W BHYTPEHHHE CBOMCTBA CBOOOIHBIX BUXPOHOB YK€ PacCMOTPEHBI B
NpeAbIAYILIEM pa3jese B CAeAYOed NPUUMHHO-CIIEICTBEHHON CBSA3U:

— TmapameTphl'?®, oTpaxaiolye KOHKpeTHble BHYTPEHHHE CBOWCTBA BUXPOHOB, pPOXAAlOT!'?*
OYeHb KOHKPETHYIO JIEMEHTAPHYIO YaCTULLY

—9Ta YacTHIIA MPOSIBIISET MPU B3aUMOJICHCTBUY C MOJISIMUA MAaTePUU OKPY:KAIOILEH cpeibl OUeHb
XapaKTepHBIE TOJIKO el pUcyIye (pu3nyecKkre CBOMCTBA, Ha3bIBa€MbIe 3/16Ch BHEIIHIMM.

— Ha OCHOBAHUM 3TUX CBOICTB OHA UIEHTU(UIIUPYETCS KaK, Hanpumep, (POTOH UK JIEKTPOH.

PoxnieHne ¢B0GOHOr0 BUXpOHA MPOUCXOMUT Ha rpanutie (1/8 — 1/6 [jMHBI BOIHBI) 30HBI
WH]IYKIIUU C 30HOW M3JIyYeHHUs] OKOJIO CTAIIMOHAPHOTO MCTOYHUKA, BOKPYT KOTOPOro MeHsiercs'?
NEKTPUIECKOE ToJIe.

Pa3zmMepsl akTMBHOro 00bEMa MUKPOBHXPOHA B YEThIpE pa3a MEHbIIe UIMHBI BOJHBI (pa3o-
BOTO IMPOCTPAHCTBA ONTUYECKOro (POTOHA WITM PAJUOBOJIHBL, UM raMMa-KBaHTa. MUHUMaJbHBIE pa3-
Mepbl €0 MArHUTHOT'O MOHOIIONSI MOTYT IOCTUTaTh MIAHKOBCKUX 3HAUYEHUI IJTMHBL, & MAKCUMAJIbHBIE
HEOrpaHUYEHHBbl U MOTYT JIOCTUraTh 3HAYeHUN dHepruu, oleHEHHbIe [lomskoBbIM U T* X0odhTOM U
naxke OOJIBLIIE.

Kanonunueckoe JBMXKeHHWE MAarHUTHOTO MOHOIIOJNS, CO3JAI0IIEr0 KOHKPETHBIN BOIHOBOJ, MUK-
POYACTHIIBI, OTIPEeNseT €€ CIMH. Y 3aMKHYTHIX YAaCTHII TUIA JIEKTPOHA ITOT CIMH MOMYLIEbIA. Y
HUX KaKAbl{ MOJISPU30BAHHbBII MOHOMOJb ABUKETCS] B CBOEM MHAMBUIYAJIBHOM «JOMHUKE» — MO3U-
TPOH UK 371eKTpoH. [Tomycdepbl 3aMKHYTHIX BOJTHOBOJIOB 3THX YaCTHILI OXBau€HbI BUPTYAJIbHBIM IIPO-
TEKTOPHBIM MarHUTHBIM 1ojieM. Kpome Toro, 3aMKHYTBIi BHEIIIHUN BOTHOBO/ JIEKTPONOTEHIINA-
JIOB MHAYKTUPYET B MPOCTPAHCTBE IEKTPUUECKOE Tose (BUPTYAIbHBINA 3apsifi U FeOMETPUUYECKYIO
MIPOCTPAHCTBEHHYIO CTPYKTYPY), KaK €csii Obl 3TO moJie ObUI0 c(hOPMUPOBAHO MOCTOSIHHBIM TOYEY-
HBIM U OECCTPYKTYPHBIM TOUEYHBIM MCTOYHHUKOM B MPOCTPAHCTBE. DTO IIECTHA/AIATO€e CBOWCTBO
3aMKHYTBIX MOJISIPHBIX MUKPOBHUXPOHOB.

Sueprus B 1022 KB sBIsIeTCA TEM MUHAMAIBHBIM TIOPOToM 12, CBBIIIIe KOTOPOro UAYT (poTO-
aTOMHBIE PEaKIiH, B Pe3yJIbTaTe KOTOPhIX 00Pa3yloTCcsl 3aMKHYThIe OJHOMOJISIPHbIE BUXPOHBI JIeK-
TPOHOB, MO3UTPOHOB WJIM MIOOHOB. JI0 3TOIl 3HEpruu, B OOIIEM Cilydae, MOITIM OOpa30BBIBATHCS

121 To ectb T€OMETPU30BAHHBIX 3€PEH (bI/IKCI/IpOBaHHI)IX MUKPOITPOCTPAHCTB, OTHOCUTEJILHO CTaOUJIbHOE TIOJIOXKEHHE KOTOPBIX B
rpaBUTAllMOHHOM ITPOCTPAHCTBE SaIJ_[I/IIJ_[éHO TNPOTEKTOPHBIM MAarHUTHBIM IIOJIEM.

122 M. 1. Comun (2001 1) TIPEIIOKII KCIIOJIb30BaTh B KAYECTBE JETEKTOpa MAarHUTHBIX 3apsiIOB 3aTBEPAEBAIOLIMI pacIliaB LKp-
KOHUS1, KOTOPbIi (PUKCUPYET BCe SIIEPHBIE U IEKTPOTOKOBBIE TIPEBPAICHN S, BBI3BaHHBIE POXOKAEHHEM MOHOTIONEH.

123
HpOMC)KyTOK BPEMEHU U CKOPOCTDb U3ITYUEHU ], NOJIAPU3alUA 1 THTEHCUBHOCTD.

124 o o o
10T MPOLECC HA3bIBAETCA CaMOCTPYKTYPHUPOBAHUEM TOWU WJIM MHOU MHUKPOYACTULBI B 3aBUCUMOCTH OT OKPYXKAIOUIUX I10JIEH,
T. €., HAIIpUMEDP, B MAaHTHUU 3emimn HeﬁTpOH pH pacraze npeppamacTcAa B IIPOTOH UJIK aHTUITPOTOH U COOTBETCTBYIOIIIUE MIOOHBI, & HE

TIO3UTPOH U 3JIEKTPOH. AHEU'IOFI/I'—IHO, HeﬁTpaﬂbeIe AApa pacriajaroTca ¢ 06pa3OBaHI/IeM TIOJIOKUTEJIbHBIX WIW OTPULATEIBHBIX ANEP.

5
125 Mone moskHO MensTh N0 pasHOMY: 1.M3MeHATh COOCTBEHHO MOJIe, 2. ABUTaTh OQMH U3 3apsifIOB JUIONS HABCTPEUy APYromy,

3.00pbIB TOKa IyTEM B3pbIBa POBOJIOYEK, OOPBIB TOKA AYTH, 4. IOaBATh HA EKTPOPA3PAIHBINA NPOMEKYTOK NMITY/IbC HATIPSKEHUS
¢ ¢hpoHTOM 1012 CEeKYH/IBL, 5. Ha U3JIyYaTe/lb-aHTeHHY II0JaBaTh IepeMEHHOe HarpskeHue, HanpuMep, CBY quanasona.

126 NPUPOJIE TP ONPEISTIEHHBIX YCIOBHIX MOTYT 00pa30BBIBATHCS U 00Jiee HU3KOUACTOTHBIE CBOOOIHbIE U 3aMKHYTHIE HECTa-
OUITbHBIE MOJIEBbIE KOJUIEKTUBHBIE MAaK POBHUXPOHBI B (DOPME JIMJEPOB JIMHEWHBIX U IIAPOBBIX MOJIHUM.
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TOJIBKO OUTIONSIPHBIE CBOOOTHBIE MUKPOBUXPOHBI, T. €. 0030HHBIE BUXPOHBI B (ha30BOM 00bEME KOTO-
PHIX MYJbCUPYIOT B TIEPEMEHHBIX MPOTHBOMOIOKXHBIX MATHUTHBIX U OJWH NEKTPUYECKIIA MOHO-
nonb. [Ipu sHeprusix MHOro OOJbIlie TMEPBOTO MOPOra CTa0MJIbHbIE BOTHOBOJBI MOTOOHBIE JEK-
TPOHY OOJIBIIIE HE CO3/IAI0TCS, 3TO SAMHCTBEHHAS! PE30HAHCHAS YaCTOTa Ha TIOBEPXHOCTH 3eMIIN.

Buxponbl (hOTOHOB C CyIIECTBEHHO O0Jiee BHICOKOM SHEPTrUel CIOCOOHBI CO3/1aBaTh MPH OIpe-
JIEJICHHBIX YCJIOBUSIX 3aMKHYThiE HECTa0WIIbHBIE TIonycepruieckre (CIIvH ¥2) MUKpOIpoCcTpaHCTBa
MIOOHOB, a TaKXe 3aMKHYThIe cepbl-00010uku (cruH ) sAepHBIX BOJHOBOIOB M3 3apsKEHHBIX
ME30HOB U APYTUX IEMEHTAPHBIX YACTHI] C TOMOIIIBIO TOJISPU30BAHHBIX MATHUTHBIX 3aps/I0B saep-
HOH YacTOThl — Me30HHbI€ MArHUTHbIE 3apsibl. ITO CEMHA/IIATOE CBOWCTBO SIA€PHBIX 3aMKHY-
TBHIX MUKPOBUXPOHOB.

Nwmetotcst u qpyrye pe3oHaHCHBIE YacTOTHI SIIEPHBIX (DOTOHOB, MPH KOTOPBIX MOTYT 00beAu-
HSATCS C TIOMOIIBIO PA3JIMYHBIX PE30HAHCHBIX MUKPOBUXPOHOB BJIOKEHHBIE JIPYT B Ipyra MHOTO-
000JI0YEYHBIE CTPYKTYPBl MUKPOYACTHI] — 3TO MHOTOUYHCIICHHBIE SIAPA XMMUYECKUX IEMEHTOB. JTO
BOCEMHA/IIIATOe CBOWCTBO ME30HHBIX 3AMKHYTHIX SIICPHBIX BUXPOHOB. Tak, Harmpumep, HECKOJIBbKO
TaKMX BUXPOHOB, 0Opa3yoiux (OTOHbI C SHepruel Boie 1 [9B co cTporo orpeaeneHHbIM SHepre-
THUUYECKUM CIIEKTPOM IIPH OIPEAEICHHBIX YCIOBUSX (aHAJIOT MOJIsl aTOMHOTO SIpa — MUIIIEHb KOJIJTaii-
Aepa, TOBEPXHOCTh SIAPA 3BE3/Ibl MM MOJIOAON TUIAHETHI) CIIOCOOHBI OOPa30BBIBATH BJIOKEHHbIE
Apyr B Apyra (a3oBble 00bEMBI 3aMKHYTHIX BOJTHOBOJIOB- 000JI0U€eK (KaK BHYTPEHHHUE CJIOU JYKO-
BUllbl). Takue pe30HaHCHO 3aMKHYTbIe BOJHOBO[bI, cofiepaliye B ceOe ABMKYIIMECS K CBOMM
TOJIIOCaM COOTBETCTBYIOIINE MarHUTHbIE IPOTUBOIOIOKHBIE 3apsibl, CIOCOOHBI CTAOMJIBHO COCYIIIe-
CTBOBaTh B (hopMe 0OBEMOB-MHKPOIPOCTPAHCTB HEMTPOHOB, MTPOTOHOB M JPYTUX sAep XUMHUYe-
CKHX 37IeMeHTOB. HaunHasi ¢ 310 NOpOroBoi SHEPrUM siA€pHbIE MUK POBUXPOHBI, TIOIYYHB ITPH OTIpe-
JEEHHBIX B3aMMOAEHCTBHAX KOHKPETHBIA THIT MOJISPHOCTH, MOMSPU3ALMN U YaCTOTY, CIIOCOOHBI
TaK’ke CBOOOIHO 00pa3oBaTh chepruueckue, UTUITUIECKHE U Nonychepruieckue 3aMKHYThIe TIpo-
CTPaHCTBA, KaK CBOOO/IHBIE OMITONSIPHBIE BUXPOHBI 00Pa3yIoT aHAJIOTMYHbIE BOJTHOBOHI CBOOOHOTO
dotoHa. B simpax 3Be3/] M1 Ha MX MOBEPXHOCTH, A TAKKE B MAHTUH MOJIOZIBIX IIJIaHET B MOIOOHBIX YCIIO-
BUSIX UJET MPOU3BOJCTBO SII€P CXOXKHUX IO CTPYKTYpE HEUTPOHY, HO U Oosee Tsukenbix. [Ipu aToM,
BUXPOHBI MX 00pasylolye, a MIMEHHO MX YHCIIO, TOJISIPU3ALIHS, IONSIPHOCTh U YacTOTa, B 3AMKHYTOM
MHOT0000JIOUEYHOM IPOCTPAHCTBE, ONPEEIsIOT TaKUe BHEIIIHE MTPOsIBIIsieMbIe CBOICTBA ITHX siJiep
KaK Macca, BpeMs )KU3HH, 3apsijl, CIIMH 1 pa3Mep cepbl, 3aHuMaeMoi 3TiMu siapamu. Iupokwuit tua-

Ma3oH yactot, HaumHasi ot 107 ru go mraskosekux (10% i), Gompioe pazHooOpasue GpopM U CTe-
TIeHU TOJIsIPU3aLMY, BIUIOTh JI0 JIEJICHUs U CIIOKEHUs SHEPIUHU U CIMHA, JIeJIeHUE Pa3HbIX U CIIMsHUE
O/IMHAKOBBIX MOHOIIONEH, KOHIIEHTPUUECKUI 3aXBaT U CIMsHUE C(PEPUUYECKUX LIEHTPOB PE30HAHC-
HBIX BUXPOHOB, BBICOKAsl IJIACTUYHOCTb BO B3aMMOJAEHCTBUAX — BCE 9TO HAJEJseT MUKPOBUXPOHBI
TAKMMHU K€ CBOWCTBAMM IPU CTPOMTENILCTBE IIMPOKOTO Pa3HOOOpasusl MUKpOoYacTul] MuposiaHus,
KakumH o0OmazaT Mosnekysl JJHK npu BoiparmyBaHuy KUBBIX KJIETOK (hIOPHI U (DayHBL.

ViMeHHO XapaKTep CMHXpPOHHM3ALMU JBVKEHHS '2” ¥ B3aMMOJIEHCTBISI MUKPOBHXPOHOB BHYT-
PEHHUX C BUXPOHAMHU BHEUTHMX OOOJIOYEK IEMEHTapHBIX YaCTHI, a BHEIIHUX — C OKPYXKAOIIMMHU
TMOJISIMU, OIPEZENsIeT UX BPeMsl KU3HU, MEXaHU3M U IPUPOAY OIHOTo U3 (PyHAAMEHTAJIbHBIX B3au-
MOJICHCTBHI — CJIA0BIX B3aNMOAEHCTBHI, T. €. TIOC/IeI0BaTeIbHask CHHXPOHHOCTD JIBUKEHHSI Mar-
HUTHBIX 3aps1/I0B, PACIIOJIOKEHHBIX B LIGHTPE 11pa, C IBUKEHUEM MAarHUTHBIX 3aps1I0B BHELTHUX 000-
JIOYEK, MPUBOIUT K CTAOMIIBHOCTH €r0 MacChl, aCCHHXPOHHOCTb — K pacnajy. B cimydae orcyrcrBus
3aMMPAIOIIUX U TIOJISIPUBYIOIINX (MEKTPUIECKHX ) MM CTAOMIM3UPYIONIMX (HapHMepP, TOBEPXHOCTh
HEWTPOHHOM 3Be3/Ibl) MOJIE PAHO WJIM TIO3[HO BUXPOH MOKU/IAET CO3JaHHbI UM BOJIHOBO[, CTPOUT
HOBBII, COOTBETCTBYIOIIMII HOBBIM YCJIOBUSIM. DTUM B HEM JIOCTUTAETCs SHEPreTUYecKHid OajaHc
¥ HOBasl CTaOMJIbHASI KM3Hb. Takum 0Opa3oM, MEXaHW3M CJa0bIX B3aHMOeiCTBUIN onpeness-

127 XapaKTep ABUXKEHUA BUXPOHOB B 3aMKHYTBIX BOJIHOBOAAX B KOPHE OTIIMYACTCA OT ABUKCHUS B CBO60I[HOM IPOCTPAHCTBE.
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ercsl mapaMeTpamu, CBOICTBAMM M CUHXPOHHOCTBIO B3aUMOJIECTBUI ABUKYILMXCS B MUKPOYaCTH-
[aX MUKPOBHXPOHOB. DTO IeBATHAII[aTO€ CBOVCTBO sIEPHBIX BUXPOHOB.

Ortciona BeITeKaeT 0OOCHOBaHKE MTPOU3BOJCTBA SAEPHON SHEPTUU HE TOJIBKO 32 CUET AesneHus 28
(9KCIUIO3MH) TSKENBIX AaTOMHBIX SIJIEP, HO Y 34 CYET JIETKO PETYJIMPYEMOTrO BbIHY:KIEHHOIO pacraaa
TaKuX s7ep'?’, myTém o0NTyueHNs Ppe30HAHCHBIMH «TSIKETBIMU» BUXPOHAMH C ITOCTIeAYIOIIe NOHH-
3aIell MUKPOYACTHI], COCTABJISIONIMX BHEIIHUE sIAEPHBIE OOONOYKHU, U TIEPECTPOUKON SAEPHOTO
OKPY2KeHHsI PEUIETKU TBEPAOTO TeJ, T. €. aKTUBU3ALMs LIEMHON peakK M0 KaCKagHOU Mo0Yepen-
HOUM MOHM3AIUM 3THX YaCTHUI] yTEM KyMYJISTUBHOM MMIUIO3MH KJIACTEPOB MOTEHIMATIOB B 00JIACTh
nosier ux cBssu. [locnenyonmii CUHTE3 TSKENBIX M CBEPXTSIKENBIX SAA€P XMMHUECKUX JIEMEHTOB
OKPY2KeHHsI UJIET C IPOU3BOICTBOM SHEPIUHU B IECATKY Pa3 MPEBBIILIAIOIIEH SHEPTHIO AEIECHUS SIIIED.

NTak, 3aMKHYTBII BUXPOH — 3TO MTYJIbCUPYIOLINI MAarHUTHBIM U IPAaBUTALIMIOHHBIM BUXPEBBIM
ToJIeM TIepEMEHHBIN 3apsifl, ofiHa 13 (POPM MaTepHH, TIOKOSIIIUICSI MUKPOOOHEM BUXPEBBIX TIOJIEH —
WCTOYHMK MAacCChl, UHAYKTUPYIOILUI C TOMOILBIO, UM CO3/IaHHBIX BOJIHOBOJIOB JIEKTPUUECKUN 3apsii,
CIIMH, MacCy M MarHUTHBI MOMeHT. OH SIBJISIeTCS] CIIMHOOPA3YIOIIUM «CEPALIEM» Y IeMEHTAPHBIX
YaCTHIl M «MO3TOM>» TBOPEHHU S TOM WA MHOW MUKPOYACTULIBL, T. €. JNEKTPOHA, MIOOHA UJIM ME30HA U
T. 1. B TO 5ke BpeMsi cBOOOJHBIN aTOMHBIH BUXPOH — 3TO 3apsi/i-«KBAHT ABUKEHUsT», (PU3HYeCKHIT
CMBICJI TIOCTOsIHHOM [LmaHka, poauTteneM KOTOpPOro siBjisieTcst 00IacTh U3MEHEHHS NEeKTPUUECKOro
nosist B atome wiu ero siapa. CBoOOHbII BUXPOH, T. €. BUXPEBON MarHUTHBIN OUIIONb B OTJINYHE
OT JIEKTPUYECKOTO AMIIONS, HE CYLECTBYET B COCTOSIHUM IIOKOSI M HE MMEET MOCTOSIHHBIX MacChl
U 37eKTprueckoro 3apsga. [Ipu 3tom 3¢ppeKkTUBHBII pa3Mep MarHUTHOIO 3apsija BUXPOHA MOXET
M3MEHSTHCS B IIMPOKUX MPEAesax U JOCTUraTh Kak MUHUMAJIbHBIX 3HAUYEHUI Ha MHOTO JIECATUUHBIX
MOPSIIKOB MEHbIIIEe caMor BO30YXKJEHHON MUKPOYACTHIIBI, €70 M3TyJalolen, Tak U JOCTUTaTh MaK-
CHMaJIbHBIX 3HAUYEHUH, 3a(pMKCUPOBAaHHBIX B XpoMocpepe Ha noBepxHocty ConHua.

I'naBHOE BHellIHEee CBOWCTBO, IPOSBISAEMOE 3alIOPOrOBHIMYA 3aAMKHYTBHIMHM MUKPOBUXPOHAMU
B IIPUPOJE — ITO CO3/IaHKE IOITOKUBYILIHX «IOMUKOB» U3 CBEPXTEKYYMX MUKPOBOJHOBOJOB U3 3EPEH
JEKTPO— U TI'PaBIOTEHIMAJIOB, U3 KOTOPBIX IOCTPOEH BEChb aTOMHO-MOJIEKYJISIPHBIA MUp ILJIAHET,
3BE3]1 U TaJlakTHUK, a Takxke Bcs (iopa U payHa Ha 3emiie. DIeKTPOMarHUTHbIE MUKPOBHXPOHBI —
3TO IIPUPOZIHOE SIBJIEHUE, paHEE HEM3BECTHOE B HAYYHOM JIMTepaType, HO UMEHHO 3TU IEPBOYACTHLIBI
MyTEM CaMOCTPYKTYpPHPOBaHUsI IOCTPOUJIM BECh MaTepHasIbHBI MUp Halel BeeneHHou B Tex pop-
Max, KOTOpbIE MTOJTHOCTBIO COOTBETCTBOBAJIN YCIIOBUSIM MX MECTOHAXOK/IEHUS, T. €. OKOJIO SiAep 3BE3]1
¥ B MAHTUM 3eMJIM OfIHM YACTHIIBI, & Ha €€ TIOBEPXHOCTH Te, KOTOpbIE YKe OIUCaHbl Tabmiein MeH-
Aeneesa.

VICTOYHUK «TSIKENBIX» BUXPOHOB — 3TO OTJIMYHASI OT U3MEHSIONIErocs MoJisi atoMa 00acTb
npocrpadcTBa: Aapo YCT, akTUBHBIE aHTEHHBI, MOJIHUH, BO30YKICHHBIE TUTIONH U IPyTHe pa3HOO00-
pa3Hble TEXHUYECKUE YCTPOWCTBA, PACCMOTPEHHBIE B TPEThEH I71aBe ITOW KHUTU. CBOOOIHBIE «TSIKE-
JIbie» BUXPOHBI B (hOpME MEKTPOMArHUTHBIX KBAHTOB CIIOCOOHBI MTPOM3BOAUTD BUXPEBbIE TOKH '3,
Takue e BUXPOHBI OTBETCTBEHHBI 32 KBAHTOBBIN JIOKAJIbHBIN [IEPEHOC JIEKTPUUECKOr0 3apsijia B IIPo-
BOJHMKAX, B Ta3aX U B KUAKOCTAX. Best panuonokanys, TeneBuaeHne, 1ainbHss 3! kocMudeckas CBs3b
1 Ji00ast Apyras CBsi3b 0OYCJIOBJIEHA CAMOJBIIKYIIIIMUCS CBOOOHBIMH BUXpOHaMU U T. 1. OHAKO
HeoOxoaumo pazmuyath CBY aToMHBIX (DOTOHOB OT TaKHMX K€ IO YaCTOTe «TSIKEMBIX» (POTOHOB,
KOTOpbIe yke crocoOHbI MprBoauTh K LENR M3MeHeHusIM epBUYHOTO XMMHUYECKOTO COCTaBa KJla-

128 I[ene]—me TSDKEIBIX A0ep HUJIET 3a CUET pacCrakoOBKH1 U HOBOW TNEPEINIAaKOBKU BHYTPEHHHUX 000JI0YeK C O6pa30BaHI/IeM NPUMEPHO

JIBYX OJIMHAKOBBIX OCKOJIKOB, TJIE SIIPOM «KOHJICHCAITMH» OIHOTO M3 OCKOJIKOB SIBJISIETCS 3aXBaYCHHBINA HEUTPOH.

129 Ipupona meapo NOTpyauiach B CBOMX IMOA3EMHBIX JTaOOpaTOpHsIX, CO3/aBasi TsKENbIe aTOMHbBIC SI[pa M BKJIA/bIBast B HHUX
OTPOMHYIO SHEPIHUIO TIPH CUHTE3€E, TEM CaMbIM aKKyMYJIHPYs €€ B HECMETHBIX KOJTMYECTBAX — KOMITPECCHUsI SHEPTHH.

130
3 BI/IXpCBHe TOKH HAIlUTA IMPOKOE NMPUMEHEHUE U1 pa30rpeBa IMUIIU B MUKPOBOJIHOBLIX II€YaX, a TaKKE B IIPOMbBIINIIEHHOCTHU
IUIA pa3orpeBa 40 BLICOKUX TEMIIEPATYP TBép,III)IX MCTAJJIMYCCKUX 06pa3u03.

131 Takas cBs3b co3/1aHa Ha YACTOTe GIM3KOI K MH(pPaKpacHOHN U ONTHUYECKOM, OHA ITPO3payHa B BaKyyMe, HO NOIJIoIaeTcs po-
BOJIAALIEH cpenoi, peodpasyst Bcio Hepruio BuxpoHoB B LENR u BuxpeBbie Toku — 3apsiaoBsie kiaactepsl K. ITloymaepca, SKTOHBI
I'. A. Mecsua, n71a3MOTPOHbI, MUKPOBOJIHOBbIE II€YH U T. [1.
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cTepa aTOMHO-MOJIEKY/ISIPHOTO BEILECTBA. DTO Pa3IMyue 3aKJI0YAeTCsl B TOM, YTO B MIOCIIETHEM CITy-
Yyae UCToJIb3yeMble (DOTOHBI MOTYYEHBI TIPY OYSHDb OOJBIIMX TOKAX U HAMPSHKEHUSIX B OUYeHb KOPOT-
KOM MMITYJIbCE, T. €. UMEIOT MAKCUMAJIBHO BO3MOXKHYIO ITJIOTHOCTb 3€PEH-TIOTEHIMAJIOB Ha €JUHULLY
IJTMHBI U TIOBEPXHOCTH BOJTHOBOJIOB. [IpyrviMu ciioBamMu, OHH 00JIaaioT ropasio OOMbIIel SHepruei,
YeM MPOMU3BEJCHNUE UX YacTOThl HA MOCTOsIHHYIO [Tnanka.

HeonHokpaTHble MOMBITKA MCCIEAOBAHUS OYEHb 3arajlouHOro JIvarna3oHa 4acToT (PPOHTOB

BBICOKOBOJIBHBIX HMMITYJIbCOB 10° - 10" Iy, NOPOXJAIIUX B JEKTPUUECKUX paspsiax IKTOHBI
WIN 3apsA0Bble KaacTepbl npusoauan aBTopos I'. A. Mecsaua u K. Illoyanepca k cozganuio gaxe
HOBBIX TEXHUUECKHMX OTpacieil — pa3paboTke MOIIHBIX crietuaibHbix CBU-reHepaTtopos.

CnoxHOCTh OOHApYKEeHU |32 BUXpEBbIX MATHUTHBIX MOHOIIONEH 1 MIEHTU(UKALIUS UX CBOWCTB
MacKHMpyeTcsl CBOMCTBAMU TEX JIEMEHTAPHBIX YACTUI] WM 3apsI0BbIX TA30BbIX KJIACTEPOB, (pa3oBbIe
00BEMBI !} KOTOPBIX OHU CTPOSIT WM IPE0OPA3yIOT, CBEPXTEKYUIMM 00Pa30OM JBHXKYTCS B HUX IO BOJI-
HOBOZIaM M OOHOBJISIIOT MX, NOIAEPKUBAIOT U KUBYT TaM JIOCTaTOYHO JIONTO.

Jlpyras ClI0X)HOCTb 3aKJII0YaeTCsl HE TOJIBKO B TOM, YTO BCE JIEMEHTApHBIE YaCTULBI (KpoMme
HEWUTPHUHO) COfIepKaT 3TH BUXPOHBI, a B TOM, YTO OHH HE [Al0T OOHApYKUBaTh ceOsi B COOCTBEHHOM
BU/JIE 32 TO BpEMsl, KOTOPOE COBPEMEHHBIE JIETEKTOPBI CIIOCOOHBI PETMCTPUPOBATH CAMble KOPOTKOXKH-
ByIIME IeMeHTapHble YacThllbl. [ToatoMy Te (hopMbI «TOMUKOB» UM CrIElU(UIECKUX KIACTEpPOB,
KOTOPBIE OHU CO3JAI0T HA TOBEPXHOCTU 3€MJIU, U PETUCTPUPYIOT YKE B (POPME TEX UM MHBIX 3apaHee
M3BECTHBIX MHUKPOYACTHUL, SKTOHOB WM 3apsA0BBIX KJIACTEPOB.

Tak, HarpuMmep, NepexoJHON MOMEHT SJEPHOTO BUXPOHA B TY WJIM MHYI0 MMKPOYACTHIly B
Hacrosiuee Bpems B CAII onpenensercs «o0pa3oBaHUEM CTPyil». DTH CTPYH SBJISAIOTCS MPOAYKTaMU
IIPEBpALLEHNs B APOHBI, IKOObI, KBapKa WM INI0OHA. VccnenoBanus CTpyil B CTOJIKHOBEHUSX (SIpo-
AIPO) NOKA3aJI0, YTO OHU, B OCHOBHOM, COCTOSIT M3 JT-ME30HOB C SHEPTUeil B cUCTeME MOKOs KJlacTepa
aapo-saapo nopsaka 150 Mas.

Bo Bpems skcniepumMenTa Ha koyutanzaepe B bpykxerisene 2001 roma perucrpupoBaiics cCriely-
dbuyeckuit 3¢pdekt, Ha3BaHHBIN TMONaBIeHNeM cTpyd. Korja crakuBaoTcsl Ba MOHA B OOBIYHBIX
YCJIOBUSIX, OHM JAIOT [BE CTPYH YaCTHLI, paCCEMBAIOIIMXCS B IPOTUBOINOJIOKHBIX HarpasieHusax. Ho
B 9KCIIEPUMEHTE 10 CTOJIKHOBEHHMIO s17iep 30J10Ta B BpykxaiiBeHe JaTunky BpeMeHaMu (PUKCHPOBAJIH
HaJINYME TOJIBKO OTHOM CTPYH. bpuin oCTaBIeHBI KOHTPOJIBHBIE IKCIIEPUMEHTBHI (sIHBapb — MapT 2003
rofa), B X0€ KOTOPBIX MOHbI 30JI0TA CTAJIKMBAJIUCh C rOpasfo Oosee JErKUMHU MOHAMU JEeUTepHUs..
XOTs SHEprusi MOHOB 30JI0Ta OCTaBaJIaCh TaKOH e, KAK U B OCHOBHBIX 9KCIIEPUMEHTaX, COBOKYII-
HOIl SHEPruy CTOJIKHOBEHUs ObLIO YK€ HeJOCTATOUHO, YTOOBI MOTYyUUTh KBAPK-TIIIOOHHYIO TIa3My.
HaripotuB, ManeHbKHMiA JEATPOH TPOXOIUT Yepe3 «OOJbIIoe» SAPO 30JI0Ta «IOJOOHO IMysie», Kak
yepes MyCTOTY, He HarpeBast M He CKMMas ero. S11po 30/10Ta ocTaeTcsi B CBOEM OObIYHOM COCTOSIHUM,
TO €CTb COCTABJICHHBIM SIKOOBI U3 MPUBBIYHBIX MPOTOHOB U HEHTPOHOB. M3 3TOrO Crnespyer, 4ro
MPOTOH-HEHTPOHHASI MOJIENb SIIPA «XPOMaeT» yke Ha 00e HOT'H, a OINpeiesieHNe KBapK-TJIIOOHHON
I1a3Mbl (cefiuac 3TOT TEPMUH 3aMEHEH Ha KBApK-IJIIOOHHYIO MaTepUI0) U €€ KOHKPETHOE IKCIIepH-
MEHTaJIbHOE MOATBEPXKICHHUE 10 CHX IOp He Moily4yeHbl. bosiee Toro, 1 MEXaHU3M reHepaluy Macchl,
B TOM YHCJIE U Y HYKJIOHOB, C TIOMOILbI0 O030HOB XMITCA TAKKE HE MOATBEPKIEH OoJiee I0CTOBEPHO,
yem 1O «1peacTrasieHre» Ha BAKe B IEPHe 04.07.12. CnenoBarenbHo, CTaHgapTHasA MOAEIb 3J1e-
MEHTAapHBIX YaCTUL] HE OIIPAB/IBIBAET CEPbEZHBIX HA/IEK HA MEXaHNU3M POJKJIEHUSI MacChl.

Hepaspymaromuyx THIIOB JETEKTOPOB HE CYLIECTBYET, I03TOMY IOCJIE PETUCTPALIMM CTPYKTypa
NepBOHAYAJIBHOM YaCTHILIBI IporajaeT. Tak, HarpuMmep, epBOHaYaIbHbIN (POTOH MOCIe B3aUMOAEH-
CTBHSI C aKTUBHBIM BEILIECTBOM JIETEKTOpA IMpeBpalaeTcsi B (hOTOEKTPOH, MM OCBOOOIUBIIHIACS

132 Marnuriii Moronons I1. Jlupaka, TO €CTh MarHUTHBIA 3apsil, HAXOOUTCS B po3bicke ¢ 1931 1. 1 A0 CUX MOp SABJSAETCS aKTY-
aJpHOI TeMoit nccneoBanuii. Tem He MeHee, Godbiioi 3acayrou JI. Y. Vpynkoesa, C. B. Agamenko 1 M. 1. ConuHa ecTb BbIsIBJICHUE

Y TIepBast MOMBITKA TOCTYTHOW MAEHTU(DUKAINKA MarHUTHBIX MoHomoneir CBY puanazona — 10%-10"3 T
133
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NIEKTPOH U U3MEHEHHBIN (DOTOH, WK BOOOIIIE 0Opa3yeTcs napa eKTPOH-TIO3UTPOH WM Tlapa pas-
HOTIOJISIPHBIX MIOOHOB. A CBSI3aHO 3TO C Te€M, UTO ObICTpOAEICTBHE Mpoliecca 00pa30BaHKs HOBOM

YaCTULBI BUXPOHOM (103 ¢) Ha MHOTO JACCATHYHBIX HOPSIKOB OOJIbIIIE MTPOLIECCa PErMCTPaLU ITUX
YaCTHULL JIIOOBIMU CBEPXObICTPOIEHCTBYIOIIMMUA COBPEMEHHBIMU JIETEKTOPAMH.

J1s1 u3ydeHus1 BO30yKIEHHBIX KJIaCTEPOB siJiep M CTPYil B MpocTpaHcTBe Hanbosee 3pdek-
TUBHBI TPEKOBbIE JETEKTOPbl YACTUL], MO3BOJAIOLIME PErMCTPUPOBATh MHOXKECTBEHHOE POXKICHUE
YaCTUII B YCIOBUSIX 47T-T€OMETPHH — ITy3bIPbKOBBIE KaMephl U HEKOTOpbIe ipyrue. OIHaKO MO ObICT-

poaevictuio (1-5 x 107 C) OHM JAJICKO YCTYIAIOT BpeMEeH! 00pa30BaHUsI MUK POYACTUIL BUX POHAMU
— IBAJIATh JECATHYHBIX MOPSIIKOB.

BHernHee oTpunaTenbHOE MEKTPUUECKOE MOJIe 3aMKHYTOI'0 MUKPOBUXPOHA CBOOOIHOTO TeTl-
JIOBOTO 2JIEKTPOHA HAa MOBEPXHOCTU 3€MJIM MIpU 3axXBaTe JIEKTPUUYECKUM I0JIEM siipa aToma CIIo-
COOHO B COOTBETCTBMM C 3aKOHOM Je Bpoiiisi mepectpamBaTh CBOM BOJHOBOJ B YacTh OHOW U3
aToMapHbIX cheprueckrx 000I0UYeK ¢ COOTBETCTBYIOIIUM pa3MepoM U rpuHimmom [laymm — Hazo-
BEM MX /1e0pPOJIeBCKUMH aTOMHBIMA MHKpPOBUXpOHaMHU. Boree BBHICOKOYACTOTHBIE 3aMKHYTHIE
BUXPOHBI TIPY COOTBETCTBYIOIINX YCJIOBUSX CIIOCOOHBI CO3[]aBaTh Mapbl MUKPOUYACTHI] IIPOTHBOIO-
JIOKHBIX TIO JIEKTPUIECKOMY 3apsiIy BOJHOBOIOB, OOPa3yIOIIMX siJepHbIE 0O0JIOUKU CO CTPYKTYPOit
THUIA IU-HOJIb U K-HOJIb ME30HOB. CTPYKTypa 3THX 4aCTULl aHAJIOTUYHA MIOOHAM C TOJTyLEJIbIM CIIU-
HOM. DTO ABaAIATO€ CBOMCTBO ATOMHBIX, SIEPHBIX 3AMKHYTBIX U OIHOMOJISIPHBIX BUXPOHOB, ITPU-
HaJIJIeKalMX 1EKTPOHY, MIOOHAM WJIM SIIEPHBIM YaCTULIAM.

CIiuH MUKpPOYACTHILIBI XapaKTEPU3YeTCsl COCTOSIHUEM MarHUTHOI'O MOHOIIONSI B MUKPOYACTHLIE,
T. €. €ro CIOCOOHOCTHIO K TIPOLECCY paspsAKU-3apsIKM WIM TOJNBKO 3apsijike, T. €. ero Crocoo-
HOCTBIO K TIOTHOMY WJIM HEMOJHOMY KBAaHTOBOMY IMpPeOoOpa3OBaHUI0 MHIYKTHPOBAHHOTO KBaHTa
SHEpPruM OT 3HAKa IUIIOC K 3HAKY MUHYC JIJIl COXpaHEHUs cpejiHeil. Eciyu MarHWTHbBI MOHOIOJb
MH/IyKTUPYET POTUBOIOJIOKHBIN Yepe3 MOCPEICTBO NEKTPUUECKOT0, TO IPOUCXOAUT 3aKOHYEHHOE
KBaHTOBO-BOJIHOBOE IIPe0Opa30BaHMe JIEKTPOMArHUTHOW (DOPMBI MAaTEPUH, Y CIIMH PABEH eIUHUIIC
— ¢otonsl. Ecniii MarHUTHBIA MOHOMOJb UHAYKTUPYET BMECTO MPOTHBOMOJIOKHOTO TOJIBKO TPaBUTA-
IIMOHHBIF MOHOTIOJb, KOTOPBIH pa3psikasiCh OIMSITh BO30YK/IaeT aHAJIOTUIHbIA MAarHUTHBIA MOHOIIOJb,
T. €. TIPOMCXOJMT HEMOJIHOE KBAaHTOBO-BOJIHOBOE MPEe0Opa30BaHUE NIEKTPOMArHUTHON SHEPruu,
CIMH TaKOM YacTHIIbl paBeH INOJIOBUHE MOCTOSIHHOW [1naHka — 3TO 371eKTpOH, MIOOH WM SiAEpHbIE
YACTUIIBI, BXOASIIINE B COCTaB SIIEPHBIX 0OO0JIOUEK.

CBOOOITHBIN BUXPOH, Kak (pr3MUecKoe sIBJICHWE MOKHO, COTIOCTABHB C 3apsiIOM MAacChl U
JEeKTPHYECKUM 3apsI0M MUKpodacTull'*, B oOIieM, Ha3BaTh 3apsAaoM ABHKeHus1. Takum oOpa-
30M, CIIMH, Macca 1 JeKTPUIECKUH 3apsi/i YaCTHUI] — 3TO 3apsiabl'>> COOTBETCTBYIOIIETO COCTOS-
HUSI MaTepUM U MPU3HAKY HAJIMYUSI MUKPOBUXPOHOB B 3JIEMEHTAPHOM YacTHIIe, T. €. 3aps/I0B JIBU-
xenus. [Tpu aTom, macca 1 3apsi SBISIIOTCA PU3HAKaMU 3aMKHYTBIX BOJTHOBOIOB. [Ipnuém nepsas
MHIYKTUPYETCs] BO BHEIITHEM MTPOCTPAHCTBE CTAIMOHAPHBIMH 3€PHAMU T'PaBIOTEHIMATAMH BHYT-
PEHHEero BOJIHOBOJA M MPECTaBIsAeT cOO0H (hOopMy SHEPru B BUIE 3apsijia MacChl HOKOsI, 2 BTOPO
— CTAallMOHAPHBIMH 3¢PHAMU-3JIEKTPOIIOTEHIIMAIAMU BHEIIIHETO BOJIHOBOJA.

Jpyroii HeMaJOBa)KHOM XapaKTEPUCTUKON BUXPOHA SIBJISIETCS BEJMYMHA IUIOTHOCTH 3amlol-
HEHUs 3¢pHAMU-TIOTEHIMAJIAMU CIIMpPaJield BOJTHOBOIOB, KOHEYHOTO BPEMEHH M3JTy4YeHUsl U pa3Mep
00J1acTU M3JIyYeHUsI ero MOPOAMBIIMMU, CBSI3aHHBIE C SHEPrUeH, YaCTOTON CIMpaield, M 4YacTOTOU
MYJIbCAIIMIA MTPOTHUBOIIONOKHBIX MarHUTHBIX 3aps/I0B — MarHUTHBIX MOHOIONEH. CKOpPOCTh N3MEHe-
HUS IEPBUYHOTO TOJSI BIIUSET JIMIIb HA YaCTOTY 3TOro BUXpoHa. Cuiia ToKa U BeIMYMHA HaTpsiKe-
HUS1 TIPY TAKOM U3MEHEHUHU T0JIs1 CTAHOBSATCS PEIIAIONIMMU B CO3AHUM BECa «TSKECTU» MarHUTHBIX
3apsAA0B — IJIOTHOCTU 3€PEH-TIOTEHLMAJIOB Ha €IMHMILY IOBEPXHOCTH BOJIHOBOIOB. B ciyuae ¢oto-

134 o o

3 He 3a6wiBas Ipr 3TOM B IPUYUHHO-CJIICACTBEHHOU CBA3U, UYTO MaccCa U IJIEKTPUICCKUU 3apAl] — ITO CICACTBUE NBUKEHUS
BUXPOHA B 3TOM JacTUulE, HAIIpUMEp, JIEKTPOH.

135 l_[pI/I 9TOM HCOGXO)II/IMO Yy4uTHIBATH B HpH‘{HHHO—Cﬂe}ICTBCHHOﬁ CBA3U ITPUOPUTET BUXPOHOB.
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HOB, MPOMCXOUT Pa30BO€ IMPOU3BOACTBO OMOPHBIX NEKTPONOTEHIMATIOB HA OTKPBITHIX U OECKO-
HEYHO JUIMHHBIX BOJTHOBOJAX B KOCMUYECKOM IPOCTPAHCTBE.

[MponykTamMu caMOABUKEHUSI PE30HAHCHBIX BUXPOHOB B 3aMKHYTBIX BOJHOBOZIAX SIBJISIIOTCS
BCE M3BECTHBIE CTAOMJIbHBIE M PAIUOAKTUBHBIE MUKPOYACTHUIIBI, B TOM YHCIIE JIEKTPOHBI, IPOTOHBI,
HEWTPOHBI, BCE aTOMBI M aTOMHBIE 51/Ipa XUMHUYECKHUX IEMEHTOB, X U30TOIbI U BCE U3BECTHBIE JJie-
MEHTApHbIE YaCTUIIBl. DTU TPOAYKTHI MOTYYAIOTCS MOCPEICTBOM MPOU3BOJCTBA MEKTPHUUECKHUX U
I'PaBUTAITMOHHBIX MTOTEHIMATIOB-3epeH %, reOMeTprUecKr pa3MenIaeMbIX Ha 3aMKHYTBIX BOTHOBOJIAX
(ha3oBbIX OOBEMOB MUKPOYACTHI] C TIOTYIIETBIM CITUHOM.

B oTkpbITOI1 MUTEpaType, 1 Aake B nocnenHux padorax K. Jlomaka, He nMeeTcs TeopeTuye-
CKHMX YpaBHEHHI, OTMCHIBAIOIIMX POKIEHUE BUXPOHOB U MX OECKOHEYHO JIONTYIO KM3Hb B KOCMUYe-
CKOM TPOCTPAHCTBE, CAMOJIBIKEHHE, B3aUMOJICHICTBUS ¥ 00Opa30BaHKe BCEX IEMEHTAPHBIX YACTHII.
C nomoIipio MakpocKonmu4yeckux ypasHenuii ¥’ Makcsesia — @apanes u ypaBHeHuid Iupaka HEBO3-
MOXHO 3TO BBITIOTHUTH, TaK KaK OHM OMUCHIBAIOT WJIM PACIIPOCTPAHEHNE MAKPOCKOITUYECKUX K-
TPOMArHUTHBIX BOJIH B Cpefie, WM B HUX 3apaHee 3aJI0KEeHO OTCYTCTBUE MEepEeMEHHBIX MarHUTHBIX
Y 3NIEKTPUUYECKUX MOHOMOJeH. HeT B HUX M MHIYKIIMU BEKTOPHOTO IPAaBUTAIIMOHHOTO MOHOIIONS —
OCHOBHOTO ypaBHEHUsI [Isl OObeTUHEHHS BCEX TEOPUI NIEMEHTApHBIX YacTHUI] C TEOPUSIMHU TATOTe-
HUSL.

CB00OOAHBII BUXPOH 3TO €AMHCTBEHHAsI OECKOHEUHO'*® ONTOXKUBYIIAst M CaMOIBHIKYILASICS
BUXpeBast Oe3MaccoBasi MoJieBast YacTUIa, He UMEIOIas ITOCTOSTHHOTO JIEKTPHUECKOTO 3apsijia, a ero
riepeMeHHBIE M0 BeJIMYMHE MArHUTHBIN U SNEKTPUYECKUIA 3apsifi TIPH CBOEM TTOJTHOM MCUYE3HOBEHHH B
(azoBoM 00BEME IEPUOANIECKU MEHSIOT eIl U CBOW 3HAK. DT MEePBOYACTHIIB (DOPMHUPYIOT (ha3o-
BBII OOBEM U TpeK IBMKEHUS (POTOHOB U APYTUX NEKTPOMArHUTHBIX KBAHTOB B BEIIIECTBEHHOM HJTH
HEBEIIECTBEHHOM MPOCTPAHCTBE. 3aMKHYTbI€ BUXPOHBI CTPOSIT BOJTHOBO/BI (Da30BBIX 0OBEMOB CTa-
OWJIbHBIX aTOMOB M aTOMHBIX SIJIep XUMHUECKHX JIEMEHTOB, JIEKTPOHOB U IPYTUX KOPOTKO U JJOJITO-
JKUBYIIUX U CBOOOTHBIX JIEMEHTAPHBIX YACTHIl — OMHUM CJIOBOM, TO MEePBOYACTHIIA BCEro Mare-
puanbeHoro mupa Bceenennoit. [lpu MK-4dacrorax, korga B pa3oBoM 00BEME BUXPOHA MOSIBIISAETCS
OO0JIBIIIOE KOJMYECTBO HEUTPATbHBIX aTOMOB WJIM MOHOB, MX SHEPrusi CrocoOHa MmpeoOpa3oBbIBATh
TMOCJIeJHUE TIPH YCJIOBUH JIOCTATOYHOM IJIOTHOCTY TOTEHIIMAJIOB HA €IUHUILY TMHBI BOTHOBO/IA.

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

Ha ¢ur. 2.6 nokazansl yeTbipe'*® (ha3bl MTHOBEHHOTO CYIIIECTBOBAHMSI CBOOOTHOTO BHXPOHA
(BUXpOH-OMIIONB) — pa3psii MEPBUYHOIO MATHUTHOTO MOHOIMOJSI U 3apsi[i MPOTHBOMOIOKXHOTO
MOHOIIOJISI B COCTaBE MPOU3BEIEHHBIX BUXPEN BOTHOBOIOB MOJIOKUTEIBHBIX M OTPHUIIATETbHBIX SJIEeK-
TPOIOTEHINAJIOB, & TAKXKE BHEIIHUX MPOTEKTOPHBIX MATHUTHBIX TIOJIEH.

13
6 3epHO-TIOTEHIMAI €CTh «KUPIMY» OECCTPYKTYPHOTO MUKPOIPOCTPAHCTBA C MUHHUMAJIBLHO BO3MOXKHBIM Pa3MepoM, 3apsiKeH-
HOT'O OIPe/IeIEHHBIM MOTEHIMAIOM (KOJIMUECTBEHHO U KaUeCTBEHHO OIPE/IEIEHHBIM [IBETOM) M OTPAHMUYEHHOTO TOHKOM IJIEHKOW HeBe-

IIECTBEHHOI'O IPOCTpaHCTBa.
137 o
,Hame, €CJIN TPOU3BECTU B HUX COOTBETCTBYIOIIUE 3aMEHbI HA MAarHUTHBIM MOHOIIOJIb IIHpaKa " CCIaTh UX IMOJHOCTbIO CUM-

METPHYHBIMU OTHOCHUTENIBHO JIEKTPUIECTBA M MarHETU3Ma.
1
38 Pmeercs BBUJY BUXPOH (DOTOHA, KaK OJWH U3 €ro IPUMEpOB.

139 ITo JBE€, B HAYaJIC U KOHLIE Va JUIAHBI BOJIHBI Pa3pAAKU U 3apAIKU.
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®Pur. 2.6 CxeMbl BHXPOHA — pa3psi/] €ro NePBHYHOI0 MOHOMOJIS ¥ 3apsi/i NPOTHBOIIOJI0KHOTO

Ha 3101 cxeme He MOKa3aHO AMHAMUYECKH W3MEHSIOIIEECs: BUXPEBOE T0JIe IEKTPUIECKOTO
MOHOIIOJISI BUXPOHA, BOZHMKAIOIIEe NIPU pa3psiike MePBUYHOTO MarHUTHOro MoHonofs. Ero momne
MaKCMMaJIbHO B MOMEHT Hauajla pa3psAaKd U M3MEHsETCs 10 paauycy, MepreHIUKYISPHOM OCH
BuxpoHa. [Tokazansl cepornogoOHble MarHUTHBIE MOHOTIOH, MarHUTHBIE BUXPEBBIE 3apsi/Ibl, CTPYK-
TYpPbl KOTOPBIX IPE/CTaBIeHbl HA puUC. 2.1. MeHbluii cieBa (3e/IEHbIM) HAUMHAET MPOLIECC Pa3psAIKU
C TIPOU3BOJCTBOM TOJIOKHUTENBHBIX IEKTPOIOTEHIMATIOB U Yepe3 YeTBEPTh JJIMHBI BOJHBI, YBEJIH-
YHMBASICh B pa3Mepax, MOJHOCTHIO Mcye3aeT u3 (azoBoro oobema. [IpoTHBOIEHCTBYIONIMIA TTPOIECCY
Pa3psAKY MEKTPUIECKUI MOHOTIONb UHIYIIUPYET B HAUaJle YeTBEPTHU IJTMHBI BOJTHBI IPOTUBOTIONOK-
HBI MOHOTIONb (OOJBINNUI CIIpaBa, 3eJ1EHDI), KOTOPBIM, 3apsiKasiCh yXkKe Ha y3Jie TIOJIOBHHBI IMHbI
BOJIHBI IMEET TOT e pa3Mep U 3apsifl, YTO U NepBUYIHBINA. [1pH 3apsiike OH Takke MPOU3BOIUT JEK-
TPOIMOTEHINAJIbI, KaK W TIePBUYHBINA, HO JPYroro 3Haka. Mtak, BUXpOH-OMMONb ILTIOC TPOM3BOAUT
MIpY pa3psijiKe TOJIOKUTENbHbIE TIOTEHIIMAIB M UHAYKTUPYET IEKTPUUECKHIIA MOHOIIOJNb, a €ro Mpo-
TUBOTOJIOKHBIA TPOAYKT — BUXPOH-OUIONb MUHYC TIPH 3apsijIke TMPOU3BOOUT OTpuIiaTenbHbe. [1o
(bopme BCTpeuHbII MAarHUTHBI MOHOIIONB (CXeMa CIpaBa) UHAYKTUPYETCSl MPOTUBOJECHUCTBYIOIIUM
NIEKTPUUYECKUM MOHOIIOJIEM, HAITPABJIEHHBIM HABCTPeUy JEHCTBYIOIIEMY (CXeMa ClieBa), KOTOPBIA U
SIBJISIETCS] ICTOUHUKOM POXXACHHS CIIMPATH U3MEHSIIOIIUXCS TIONOKUTETbHBIX JIEKTPOIIOTEHIUAIOB.
Ocph BUXpOHA TIPOXOIUT Yepe3 MEeHTPHI 'Y 6oIbIoro u Majaoro cheponomroOHbIX MOHOIIOJNEH, SBIIS-
eTCsl TIOCTOSIHHO OPUEHTHPOBAHHOW B TIPOCTPAHCTBE U CITY’KUT OCHOBHBIM TapaMeTPOM, XapaKTepH-
3YIOITUM MOJISIpU3aIMio (POTOHA.

[TpoTuBOIONIOKHBIE MATHUTHBIE MOHOTIONIM HUKOI/IA HE COSUHSIIOTCS] BMECTE, OHH BCETa pas-
JeJieHbl B IPOCTPAHCTBE YETBEPTHIO JJIMHBI BOJIHBIL. VX Bceraa B IBUKEHUU pas3fiesisieT pa3opBaHHAs
CIAPAJTH NIEKTPOTIOTEHINAIOB M JIBWKYITUICS JIEKTPUIESCKUN MOHOIIONB 4! He3aBHUCUMO OT BeJI-
YMHBI MATHUTHBIX 3apsioB. Ecim cMoTpeTs cHapyxu pa3zoBoro o6béMa (hoToHa Ha HETro, TO OH COBEp-
IIaeT MOCTYNAaTeIbHO-BpaIaTeNIbHOE JBIKEHHE 110 CIIMPATN C TIEPEMEHHBIM pagnycoM. VITOroBbM
PE3yJIBTaTOM 3TOro Tporiecca OyIeT pa3MeIleHre MOTOKUTENbHBIX WIIM OTPHUIIATENIbHBIX JIEKTpHYe-
CKHX MMOTEHIMAJIOB Ha IIIHype BOJTHOBOJOB, PACHOJIOKEHHBIX HA TOBEPXHOCTH YEPEAYIONINXCS BHITS-
HYTBIX WM CIUTIOIIEHHBIX cep'*? Ha Tpeke ABMKeHus (POTOHA, KaK 3TO MoKa3aHo Ha ur.2.3.

Ha ¢ur. 2.7 npeacraBnena cxema AMHAMUAKYA CO3AaHMS CBOOOIHBIM BUXPOHOM CIIMPAITH JJIEK-
TPOIOTEHINAIOB BOJIHOBO/A M TIEPEMEHHBIX BUXPEBBIX MArHUTHBIX 110J1el '** (poToHa B (pa3oBOM 00B-
éme (romybas cepa) Ha TTOJTBOJTHBL.

14 "
OB a1ux LIEHTpaX UAET IPOU3BOICTBO COOTBETCTBYIOIINX /1€KTPOIOTEHIHAIOB.
141 Munumanshpiii 3apsil NEKTPUUECKOTO MOHOIONS PaBeH 3apsifly NEKTPOHa.

142
Nmeertcs BBUAY 00pa3oBaHue CIIMPAIEBUAHBIX [IIHYPOB IIPOCTPAHCTBA, 00pa3yIoiX c(heporogoOHyI0 IIOBEPXHOCTb, 3apsiKeH-
HBIX TIOJIOXKUTETLHBIMU MV OTPHIATEIbHBIMY TTOTEHIIHATaMH-36PHAMH.

143 TopouaHbIX My/IBTUIIONEH, aHAIIOMNb TPOCTEHNILINIA, HaYa IbHBIM.
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®yur.2.7 U3MeHeHHsT MAarHUTHOTO 10JisI B (Da30BOM 00'bEMe IOJIBOJIHBI

B azoBoM 00bEME Ha MOTBOIHBI HEMPEPHIBHO MPOUCXOAUT M3MEHEHNE MAarHUTHOTO TOJIST OT
MOHOIIOJBHOIO (CJ€Ba) OIHOIO 3HaKa Yepe3 AUMOJIbHOE (MOCPEIMHE) K JPYTOMY MOHOIIOJIBHOMY
(cripaBa), HO Apyroro 3Haka. Ha ¢wur. 2.7 cpenHsis mo3uiivsi JeMOHCTPUPYET MTHOBEHHOE COCTOSTHUE
CHMMETPHYHOI0 JUIO0JsA (PO30BBII JBYXIOMIOCHBI TOPPOM) MPH MOJIOKEHUU 1/8 nmepBUYHOTrO
MOHOJISI OT Havasa ha30BOro 00bEMa, a BTOPUYHOTO MOHOIIONSI HA COOTBETCTBYIOIIEM PACCTOSTHUM
B 3/8 mymHBI BOJHBL. BO BCex Ipyrux mojioKeHUsX Mose Mex Iy MOHOMOISIMU OyJeT accuMeTpu4-
HBIM/IHIIOJIEM. A B MOMEHT IOXO/a MIEPBUYHOIO MOHOMOJISI K YETBEPTH JJIMHBI BOJHBI BHEIIIHEE
MarHuTHOE Tosie OyAeT HEeIMKOM OMpPeessaTCs MOJeM MOTHOCTBIO 3apsKEHHOTO TPOTHBOIOIOKHOTO
MOHOMNOJIsA. [TTaBHOW OCOOSHHOCTBIO B3aMMOICHCTBHSI ABYX MPOTHBOIMOIOKHBIX MOHOIIONEH SIBIISI-
eTcsl TO, YTO OHM HUKOIJAAQ He CONMMKAIOTCS Ha PAacCTOSIHUE MEHbIIee YETBEPTH JIJTMHBI BOJHBI, a
IIPOCTPAHCTBO MEXAY IByMsl MOJIOCAMH, IOMEUYEHHOE PO30BbIM JLIMIICOUAOM, HE COIEPKHUT OCe-
BOTO MAarHUTHOTO MOJIsI. B 3TOM MpocTpaHCcTBEe MPUCYTCTBYET JIMIITh HAYAJI0 HEOCTPOSHHOW BTOPUY-
HBIM MOHOIIOJIEM CITUPAJI BOJIHOBOZAA JIEKTPONOTEHIIMAJIOB MTPOTUBOIIONIOKHOTO 3HAKA. AKTUBHBIN
00BEM BUXPOHA Pa3MEPOM B YETBEPTb JUTMHBI BOJIHBI BCET/IA COAEPKUT MIEPBUYHBIN Pa3PsIKAIOIIUICS
MOHOIIOJTb, TPOTUBOAEHCTBYIOIIUI 3TOMY MPOLECCY MEKTPUIECKUI MOHOIIONb, UM WHIYKTHPOBaH-
HBIl BTOPUYHBIA MArHUTHBI MOHOIIONb U YaCTh CIMPAIA BOJTHOBO/A, YCTAHOBJIICHHOM YK€ BTOPUY-
HBIM MOHonosieM. [1pu nepexozie Ha BTOPYIO 4acTh MOJIBOJTHBI BUXPOH CMEHSIET ce0s1 Ha 3epKaJIbHBIM,
IIPYU TOM MEPBUYHBIII MATHUTHBI MOHOIIONb MCYE3AET, a BO3POJUBILIMUIICS BTOPOH MTPOIOKAET JBU-
’KEHHEe U MOBTOPSIET CO3JaHKE BOJHOBOAA CaMOABUKYILErocst (POTOHA € IEKTPONOTEHIMAIaMu, HO
MIPOTUBOMOIOKHOM MOJISIPHOCTH.

PaccmoTpeHHOe IBMKEHNME M I3MEHEHHUE NEKTPUUECKOTO M MArHUTHOTO TI0JIel B CBOOOJHOM
BUXPOHE Ha OJJHOI IJIMHE BOJIHBI HOCUT 3aKOHUEHHBbI MOJIHBII KBAHTOBBIN MIEPEX0] EKTPOMAarHuT-
HOW MaTepuy B BOJIHOBOM IIPOLIECCE MPU COXPAHEHUM CPEJHEH, UYTO M OnpeAesseT CUH (POTOHA.
B nuHamuke, o Mepe npoaBrKeHus 4 BUXpoHa 10 BOTHOBOAY (DOTOHA, B IMPOCTPAHCTBE OCTAIOTCS
JIMIIb COOTBETCTBYIOIIHE JIEKTPOIIOTEHIIUAIIBL, T. €. «CKeJIeT» BOMTHOBOA. [IpOTEeKTOpHOE MarHUTHOE
T0JIe MOKET BO3HUKHYTh B TOUKE JIMIIb B CIIy4ae U3MEHEHHS TeOMETPU3AIINH WM BEJTMUMHBI STUX
3JIEKTPONOTEHIIMAIIOB B TIPOCTPAHCTRE.

PoxnieHneM cTob yCTOMUMBBIX KOJIEOATEIbHBIX COCTOSTHUN, KAKUMH SIBJISIIOTCSI BUXPOHBI, TTPHU-
pona oOsi3aHa B3aMMHOW OOLIHOCTH Y pa3HuIe B (DOPMUPOBAHNN CTAIMOHAPHBIX 1 BUXPEBbIX
NEKTPUUECKUX U MAarHUTHBIX TOJIeW B MPOCTPAaHCTBE. BHUXpeBble MarHUTHBIE MOJIST BCEIZia BO3HU-
KalOT C U3MEHEHHUEM NIEKTPUYECKUX TOJIel ¥ He CYIIECTBYIOT B COCTOSIHMM TIOKOSI, a JIMIIb B COCTO-
SITHAW BPAIATENIbHO-TIOCTYIATENIbHOTO W CIIMPAJIbHO-PAAUAIBHOTO ABWKEeHUs. B oTiimume ot Buxpe-
BBIX, MH/IyKIIMOHHBIE MarHUTHBIE TIOJIsI, IOPOKIAEMbIE TEKTPUIESCKUMH KaTyIIKaMU-COJICHOUIAMH,
CIIOCOOHBI JIMIIb CO3/1aBaTh MepeMEHHBIE OIS JIEKTPOMOHOIIONEN BUXPOHOB. BUXpeBbie 3/IeKTpH-
YeCKHe NOJIsI — AEKTPHUECKHIE MOHOIIONH, TAKXKE OTJIMYAIOTCS OT MOJIEH CTAlIMOHAPHBIX UCTOYHUKOB.
DNeKTpUYECcKHe MOTEHIIMAbI Ha CIIMPAIbHBIX BOTHOBOIAX CYHIECTBYIOT B COCTOSIHUM OTHOCHTENIb-
HOT'O TIOKO$I, YTO TIPUBOJAUT K BUXPEBBIM TOKaM PyKO B CIUIONIHBIX TBEPABIX CpeAax, rae MMEITCs
CBOOOIHBIE 3apsiabl. KpoMe Toro, a1eKTporoTeHIMANbI M TPaBIOTEHITNANb |45 — 3¢pHa Ha BOTHOBO/IAX
SIBJISIIOTCS OMOPOU IBUKEHUsI BUXPOHOB, CTPOUTEIbHON MaTepHaJbHOH 0a30i 00pa3oBaHUs 3Jie-
MEHTApHBIX YaCTHII, MOJIEKYJI, TBEPAOTO BEIECTBA U T. [I.

CTporo reoMeTpr30BaHHAsI COBOKYITHOCTb JIEKTPUYECKUX MOTEHIMATIOB, pa3MENIEHHbIX Ha
BOJIHOBOJIaX B COCTOSIHUM OTHOCHTENIBHOTO TOKOSI B MeTaJlIax 00pa3yeT BUXPEBbIE TOKU. DTO SIBJIE-
HHE Ha MTPAKTHKE MCIOIBb3YIOT AT Mepefaul JIeKTPOIHEPTUH IO EKTPHUUECKUM IPOBOAAM, HO OHO

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

145 an BpalaTeJIbHO-IIOCTYIIATEJIbHOM WJIU TOJIBKO BpalliaT€JIbHOM ABHUXKEHHUU I'MPOCKOIIOB TaKHUE I'PABIIOTEHLUAJIBI ABIAIOTCA
Ol'[OpOﬁ ITOCTOAHHOI'O HaIllpaBJIEHUA OCU BpallleHu#d, T. €. MACChl.
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MOJET IMPUHOCUTH U Bpel. B CIUIONIHBIX MArHUTOIIPOBOJAX MOIIHBIX TPaHC(OPMATOPOB UAYT OOJb-
IIKe MOTEPH NIEKTPOIHEPIMH Ha BUXpEBbie TOKU. [103TOMY, C 1IeJIbl0 CHUKEHUS ITHX TMOTepPh, Mar-
HUTOMPOBOIBI JIEJIAIOT HE CIIONIHBIMU, 2 HAOOPHBIMH 13 TOHKHX IJIACTHH.

MarauTtHble MUKPO3apsAIpI'4® B COCTOSTHMU TIOKOSI HE CYIIIECTBYIOT M MOCTOSIHHOTO 3apsijia He
MMEIOT — 3TO HCTOYHHKH JBUKEHNSI M H3MEHEHHsI MaTepuH, 3apsiAbIABHKEeHUsI, CTUHOOpa3yIo-
II[1e TIePBOYACTHIIBL. B TTOCTOSSTHHOM MarHUTHOM TIOJI€ SJIEKTPOH JABUKETCS TIO CITUPATTH U 3TO MOKHO
Ha3BaTh JIMIIb PETMCTPAIMell ero 3JeKTPUYECKOro 3apsijia ¢ OYeHb MaJleHbKON Maccod. U B ToO ke
BpeMsl €ro MarHUTHBII MOHOIIOJb MTOCTOSTHHO MYJIbCUPYET B €ro 3aMKHYTOM (hpa30BOM 00bEME, TeHe-
pHpys ero Maccy, JMeKTPHUUECKUN 3aps/] U TPOCTPAHCTBEHHYIO CTPYKTYPY.

3aperucTpupoBarh U MOMMaTh PeaIbHbII MAarHUTHBIA MOHOIOJIb MOXHO JIMIIb KOCBEHHO.
CyTb criocoba 3aKJIi04aeTcsi B TOM, YTO MarHUTHBIA MOHOIIONb — 3TO JIMIIb OJHA COCTaBHAsl YacTb
CBO0O/IHOI0 BUXPOHA, B KOTOPOM CYITIECTBYET €lI€ 1 ero HeOThbeMJIeMasi YaCTh, BOSHUKAIOIIAS TTPH
pa3psijiKe — 3JeKTPUYECKUN MOHOIIONb, & B 3aMKHYTOM — €III¢€ ¥ TPABUTAIIMOHHBI MOHOIIONb, BO3-
HUKAIONIWIA TOJIBKO TIPH 3apsijIKe. DICKTPUISCKUNA MOHOIOIb MOXKET ObITh 3aXBaueH TOJIEM aTOM-
HOTO fApa, a «TKEMbIi» BuxpoH CBY auanazoHa — 3apsaaoM Kiaactepa 'Y’ mia3Mel ¢ COOTBETCTBYIO-
MU TTapaMeTpamu. ['paBUTAIIMOHHBIN MOHOIIONb MPOSBIIAET ce0sl HMHEPTHOCTBHIO TMOBeJcHus. B
TaKMX YCJIOBUSIX BUXPOH M3MEHSET CBOM BHYTPEHHHUE U SHEPreTUUECKUE TTapaMeTphl:

— JIeNTUTCS TIOTIONIaM, 00pasysl ABE MPOTUBOIIONOKHBIE IEMEHTAPHBIE YACTHIIBI, TAKHE KaK JJIeK-
TPOH U TIO3UTPOH WUJIH Napy MIOOHOB

— TIpUOOpeTaeT IMEKTPUUESCKUI 3apsif] ¢ 00pa30BaHUEM 3apsIIOBBIX KIacTepoB 48

— nproOpeTaeT Maccy 3aXBaUe€HHOTO KjacTepa IIa3Mbl

— npeodpaszyeT reOMETPUUECKH TOT KJIACTep TUIa3MBbl, T. €. MOAYIUPYET

— npeodOpasyeT (pU3nIecKr XUMHUECKHUIA COCTAB 3aXBAYEHHOTO KJIacTepa IJIa3Mbl M HArpeBaeT
ero.

W BOT nocie 3Toro yxe OH U MOXET ObITh 3apErCTPUPOBAH TIO IBMKEHHIO U B3aUMOJICHCTBUIO
C OKPYKAIOIIMM BEIIECTBOM U TOJISIMHU, & TAKKe TI0 MOAYJISIHH TU1a3Mbl (Da30BbIM 00BEMOM MOHO-
nosiei. A ecim macca ria3Mbl JKECTKO CBsI3aHa, HAIPUMED, C PeETKON TBEPIOro Teja, TO OH OyaeT
IUIEHEH U ero PerucTpUpyIioT MO MPOLYKTaM €ro B3auMOICUCTBHUSI C OOOJIOUKAMH SI/Iep PEIISTKH.
OnHaKO TOT METOJ MOXET ObITh TPUMEHEH JIUIIb JJIs1 PErMCTpallii MarHUTHBIX MoHononeidn CBY
JMana3oHa ¢ BBICOKOM IJIOTHOCTBIO 3apsIIKH.

Ecnu perucrpupyercss HHEPTHOCTD MOBEACHUS U MAcca 3JIEMEHTAPHON YacTUIBI — 9TO 3Ha-
YUT PETUCTPUPYETCS U BUXPOH €€ CO3IAI0IINI.

Merton peructpaiyy 3J1€KTPOHHBIX BUXPOHOB SIBJISIETCS TAKKE KOCBEHHbIM. OH 3aKJII0YaeTCst
B TOM, UTO JIEKTPUYECKHI MOHOIOJb — 3apsiji IOPOrOBOTO BUXPOHA FAMMAa-KBaHTA C SHEPIUeH BbIIlIe
1022 K3B MOXET B3aMMOJICHICTBOBATD C CUJIbHBIM JIOKAJIbHBIM CTAIIMOHAPHBIM JIEKTPUYECKUM TI0JIEM
aTOMHOTO sIpa ¢ 00pa30BaHUEM Map MUKPOUYACTHI] U TAKMUM 0OpPa30M MPOSIBIIATH CeOs.

MarnutHsle MOHONOJIM B BUXPOHAX KECTKO CBSI3aHBI C JEKTPUUECKUMU. DIIEKTPUUYECKHE
MOHOIIOJIM BUXPOHOB, BO3HHUKAIOIIME TOJIHKO MY pa3psiJIKe MarHUTHBIX, CIIOCOOHBI 3aXBaThIBATHCS
U yIepKUBATbCSI aTOMHO-MOJIEKYJISIpHOM (TIorionieHrue (POTOHOB) M TUIa3MOM PElIeTKU TBEPAOTo
TeJla, 3aCTaBJIsAsi MAarHUTHBIE MOHOIIONIM «BMOPAKMBAThCS» B HEE M PacXoJOBaTh BCIO OCTaBIIYIOCS

146 Bor mmenHo MO3TOMY JIO CHX [OP MarHUTHbIE MOHOTIONH He ObUTH OOHAPYKEHBI.

147 Krnactep MOHOB aTOMHOI! TLIA3MBI OG/IAZAET YiKe HEKOTOPOH MACCOil TOKOS, d TIO3TOMY S/IEKTPHUECKHIl MOHOIIONb, KECTKO
CBSI3aHHBIH C MAarHUTHBIM, CTAHOBHTCSI THEPTHHIM M BU3YaJIbHO HabmogaeM, 4to 1 HaOmopaeTcst mpaktuiaecky — B4 u CBY uzinydenne
XOPOILO HOIIOIIAETCS MIa3MOH, CTPYKTYPHPYSI HOCIEIHIOI MOIYJISLIEH HOBOW (hOPMBI M CBOHCTB.

148 Bapspnosble kiactepbl K. Hloynnepca, 5 marentoB CIIA NoNe 5 018 180 — 5 148 461 3a 1991-92 roapl ¥ COOTBETCTBYIOILME
cratbil ¥ MoHorpacuu ot 1987 roza.
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B HHMX SHEPrHi0 Ha BUXPEBbIE TOKH, OOJUPKY IEKTPOHOB C aTOMHBIX 000JI0ueK U (hoToapdeKT '+
3apsDKEHHBIX YaCTHI] C BHEITHUX 00O0JIOYEK siiep THIAa ME30HOB.

CWIOBbIC JIMHUM 3JIEKTPUYECKOTO TOJIs CTAHOHAPHBIX MCTOYHUKOB — PaJiajibHbI, COSIU-
HSIOT TPOTUBOIOJIOKHBIE 3apsijibl U CIIOCOOHBI MPEphIBAThCS, HAYMHAIOTCS U OKAHUMBAIOTCS HA
MIOBEPXHOCTH 3apsIIOB, WM HA 3aMKHYTHIX METALTMYECKUX OBEPXHOCTsIX. CUJIOBBIC JIMHUYU CTaIH-
OHAPHOT0 MAarHUTHOTO TOJIsI B OCHOBHBIX MAKpPOIPOCTPAHCTBEHHBIX TOJISIX HEMPEPHIBHBI U BCETIIa
UMEIOT HarpaBjieHUe JICBOTO MM MPABOTO BUHTA TI0 OTHOIICHUIO K TEM JIEKTPOTOKAM HMX BbI3BaB-
IIMM — BCETJia KOJIbLEBbIC, SJUTMIITUYECKUE U T. JI., 3AMbIKAIOTCS TOJIKO Ha ceOsl M HUKOTIa He Tpe-
pbiBatoTcs P,

CBOOOIHBIC BUXPEBbIC TOJIS1 BCErja B3aMMOCBSI3aHbI B IBMKCHUM WJIM U3MEHEHUH TIPY CIIeITy-
IOILIEN apXUTEKTYpe:

— IpY U3MEHEHHUHU 3HAYCHUS JIMIIb OJIHOM TOYKHU MPOCTPAHCTBA MOTEHIIMAIA-3ePHA IEKTPHU-
YECKOTO TI0J151, BCET/Ia BOSHUKAET KBAHT 00BEMHOM 4™ crimpaiib-cepbi'’! 3epeH — MOTEHIMAIOB Mar-
HHUTHOTO TOJIsl, YIUIOTHSIIOIIUIACS K IEHTPY, B KOTOPOM Pa3MeIeHO 3TO 3epHO, U C HaIpaBJICHHEM
CHUJIBI IPOTUBOICHCTBUS TOM, KOTOpAask U3MEHSIET STOT N3HAYAJIBHBIH 3JIEKTPOIOTEHIINA

— MpY Havase JBMXKCHHS WM CMEIICHHs 3TOr0 3JIEKTPOINOTEeHIIMAIA-3epHAa BOSHUKAET CITH-
paTb-IMIMHIP OOBEMHBIX MATHUTHBIX TIOTEHIIMAJIOB-3EPEH, KOTOPBIN CBOUM BO3HHKHOBEHHEM IIPO-
THBOJICHICTBYET TOM CUJIe, KOTOpasl Hayasa MepeMelarh STOT IeKTPONOTEHIHAI

— IIpH MPOJABMKEHUH ¥ I3MEHEHHH 3€PEH-JIEKTPOIIOTEHIIUANIOB MO CITUPAIIH, BOKPYT KakKI0ro
BHUTKA CITUPAJTA BO3HUKAET OPTOrOHAJIbHBIA BUTOK CITUPAIA MArHUTHBIX MMOTEHIIMAIOB-3EpEH, Ipe-
NSATCTBYIOLIME 9TOMY HPOIBHKESHHIO WJIM M3MEHEHHIO.

DT0 moaTBepXkIaeTcs cienyiomuM. Ecim cornoctaBuTh AeiicTBUE BUXpPEH MEKTPUYECKOro U
MAarHUTHOTO MOHOIIOJICH B OKPYKAIOIeM HAC MAaTepHAIbHOM MHPE, TO 3TO JISWCTBO U1 MArHUTHBIX
OoJiee MPOSIBUMO, YeM IS MeKTpUuecKux. Yem 310 Bbi3BaHO? Bo-1epBbIX, MUHMUMAJIBHBIN MAarHUT-
HbIl 3apsia B 137/2 pa3 Gonbllie MUHIMAJIBHOTO JIEKTPUYECKOro 3apsiaa. Bo-BTophIX, Ha 3TO, B YacT-
HOCTH, YKa3bIBAaCT COMOCTABJICHUE MArHUTHOW MPOHUIIAEMOCTH BaKyyMa M JIeKTPUYECKON TPOHHU-
[JAeMOCTH BaKyyMa B cricteMe equHuI] ['aycca. VI3BecTHO, UTO MarHUTHAs TPOHUIIAEMOCTh BaKyyMa,

KOTOpasi XapakTepu3yeT MarHUTHbIE CBOMCTBA TOM cpefbl, paBHa 1,257 x 107 ra/m, a 3JIeKTpUYE-
CKasl MPOHMIAEMOCTh BaKyyMa, KOTOpasi B CBOIO OYEpe/lb XapaKTepU3yeT JMEKTPUUECKHE CBOMCTBA

cpenpl, paBHa 8,85 x 1012 (/™. B cucreme enunun CI'C dapaga v reHpH BbIpaXaloTCs Yepe3 eu-

HUILY JUIMHBI, @ uMeHHO: 1d=9 x 10 M, a Iru=10" M, Torna B 0e3pa3MepHBIX eMHUIIAX MAarHUT-
Hasl IpoHMLIaeMocThb paBHa 12,57, a anekrpuueckas — 0,08. 1x cootHomenue paBHo 157. D10 3Ha-
YUT, YTO U3MEHSIOILEECS CTALIMOHAPHOE JIEKTPUUECKOE 11071, KOHLIEHTPUPYIOILEECs B TOUKE 3€pHE-
noTeHImane, (hopMUpyeT MarHUTHBIN 3apsi 0OBEMHON chepord WM IIJIMHAPOM BOKPYT 3TOH JIBU-
KYLIENUCs WM U3MEHSIOLIENCsl TOUKU — LIEHTPA, U MPOTUBOEHCTBYET CUJIE IBUTAIOIIEH WM U3Me-
HSIIOIIEN STOT MOTEeHIIUAI-3€PHO.

OnHOMMEHHBIE CTAllIOHAPHBIE YIEKTPUYECKUE 3apsi/ibl OTTAJIKMBAIOTCS JIPYT OT Ipyra, mpo-
TUBOIIOJIOKHBIE — IPUTATUBAIOTCA. Y CTAlMOHAPHBIX MarHUTOB KJIACTEPOB BELLIECTBA ITOT MPOLIECC
aHasornyeH. CTaljioHapHbIe 0711 IPAaBUTALMH, IEKTPUUYECTBA U MAarHeTU3Ma MOJUUHSIOTCS 3aK0-
HaMm HeiotoHa, Kynona u buo-CaBapa, BbI3BIBAIOT pa/iiajibHO-LIEHTPAIbHOE MOCTYNATENbHOE JBH-
’KeHHe MaTepuu. DTu 1ot (opMHUpYIOTCs'>? Oarogaps CTaHOHAPHOH HHAYKIHH .

BuxpeBass nHAYKIMS — 3TO SIBJIEHUE B KOPHE OTJIMYAETCS OT CTALMOHAPHON MHAYKIIMU
1o cpoerl pusnyeckoil npupoae. CaMOIBMKEHUE MAarHUTHOT'O MOHOIIONS BBI3bIBAET €ILE TOMUMO

199 Opnako takoe sBneHme peanm3yeTcsl JIMIIb IpH OONBIINX TUIOTHOCTSX TOTOKOB CBY-BHXPOHOB.

130 ¢ rounoctbio paspeiBa B [IEHTpe BUXPOHA Ha pa3Mepe Y4 CIMpan ATHHBI BOTHBL.

151 Bonee catbie notenumas (opmupyiotcst Ha BHeHel cepsl, a 6onee CHIbHBIE OMKe K eHTpy. Heckombko Taknx cuHbas-
HBIX cpep 30HBI MHAYKIMH, CIUBASICh JPYT C APYTOM, 00pa3yloT KBAaHT MarHUTHOTO MOHOTIONSI.

152 Kak 10 npeiokeHo B paszene «[IpoctpaHcTBO 1 MaTepusi».
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YMEHBIIIEHUS ero 3apsia eme U MHAYKIHIO JIEKTPUYECKOr0 MOHOIMOJISI, KOTOPBIN B CBOIO OYepe/b,
MHIYKTUPYET el OWH MarHUTHBI MOHOIIONb, HO YK€ MPOTHUBOIOJIOKHBINA MEPBUYHOMY — HEM3-
0eXHOCTb HHBEPCHUH TOMI0ca. A YTO camoe IJIaBHOE, CBOOOHBIN MUKPOBUXPOH MaTepHaIbHO C
MIOMOIIIBIO0 3E€PEH-IEKTPONIOTEHIIMAIOB Pa3BEPTHIBAET B MPOCTPAHCTBE MCTOPUI0 M3MEHEHUs JeK-
TPUYECKOTO TOJISI B TOUYKE CBOETO pOXkIeHUs1. [10JspHBII MArHUTHBIA MOHOMOJb 3AMKHYTOI0 MUK-
POBUXPOHA UHIYKTUPYET i€ U TPABUTANMOHHBII MOHONOJb. B cBOOOIHOM BUXPOHE TOTO MPO-
1iecca He IPOUCXOIUT, a KOTIa OH BHIHYKAEHHO OCTAaHABJIMBAETCS — TOJIBKO TOTJIA BCSI SHEPTHSI 3TOTO
WCTOYHMKA ABUKEHHUSI U3 BUXPEBON (POPMBI MEPEXOAUT B IHEPIrHI0 MOKOSI — IPAaBUTALIIOHHBIN
MOHOIIOJTb. DTOT MPOILIECC 0OpaTUM, T. €. YCKOPEHHO-3aMeJICHHOE JIBUKEHHUE Si/Iep aTOMOB, aTOMOB
Y MOJIEKYJI B COOCTBEHHOM Cpejie MHAYKTUPYEeT BUXpOHBL. Harpumep, neneHre ypaHa ¢ BHIOPOCOM
OCKOJIKOB, XUMHUECKHE B3PBIBBI KJIACTEPOB BEIIECTB C BHIOPOCOM MOJIEKYJISIPHBIX OCKOJIKOB, 2JIEK-
TPOpas3psiJ B KUJKOCTU C B3PHIBHBIM JIBWKEHHUEM K JIEKTPOAaM MOSPU30BAHHBIX YacCTHUI] U T. 1.
Buxpesbie 10151 BBI3BIBAIOT BpAIIEHUE WA CIMPAJIbHO-PAAUAIBHOE IBMKEHIE MAaTEpU 1 HA000POT
— Takoe IBH2KeHHe MaTeprH BHI3BIBAET BUXPEBYIO MHAYKIIMIO BCEX TPEX MOJEH, MPOTUBOAEHCTBYIO-
UM CHJIaM, BBI3BIBAIOIIMX 3TO JIBUKEHHE.

Ecnu npoTHUBONOIOKHBIE CTAIIMOHAPHBIE 3aps/ibl PUTATUBAIOTCS W COSTUHSIIOTCS, TO Y Mar-
HUTHBIX BUXPEBBIX 3apsAI0B BCE HA0OOPOT'>*: ONTHOMMEHHBIE MTPUTATUBAIOTCS, (POKYCUPYIOTCSI, 00B-
eIUHSIIOTCS WIN CIMBAIOTCSA, 4 MPOTHBOMOJOKHbIE HUKOIJA He coequHsIOTCs. [lepemeHHbe
NIEKTPUUYECKHE MOHOIIONN B CBOOOIHBIX BUXPOHAX MHIYKTUPYIOT BOOOIIE HE POICTBEHHBIE €i MOJIs
— MarHUTHBIE MOHOIIONU. A B 3aMKHYTBIX BUXPOHAX MPOMCXOAUT MPOIIECC, He POACTBEHHBINA M Mar-
HUTHOMY C MHAYKIMEH MAacchl — POXKICHUE BEKTOPHOTO IPABHUTAIMOHHOIO MOHOMOJsA. Takas
Pa3HUIA MEK]y CBOWCTBAMH BUXPEBBIX U CTAIMOHAPHBIX IMOJIEH MPOSIBISETCA U B TOM (hakTe, YTo
B OKpY’KalollleM Hac MUpe OOHapyKHUBAeTCsl SHEPrusi B (pOpMe TOJIBKO NMEKTPUUECKH 3apsKEHHBIX
YaCTUI[ U YaCTHUI] C MACCOH TOKOSI U CIIMHOM, HO HEe OOHapyKMBaeTCsl SHEprusi B (hopMe YacTHIL CO
CTATHYeCKHUMH MarHUTHBIMU 3apsiJaMHu.

Kpome Toro, o6oe n3mMeHeHne paHee YCTAaHOBIEHHOW FeéOMETPHUECKON peryasipHOCTH JJIeK-
TPUYECKUX MOTEHIMAIOB B IIPOCTPAHCTBE BE/IET K MOSIBICHUIO BTOPMYHOTO MAarHUTHOTO OIS (VT
oOpaTHbIid 3G(PEKT — pokaAeHNEe MATHUTHOIO MOHOIIONST), KOTOPOE CBOMM JICHCTBUEM TIPOTUBOICH-
CTBYET NPUYMHE, BbI3BABIIEH 3TO MEPBUYHOE M3MEHEHHe, T. €. MarHUTHOE Iojie oOyagaeT eme u
NPOTEKTOPHBIMH CBOMCTBAMU [IJIsI TEOMETPHUECKOM CTAOMIIN3AINY MEKTPUIECKUX MTOTEHIIUAJIOB.
BakHO Mpy 3TOM OTMETUTb, YTO TP ONPEIACIEHHBIX YCIOBUSAX CHCTEMHOTO Kpy4eHHs Y4 JUTMHBI
BOJIHBI TAKHUX MOTEHIMATIOB BOJTHOBO/IA, POMCXOAUT OOPATHBIN MPOLIECC — MPOLIECC POXKICHHUSI Mar-
HUTHOTO MOHOTIOJISA, 3apsiJa BpallaTeIbHO-TIOCTYATeIbHOTO ABHKEHUSI.

Takum 06pa3om, B MUKPOMHPE y JIEMEHTAPHBIX YACTHUI] UMEIOTCS JJEeKTPHYEeCKHI 3apsi
C MOCTOSIHHBIM 3HaY€HHEM, I'PAaBUTALIMOHHBIN 3apsifl C TIOCTOSTHHOW MAaCCOi — 3apsi]] MOKOs, a TaKkKe
KOHKPETHBIN 3apsi] ABUKEHHs — cliH. [Ipy 3TOM, mocieaHuii sABsSeTcsl MPU3HAKOM ABYX HEPBbIX
3apsizIOB.

Jpyroii BecbMa CyIeCTBEHHON 0COOEHHOCTHIO IByX B3aUMOCBSI3aHHBIX BUXPEBbIX TOJIEH sIBJISI-
eTcsl pOKAEHNE U OTPhIB OT UCTOYHUKA KBAHTOBAHUS U JBIKEHHE CO CKOPOCTHIO cBeTa. TakuM ke
CBOKCTBOM 00J1a1al0T cBOOOAHBIE (DOTOHBI Ae Bpoiisis, KOTopble KBAHTYIOTCS IBUKYIIMMICS MUKPO-
YaCTUIIAMU U OTPHIBAIOTCS] OT HUX, B YACTHOCTH, OT TIOTOKA JIEKTPOHOB B KoJUtaiaepax. B mureHu
KoJUTaliaepa (aHaJIOTUYHO, KaKk 00pa30BaHMe Maphbl B 1OJIe aTOMHOTO sijipa) oOpa3yeTcst OUeHb IUIOT-
Has TUIa3Ma U3 TaKuX JeOpOrIeBCKUX BUXPOHOB HE TOJIBKO C OYEHb IIMPOKUM CIIEKTPOM SHepruud 1 —
100 I'3B (B 0OMacTV KOTOPOU ¥ 00pa3yIoTCs EHTPATBHOU (POKYCHPOBKOW 3aMKHYTbhI€ 000JI0UeYHbIe
CTPYKTYPHI aIPOHOB, BJIOKEHHBIE APYT B JIpyra Kak MaTpeiku), HO U C TAKMM HaOOpoMm 34 BHyTpeH-

153 31ech pedb MIET He O MATHHTHBIX MOMIOCAX TIOCTOSHHBIX MAPHMTOB, 4 O MATHHTHBIX 3aps/IaX, KOTOPIE CYIIECTBYIOT TOIBKO
B JIBUKEHUU.
154 Yimeercs BRIy HAGOP 3ePKAILHBIX BHXPOHOB.
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HUX CBOWCTB sIJ€PHBIX BUXPOHOB, KOTOpbIE CITIOCOOHBI C(POPMUPOBATH U CTPYKTYPbl aHTHUYACTHIL >,
Ortciofa noy4daetcst BBIBOJ, UYTO B 3TOM MHIIICHH, B 001aCTU-00bEME, Iie 00pa3yeTcsi cBoeoOpa3Has
s1IEPHO-Me30HHAsl «IJIa3Ma», UMEeTCs] HA0Op TaKMX BUXPOHOB, KOTOPBIE SIBJISIOTCS 3€PKAIbHBIM
OTpakeHUEM YK€ paCCMOTPEHHBIX. Takue BUXPOHBI, HAPUMEDP, CIOCOOHBI YK€ CTPOUTH «IOMHUK» U
IJ1s1 AaHTHIPOTOHOB.

CBOOOIHBIN BUXPOH — 9TO MArHUTHBIA MyJbCUPYIONIMI 3apsifl, T. €. KOoJeOaHUsI MarHUTHOTO
TMIOJIEBOTO TOKA TPU Mepe3apsiake OT OTHOTO K JIPyroMy uepe3 MOCPEACTBO MEKTPUIECKOr0 MOHO-
TI0JISI C TIO3UITMOHHOM CMEHOH 3HaKa'>® 1 mpeBpaleHneM pa3psiKaloerocsi MOHOMOS B IPOTUBOIIO-
JIOKHBIN 3apspxatonuiics. [Ipy BbICOKOH KOHIIEHTPAIMY 3aMKHYTBIX BUXPOHOB X BHEIIHHE TOJIS
MOHY’K/IAI0T K B3aUMHOMY CIMSIHUIO — (POKYCHPOBKE M KOHIIEHTPUUYECKOMY OOBEMHEHHUIO B 00010~
YEYHbIE CTPYKTYpPbI TUIA HEUTPOHOB WJIM AHTMHEUTPOHOB. DTO O3HAYAET, YTO MUKPOCKOIUYECKHE
BUXPEBble MAarHUTHbIE MOTOKM KBaHTOBaHbL. OJMHAKOBBIE TIO 3HAKY MOHOMNOIN'Y’ CIOCOOHBI 00'b-
€UHATHCSI C COCEHUMHU C TOMOIIIBI0 CBOMX TOJIEH Kak MO BEPTUKAIU, TaK U MO TOPU3OHTANH, &
C NIPOTHBOMOJOKHBIMH HE COSJUHSIOTCS HUKOrJa. JT0 — ABAALATh epBoe CBOWCTBO BUXPO-
HOB U TOJKE BeChbMa CYILIECTBEHHOE, TaK KaKk MPOTHBOPEYHT rnpenckasanusm teopuu 1. Jupaka o
TOM, YTO MOHOIIOJIb MOKET MCUE3HYTh TOJIBKO B TOM CIIy4ae, €ClIM BCTPETUT MPOTHBOMOIOKHBIA 1
COEIIHUTCS C HUM.

PeanibHO, OJMH MArHUTHBIN MOHOIIOJIb MOKET HCYE€3HYTh, JHIIb PeBPAaTHBIINCH B
NPOTHUBOMNOJIOKHBIN NP pa3psiKe, NPoiias yepe3 NPOMeKYTOUHbII 3Tan JUNOJSI — 3TOT
Npoiecc 3aMedYeH B IPUPO/ie MATHUTHBIX NoJel (runepBuxponos) 3emun u Coanna. ITycrs
910 OyaeT ABaAaTh BTOPbIM CBOMCTBOM MarHUTHBIX MOHOIMOJIEH — HHBEPCHS TOTIOCOB CBS3aH-
HBIX THUIIEPBUXPOHOB.

[Ipu uccnenoBaHUM pacCMOTPEHHBIX MPOLIECCOB B3aUMO/IEHCTBUI MPOTUBOIIOIOKHBIX BUXPO-
HOB YCTaHOBJIEHO, YTO MUHUMAJbHOE PACCTOSIHME B Y4 JUIMHBI BOJIHBI, HA KOTOPOE MOTYT TpH-
ONMM3UTHCS BUPTYaJIbHBIE LIEHTPbl B3aMMOJIEHUCTBYIONIMX MPOTUBOIOJIOKHBIX ¥ U3MEHSIOMIMXCS Mar-
HUTHBIX MOHOIOJIEH, BCEraa ObLIO JIMIIb 3arOHEHO HEAOCTPOSHHOH YacThio CIIMPAJI BOJIHOBOAA
(®wur.2.7), THOYKTUPOBAHHBIX 3apsKAIOUIMMCS MarHUTHBIM MOHOIOJNEM. DTO MOATBEPKAAETCA U
9KCTMIePUMEHTATIBHO BHUICOChEMKaMU > MarHUTHOrO nunosnst B xpomocgepe ConHia — mapoBast
MoHUS. V3 3THX BUIEOOMATEPHATIOB CIIEyeT, YTO 00JaCTh OCH MEXKIY IBYMsI MArHUTHBIMUA MOHO-
nossiMy (CBSI3aHHBII C IPOTUBOMOJIOKHBIMU KJIACTEPAMU MOHOB MaK POBUXPOH) HE COZIEPKUT CUIIO-
BBIX JIMHUI, TaM BUJHBI JIMIIb OJHM BUXPEBbIE IEKTPUUYECKHE TOKM HA YaCTU HEIOCTPOEHHOM
CIIMpaJd, T. €. BUJHA JIMIIb JBIKYIIAsCS M BO30YXAEHHAs MaTepus, a BUXPEBbIE MOJIsI MAarHUT-
HOTO JBYXIIOJIIOCHOTO TOpporja (Ha BUIEOChEMKE MarHUTHbIE CUJIOBBIC JIMHUM BUIHBI OJaromaps
HEBUAMMBIM CITUPAJISIM JBMKEHHS] BOKPYT HUX 2JI€KTPOHOB) U JIEKTPUUECKUE OCTAIOTCS] HEBUIIH-
MbIMU. Takoli CBI3aHHBIH C MacCOM TUIa3MBbI XpoMOcdepbl MAK POBUXPOH '>° MJTH 3apsIIOBBIH KJTacTep
K. Iloynaepca — OUmos» MokKHO 0OHAPYKUTH TOJBKO Ha COJHIIE, TaK KaK ero JIeKTPUIECKUN MOHO-
T0JTb 3aXBaYEH-«BMOPOKEH» JIEKTPUIECKUM OOBEMHBIM 3apsiJOM MOHM3MPOBAHHOW AaTOMHOM T11a3-
Mo} 1 OyJeT HaXOIUTCS B He JI0 TeX MOp MOKa He U3PACXOAYIOT BCIO CBOIO SHEPrHI0 00a MAarHUTHBIX
3apsiia Ha BUXPEBbIE TOKU U sIAEPHBIC MPEBPAICHUS TPOTOHOB B OoJiee TSIKENbIE sapa, HalpuMep,
SIpa Teus, JINTHUSI, KJIbLIMS W JKeJe3a.

155
To €CTb, TaK Ha3BaHbIX B CAII 4acCTull, C(bOpMI/IpOBaHHbIX MIPOTUBOIOJIOKHBIMH-3€PKAJIbHBIMA BUXPOHAMU. PeanbHo B npu-
poxne — aHTI/IHCﬁTpOH TaKXKEC IMaJgacT Ha 3CMJIIO, KaK 1 HeﬁTpOH.

156 To ectb cMeHa HarpaBJICHUA MAarHUTHOI'O ITOJIA — KOJIBLIO CUJIOBOW JIMHHWH JIEBOTO BUHTAa, MEHACTCA Ha IIpaBoeC.

157 MunnManbHBIA MATHUTHBI KBAHT [IOTEHIMATOB PpaBHBbIiA 2,0678x1077 3. em® (popmupyeT MarHUTHOE TOJIE OT JEMEHTAPHOTO
IyJIbCUPYIOLIET0 MarHUTHOTO 3apsia.

1
58 Prmem «Our secrets Sun», 2-s yacTb, MarueTusMm, aBrop gJoktop Ken Lang.

159 310 Beero mumn «BMOPOKEHHBIW» Clie]] U3 BO30YKAEHHBIX YaCTHUII TUIa3MBbl.
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Me:xy noTeHIMaiaMy BOJTHOBOAA TEKYT BUXPEBble MOHHBIE TOKH ((pOTO 2.4) TaKOM CHIIBL, UTO
BCIO CITUPAJIb JIEKTPOIIOTEHLIMAIIOB MOXHO YBU/ETH JIMIIb IPH 3aTyXaHUU CBE€UYEHUs (PIOKKYJIbl Ha
noBepxHoctu ¢poTocgepsnt (doto 2.5).

ITpu 3TOM cnienyer pa3auyarh CAUSHUE OJMHAKOBBIX BUXPEBbIX MArHUTHBIX MOHOIIOJIEW OT
OTTAJIKMBAaHUSl OJMHAKOBBIX IOJIOCOB CTAIIMOHAPHBIX MAarHUTOB M MPUTATMBAHUS Pa3HBIX MOJIO-
COB CTaTUYECKUX MArHUTHBIX Mosied. IJis mosei CTalMoHapHbIX KCTOYHUKOB'® NefCTBYIOT Apyrue
usrueckue 3akoHb UX popmupoBanrss. OHM He PUMEHUMBI JJIsI CBOOOIHBIX BUXPEBBIX TOJICH B
CWJIY Pa3IMYHON (PU3MYECKON MPUPOIbl MHIYKIIMY NOTEHIUAJIOB — PA3JIMYeH MEXaHU3M MHIYKIUN
CTaIMOHAPHBIX Y BUXPEBbIX ToJen (1asa 1).

Pa3imyHble 110 yactoTe, TUILY MOJSPHOCTU M CTENEHU MOJSPU3ALMU SIEpHbIE BUXPOHHI,
3aKJIIOYEHHBIE B T€ WIM MHBIE 000JIOYKMA MHUKPOUYACTHIL (/IeMEHTApHBIE YaCTUIIBI, aTOMHBIE sIpa),
JBUTAsICh B HUX BHYTPH siipa Ha cOnmkenue, (POKYCUPYIOTCs CHavas1a BHEIIHUMU JIEKTPUIECKUMU
MOJISIMU COOTBETCTBYIOIIMX BOJIHOBOJIOB, a 3aT€M IPOMCXOOUT 3aXBaT U B3aUMOJIEHCTBUE MarHuT-
HBIX MOHONOJIEH, B Pe3yJIbTaTe KOTOPOTrO U3MEHSIIOTCS MapaMeTpbl B3aMMOJEHCTBYIOIIMX BUXPOHOB
Y COOTBETCTBEHHO MEHSIOTCSl CaMU YaCTHILIbl, COIEpKaIle HECKOJIbKO SAAEPHbIX BUXPOHOB. DTO —
MEXAHU3M CJA0BIX B3aHMOJEHCTBHH .

Heuto aHasornyHoe mMpoucXOAUT CHAPY KM MPHU B3aUMOJCWCTBUSX CBOOOTHBIX BUXPOHOB C
aTOMHBIMHU U s1IepHBIMHU. Tak, HanpuMep, TPOUCXOIUT B3aUMOJENCTBIE (POTOHA CO CBOOOTHBIMU
JIEKTPOHAMH, AaTOMHBIMM JIEKTPOHAMHU WJIM ATOMHBIMH SiIpaMM TOW WJIM MHOW Cpefibl — KOMII-
ToH-3¢pekT, poTroadhdekT, map odpazopanue u T. 1. OUeHb MOIHO IKCIIEPUMEHTAILHO UCCIIEIOBAHBI
B3aMMOJICUICTBUSI CBOOOHBIX ATOMHBIX BUXPOHOB, 00pa3yOIIMX raMMa-KBaHTbI C PA3IMIHON SHEp-
TUei, C BEIIECTBOM, aTOMaMU U siapamu'®!. AHanor (poToaToMHBIX peakiuil 1 poToapderTy nmeer
MecTo U B (DOTOSICPHBIX peakiusx ¢ (poTopokaeHneM Me30HOB. Hanbonee nHTEpecHble pe3yiib-
TaThl, B 3TOM HAaIPaBJICHUH, MOJTyYeHbl B MOCIEAHUE TOIbI MPH OONYyYEHUU SIAEp MyYKaMH Me30-
HOB. U B HacTosilee BpeMsi B TAKMX SKCIIEPUMEHTAIBHBIX pad0oTax yke cepbE3HO MpopadaThBaeTCs
BOIPOC O BXOKAEHUH B MOJEJIb S1Jpa CTPYKTYP TUIIA HEUTPAJIbHBIX U 3apsKEHHBIX TT-Me30HOB. Kak u
CTPYKTYypa aTOMHBIX 000JI04eK 00pa30BaHa U3 CBA3aHHBIX BUX POHOB-3JIEKTPOHOB, TaK M BHYTPEHHSIS
CTPYKTYypa sipa COCTOUT M3 OUMONSIPHBIX 000JIOUEK, BIOKEHHBIX APYT B JIpyra 3aMKHYTBIX BUXPO-
HOB THUIIa OHOOOOJIOYEYHOU CTPYKTYphl HEUTPAIbHBIX TT-ME30HOB. BHelHue 00010uKky sijep, Kak
3anupaolre OT Pacraia BHYTPEHHHE, 00Opa30BaHbl yxke 3apsHKeHHBIMH JT-ME30HAMH IO THITY JIeK-
TPOHHBIX aTOMHBIX 00OJIOUEK.

IlepBble nccnenoBaHKs CBOMCTB (POTOHOB HAYMHAINCH C MU3YyUEHHS BOJHOBBIX CBOWCTB B ONTH-
YECKOM U pajiio Juarna3oHax. JJocTaTouHO MOJIHO U3YYeHbl U B3aUMOJIEICTBUSL 3AMKHYTBIX JJIEMEH-
TAPHBIX BUXPOHOB, 0OPA3YIOIINX JIEKTPOHBI, TIO3UTPOHBI, MIOOHBI ¥ ME30HBI, TIPOTOHBI, HEUTPOHBI
U JIpyTye 3J1eMEHTapHbIe YaCTHULIbI, C aTOMHO-MOJIEKY/ISIPHBIM BEILIECTBOM M €I0 ATOMHBIMU SIIPAMH.
3a 3TU sABJIEHUS OTBETCTBEHHBI — JIETKUE aTOMHO-sI/IEpHble MUKPOBHXPOHBI. A 3a TaKue CBOICTBA,
Kakue MPOSIBIISIIOT KCIIEPUMEHTAILHO OOHapykeHHble SKTOHBI Mecsua ['. A., 3apsagoBble KJjia-
crepsl K. [lloyngepca, crpanHoe uzaydenue JI. V. YpylkoeBa, 3JI€eKTPOMArHUTHBIE « CHAPSAAbI»
U «BOJIHBI», TIOJIyYEHHbIE 110 TEXHOJIOTUM B3phIBO-MarHuTHHIX reHeparopoB MK-1 u MK-2 Caxa-
poBa A. ]l., y)Xe OTBEUalOT «TSI2KEJIbIe» MAKPOBUXPOHBDI.

ITponiecc LENR iy XonogHblil cUHTE3 TSKENBIX SAep U3ydalicsl O4eHb MHOTMMH aBTOPAMH,
B ToM umcie K. [loynaepcom, M. U. Conunbim, A. B. Bauaeoim, C. B. Anamenko, JI. U. Ypyikoe-
BbIM. CyTb €r0 CBOJUTCS K MOIJIOIIEHUIO IJIa3MOM PELIETKU TBEPIOTo TeJla XOPOLIO MPOHUKAIOIINX B
He€ «TskEbIx» CBY-(oToHOB HoonTryeckoro crekTpa. OaHaKO MUKPOCKOITUYECKOTO OObSICHEHU S
HaOJTI0IaeMBIM SIIEPHBIM MPEBPAIIEHUSAM HU OIHA U3 3TUX HAYYHBIX I'PYII HE IPUBOAMT.

160 311 3aKomb1 pacemoTpens B pazene «IIpOCTPAHCTBO U MaTEpHS».

161 Tag, HarpyMep, XOpOIIO U3yYeH I'MTaHTCKUI PE30HAHC sijiep raMMa-KBaHTaMH ¢ 3Heprueit Jo 25 Mas u 6onee 110 2,5 I8, u
KaK CJIEJICTBHE, PACIIAKOBKA BHYTPEHHUX 000/10ueK — (hOTosAIEpHBIE peakliu ¢ (hOTOPOXKIEHHEM ME3OHOB-ITMOHOB ITpH nopore B 150
M>3B. Ceuenrie B3auMOJIEICTBUS ITyUKOB IIMOHOB C S/IPAMHU 10 CPABHEHUIO ¢ (poTOAAEpHBIMU peakuusMu B 137 pa3 Gosnblie.
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DKCNepUMEHTAIbHBIM TIOATBEPIKICHUEM O00Opa30BaHMsI CBOOOJHBIX MAarHUTHBIX MOHOIIONEH
BBICOKOW TUIOTHOCTH 3apsiiku ekTpornoreHmasamu CBY guanazoHa um UX MOCIEQYIOIEro JABU-
KeHUsI ¢ 0Opa30BaHMEM TpeKa IEKTPOMArHUTHOTO KBAHTA SIBJISIETCS OOHApYXKEHHOE «CTpPaHHOE
U3JTyYeHHe», MOIIHBII MMOTOK KOTOPOr0 OCBOOOXKIAETCS MPH B3pPbIBE TUTAHOBBIX (POJBI!®? B Kuj-
KOCTSIX, @ TaKKe CJIE[Ibl TAKOTO M3JTyYeHHUsI B )KUJIKOM IIMPKOHUM, 0Opa3yoIrecs B sJEPHOM peak-
tope M. U. Conuna. B 31uX %€ padoTax ObLia MPOW3BEeHA U JOCTYIHAs UICHTH(HKALUS STOTO
M3JTyYeHHUsI TI0 €r0 B3aMMOJIEHCTBUIO C MAKPO— M MUKPO-MarHUTHBIMH TosisiMU. [1o yTBepikaeHHIo
ABTOPOB «CTPAaHHOE M3Jy4eHHe» — 3TO MOTOK Pa3IMYHOrO poja MarHUTHBIX MOHoOMoNed. B 3tux
padorax npuBeaeHb MUK podoTorpacduu'%? cienoB 3Toro «CTpaHHOrO U3MYYEeHUsD», 3aperuCTPUPO-
BaHHBIX C TIOMOIIIBIO SAEPHBIX (POTOIMYIBCHI — STO IBYMEPHBIE CJIebl pa3pe3a 00bEMHOIO BOJHO-
BOJIA JIEKTPOIOTEHIMAIOB (POTOHA, OCTABJIEHHBIE CBOOOIHBIM OUMONSIpHBIM BUXpoHoM WK-nunara-
30Ha!% 3JIEKTPOMArHUTHBIX BOJH, T. €. AHAJIOT TAKOTO «CTPAHHOTO M3JIyYEeHUs» C JIJTMHON BOJIHBI B
20 mkMm. Kak Xopomo u3BecTHO, BOJIb ITUX MEKTPONOTEHIINATIOB UAYT CHIIbHBIE BUXPEBbIE TOKH,
BBI3bIBAsI MOHM3ALIMIO U SIIEPHBIE CTPYKTYPHBbIE M3MEHEHUsI B Cpe/ie PAaclpOCTPaHEeHUs], B JaHHOM
npumepe, B (pOTOIMYIILCUM, UM B PACIIIABIIEHHOM ITUPKOHUH. XapaKTepHbIM Ka4eCTBOM 3THX Clie-
J0B, OTVIMYAIOIIMX MX OT W3BECTHBIX CJIEJOB PA3IMYHBIX JIEMEHTAPHBIX YACTHUI[ B TAKUX JIETEKTO-
pax, sIBJSIETCSI CTPOrasi MEPUOANIHOCTD M BHICOKASI CTENIeHb MOHU3AIUH, T. €. JUTMHA BOJIHBI (DOTOHOB

nopsazaka 20 mxm (1,5 x 10* I'rmy). «CTpaHHOCTb» TAKOTO M3JIyUYE€HHUS U 3aKJII0YAETCS B TOM, YTO ITO
«TAXKEIbIe» KBAHTBHI.

A, Harpumep, B 3kcnepumeHTtax C. B. AaMeHKO NHMKO-HAaHOCEKYHIHBIE'®S «TsKENble»
BUXPOHBI YK€ CIIOCOOHBI POAUTH CaMOPOAOK 1% u3 unctoro xene3a quamerpom 100 MUKpOH B mep-
BUYHOM MaTpulie aHoJa, MYTEM MOHM3ALUM BUXPEBBIM MOJIEM MAaKPOBUXPOHA YaCTHUI] C BHELIHUX
obosouek siziep Menu. [pyrumu ciioBaMu, IPOMCXOAUT MOHU3ALIMS 3apsKEHHBIX YaCTHIl C BHEITHHUX
000JIOUeK sifiep Meu 10 00pa30BaHKsl B CTAOMIBHOM (6€3 paIMOaKTUBHOCTY MIPOTOHHOM, HEHTPOH-
HOM{, TaMMa-JTIy4eil) COCTOSIHUM aTOMOB JkeJe3a B (ha30BOM 00BEME TBEPAOTO Tella ¢ Pa3MEPHOCTHIO
TIOJIBOJIHBI 3TOr0 pe3oHaHCHOro poroHa B 100 MuKpoH. Takou npouecc MOXHO Ha3BaTh (PoTO3(-
(beKTOM 3apsUKEHHBIX YacTHIl C BHEITHUX 00OJIOUeK siiep Mequ. MexaHu3M MOHU3alUd HUYEM He
OTJIMYAETCS OT aTOMHOT0 (poTO3(h(PeKTa BHEITHETO EKTPOHA, HO HEBO3MOKEH JIETKUMH aTOMHBIMU
(poToHamMM TOH ke JacToThl. B 3TOM mporecce pesoHaHcHble!'®” «Tskénbie» CBY (oTonsl, co3nato-
IIMeCs] MOIIHBIMA MarHUTHBIMM 3apsiaMi U C(POKYCUPOBAHHBIE €T0 IEKTPOMOHOMOJISIMU B LIEHTP
nonycepsl aHO/A, CIOCOOHBI B30PBATh JEKTPOJ, U3HYTPU BUXPEBBIMU TOKAMH BJJ0JIb BOJIHOBOJIOB U3
3JIeKTponoTeHMaIoB. [lepes1 HauanoM BUXPEBBIX TOKOB UJIET CBEPXObICTPBIN AAEPHBIN TOK — pacia-
KOBKa-(hOTOMOHU3ALIMS TTOTOKA 3apsKEHHBIX YaCTHI] BHEITHUX 000JIOUEK aTOMHBIX SI7IEp, a TaKXkKe UX
PE30HAHCHOE B3aMMOJICHCTBHE C OKPYKAIOIIMMH SIIPaMH, TPeoOpasyIoNrX NepBOHAYAIBHBIN COCTAB
saep TBEPAOW PEHIETKH KpucTaiia nekTpoaa. OCcBOOOKIEHHBIE «TSKEINBIMU» MAarHUTHBIMU 3apsi-

162 VYpyukoes JI. U. u gp. 2000-2007 r.r. B xkypHane «[IpukinanHas ¢uzuka», PUAH, «KypyaToBcKMil MHCTUTYT», s/IEpHBIIA
peaktop M. U. Conuna, 1994-2002 r.r. u ap.

163 . o " .. .
Ecmu 00bEMHBII (ha3oBbiit 00bEM (ur.2.2) 3THX (POTOHOB pa3pe3arh MIIOCKOCTBIO, IIPOXOISIIEH Yepe3 ero 0Ch, TO HOTyIUTCsI
¢urypa npeHTHYHAs TOH, YTO MOKa3aHa Ha MUKpodoTorpadum.

164 B nannom cllydae 4acToTa (poToHa COCTaBIsIeT BEIUUUHY 10" Tun MpUHaAIexKUT auanasony UK-uznyuenus.

5
165 Bonee Touo, 00pBIB TOKA KJIacTepa JEKTPOHOB BOJIM3M aHOZA IPU MMITY/Ibce HapacTaHus Harpsbkenust jo 500 KB B Baky-

YMHOU Kamepe MOXeT CO3/1aBaTh IIMPOKUI CIIEKTP BUXPOHOB BILIOTH /IO ONTHYECKUX M MAKCHMYMOM ILUIOTHOCTH TIOTOKa (DOTOHOB C
IIMHOM BOJTHBL 2050 MKM.

1 o o

66 Crenmyer 3aMeTHUTh, 4TO Ha BepxHeM Buimoe, B fIKkyTun, B U3BECTHON aHOMAJILHOI 30HE U3/1aBHA HAXOAWIU METAJUIMYECKUE
«KOTJIBI» Ha TMOBEPXHOCTH 3eMJIM — TIPOAYKTHI MOIIHBIX MarHUTHBIX 3aps/I0B. AHAJIOTHYHBIE chephl U3 MCEeBJOMeTaslIa HaXOMIN B
maxTax Kiiepkcnopna, FOxHas Adpuka, Bo3pacT KOTOPBIX OLIEHUBAaeTcs B 3.5 MIIpA. JIeT.

167 Kak nokasano 9KBCIEPUMEHTAJILHO ATMHA BOHBI 3TUX CBY HaxoauTes B npenenax 1o 20-50 MKM, HO 3T (pOTOHBI OTIINYA-
J0TCSl OT aTOMHBIX (DOTOHOB 3HAUEHUSIMH TOKA U HANPSUKEHUS UMITYJIbCOB 3aps KM UX MAarHUTHBIX MOHOIOJIEH MpU MPOU3BOACTBE —
«TSKENBIE» (DOTOHBI.
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namMu'%® 3TH pe30HaHCHbIE YaCTUIIBI AKTUBHO OCEAI0T Ha OM3JIeKAIIUX SIpax MeIy C 00pa30BaHUEM
siep IMHKa, YTo U HaOmomaercs B onbitax-BeicTpesax C. B. Anamenko. B ommuune ot ['urantckoro
pe30HaHca Ha siApax, OH SIKOOBI SIBJISAETCS HUBKOSHEPIeTUYECKUM U TIOATBEPIKIAET yUacTHe «TSKE-
JIbIX» MarHUTHBIX 3apsiIOB B TAKOM TIporiecce. DT «TshKelble» (POTOHBI CO3JAI0TCS BOMM3KM aHOAA
paspsaom B 500 KB ¢ ¢ppoHTOM MMITYIIbCa 10 OMHOM HAHOCEKYH bl M TOKOM cBbilie 10 Ka. YacToTsl,

(bopmupyronyie (ppoHTH TaKUX UMITYJILCOB, HAXOAATCS B AMANa30HE 10" - 10" I'y, a mwiotHOCTH
KJIacTepa 3€peH-MOTeHIIUAIOB, TPUBHOCUMOI'O MarHUTHBIM MOHOIIOJIEM BO BHEIIIHIOK OO0JIOUKY siiep
ME/M YK€ CTAHOBUTCS AOCTATOYHBIM JJIs1 HOHU3ALUK YaCTHI] €€ 3anonHsAmuX. [1pu B3peiBe MeAHOTO
aHo/a CHElMAIbHbIM 3JIEKTPUYECKMM KMMITYJIbCOM, MOABAEMBbIM Ha KaToll, B KauyeCTBE MPOLYKTOB
MOJTy4aeTcs MOYTH MOoJTHAs TaONuIa XUMUYECKUX JIeMeHTOB MeHienieeBa, a Takke elle TsuKesble U
cBepxTskenbie aapa A0 1000 aTOMHBIX €qUHMIL.

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

MeHTa CYIIEeCTBYeT ONTHMAJBHBIN TOK crabuim3ammu. Hampumep, mist Zn — 30 A/MM2, g Al —

18,5 A/MMZ, misa Fe —22.2 A/MMZ, s Cu —25 A/MM>. VIMEHHO Takue KaJTMOPOBOYHBIE TJIOTHOCTH
TOKOB /151 KOHKPETHOU BOIHOM MPOTOYHO-Pa3psAAHON suerku ((poTo 2.6) B COYETaHNUU C IEKTPOH-
HOI CXeMOW MHAYKTUBHOTO TUMA paspsaa (poto 2.7) B TAKOM peakTope 3apsizKaroT 0COOble MarHHT-
Hble MOHOIOJIM C BBICOKOH IJIOTHOCTBIO 3aCEIEHHOCTY 3€pPHAMU-MArHUTONMOTEHIIMAJIOB €r0 CIIPaJlb-
HBIX c(pep, KOTOpbIE ITPU pa3psaKe yxke CIOCOOHB MOHU3UPOBATh BHELTHHUE OOOJIOUKHM sIiep MyTEM
MMILUIO3UOHHOTO KyMYJISITUBHOTO BHEJPEHUs KjacTepa 3€peH-3JIeKTPONIOTEHIIMANIOB, YKe JO0CTaToy-
HOTO 151 Oc/aOJIeHusl CBsI3el YacTull, 0Opa3yloluX BHEIIHNE 000NI0UKH siiep. B 3Tux mccnenoa-
HUSIX 0c000€ BHUMAaHHE TPUAABAIIOCH TaKkKe pekrMaM paboThl MOMYIPOU3BOICTBEHHOMN YCTAHOBKU
«DHEeproHuBa-2» MpH MPOU3BOICTBE NEKTPUUECKON SHEPrUY U niepepadoTKe KUIKUX PaJUOaKTHB-
HBIX OTXOHOB C aTOMHbIX ADC IMyTEM NEpeBOJa UX B HEPAAUOAKTUBHBIE IIJIAMBI.

CTabuIIbHOCTh MUK POYACTHIIBL, M €€ pactiafy, epHo oIy pacra/ia SJeMeHTapHbIX yacTuiy '
oIpefiesisieTcss COOTBETCTBUEM (POPMBI M MAPAMETPOB MX BOJHOBOJOB, OOPa30BaHHBIX BHEIIHUM
BUXPOHOM, BEJMUYUHE 3alMpPaIOIIero CTALMOHAPHOIO IEKTPUUYECKOTO MO U CPeiHe KpUBU3HE
OKpy:xaiolux nosei. Tak, Hanmpumep, U3BECTHBIN HU3KOIHEPreTUYeCKUi OeTa-paciiajl B CBI3aHHOE
COCTOSIHUE 2JIEKTPOHA B aTOME Ha CBOOOJIHYIO 0OOJIOUKY COKpaIllaeT Mepuoz nojypacnaga. A eciu
CBOOOJIHBI BCe MEKTPOHHbIE 000s10ukK 7%, Kak B ciydae penusi Re-187, mepuon nomypacnaia cokpa-

maercs 10 33 et Bmecto 4,3 x 10'% ner s HEUTPaJILHOTO aTOMa. BUXPOH B HOBBIX YCJIOBUSIX OKPY-
KAIOIIMX TOJIEH, B TOM YMCJIe CHJIbHBIX TPABUTAIIIOHHBIX, BCET/Ia CTPOUT HOBBIM COOTBETCTBYIOIIHIA
BOJTHOBO[I, U3MEHSISICh U BbUJIETasl U3 CTAPOro — 000CHOBAHUE MEXaHNW3Ma CJIa0bIX B3aUMOJICHUCTBUH.

HawubGonee rpanino3nbie Mo o0bEMY SKCIIEpUMEHTAIbHBIC HCCIICTOBAHUS CBOMCTB CBSI3AHHBIX
BuxpoHoB CBY nuanazona nposenensl K. loynaepcom ¢ 1987 roga — MarHUTHBIE U 3JIEKTPUYECKHE
niepeMeHHbIE 3aps/ibl BUXPOHOB 3aXBaThIBAIOT W3 MOHU3UPOBAHHOIO Ta3a KJAacTephl MOHOB M JEK-
TPOHOB Y MPUIAIOT UM HOBBIE CBOWCTBA, T. € CBOWCTBA 3apsiI0BbIX KJIacTepoB. Kak 1 B KaHOHMH-
YeCKOM CJTy4yae reHepalyi aTOMHBIX MUK POBHXPOHOB ITyTEM U3MEHEHH S JJIEKTPUUYECKOTO TOJIS TTPH
JIBH2KE€HHH aTOMHOTO 9JIEKTPOHA B OCHOBHOE COCTOSTHHE, Ha3BaHHbIE BUXPOHBI CO3/1aBATUCH Mepe/-
HHUM (PPOHTOM BBICOKOBOJITHOTO OTPHULATEJNbI0 IEKTPUIECKOTO NUMITY/IbCa TMKOCEKYHIHOM [ITH-
TEJILHOCTH, KOTOPBIM MOJABAJICS HAa KaTOJl, Pa3MENIEHHBI B BAKYYMHOM CTEKJISTHHOU TpyOke (poTto
2.8) c ocratounbM!"! pa3peskeHHBIM ra30M JI0 €UHUI] MIJUIMMETPOB PTYTHOTO CTOI0a. ABTOD Orpe-
AeNsieT TIoMy4YeHHbIe TAKUM 00pa3oM 3apsiIoBble KJIAacTephl, KaK OCHWLIMpYoIIUe ceprueckre
MOHOIIOJIM, UM KaK IeKTPOHHBIE M1a3MOU/IbI C IMCKPETHBIMHU YPOBHSIMU SHEPIH, WM KaK COJH-

1

8 Tounee, ero COITY TCTBYIOIIMM 3JIEKTPOMOHOIIOJIEM M BOJIHOBOJIOM BUXPOHA.

169 Cragoe BzaumoneiicTaye.

170 319 gocruraerca nonmuoit 0OIUPKON BCEX aTOMHBIX JIEKTPOHOB-CTEIEHD MOJTHON MOHU3AIMH.

17! Ecmn takoii MMITy/IbC HANPSKEHUS MOABATH B BAKYYME, KAK 9TO JIEIASTCS IIPH PEali3allin Ta/lbHeil KOCMIYECKON CBSA3H, TO
TOCTIEIHUIA TIPO3payeH AJ1sl BAXPOHOB.
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TOHBI — JIEKTPOMArHUTHBIE KOHTEWHEPBI, Ipeidyrolye B r1yookoi noteHumanbHou sime. K. [loyn-
Aepc MPOM3BEN U3MEPEHUsI U BBIYMCIINII KOHKPETHBIE TTapaMeTphl 3apsiIoBbIX KilactepoB. Pasmep
HaOM0IaeMbIX €JUHUYHBIX KJIACTEPOB (CBSI3aHHBIX BUXPOHOB) OKOJIO 0.1 MKM 72, 2 KOTMYECTBO JIeK-

o 11 o
TPOHOB, YIIAKOBAaHHBIX B TAKOH KJIacTep, COCTABIISIET 108 - 10 mtyk. Jasee, 3apsaoBblil KjaacTep
IpUOOpeTaeT 3HaUMTENIbHYIO MAacCy, 3aXBaThIBasi U3 OKPYKAIOIIEro MPOCTPAHCTBA aTOMBI BEILIECTBA B

BUJIE TTOJIOKUTEJIBHBIX MOHOB, B KaKIOM ITO 10° — 10° atomos. JIBUTasiCh B 9JIEKTPUUECKOM I10JI€ ITON
TPYOKH ¥ IOCTHUTast aHO/IA, STU 3aPsiIOBbIE KJIACTEPhI TPOM3BOMIIM sIIEpPHbIE PEaKIIMU C U3MEHEHUEM
NIEPBUYHOIO XMMHUYECKOrO cocTasa 3ekTponoB — LENR.

[epBbIM SKCIIEPUMEHTATIBHBIM TOATBEPKACHUEM BO3ICUCTBUSI CBOOOTHBIX PE3OHAHCHBIX
BUXPOHOB!™? Ha mepuop mosypacrnaga paauoOHYKIIUIOB SIBISIETCS OOTyYeHHE «CTPAHHBIM M3JTyde-
HUEM» YPAaHOBOTO pacTBopa. Kpome Toro, n3imy4aeMslil TpyU MOIIHOM 3JIEKTPOB3pbIBE (POJIBIU MOTOK
«CTPaHHBIX YaCTHUI» MOXET B3aUMOJEICTBOBATh C MArHUTHBIM IIOJIEM SIApA KeJie3a U TEM CaMbIM
U3MEHSATH ero 3(eKTUBHOE 3HaUeHue Ha sjpax sxene3a Fe-57 Ha Bemmuuny B 400 3, urto ompe-
JeNsieT ero MarHuTHYIO CTPYKTypy. IIpy B3pbIBe TUTAHOBBIX (POJNBI B KUAKOCTH TOIMYTHO IMOTOK
«CTPAHHOTO U3JTyYEHHUS» U3MEHSIET U30TOIHO-IEPHbIIl COCTaB NIEPBOHAYAJIBHO YYACTBYIOIIMX aTO-
MOB. ABTOpBI OIpPEJESIOT 3TO B3aUMOJEWCTBUE KaK MAarHMTO-siiepHOe, a IPU OINpPEeSIEHHBIX
YCJIOBUSIX, 3TO U3Ty4eHHe enlé ClIOCOOHO BIMATH U HA pacmaj] U30TOIOB, U3MEHSIsI TIPU STOM NIepHUOJ
NosTypacnajga HeKOTOPBIX PAJMOAKTHBHBIX sIIEP, T. €. BJIMSATh Ha KOHCTAHTY CKOPOCTH C/IaObIX B3au-
MOJAEUCTBUN. MOKHO CUMTATh ITO JOCTOBEPHO YCTAHOBJIEHHBIM (DAKTOM.

C TOUKM 3peHH yKe Ha3BaHHBIX CBOMCTB BUXPOHOB, B 9THX IPOLIECCAX MPOUCXOAUT MOCTEN0-
BaTesibHasl (POTOsIIEpHast PaclakoOBKa-MOHU3AIIMS YACTHI] C BHEITHUX 000JIOUEK s1/1pa BHEAPEHHBIMU
B HHMX KJIACTEPOB BOJIHOBOJIOB PE30HAHCHBIX MATHUTHBIX MOHOMOJIEH — «TSIKEIBIMI» (DOTOHAMU C
oM BosHBI 20-50-100-200 MukpoH. [IpMBHOCHMBIN B 00JIACTD IEKTPUIECKOTO TOJIS aTOMA WITH
spa KJIacTep NOTEHIMAIOB BOJTHOBOJA CBOOOIHBIX UJIM 3aMKHYTHIX BUXPOHOB U3MEHSIET €ro, 4to 1
MIPUBOUT K MOHU3ALIMH WK BO3OYKICHUIO YaCTHI] BHEITHUX 000JIOUEK siIep U JIEKTPOHOB ATOMHBIX

000J104eK. DTOT MPOILECC SACPHBINA, a 3HAYUT CBEPXOBICTPHII 103 CEKYH/bl, 1 B 3aMKHYTbIX BUXPO-
Hax MPOUCXOIUT B MOMEHT 3apsKU MarHUTHOTO 3apsijia C MPOU3BOJCTBOM BOJHOBO/A JIEKTPOINO-
TeHMa10B. OnpeesuM 3T0 CBOMCTBO — PACNaKOBKA-MOHU3ALMA MUKPOYACTULl BHEIIIHUX 000JI04eK
aTOMHBIX s1JIep KPUCTAJIMUEKOIN PEIETKY TBEPAOTO TeNa «TSKEIBIMU» PE30HAHCHBIMU MAarHUTHBIMU
MOHONOJISIMUA MaKPOBUXPOHOB, KaK JBaAlaTh TPeThe.

B cnydae TemsioBBIX SHEpruil, BUXPOHBI IBIKYIIUXCS JEKTPOHOB INPU PEKOMOWHAIMHU C
MOHaMHM 00pa3yIoT TaKXke BJIOKEHHBIE 1e0POiiieBCcKHe aTOMHbIE 3aMKHYThIE BOJTHOBO/IBI-O00JIOUKH,
HO yXe Pa3MepoM [UIMHbI BOJIHBI HA IATh JECATUYHBIX NOPSIKOB OOJbIIE — T. €. 000JIOYKH aTOMOB

CO CpPEIHUM pa3MepoM 108 cm. B crity OOJBIIION PacIIpOCTPAHEHHOCTH TaKUX BUXPOHOB HA30BEM
¥X aTOMHbIMH. O/IHAKO BO3MOKHO 3TO JIMIIIb B YCIOBUSX, KOTOPbIE UMEIOT MECTO HA MOBEPXHOCTU
3emin. B ycroBusix MaHTUH, ITYOOKO B He/ipax HAIIeH MTaHETHI, T/Ie AaBIeHUs] JOCTUTAIOT 4 MUJLIAO-

HOB aTMocdep, Temrieparypa 1 InoTHocTs coorseTcTeHHO 5000 °Cur 12 000 KI/M°, KaK [10Ka3bIBAIOT
reoJIOrMYecKre UCCIeJOBaHN s MEXaHW3Ma BO3HUKHOBEHUS M IBMKEHHS TUTIOMOB !4 K IOBEpXHOCTH
3eMJIM OT IPaHMLIbI 71pa C MAHTHEN, a TAKKE ITPOMCXOKAEHUE HEKOTOPBIX IOPOJL U MUHEPAJIOB, HAX0-
ASIIAXCS B TIPUTIOBEPXHOCTHON KOHTHHEHTAIBHON KOpe, BHXPOHBI 00Pa3yIOT MHbIE MUK POYACTHUIIBI
Y C UHBIMU cBoicTBaMU. Jla M caMy W3BECTHBIE HaM MPOLECCHl paJlMOAKTUBHOTO M3JIyYeHHs U pac-
naja CTaHOBSITCS IPYTMMH B CBSI3H C OTCYTCTBHEM CBOOOJHOTO ITPOCTPAHCTBA B MAaHTHU ISl CO3/1a-

172 A s HAHOCEKYH/IHBIX UMITY/IbCOB, Kak y C. B. Anamenko, 31oT pasmep coctapisier 100 MKM.

173 Vpyuxoes JI. 1. ¢ corpyaankamu, 2000-2007 r.r. DTo M3IydeHre MarHUTHBIX Mak poMoHonosel CBY 4acTot, KOJIeKTUBHOE 1
s exTHBHOE BO3/IEHCTBIE KOTOPBIX C OOJBIION INIOTHOCTHIO TOTOKA HA TSDKEJIBIE aTOMBI, 3K PETUIEHHBIX B KPHCTAJUTMIECKON PEIIETKe
TBEPAOTO TeJla, MPIBOAUT UX B COCTOSIHHE SIIEPHOM TPAHCMYTAIIUH.

174 Mmombl, BeruibIBaRoNme 13 Aapa 3eMIIM — BeLIeCTBO HEXUMHMYECKOIO COCTaBa, MPU AAEPHO-XUMHUYECKOM ITPEBPAaLLEHIN KOTO-
PBIX 0Opa3yloTCsl €ro SHEPrusl JBUKEHMUs1, OObIYHbIC BEIIECTBA M Ta3bl, U3BEPralolecs: BO BpeMsl BYJIKaHUUECKOH JesITeTIbHOCTH.
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HUS TeX WINM UHBIX MHUKpouacTHll. [Ipy 3TOM 0ObIYHBIE XUMHUYECKHE PEAKIINH 3aMEHSIIOTCSI OYEHb
MOXOKUMH !>, HO SIEPHBIMU U SIIEPHO-XMMUYECKUMH TIPEBPAIEHUsIMHU, 10 TUIYy MIOOHHOTO KaTa-
Jn3a ¢ 00pa30BaHUEM MIOOHHBIX aTOMOB WJIM ME30aTOMOB. bosee Toro, M3BECTHO, 4TO Takue siBje-
HUSI HU3KOHEPreTUIecKol TpaHcdopManuu'’® saep XuMIUYecKrx 3JIeMEHTOB He MMEIOT B HACTOsI-
IIIUH MOMEHT B OTKPBITOM JIUTEpaType yoequTeabHbiX oObsicHeHnit B pamkax CAIL.

C TouKH 3peHusi peajbHOro NpeacTaBIeHus1, AJs 00'bsICHEeHUs IBHKEHUS THX ILTI0-
MOB, a TaK:Ke si/IepPHBIX NpeBpalleHuil NPy 00Pa30BaHUHM MECTOPOK/AeHUI MOJUOIeHa,
ypaHa B rPaHUTAaX, TPaHUTa N3 0a3aJbTOB U T. [1., HE00X0AUMO NPUMEHSTH He NPOTOH-Heii-
TPOHHYIO MOJieJb s1Ipa, a 000JI04YeYHYI0 HA OCHOBE CTPYKTYP THIIA Me30HOB H MIOOHOB,
€03/1aBaeMbIX MUKPOBUXPOHAMHM.

K npyrum cBoiicTBaM BUXpOHA OTHOCSITCSI €70 OECKOHEYHOE BpeMsI JKM3HU B BaKyyMe KOCMOca
Y OrpaHMYEeHUE CKOPOCTH MPSMOJIMHEMHOTO PaCpOCTPaHEHHUsI TIPE/IENIOM CKOPOCTHU CBETa, 00YCIIOB-
JIEHHOE ero COOCTBEHHBIM ABWKEHUEM O crirpaii. IMeHHO M03TOMYy CKOPOCTh CBETa He 3aBH-
CUT OT CKOPOCTH JIBHKE€HNsI NCTOYHHKA H3JIy4eHHUsI.

fAnepHble 1 aTOMHBIE 3aMKHYThIE BUXPOHBI C MACCOM UMEIOT BUJL ABUKEHUS 110 3aMKHYTHIM
BOJIHOBOJAM B KOPHE OTJIMUHBIN OT JIBMKEHUS] ONTUYECKMX MUKPOBHUXPOHOB I10 BOJIHOBOIAM (hOTO-
HOB U OY€Hb JIMCKPETHBIH CIIEKTP KOHKPETHBIX PE30HAHCHBIX YacTOT, MPH KOTOPBIX BOBMOXKHO 00pa-
30BaHUE U CTAOUJIBHO JIONTast )KU3Hb ATOMOB, sIJIep XMMUYECKUX JIEMEHTOB U JIEKTPOHOB, T. €. CTa-
OWIIbHBIX MUK pouacTril. MakpoBuxponsl CBY iuana3oHa ¢ cynecTBeHHbIM 3HaY€HHEM MarHUTHOTO
3apsiia, B OTJIMYKME OT BBICOKOYACTOTHBIX ONTUYECKUX U JPYTUX KECTKMX KBAHTOB, MTPU MTPOXOJK/IE-
HHU yepe3 BEeleCTBO NMEI0T B CBOEM (ha30BOM 00bEME OUEHb OOJIBIIIOE KOJTNYECTBO AaTOMOB U MOJIe-
KyJI, @ TIO3TOMY CIIOCOOHBI MX BO3OYAUTh WM Ja’ke MOHU3MPOBATh, 4 TAKXKE YaCTUYHO PACIAKOBATh
BHEIITHHE 000JIOUKH HEKOTOPHIX aTOMHBIX sIIEp.

Yacrora oOpalieHrii MarHUTHOTO MOHOTOJISI TI0 CIUpaisiM, 00pa3yoIiux (a3oBbiid 00bEM
aTOMHOTO (POTOHA WJIM 3aMKHYTON MUKPOYACTHILIbI 3aBUCUT OT AUameTpa cepbl U CKOPOCTH U3MEHE-
HUS TI0JIs1, B KOTOPOM 3apOAMJICS 9TOT MOHOIONb. YacToTa CMEHBI OJISIPHOCTA MOHOIIOJS HA IPOTH-
BOIOJIOXKHBIM ITPU €10 pa3psiiKe ONpeeiseT M0JI0BUHY JJIMHY BOIHBI KBaHTa. Ero sHeprus yncieHHo
paBHa noctosiHHOM [1naHka, nenéHHoM Ha 27t U BpeMs (popMHpOBaHUsI KBaHTa JIEKTPOMArHUTHOTO
OJIsl WK BpeMsl ero uainydeHust. KocBeHHO, ero BHELIHME CBOWMCTBA MPOSIBIISIIOTCS BO BCEX 3Jie-
MEHTapHBIX YaCTUIAX B BHUJE CIIMHA, MAacChl, 3apsI0B, a TaK’Ke B XapaKTEPHBIX SIEPHBIX B3aUMO-
AeWCTBUSAX U T. 4. Pasmep M mMacca MMKpOYacTULl HANpsAMYIO CBS3aHA C YUCJIOM BUXPOHOB B HEW
Y 3HAYEHUEM BeJIMYMHBI UX SHeprun. Bce n3BecTHbie B3aMMOICHCTBUSI MUKPOYACTULL OO0YCIIOBIIEHBI
CBOICTBaMM BUXPOHOB U TeX (pa30BbIX 0OBEMOB, KOTOPbIE OHU TIOCTPOKJIM M B KOTOPBIX CAMH KUBYT.
[Tpu pa3MuHBIX B3aMMOAEHCTBHSIX OHU BedyT ceOsi BEChMa IUIACTHYHO, 00beIMHSISICh C JPYTUMHU
BUXPOHAMHU T10 BEPTUKAIN ¥ TOPU3OHTAIH, IMTyTEM 3aXBAaTHBIX U (POKYCUPYIOIIUX BHEIITHUX MarHUT-
HBIX T0JIel ¢ 0Opa30BaHUEM KOHLIEHTPUYECKHU BJIOXEHHBIX JPYT B JIpyra 3aMKHYTHIX BOJHOBOJIOB,
00pa30BaHHBIX Pa3HBIMU IO SHEPIUM PE30HAHCHBIMU BUXpOHaMu. OHU JIETKO U3MEHSIOT (hopMy BOJI-
HOBOJIOB U3 3aMKHYTBHIX B CBOOO/JHbI€ B OTCYTCTBHE BHEIIHMX 3alMpaIOIMX TOJeH, Hampumep,
AHHUTWIAIUU MUKpodacTull. Y mpu 3TOM Takke JIErKO MEHSIOT CBOM BHYTPEHHUE [TapaMeTphbl TAKKE,
KaK THII MOJISIPHOCTH, HAIpaBJIeHUe OCU BPAILICHHsI, TUTT TIOJISIPU3ALIIH U 9acTOTy Kosebanuid. Pop-
MUPYs BOITHOBOJ, (POTOHA MIPU CBOEM JIBUKEHUU-pa3psifie, CBOOOAHbII MarHUTHBI MOHOIIOJb BECh
CBOI 3apsil Ha ¥4 JUTMHBI BOJIHBI MTPEBpAIaeT B EKTPOINOTEHIIMAIIBI U TIPOTUBOIONOKHbBIA MarHUT-
HBII MOHONOJIb. B TO BpeMs, Kak 3aMKHYTBINI MarHUTHBII MOHOIMOJIb B CBOEM JBHKEHUU-3apsIe
B JIEMEHTAPHOM YacTUIle, ucye3asi Ha MTHOBEHME, MPEBPAIAETCs B IPAaBUTALIMOHHbBI BEKTOPHBIN
3apsia. Tak IpoOUCXOOUT 3aMeHa CBOOOJHOTO JBMKEHUsSI MATHUTHOTO MOHOIIONS HA 3aMKHYTOE JIBH-
KEeHUe C poxAeHreM Macchl. 11 HaoO0opoT, 3aMeHa KMHETUYECKOTO IBMKEHUSI MacCOBOW YaCTHUIIbI

175 B OTKpLITOfI JIMTEPATYPE U3BECTHBIE KAK TPAHCMYTalluA XUMHUYECKUX JIEMEHTOB.

176 TpancMmyTauuu sep XUMUYecKUX ieMeHToB, B. @. Banakupes, B. B. Kpbivckuii,(2003 r.), I'apeeB ®. A. (2005 r.).
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Ha CBOOOIHOE ABMkeHHE (POTOHOB CO CKOPOCTIO CBETA — IIOTOK BHICOKOIHEPTeTUYECKUX IEKTPOHOB
MIPY TOPMOKEHUU-TIOTJIOIIEHUN HETIOJBIKHON MUIIIEHBIO U3 TSKENBIX JIEMEHTOB FeHepUPYET MOTOK
PEHTIEHOBCKHUX JTy4eH.

Takum oOpa3oM, cBOOOIHBIE OUIOISIPHBIE BUXPOHBI 00Pa3yIOT CTaOUIIbHBIE (DOTOHBI JEK-
TPOMAarHUTHBIX KBAaHTOB CO CIMHOM PaBHBIM eAMHUIE. BUxpoHbl (hOTOHOB ¢ Hepruen Bbie 1022
K3B criocoOHbI 3aXBaTHIBATHCSA M10JIEM aTOMHOTO $SI/Ipa U A€JHUTCS Ha /1B MOJISPHBIX 3aMKHYTHIX
Y TIPOTHBOIIOJIOXKHBIX BUXPOHA, KOTOPBIE POXKIAIOT CTAOMIIbHBIE JIEKTPOH U IO3UTPOH CO CITHOM V2.
Bornee BricokOuacTOTHBIE (POTOHBI B MOJIE SAApPaA CO3/1AI0T 3aMKHYTbI€ OIHOIOISPHBIE BUXPOHBI, HO
NPOU3BOJISIIIME yXkKe HECTAOWIIbHBIE MIOOHBI CO CIIMHOM Y2. [Ipy aHHUTHJISIIMM TTPOTHBOIOIOKHBIX
YacTHUIl, B YaCTHOCTH, TIPOTOHOB Y aHTUIIPOTOHOB! 77, MOSIBIISIIOTCS] KOPOTKOKUBYIIME HEUTPAIbHBIE U
3apsiKeHHbIE ME30HBI C LEJIOUMCICHHBIM CITIMHOM, OOOJIOYKH KOTOPBIX COCTaBJICHHBI M3 MPOTHBOIO-
JIOKHBIX 3aPSKEHHBIX YaCTHI] CO CIIMHOM Y2. HeCKOJbKO pa3HBIX 10 4acTOTe pe30HAHCHO-3aMKHY-
TBIX OUIMOJISIPHBIX SIIEPHBIX OOONOYEK MPU OINPEAETEHHBIX YCIOBUSX MPOSIBISIOT CIOCOOHOCTh K
KOHIIEHTPUYECKOMY CJIMSIHMIO C 0Opa30BaHMEM BJIOKEHHBIX B JPYT JApyra OUMOSPHBIX 000J0YEK
HEWTPOHOB M aHTUHEUTPOHOB, MPOTOHOB M AHTUITPOTOHOB M IPYTHX SIAEP MU3BECTHBIX XUMHUYECKUX
aneMeHTOB. PazHOOOpa3ne BUXPOHOB TaKoe ke, KAaKOBO pa3sHooOpasue (hopM aTOMHO-MOJIEKYIISIp-
HOT'O BEILIECTBA.

BuxpoHbl MOTyT pOXIaThCsl HE TOJIBKO B NMEPEMEHHOM 3JIEKTPUUYECKOM I0JIE CTALMOHAPHBIX
3apsiIoB, KOTAa OAMH M3 3apsOB HAUMHACT JBMKEHHE Ha COMMKEHHE. DTOT MPOLecC BO3MOKEH U B
[IEPEMEHHOM MarHUTHOM I10JI€ B MOMEHT pa3psiIKU Yepe3 MOCPEICTBO NEPBUYHO-POKIEHHOTO JIEK-
TpomoHonons. Kpome Toro, eciim UMeIoTcs YCJI0BUS AJUTENBHOTO BpalleHus1 HENTPaIbHOTO WU
MarHUTO3apsKEHHOTO Kiactepa (ra3oBOro, JKUAKOIrO, TBEPAOro WM (pa3bl arperaTHOro0 COCTOSIHUS
Matepuu B popme YUCT) mMaTepuu BOKPYT COOCTBEHHOM U CTAITMOHAPHON OCH, aTOMHO-MOJIEKYJISIP-
HOE BEIIeCTBO B TAKOM KJIacTepe, Kak W MPU MPOU3BOACTBE MArHUTOB, CIOCOOHO MOJISIPU30BATHCS C
o0pa3oBaHKeM COOCTBEHHBIX BEKTOPHBIX MOHOIMOJEN BCEX TPEX BUJIOB — EKTPUUECKOrO, MarHUT-
HOT'O ¥ T'PaBUTAITMOHHOTO. O/IHAKO 9TU MOHOTIONH OYIYyT KECTKO CBSI3aHBI C ICTOUHUKOM, ¥ TIOSTOMY
Ha3BaHbl CBA3AHHBIMH C MacCON MAKPOBHXPOHAMM. DTOT Mpoliecc OOHApYKEeH MpH BpallieHU!
KJIACTEPOB TBEPABIX TeJl, MAaTHUTHBIX TeJl, a TaKKe IPU BpalleHUM siJep MyinbcapoB. B mocnen-
HeM ciydae sapa YCT poxaaioT cBsA3aHHbIe [IEpeMEHHbIE THIIePBUXPOHBI, KOTOPbIE aHAJIOTUYHO
3aMKHYTHIM BUXpOHaM!’8, criocOOHBI pOXAaTh (MHBEPCHSI MArHUTHBIX TOJIIOCOB 3BE3/] U AKTUBHBIX
IUIaHET) IepeMEHHbIE TPOTUBOIMOJIOKHBIE MATHUTHBIE MOHOIIONU, Ha NMEPEXOJHBIX YYacTKax JUIONN
Y KBa/IPYIOJIH, a TAK:KE JIOTIOJTHUTENIbHbIE BEKTOPHBIE I'PABUTALIMOHHBIE U JIEKTPUYECKHE MOHOIIONH.

WTtak, 3MeKTpOMarHUTHBIE BUXPOHBI — 3T0 MHUKPOBHXPOHbI, MAKPOBHXPOHBI U TUIep-
BUXPOHBI, B CBOOOJHOM, 3aMKHYTOH WJIM CBS3aHHOU (hopMe, SHEPreTUIeCKH JIETKIe aTOMHbIE WU
«TSIKEIBIE», OTATOLLEHHBIE TUIOTHOCTBIO 3EPEH-TTOTEHLIMAIOB UX BOJTHOBOJIOB, CO CTMHOM IOJTHOM WJTU
YaCTUYHO-KBAHTOBOM 3aBEPIIEHHOCTHIO BOJIHOBBIX MPOIECCOB. MarHuTHbIE 3apsiabl B CBOOOJHBIX
BUXPOHAX MPEBPAILAIOTCS MPU pa3psiIKe B IPOTUBOIIOIOKHBIE YEPE3 MOCPEICTBO IPOTUBOJECHUCTBY-
IOIIMX UM NIEKTPUUECKUX MoHoronel. Tlocnennue crocoOHbI, B3aMMOJENHCTBYS C BHEITHUM 3JIeK-
TPUYECKUM IOJIEM, 3aTOPMO3UTH U OCTAHOBUTh MarHUTHBIN C KBAHTOBBIM IIEPEXO/IOM €r0 B IpaBUTA-
IIMOHHBIT MOHOTIONb, 0OPa30BaB TEM CaMbIM Tapy 3aMKHYTBIX U MIPOTUBOIONIOKHBIX BUXPOHOB TOM
WIA UHOM KOPIYCKY/ISIPHOM MUKPOYACTHILIBI C TIOJNYLIEIBIM CIIMHOM. B aTOMHBIX MHKPOBHXpOHAX
3TOT IPOLIECC OTpakaeT (PU3NYECKUIA CMBICI TOCTOSIHHOW [1anka. MarHuTHbIe 3apsijibl B HUX MOTYT
MMETb LIMPOKUH AUANA30H OT IEMEHTAPHOI0 10 MaKCUMAJIbHBIX [JITAHKOBCKUX 3HAYE€HUI1 BEJIMYMHBI
sHeprum. «Tsxénpie» Buxponsl or CBY no MK-ananasoHa npu B3aMMOJECTBUY C BELIECTBOM CIIO-

177 o
HpI/I TAKOU aHHUTWIALIAU TaKKE UACT IMOCIEA0BATE/IbHAS PACIIAKOBKA BHEIITHUX 000I0ueK MPOTOHOB.

178 Omune CBSI3aHHBIX C Maccou BHUXPOHOB OT 3aMKHYTBIX MHUKPOBUXPOHOB 3aKJIIOYA€TCA B TOM, YTO OHHU CIIOCOOHBI TaKIKe
TNOopoOXAaTh ellE U MOIIIHOE TNEPEMEHHOE IIEKTPUYECKOE T10JIE.
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COOHBI CO3/1aBaTh CBSAA3aHHO-3aMKHYTble MUKPOBUXPOHHI!”’ — B X (pa30BbIX 00EMAX HAXOOUTCS
O0JIbIIOE KOIMYECTBO aTOMHO-MOJIEKYJISIPHOTO BelllecTBa. BUXPOHBI MOTYT B3aMMOJIEHCTBOBATH C
BHEIITHUMHU JIEKTPUIECKUMH U TPABUTAIIMOHHBIMH MOJISIMH, a TAKKE C IJIa3MOW aTOMHO-MOJIEKYJISIp-
HOT'O BEIECTBa BO BCEX €€ arperaTHbIX COCTOSIHUSIX, BUIOM3MEHSISICh, HarpeBast M U3MEHsIsl aTOMHBII
U SIJIEPHBIN COCTaB OKPY’KAIOIIETO BEIIECTRa.

2.2.2 TemyioBble 1 3ByKOBble MUKPOBHUXPOHbI

Bzaumoneiictue IMB ¢ BemecTBoMm. SIBnenue teruosoro apdekra'®’ mpu BosneiicTBum
unppakpacHoro (MK) n3nydenuns Ha BemecTBo ObLIO BIIEpBble OOHAPYKEHO YMIIbsMOM [ epiienem.
910 3¢ DeKT NpsAMOro MpeoOdpa3OBaHUs IHEPIUH IEKTPOMATHUTHBIX MUKPOBUXPOHOB B MEXaHH-
YyecKoe KoseOaTeTbHO-BpalaTeIbHoe JBIKeHHUE '8! MONeKyI Wil aTOMOB BEIIeCTBa, T. €. MeXaHH-
yeckoe '$? [BikeHne MUKpPOYACTHII, 0OIAIAI0NINX MACCOM, U, KaK CJIEJICTBUE, POX/ICHUE THIIEP3BYKa

¢ wacrotamu ot 10° 1o 10"3 I'u, 1. e. notok POHOHOB U POTOHOB. Takoe MEXaHUYECKOe JBUKe-
HUE B BEIIECTBE XapaKTepu3yeT ero TemMreparypy 1 B3auMoJencTBre (POHOHOB C €ro JIeKTPOHAMU
npoBonuMocTi. O6patHbIid 3(PPEeKT U3MEHEHHsI COCTOSIHUSI — HarpeBaHUe KJIACTEPOB BellecTBa '3,
MOJICKyJII)I KOTOprX HaAYMHAIOT ABUT'aTbCsA 60}166 WUHTEHCUBHO, YEM HpI/I HOpMaJIbeIX yCJIOBI/IHX, HpI/I-

BOJIUT K U3JTYYEHHUIO SJIEKTPOMArHUTHHIX (DOTOHOB B 3TOM ke MK-nnanazone 3 x 10 H_3x10" I',
T. €. C JJIMHOM BOJIHBI OT OJHOTO MWLUIMMETPA JI0 OJIHOTO MUKPOHA, OXBaThIBasl MPU ITOM, OT 10’

i (o) 10* aToMHBIX CIOEB B KUJIKOCTH WM TBEPAOM Tesie. Bo3MoskeH u Tpetuii 3(pdekT — oxaxie-
HUE BEILECTBa MPU MPOU3BOACTBE JEKTPUUECKOrO TOKa B ycrporcTBe CBuTa Proriga, HO TOKA €O
CTPaHHBIM U ITPOTUBOMOJIOKHBIM CBOMCTBOM ITPU KOPOTKOM 3aMBIKaHUH HE TJIABUTh MECTO KOHTAKTA,
a TIpeBpalarh ero B uHed. AHasornyHbid 3ddekt Habmonaercs u B apdekte [lenprhe, B KOTO-
POM IIpH TIepexo/ie KOHTAKTa EKTPOHBI TPOBOIUMOCTH MePeqaroT U30BITOYHYIO SHEPrUio Koseba-
TeJIbHO-BpAIlAaTe/IbHBIM IBUKEHUSIM aTOMOB B KPUCTAJUTMUYECKOH pelIETKe MPOBOIHUKA, HarpeBast
€ro WM OXJIaKAasi, MOIJIONIasi 3TY SHEPrHIo.

MexaHu3m Bo3/eiicTBHSI HCTOUYHUKOB, MPUBOASAIIMX BO BpallleHUE aTOMbI U MOJIEKYJIbI B
BemiectBe B CAII HemsBecteH. VI3 aHayiM3a pe30HAHCHBIX TEIUIOBBIX, JEKTPUUECKUX U SOCPHBIX
3(pPeKToB, BO3HUKAOIIUX MPU MPOXOKACHUM JIETKUX U «TSIKENBIX» MUKpoBUXpoHOB MK-n3myye-
HUs Yepe3 BEIlIeCTBO CIeAyeT, YTO (PU3MUYECKUM MeXaHU3MOM (POTOH-(hOHOHOrO MpeoOpa3oBaHUs
SIBJISIETCS] YACTOTHBIN PE30HAHC JIEKTPOMOHOIONE MUKPOBUXPOHOB M €rO BOJTHOBOAOB C 3JIEK-
TPUYECKUMH TIOJISIMU aTOMOB Ml MOJIEKYJI TIPY MTPOXOK/ICHUM MarHUTHBIX 3apsiioB B (pa3oBOM 00b-
€Me BUXPOHOB BOJIM3H Y3JIOB BOJIH, a TAaK)K€ MarHUTHON PAaCKPYTKH KJIACTEPOB aTOMOB MarHUTHHIMU
3apsilaMy, HaXOASIIMMUCS B ha3e yxke ONMKe K IMyYHOCTH BOJHBL. MarHuTHbIC 3apsabl ux (azo-
BbIX 00OBEMOB, B3aUMOJICHICTBYS IPU CAMOBPAIIIATEIbHOM JIBUKEHUU C MATHUTHBIME 3apsijaMu (Mar-
HOHAMM) KJIACTEpa YACTHII, COCTABJSIONIMX U3 aTOMOB U MOJIEKYJl chepruecKue CJIOM 3TOro Kia-

cTepa, MPUBOSAT BO BpaliaTeJbHOe JBHKEHHEe HE TOJIBKO 3TH CJIOU C KOJTUYECTBOM OT 10% 10 107
Korpa MarHuTHBIE MOHOMOMM Ha3BaHHBIX MUKPOBUXPOHOB MTPOXOAAT Y3JIbl BOJHOBOJOB, I 3apsijl
MAaKCHMAJIEH, a pa3Mep MOXET ObITh TOPa3/i0 MEHBIIE JAaXe pa3Mepa aTOMHBIX SIEp, UX EKTPOMO-
HOTIOJIM YK€ CIIOCOOHBI PACKPYUMBAaTh M OTAEIbHbIE aTOMbl, HOHM3UPOBATh UX M UX aTOMHBIE SI/1pa,
YBEJINUMBAsS B 11€JIOM BHYTPEHHIOIO SHEPTrHIO, JIMHEIHbIE M 00BbEMHBIE pa3Mephl KJIacTepa BellecTBa.

179 1o Tuny 3apsanoBbix kiacrepos K. Hloynaepca.

180 yenuuenue i yMeHbieHne, T. €. M3MEHEHHe TeMIIepaTy bl KJIACTepa BEILECTBa.

Bl 3101 MPOLIECC aKKyMYJIMPYET U ONpe/esisieT OfiHy U3 YacTeil BHyTPEHHel SHEepruM BelllecTBa B (popMe BpalareibHO-Koteba-
TEJIbHOW SHEPTrHU aTOMOB U MoJieKyJl. EIIE umeeTcsi BHyTpeHHsIsl SHeprus, 3anacéHHast B 000JI0UKax aTOMOB M HX siiep.

182 Mexanmueckoe BIKCHHE — 5TO KUHETHUECKOE 1 LICHTPOOEKHOE ABUKEHUE KIIACTEPA MACC.

183 Okono 50 % comseunoit sHeprum usnyvaercs B IK-nuanasone. [licTaHIIMOHHOE yITpaB/ieHUEe TENEBU30POM IPOU3BOASAT IyJlb-
Tamu, uznyydaommmu MK-usinydenue.
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Bronb co3maHHbIX MMH BOJIHOBOAOB BO3HUKAIOT BUXPEBBIE JIEKTPUUYECKUE TOKH M U3MEHSIETCS €ro
MIePBUYHBIA XMMUYECKUH cOCTaB. [IpyrumMu ciioBamu, yBeJIMUYeHHUEe BHYTPEHHEW SHEPriH BElecTBa
Y M3MEHEHHE ero MEepPBUYHOIO XMMUYECKOrO COCTaBa MPOUCXOIUT 3a CUYET NMPUBHECEHUS] SHEPTUU
NIEKTPOMArHUTHBIMU MHKPOBUXPOHAMHU MYTEM BpalaTebHO-CTPYHHOHNMILIO3NN % nx mar-
HHUTHBIX 3aps1/10B U YCTAaHOBKY MU COOTBETCTBYIOIIMX BOJTHOBOJOB. B mpoliecce MexaHu4veckoii
PACKPYTKH MHKPOYACTHI] C MACCOM HAUMHAIOT 3aPsIKaThCsl TPAaBUTAIIMOHHBIE MOHOTIONH, KOTOpbIE
MIpY pa3psiiKe MOPOXKAAIOT 3BYKOBbIE (POHOHBI M pOTOHBI TUIep3BYKa. Eciiu rpaBUTaliMOHHBIE MOHO-
TIOJIM IOCTATOYHO «TSIKENbl», TO B MPOIECCE UX Pa3psaKu 00pa3yloTcs OYeHb «IUIOTHbIE» IPaBHUTa-
[IMOHHBIE TIOTEHIIMAJIBI, YK€ CITIOCOOHBIE CO37]aBaTh BUXPEBbIE TOKU U3 JIEKTPOHOB MIPOBOJMUMOCTH.
Takum 06pa3oM runep3ByK CriocOOEH pOXIaTh AMEKTPUIECKUI TOK, HO IIPOU3BOAUMBII HE IEKTPO-
MOTEHIIMAJIAMH, a TPABIIOTEHIIMAIAMH, YTO 1 HaOmonaercs B ycrpoiictee C. Proiiaa.

[Tpumep oOpaTHOro (poHOH-(POTOHHOTO B3AMMOAEHCTBHS THIEP3BYKA CO CBETOM 3aKJIIOYa-
ercsl B UBMEHEHUHM ToKazaress rnpejaomieHuss DMB non neiicTBreM pe30HaHCHOM BOJIHBI — AUppak-
111 CBETa Ha yJIbTPa3BYyKe.

Takum 00pa3oM CyIECTBYET MPsIMbIE KBAHTOBBIE TIEPEXOJIbl PE3OHAHCHBIX B3aMMOJCUCTBUI
MEX/1y JEKTPOMArHUTHBIMU ¥ MEXaHUYECKUMH MHKPOBUXPOHAMHU — OMPEJeIMM TaKUe TIepexObl
KaK JBaAIaTh Ye€TBEPTOE CBOWCTBO IEKTPOMArHUTHBIX BUXPOHOB.

Wtak, u3MeHeHue BHYTPEHHEW SHEPIUY OHOT0 aTOMa MOPOXKIAET UJIH MOIIoaeT (POTOH, a
U3MeHeHNe BHYTPeHHE! SHePriy KOJIEKTHBA aTOMOB KJlacTepa BellecTBa MOPOXJaeT MITH TOTJIO-
IIaeT KBAHTHI 3ByKa. ECIIM 3TOT KOJJIEKTUB aTOMOB 1O Macce MPEeBOCXOOUT 3HAYEHUE TUIAHKOB-

ckou maccHl (2,2 X 107 I), TO IPAaBUTALIMOHHbIE B3AMMOJEVICTBUS U KBAHTOBBIE SIBJICHUSI HAUMHAIOT
MPEBAIMPOBATh HAJl JIEKTPOMArHUTHBIMU. K TaKUM M3MeHEeHHsIM MOXKET MTPUBOAUTD MOMJIOLIEHNE
sHepruu K-uznyueHus BelecTBOM, MEXaHUYEeCKUI yAap, MEKTPUUECKUI pa3psill, TOKATbHBIN Tep-
MUYECKHI HarpeB KjacTepa BeIlecTBa, JETOHAIMS U B3PbIB XMMUUYECKOTO WU SAEPHOTO 3apsia U
T. 1. Hanmpumep, TerioBoii HarpeB KJactepa KpUcTajula TBEPIOTro Tejla, YBEIMUMBAET CPe/IHEE MEXk-
aTOMHOE€ PACCTOSIHME B 9TOM KJIacTepe U MOPOKAAeT TaKKe SIBJICHUsI, KaK YBeJIWYeHUe ero oobeéma
Y TETUIONPOBOIHOCTh, KOTOPOE OCYIIECTBIISIETCS] TIOCPECTBOM (POHOHOB, CIIOCOOHBIX C ITOMOIIIBIO
BUXPEBBIX TOKOB aTOMOB, BO3HUKAIOIIIMX HA BOJIHOBOIAX M3 I'PABIOTEHIMAJIOB MOC/e pa3psiaa rpa-
BUTAIIIOHHOTO MOHOIIOJISI, IEPEHOCUTh SHEPTUI0 COCTOSTHUSI'®® HarpeBa OT OTHOTO KJIacTepa K JIpy-
romy. [Ipu 5TOM IIaBHYIO pOJIb UTPAET UIMHA CBOOOIHOTO IMpoodera Mmpu KojieOaHusx 3¢ atoma BOMM3M
TMOJIOXKEHUSI PABHOBECHS1. JTO SIBJIEHUE U €CTh CAMOE JIEMEHTaPHOE U CAMOE BBICOKOUACTOTHOE IPO-
sIBJIEHUE 3BYKa, T. €. TUIIEP3BYKa, TaK KaK ero BepXHsisi TPaHUIIA UIUHBI BOJTHBI MOKET ObITh TOJBKO

OoJIbIlIe YIBOGHHOTO MEKAaTOMHOI'O PACCTOSTHUSI M COOTBETCTBYET YacTOTE 10" Iy [Ipu sTOM Cre-
AyeT OTMETUTb, YTO aMILUIMTYJa KoJieOaHWI aTOMOB CYIECTBEHHO MEHbBIIE UX MEKaTOMHOTO pac-
crostHust. OO61acTh 3BYKOBBIX YaCTOT CHU3Y HEOIpaHUUYEHHA — B MPUPOJE BCTpevatoTcs udpa3ByKo-
BbIC KOJIe6aHI/IH C YaCTOTOM B COTHIE U THICSIUHBIE AO0JIU repu. YacTOTHBIA AraIia3oH r’mrep3ByKOBBIX
BOJIH UMEET OTPaHUYEHM 1, BbI3BAHHOE aTOMHBIM U MOJIEKYJISIPHBIM CTPOEHHEM cpejibl. B razax anuHa
BOJIHBI MOET OBITh TOJILKO OOJIBIIE ATTMHBI CBOOOJHOTO Mpodera Monekys. [loatomy BepxHsisi rpa-

HULIA TUIIEP3BYKA B rase 10° I
OCHOBHOE CBOWCTBO 3BYKa, PaclpOCTPAHSIOIIErocsl B KaKOW-MOO cpejie BelecTBa — 3TO
niepeHoc sHepruu '’ 3ByKOBOY BOJTHBI TIOCPEJICTBOM MEXaHHY€CKOT0 COCTOSIHUSI aTOMOB. 3aMeTuM,

184 . . .

84 Takoit ke MexaHU3M BO3JICWCTBHSA Ha IJIa3My TBEPIOrO Tejla HAOMOAAeTCs] IPH MOHU3AIMK aTOMHBIX 3JICKTPOHOB M YaCTHI]
C BHEIITHUX SIICPHBIX 000JIOUEK, MPUBOASIIMI K BUXPEBBIM TOKaM B MPOBOJHKUKAX U U3MEHEHHIO TIEPBUYHOTO XMMHUYECKOTO COCTaBa
pemectea (LENR).

185 Ouens BakHO — TMIEPEHOC COCTOSIHUS KOPITYCKYJ/ISIPHOTO BEILIECTBA C MOMOIIbI0 MEXaHNUECKUX BOJIH M3 OJHOTO PErHoHa B JIpY-
roi. DTOT nporecc HeOOXOAMMO YUUTHIBATH MPH MCCIISOBAHNM «BIP» HA MOBEPXHOCTU 3eMITH, OOYCIOBJICHHbBIX TIEPEHOCOM COCTOSI-
HHSI MaTepUU B MAaHTHU K IOBEPXHOCTU KOPBI ITyTEM MOIIHBIX MEXaHUUYECKUX BUXPOHOB, POKIAEMBIX B3PBIBOM.

186 Numeiirbix mm BpaIaTeIbHbIX.

187 3nech nmeercs BBUJy pa3inyHble (pOpMBI SHEPrUH, OOYCIIOBJIEHHbIE COCTOSTHUEM BEIECTBEHHON MaTepryl HCTOYHHKA, B TOM
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yro B DMB nepeHoc sHEpruyM MpOUCXOAUT 3a CYET CaMOJABHKEHHMSI NEPEMEHHOTO MArHUTHOIO
3apsjia, He UMEIOLIEro Macchl.

Kak npouncxoauT 3TOT nepeHoc WK Kak NPOUCXOJUT CaMOABHKeHue 3ByKa?

371ech yke YyMECTHO 3aMETUTh, YTO WCTOYHMKA CaAMOJBMKEHUS, TIOPOXKAAIOLIETO CTPYKTYPBI
MeXaHMUECKOro «(hOTOHa»-KBaHTa'%® 3ByKOBBIX BOJTH, KaK U MexaHuU3Ma ero camozprikeHust B CATI,
aBTOPOM B OTKPBITOM JIUTEpaType JAaHHBIX He OOHAPYKEHO, KaK 3TO MOJIOKEHUE CYIIECTBYET U CO
CTPYKTYPOH 3JIEKTPOMarHuTHOro hoToHa. [Ipyrumu cioBamu, Ha MUKPOCKOIIMYECKOM YPOBHE (pr3HU-
YECKUI1 MEXaHU3M PaclpOCTPaHEHU s 3ByKa HEU3BECTEH. 3aKOHbI paclpOCTPaHEHUE 3BYKOBBIX BOJIH
OIpeJeJIeHbl JIUIIb HA OCHOBE SKCIIEPUMEHTANIBHBIX JIAHHBIX U HOCST, UCKJIIOUUTEIBHO MaTeMaTuye-
CKU (peHOMEHOIOTMYECKUI XapaKTep.

HcTouHnkamMu KBaHTOB 3BYKa MOTYT ObITh, KaK U IPU pOKAEHUH (POTOHOB, OBICTpOE H3Me-
HEHHe SHEPreTUYeCKOro COCTOSIHUS aTOMOB, B JAHHOM CJIy4ae, MeXaHHM4eCKOI0 COCTOSIHUS KOJI-
JIEKTUBA aTOMOB, OOpasyIoOIIMX CBSI3aHHYI0 CHCTeMY Macc. MexaHu3M pacrpOoCTpaHeHHs 3ByKa
— 3apsiKa MOTOKa rPaBUTAlMOHHBIX MoHonoseil. M3 ananmsa BospeiictBus MK-uznyuenus Ha
aTOMbl, UCCJIEJOBAaHUI MeXaHu3Ma 3JeKTporujpasinyeckoro paspsaa JI. A. IOtkuna, Mexanuye-
CKOI'0 yJapa 1o TBEPAOMY Tely, IETOHALMK U MOCIIEAYIOIIEro B3pbIBa, CIEAYET, UTO BCEI/la BBIHY K-
JEHHOE U3MEHEHNE COCTOSIHUS MOCTYNATeIbHO-BpAILlaTeIbHOTO ABUKEHUS KJIacTepa BEIlecTBa Aake
Ha Tpejiesie JUTMHBI CBOOOIHOTO Mpodera aTOMOB IpU KosieOaTeIbHO-BpaIaTeIbHOM ABUKEHUN X
OKOJIO TIOJIOKEHUsI PABHOBECHUS B BEILIECTBE MHIYKTUPYET MaKeT IPABUTAIMOHHBIX MOHOIIOJIEH .
ITO aHAJIOT UHAYKIMU MarHUTHOT'O MOHOTIONSI B U3MEHSIIOILEMCS JJIEKTPUYECKOM TI0JIE, T. €. B MeXa-
HUYECKU BO3MYIIEHHOM NPOCTPAHCTBE MOKOSIENCS aTOMHO-MOJIEKYJISIPHON cpefbl. Takoe rpo-
CTPaHCTBO-Cpelia JAO0JKHO COCTOSATh U3 MOABMKHBIX MUKPOYACTHI] C MACCOM — aTOMBI, MOJIEKYIBI,
VIOHBI, NIEKTPOHBI U T. 1. Hanpumep, npu MexaHMYecKoM yjape Mo Kjactepy TBEPAOIrO Tena, T. €.
B CBSI3aHHOM CHCTEME MACC, B €70 POCTPAHCTBE IPUXOIAT B IBUKEHHE aTOMBbI, COXPaHsisi CBOE UHEPT-
HOE COCTOSTHHE TIOKOS1. DTO JBUKEHHE CJIOKHOE U COCTOMT M3 MEXaHMUECKHX KoJieOaTeIbHO-Bpallia-
TEJIbHBIX ABUKEHUI aTOMOB OKOJIO MOJIOKEHH I PABHOBECHS U X BBIHYK/IEHO-BO3MYILEHHOTO ITyTEM
yZapa MoCTyNaTeJIbHOTO ABUKEHUS U3 COCTOSIHUSI MHEPTHOTO MoKosl. Takoe cuH(pazHoe ABHKeHHe
KOJUIEKTMBA aTOMOB IPUBOIUT K 3apsKe MOTOKa MUKpocdep U3 MOTEHLUMAIOB I'PABUTALIMOHHBIX
MOHOIIOJIEW, T. €. HOCHTeJIel KBAaHTOB MHAYKTUPOBAHHOM SHEPTUU — KJIACTEPOB BUXPEBbIX IMOJIEH.
CnuBasich B OIUH, OHM YKe 00pa3yloT CyMMapHbIi IPaBUTAIIMOHHBIN 3apsiji co CTpyKTypo# (¢pwur.2.1)
MOI00HOM CTPYKTYpe MarHUTHOrO MOHOMoJIs1. [lanee cienyer pa3psijika STOro MOHOMOJIS B TPOCTPaH-
CTBE KJlacTepa ¢ MPOM3BOACTBOM BOJIHOBOJOB U3 T'PABIIOTEHIIMAIOB — C 3TOTO MOMEHTAa HAYMHAETCS
KU3Hb MEXaHM4YeCKOro MHUKpPOBUXpPOHa. [locne yero, BAoIb HUX CUH(A3HO BO3HUKAIOT BUXpE-
BbI€ TOKM aTOMOB, KOTOPbI€ KBAHTOBAHO MEPEHOCAT COOTBETCTBYIOILYIO SHEPTUIO MAaTEPUU B pa3iny-
HoU (popMe (JaBJjieHre, IIJIOTHOCTh, TEMIIEPATYPY U T. [I.) U OHU K€ PEreHepUPYIOT-3apsiKal0T HOBBIN
KOJUIGKTHMB MTPOTUBOIOJIOKHBIX TI0 3HAKy T'PaBMOHOIIONEH BIIEPE/IN Ha Y4 UIMHBI BOJHBI U HA HOBOM
Mecrte. [Ipy 3ToM CKOpOCTh paciipocTpaHeHus 3BYKa Y:Ke OIlpelesisieTcs POJOIbHOM COCTABIIAIONIEN
BHUHTOBOI'O IBUKEHHS aTOMOB BJI0JIb IOTEHIIMAJIOB BOJIHOBOJIA U COM3MEPHMA C MX TEIIOBOM CKOPO-
crbio. CuH(pa3HOoe OBUKEHUE aTOMOB IPUBOIUT K CO3JaHUIO (DPOHTA 3BYKOBOU BOJIHBL. DTO U €CThb
OTBET Ha BOIIPOC — 3a4eM HY)XKHa cpeja sl pacpoCTpaHeHus 3ByKa U 4eM 00YCIIOBJIEHAa CKOPOCTb
3ByKa B Hell? [Ipu pacnipocTpaHeHuu 3ByKa B cpejle MHIyKTUPOBAaHHbIE T'PABMOHOIIONN MEHSIOTCS IO
3HaKy MOCJEAYIOIIMMY BUXPEBBIMU TOKAMHM MUK POYACTHUL] BAOJIb IOTEHMAJIOB BOJIHOBOJIOB — 3TUM
oOecrieunBaeTcs MOJIHOE KBAHTOBOE MpeoOpa3oBaHue MHIYKTHPOBAHHOW B IPaBMOHOIIONE SHEPrUU
IIPU COXPAHEHUU CPEIHEN.

Tepmuyeckue KoneOGaHUsS aTOMOB KPUCTAJlIa BBI3BIBAIOT PACHpPOCTpAaHEHHE B BEIECTBE
CHCTEMBI 3BYKOBBIX BOJIH, KBAHTaMU KOTOPBIX SABJIAIOTCS (DOHOHBL. POHOHBI U UX B3aMMOAEUCTBUS C

YHCJIE MEXaHUYECKOE U MArHUTHOE JaBJIEHUE, IIJIOTHOCTDL, TEMIIEpATypa, CIIMH U T. 1.

188 SHer:HTaprIe TNPOABJIEHN A MEXAaHUYECKHUX KBAHTOB — 3TO q)OHOHl)I " POTOHBI.
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NIEKTPOHAMU UTPAIOT (DYHAAMEHTAJIBHYIO POJIb B COBPEMEHHBIX MPECTABICHHSIX 110 (PU3KKE CBEpX-
MIPOBOIHUKOB, MPOIIECCAaX TEMUIONPOBOIHOCTH, MPOIIECCAaX pacCesTHUS B TBEPIBIX TelaX. 3aKOHBI pac-
MPOCTpaHEHMs! BOJH — IU(paKiys, UHTep(epeHIrs, OTpakeHHe, TPEIOMICHUE OJJMHAKOBBI U IS
NIEKTPOMArHUTHBIX BOJIH M /17151 3BYKa. OIHAKO €CTh OTIMYMS B IOTEHIIMAIaX Ha BOJTHOBOJAX U CKO-
POCTSIX PacpOCTpaHEHHUsI 3ByKa U CBETa. DJIEKTPOMArHUTHBIE BUXPOHBI YCTAHABIMBAIOT JIEKTPHUe-
CKHE MOTEHIMANbl, KOTOPbIE BHI3BIBAIOT BUXPEBbIE JIEKTPUUYECKUE TOKH B MIPOBOJAHMKAX, & MEXaHH-
YeCKHUe — I'PaBUTAIIIOHHBIE MOTEHINAbI, KOTOPBIE BHI3BIBAIOT BUX PEBbIE TOKA MUK POYACTHIL C MACCOM
1 (OpMUPYIOT TeM caMbIM (DPOHTHI JaBJIEHUS M CKOPOCTH UX JBIMKEHHS, a TaKXke, B HEKOTOPBIX
CITy4Jasix, — BUXPEBble TOKM MOHOB U 7IeKTPOHOB. [103TOMY TpH pacnpocTpaHeH!H 3BYKOBOU BOJTHBI
MIPOMCXOIUT CIIE/lyIOIIIEe:

— Ha pacCTOSIHUM B TIOJIBOJTHBI aMIUIMTYIHOE 3HAYEHUE JAaBJIEHUS U3 MOJIOKUTEIHBHOTO CTaHO-
BUTCSI OTPULIATENIBHBIM, T. €. Pa3HHIIA JAABICHUN B JBYX TOUKaX, OTCTOSIIMX JPYT OT Apyra Ha moj-
BOJIHBI ITyTH PACIIPOCTPAHEHUsI BOJIHBI, IPEBBIIIAET B JIBA pas3a.

— JIaBJIeHUE, OKa3bIBAEMOE Ha YaCTHIIBI CPE/Ibl TIPH PACIIPOCTPAHEHUH BOJTHBI, SIBJISIETCS Pe3yJlb-
TATOM JICVCTBHUSI BUXPEBBIX TOKOB BJIOJIb MIOTEHIIMAJIOB BOJIHOBOJIA.

— YaCTHUIIBI CPeJIbl, YIaCTBYIOIIHE B BUXPEBBIX TOKAX MPH MEpeiaue SHEPrry BOJIHBI M JIEKTPU-
YEeCKOro 3apsia, KoJeOII0TCs OKOJIO TIOJIOKEHHUsI CBOETO PAaBHOBECHSI.

Ha ocHoBaHuM 3T0r0 MOXHO C/ejaTh 3aKJII0UEHHE O TOM, YTO MPU MEPEHOCEe SHEPTUU 3BYKa
MIPOMCXOIUT MOJHOE KBAHTOBOE MIPe0Opa30BaHKe SHEPTUU BUXPEBOM MaTEpPU MUKPOYACTHI] C Mac-
COH B 3TUX BOJHOBBIX MPOIECCaX, T. €. JaHHbIA MEXaHMYECKUN MUKPOBUXPOH SIBIISETCS CBOOOM-
HbBIM.

B3anmojeiicTBHe cBeTa €O 3BYKOM (M HA0OOPOT) MCIOJIBb3YETCs B COBPEMEHHOW ONTHKE,
OINTO3JIEKTPOHUKE, JIA3EPHON TEXHUKE JJIs1 YIPaBJICHHUsI KOTEPEHTHBIM CBETOBBIM M3JTy4eHHEM. AKY-
CTOOITUYECKHUE YCTPOUCTBA TO3BOJISIOT YIPABJSATh aMIUIUTYJOM, YaCTOTOU, MOJISIpU3AlIMe, CIieK-
TPaJIbHBIM COCTAaBOM CBETOBOTO CHUTHAJIA M HAIIPABJIEHHEM pPACIpOCTPaHEHUsI CBETOBOTO Jyva. U3
MIPUKJIAJJHBIX ACMIEKTOB aKyCTOONTHUYECKHUX (P(PEKTOB MPAKTUIECKOE MPUMEHEHHE UMEIOT CHCTEMBI
00paboTKM MH(pOPMAIIHH, T/Ie aKyCTOONTHUYECKUE YCTPOUCTBA MCTIONB3YIOTCs st 00padoTku CBY-
CUTHAQJIOB B PEAIbHOM MaciiTade BpeMEHH.

®OHOHBI ¥ POTOHBI — IEMEHTAPHBIE BRICOKOYACTOTHBIE TPOSIBJICHU St MEXaHUYECKUX BUXPOHOB.
®dusnvecKuil CMBICT MOSIBIIEHHUST POTOHOB COOTBETCTBYET TOSIBJIEHUIO BUXPEBOTO JBHKEHHUS] MUKPO-
KJIacTepa B CBEPXIPOBOMSIIEH KUIKOCTUA. DHEPreTHUECKHUA CTIEKTP SJIEMEHTapHBIX BO30YKICHUH B
KUAKOM TeJIUH MMEeT JJMHEeHHYI0 3aBICUMOCTh B HAYaJIbHOW YacTh. JIOKaIbHbIA MUHUMYM SHEPruu
COOTBETCTBYeT TeMriepaType okoiio 8,6 K. DineMeHTapHbIe BO30YKICHUS JHUHEHHOM YacTH CIIeKTpa
COOTBETCTBYIOT POK/ICHUIO (POHOHOB, a BO3OY:KI€HUSI B 00J1aCTH, OM3KOM K MUHUMYMY — POKICHUIO
poToHOB. OHU TECHO CBSI3aHBI C NEKTPOMArHUTHHIMU (DOTOHAMH U NEKTPOHAMHU cpebl. POHOHBI
B3aMMOJICHCTBYIOT HE TOJIbKO APYT C APYTOM, HO U C APYTUMH KBa3UYACTUIIAMU, KaK C JIEKTPOHAMHU
MIPOBOIMMOCTH B MeTaJlIaX M MOJYMPOBOAHUKAX, TAK U C MArHOHAMU B MarHUTO-YMOPSJOYEHHBIX
cpenax. Mcnyckanue u norsomieHue (hOHOHOB JIEKTPOHAMH — OCHOBHOM MEXaHU3M JIEKTPUYECKOTO
COMPOTHBJICHUSI METAJUIOB U TOTYIPOBOJJHUKOB.
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2.3 DJIeKTPOH — NO3UTPOH

Cxaoicu MHe, umo maxoe 31eKmpoH,
U 51 00BACHIO Mebe 6cé ocmabHoe.
B. Tomcon

DNEeKTPOH, KaKk 3aMKHYTOe€, a TO9TOMY MHEPTHOE U CTaOMIIbBHOE MUKPOIIPOCTPAHCTBO, 00J1a-
JaeT CTPYKTYpOW, BHYTPEHHUMU M BHEIIHUMU (PU3MUECKUMU CBOMCTBaMHU. Ero KOMITTOHOBCKast

1 o

nHa'%? BonHBI coctapiser BennunHy 2,4 x 10 O cem. JeOpoiineBckas'® niMHa BOJMHBI 3MEKTPOHA
B atome (T. e. pa3mep cheprudeckoii 001acTH, B KOTOPOH JIEKTPOH, OyAyUH CBSI3aH JIEKTPUUECKAM
HOJIEM sIIpa, yXkKe TepecTaéT CyIecTBOBATh CO CBOMCTBaMM CBOOOIHOTO JIEKTPOHA) B HOPMAITBHBIX

YCIOBHSX PeKOMOMHALIMOHHOIO TEIUIOBOTO paBHOBeCHsI cocTasisier Bemauay 107 — 108 cm, a B
YCJIOBUSIX BaKyyMa KOCMOCa B OOJIACTSAX C TeMITEpaTypoi OMM3KOM K aOCOMIOTHOMY HYITIO TTPUOSH-

- 4 ..

xaercs k 107 — 10 em. Takum 00pa3oM, BICOKOBO30YKIEHHBIE COCTOSIHHSI aTOMOB, UMEIOIINE Ha

MOBEPXHOCTH 3eMJIM OYeHb KOPOTKOE BpeMsl )KU3HH, B INTyOMHAX KOCMOCA MTPAKTUYECKHU CTAOMITbHBL.
V 3ekTpoHa camasi MUHMMAaJIbHO BO3MOXHasi Macca'®! uaeptHoro nokost (511 KsB), oqnako

3 peKTUBHBIN pazmMep (Ha30Boro 06bEMa BOTHOBOIOB COCTABIISAET BeMUMHY 1,2 X 10 cmu cylue-
CTBEHHO ITPEBOCXOJUT pa3Mepsl aTOMHOTO sijipa. Ero crabusipHOE 1Mo BO3pacTy KU3HU MUKPOIPO-
CTPaHCTBO MMEET IMOJyLE/blil CIIMH M OTPULIATEIbHBIA (IIO3UTPOH — IMOJIOKUTENbHBIN) 3apsan 1,6

x 10" K1, a takoke coGCTBEHHbI MATHUTHBII MOMEHT, paBHBII MarHeToHy bopa.

DNEKTPOHBI POXKAAIOTCS B MPUPOJIE, C OAHOM CTOPOHBI, IPY 00PA30BAHUM 3aPSKEHHBIX SAAEP
XMMHYECKUX 3JIEMEHTOB, MyTEM pacraja HeHTpalbHBIX siep, B Ipoleccax Oera-pacmaja sijep
aTOMOB XMMHYECKHUX 3JIEMEHTOB, [IPU pacrajie HeMTpOHa U JPYIUX HECTAOUJIbHBIX JI€MEHTAPHBIX
YacTUll. A C APYroi CTOPOHBI IPH B3aUMOJIEHCTBUU (POTOHOB C aTOMHO-MOJIEKY/ISIPHBIM BEILIECTBOM
B PA3/IMYHBIX arperatHbIX COCTOSTHUAX — (poToapderT !> n map — obpazoBanue. CBOWCTBA CTPYK-
TYpBbI JIEKTPOHA, KPOME Ha3BaHHBIX SIBJIEHUI, MOTYT TaKKe JOMOJHUTh pactajbl KOPOTKOKUBYIIUX
3JIeMEHTapHbIX YaCTULl, TAKMX KaK MIOOH, a TaK)Ke BechbMa 3arajo4Hble sBJIeHUs OeTa-pacraja
koOasibTa-60, HEMTPOHA ¥ HEKOTOPBIX APYTMX YACTHILL. B 3THX npeBpalieHussX OpUeHTUPOBAHHBIE 110
CIIMHY BHELTHUM MarHUTHBIM M0JIEM paciaJalolrecs s/ipa U3ayqaioT B OHY CTOPOHY OOJIbIIE J1eK-
TPOHOB, Y€M B JIPYTYyI0. DTO ke sIBJIeHNE HAOMIOAeTCs U Yy aHTUYACTUL. DKCIEPUMEHTHI, BHITIOJTHEH-
HbIE B 9TOM HarpasjieHuu ¢ 1956 no 1964 MupoBeIM HayYHBIM COOOIIECTBOM, TOKA3AJIM O HAIUYUU Y
3JIEKTPOHOB, IO3UTPOHOB U IPYIUX MUKPOYACTHULL CJIOKHOM JIEBO M ITPABO BpAILATeIbHOM CTPYKTYPBI.

JononauTenpHas MHGOPMALIKS TT0 CTPYKTYPE MEKTPOHA MOXKET OBIThH MOTy4YeHa U3 OTBETa Ha
BOIIPOC O €r0 AEKTPUUECKOM 3apsifie U Macce MOKosl. [JOCTOBEPHO YCTAHOBJIEHO, UTO JIEKTPUUECKHUE
3apsi/ibl pa3zie/IbHO CYLIECTBYIOT B IByX BU/IAaX — MOJIOKUTEIbHBIE U OTpULIaTebHble. [Ipn 3TOM pas-
HOMMEHHBIE 3apsiIbl IPUTATUBAIOTCS, @ OHOMMEHHBIE OTTAIKMBAIOTCS. B KBAaHTOBOH 2J1€KTpOJMHA-
MUKE MOHATHSA 3HaKa 3aps/ia He CYIIECTBYET, a IO3UTPOH OIUCHIBAETCS KAK JIEKTPOH, ABMKYIIUICS
00paTHO BO BpEMEHH.

1 4 o
8 310 pasmep obracTy, KOra YACTHIA NIEPECTAET MPOSBIATH CeGsl KAK MATEPHANIbHAS TOUKA, M B TAKMX B3AMMOICHCTBUAX yKe
HAYMHAIOT MTPOSIBIISITHCSI HEKOTOPBIE CTPYKTYPHbIE CBOWCTBA.

190 @opmarnbHOe onpeenen e KOMIITOHOBCKO 1 AeGPOIIEBCKOI UIHBI BOIHBI OIMHAKOBO, HO B IEPBOM C/Tydae HCIIOIb3yeTcs
CKOPOCTb CBETa, B3aUMOJEHCTBYIOIIMX rAaMMa-KBaHTOB C JIEKTPOHAMH, a BO BTOPOM — peaibHasi CKOPOCTb JIBHKEHHS IEKTPOHA OTHO-
CHUTEJIbHO SI/Ipa MPU KOTOPOM BO3MOXKHO (DOPMHUPOBAHKE aTOMA.

191 Y, wro, T0 %e camoe, COGCTBEHHBII BEKTOPHBIiA IPABMTALIMOHHBIA MOHOIIONb — PE3y/IBTAT KBAHTOBOIO [IEPEXOJA MATHHTHOTO
MOHOIIOJS B TOUKE €r0 HCUE3HOBEHHSI.

192 denenne MPOTUBOMONOXHOE 3(ppeKTy n3myueHus GpoToHa, BOIOYKIEHHBIM ATOMHBIM JIEKTPOHOM.
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Breninee nposiBiieHue CBOUCTB (hOPMBbI BOJIHOBOJOB JIEKTPOHA C BPALIAIOIIMMCS MOISAPHBIM
MAarHUTHBIM MOHOIIOJIEM — 3TO €ro CIHH, JEKTPUYECKU 3apsijl, TeOMeTpUYecKasi CTPyKTypa U
uHayktupyemas mMacca'®? (B repmuHax cuctembl CU i CI'C), a Takxke OECKOHEYHO J0Jroe Bpems
KU3HU. BHyTpeHHMEe CBOWCTBA 3JIEKTPOHA, OTBETCTBEHHBIE 32 3TO BHEIIIHEE MpOsiBJIeHHEe, 00YCIIOB-
JIEHBl MPOLIECCaMU, IPOUCXOSIIMMU B PE30HAHCHOM IOJISIPHOM BUXPOHE, B KOTOPOM MarHUTHBIN
MOHOTIOJNb IEPUOJNYECKH U BCEI/Ia JBMKETCA-BKPYUMBAETCS (MMILIO3MS OCeBasi) B OJHOM HarlpasJie-
HUH B CTOPOHY K IIEHTPY MOBEPXHOCTH MOTycdepsl, rae rucuesas, mpeodpasyeTcsi B TPaBUTAIIOHHBIN
MoHonoJb. [Tocnennuil, pa3psxasich (BHyTPEHHsIS CIIUPAsIb Pa3psiIKy I'PABUTALIMOHHOTO MOHOMOJIS,
MoKa3aHHas Ha ¢pur. 2.8) B 1ojie BOJTHOBOAA (BHEUIHAS CIIUPAJIb), OISTh PEAHUMUPYET €r0 — MHIYK-
THPYET U 3apsiKaeT MArHUTHBIA MOHOTIONb U TaK JO OECKOHEYHOCTH. [IpyriuMu ciioBamu, 6eccTpyK-
TYPHOU TOUEYHOW TACCUBHOW MACChl JIEKTPOH HE UMEET, & UMEET BHYTPEHHUI BOJIHOBO/ 13 TPaBIIO-
TEHLMAJIOB, KOTOPBIH, CO3/1aBasi BHEIIIHEE IPAaBUTALIMOHHOE 110JI€, B3aUMOJEWCTBYET C IEHTPAJIbHBIM
I'PaBUTAITMOHHBIM TOJIEM 3eMJIM, MHEPTEH U TPOSIBIISIET COOCTBEHHYI0 Maccy. TOUHO Tak ke BHEIIHUI
BOJIHOBOJ] U3 JIEKTPONOTEHIIMAIOB (POPMUPYET OTPULIATENIBHBII NEKTPUUECKUI 3apsA]] JEKTPOHA.

JL71s1 HarIsATHOCTH MPOMJLTIOCTPUPYEM CKa3aHHOe rpauueckuMu cxeMamu (ha3oBOro oobsEMa
JIEKTPOHA U €T'0 BO3MOKHBIX COCTOSTHUM.

®ur. 2.8 Cxema 3J1eKTpOHA, 0003HAYEHHAS YJIEKTPO (CHHUMH) H FPABNOTEHIHAIAME (KPACHBIME) €ro BOJIHOBOA.

Ha stoli cxeme He yka3zaHa CTPyKTypa IMHAMHUKU MEPEMEHHBIX I'PABUTAIMOHHOIO U MArHUT-
HOTO 3apsiIoB, a Take WX BHEIIHUX MOJiel, Kak IBYyX (hOpM SHEPrud UCTOUHUKOB [IBUKEHUS B
3aMKHYTOM IPOCTPAHCTBE.

Ha ¢ur. 2.9 nokazana ynpoiéHHas cxema mpolecca MHAYKIMU MOsIPU30BaHHOIO MarHUTHOTO
MOHOTIONIS (YEPHBIN MIAPUK) B 3AMKHYTOM 00BEME NIEKTPOHA TTPOCTPAHCTBEHHON pPa3psAKOM rpa-
BUTALIMOHHOT'O MOHOTIONS (3€JIEHBIE IIAPUKU HA KPAaCHOM BHYTpEeHHEM BoitHOBozE). [locne Toro, kak
B [10JIE ATOMHOTO $I/Ipa, MAarHUTHBIM MOHOMOJ b (POTOHA MOAETUIICS MOMoIaM (YE€PHBIN KOHYC), OH JI0
TMOJTHOM OCTAaHOBKU BO BpEMsI TOPMOKEHM 1 ITPEBPATUIICS-3aPSIIAIICS B CBOM aHAJIOT, HCTOYHMK JBH-
’KeHHSI B 3aMKHYTOM 00BbEME — rPaBUTALIMOHHBIA MOHOMIONb (3€JIEHBIN IAPUK B IIEHTPE Ha MOBEPX-
HOCTH BOJIHOBOJIA), KAaK MPOLIECC MPOTUBOAEHCTBUS U3MEHEHUIO cKopocTH. [IoaToMy ero cTpykrypa
AQHAJIOTMYHA CTPYKType MarHUTHOro MoHonoss (¢ur.2.1). OnHako HEKOTOpPbIE €ro CBOMCTBA OTJIH-

193 Wu coOCTBEHHbIH BeKTOpHBIﬁ FpaBI/ITaLII/IOHHHﬁ MOHOIIOJIb — FpaBI/ITaL[I/IOHHl:Jﬁ 3apan.
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4aloTCsl OT CBOWCTB MAarHMTHOro. B oT/IMuMe OT MarHUTHOTO OH MPOU3BOAUT BOJHOBOJ U3 3EPEH-
IPaBMOTEHIINATIOB Oe3 MOCPeCTBA YIACTUs JPYTHX IMOJIed, T. €. 6e3 MPOTHUBOAEHCTBYIOMIETO JeK-
TPUYECKOTO BUXPEBOI'O MOJS, KAK 3TO MPOUCXOIUT C MATHUTHBIM 3apsiioM (poToHa. metorcs u 1py-
Y€ CYIIECTBEHHbIE OTIMYUs. B cBOOOTHOM BUXpOHE (DOTOHA 3apsijika MArHUTHOTO MOHOIIOJNSI HAXO-
AUTCS B (DyHKIMU MPOTUBOAEHCTBYIOIETO MPEIbIAYILEMY JEKTPUIECKOro MOHOMNOI1. B 3aMKHYTOM
BUXPOHE JIEKTPOHA 3Ta (DYHKIIMS BO3JIAraeTcsl Ha rpPaBUTAIMOHHBI MOHOMOMb. Ob1ee 11t 060ux
— 3aps1/IKa MarHUTHOTO MOHOTIOJISI TIPOMCXOOUT Oe3 BO30YKIEHHSI BTOPUUYHBIX TOJIEH.

Pa3pska rpaBUTallMOHHOrO MOHOIIOJS — 3TO BpalliaTesIbHOE IBUKEHHE 10 BHYTPEHHEH Kpac-
HOU CIIUPAJIH, T. €. IBUKEHUE CIIUPAJILHOIO 3€JIEHOro Topa. Bo BpeMsi 3TOro ABUKEHMUSI TPOMCXOJUT
Pa3BEpTKa-ycTaHOBKA!'** CBOMX ke 3EPEeH-TIOTEHIIMAIOB MACChl HA BHYTPEHHEM BOJTHOBOJE OT OOJIb-
IET0 10 MEHBLIET0, KOTOPbIE IIPY JAOCTUKEHUU 3aMKHYTOCTH ITOBEPXHOCTH JIEKTPOHA BO BHELIHEM
MPOCTPAHCTBE, KaK OT CTAIIMOHAPHOTO UCTOYHUKA, MHIAYKTUPYIOT Maccy U JeKTPUYeCcKui 3apsij
anekTpoHa. CTpyKTypa 3Ha4eHUIl MOTEHIMAIOB cepbl IPaBUTAMIOHHOTO MOHOIOJIS, aHAJIOTMYHA
MarHUTHOMY — OOJIbIel cpepe CUpasbHBIX BOJHOBOIOB U3 3€PEH COOTBETCTBYIOT MEHbIIIME 3HAUe-
HUS TI0 a0COJTIOTHOH BEJIMYMHE, 2 MEHBIIEH — HAaMOOJIbIIIME 3HaYeHU I oTeHIrasoB. [Toatomy, koraa
I'PaBUTAITMOHHBI MOHOIIOJb PA3PSIIUIICS, €ro HanOobIas cpepa B STOT MOMEHT HAXOIUTCS B TOUKE
BOJIHOBOJIA C MAKCUMAJIBHOM ITyYHOCTBIO, OTKY/Ia HAUHMHAJI CBOIO 3aps/IKy U ABUKEHUE BHOBb MHIYK-
THUPOBAHHBI MarHUTHBI MOHOMOJb c(pepoit OOJIBIIEro pagnyca, a B JaHHBI MOMEHT 3aKaHYMBaeT
CBOIO 3aps/IKy c(pepoil MEHbLIETo JruamMeTpa (I0JI0keHUe, YEPHBIN IapyK Ha ¢ur. 2.9). Utak, pa3ps-
KasiCh U3 LIEHTPATIbHON TOUKU PACTIONOKEHUS 3eJIEHON cpepbl, I'PaBUTALIMOHHBI MOHOMOJb CO3/IAET
BOJIHOBOJI U3 3€peH-TIOTeHIIMAIOB (Macca), U 3apsikaeT MarHUTHBI MOHOMOJIb, KOTOPBI, Kak U B
¢otone, co37a€T BOTHOBO/, U3 3€PEH-3IEKTPONOTEHIIMATIOB. BOJIHOBO U3 3€peH-TpaBNOTEHIIMAIOB
Y CO3JA€ET MOCTOSIHHOE BHEIIIHEE IPAaBUTALIMIOHHOE I10JI€ — MAacCy MOKOS JIEKTPOHA.

®ur. 2.9 Cxema npoiecca pereaepanyia MarHuTHOro MOHOIIOJIA rpaBuTaliMOHHbIM.

I/ITaK, nepeg MOMEHTOM HMCYE3HOBEHHA C(bepbl 3apsAXKEHHOIoO 10 MaKCMMyMd MArHuTHOI'O
MOHOIIOJIA FpaBI/ITaI_[I/IOHHHﬁ MOHOIIOJIb TOXE IMOYTHU 3apAauICA OO0 CBOCTO0 MAKCUMAJIbHOI'O 3HA4Ye-
HUA U UMEET BOKPYT ce0s1 MaKCHMAaJIbHO BO3MOKHOE HEHTPAJIbHOE BHEHIHEE I10JI€, KOTOPOE CIIO-
CcOOHO BSaHMOﬂeﬁCTBOBaTL C IPYIruMH OKPYXKAIOIUMU IOJIAMU, B TOM YUCJIE€ C aTOMHO-MOJIEKYJIAP-

194 YcraHoBka 3épeH—9fleKTpOHOT€HHI/IaJ'IOB Ha TpEKe qI)OTOHa MPONU3BOAUTCA MarHUTHBIM MOHOIIOJIEM
78



A. A. llagpus. «Buxponsl. miocTpupoBaHHOE U31aHUE

HBIM BEILECTBOM M IOJIEM TATOTEHUs] 3eMJIM. DT BHEIIIHUE I0JIs1 Ha CXEME He yKa3aHbl, TaK Kak
MMEIOT JINIIIb MTHOBEHHBIE 3HaUeHUsl. Takum 00pa3oM CyMMapHbie BHEIITHUE JIOKAJIbHBIE OIS SJEK-
TpOHa (POPMUPYIOTCSI IOCTOSTHHBIMU U3 BOJIHOBOJOB C 3€PHAMU-TIOTEHLIMAIAMU U [IEPEMEHHBIMU U3
CaMOJBMKYIIUXCS c(pep-3apsAJ0B MArHUTHOTO U IPAaBUTALIMIOHHOTO MOHOIIOJIEH.

Posxenue 21eKTpOHOB 1 MO3UTPOHOB BO3MOKHO HE TOJIBKO € TOMOILIBIO (POTOHOB B M0JIE aTOM-
HOTO sipa. B OCHOBHOM, 3TM 4acTULbl NOSBJISIIOTCS B pe3yJibTaTe pacnaja aTOMHBIX U HEUTpaJib-
HBIX SIIEp B aHAJIOTMYHOM TI0JIe, B TOM 4KCie MpHu pacnajae HeluTpoHoB (dur. 2.10). B stom ciy-
Yae JIeKTPOHBI 00pa3yloTCsl B pe3yJibTaTe MOCIeYyIONIMX PaciaoB BHEITHENH 000I0UKH, COCTOSIIEH
U3 IBYX MPOTUBOIONOKHO-3aPSKEHHBIX 3aMKHYTHIX 000JI0OYEK-BOJTHOBOJIOB YAaCTHIL CO CTPYKTYPOM
THIIA MIOOHOB, B mofie siapa. [Ipu pacnage HeWTpoHa BOJTHOBOL JEKTPOHA 00pa3yeT BbUICTUBIIUIA
COOTBETCTBYIOLIMI MarHUTHBIM MOHOIMOJIb, (DOPMUPYIOIIMI YACTHUILy TUIIA OTPULIATEIBHOTO MIOOHA,
KOTOpasi HecTaOMJIbHA U pacnajgaeTcs ¢ 00pa30BaHUEM JIEKTPOHA U AHTHHEUTPUHO — BOJIHOBOJL CTa-
POl BHEIIHeW 000I0YKM €3 MarHUTHOTO 3apsa. A Tak Kak ero 4actoTa yxe (4acTb SHEpriuu UaeT
Ha BbLIET aHTHHENTPUHO) CYIIECTBEHHO MEHbIIIE MATEPHHCKOTO BUXPOHA, TO OH CTPOHT HOBYIO 000-
JIOUKY, TIOJTy4asi IPYU 3TOM CKOPOCTh, CIIOCOOHYIO TMPEONOoNeTh MpUTsDKeHHe MpoToHa. Tenepb 3Ta
000JI09Ka-BOJTHOBO]] TIPE/ICTABIIACT cOOO0M Moycdepy MeKTpoHa, COOTBETCTBYIOINIYIO CBOel (op-
MO HOBBIM ITapaMeTpaM IOJISIPHOTO IouepHero BUxpoHa. [1pu atom, paguyc BoiHOBoAA oTycgepsl
(puc. 2.10) aneKkTpoHa yBEJIMUMBAETCS HA TPU JAECATUUHBIX NOPSI/IKA MO CPABHEHUIO C BHYTPEHHUMU

-1
000JIOUKaMH1 TIPOTOHA U COCTaBIIsieT BeandauHy 1,2 x 10 O cm.

@ur. 2.10 Pacnag HeliTpoHa

Wrtak, B3auMHas HerpepblBHAS U EPUOAMYECcKas UHIYKLUA-peaHuMalus AByX MOHOIIONEH B
3aMKHYTOM BOJIHOBOJIE HOCUT OECKOHEUYHbIII BO BPEMEHU MPOLIECC, BHI3BAHHBIIN CXOASIIMMCS Bpa-
HeHNeM U YBEeJMUMBAIOLIMMCS 3HaYeHUEM MarHUTHOT'O MOHOIIOJS 10 CITUPAJIY BOJTHOBOJA JIEKTPO-
NOTEHIMAIOB (hopMe Nostycepsl, B LIEHTPE HOBEPXHOCTU KOTOPOM OH MCUYE3aET, 3apsiKast U Iepexosis
B cepy IpaBUTALMOHHOIO MOHOMNOJA. B 3T0i TOuke, mepea TeM Kak MPOM3OMIET TAKOW KBAHTO-
BBII IIEpeX0/], KOHIIEHTPUPYIOTCS OJJHA B OJIHOH /IB€ M3MeHsoIrecs cpepbl-3aps10B MAKCUMAJIbHBIX
3HaYeHUH 3TUX MoHonosei. CxeMy npoueccoB B (ha30BOM 3aMKHYTOM OOBEME /IEKTPOHA MOKHO
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TaK:Ke MMPEeACTaBUTh, KaK NIeproanvecKas 3apsiaKa'®> cpepbl MarHUTHOTO 3apsia Ha IyTH CO3JaHus
UM BHEIITHEr0 NPOCTPAHCTBEHHOI0 BOJHOBOZA EKTPONOTEHIINAIOB M OTHOBPEMEHHas 3apsiika
cpepbl BTOPUYHOTO I'PABUTALIMOHHOTO MOHOIONS. 3areM pa3psiaka ccepbl TpaBUTAIIOHHOTO
3apsiia C MOCTPOEHNEM MPOCTPAHCTBEHHOI'0 BHYTPEHHETO BOJTHOBO/A TPABIOTEHIIMAIOB U OISITh
HOCTIeAyIOMIeH MHIYKIIMM MarHUTHOTO 3apsja.

3€pHa-TIOTeHIIMANbl — 3TO COOTBETCTBEHHO 3apsiKEHHbIE OECCTPYKTYpHbIE MHMKPOOOH-

€MBI-3€pHa POCTPAHCTBA € 3(P(PEKTUBHBIM Pa3MEPOM MHOTO MEHBIIUM 10728 - 107% em 1 nBeTom'*,
XapaKTepU3YIOIUM CTATHUYECKOE T10J1€ 3aPSIKEHHOTO JIEKTPUYECKOr0, MAarHUTHOTO MJIM I'pPaBUTALIU-
OHHOI'O UCTOYHHKA.

JI7151 HarISITHOCTU MPOWJLTTIOCTPUPYEM CKa3aHHOE IpapuyecKuMH cxemMaMu (ha3oBOro o0bémMa
3JIEKTPOHA U MO3UTPOHA, €ro BO3MOXKHBIX cocTosiHUi. Ha ®ur. 2.4 npuBeseHbl CXeMbl POKICHUS
JIEKTPOHA M MO3UTPOHA, €r0 IEKTPUUYECKUX MOTEHLMAJIOB-36pPEeH Ha BOJHOBOAAX U MarHUTHOIO
nosist. THIyKIpst BEKTOPHOTO IPaBUTAIIMOHHOTO MOHOIIONS CBUIETEIBLCTBYET O IepeMeHHOM 7 mar-
HUTHOM TOKE M ’KECTKOU CBA3U C HUM B 3aMKHYTOM MUKpoIrpocTpaHcTBe. CTpyKTypa pa3MenieHus
I'PaBUTALMOHHBIX MOTEHLUAJIOB, UHIYKTHPYIOIIMX TaKOH 3aps]l, OCECUMMETPUYHA, C YBEJIMUEHUEM
3HAUEHUH K LEHTPY MOBEPXHOCTU. A HaJIMUMEe EKTPUUECKOTrO 3apsia TOro WM MHOTO THIA JIUIIb
pe3ysbTaT CTaTUYECKOW MHIYKIMK BHEUIHETO MOJisi'®® COOTBETCTBYIOIMMY 3JIEKTPONOTEHIMAIAMH,
Pa3MeIIEHHBIMU C ONpeIeSIEHHON IUIOTHOCTBIO Ha BHEIlIHeM BostHoBoJe. [lomycdepa anekTponoren-
LIMAJI0B BOJIHOBO/IA CHAPYKU U U3HYTPU OXBaYe€Ha TOPPOUIAIbHBIM MAarHUTHBIM I10JIEM.

ToueuyHBIX B COCTOSIHUM TIOKOSI M OECCTPYKTYPHBIX Pa3HOIOJISIPHBIX EKTPUIECKUX M MarHUT-
HBIX 3aps/10B!”, Kak oHOM U3 (hOPM CYITIECTBYIOIIEH MaTepUK — HET B IIPUPOJE, KaK HET ¥ OeCCTPYK-
TYPHBIX I'PaBUTALMOHHBIX 3apsAn0B. CylECTBYIOT JIMIIb HOCUTEIH-BOTHOBOIbI, KOTOPBIE NHAYKTH-
PYIOT CBOMMHM MOTEHLIMAJIAMH B HEKOTOPbIX TOUKAX ITPOCTPAHCTBA OKOJIO HUX LIEHTPBI JEKTPUUECKUX
Y TPaBUTALMOHHBIX 3apsJIOB, T. €. B TOYKaX LEHTP cdepbl UM LEHTP MOBEPXHOCTH Moychepsl,
(boKycC MOMyIMNTUYECKON TOBEPXHOCTH U T. 1. TakM 00pa3oM, MHIYKLMS SEKTPUUECKOro 3apsaaa
3MIEKTPOHA 00YCIIOBJIEHa NEKTPUIECKIMH TIOTEHIMATIaMU BOJTHOBOZIOB B (hopMe CITHpasiel, pa3me-
IIEHHBIX Ha nosycdepe, COXpaHseMbIX MU BOCCTAHOBJISEMbIX JBMAKYLIMMCS BCEIa Ha 3apsAaKy B
OJIHOM HalpaBJIEeHUH MOJISAPHBIM MarHUTHHIM MOHOIIOJIEM.

CaepxcBeToBOE BpallleHHE (3apsiiKa) C LIEHTPOCTPEMUTEIBHBIM YCKOPEHUEM MarHMTHOIO
3apsi/ia IO BOJTHOBOJY B 3aMKHYTOM (pa30BOM MPOCTPAHCTBE IEKTPOHA MHAYKTUPYET B HEM OIpe-
JieJIeHHble MHEPTHBIE CBOMCTBA, MPUCYLIEe BCEM MEXaHMYECKUM TMpPOCKOINaM — 3TO U €CTh MHEpT-
HOCTb M TPaBUTALIMOHHAs Macca MOKos. VICTOYHMK MHIYKLMM BEKTOPHOM I'PAaBUTALIMOHHON Macchl
— 3TO BpalAlOIIMICS MarHUTHBI MOHOIIOJIb — HCTOYHHK JABHM2KeHHsA. B 1ieHTpe nosycdepsl Bol-
HOBOJIA MAarHUTHBIII MOHOMOJb MCYE3aeT, HO TOSBISETCSA MOJHOCTBIO 3apsKEHHbI I'PaBUTALIMOH-
HbIIA MOHOMOJb. COOCTBEHHBIN HEMOJTHO-KBAHTOBBIN MEPEX0]] MarHUTHOTO 3apsiia B (ha30BOM 00b-
€Me IEKTPOHA MHAYKTUPYET BHEIIHEE CBOWCTBO HA3BIBAEMOE CIIHHOM, T. €. HEINOJHYIO €IUHMILY
3apsAa MEeKTPOMarHUTHOIO KojieOaTeIbHO-BpallaTebHoro ABMakeHusl. [1oyspHbIil BUXPOH 3JeK-
TPOHA CBOMM (he€pPMHOHHBIM MAarHUTHBIM MOHOIOJIEM (POPMHUPYET MOJIOBUHY TaKOIO 3apsja, T. €.
NOJIOBMHY noctostHHOM [Ianka. Ero BiskeHre 1o crimpaibHBIM BOJTHOBOZIAM 3TOTO IITHYpa OT O0JIb-

LIero JMaMeTpa K LEHTPY 3a BpeMs 102 ¢, MHIYKTUPYET COOCTBEHHBIN BEKTOPHBIN I'DaBHUTAIIU-
OHHBIII MOHOIIO/b. A OTpULIATE/IbHBIE JEKTPUUECKUE MOTEHIMAbl BOJTHOBOIOB (Te€OMeTpHhUecKas

195 o
3ap51}1}<a MPOU3BOAUTCA PA3PAAKOU I'PABUTALIMOHHOTO MOHOIIOJA.

196 ]_lBeT 1 €ro UHTCHCUBHOCTDH HAIlOJIHACT 3épHa IPOCTpaHCTBa COOTBETCTBUEM NTOTEHIUAJIA Z[eﬁCTBleH.IeFO (bI/BI/I'-IeCKOFO UCTOY-

HUKa B ).'IaHHOﬁ TOYKE NMPOCTPAHCTBA, a €r0 KBAHTOBAHUE NPOHUCXOAUT 3a BPEMA MHOI'0 MEHBIIEE IUVIAHKOBCKOI'O U HOCUT APYIYIO,

OTIMYHYIO OT JIeKTPOMArHUTHOM, IPUPOLY.
197 NBuxenne marmuTHOTO 3apsijia UJET MO CUPAJISAM Pa3HOTO JUaMeTpa C Pa3sHbIM YCKOPEHUEM.
198 Buemmnee none na paccTosHUSAX OoJiee aTOMHBIX Pa3MEpOB CHMMETPHYHO, KaK OT TOYEYHOro M OecCTPYKTYpHOTO 3apsija, a
BOJIM3M MeHee aTOMHBIX, OHO aCCUMETPUYIHO.
199 Takux 3aps1J0B, KAKUMU OHM olpefiesieHbl B Teopun [Jupaka.
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CTPYKTypa) (POPMUPYIOT TAKOE BHEIIHEE MEKTPUIECKOe Tojie, Kakoe cpopMHupoBal Obl TOUCUHBIN

OecCTPYKTYPHBIN /IEKTPUYECKUI 3aps BeauurHou 1,6 X 10" Ku, pa3sMEILEHHBI OKOJIO LIEHTpa
nonycepsl. CIMH MOXXHO OIPEIENINTS €IIE KaK MAJIEHbKUN MarHuT ¢ BYMs Noocamu. Torga amiek-
TPOH MOJKHO MPEACTAaBUTh KAaK, MEPUOANYECKOE BpallaTeIbHO-IOCTyIaTebHOE ABUKEHUE MarHuT-
HOT'O MOHOIOJIS1 B OIHOM HallpaBJIeHUH 110 CXOIALIEHCS B OJHY TOUKY CIIMPAJIU, YTO U SKBUBAJIEHTHO
TAKOMY 3JIEMEHTAPHOMY MArHuTy. DJIEKTPUUYECKOe IoJle, 0Opa30BaHHOE MOTEHIMAIaMH BHEIll-
HEro BOJIHOBOJA, CHapy:KM BOCIIPUHUMAETCS, KaK MoJie MEKTPUUECKOro 3apsa, pasMeIlEHHOIO B
LIEHTpe Mnoiycdepbl Mol BOTHOBOAAMH, XOTS1 HA CAMOM JIeJIe €ro TaM HeT.

Bo3HukaeT Bonpoc: noyemMy 3JeKTpHYeCKUil 3apsi/i JIeKTPOHA M IPOTOHA O0/INHAKOB
¥ MPOTHBOMOJO0KEeH, HECMOTPSI HA TAKYI0 0OJIBIIYI0 PA3HHILY B pa3Mepax BOJIHOBO0B?

ITO CBA3AHO C IJIOTHOCTBIO Pa3MEILEHUS 3EPEH-TIOTEHLINAIOB Ha COOTBETCTBYIOILEN TOJTY-
cepe. CyMMapHBIil IOTOK MOTEHIMAJIOB-3¢PEH Ha MOBEPXHOCTH MOIycdepsl JII0OOro paguyca ot
BUPTYAJIBHOTO 3apsA/ia, Pa3MELIEHHOTO B IIEHTPe MOBEPXHOCTH ITUX Mojycdep A1 ITUX MUKpOya-
CTHUL], Be3/Ie OIMHAKOB U COOTBETCTBYET MUHMMAJILHO BO3MOXXKHOMY M PaBHOMY 3apsijly JEKTPOHA
WY TIO3UTPOHA.

OO0pa3oBaHre aTOMOB BOJIOPOIA CTaHOBUTCS BO3MOKHBIM TOJIBKO TOT/A, KOrnma aeOpoiiieB-
CKHME€ pa3Mepsbl JUIMHbI BOJHBI CTAHOBATCS OAMHAKOBBIMU, KaK JJIs1 2J€KTPOHA, TAK U Ul POTOHA.
IIpu cooTBETCTBYIOLIEN CKOPOCTH ABUKEHUS JIEKTPOHA €r0 BOJIHOBOJ, CTAHOBUTCS M3JTy4aTeIbHOM
AQHTEHHOM 11 CBOOOIHBIX JIeOpOMIEBCKMX (POTOHOB, HO TPH TETIIOBBIX CKOPOCTSIX PEKOMOWHAIIMY C
npoToHOM?", 3TOT BOJIHOBOJ NIPEBPAIIAETCS B YaCTh CHEPHUECKOrO (JUTUIITUIECKOTO) 3aMKHYTOTO

J1e0poiljieBCKOro BOTHOBO/A C TMHOM BOJIHBI 104108 cmu o0pasyeT OfIHy U3 pa3pelIeHHbIX 000-
nouek?’! o0Imei cucTeMBl, T. €. 3AMKHYTOTO U BO30YXAEHHOTO MUK POIPOCTPAHCTBA aTroMa, ¢ur.2.11.

@ur.2.11 CBA3aHHBI ¢ SIPOM JEKTPOH — aTOMHAsI 000J109YKa MPOTOHA

Tak a7 11a3MBl BOOOpo/a, Haxopsmiencs: B armocgepe CoHIIA, €ro MEeKTPOHBI HAXOMATCS
YK€ B TAKOM CBSI3aHHOM COCTOSIHUM Jaxe rnpu temrieparypax ot 2200 ¢ C mo 5000 ° C, a B xonoae
1 BaKyyMe KOCMOcCa puI0eproBCKUI aToM BoJOposa ¢ «n»2°2 paHbIM wiu 6osee 100 MoxeT cyie-
CTBOBATh TaKke OECKOHEYHO J0JT0, KaK ¥ aTOM BOJIOPOJIA C «N» PAaBHBIM €MHUIIEC Ha TIOBEPXHOCTH
3emMd. DTa IpUYMHA TPENSATCTBYET, HAPS/LY C HA3BaHHBIM OAphepHBIM Ae(PUITUTOM SHEPIHUH, 3aXBaTy
9TOTO JIEKTPOHA MPOTOHOM>"* — 3T0 (PyHAaMEHTAJbHOE SIBIICHHE, B pe3yJIbTaTe KOTOPOro 00pa3o-

2 .
00 Ipu B3auMoIEiCTBUY BOJTHOBOJIA JIEKTPOHA C TEKTPUUYECKUM TOJIEM SA/Ipa.

201 C rnaBHBIM KBAHTOBBIM YHCIOM «n» OT 1 1o 100, 1o, Tak Ha3bIBaeMbIX, PUIOSPIOBCKUX COCTOSTHUIL.

202 n» — 370 IIABHOE KBAHTOBOE YKCJIO, CTETEHb BO30YK/ICHUS AaTOMHOIO JIEKTPOHA.

203 Kak HEeBO3MOKHO MaTepHabHOi chepe GOMBILIOro pauyca YIacTh B CBOM LIGHTP T. €. CXJIOMHYTCH.
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BaJIMCh BCE aTOMHO-MOJIEKY/ISIPHOE BEIECTBO Ha MoBepxHOCTU 3emun. OTHAKO OOpaTHBIHA Mpoliece
CTAaHOBUTCSI BCE K€ BO3MOKHBIM, HO TOJIBKO JIJIsI MIOOHOB, Y KOTOPBIX 3TOT pa3Mep COU3MEPUM C
BHEIITHUMH 0O0JIOYKAMH ITPOTOHA.

OTtcroaa cieayeTr HeMAaJOBAXKHbII BBIBOJ — OTCYTCTBHE HEOOXOAUMOCTH NMpPHUBJeYe-
HHSI MEXaHU3Ma OPOUTATBLHOIO JBUKEHUSI DJEKTPOHOB B aTOMAaX BOKPYT sep.

N 31ech camblil IMIaBHbIN BHIBOJ 0 TOM, YTO MPOU3BOJCTBO AaTOMHO-MOJIEKYJISIPHOTO
BelecTBAa MPOUCXOJUT TOJbKO B CHJIbHBIX TPABUTAIMOHHBIX MOsICaX MJIAHET, a HE B KOC-
MH4Y€CKOM BaKyyMe BJaJIM OT TSATOTEHIHX HCTOYHUKOB.

AHHUTWIIALMS 71eKTpoHa U no3utpoHa (Pur. 2.12) npoucxoaur

4

¥

®ur.2.12 CxemMa aHHUTHJIAINS JEKTPOHA W MO3UTPOHA

caenyomum 06pazoM. OxaxaeHHbIE CBOOOIHbBIE JIEKTPOH U MO3UTPOH, (POKYCHPYSICh BHEII-
HUMH 3JIEKTPUIECKUMHU TIOJISIMU, COMAKAIOTCS U MTPOXOIAT BOJHOBOAAMH CKBO3b JAPYT JIpyra, B3a-
VMIMHO HENTpan3ysl POTUBOIIOJIOKHBIE TOTEHIAJIB BOTHOBOOB, T. €. 3alIMPAIOIINE JIEKTPUIECKHE
nosist. B 3T0T MOMEHT 3aMKHYTbI€ TIPOTHBOMOJIOKHBIE MOHOIOIN OCBOOOXKJAIOTCS OT 3AIMPAIOITHAX
UX EKTPUUYECKUX TOJIeH M CTAHOBATCS CBOOOJAHBIMHU. 3aMKHYTOE JBMKEHUE TPABUTAIIMOHHOTO
MOHOIIOJISI CMEHSIETCsI Ha CBOOOJHOE JBIKEHME BUXpoHa. OOpasyeTcsi MpOMekKyTOUHOE COCTOSIHHUE,
Ha3blBaeMOEe Mapa-Mo3UTPOHUI CO CIMHOM PaBHBIM HYITIO. DTO COCTOsSIHUE UMeeT hopmy ha3oBOro
IIPOCTPAHCTBA TT-HOJIb ME30HA (CIMH PaBEH HYJI0), MO3TOMY pachaj] MIET B OCHOBHOM IO KaHATy
UCITyCKaHUs JBYX KBaHTOB ¢ sHepruedt 511 Ka. Wnu apyrumu cioBaMu, 0CBOOOAMBIIMECS MOHO-
TI0JIU, BbIJIETasl U3 MUK POIPOCTPAHCTBA IPOMEKYTOUHOI'O COCTOSIHUS CO CTPYKTYPOU JT-HOJIb ME30HA,
hopmupyioT cBOOOAHBIE (ha30BbIE MPOCTPAHCTBA ABYX CAMOIBIKYIIMXCS (POTOHOB C YaCTOTOM Iep-
BUYHBIX BUXPOHOB JIEKTPOHA U MTO3UTPOHA.
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2.4 M1ooHbBI

MiooHsl — 3TO MPOMECKYTOUHBIC COCTOAHUA pacClagarommxcad MHUKpOYACTHL, BXOAAIIHUX B
COCTaB SIJIEPHBIX 000704eK. MIOOHBI UMEIOT JIEKTPUYECKUI 3apsii cO CMHOM h/2, BpeMsi KU3HU

22x10%cu maccy B ~207 pa3 Gosbliie Macchl IOKOsSI EKTpoHa, T. €. 105,66 MaB. CtpykTypa
Y MEXaHW3M MHAYKIMM MacChl aHaJOTMYeH MpoIeccaM, MPOUCXOASIIMX B MEKTPOHE. AOCOIIOTHOE
3HAYEHUE EKTPUUECKOrO 3apsAJa COOTBETCTBYET 3apsly JIEKTPOHA U MO3UTPOHA. CTPYKTYpBl MUK-
pOYACTHI] THIA EKTPOHA U MIOOHA — 9TO OCHOBHBIE CTPYKTYPBI, 00pa3yioliye 000NI0YKH aTOMOB
U s1ep, COCOOHBIE YK€, B OTIMYME OT ME30HOB, CYILIECTBOBATh CAMOCTOSITENILHO OT CBS3€ B sifipe
CO CIIMHOM Y2 Oornee juTenbHOE BpeMsl. B mpolieccax pacrajia MIOOHOB POXKIAIOTCS SIEKTPOHBI,
MO3UTPOHBI M CONPOBOXKAAIOIIME €r0 COOTBETCTBYIOLIME HEUTPHHO U aHTMHEUTpUHO. KOMITTOHOB-
CKasl JUIMHA BOJIHBI MIOOHOB B 207 pa3 MeHblIlle, YeM Yy 3JIEKTPOHOB, HO B 10 pa3 GoJiblie yem y Heii-
TPOHOB. [leOpoiineBcKas JUIMHA BOJIHBI TEIJIOBBIX MIOOHOB COM3MEpPHMA C aHAJIOTMYHBIM NapameT-
POM BHEIIHMX 0OOJIOUEK TEIIOBBIX MPOTOHOB, OTOMY MPOLIECC 3aXBaTa MU MIOOHOB HJIET JIETKO
¢ 00pa30BaHUEM MaJIbIX 110 pa3Mepy ME30aTOMOB, OTIMYHBIX 10 CBOWCTBAM OT aTOMOB BOJOPOAA.

OCHOBHBIMH UCTOUYHUKAMU IPOU3BOACTBA MIOOHOB B IIPUPOJE ABJIAIOTCS MPOLIECCHI, KOTOPBIE
IIPOUCXOIAT MPU CTOJIKHOBEHMSX COJHEUHBIX MPOTOHOB C SApAaMU aTOMOB Ia30B, HANOJHSIOLIUX
arMocdepy. MexaHnu3M MPOU3BOICTBA — MOHM3ALMA AEPHBIX YACTHIL (THIIa ME30HOB), 00pa3yoIIuX
00O0JIOUKH siJiep aTOMOB 1 MOCIIEAYIOIHI UX pacnaj B 6oJiee JOITOKXUBYIIHAE YACTHUIIBI C TEM K€ CITH-
HOM, T. €. B MIOOHBI CO 3HAaKOM ILTIOC ¥ MUHYC. [Ipyrue nporueccel, NpuBOJsAIIME, B KOHEUHOM UTOTE,
K MIOOHAM — 3TO POXJEHUS Map — MIOOHOB (POTOHAMM BBICOKMX SHEPruil B BEPXHHUX CIIOSIX aTMO-
cepsl, a Takke B MaHTUM 3eMJld 1pU pacnaje saep. Ha ypoBHe Mopsi MIOOHBI 00pa3yloT OCHOB-
HYI0 KOMIIOHEHTY 10 80 % OT BCeX 4acTUL] KOCMAYECKOTO U3J1ydyeHs. MIOOHBI pErUCTPUPYIOT B IITy-
OVHE MOIIHBIX CI0EB KOHTUHEHTAIbHOM MOBEPXHOCTH 3eMJIH. B 1o13eMHBIX SKCIIEpUMEHTaX MIOOHBI
PErucTpUpyOTCs Ha ITyOWHE B HECKOJIBKO KMJIOMETpOB. Haxomsich B IJIOTHBIX CIIOSIX TPYHTOB KOH-
THHEHTOB, MIOOHBI 3aXBaTBHIBAIOTCS SI/IpaMH aTOMOB Ha BO30YKIEHHbBIE OPOMTH ME30aTOMOB, 3aTeM
cleyeT KackaaHbli nepexon Ha K-000104Ky 3TOro Me3oatoma 1 nocieyonmi aaepHbii 3axXxBaT
MIOOHQ, IIPUBOASIIMI K COOTBETCTBYIOLIEN SIEPHOM PEAKLIMUA. DKCIIEPUMEHTAIbHBIE TaHHbIE MTOKa-
3bIBAIOT, YTO BO BCEX M3BECTHBIX B3aMMOAEHCTBUAX MIOOHBI MPOSBIIAIOT ce0sl TaKKe KaK JIEKTPOHbI
Y TIO3UTPOHBI, OTJIMYASACh OT HUX JIMIIb Maccoil. [To 3Toi npuyrHe MIOOHBI MOXHO paccMaTpUBATh
KaK «TsDKeJIble» 3JIEKTPOHbI, KOTOPBIE 3aMEHSAIOT MOCIeJHUX MPH 00pa30BaHUM MIOOHHBIX BELIECTB
¥ MUHEPAJIOB B TUIOTHBIX CJIOSIX MAaHTHUH, Iie MIPAKTHUYECKH OTCYTCTBYET CBOOOIHOE MPOCTPAHCTBO
1 BCSIKOE MOCTYNATEIbHO-KOIe0aTeIbHOE IBMKEHHE S/IeP AaTOMOB. DHEPreTUYeCcKH TEeIIOBOE MPOsIB-
JIEHHEe TaKUX MPOLECCOB BbIpakaeTcsl JIMILb BpallleHHEM BOKPYT coOcTBeHHOM ocu. [Tosatomy pacnan
HEWTPaJIbHBIX SIEP U HEUTPOHOB UAET C 0OPA30BaHUEM 3aPSKEHHBIX sJep U MIOOHOB. DJIEKTPOHBI,
umetonye pasmep B 207 pa3 Oosbliie MIOOHOB, HE CIIOCOOHBI 00Pa30BaThCs B YCIOBUSX JIaXKe BEPX-
HEW MaHTUU.

JI7151 MiccnieJOBaHM i KOH/IEHCUPOBAHHOTO COCTOSIHUSA BEILIECTBA C TOMOLIBIO MIOOHOB M ME30HOB
MOCTPOEHbI ME30HHbIE (PAOPUKU-YCKOPUTEIH IS MOTyYEHUs] TyYKOB BHICOKOM MHTEHCUBHOCTH.
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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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