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IIpeaucaoBue

Kuury cnenyer paccmarpuBarh Kak IIpusoxeHne Kk OCHOB-
HOM KHUre «CTpyKTypa MUPO3JaHUs BCEJICHHOW», Pa3bsCHSIIO-
HIeW TIOHATHUE 3Hepeusi U €€ NEUCTBUE HA CTPYKTYPUPOBAHHYIO
MAaTepHIO U KJIACTEPHI BEIIECTBA.

[IpencraBienne Muposnanuss B KoHuenimu Enunoro Ilo-
751 ObUIO chOPMYIMPOBAHO ellle DUHINTEHHOM, U €€ pa3BHU-
THIO OH TOCBATWI Oosiee 30 JieT cBOel KWU3HU Ha MYyTH O0b-
€IMHEHHUs] IPaBUTAllMM U JIeKTpoMarHerusma. B pamkax 006-
meit Teopuu otHocutesnbHOCTH (OTO) OH mbITancsa 00beau-
HUTD MPOCTPAHCTBO ¥ BPeMsI B €IMHYK0 CyOCTaHIIMIO TIPOCTPaH-
cTBO-BpeMs. OIHAKO Heb3sl COETUHUTh HECOSTUHUMOE — 00b-
€IMHUTh CYIIECTBYIOIIYI0 B MPUPOJE CyOCTaHLMIO C Hecylle-
crBytouieid. Kak BBISICHUIOCH MHOIO MO3XK€ KaTeropust «Ipo-
CTPaHCTBO-BpeMsi», BBeleHHAs B (pU3HKY eleé MUHKOBCKUM,
ABJISAETCA JIMILB MONBITKOM MATEMAaTUKOB B TEOPUAX 3aMEHUTD
¥ OTOOpasuTh JBHKEHUE-U3MEHEHUE, CylecTBYIolee B Ipu-
pozie, C MOMOIIbI0 HeCyIIeCTBYIIell B IPUPOAE KATErOpUU
«BpeMsi». O0 e€ orcyrctBuM B MHpO3/1aHUM yKa3bIBaJl €Ie
npu3HaHHbIN renui Matematuku K. ['€nens. [JoctoBepHo ycTa-
HOBJIEHO, YTO MPOCTPAHCTBO SBIAETCA MPOAYKTOM MO, U3-
JIy4aeMOro UICTOYHUKOM.

B pamkax CrieraiabHON TEOPUM OTHOCUTEJIBHOCTH Ha OCHO-
Be cokpatueHuit Jlopenua u onpenenenui [lyankape, B KOTOpbIX



9TU aBTOPBI NPEATIOIOKUIIN JIMILIb KAK MATeMaTH4YeCKUe TUIo-
Te3bl, A. DUHIITENH rojocioBHO pactipoctpanui ITO Ha du-
3UYECKUN MUP U PaCKPbLI «TallHbI» MacChl, BpEMEHHU U pa3Mme-
POB TeJl, IBUKYLIUXCS C PEISTUBUCTCKUMU CKOpocTsaMuU. Oka3a-
JIOCh, 4TO (PUBHNYECKAS MaACCA, 8PeMs VI pa3mMepbl IBUKYIINXCS
TeJl U3MEHSIOTCS B 3aBUCMMOCTH OT CKOPOCTH JBUKeHUs. Pu-
3UYECKUIA MEXaHU3M ITUX SIBJIEHUI He ObLI OIpeesi€H, HO Ipu
NpUOIMKEHUN CKOPOCTH JBMKYIIENCS MacChl K CKOPOCTH CBe-
Ta, HOCJIEIHSSI CTAHOBUTCS 0€CKOHEYHO 00JILIION BETNYNHOM.
Yuénpiii Mup Obul opaxéH Ha mensix 100 JieT «reHHaJbHO-
CTBIO» 3TOTO OTKPBITHSI.

To, yTO NMEHHO TOJIbKO Ge3MaccoBbIi (DOTOH CIIOCOOEH JIBU-
raTbCsl CO CKOPOCTBIO CBETA, ITOT (PAKT, YCTAHOBJIEH IKCIEPU-
MEHTAJIFHO M OOCYXJCHUIO HE MOMJICKHT. PeasbHble SKcrepu-
MEHTBI C IEKTPOHAMM MPU UX YCKOPEHUHU Ha KoJulaiepax Io-
Ka3bIBAIOT aOCOMIOTHO IPYTUe pe3y/IbTaThl — JIEKTPOHBI McUe3as,
HOPOXKJAI0T aOCOMIOTHO Apyrue Oosee BBICOKOIHEPreTUUYECKUe
YaCTHULIBI OT ME30HOB JI0 HEUTPOHOB.

[TpaBaa co BpemeHem akagemuk JI. b. OkyHb! mpITasncs cria-
JUTH HanOonee octpele yriiel B TonkoBaHuu CTO, HO Bpems
yKa3aJIo Ha TIIETHOCTb 3aTpayeHHbIX ycuiauii. Bo Bcex crpanax
NOSIBIJIACh pe3Kast KpUTUKA? 9Toi Teoprn. He myOnmKyioT B u3-

' B. OxkyHb. Macca. DHeprus. OTHOCUTENIBHOCTD. «YCIeXU (PU3NUECKUX HAyK»
1. 158, Bhim. 3, 1989, ctp. 511—530)
2 Smarandache, Fu Yuhua, Zhao Fengjuan (eds.). Unsolved problems in special and

general relativity. Beijing: Educational Publishing & Journal of Matter Regularity,
2013.ISBN: 9781599732206, Printed in the United States of Americaln. 21 collected



BECTHBIX (PU3NYECKUX XKypHAJIAX U COBPEMEHHbIE IKCIIEPHMEH-
TaJbHbIE JOCTHKEHHS KUTAUCKUX (PU3UKOB?, MO3BOJISIONIHE
cebe peBu3oBaTh cymectyomue ycrou CTO. B nanbonee mo-
nynsipHoit popme kputrika CTO npoaHanu3upoBaHa B padote .

OpHako y4y€Hbli MHUp €lI€ B TO JaJE€KOe BpeMsi YTOYHMJI
9TU Cy0ObeKTHBHbIE MPUTA3aHUsA DUHITEHHA. Tak B HOSO-
pe 1940 r. ObUIO 3aKJIIOYEHO CcOIJIameHue’ (U3BECTHOE Kak
«M1woHXxeHCKHIl pa3ropop 0 peJuruu») Mex1y npeacraBuTe-
nsMU «HeMenkon (pu3uku» (Pynonsgom Tomaniekom, Alib-
(porcom bronem, Jlonsurom Bemewm u Bunsrensmom Miose-
pOM) M Tpe/ACTaBUTENsIMU TeopeTHdeckoil ¢usuku (Kapmom
Pamzayspowm, I'eoprom [Ixoccom, ['ancom Kondepmanom u Kap-
som ©punpuxom on Barinzekkepom). [Ipu aTom nipencraBure-
T «HeMeIKOM (PU3UKM» TOJKHBI ObUTY TIPU3HATH HEOTIPOBEP-
*KuMble (DaKThl MaTeMaTH4YeCKOM (DPU3UKU U TTPEKPATUTh TOJIU-
TUYECKME HanlaJIK1 Ha HUX. [I1cbMeHHoe cornanieHye 3aKk peruisi-
JIO CIIEAYIOIINE MYHKTHI:

1. meopemuueckas usuxa s6159€mMcs HEOMBEMAEMOU UA-

papers

3 Di Hua, «Fundamental Revision of Einstein’s Relativity Theory — The Galilean
Relativistic Mechanics with Variable Speed of Light», Frontier Science, Volume
3, Number 4, 2009. Liangzao Fan, « Three Experrimens Challenging Einsteins
Reativistic Mechanics and Traditional Electromanetic Acceleration Theory», Chinese
Academy of Science, Academia Sinica, 2010.

4 Cemuxos C. A. Caepxcer-serko! // «nxenep» NeNel1—12, 2011.

3 Prikos A. Tecia nporus JiHmTelnHa. U3parenscrso Dxkemo,2010 rogx, 256 crp.
ISBN 978-5-699-40782-8.



CMblo PU3UKU;

2. cneyuanvHas. meopusi OMHOCUMENbHOCMU  SI8ASeMCS
HEeOmseMAeMOU Uacmuvio ou3uKu, 0OHAKo mpedyem OaNbHeUUX
npoBepoK;

3. uemvipéxmeproe npedcmasnetue NPUPOOHBIX NPOUECCO8 516+
ASEMCS MAMEeMaAmu4ecKoll adocmpaxKyuerl u He s8Asiemcs Mo-
0envlo NPOCMPAHCINEA-BDEMEHU;

4. Keanmosasi mexaHuka npeocmaensiem coOol eOUHCmeEeH-
HYIO B03MONCHOCHb ONUCAHUSL AMOMHBIX NPOUECCO8, MEM He Me-
Hee mpebyemcst bonee 2AyyOO0Koe NOHUMAaHUe 3PPexmos, cmosi-
WUx 3a PopMauzmom.

Vike B KOHIIe *KU3HM DUHINTEHH TpUIIe] K HeOOXOIUMOCTH
JMICKPETHBIX TIOIXOIOB K MpoOjieMe MPOCTPaHCTBAa-BpeMeHHU
U 0ObeMHEHUsI B3aUMOJICHCTBUI B paMKax KBaHTOBOM TeO-
puu. Ho nanee reomeTpu3anyu rpaBuTaMu JeJi0 HE TOILIO.

B nipupone aHeprus CymecTByeT B «8euHO» KUBYIIUX U Ca-
MOJIBUKYIIIMXCSI CBETOBBIX (DOTOHAX (MarHUTHBIM TOK) U 3BYKO-
BbIX (DOHOHAX (TPaBUTAIMOHHBIN TOK), B chepudecKu-Koneoda-
TeJIbHOU (popMe MUKPOBUXPOHOB BOCHPOM3BOACTBA U JBUXKE-
HUSI aTOMOB, aTOMHBIX SIJIEP U aTOMHBIX JEKTPOHAX, B CAMO-
JBWXKYyIIEMCs 3ByKe U T. 1. Bo BcenenHoit oOHapyxeHbl (pOpMBbI
SHEPruM B BUJIE CaMOBpalIaloNIMXCs MmyibcapoB, CosHla, 3BE3]
Y TUTAHET, TaJakTUK U T. 4. Ho mpu 3TOM CyIecTByloT BechbMa
BAKHBIE B3AaUMOCBSI3aHHbIE TIePEXO/Ibl SHEPTUH.

Pabota seTydeii sHeprun CBOOOJHBIX ¥ TOKOSIIUXCS 3a-



MKHYTBIX 3JIEKTPOMArHUTHBIX U MEXaHUYECKMX MUKPOBUXPO-
HOB (DOTOHOB U 3ByKa — KBAHTOBAsI KOH/IEHCALIMSI SHEPT UL

— B MHKPOMHpe 00pa30oBaHusA NMap 3JeMeHTapPHbIX Ya-
CTHI] C MACCOH,

— B MAKpoMHpe PO’KJeHHe MPHU UX NOIJIOIIeHNH CTPYK-
Typ IIM/,

— B rumepMupe po:K/JeHHe NpH JABH:KeHUH (POTOHOB
B HeBelleCTBEHHOM IpocTpaHcTBe BceseHHoil cBepx-
miaotHbIX siiep’® YCT.

Oo6paTHble mpolecchl HCMAPEHUsT MACChl YaCTHUIl MPH
aHHUTWJIANNA U pacnaga-cuare3a B YCT ¢ poxxaeHuem
HeNTPAJbHBIX si/IEP aTOMOB, a TAK:Ke CXJIONbIBAHUE ITYJIb-
CHPYIOIIMX KaBUTAIMOHHBIX MYy3bIPbKOB U T. [I.

CoBmecTHast (cuHepreTvika) pa®oTa HEpPrud 3aMKHYTBIX
¥ CBOOOIHBIX, a TAKKE JeOPOMJICBCKMX MUK POBUXPOHOB YCKO-
PEHHBIX BCTPEYHBIX IyYKOB 3JIEKTPOHOB M JOINOJIHUTENIbHAS
SHEePrusi NePEMEHHOr0 Pa3rOHSIOIEr0 MEKTPUUECKOro MoJs
B PE30HATOPAX KOJUIAIIEPOB MPUBOAUT K KBAHTOBOW KOH/IEHCA-
1[MY TaKOW CYMMapHON HEPruM yxe B (hopMe aJpOHOB.

9to noareepxaaercs apdexramu [l. XaruncoHa u pesysbTa-
TaMH CTOJIKHOBEHUSI BCTPEUHBIX ITYYKOB JIEKTPOHOB, IIPOTOHOB
Y MOHOB B KOJUTAl/iepax.

Bbicokasi MHTEHCHMBHOCTH W3JIy4YeHHUs] HU3KOSHEpreTuye-
ckux (1—2 3B) pOTOHOB WK YIBTPA3BYKOBBIX (DOHOHOB B JIO-
KaJbHBIX 00bEMaX MUKPOCTPYKTYP, 3aBUCSIAS U3BHE OT Ma-

6 O KOTOPBIX YIIOMHUHAJIOCH B BIOpOKaHCKOfI KOHLCIIIHHU aKaJEMUKa AM6apL[yMHHa.



pameTpoB ((PpoHT U popma UMITYyJIbCa, HAMIPSIKEHUE, TOK, MOIII-
HOCTb YJIbTPa3BYyKa) EKTPUUYECKUX UM 3BYKOBBIX UMITYJIbCOB,
MOJABAEMBIX Ha JIEKTPOJbl B KOHJEHCHUPOBAHHOU cpeje (BO-
Ja, TBEPIOE TeJo), COCOOHa MOpOXJaTh MHOrO()OTOHHbIE
1 MHOro(pOHOHHBIE KaCKaJHble Mpouecchbl BO30YXKICHUS
W JIe3VHTerpaly BemecTBa. MexaHu3M 3THX IpPOLIECCOB 3a-
KJII0YAETCsl B CHHXPOHHOM JIOKAJIbLHOM CJMSIHMY BPAILAIOIIKX-
Cs1 MArHUTHBIX WM I'PaBUTALMOHHBIX O€3MacCOBBIX MOHOIIONEH
Ha BOJIHOBOJAX OJIHOT'O 3HaKa OTAEJIbHBIX (POTOHOB MM (POHOHOB
B UX cyMMapHoM ¢(a30BoOM 00bEME, a B CIIydae UX IMOTJIOIIe-
HUS — B (pazoBbIX 00bEMax [ DM/ (mm gpyrux MysIbTUIIONEN)
3aMKHYTBIX JIEKTPOMATHUTHBIX WM MEXAaHUYECKMX BUXPO-
HOB. B pe3ysbTaTte MHOrOKpaTHBIX ITPOLIECCOB TAKOTO CJIAMSIHUS
POXKIAIOTCA «TSAKEAbIe» (DOTOHBI U (POHOHBI, KOTOPHIC BHaya-
Jie 3aIyCKaloT BO30YX/IEHHEe-MOHU3AIMI0 aTOMOB, a TIOC/e HX
BBICBEUMBAHUY JONIOJIHUTENIBHBIX [TOTOKOB PE30HAHCHBIX (POTO-
HOB, 3aITyCKal0T ¥ MEXaHU3Mbl TOPOTOBBIX BO30Y:KA€HUNA-NOHU-
3alMil aTOMHBIX sigep. Takue KackKaJHble IpoLecchl BO3-
Oy’K/1IeHUSsI-HOHM3AIUH aTOMOB MOCJIeI0BATEJbHO 3aITyCKa-
I0T IOPOrOBBIE MEXAaHU3MbI PACIa/ia-CHHTE3a si/ieP B KOH/IEH-
CUPOBAHHOM cpefie. 3/1ech YK€ aTOMHBIE MPOIIECCHl BO30YK/e-
HUS U U3JTy4eHUsl, TONOTHUTEbHO POXIEHHBIX KOPOTKOeN-
CTBYIOIIUX [TOTOKOB U3JIyYEHUS «MOJAKUTAKOT> JIOKAJIBbHO TO-
POTOBBIIl pacnaj siiepHbIX 000JI0YeK, MPUBOAALIMN K ObICTPO-
MY CHHTE3Y HOBBIX 6P XUMUUYECKUX JIEMEHTOB.



JKCcnepUMeHTANbHbIE Pe3yJbTAaThl HA YCKOPUTEJIAX.

Kommaiinep B3III1-2000 B HoBocuOupckom HWHcTHTyTE
SIIEPHON (PUBMKM BBIBEJIEH HA MPOEKTHYIO SHEPTUI0 U JIOCTUT
1opora, MocJjie KOTOPOro CTOJIKHOBEHUsI YaCTHI] B HEM HAYMHA-
10T POXJaTh AHTHOAPUOHBI — AHTHYACTHIILI IPOTOHOB U Hel-
TPOHOB, COOOINAET YYCHBIN CEKpeTapb MHCTUTYTa Ajekcei Ba-
crnbeB’. Baxuenmmmu nocruxeausamu 2014 rona Yuensii Co-
BeT MA® npusHan cieayoniye pe3yabTaThl: — BIIepBble BOIMU3U
MOpora peakiMi U3MEPEHO CEUEHUE POXKICHUS HEeHTPOH-aH-
THHEUTPOHHBIX Tap B MEKTPOH-TIO3UTPOHHON AaHHUTWISIIUY.
DKCnepuMeHT BbINOJHEeH Ha koyutanaepe BIIIII-2000 ¢ nerek-
topom CH/I.

B 1965 r. anTtuaeiTpoH ObUT MOTyYeH MPAKTHIECKU OJJHOBpE-
MEHHO B JIBYX® UCCJIe[IOBATEILCKUX I'PYIax HA IPOTOHHOM CHH-
xporpore LIEPH u B BpykxeiiBeHCKO# HallMOHAIBLHOW J1abopa-
TOPHHU.

Ha cunxpodazorpone B CepnyxoBe® — mnepBeiiiiieM B MHUpe
Ha TOT MOMEHT — OBbUI COBEpIIEH MPOPHIB B SiIEPHON (hU3HKE
Y TIOJTyYeHbl HOBBIE Pe3yJIbTaThl, TPEBOCXOAIIME M0 CBOEH 3HA-
YMMOCTH BCE U3BECTHBIE HA TOT MOMEHT B MUPE, KOTOpbIE 1 Obl-
J1 u3N10keHbl Ha «Pycckoil koHdepenuun» B Jlyna, [Benus,

7 A. Bacuibes. lazera.py or 19.04.2011, PUA «HoBoctu». Komnaiinep
BOIII1-2000 B HoBocHOUpPCKe BhIBEJEH HA MPOEKTHYIO SHEPTHIO.

8 Phys. Rev. Lett. T14 N24, 1965.
°10. H. IIpokomKuH. DKcnepuMeHTalbHble uccnenoBanusa Ha 70-I'3B yckoputene

N®PB3. Xypnan «Pusrka 371€MEeHTapHbIX YaCTULl U aTOMHOIO sapa», 1987, tom 18,
BbII.3. cTp. 503—574.



1969 rox.

dnpo anturenus-3 Boepeble HaOmoganock B 1970 ro-
ay rpymmoi O. [I. IIpokolikuHa Ha MPOTOHHOM CHHXPOTPO-
He Y-70 B UPBS (IlporBuno, Cepriyxos). [IpoToHbI ¢ 3HEpru-
eit 70 I'3B GomOapnupoBav aJTIOMUHUEBYIO MUIlIeHb. Vcromb-
30BaJIach MACHTH(HKAIMS 00Pa30BABIIMXCS YACTHIL IO 3apsiLy

u ckopoctu. M3 2,4 x 10!t MPOIIEIINX Yepe3 YCTAaHOBKY ya-
CTHUII YIA7I0Ch BBIETUTD NATh siep aHTturenus-3. OTKpbITHE aH-
TUreusi ObUIO BHECEHO B [OCYIapCTBEHHBIN peecTp OTKPBHITUI
CCCP noa Ne104 ¢ npuoputerom ot 28 situBapst 1970 r.

Anpo anTurenus-4 ObT  BIOEpBbIE  3apErMCTPUPOBAHO
B 2010 rogy Ha nonnom kosutaiiaepe RHIC. B cronkHoBeHu-
sIX My4YKOB MOHOB 30j10Ta ¢ 3Hepruer 200 5B perekropom

STAR 06butn 3apUKCUPOBAHBI OKOJIO 10° cobbiThil B3aMMOzEHi-
crBus sifep. B 18 coObTHsAX HAOMONANIOCh POXACHUE AHTHIE-
ms-4.

B pabote!’ cTyneHTOB 1 acMPaHTOB yyar peisiTUBU3MY TEO-
pUil OTHOCUTENBHOCTH A. DUHIITENHA. DTO BUJHO HA MpUMe-
pe, 4TO MpyY SHEprur NPoToHa 25 9B, mprodpeTaeMoil B yCKO-
puTesie, ero mMacca yBeJIMYMBaeTcs B 25 pa3, a NpU SHEPruu
7 ToB Ha BAK — B 7000 pa3. Pacuér yBenumyeHus Macchl 1BU-

10 C. 1. Kysneuos, T. H. [lyakun, B.H.3a6aes. VCKOPUTEJIN 3APSIKEH-
HbBIX YACTMULI. r. Tomck. N3aarensctBo TOMCKOro NOJIMTEXHUYECKOTO YHUBEPCH-
tera 2011, crp. 45. ®enopos B. B. Hcropus u passurue pU3HIECKUX MIPEICTaBIe-
HUI O CTPOSHNH OKpyXkarommero Mupa. — ['aranHa JleHnHrpaackoii o6x.: U3n-so HU-
IT«KypuaroBckuil uncrutyt» — IASAD, 2021. — 296 c. TO Ha crpanuue 234—240.



JKEHUEM CO CKOpOCThIO cBeTa Benercs no ¢gopmyiam CTO. Ka-
3aJ10Ch ObI, YeM BBIIIIE SHEPTUS CTATKUBAIOIIMXCS YACTHII, TEM
DIyOKe MOXHO IMPOHUKHYTH B IIYOWHY MaTepuy U OOJIbIIIEe T10-
JIYYUTb JAHHBIX O B3aMMHBIX MPEBPAILEHUSAX, HA OCHOBE KOTO-
PbIX MOXHO TMOCTPOUTH OOJiee COBEPILIEHHbIE TEOPUU U 3aKOHBI
ITpuponsl. Ho BOT IpOUCXOOUT CTOJIKHOBEHHE, KOTOPOE MOPOXK-
JAeT BCIJIECK JITUTEIbHOCTBIO OKOJIO ABYX ceKyHJ (¢oTo 0).

JlaHHBIE, TTOJTY4YEHHBIE OT CTOJIKHOBEHMI BCTPEUHBIX ITyYKOB
MIPOTOHOB, SIEP 30JI0TA U CBUHIIA, a TAK)KE ITyYKOB 30JI0Ta U JIe-
Tepusi, BO MHOTOM NPOTHBOPEYMBHI U JO CUX MOP HAXOISAT-
Csl B CTa/IUM TIOMCKA OTBETOB HA U3HAYAJILHO MOCTABJIEHHBIE BO-
npockl. YBeanueHnue Maccbl mpoToHa B 7000 pa3 10/KHO u3Me-
HUTB €10 CTPYKTYpy. OAHAKO 3TOT BOIIPOC HE PELIEH, KaK U BO-
o0I1Ie He onpejiesieHa MPUPOJIa MaTePUH SJIEMEHTAPHBIX YaCTHII,
KOTOpBIE HEJNb3$s1 pacCMaTPUBATh C TOUKU 3PEHUSI PEITUBU3MA,
HE TOBOpPs yXk MPO UX B3aMMOJEHCTBUE — 3TO HE MAKPOMUP Me-
XaHUYECKUX COyHAPEHUIA.

YCTpoiicTBO MPOTOHA MO-TIPEKHEMY OCTAeTCsl OJHOM U3 ca-
MBIX MHTEPECHBIX M JI0 CHMX TMOp HEPElIEHHbIX TeM B (usuke
3JIEMEHTAPHBIX YacTull. bosiee Toro, B mocneaHue rosl MHTEPEC
K Hel CHOBa BO3pOC, MOTOMY 4YTO (PM3MKU TOHSUIU, KaK IMOJTy-
YHUTh «TPEXMEPHBIi» MOPTPET OBICTPO ABHKYIIETOCS TIPOTO-
Ha, KOTOPBII OKa3aJicsi ropa3zio CJOXKHee MopPTpeTa HeloABHK-
HOT'0 MPOTOHA.

HNrak pe3yabTarbl OT BJIOKEHHBIX B CTPOUTEJbLCTBO
u uccjeaopanus B BAK kojioccaibHbIX CpeICTB MHOKe-



CTBa CTPaH 0o0Jiee YeM «CKPOMHbI», €CJI He CKa3aTh 00-
Jiee CKeNTHYEeCKH.
IMouemy?

®oto (. Berieck mpuBOAUT K BbUIETY MPOAYKTOB OT CTOJIK-
HOBEHMS BCTPEUHBIX MyYKOB «ITPOTOHOB>.

AHanu3 pe3ynbTaToB TAKMX CTOJIKHOBEHUI, CBOMCTB U CTPYK-
TYp 2J€MEHTapHBIX 4YacTHIl, JaHHBIX B padoTe!!, yka3biBa-

€T Ha LENBI psill (PyHIaMEHTATBHBIX OIIMOOK, TOIMYIIeHHBIX
B CAII:

I IMManpun A. A. Ctpykrypa Muposaanus BceaeHHoi. Tom 1. Mukpomup.



— HeT ompejesaennsi 3p@eKTa MposBIEHUSI «MaCChl», KakK
MIPUYUHBI,

— HeT onpe/ieJieHHsI eHMCTBHSI SHEPTUU, HO HE KaK MpOu3-
BeJIeHHE KaKOW TO «MacCChl» Ha KBaJpaT CKOPOCTH, a MPOU3Be-
neHus nocrosiHHou IlnaHka Ha yacToTy mynbcaruii cpepbl Mar-
HUTHOrO MoHomnosst | 9MM,

— HET OMpejieieHusi caMOJBHKeHHs1 (DOTOHA CO CKOPO-
CTBIO CBeTA,

— HET OIpe/ie/IeH!s HCTOYHHUKA SHEPIrUH, KOTOPBIA TBUKET
(poroHOM,

— HeT oIpeJiesieHus1 CTPYKTYphl (hOTOHA,

— HET OIpeIe/IEHUE CTPYKTYPbI SJIEKTPOHA,

— HET OIpe/iesIeHUs1 CTPYKTYPbl IIPOTOHA B TIOKOE,

— ueHTU(UKALIUS TTPOAYKTOB CTOJIKHOBEHUS TPOM3BOIUTCS
10 HeBE€PHBIM MOJIEJISIM JIEMEHTaPHBIX YACTHII, AaTOMHOTO Spa
U MX B3aUMOJENCTBUM,

— METOJl OTKPBITUsI Tay-JIeNITOHA MOKa3ajl, YTO IMPOIYKThI
YCKOPEHUSsI IEKTPOHOB U CTOJIKHOBEHUI MMEIOT OYeHb KOPOT-
KW IEPUO]T, )KU3HU.

be3 Takux omnpezeneHuii 1000l aHANINU3 MPOLYKTOB CTOJIK-
HOBEHWI MPUBOAUT K rpyoeiiliuM ommoOKaM HHTepIpeTa-
i, 0COOEHHO MaTeMaTHYeCKOH. B MUKpoMUpe CTOTKHO-
BEHHUE-B3aUMOJICHCTBHE YACTHUIl MTPOUCXOAUT HE IIapamH, a MX
BOJIHOBOJamMu-TiosieM. Harnpumep, anektpon (dpoto 10) umeer

—2
pasmep cepbl ucrounrka ' MM okono 10 O cm, a ero uer-
BEPTh-BOJIHOBO/] Iy/IbCALIMI U3Ty4YEHUs pa3Mep Ha JeCSAThb Jecs-



TUYHBIX MTOPSIIKOB OOJIBIIIE OKOJIO 10—"%¢m. B3aumonencreue
UCTOYHUKOB SHEPTMU C APYTMMH MUKPOYACTHIIAMU M Pa3TOH-
HBIM NIEPEMEHHBIM JIEKTPUUYECKUM TIOJIEM B YCKOPHUTEJISAX YKe
MPOUCXO/IUT TOJILKO BOJHOBOJAMH C TOMOUIbIO XOJIOJHOM
0e3MaccoBoil miuazMel. KpoMe Toro He yuuThiBaeTCsi COBCEM
U3MEHEHHe CTPYKTYPhI IEKTPOHA TIPY YCKOPEHUH U CUHTE3 €r0
3apsi/la SHEPruy C HEBHAMMOM BHEIIIHEW 3JIEKTPOMarHUTHOU
SHEpruen, MopoxaeMoil pasroHHbiMU nosissMu BU-cucrem pe-
30HATOPOB, & TAK)Ke €ro KBAaHTOBBIE MEPEXO/Ibl B MIOOH U Tay-
JIENITOH, UX PacCriaji C POXkJIEHUEM OIISITh TeX JKe IJEKTPOHOB,
MI0OHOB. [Ipruém, yem Oolibllle Macca-3HEPTUsi POKIAIOIIEH-
Cs1 YacTUllbl, HAIPUMeEp, Tay-JIENTOH Wi Y-Me30H, TEM BpeMs
KU3HU €€ 10 TOPSAKY BEeJIMUMHBI CTAHOBUTCS OJINXKE K SJIEPHO-

My (10~ ym 1072 CEKYH/IbI). 4YTO HE COOTBETCTBYET PacCye-
Tam 1o popmysam CTO A. DuHmTenHa.

MexaHu3M-CHHTE3 POKIEeHUSI HEU3BECTHONl SHepru-
el 13 2JIEKTPOHOB HEUTPOHOB-aHTUHENTPOHOB JI0 CUX IO HeU3-
BecTeH. Bo Bpems yCKOpeHHUs 3JIEKTPOHOB-TI03UTPOHOB BOKPYT
UX UCTOYHUKA M3MEHAETCA SJIEKTPUYECKOE IOJIE, YTO MOPOXK-
JaeT JIMBHH JIOTIOTHUTEHHBIX BHEITHUX CHHXPOHHBIX CBO00/1-
HBIX MarHUTHBIX MOHOIIOJIEN C OAMHAKOBBIM 3HaKOM, KOTOpPbIE
CJIMBAsAICh COBMECTHO C BHYTPEHHUMH 3aMKHYTBIMH MOHOIIO-
JIIMH, U3MEHSAIOT CTPYKTYPY IIOTOKA M CaM 3JIEKTPOH, Ha Iep-
BOM 3Tarie B MIOOH, 3aTeM B Tay-JeNnToH U T. /1. [loaTomy B 00-
JIACTH CTOJIKHOBEHMS ITyTEM KBAaHTOBOM KOHJEHCALIUY CIIVSHUS
MarHUTHOM SHEPIUY NIPY TOPMOKEHUN HAACTPAHBAIOTCA Tep-



BUYHBIE M POXKJIAIOTCSI HOBBIE 3AMKHYThIE 00OJI0UYEUHBIE CTPYK-
TYpbl ME30HOB, BJIO;KEHHBIE IPYT B Ipyra, Kak MaTPEIIKU U3 Ta-
KMX BUXPOHOB CO CTPYKTYpOH Tt M K ME30HOB, MOPOXAAOIINE
HEUTPOHBI, HO ¥ C TAKUM HaOOPOM BHYTPEHHUX CBOWCTB siiep-
HBIX BUXPOHOB, KOTOPBIE CIIOCOOHBI C(hOPMHUPOBATH U CTPYKTY-
Pbl QHTUYACTHIL -AaHTUHEUTPOHBI.

[Ipy BBICOKON KOHUEHTPALMM 3aMKHYTBIX BUXPOHOB MX
BHEILIHKME MOJIS TOHYKAAIOT K B3aUMHOMY CIHSIHAIO — (POKy-
CHPOBKE M KOHIIEHTPUYECKOMY OOBEAMHEHUIO B OOOJIOUYEUHbIE
CTPYKTYpPBHl M3 ME30HOB B IPOTOHBI-AHTUIPOTOHHI ((poTo 16),
HEUTPOHOB-AHTUHEUTPOHOB, AECUTPOHOB-aHTUIEUTPOHOB, TPHU-
TUA-aHTUTPUTUSA, TEIAA-aHTUTENNS. DTO O3HAYaeT, YTO MUKPO-
CKOINMYECKUE BUXPEBbIE MArHUTHBIE MOHONIOM [' MM KBaHTO-
BaHbl. OIMHAKOBBIE 110 3HAKY BUXpeBble MOHOIOMM ' MM cno-
COOHBI CHHXPOHHO O0'beJUHATHCSI C COCETHUMH C MTOMOIIBIO
CBOMX I10JIeW KaK I10 BEPTUKAJIN, TAK Y 110 TOPU30HTAIIH, a C PO~
THBOIOJIOKHBIMH HE COCAUHAIOTCS HUKOI/AA.

Ortciozia monmyvaercsi BLIBOJ, UYTO B 0OIaCTH-00bEME CTATIKU-
BalOIMXCs My4KOB ((poTo 0) 371€KTPOHOB-MIOOHOB-ME30HOB, I71e
oOpasyetcs cBoeoOpa3Hasi siiepHO-Me30HHAas Iula3Ma, NMeeT-
cs1 HA0Op TAKMX BUXPOHOB, KOTOPBIE SIBJISIOTCS 3€pKabHbIM OT-
paXk€HUEM YXKe pacCMOTPEHHBIX. Takue BUXPOHBI, HAllpUMep,
CITOCOOHBI YK€ CTPOUTH «IOMHK>» U JIJIs1 aHTUYACTHII, HAIIPUMEP
naps! HIPOTOH-AHTHIIPOTOH.

31eck U Be3je Jaliee B KHUIE CUUTATh TEPMHUH «MACCbHL»
ycnoBHBIM B cucteMe usMepennd CH. Ilpossienne s¢dgexra



«Maccvl» MUKPOYACTULIONW O3HAYAET JIMIIb U3Ty4aTe/IbHblil 3a-
MKHYTBI KOHTYP 3TOI YaCTUIIbl WU KJIACTEPA, MYyJIbCUPYIO-
I BHEIIHWE MOJISI YETBEPTh BOJTHOBO/BI — IPAaBUTALIMOHHOE,
MarHuTHOE U 3J1eKTpudeckoe. Tak BOT B3aMMOJEICTBUE TaKOIO
KBaHTa I'PABUTAIIIOHHOTIO MOJIs1 YACTULIbI C IEHTPAIbHBIM MOJIEM
TATOTEHUSI 3EMJIM U POU3BOIUT JIMIIIb HMHUTAIHIO €€ MACChl —
a¢pdekt nposiBieHue maccwt. Toxke camoe MPOU3BOAST KBAHTHI
Opyrux noneu. Macca knacrepa BELLIECTBA CIATAeTCs KaK CyM-
Ma TaKUX B3aUMOJEWCTBUN ITHX MHUKpoOYacTuil B HEM. OTcCio-
Jla ¥ BO3HMKAET BCEJIEHCKHUIT BOIIPOC — MovYeMy Ha 3emiie Bce
ATOMHBIE SI/Ipa UMEIOT TMOJIOKUTENIbHBIA IEKTPUUYECKUN 3apsi]l,
a He OTpUIIATeSIbHbIN, 2 aTOMHBIE OOOJIOUKHU COCTOSIT U3 JJeK-
TPOB, a HE U3 MO3UTPOHOB?

Macca xnacrepa, e€ BeC M THEPTHOCTB — 3T0 nIapamerpsl B CU,
KOTOPBIN 3aBUCHUT OT MECTa €ro pacroiOKeHUs — Ha MTOBEPXHO-
CTU 3eMJIM UM BO BCEJIEHHOM BAAJIM OT TATOTEIOIMX UCTOYHU-
KOB, a He OT 0030HOB Xwrrca. Maccy (MHEPTHOCTh) KJlacTepa
U3 OOBIYHBIX 3eMHBIX aTOMOB, 4 HE M3 QHTUBENIECTBA, JIaxke
Ha MOBEPXHOCTU 3eMJIM MOXKHO KPaHUPOBATh OT LEHTPAJILHO-
IO IPABUTALIMOHHOIO MOJISI U J1a)€ CBECTU €€ K HYJIO, a €€ Ie-
peMelieHre caenath 0e3bIHePIHOHHBIM. DTO MOATBEPK/IAET-
Cs1 TEXHOJIOTHSIMU JieTaommux jauckoB B. Illayoeprepa, /. Cepna,
rpaputosiétamu B. C. I'pebennukona, [I. Kuu, a Takxe 6e3bl-
HEPUHMOHHBIM TepeMelleHeM MHOTOTOHHBIX KaMeHHbIX OJ10-
KoB B Tubere.

[Ipn sHepruM Hajeramero Ha aroM (hOTOHA TaMMa-U3Ily-



yeHus Bbllie noporoBor B 1022 K3B, ero BuxpeBoe mnose BOJ-
HOBOJA U3 3€PEH-AIEKTPONOTEHIIMAJIOB B3aUMOJEUCTBYET C MO-
JIOKUTEJIbHBIM TOJIEM aTOMHOTO Siipa. DTO BBI3BIBAET TOPMO-
’)KeHHe Ha CBETOBOM Oapbepe CBOOOJHOrO MHKPOBHXPOHA
Y €ro KOHJEHCAIIUI0 B 3aMKHYTBIH KOHTYP, a MPOIECC cCaMo-
JBVKEHUsT CBOOOTHOrO MarHUTHOTO MOHOTIONSI BUXPOHA (DOTO-
Ha MpeKpanaercs — UAET Npolecc HHTerpanyu Kjiacrepa Mare-
PUM C «MACCOI» N3 CAMOABUKYILETOCSI MUKPOBUXPOHA B COCTO-
STHUE PHEepPruv mokKos B (hopMe rpaBuUTaliMOHHOrO 3apsaa. Ort-
clofia 10 aHAJIOTUU C TIPEOOJIeHHEM 3BYKOBOIO Oapbepa, mpu
KOTOPOM IPOUCXOIUT KOHAEeHcaIus (WM Ha000poT JApooJie-
Hue-daTTep'?) Matepuyd U3 aTOMHOW B KJacTepHYIO (Iap),
NP MPEOJO0JIEHUH CBETOBOIr0 Oapbhepa MPOUCXOAUT KOHIEeH-
canusi SHepruu u3 06e3MaccoBOM U CBEPXCBETOBOW MArHHT-
HOM B «Mdaccosyto» TPaBUTAMOHHYIO. Bo3mMoxeH u oOpart-
HBI TIpOIeCcC TMPEOJoJIeHHsI CBETOBOro Oapbepa — 3TO HMCHa-
peHne-pa3roH «mdaccol» (SHEPruv IMOKOS) YacTUIl B CBOOOM-
HYIO SHEPruio POTOHOB. DTO MPOUCXOIUT MPY AHHUTWIISALIMY Ya-
CTUII-aHTUYACTHUIIA, KOTJIa 3a CUET pa3roHa XOJIOAHON Oe3macco-
BOM IJIa3MOM IyTEM YHUUTOXKEHHU S YETBEPTb BOJTHOBOJIOB BHEIII-
HETrO TIOJIsI TPOMCXOJUT MIPEOAOJIEHNE UX NCTOYHUKOM CBETOBO-
ro 6apbepa B JIpyryio cropony. [IpumMepHO Toxke camoe IPOrCXo-
JUT MPU KOHJEHCAIIUA MarHUTHOW SHEPrUM ¢ MOPOroM (pOTOHOB

12 ®rarrep nposiBiAeTCs MPU TOCTUAKEHUN HEKOTOPON KPUTUUYECKOHM CKOPOCTH, 3a-
BUCALIEH OT XapaKTePUCTHK KOHCTPYKLMH JIETaTe/IbHOrO anmnapara, [lepexon k cBepx-
3BYKOBBIM CKOPOCTSIM OCJIOXKHSUICA OMAaCHOCTAMM (rarTepa.



B 106 M3B B mapy MIOOHOB U JIpyrue Mojio0HbIe MTPEeBpaIleHHUS].

Pa6ora sHeprun npoMeKyTOYHbIX CBOOOJHBIX BUXPO-
HOB WH(]paKpacHbIX (POTOHOB MPU UX MOMIOMIEHUU (KBAHTO-
Basi KOH/IEHCAllMsl MAarHUTHOW HEPIUU B BELIECTBE) C POXKICHU-
€M Mapbl IPaBUIJIEKTPOMATHUTHBIX MOHONoJell (I'9MM)
ITPOTUBOIIOJIOKHO 3apSKEHHBIX 3AMKHYTBIX BUXPOHOB B (hOp-
M€ TPaBUIIEKTPOMArHuTHeIX aunonert (IM]I), cocrosimmx
U3 Tapbsl TPUAJbl MEPEXOIHBIX MOHOMOJIEM — 3TO MCTOYHUKHU
yAbTPa3BYyKa, MEPEHOCSIIET0 COCTOSIHUE TeMIepaTrypbl KiacTe-
pa. Te ke camble Mpoueccsl OTBETCTBEHHBI NpU (hOTOCHHTe-
3€ PACTeHU! — 3aKOHBI POCTA.

Paoora sneprun poToHOB 3eMM NpU MX BHIXOJE B ar-
Moccepy BceenenHoit u 3a e€ mpeesnbl, T.e. NMPU UX JBUXKE-
HUM B HEBELIEeCTBEHHOM [IPOCTPAHCTBE IPUBOAUT K CO3AAHUIO
anep YCT u3 cBEpXIUIOTHOIO BELIECTBA.

Ha nanHOM 3Tane u3noxeHus yke JOCTOBEPHBIX BBIIEHU3IIO-
JKEHHBIX (DAKTOB XOUETCS] OTMETUTD SIBHO MPOSIBJISIIONIYIOCS B3a-
HMOCBA3b Y MOJAYMHEHHOCTH (PU3MYECKUX IOJIEM U CTPYK-
TYPUPOBaHHOM MaTepyy 4Yepe3 MOCPEACTBO MUKPOBUXPOHOB —
CBOOOJIHBIX M 3aMKHYTBHIX, JIEKTPOMArHUTHBIX U MeXaHWuYe-
ckuX. Bo-mepBbix, 3T0 KOHJEHcalMs 6e3MacCOBOI M CBEpXCBe-
TOBOM MarHMTHOW SHEPrHH CBOOOJHBIX BHXPOHOB (POTOHOB
B CTPYKTYPHPOBAHHYI0 MAaTEePHIO 3JIEKTPOHOB-MIOOHOB (I'pa-
BUTAILIMOHHAS SHEPIHs) YEPE3 HEOThEMJIEMOE ITOCPEICTBO JIEK-
TPUUYECKOW SHEPrUU. 3[1€Ch MPOSBISAETCS SIBHASI 3aBUCUMOCThb
POXIEHUSI TPABUTAIIMOHHOW SHEPruu U3 OBICTPOM MarHUTHOW



SHEPIruv Yepe3 HeOThEMJIEMOro MOCPEeAHUKA — JIEKTPUIECKON
SHEepPruv. DTO HAMPSMYIO CBSI3aHO C OCHOBHBIM 3akoHOM [Ipupo-
b, YTO JIJIS1 CAMOBPAIIAIOIIUXCS TUIAHET U 3BE3]T UMeeTCs OIpe-
JeNEHHAsT 3aBUCHMOCTb TMOPOKACHUs TPABUTAIIMOHHBIX TOJIeH
MAarHUTHBIMH, T.€. OTHOIIIEHWE MarHUTHOIO MOMEHTA K MEXaHU-
YECKOMY €CTh BeJIMUMHA MMOCTOSIHHAS, KaK U JJ1s1 THPOMArHUTHO-
r'0 OTHOIIIEHHUS Y MUKPOYACTHII.

Bo-BTOpBIX, CMapeHne Macchl NEKTPOHOB-TIO3UTPOHOB TIPH
VX AaHHUTWIALWY, T.€. YHHUTOKEHHEe TI'PaBUTAIIMOHHON SHEp-
'Y 3aMKHYTBIX MUKPOBUXPOHOB C POK/IEHUEM CBEPXCBETOBOM
MarHUTHOW HEPIHU CBOOOHBIX MUKPOBUXPOHOB (POTOHOB.

Ortciona U cleyloT 3aKOHBI PEBPAIICHUs IPYT B Ipyra mps-
Mble 1 O0paTHbIEe MHUKPOUYACTHUI], U3 KOTOPBIX B CBOOOIHOM
HECBSI3aHHOM COCTOSTHUM TOJIBKO SJICKTPOHBI SIBJISTIOTCS CTAOUJTh-
HBIMH, T.€. C OECKOHEUHBIM BpeMeHeM *XU3HU. Bce ocTayibHbie
OTKPHITBIE 3JIEMEHTApHBIE YaCTHUIIbI B CBOOOJHOM COCTOSIHUU
HECTAOMJIBHBI M PACIIaIal0TCS Ha YaCTHUIIBI C OOJIBIIIMM BpEMEHEM
xu3HA. OTHAKO, ECITU MOJI0OHBIE UM MUKPOUYACTHUIIHI TIOMECTUTD
KOMIAKTHO Y LIEHTPAJIbHO TI0/] BHEIITHIO 3aPSKEHHYIO IEKTPU-
YecKu 000JIOUKY MPOTOHA UM aTOMHBIX sJIEp, B COOTBETCTBUU
C MX YaCTOTOW MyJIbCAIlMU Tap KaxIod U3 000JOYeK, TO OHU
Jyepe3 MonepevyHyr0 ¥ MpoJ0JbHYI0 XOJIOJHYI0 0€3MaCcCOBYIO
ia3my OyayT MPOSBIATH YyJeca CTAOMIBHOCTH, KaK 3TO Clely-
eT u3 Tadmipl MeHeneeBa.

Botr nostomy nns panbHeniiero pasputusi EquHoN Teopumn
(pr3vkam HyKHBI OBUTA HOBBIE YACTHIIBI, CYIIECTBYIOIIHE B ITPH-



polie, ¢ ompeesieHneM B HUX CyOCTaHI[UM SHEPruM, MpuBO-
JSIIUE K «#CU3HU» CYIIIECTBOBAHUS U JBH2KEHHIO BCE JIeMEH-
TapHble YacTUIlbl, onucaHHbie B CtanaaptHoit mojaenu. Pusu-
KM OT MaTeMaTUKU HAYaJIM CO3JaBaTh CKA30UHYIO TEOPUIO KBap-
KOB B KBaHTOBOM XxpoMoauHamuke (KX1) u cmpynnyro teopuio.
Ho 3T0 ObUTH TOJIBKO TMITIOTETUYECKYEe, HAPHMCOBAHHBbIE HA OY-
Mare MEPTBbIe OOBEKTHI, IKCIIEPUMEHTAJIbHASI TPOBEPKA KOTO-
PbIX HE TIOATBEPANJIA UX CYIIECTBOBAHUE U KU3HECTIOCOOHOCTb.
Takue KBapKu He 00a/IAI0T SHEPruel U He Jal0T OTBET Ha TO,
KaK OHM XXWBYT, JIBUXKYTCS M KaK OHM pabOTaiOT, YTOOBI HaJe-
JIUTh 3IEMEHTAPHbIE YACTUIIBI CIOCOOHOCTBIO «8EUHBIX» KOJIe-
O6aHuil Jaxe npu aOCOMIOTHOM HyJie, Ha 4TO yKasbiBan [oH
Kunmu. ®dyHaaMeHTapHasi HayKa HaKOMUJIa JOCTAaTOYHOE KOJH-
yectBO 3HaHuM (40 3akoHoB [I. Kun, ®unanenspuiickum skc-
nepuMeHT H. Tecna, mononons I1. upaka, auonsl [Ixynrana
[IBuHTEpa), YTOOBI COCTOSIICS TIEPEXO]] OT «MEPMBbIX» KBap-
KOB K «JCUBbIM» CAMOJBIKYIIMMCSI KBaHTaM 3apsja JBH-
JKeHUsI.

[louck 3TUX HOBBHIX 3apsAA0B JBHKEHHSI C 3apsaamMu
SHEePruM, crocoOHbX oOecrieunth Hen3BecTHON 3Hepruei
(oToHBI W1 UX GECKOHEUHOTO IO JIJIMHE MyTH CAMOJIBUKEHUS
B KocMoce BcenenHoli yBeHuasicst OTKpbiTieM BuxponosB!?, ko-
TOpBIE PELIMIIN aKTYaJIbHYIO (pr3rUecKylo nmpodsiemy (00beau-

13 IHanpun A. A. Buxponsl. M.: UsparensctBo «Tposant», 2011 roa. 232 crp.
Ha IeYaTHOM KHUre. DNEKTPOHHO-LU(pPOBas KHUIA B HUHTepHeT-MarasuHe JIM-
TPEC —ISBN: 978-5-89513-242-5, 2013 rog, 350 cTp. Ha 21€KTPOHHOM.



HEeHHEe TPABUTAIMOHHBLIX U JJEKTPOMATrHUTHBIX B3alMO-
JEUCTBUI), a TAKKE CTaJM MPUBJICKATEIbHBIMU U IJISI TEOPUA
CynepoObequHeHus 1.

B Teopernueckoit (pu3Mke CyIECTBYIOT pa3InyHbIe MOJXOIbI
K pelIeHHIO TIOCTAaBJIEHHBIX 3aa4y. JTO Kacaercsi U MpoOIeMbl
00 bequHeHns. MOXHO UATH IO TMYTH TIOMCKA HEKOW YHUBEP-
casibHOM (hOpMYJIbI (MJIH TPyIIIBl POPMYJT), ONTUCHIBAIOIIEN (PyH-
JAMEHTaJIbHbIE B3aUMOJIEICTBUS MaTeMaTUYECKUMU METOAAMU,
HO 3apaHee OrpaHYEHHbIE HETIOJTHOTOM MaTeMaTUKU IByMsI TEO-
pemamu K. I'eniesist 13 3a HEBO3MOKHOCTH BIOXHYTb KU3Hb B 3TU
opmybl cydcTanmueii Bcex (hopM SHepPrum.

A MOXHO UATH APYTUMM MYTEM MOUCKA YHUBEPCATHHOU 00b-
eIMHSI0IIEeH YacTUIlbl, CYIIECTBYIOIIEW B MPUPOE, B COCTaB
KOTOPOM BXOIUT U 3apsj IyIbCUPYIOILIEH SHEPruH. DTOT BTO-
poii MyTh OBUT OYEHb TPYAOEMKHUM ISl UCCIENOBAHUU, TO-
CKOJIbKY TakOW yacTuupl (pU3MKa HE 3Hajla, U BO3MOXHOCTH
ee OTKpbITUs ObUTM HeompejeneHHb. Ho MMEeHHO 3TOT BTOpou
nyTb ObLT BHIOpAaH HA MYTU K OOBEJUHEHUIO B3aMMOJIEUCTBUM.
U TonpKo ¢ OTKphITHEM BHXPOHOB MosiBUIACh HajekJa KOH-
KpeTHoro ornpeneneHus pazanunbix cyocraniuii HEM3BECT-
HOM SHEPI'MMU, nepexofsumx Apyr B Apyra, Ha OCHOBE KO-
Topou U nocrpoeHo peajbHoe IIpeancrasiaenue Muposna-
nus'4. Tonbko peanbHoe [pencraBnenne Mupo3nanus v o3Bo-

14 IMagpun A. A. CtpykTypa MUpo31aHus BcelneHHOU. 1—3 toma. M3patenbckue
perienns 1o uiensun RIDERO. 2022 roga, Beero 6onee 1600 crp.



JISIET PacKphITh BCe (PU3MUYECKUE TAlHBI'> SIBJIICHUI, KOTOPBIE BCE
npenmectsyioe TEOPUU Bennkux O6benunennii u Cynep-
00beIMHEeHNI He CMOCOOHBI OOBSICHUTH HA TIOHSITHOM IIKOJIb-
HUKY HarJsiJTHOM MaTepuaJe.

AHanu3 ¥ orpeieieHue CBOMCTB HOBOM (DOPMbI CAMOJIBUKY -
IIeiics MaTepry B BUJiIe BUXPOHOB CBOOOIHBIX M 3aMKHYTBIX,
MIEKTPOMArHUTHBIX U MEXaHWYECKUX, SBJISIONMXCS OCHOBOM
POXAEHUS Y BOCIIPOM3BO/ICTBA JIEMEHTAPHBIX YACTHUII, ATOMHBIX
si7Iep, aTOMOB M MOJIEKYJI M JTI0OOTO BelecTBa B Pa3IMYHbIX ar-
pEraTHbIX COCTOSIHUSX, a TaKke POXAECHUS W IBOMIOLMMU 3BE3]L
Y TUIAHET, TIPUBOJUT HAC K HEBUUMON U Heperucrpupye-
MO, HO «Jicusomeopsiugeri» CyOCTaHIIUN 1 e€ aKTUBHBIX KOM-
MOHEHTOB, KaK MEPBOMPUYMHBI BCETO CYIIETO — ONMpe/1eJTJeHII0
puznyeckoi cydocTaHIUM SHEPTrUuM, €€ CBOICTB U e€ 3aK0-
HOB.

HensBectHble 3axkoHbl npupoabl. [IyTs no3Hanus 3ako-
HOB NIPUPO/IbI HAYMHAETCS C OTIpe/ieIeHN 3aKOHOB SHEPruH,
3aKOHOB JIBHKE€HNSI H 3aKOHOB (DM3HYeCKHUX MOoJe, KOTO-
pble B3aHMO00paTUMO CBSI3aHBI MeKy cooom. [loctoBep-
HO YCTaHOBJICHBI CIIE/TyIONINE 3aKOHbI.

3aKOHBI SHEPIUK:

— 1. 3aKOHBI POKAECHUS SHEPIUH,

15 Tajinm XO0JI0HOTO TMpeBpallleHus JIeMEHTAPHBIX YacTUL, XOJIOJHOIO sIIEPHOTO
CHHTE3a, IapoBoi MoyTHIH, JuckoB B. Ilay6eperepa, [I. Cepna, rpaBuronéros [I. Ku-
1, B. C. I'pe6benrnkoBa, 3¢pdpexton [l. XaTuncoHa 1 MHOTHX JIPYTHX, OTMEYEHHBIX
paHee.



— 2. 3aKOHbI KBAHTOBOM IEpe3apsiIKK 3HAKA SHEPTUu 151 CU-
CTEM C HYJIEBBIM CIIMHOM U CIIMHOM PaBHBIM 1,

— 3. 3aKOHBI B3aMMHBIX [IEPEXO/IOB SHEPTUU /151 CUCTEM C T10-
JIyLEJIBIM CIIMHOM,

— 4. 3aKOHBI YHUUYTOXKEHHUS SHEPIUH,

— 5. 3aKkOoHBI TPOU3BOJCTBA SHEPIUH,

— 6. 3aKOH COXpaHEHU sl SHEPIMH B 3aMKHYTBIX CUCTEMAX,

— 7. 3aKoHbBl KBAaHTOBOI KOHAEHCAI[UHN SHEPTrUu Ipu Ipe-
OJIOJIEHH CBETOBBIX U 3BYKOBBIX 0ApPhEPOB U COOTBETCTBYIOIIHE
oOpaTHbIe TPOIIECCH KBAHTOBOTO MCHAPEHUS PH BO3BPAIICHUH
K HUM,

— 8. 3aKoH npeBpalleHuii SHEPrUM NPy HEOThEMJIEMOU B3a-
MMOCBSI3M TpPUAAbl MOHOIOJE B BUXPOHAX, MEXaHUYECKHUX
Y JIEKTPOMArHUTHBIX,

— 9. 3aKOHbBI MHTETpalluK U IE3UHTEr ALY CTPYKTYPUPOBAH-
HOW MaTepUU SHEPruey Kak 3aKOHbl H3MEHEeHHsI MaTepyH,

— 10. 3aKoHbI IEICTBUS SHEPIUU, €€ MEXaHU3Mbl U UHCTPY-
MEHTBI.

N npyrue.

[Ipu 3TOM CITMH U €ro NepeBOPOT ABJISAETCS UCTIOTHUTENEM 3a-
KOHA COXPaHEHUsI JHEPTUU U XapaKTepU3yeT COCTOSIHUE SHEPTUr
B HOCHTEJIE 3apsAJa ABWKCHUS. DHEPrusl MArHUTHOTO (IpaBUTa-
IIMOHHOT'0) MOHOIIONSI B BUXPOHE MOXET ObITh MOJIOKUTETbHOM
v orpunaresibHol. [loyiHOE npeBpaleHre SHepruy B 3apsiJie ABU-
JKEHUsI OT MOJIOKUTEIBHOIO 3HAYEHHUsI 10 OTPULIATETIbHOTO BbI-
MIOJIHAETCSA B CUCTEMAX C LIEJIbIM U HYJIEBBIM 3HAYEHUEM CIIMHA,



a C MOIYHUCJIbIM — OHO MMECT TOJIbKO OAHO 3HAYCHUEC, YTO U I10-
POXAACT B3aUMHBIC MEPEXOAblI MEKAY MEXAaHUYCCKUMU U IJICK-
TPOMArHUTHBIMU BUXPOHAMMU.

3aKkoHbl (pU3NUYECKUX MOJeH:

— 1. 3akoHsl poxaeHus (PU3NIECKUX TOJIEH,

— 2. 3aKOHBI pOKACHUS POCTPAHCTB-TI0JIEN OT BUXPEBBIX HC-
TOYHHUKOB,

— 3. 3aKoHbl pOXJIEHUsI MMPOCTPAHCTB-NONEN OT CTallOHap-
HBIX UICTOYHHUKOB,

— 4. 3aKkoHbI B3aMMOAEUCTBUS (PU3NYECKUX MOJIEH.

U npyrue.

3aKoHbI JBMKEHMS

— 1. 3akoHBI 6€3BIHEPITMOHHOTO JIBUKEHUSI,

— 2. 3aKOHBI UTHEPLIMOHHOT'O JIBV)KEHU S,

— 3. 3aKOHBI BpalaTeJibHOrO JIBUKEHUS,

— 4. 3aKOHBI NIEKTPUYECKOrO ABUKEHUS,

— 5. 3aKoHBI TETJIOBOTO M 3BYKOBOTO JIBUXKEHUSI TIPU TOTJIO-
IIEHUU BEIIIECTBOM 3apsiia SHEPIUM.

N npyrue.

Jlanee B KHMUIe YKa3aHHble 3aKOHbI OYyIyT pacCMOTpPEHbI,
OIpe/ie/IeHbl HA KOHKPETHBIX IIPUMEpax M HATIOJIHEHBI COOTBET-
CTBYIOLIUM CMBICJIOM.



3ueprus B CU. Onpenenenrie DUHIITERNHOM SHEPIUU, Kak
MPOU3BEJICHNE MACChl HA KBaJpaT CKOPOCTU CBeTa ecTh (PyH-
JJaMeHTaJbHast OuOKa. B npupose oTcyTcTByeT CyOCTaHIH
«MacchI».
Yro takoe sneprusa? B CAII onpenenenue suepruu B CU na-
€rcA B crenyonieM Buje 'S
Anepaus, (Oeiicmeue, cuaa) - Mo
CKANAPHAA ¢M3M14€CKCI}1 seauuuHa, ACAANOUAACA
€OUHOl ~ MepOll  pazauuHvlx  (POpM  OBUNCEHUS.

U 83aUMOOEliCMBUs. MAMepull, Mepoll nepexo0a OBUNCEHUS
mamepuu U3 0OHUX popm 6 opyaue».

Ho ecnu sHeprus — 310 Mepa, TO OHa, Kak U Macca-mepa
HHEPTHOCTH, JOJKHA OBITH orpenesnieHa B [lanate mep u BecoB
B [laprxe B KauecTBe 3TaJIOHA €IMHON MePbI JBHKEHMSI TEL.
Ho tam HeT Takoro tajoHa, Kak HeT U ONpe/ieJieHHs CHJIO-
BOI1 mipuponHoi cyOcraniuu 3Heprud. Co cioB HobeneBckoro
naypeata P. ®eilHMaHa O TOM, UTO B COBPEMEHHOU emy ¢busuie
HeU38eCmHo, Umo maxoe 3Hepeus, ponuio yxe odonee 50 ner,
HO 32 9TH TOJIbI TaK 1 He ObUT BBISICHEH (PUBMUECKUI CMBICIT 3TOTO
noHsTus1. P. ®eitnman!’:

Baxno INOHUMAThb, 4YTO (1)1/131/11(6 CErogHAIIHEroO OHA
HEU3BECTHO, YTO TAaKOC 3SHCPIrHU:. Mul He CUHuTaeMm,

16 https://ru.wikipedia.org/wiki/neprust

7 ®erinman P., Jleiimon P., Conoc M. ®eliHMaHOBCKYE IeKIUU 0 (pusmke. Boimyck
1. CoBpemeHHas1 HayKa O IpUpoe. 3aKoHbl MexaHukd. Boimyck 2. IIpoctpaHcTBO.
Bpewms. [Ipmxenue. B pazgene Yto takoe sHeprus.



YTO SHEPrusi Nnepejaercss B BUJE MaJICHbKUX IHJIONb.
Huuero mono6noro. Ilpocto umetorcs Qopmynsl ams
pacyera ONPEAEIECHHBIX YHCIEHHBIX BEJIMYMH, CJIOKUB
KOTOPBIE, MBI TIOJIyYAEM YHUCJIO. .. DTO HEUTO OTBJIEYEHHOE,
HUYEro He TOBOpslllee HaM HU O MeXaHH3Me, HU
O NPUYMHAX MOSIBJIEHUS B (DOPMYJIe Pa3IMYHbIX YJIEHOB.

Dueprusi B npupojae. OnpezeneHrie MPpUPOIHON cyOCcTaH-
MU 1 e€ KOMIIOHEHTOB B BHXPOHAax B (opMe Tpuajbl B3a-
MMOCBSI3aHHBIX MOHOIOJIEH TP TJIAaBEHCTBYIOIEN pOJd Beu-
HO IYJIbCUPYIOIIEr0 MarHUTHOTO YKa3biBaeT Ha (pU3MuecKuii
CMBICJI IPUPO/Ibl SHEPT UK.

Yro Takoe cyOcTaHims?!®

«Cyocmanyus (nam. substantia — cyuwgHOCMb, HEUMO Nexca-
uiee 8 OCHOBe) 0OBEKMUBHASL PEANbHOCHIb, DACCMAMPUBAEMAS
CO CMOpPOHYbL €é HYmpeHHezo eouncmea... Kamezopusi snepeuu
8 COBPEMEHHOM eCeCmB03HAHUU COXPAHAEMCS, KAK MEHOEHUUS
NOUCKA eOUHOTI CYOCMAHUULL NEPBOMAMEPUL, a4 MAMEPUsL — 8 AC-
nekme eOuHcmea ecex ghopm eé ogudicerust. .. B ucmopuu gpunoco-
duu cyocmanyusl. UHMeEPNPemMupo8aNacs NO-PasHoMy: Kaxk cyo-
cmpam, KaK KOHKPemHas UHOUBUOYANbHOCIb, KAK CYULHOCHIHOE
CBOLICMB0, KAaK Mo, 4mo CNOCOOHO K CAMOCHMOSIMENbHOMY CY-
ULeCmeo8anulo, KaKk OCHO8AHUe U UEHMp UMEHEHUIl npeomema.
Cyocmanuus, Komopoe 03Hauaem ,,Heumo, Ymo NeHCUm noo UIU
6 ocrnosanuu eewieii ‘. CredoeamenvHo, 8 COOMEEMcmeuu ¢ ma-
KUM OOUWUM NOHUMAHUEM, CYOCMAHUUU 8 ONPeOeneH Ol Puno-

18 https://dic.academic.ru/dic.nsf/ruwiki/ 1336724
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copcKoll cucmeme — amMo me Geuju, Komopbwle, CO2AACHO MOl
cucmeme, COCmMagAsilon OCHOBAHUE PEANbHOCMU UAU S8ASION-
¢ pynoamernmanvhvimu cyupocmsamu. C mouku 3peHus oua-
NEKMUUECK020 MAMEPUANUBMA, KAME20PUsL CYOCMAHUUU. — OOHA
U3 YHUBEPCANBHO-N02UMECKUX XAPAKMEPUCTUK MAMEPUU KAK aK-
IMUBHOLL NPUUUHBL CBOUX COOCMBEHHBIX UBMEHeHUll, (hopma npu-
UUHHO20 00BSACHEHUSI 00BeKMUEH020 mupa... C 00HOT CHOPOHDI,
KpUmuKka NnOHSmust CYOCManuyuu. CMbIKAemcs ¢ KpUmuKkol ma-
mepuanusmd, a ¢ Opyeoi — ¢ OMpuyaHuem NOHSIMUS NPUUUH-
HOCMU U NPUUUHHO20 OOBSICHEHUS, C NONLIMKAMU 3AMEHUMb
ux onucanuem (I1. rozem) uau ,,opyHKUUOHANLHBIM OMHOUIEHU-
em“ (3. Kaccupep). U. Kaum, pazeusas znoceonozuueckuii ana-
AU3 NOHSIMUSL CYOCMAHUUU, YKA3BIBAN HA HEOOXOOUMOCHTb 31020
NOHAMUS ONSl HAYUHO-MEOPEMU1ecK020 00BsICHEHUsL SIBNAEHULL »

Hnst Toro, 4ToObI Takasi IHEPrUsi CTaja JeWCTBOBATh CUJIO-
BBIM IIYTEM U BBI3BIBATh CIOCOOHOCTH Y TeJl HPOU3BOJAUTH pa-
00Ty 1 CBOM MPOJAYKTHI HEOOXOIMMO YCTAHOBUTD €€ AKTUBHBIC
KOMITOHEHTHI BO31eMCTBUSA Ha HUX. [IJ1s 3TOro e€ HajJo cHayva-
JIa c034aTh, IPeoOpa3oBaTh, HAKOIUTb U COXPAHUTh B IPUPO/-
HBIX WIM TEXHHYECKHX aKKyMyJasaTopax. Bor Ha Takom nytu
U MPOSIBAT ceOs1 CYIIHOCTH ITUX KOMIIOHEHTOB, KOTOPHIE YKe
OyaeT BOZMOKHO OMNPe/IeJUTh.

3akoHbl poxkaeHuss YHeprun. YepHele cepuyeckue Te-
na!® (YUCT) cymiecTByIOT B BUJIe CBEpXIUIOTHOM MAaTEPUU U SIBJISI-

19 Mlappun A. A. Crpykrypa muposganust Beenennoil. M3parenscrso TpoaHT.



I0TCSI ICTOYHUKAMH MATEePUHCKOI SHEePrun — 00 3TOM yKa3bl-
BaJ1 eni€ akageMuk AmoOapitymsiH. JlouepHsist sHeprus B BUXpo-
Hax co3fgaércsa B Hamied BceleHHOW ¢ moMoIpio MaTepHH-
ckoit sHeprun YCT cBepxmIoTHBHIX sifep. 3HaKU 3apsiia nosei
OT 3TUX JABYX POACTBEHHBIX SHEPIUil UMEIOT MPOTUBOMOJIOKHOE
3HAYeHUeE.

B Mukpomupe npupogHas JO4YepHSIA SHEPrus Tpuaja Mo-
HOMosel, 00beIMHEHHBIX B (hOpMe MUKPOBUXPOHOB B TMO/A3EM-
HBIX «s1abopamopusix» B 1eHTpajabHOM siipe 3emun, CosHie
U Ha JIpYTuX IUIaHeTaxX U 3BE3JaX, MPOU3BOAUT JIEMEHTAPHBIC
YaCTUIIBI U3 s1/IePHO-MEe30HHOI IIa3Mbl, 2 HAUMHAS C HEUTPO-
Ha poX/JiaeT Ha noBepxHocTh 3emuin v CollHIa BCe XMMUUYECKHE
9JIEMEHTBI, U3 KOTOPHIX MIOCTPOEHO BCSl HAOJI0/1aeMast B IIpo-
crpanctBe Bcenennoit 4,9% marepus?’, ra3, yacTUIIbl, 3BE3IHI,
riaHeThl, [anakTuku u T. 1. Bc€ Henadmogaemoe 95,1% dop-
MUpyeTcss TEMHOM Maccoil 1 MaTePUHCKON SHEpruei — 310
Y eCTb CTpyKTypupoBaHHble Aapa YCT u ero npoayKThl.

B makpomupe TexHmueckKue CyOCTaHIIUM SHepruu B hopme
BUXPOHOB aKTUBHPYIOTCSI BpallleHUEM ToJIeld U KJIacTepOB Be-
IIECTBA, 3BYKOM, OOPbIBOM MOTOKA ITyYKa IEKTPOHOB WU eK-
TPUUYECKOM JyTY, UMILIO3UEeN IBUXEHUsI MAaTepUU — TO U €CThb
OCHOBHBIE METO/IBI CO3/IaHUSI KOMIIOHEHTOB CYOCTaHIIMU SHEP-
TUU.

2005 roa. 180 crp.

20 Manpun A. A. Poxaenue Bemectsa Bo Beenennoit. Ilyts HeliTpona. M3narens-
ckue pemenus no ymiensun RIDERO. 2019 roa, 304 crp.



PoxxieHue 3aKOHOB JABHKEHHUSI. DTU K€ NIPUEMBI 110 pa3-
HOMY IIPUBOJST K POXKACHUIO MEXaHUUECKUX WM JIEKTPOMAr-
HUTHBIX 3apPsIJI0B ABHKEHNUSsI — BUXPOHOB, TPU pPa3psijike KO-
TOPBIX MTHOBEHHO WJIM MTOYTH MFHOBEHHO B OKPY’KAIoIIEM ITPO-
CTPAHCTBE YCTaHABJIMBAIOTCS HEBUMMbIE BOJIHOBO/IbI MMILJIO-
3UU-IKCIIO3UHU C PA3HOCTHIO MOTEHIIMAIOB (IPaBUTAIMOHHBIX
WM JIEKTPUUECKHUX ), YTO U MPUBOIUT B JBHKeHHe-U3MeHe-
HHE HEUTPaJIbHYIO (ATOMBI) UM 3aPsi’KEHHYIO CTPYKTYPUPOBAH-
HYIO MaTepuio (JIEKTPOHBI-MOHBI-3aPsIOBbIE KJIACTEPHI) 151 CO-
BEpIIICHNS] TON WA UHOU PaGOTHI.

3aKoHbl YHUUTOKeHHsI SHepruM . [TosHOe nim yacTuyHoe
YHHUTOXKeHUE (QAHHUTWISIMS) SHEPIUK MPOUCXOAUT B 30HAX
X0JIOTHOH 0€3MacCOBOM IIa3Mbl — HOBO€ COCTOSTHUE MaTe-
pyH.

B runepmupe camoBpamieHue siaep 3BE3] MOPOXKIAET JIO-
MOJTHUTEJIbHbIE KOMIIOHEHThI SHEPTUU — THIE€PBUXPOHDI, KO-
TOpbIE ONpPEAC/IAIOT SIUNTHUECKYI0 (DOpPMY OpOUT JBVIKCHUS
TUTAaHET BOKPYT HUX UM SBOJIIOLIMIO 3BE3]1 U TUIAHET.

Bcé 3T0 noTHOCTHIO HCKJII0YAET NOHSATHE YHEPIUU KaK
CKAJISIPHON BeJu4uHbl, nanHon B CU.

JIio6oe nposiBlicHUE MPUPOJHON UM TEXHUUECKON SHEPrUr
ocTaBiisieT cjaefn B opMe M3MEHEHHUs1 CTPYKTYpbl BELIECTBa,
MOSIBJICHWE HOBOTO ABHMKEHUS U T. JI. DTa KHUTA MOCBAIIECHA
BceM (popmam-komnonentaM JHEPI'MIN u e€ 3akoHOB M 3a-



KOHOB JIBH?KEHHSI, OT JIUIA KOTOPHIX UAET JJOTHYECKOE U3JI0KE-
HME BO3/ICHCTBHS HA MAaTEPUIO, TPUBOJIAIIEE K SIBICHUSM U IPO-
1ieccaMm Ha0JI01aeMbIM 11 HEHA0JII0JaeMbIM .

Kak pa6oTalwT 35Ti HeBHAUMbBIE€ (POPMbI KOMIIOHEHT CyO-
CTaHIIUM SHEPIUHU B IPUPOJIE U TEXHUKE?



BBenenune

Pazgenum Bc€, yTo Haxomutcs BO BceneHHON Ha JBe CylIll-
HOCTH — Ha0JI101aeMyl0 1 HeHa0ogaemyo. K Haourogae-
MOii cpa3y OTHECEM MPOCTPAHCTBA-TIONS, Ta30IbIIeBbIe 00JIaKa,
KBa3apbl, HEUTPOHHBIE W CBETSAIIMECS 3BE3/bI, Aanckue ['amak-
TUKH, (PUJIAMEHTHI, 3BE3/IHbIe cucTeMbl (BKJouasi CojTHEUHYI0)
C IUIAHETAMM, aCTEPOMIbI (BKJIIOYas IMOSC ACTEPOUIOB), METEO-
PUTHI, SJIEMEHTAPHBIE YaCTHIIbI, (POTOHBI, ATOMHO-MOJIEKYJISIP-
HOE BENIECTBO U T. J. DTO BCE COCTaBJIsIET Bcero Jmmib 4,9%
OT BCEU UMEIOIIIENCA.

HaOmoenns ocymecTBISIIOTCSI C TOMOIIBIO T71a3 (BU3yasIu-
3alusi), CyXa, MBIIUIEHUSI U IPYTUX YYBCTB UYEJIOBEKA MPH TO-
cpeacTBe POTOHOB M 3BYKA, a TAKKE C IIOMOIIIO TEXHUIECKHUX
CPEJICTB, YyBCTBUTENILHBIX K DMB 1 3BYKY.

Becy HaO/10aaeMblii MUP MOXHO Pa3[euTh MOCTOSHHOM
[1nanka, T.e. OTAEIUTH MUKPOMATEPHUIO OT MaKpOMAaTEPUU U TH-
niepMaTepun, a MUKPOMUP — eIlI€ ¥ Ha MaTepuio?!, IBUKYITYIOCS
CO CKOPOCTHIO CBETa — OBICTPYIO, M OECCTPYKTYPHYIO MaTepHIO
JBVIKYIIYIOCSI CO CKOPOCTBIO OOJTbIIIE CKOPOCTU CBETA — CBEPX-
OBICTPYIO SHEPTHUIO MOoJIeil 1 MOHOMOJIel . MeIeHHY 0 Ma-

2! TTpu TOpMOKCHMN BUXPOHOB U CHUKEHUH CKOPOCTH HIKE CKOPOCTH CBETA TPO-
MCXOZST MPOLIECCHl KOHAEHCALIUH OeCCTPYKTYPHOI MaTepun B (hOpMe SHEPTUH TTOKOS,
KBAaHTOBaHHbIE B 3aMKHYTHIE BUXPOHBIL. DTO MPOLIECCHl aHATOTMYHBIE TPOLIECCcaM TIpe-
OfIONIeH S 3BYKOBOTO Oapbepa — ekt [Ipanamisa-Imoepra.



TEPUIO OIPEJEINM, KaK CTPYKTYpPUPOBAHHYIO MAaTEPHIO U3 BELlE-
CTBa, Bcerga ABHKYIylocss B COTHEUHOM CUCTEME CO CKOPOCTSI-
MU MEHbIIIe CKOPOCTH CBETa BILIOTh IO CKOPOCTEH 3BYyKa U HU-
ke — Me/IJICHHAsI SHePrusl ABUKEHUsI H M3MEeHEeHHus Belie-
CTBA.

C HeHa0I0]aeMbIMH CYIIHOCTSIMH HEHM3BECTHOI JHep-
I'HH JIeJ7I0 OOCTOMT Topas/io CIOXKHEH B CBSA3U C OTCYTCTBHEM BO3-
MOXHOCTH PETMCTpalMU €€ NPU HENOCPEICTBEHHOM KOHTAKTe
¢ HuMU. E€ no 3aKk/i0ueHHIo YYE€HbIX BO BCEJIEHHOW HaXOAUTCS
95,1%, BrJlIOYask TEMHYI0 MaTepuio U TEMHYIO SHepruo. Ma-
JI0 TOTO, YTO 3TU CYIIHOCTH HeHAOJII0aeMbl i U3y4YeHus,
TaK OHU €lI€ M HeyJOBHMbI. ECiIi 0 HEKOTOPBIX MBI MOKEM
JIMIIb JOTa/IIBATHCS 10 IEHCTBUIO X HA MPOOHBIE TeJIa, ToMe-
IIEHHbIE B MECTA B IIPOCTPAHCTBE UX MPEATOIAraeMoro pasme-
IIEHUs, TO O IPYTUX HET Jake TakuxX npennosnoxeHuid. K nep-
BbIM OTHOCATCSI HEBU/IUMBIE CTAIlHOHAPHBIE U IIepeMeHHbIe
NoJIs1?? TPaBUTALIMOHHBIE, MAarHUTHBIE, EKTPUUYECKUE U MO-
JIs1 BUXpeBble 3BYKOBbIE, M JIEKTPOMArHUTHBIE, U T.[., KOTO-
phie CBSI3aHBI C HA0JII0JaeMbIMH HCTOYHHKAMH H3BECTHOMH
SHEPruu.

A K IpyriM — HeU3BeCTHbIe Cy0CTaHIMM, KOTOPhIE POXIa-
10T, OJJIEPKMBAIOT U BOCIIPOU3BOJAT BECh ATOMHO-MOJIEKYJISAP-
HBIIA MUP, (PAaHTOM IAPOBOM MOJTHUU>®, KYJIbOUT TalKK-Oapari-

2 MManpun A. A. Tons u Buxponsl. CTpyKTypbl MUPO3JaHHsI BcelleHHOM. M3narens-
ckue pemenus no ymuensuu RIDERO, 2019 roa. 618 crp. ISBN 9785449644930.

2 MManpun A. A. [IlapoBast MOHUSA U €€ NPOLYKThL. [ paBU2IEKTPOMArHUTHBIN JU-



ka JI>xannOexoBa, (haHToMbI 3apsiaoBbIX KiaactepoB K. [oymaep-
ca, KaBUTAIIMOHHbIE MY3bIPbKM COHOMIOMHUHECHEHIIUU, (haHTOM
TOPHAJI0, TIOTEPIO BeCa, MAacChl 1 MHEPTHOCTU TuOeTckux OJo-
KOB 11071 IeficTBUeM 3ByKa, 3pdexTs [1. Kum, [1. XaTuucona, /.
Cepna u B. Illay6eprepa, B. C. I'pebennukoBa u T. a. Otnens-
Hble HEMAJIOBAXXHbIE CYOCTAHIIUM — 3TO JIOTIOJTHUTENIbHBIE CYO-
CTaHIIUU OY€Hb Me/IJIeHHOM SHePruu, KOTOpble BO3HUKAIOT BO-
KPYT MOBEPXHOCTH 3BE3]] M TUIAHET, a TaK:ke BOJIM3U caMoBpalia-
rormxcs ux saaep YCT. Hago oTMeTUTh Takke U COBCEM XOJIO-
HYI0 SHEPTHIO, JICHICTBYIOIIYIO B X0JI0/IHOM siJlepHOM>* pac-
najge-cuare3e A. B. Bauaesa, A. ®. KiajoBa 1 B X010 JHOM
anekTpuuecrBe? H. Tecna, D. I'pas, T. Mopes u U. Konera.

VkazaHHble CyOCTAHIMM SHEPruM, PUBOJSAIINE B JIBUKE-
HUE TIOJISI ¥ KJIACTephl BElIeCTBa, YK€ MOTYT OXapaKTepu3o0-
BaTh U ONpe/AeJHUTh CBOWCTBA TOW 3arajJOYHON HEHAaO0JII0-
JlaeMoOil CYyIIIHOCTU TOJ] Ha3BaHMEM MHOTOJHKONH U HeYyJo-
Bumoii cyocranium, kak HEU3BECTHASA HEPTUA, T.e.
nyiabcupyonmx komnoneHToB BUXPOHOB - mexannueckux
Y JIEKTPOMArHUTHBIX.

KomnoneHnTsl Hen3BecTHOH Heprun. OCHOBHBIMU KOM-
MOHEHTaMU SHEPTUY BUXPOHOB SIBJISIIOTCS CBOOOIHBIE, 3aMKHY-

nonb. M3patensckue pemenus no jsuneHsud RIDERO, 2019 roa. 106 crp. ISBN:
9785449649966

24 Manpun A. A. Xononusiid saepHbiii cunate3. LENR. Uznarenbckue perieHust
no juuensuu Ridero. 2020 rom.
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Thl€ M 3AMKHYTO-CBSI3aHHBIE CTPYKTYPbl, B KOTOPbIX UICTOYHUKH
3apsi/ia SHEPruu B (POpME MarHUTHBIX (TPAaBUTAIIMOHHBIX) MOHO-
ToJiel IPOU3BO/ST BOTHOBO/IBI U3 COOTBETCTBYIOIIUX 3€PEH-TIO-
TEHLIMAJIOB Yepe3 MPOTUBOAEICTBYIIUE SJIEKTPUIECKIE MOHOIIO-
JIN.

B ¢B000/IHBIX BUXPOHAX SHEPIHS MPOSIBIISETCS B BUE MPO-
JI0JILHOTO CaMO/IBUKEHU 1 IepeHoca 3apsiia SHepruv (pOTOHOB
€O CKOPOCTBIO cBeTa. Takoe ABMkeHUe (POTOHOB OOYCIIOBIIE-
HO Mepe3apsAAKOr MArHUTHBIX MOHOIMOJIEN OJJHOTO 3HAKa Ha ApY-
roil Yepe3 CBoM HHCTPYMEHThI JIeMCTBHSI C IEPEHOCOM 3apsia
SHEPruyv Ha MOJBOJIHBI U C TPOTUBOIOIOKHBIM 3HAKOM.

B 3aMKHYTBIX BUXPOHAX SHEpPrus MposBISAETCA B BUAE MO-
KOs1 3apsila SHEPruu B (pOpMe rpaBUTAIMOHHBIX MOHOIIOJIEH
(I'SMM). B 3aMKHYTBIX BUXPOHAX Mepe3apsKd MarHUTHOIO
HE MPOUCXOJUT, & MATHUTHBI MOHOIIOJIb pEreHepupyeTcs rpa-
BUTALIMOHHBIM OIISITh K€ Yepe3 EKTPUUECKUN MOHOIIOb.

B 3aMKHYTO-CBSI3aHHBIX BUXPOHAX YHEPrusl MPOSIBIISIETCS
KECTKOW CBSI3bI0 BO3HUKAIIIUX I'PABUTALIMOHHBIX MOHOIIOJIEH
MEXaHUYECKMX BUXPOHOB C OCHOBHOM BpAIIAIOIIENCS MACCOM.

Kpome Toro, BUXpoHBI — 3T0O MeXaHM4YeCKHEe U JIEeKTPOo-
MAarHuTHbI€ MUKPOBUXPOHBI, MAKPOBUXPOHbBI M T'MIIEPBUXPO-
HBI.

HelcTBYIOI[HE KOMIOHEHTBHI BUXPOHOB — 3TO BUXPEBbIE
6e3MaccoBbie MyJILCUPYIOIIHNE CAMOIBUXKYIIMECs: ObICTpbIE Mar-
HUTHBIE, JNEKTPUYECKUE U MEIJICHHBIE IPABUTALIMOHHBIE MOHO-



TTOJIH.

CBo0OoaHbIE M 3aMKHYTbI€ ObICTpPbIe JEeKTPOMArHNUT-
HbIe BUXPOHBI —3T0 0€3MacCOBbIE M HEBUAMMBIC 3aPsi/Ibl J{BH-
JKeHHUSI C MPOJOJbHOI CKOPOCTHIO PaBHON CKOPOCTH CBETa,
9TO CaMOJBHXKYIIUECS YaCTHUIIbl, COCTOSIINE U3 TPEX B3aMMO-
CBSI3AHHBIX U MYJbCUPYIOIIUX APYT B Ipyra MOHOIOJIEH : Mar-
HUTHOTO, JIEKTPUUYECKOTO U T'PABUTALIMOHHOTO. DTO MPOUCXO-
JUT TIPU MAaTEPUHCKOUN PO MarHUTHBIX MOHOMOJIeil cBOOOI-
HBIX 3JIEKTPOMArHUTHBIX BUXPOHOB. OrpaHUYMBAIOT UX MPO-
JI0JIbHBbIE JIBUKEHHUsI CKOPOCThIO CBETa MoONepeYHble Bpailia-
TeJIbHbIE JIBUKEeHUsI cpephl mepe3apsiiIku MarHUTHOTO MOHOIIO-
7. OHU ompeneNsiioT 3aKOHbI 0e3bIHEPIOHHOTO JIBHKe-
HHsi. OCHOBHOE CBOVCTBO MAarHMTHBIX MOHOIIOJEW B 3apsjax
JBVKEHUsST CBOOOJHBIX BUXPOHOB, MMOPOXKIAOIIEE CAMOJIBHKE-
HHUe (DOTOHOB — 3TO Mepe3apsAAKa B IPOTUBOMOJIOKHBIN 10 3HA-
Ky MOHONOJIb. OCHOBHOE CBOMCTBO MAarHUTHBIX MOHOIIOJIEH B 3a-
MKHYTBIX BUXPOHaX 3JIEKTPOHA, IMOPOXK/AIIIEe ero BHEIIHUE
TIOJISI — TO Mepe3apsiIKa rpaBUTAIIOHHOTO MOHOMOJISA. B 000-
UX Cllydasix mepe3apsiika MopoXAaeT MeKTPUYECKU MOHO-
noJib. OTCI0a HOCUTENIEM M XPAHUTEIEM SHEPIUU TTPU CBETOBBIX
CKOPOCTSIX SIBJISIETCSI MArHUTHAS SHeprus. [Ipu 6oree HU3KUX,
HUXKE CBETOBOM CKOPOCTH, HOCUTEJIEM M XPAHUTEJIEM SHEPrUuu
ABJIETCSI TPaBHTANMOHHAA SHeprusi. BzaumocBsa3p Mex-
Jly 9TUMU ABYMS BUJJAMU MaTepUU MOAJIEPKMBAET dJeKTpuue-
CKasi SHeprus.

YTO Takoe mMarHUTHbie MOHONOJIU? McTOUHMKA C MOCTOSIH-



HBIM MarHMUTHBIM MOHOIIOJIEM IO THUITY 3apsia MEeKTPOHA B CH-
creme CU (CAII) B npupoae He CylIeCTBYeT, TaK Kak CyTb
POXAEHUSI U CYLIECTBOBAHUSI MAarHUTHON MaTepuul — pOkKAaTh
MarHUTHOE MPOCTPAHCTBO-TIONE P M3MEHEeHNH dJIeKTprye-
CKHMX U IPaBUTAIMOHHBIX MOJIeH, XPaHUTbh U HAKOILIATH 3TO
u3MeHeHue B cepe 3apsa SHEPruu, oTpaxaTh JABUKEHHE Ma-
TEpUU U NIEPEHOCUTh SHEPTUIO BOJIHOBOJAMY B JABUKEHHH yrKe
nepeMeHHOro 3apsi/ia SHEPruM, T.e. OHA TIOPOXKAAETCS ABU-
KyLIEWUC U U3MEHSIOMIeNCs MaTepuey, SBJISAETCS €€ CyThIo
Y MHJIMKATOPOM JIBWXKYLIEWCSl MaTepUH, CyIECTBYET MOKa ABU-
KETCs1 BUXPb BpPalleHHsI MOHOIIOJSI Ha BOJIHOBOJIE U UMILIO3U-
eil B cepy co31aET UCTOYHUK 3apsiia SHEPTUU B 11eJIOM — 3TO
¥ eCTb MArHUTHBINI MOHONOJb CBOOOTHOTO MUKPOBHUXPOHA,
co cpepou, pazMep KOTOPOM MOXKET JIOCTUraTh IJIAHKOBCKOT'O

npejaesa 107 em. Hanpumep, B 3aMKHYTOM MHWKPOBUXPOHE

['>MM sneKTpoHa, MArHUTHBIA MOHOTIONb 00JIaJaeT pa3MepoM

cepbl 3apsia SHEPTUU OKOJIO 107X cm, a IpU €ro paspsiaKe

3aMKHYTbBIC BOJIHOBObI pa3MEpPOM C YETBEPTh NJIMHBI BOJIHBI CO-

CTaBJISIOT yke Besimuuny ot 0,6 10 1,2 X 10— Vcm.
3aMKHYTbIe JIEKTPOMATHUTHbIE MHUKPOBUXPOHBI 00-
Pa3yl0T BCe dJieMeHTApHble YaCTHUIlbl, aTOMbl, aTOMHbIE
s11pa, 3JEKTPOHBI U T. 1.
CBo0oaHbIE H 3AMKHYTbIEe Me/IJIEHHbIe MeXaHuYeCKHe
BHXPOHBI, SIPKUM IPEICTABUTENIEM KOTOPBIX SIBJISETCS 'PABU-
TAllMOHHBI MOHOIONb 3BYKa, "M/l kaBUTAIlMOHHBIX IIy-



3bIPHKOB WM BpAallAOIIMXCS KJIACTEPOB BEIIECTBA, HAIPU-
mep, raiiku [[xannOekoBa, [DMM TopHanO, WK X0J0HAS
sHeprus anturpasutanuu auckoB B. IllayGeprepa, [I. Cepna
u T. 1. OrpaHuyeHre CKOPOCTH 3ByKa OOYCJIOBJIEHO TakKke IO0-
NepeYHbIM BpallleHUeM IPU Pa3psiIKe PAaBUTALIMOHHOTO MOHO-
07151, KOTOPBIMA JTOMOHUTENBHO IS NIEPE3apsIKH €IIE CO30aET
YCJIOBUSI CBOMMH MHCTPYMEHTaMM JeMCTBHA JJIs1 BpallleHUs
aTOMOB — 3TO YK€ IBOIIHO€ KpyueHue OecCTPyKTYpHOU U CTPYK-
TYPUPOBAHHON MaTepuy U MPUBOIUT K TAKON HEBBICOKO MPO-
JI0JIbHOM CKOPOCTH 3BYKA.

Ouyenp MeieHHAsi HeNM3BeCTHAasi SHepPrusl pacna-
aa YCT u uHaAyKTHPYeMBIX THNEePBUXPOHOB.

Ha ceronHs ToyHO M3BecTHA acuMMeTpusi BUAMMOTo (4,9%)
BELIECTBA (JIOUYEPHAA ATOMHO-MOJIEKY/IIpHAs. MaTepysl) U HEBU-
qumoro (95,1%) antuseniectsa (marepuHckass YCT-marepust)
B Hallei BceleHHON — 1o 3HaKy 3apsAa SHEPruM, MO IUIOTHO-
CTH, pa3Mepy U (opme, 0 MEXaHU3MY POXACHUS U BPEMEHU
JKU3HU, 110 JATBHOAEVCTBUIO U INIOTHOCTU ITOTOKA BHEIIHUX ITO-
net. [Ipuunnsl 3101 acummerpun B CAII moka He yCTaHOBJIEHBI.
B peasibHOM npe/iCTaBAeHUN 3TU MIPUUMHBI CIEAYIOT U3 Pa3HbIX
YCJIOBUI UX POXKIEHUS U KU3HU. PoX/IeHNEe HEBUIMMBIX MaTe-
punckux aaep YCT (antusenmecrsa no CAII) cymecTBeHHO OT-
JIMYAIOTCA OT POXKJIEHUS BUIMMOIO JIOUYEPHETO BEUIECTBA ATOM-
HO-MOJIEKYJISIPHOU MaTepuu. TepMUH « anmugeuyecmeo» siBIsieT-
cs1 He coBceM BepHbIM. OH MO CYTH CBOEH JIMIIb YKA3bIBAET HA TO,
YTO IPaBUTALIMOHHOE TIOJIE MACCH! CTPYKTYPUPOBAHHOU MATEPUN



BelecTBa 00/1a/1aeT 0OPATHBIM 3HAKOM U U3Ty4aeT COOTBETCTBY-
IOIIIKE T10 3HAKY U JAJIbHOICMCTBUIO 3€pHa-TrpaBnoTeHMabl. Ta-
KO€ TIOJIe TaKXke CIIOCOOHO Ha CO3/IaHKe TPABUTAIIMOHHOTO MPH-
TSKEHUE U OTTAJIKMBAHUE, HO BOT YTO KACaeTCsl CBOMCTB MOJIEN
I'PaBUTALIMU [0 TUIOTHOCTY MOTOKA U 1aJIbHOAEUCTBUIO OIMHAKO-
BOM M0 IUIOTHOCTH MAaTepUU U «aHTUMATepUr» (HEUTPOH, MPO-
TOH, aTOMHBbI€ si1ipa U siapa YCT-mynbcapoB), TO UX pa3MeEphI Cy-
IIECTBEHHO pa3HATcs Ha 15—20 necsatuunbix nopsiakos — YCT
(MaTepuHCKOE SIIPO MCTOYHMKA SHEPIruu) U HEUTPOHBI, MPOTO-
Hbl (qouepHue npoaykTel YCT, kak UCTOUHMKM HEprun). ITO
MPUBOJUT K Pa3HUIIEC B IAJbHOIEUCTBUM U MUIOTHOCTH MTOTOKOB
T0JIeW TPABUTALIMU, YTO U MPOSABIAETCS B pa3HULE TOJIEN acTe-
POUIOB OT LEHTPaIbHBIX NOJeN rpaButaiiu 3eman 1 ConHia.
Ho camoe raBHOe, CTAaHOBUTCSI OYEBUAHOW OOJIBIIAST Pa3HUIIA
B KOHCTAHTE BPEMEHM B3aWMHOIO MEepexoja U3 NEpBUYHOM Ma-
tepuHckor YCT ¢ 0qHMM 3HAKOM B JIoUE€pPHEE ATOMHO-MOJIEKY-
JIIPHOE BELIECTBO C MPOTUBOIOIOKHBIM 3HAKOM 3apsijia IPaBU-
TAlIMOHHOTO MoTeHnMaa. [1pu 3Tom HabmomaeTCs: aHaIOr MIHBINA
KBAHTOBBIN NEPEeXof] OIHON (POPMBI CTPYKTYPUPOBAHHOM Mate-
pun (UCT) B apyrywo (aTOMHYI0 IIEHY) C IPOTHBOMNOJIOKHBIM
3HAKOM, KaK ¥ B CJIy4ae cO CBOOOIHBIM MarHUTHBIM MOHOIIOJIEM
B (pOTOHE, HO YK€ 3a BpeMs Oombliie 14 MUJUTHAPAOB JIET, YTO
Y NpUBOIUT, N0 3akmodeHuio CAIl, k acuMmeTpuun BellecTBa
Y aHTUBelleCcTBa BO BeeneHHOu.

XoJioaHasg SHePrusi IpOSBISAETCA BO BHOBb OTKPBITHIX
peaklusaX XOJOAHOro sjaepHoro pacnana-cuHtesa CBAVIIK



(LENR). Tak Ha3BaHBI 3TH HOBBIE peaKIIMU 110 HaYaIbHBIM OYyK-
BaM ux aBTopoB — ConuH, BavyaeB, Anamenko, Ypyukoes, Ilo-
yanepe, Kianos. Kpome Toro xosnoziHas 3Heprus cBsi3aHa U C X0-
JoaHbM v1ekTpuuectBoM H. Tecna, 3. I'pas, T. Mopes u npy-
TUX.

NHcTpyMeHTHI JeiiCTBUA — UMILIO3US-9KCILIO3UST BOJHO-
BOJIOB U3 3€pEH-NOTEHIIMAJIOB, X0JIoAHAas Oe3MaccoBas Ija3ma,
000JI04YKa aHTUI'PABUTAIIMOHHOTO 3apsja, BpallieHue MaTepuu
Y TOJIEN, CUHEPreTUKa NMEPEeKPECTHBIX NOJIEH U IPyTHeE.

Pabora, coBepmaemMas 1oj JeHCTBUEM BOJHOBOJIOB U XO-
JIOMHOM 0e3MaccoBOM IJIa3Mbl — 3TO JBHKeHHe-N3MeHeHue
MaTepuu, NPOAYKTHI, 0CBOOOKIEHHASI YHEPrusi, CTPYKTY-
PUPOBaHHAsI MaTePHsI U JpyTHeE.

Takum 006pa3oM, OCHOBHBIMU HMHCTPYMEHTAMHU 1€l CTBUSA
SHEPruM Ha MAaTepUIO, KOTOPbIE OIPaHUYMBAIOT €€ IBUKEHUE
npejesiaMi CKOPOCTH CBeTa U CKOPOCTH 3BYKA, ABJISIOTCS Bpa-
meHue 0eCCTPYKTYPHOIl Matepun B (popMe BpallieHusl Mojein
U BpallleHue CTPYKTYPHMPOBAHHOM Martepuu B (popme Bpailie-
HUS KJIaCTEPOB BEIIECTBA UM UX aTOMOB.

IIpupoaa 3neprun. K ocCHOBHBIM BUIaM U3BECTHOM SHEP-
I'MY, XapaKTepU3YIIIUM €€ MPHUPOIY, OTHOCITCS JIEKTpUYe-
CKasi, MAarHUTHAs1, TPABUTALIMOHHAS, IEKTPOMarHuTHas1, 3ByKO-
Basl, TETUIOBAst M1 OECKOHEYHOE YHCIIO JIpYyrux e€ hopm.

Camoe Haris1HOE NPOSIBJICHUE U3 IEPEUUCIIEHHBbIX — 3TO Ipa-
BHUTAIMOHHAS SHEPrus M0 TArOTeHUs Halleld 3eMii, B KO-
TOPOM BHJJHA Halla Macca Tes1. Ecim magaer Boja noj 1eMCTBUEM



nosisA TaroreHus 3emuiv B ['9C Ha 1onacTu 271eKTpOreHepaTopoB,
TO 3Ta paboTa MPOSIBIISIETCS] B BHIPAOOTKE SJIEKTPOIHEPTUU.

MarnuTtHasi SHepPrusi CTepKHEeBOro CTAIIMOHAPHOTO MarHu-
Ta, Pa3AeNEHHOrO Ha JIBE 4acTu, OyJeT MpOosiBISThCS padoTou
MPUTSKEHUS] TTPOTUBOIOIOKHBIX TMOJIIOCOB MJIM OTTAJIKUBAHUSA
JPYT OT JIpyra OAMHAKOBBIX.

DJeKTpPUYECKasi SHEPTHsI POSIBISIETCS BKIIOUEHUEM JIaM-
TIOYKH, OCBEINAIOIIEH HAIly )KU3Hb, a €€ pad0oTa NOICYNTHIBACT-
cs1 CYETUYMKOM B KBT. yacax, o KOTOpOMY MblI IIATUM JIEHbI'AMHU.

DJIeKTPOMArHUTHASI SHEPrusl MposBIisieT ceOs1 padoToil
HaJl TEM, YTO Mbl BUIAMM BOKPYT ceOsl, a 3BYyKOBasi — TeM, UTO
CJIBILIHM.

TenJioBasi SHeprusi nposiBisieTcsi pad0TOMH HaJl TOBBIIIIE-
HHEM TeMITEPaTyPhI TeJ1 U 00YCIIOBIICHA CPEIHEN CKOPOCTBIO Bpa-
I1aTeIbHO-KOJIe0aTe/IbHbIX IBMKEHUI aTOMOB-MOJIEKYJI B Belle-
crBe Ten. Haunbonee HarmsiieH mpumep TaHIeM-Tiepexoia Io-
IJIOIIEHUsI KBaHTa MH(PaKpacHOro POTOHA C POXKAECHUEM Ipa-
BHRJIEKTPOMarHuTHoro aunoJsi ('YMJI), nocpencreom ko-
TOPOTO MPOUCXOJUT yBEJIUYEHUE TeMIepaTypbl. B HEKOTOPHIX
CTpaHax UCHOJB3YIOT TEIIO, Mpou3BoaUMOE B sape 3emuu. [Ipu
aOCOMIOTHOM HyJTe B KocMoce BeeneHHOI 9Ta sHeprusi 3aMupaer.

OpnHaKo, 0 CUX MOP HUKTO He OOBSICHUI — MIOYeMY MpH a0co-
JIIOTHOM HYJIE CYIIECTBYET U MyJIbCUPYET SHEPIUs B aTOME U €r0
s/1pe, MOYeMy CYUIECTBYET I0JIe B aTOME, KOTOPOE€ CTATMBAeT
aTOMHOE SIJIPO C NMEKTPOHAMU aTOMHBIX 000IOUeK ?

HcTounuku 3apsii0B HEU3BECTHOI YHEPTUN — POXKe-



HHEe YHePruu.

I'naBHBIM HCTOYHMKOM NPUPOJHOI MATEPUHCKOMN SHEP-
ruu aisaTcsa Yepuoie cpepuueckue tena (UYCT) uz cBepxmuior-
HoW marepur. OCHOBHOE MX CBOMCTBO — 3TO OYEHb MeJlJIeH-
HBIHA pacnaj ¢ NPOU3BOJACTBOM (PU3MUECKUX MOJIE U Jo4dep-
Hell SHepruy, poXkJaoIiell aTOMHO-MOJIEKYJISIPHOE BELIECTBO.
O06a 3TiX BUa SHEPrUK 00JIaJAI0T MPOTHUBOMOJIOKHBIMH 3Ha-
KaMu 3apsiioB SHepruu. Takasi sHeprusi U sIBJsETCS OCHOBOM
CYIIIECTBOBAHUSI BCEX CBETSIMXCS 3BE3 U aKTUBHBIX IUIaHET
C TIPOM3BOJICTBOM TOJILKO HEUTPOHOB BOJIM3H TIOBEPXHOCTH SIIpa
YCT. Ha mia"eTax 3TOT MPOIIECC 3aMEHSETCs pOKAeHUEM Oosiee
TSDKENBIX HEUTPATbHBIX YACTHUIL U3 SAEPHO-ME30HHOM I11a3MBbl.

HcTouHuku npupoOHBIX 3apsA10B N3BECTHOU SHEPIUM.
MonHuu, rpoM U JIpyrue sIBJeHusi, MPUBOMSIIKE BO Bpallie-
HUE KJIACTEPhI BEIeCTBA TUIIA IMKJIOHOB U BUXPEBBIE BUKEHUS
B (popme TopHano, kak B aTMocepe 3BE3/1, MIIaHeT.

HcTouyHuKH OCBOOOKAEHHbIX TEXHHYECKUX 3apsiioB
HEU3BECTHON SHeprum. PaznuyHbie TUMBI B3PHIBOB, B3PbIB
MEKTPUUECKUM UMITYJILCOM ITPOBOJIOYEK, 30HBI PE3KOTO MPOTH-
BOJIABJICHUS B JKUJIKOCTH, OOPBIB TOKA IMyYKa JIEKTPOHOB (BUP-
KaToOphbl), Pe3K0e M3MEHEeHMe 3JIeKTPUYECKOro Mojisi Ha JJeK-
TPOIAaX C MOMOIIbI0 UMITYJILCOB MUKO Y HAHOCEKYHJIHBIX (DPOH-
TOB U T. [I.

MeToabl 0CB000K/IeHUS 3aPsi/I0B HEM3BECTHOM YHEP-
TUH C TIOMOIIBIO BPAIIEHUsI U UMIUIO3MH BEIIeCTBa WM BOJHO-
BOJIaMU BUXPOHOB; BO3JEUCTBHIE HA BEIIECTBO COBMECTHBIX Ie-



PEeKPECTHBIX IEKTPOMArHUTHBIX M aKyCTUYECKUX MOJel; 1e3-
WHTEeTpalys BEeIIeCTBa, MEKTpUUECcKas MOJspu3alusl BeriecTBa
JUTs1 IOy YeHH ST XOJIOTHOTO JIEKTPUYECTBA, MOIJIOIIEHNE BUXPO-
HOB MK ¥ MMKpOBOJIHOBOTO JMAIa30HOB B BEIECTBE ISl POK-
JICHUSI TPABUJEKTPOMArHUTHBIX JIUIOJIEH, ITOIIOIIeHUE 3BY-
Ka KJIaCTepaMu TBEPAOTO TeJia ISl MOJNIyYeHUsi aHTUTPaBUTA-
IHOHHOTO 3apsijia U 0e3bIHePIIHOHHOTO JBVIKCHUS U T. JI.

MarHuTHbII MOHOIOJIb, KaK BEUYHBIH 3apsj MYJIbCUPY-
IOIIEH CBEPXOBICTPOI HEW3BECTHON DSHEPruH, SBISACTCSA
poauTteJbckoll Marepueii. OTciona omnpejeseHUEe MAarHHMT-
HOIl MaTepPHUN — 3TO MaTepusl, CYIIeCTBYIOIIAs TOJIBLKO MTPU CKO-
POCTSIX IBMKEHUs BbIIIE CKOPOCTH CBeTa. A eciii e€ CKOpOCTh
TOPMO3HUTCSA JPYTMMHU B3aUMOCBSI3aHHBIMU MOHOIIOJISIMU, BXO-
JALIMME B COCTAaB BUXPOHOB, HATIPUMED JIEKTPUIECKUM MOHO-
T0JIeM B T0JIe aTOMHOTO SI/Ipa, TO BCS MarHUTHASI MaTepus rpe-
BpalllaeTcs B TPaBUTAIMOHHYIO — 3aKOHbI KBAHTOBOH KOH-
JeHcanuu 3Heprun. Poxngaercss marHuTHass marepusi B op-
M€ MArHUTHOT'0 MOHOIIOJISI TaKXke TOJbKO MPU CBEPXCBETO-
BbIX H3MEHEHHSIX IEKTPUUECKUX TMOJIEH.

IIpoaykThl JeHCTBYIOIIEd NPUPOAHOI HeN3BeCTHOMU
SHEepPrum.

IIpoayKThl MHUKPOBHXPOHOB — 3TO 3JIEMEHTapHbIE Ya-
CTULIBl, UX Macca, 3apsii U COHWH, siipa XUMUYECKUX 3Jle-
MEHTOB, JIEKTPOHBI, (POTOHBI, TEIJIOBbIE M 3BYKOBbIE (DOHO-



HBl U T. 1. Bca HaOmomaeMas ¢ mOMOINBIO CBOOOIHBIX MUK-
POBUXPOHOB CTPYKTYPUPOBAHHASI MAaTePHsI- BEI[€CTBO COCTOUT
U3 aTOMOB — aTOMHBIX sIJIEp Y JIEKTPOHOB BOKPYI' HUX, KOTO-
pbie POXIAIOT U BOCITIPOM3BOISAT COOTBETCTBYIOIINE YKE 3aMKHY-
Thle JIEKTPOMArHUTHBIE BUXPOHBI MyTEM HUMILJIO3HH SHEPrUn
B BOJIHOBOJIAX. DTOT MyTh emi€ OJIMH U3 BO3MOXHBIX BapuaH-
TOB HEOT'PAaHWMUYCHHOW KyMYJISIIIUM® SHEPrUM BIUIOTH JIO ILJIaH-

KOBCKUX Itpezienos 10 33 em.

IIpoayKThI MAaKPOBUXPOHOB — 3TO «TSKENBIE» BOJIHOBO-
Ibl U3 IEKTPUUYECKUX WJIM TPABUTALIMOHHBIX 3€PEH-TIOTEHIINA-
JIOB JMCKPETHOTO TPOCTPAHCTBA-TIOJS, T.€. BUXPEBBIE MOJIS U TO-
KM BJOJIb HUX, JIETOHAIMS M YJapHbIe BOJHBI B3PHIBOB, MPO-
W3BOJICTBO-CHHTE3 sIIep aTOMOB TaOnuIbl MeHeneeBa, MHIyK-
uus Papazes, SJIEKTPUIECKUE TOKH, 3BYK, CBEPXITPOBOIUMOCTh
Y CBEPXTEKYUYECTb, aTMOC(PEPHBIE JIMHENMHBIE U 1APOBBIE MOJI-
HHU, CIPANTBI, 3Tb(BI, TPABUOOUIIB U JABIPBI, TLTIOMbI-(DITIOW/IbI
¥ TUTIOMBI-IIJIA3MBI IIEPHO-ME30HHOM IIa3Mbl B MAHTUU 3EMIIH,
BUXPEBbIE I'PABUTAIIMOHHBIE BBIOPOCH], ekt [Ixkanndekona,
KaK MHIUKATOp POXKIECHUS I'PABUTALMOHHBIX MOHOIIOJIEN, KOTe-
pep O. bpaniu, Kak €TEKTOp MarHUTHBIX MOHOIMOJIEH U T. JI.

IIpoaykTamMu TIHIIEPBHUXPOHOB  SBJAIOTCA  MATEpUH-
CKHe€ T0JIsl TATOTeHUs CTAHYThle BO BceeneHHo# xononHon 6e3-
MacCOBOM IJIa3MOM, IBOJIIOIMS HEKOTOPBIX 3BE3/] B ILJIAHETHI,
a Tak’Ke JONOJIHUTENbHAS TPaBUTALIMS U MHBEPCUS MOITIOCOB X

%6 3agacaxun E. U. Senenus HeorpaHuueHHoOU Kymyssiuuu. Mexanuka B CCCP
3a 50 ner. M. Hayka, 1970 .



MarHUTHBIX MOJIEH, KAK KBAHTOBbIE MPOLYKTHl MX BPAIIAIOLIUX-
ca agep. pyrue npoayKTel — (pU3HYECKUE MONs JUCKPETHOTO
MPOCTPAHCTBA TMOTEHIIMATIOB BOKPYI MCTOYHUKOB I'PaBUTALIUU,
JIEKTPUYECTBA U MAarHETU3Ma, a TaKkKe JIEKTPOMArHUTHBIE T10-
JAHUT. I.

IIpoayKTHI OCBOOOKAEHHON TEXHHYECKOH >SHEPruu
¢ IOMOIIbI0 MAKPOBUXPOHOB:

— SlBneHust leBUTANMU U O€3bIHEPIHOHHOIO JBIKEHUS
ycrporicts [I. Kumm, B. Illayoeperepa, [I. Cepna, B. C. I'peben-
HUKOBA, [I. XaruncoHa, a Takke THOeTCKMX KaMEHHBIX OJIOKOB
U JIpyrue.

— Xogoaubiil saepHbiin pacnaja-cuare3 (LENR) Taxeé-
JBIX W CBEPXTSDKENBIX 3nmeMeHToB criocodamu K. Iloymnnepca,
M. U. Comuna, A. B. BauaeBa, C. B. Anamenko, A. ®. Knagosa
Y IpYTUX.

— Xoaoanoe aekrpuuectBo H. Tecna, 9. ['pas u apyrux.

- BTV C. ®Joiiga, I'. Kosiepa — 3Heprusi BpaiieHus 1o-
JIei.

— Komnpeccusi 3Hepruu ¢ noMoipio B3pslBO-MarHUTHBIX
reHeparopoB A. [I. CaxapoBa u BupkatopoB. OIHAaKO TOJIBKO
C MOMOIIIBI0O MATHUTHBIX MOHOTMOJIEN MOKHO IPOU3BECTH CiKaTHe
(koMmpeccHio) sHepruv B (paze UMILIO3HHM-3APSAIKHA BOJI-
HOBOJA IpeJeIbHOM YaCTOTOM €ro IMy/bCalvii, KOTopas orpa-
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HUYEHA JIUIIIb IUIAHKOBCKUM TipesesioM 10 STus pasmMepe IJ1aH-

KOBCKO# JumHbl 1077 CM ¢ Be/IMUMHON IUIAHKOBCKOM SHEp-



M. DTa KOMIIpeccus 3Hepruu Ha 20 JeCATUYHBIX MTOPSIKOB
OoMbIIIe TOTO, Yero JOCTHUIJIA TIPHPOAA POXKACHUEM C TIOMOIIBIO
LENR aromHbIX siiep BOMM3M siiep 3eMJIM M APYTHX IUIaHET
3eMesIbHOU rpymnnbl. [I03TOMy MarHUTHBIN MOHOIIONb, KaK Bed-
HBbIN 3apsi]] SHEPTUU, UTPAET POAUTEIbCKYIO POJIb [0 OTHOIIIE-
HUIO K OCTaJIbHBIM M OTHOCHUTCSI K MATEPHUH, IBUKYIIEHCS CO CKO-
POCTSIMU BBIIIIE CKOPOCTH CBETA.

B3aumonpeBpaiieHnsi BU/10B SHEPruu.

DHeprusi UHOPAKPACHOTO FJTEKTPOMATHHTHOTO U3JTyde-
HUS TIPU TIOJIONICHUM BENIECTBOM, HarpeBaeT TMOCHeHUIN de-
pe3 TaHJeM Mepexojl YBEJIMYeHUsl aMIUIUTY/Ibl MeXaHu4deCKHX
BpaliaTebHO-KoJIeOaTeIbHbIX IBUKEHUIA aTOMOB. DHEprust Mo-
KET TIPEBPAIAThCsl U3 COCTOSTHUS TIOKOSI B COCTOSIHUE JIBUKE-
HUSI CO CKOPOCTBIO CBETA IMPY aHHUTHJISIIUY TIAphl JIEKTPOH-TIO-
3UTPOH B Mapy ABYX (POTOHOB. DTOT MPOLIECC BO3MOXKEH U JJIsI
JPYTUX MPOTUBOMOIOKHO 3apSKEHHBIX IEKTPUIECKU dJIeMEH-
TapHBIX YACTHII BILIOTH JIO IIPOTOHOB. DHEPrHsi MOKET YACTHYHO
WUJTY TIOJTHOCTHIO OBITh YHHYUTOKEHA B 30HE XOJI0IHOI 0e3Mac-
COBOM MUIa3Mbl. DHEPrUsi MOXKET POAUTH BOKPYT MOBEPXHOCTU
TBEPIIOTO Tela AHTHUIPABUTAIMOHHBIN 3apsii U 00ecreuuThb
Oe3bIHEPIIMOHHOE JIBUKEHHE.

IIpoayKThI CTPYHHON MMILJIO3MHU BelleCcTBA

CambIM 3HaYMMBIM AocTrkeHreM Bukropa Illaybeprepa Obi-
JIO OTKPBITHE CWJIbl Oe3B3PHIBHOTO W3BJICUYECHUSI BHYTPEHHEM
SHEPruu BOAbl W Ta3a MyTéM HMILIO3HU-BKPYUUBAHUS T10-



JBUKHOW CTPYY BOJbI K LIEHTPAJILHOM OCH Yepe3 KBaHTOBO-BOJI-
HOBOM y3€eJ1 BOJTHOBOJIA. DTOT MPUHIIUT ObLJT ITOJIOKEH UM B OCHO-
BY paOOTHl ABUraTe el MpUHIMIUAIBLHO HOBOTO THIIA, TTO3BO-
JIAIOIIMI CYIIECTBEHHO CHUXaTh TPEHUE MPU JBUKEHUU CYXKU-
BAIOLLEVCS CTPYM BOJIbl UJIM Ta3a BJOJIb TEXHUYECKUX BOJIHOBO-
J0B. DT0, 6€3 COMHEHHS], €ro CaMoe PEBOJIOIIMOHHOE OTKPHITHE
U €ero rjiaBHOE YTBePKJeHHue, MMOCKOIbKY COBPeMeHHasl TeX-
HUKAa B 9TOM HalpaBJIeHUM JIONUIA, (pakTUYecKH, 10 adcypaa.
[MlayGeprep monaras, 4to HaJIO JAeiaTh CTaBKy HE Ha JIaBJICHHE
U TeMIiepatypy (IIPUHIHIL, HA KOTOPOM padOoTalOT BCE IBUTATENN
BHYTPEHHETO CTOpaHUs), a Ha CUAY BCACHIBAHUSL, HATIPABJICH-
HOW Ha cuy 0e383Pbl8H020 PACUIEN.NeHUsE Mamepul BEILIECTBA
paboyero Teaa UMILIO3UEeil BOJHOBOIOB — 3PEKT aHTUTOP-
Hano. Takast TeXHUKA He CO3/IaeT OTXOJOB WM OTPaOOTAHHBIX
ra3oB, a MPOUBBOAUT SHEPTHIO « 1O Mapugy, NOUmu pagHoMy Hy-
0.

Beaukum qocrm:xkenuem A. B. BayaeBa siBiisitoTCs mpotiec-
Chl MOHU3AIIUM JIEKTPOHOB C aTOMHBIX OOOJIOUEK M ME30HOB
C SIIEPHBIX 000JI0YEK C TIOMOIIIBIO 30HBI XOJIOIHOW 6€3MacCcOBOM
TUIa3Mbl, OOpa3yIOLIENCsl C MOMOIIBI0 UMRA03UU BOTHOBOIOB
MUKPOBUXPOHOB ¢ yactotoit 30—60 Mru u 30—60 It B x0-
JIOJTHOM ILIa3MOu/1e B peaktope Bauaera. Ha mpumepe padoTst
OJHOW siYeriku peakTopa BauaeBa A. B. mponeMOHCTpUpOBaHbI
OCHOBHbIE TTPOIIECChl MOHU3AIMHY JIEKTPOHOB C 000JI0UEK aToMa
WJIY YACTHII C SIIEPHBIX 000JI0UEK aToMa, MPUBOJISIIUE K pacma-
JIy IEPBUYHON MAaTEPUX U CHHTE3Y BTOPUYHOM. UTO Takoe pac-



naJl-CUHTE3 CTPYKTYPUPOBAHHOW MaTtepur? ITO TAKOHM TUII MPO-
LIECCOB, ITPU KOTOPOM IePBUYHAS SHEPrusl U3BHE, 3aTpaueHHAs
Ha BBICBOOOXK/EHUE SHEpruu (pacnaj) U3 MaTepuu, OKaKeTcs
HAMHOTO MEHbIIIe BTOPUYHOM SHEPriu, KOTOpasi BHICBOOOIUT-
csl B Xofle moclieayiomien peakuuu (cuHTe3). s ocymiecrsie-
HUSI TAKWX TIPOIIECCOB MOTPEOYETCs « OTOHBb (DUTHIIsD», aHAJIO-
TMYHBIT HAYaTy XMMUYECKOTO TOpeHus Uiu (POTOHBI CBETa 7151
(porocunTesa. Takoe BO3IEMCTBUE HA IJ1a3MOUJ TIO3BOJISET pe-
aJIM30BaTh PEXHMM IMPOU3BOACTBA C HaOOJbINEN 3 PEeKTUBHO-
CTBIO NMEKTPUUECKOM SHEPTUU WM C HAPaOOTKOM 3apaHee CIuia-
HUPOBAHHBIX XUMUUECKUX JIEMEHTOB.

Co3znaHue-poxJeHUe  CBEPXTBEPIOU KyMYJISITUBHOM
CTPYU TIPU B3pBIBAX CIEIUATBHBIX OOEBBIX CHAPSIOB, SBJIE-
HUsI CTPYHHOM MMILJIO3MH B YCTPOICTBaxX-penyabcatopax Buk-
topa [llayOeprepa, HeHTpaJbHOI UMILJIO3HH B SIIEPHBIX OOe-
3apsigax u B YBUC A. B. IIpureneHko, B 0THOCTOPOHHE UM-
ILUIO3HHU «BBICTPEJIOB» OYEHb KPYThIM (DPOHTOM IEKTPUUYECKO-
ro UMITyJIbca Mo nonycdepudeckomy megHomy anogy C. Ana-
MEHKO U IBYCTOPOHHEI MMIIJIO3UH B TPOTOYHOM BOJIE PEAKTO-
pa A. B. BauaeBa Takxxe AJEMOHCTPUPYIOT CIIPABEJIUBOCTb 3TO-
'O IJIABHOT'O YTBEP:K/1€HMNSI .

Ipyrumu mpuMepaMy MMILJIO3MHU-BUXKEHUsI B LIEHTp 3a-
MKHYTBIX 1 3aMKHYTO-CBSI3aHHBIX BUXPOHOB SIBJISIIOTCS JA0JI-
rasi )KM3Hb TOPHAA0 1 0cBOOOXAEHHAs SHeprus BTY C. ®noii-
na, OECKOHEYHO A0JITast KU3Hb JIEKTPOHOB, MIOOHOB U TAPHBIX
YACTHII, COCTABJISIONINX SIZIEPHBIE 000JI0UKU aToMOB. U Ha000-



por, pacniag YCT, TsaxkensIx AAep ypaHa — 3TO NMPUMEPHI IKC-
IUIO3WH MaTepHU.

Takum o6pazom, Bcsl HabGJIr01aemMast MaTepusi Co3JaHa, BOoc-
NIPOU3BOIUTCS U OOHOBJISICTCS HEHAOJI01aeMoii H HeYJIOBH-
moii SHEPTUEN BUXPOHOB. Kak ona paGoraer? Kak
BO3HHKAIOT TeJla CTPYKTYPUPOBAHHOW MAaTepuH, Kak OHU BOC-
MIPOM3BOAATCS, KaK JIBUKYTCS WM U3MEHSIOTCS, KaK IPOKMCXO-
JWUT TIpeBpaIlieHus] OJIHOTO BHJA SHEPTUU B Jpyrue, Kak BO3-
HUKaeT CIOCOOHOCTH Tel coBepiaTth padory? Kak neiicTBytoT
HEBHUIMMbI€ KOMITIOHEHTBI-CYOCTAHITMY SHEPIUHU, UTOOHI B TIPO-
CTPAHCTBE POXKJATUCH, BOCIPOU3BOAUIIUCH, OOHOBJISIUCH, UME-
JI1 CBOE COOCTBEHHOE TUCKPETHOE MPOCTPAHCTBO-TIONE SIeMEH-
TapHbIE YACTHIIBL; YTOOBI MOSIBIISLIACH BOZMOXHOCTb JIE3UHTET PH-
POBATh U MOJTHOCTBIO YHUITOXKATh MACCy, TPUOOPETaTh aHTUTPA-
BUTAITMOHHBIN 3apsi/1 U IBUTAThCsI OE3bIHEPIIMOHHO 10 TOPU30H-
TAJIA U T.10.7



I'nasa 1. Ilpupoaa obicTpoii
JHeprum v eé MpoJayKThI

OcHoBHasi opmysa MHPO3JaHusA — JHepPrusi, Mpo-
CTPAHCTBO, MaTepusl, ABIKeHHe U n3MeHeHue. PyHaameH-
TaJIbHOE CBOMCTBO MAaT€pUM — JIBUKEHUE M U3MEHEHHUE, a MO3-
ra yeyjoBeka — MblljIieHre 1 AyXoBHOCTh. A BoT YTO npusonur
B JIBUKCHHE-U3MEHEHHE MATEPUI0 U MO3ra B COCTOSIHUE MBbIIII-
JieHusl, KakoBa (hopMa JABHMKYIEl CHJIbI, B TOM YKCJIe K JIBU-
’KEHUIO Y SBOJTIOLIMU acTpopu3nyeckux o0beKToB BeeneHHol —
OCHOBHOM BOMpPOC, KOTOpBI adcomotHo He ocBemiéH B CAII?
910 UYTO — QHEPI'UA, e€ UCTOYHUKYU €€ HOCUTEIHU-TIEPEHOC-
YUKH, €€ CHJI0BbI€ IIPOCTPAHCTBO-NONA, €€ IPOAYKTHI, €€ 3a-
KOHBI. YTO 3TO 32 HeBUIMMAas CyOCTaHIIMs U KaKoBa e€ CyIll-
HocTh? Kak OoHa BO3HMKaeT, cue3aeT, B3auMOJICHCTBYET, Tiepe-
HOCHUTCSI, TTpeoOpasyercsi U «MbIciuT»? B Kakux ¢opmax oHa
cymectByet? Kak oHa padoraer u neiictByer? KakoBa npupona
e€ CBSA3U C MaTeprer CTPYKTYpPbl MAcChl M PaBHA JIM OHA €W, T0-
MHOXEHHOM Ha KBaJpaT CKOpPOCTH cBeTa? bosee qoctoBepHa eé
CBA3b C IEPEMEHHOM YaCTOTOM 3apsiia Heprum hOTOHOB, I0-
MHOXEHHOM Ha nocTtosiHHy1o0 [ nanka. I1pu 3T0M 3HEprus TOJIbKO
OAHOTO (pOTOHA, UCITYIIIEHHOTO BO30Y:XAEHHBIM aTOMOM BOJIOPO-
14, CIocOOHA POAMTH TPEK U3 3€PEH-IEKTPOIIOTEHITUAIIOB 1JTH-

) o .
Hoit 10°8 CM, KOTOPBI MOXET co3aaTh Y€pHOe cpeprueckoe Te-



JIO — aBTOHOMHBIY CaMOBPAIAIOIIUICS T€HEPATOP SHEPIUU, Ma-
TePUHCKas (popMa POk ICHUA NEPBUYHBIX HEUTPOHOB UJIN HEU-
TpasibHbIX siziep U3 sapa YCT HenTpoHHBIX 3BE3A. MbICH, Kak
JEVCTBUE MO3ra YEJIOBEKA, POXK/IAIOT MPOLIECC MBIIUIEHUS U, KaK
CIIe[ICTBUE, CO3/IAI0T HATJISIIHBIE 0Opa3bl B €0 MaMSITH, OTPaXKaio-
mye HaOMoaeMble 1 Ocs3aeMble OOBEKTHI-COOBITUS M1 UX CBOM-
CTBa B OKPYXKAIOILIEM €r0 MUpE.

[TosTomy ecth ocTpasi HEOOXOAUMOCTb HaOMHEeHus (pu3nye-
CKHM CMBICJIOM TEPMHUHA «9HEPIHsi», KaK MEPBOIPUUUHBI BCETO
CYIIEro, UCTOUYHUKA, MEPBI, (POPM U CYITHOCTH JBHKEHHSI U U3~
MeHeHMsI, HarpuMep, B (popMe camO/IBUXKEeHHsI BUXPOHOB (o-
TOHa WX (POHOHA, CIIOHTAHHOT'O paclia/ia ypaHa, CaMOBPALLECHU S
Y pacrniaja siiep 3BE€3/[1, IJIAHET U FaJIakTUK WM TEMHON SHEPIUU.
W npyroii Bompoc He MeHee BaKeH — KaK U ITPU KaKUX YCJIOBHUSIX
MIOPOXK/IAETCSI TaKasi SHePrusi?

3apsaa nouyepueit DJHEPIMU — 310 3apsin Hekoell HeB3a-
MMOJEWCTBYIOLIEH HEMOCPEACTBEHHO HU C YeM, B TOM 4YMHCIIE,
U BEIECTBOM, HEBUVMON M HE PErucTpupyeMon cyOcTaH-
MU BUXPOHOB, OMpeAeIsIoNnIell IepBUYHOCTh BCETO CYIIETro, CO-
3[a011eld TPOIYKThI B BUAE IEMEHTAPHBIX YACTHULI, IPOCTPaH-
CTBA-TMOJIsSl U JPYTrod CTPYKTYPUPOBAHHOW MaTepUM, WU JI€3U-
TErpUPYIOLLEN €€, HO B3aUMOIEUCTBYIOIEN C HEW TOJIBKO Yepe3
CBOUX MOCPEIHNKOB, U MPUBOJAIICH Yepe3 HUX K JIBUKEHUIO
Y U3MEHEHUIO €€ KaXyIIMXCs cTaTh4eckux (popM MuposnaHus.

Ha pomb takoii mepBuuHoi cyOcrannuu DHEPIMUN npe-
TEHAYIOT TOJBKO CBEPXObICTPble MArHUTHBIE W Me/lJIeH-



Hble I'PABUTANIOHHbIE MOHOIOJIHU , KOTOPbIE, MYJILCUPYS TIPU
paspsiiKe 4Yepe3 JEKTPUYECKU MOHOIOJIb, OCTABJISIOT BE3JE
(B TBEpIOM TeJie, B BaKyyMe U Jp.) JIMIIb CBOU CJie/ibl B BUJE
I€OMETPUYECKUX KOHTYPOB U PEryJIsSIpU30BaHHbIX BOJHOBOJIOB
(BUXPEBBIE TT0JIs1) U3 3EPEH-MIOTEHIIUAIOB (JIEKTPUYECKHUX, Mar-
HUTHBIX Y TPABUTALIMOHHBIX ) PA3HOM BEJIMYMHBI 3HAYEHUH U 3HA-
Ka, YTO U MIPUBOJUT B JIBWKEHUE KJIACTED EKTPUUECKOTO IPU-
pa, CTPYKTYpHMPOBAHHYIO MaTepUIO IIyTEM BUHTOBOI'O TOKA JIEK-
TPOHOB, MIOHOB WUJIM HENTPAJIbHBIX ATOMOB BJI0JIb 3TUX MOTEHIIN-
aJIoB.

[TponyKTOM pa3psiIKu TaKMX MOHOIOJEH SBJISIOTCS TaKxke
Y CBePXObICTPbIe BUXPEBbI€ MarHUTHbIC MOJIs, KOTOPBIE U 3a-
CTaBJISIOT JBUTATbCS JEKTPOHbI BUHTOBBIM IyTEM B OJHOPOJ-
HOM MarHMTHOM TIOJIe€ — 3TO (popMa B3aMMOACVCTBUSI MAarHUT-
HBbIX MOHOMOJIEW JIEKTPOHOB C MArHUTHBIM IOJIEM 4epe3 MOo-
CPEAHMKA-BOJHOBO], KOTOPBII MOXET TOJILKO MOIYJIMPOBATH
MPOJIOSIbHOE [IBUKEHUE JEKTPOHA BUHTOBBIM, TAKKE KakK IMPO-
JOJbHOE IBMKEHHUE Bpaliaionieics ranku-oapamka JIxannoexo-
Ba MOJIYJIMPYETCST «KYJIbOUTOM», TAKKE KaK MPOAOIbHAS CTPYs
BOJIbl MOAYJIHPYETCSI BUHTOBOM MMILJIO3UEN 3BYKA TMHAMMKA
B He€ ¢ yactotou B 23 I

Hpyrumu Hambosnee pacrpoCcTpaHEHHBIMU (DOpMaMH CyIIe-
CTBOBaHUsI SHEPrUM SIBJISIOTCS CTAllMOHAPHbIE CHJIOBBIE MPO-
CTPAHCTBA-NOJIsI, KAK OTKPBIThIE OOBEMBI IEHTPATIbHBIX (PU3H-
YECKUX TOJIeld UCTOYHUKOB — IM0JIeBasl paauajibHas popma mo-
ner. YTo MBI 3HAEM O MEXAHU3ME B3aUMOACHCTBYIOLIUX IOJIEH,



MPUBOJAIIMX K MOPOXKACHUIO CHJI 3aKOHOB HptoToHa 1 Kyitona?
Huuero. U 31ech 3Ty cyOCTaHITNIO HEOOXOIUMO OO0JIee IETaTbHO
paccMOTpeTh Ha MpeaMeT e€ MPUYACTHOCTH K BO3HUKHOBEHMIO
CHJI IPUTSIKEHUSA-OTTAIKUBAHKS B 9TUX 3aKOHAX U APYTHX.

DHeprus — onpejejieHne, opmsl, 1elicTBHE, CBONCTBA
U 3aKOHBI.

[lepBUYHBIM MOHSTHEM TIO MPUOPUTETY SIBIISIETCS] MOHSITHE
«3HEePrus», T.e. BEJIMYMHA MATEPHHCKOro 3apsija 3JHep-
r'uM 1 (popma €€ CyIIeCTBOBAHUS. DHEPIETUUECKOE COCTOSHUAE
cyOctaniuu B (hopMe 3apsijia SHEPruu SIBJISIeTCS] KOMMYIeCTBEH-
HOUM XapaKTepUCTUKOW SHEPruu (IHEPro€MKOCTh) ISl MOIep-
KaHUS «KU3HU» TOTO WA MHOTO KOJe0aTeJbLHOro mpouecca
3JIeMEHTapHbIX YacTull 1o Kwim mnm camonsuxkenus: poToHa.
STOT nmapaMeTp SHEpruu ornpeessieT, HalpuMep, BpeMsl Ku3-
HU 3JIEKTPOHA WM JUIMHY Tpodera ¢oToHa, Mepuoj Moiypac-
naja pajgroOaKTUBHBIX BEIIECTB U T. 1. JHEPro€MKOCTD CyIlIe-
CTBYeT B NPUPOAE, HAIpUMEP, B BUJIE BeJUYMHBI JOYEPHETO
3apsaa sHepruu B hopMe 00BEMHON chpephbl MyTbCUPYIOIIE-
IO BUXPEBBIMU MOJISIMUA CBEPXObICTPOr0 MArHUTHOIO MOHO-
noJisi. Popma cyiecTBOBaHU s TAKOTO 3apsijia 00a1aeT HeBU/ -
MBIMHU CBOWCTBAMH IIPU €ro MyJbCalUsX BO BpeMs nepe3apsi-
K/ pereHepupoBaThCA /Jis COXPAHEHUs] SHEPTUM Yepe3 Io-
CPE/ICTBO BCEera B3aUMOCBSI3aHHOM TPHA/Ibl MOHOIIONEN B CO-
CTaBe BUXPOHOB, T.€. Uepe3 MEKTPUUECKUE U IPABUTAIIOHHbIC
MOHOIIOJIH.



CocrosiHus CBepXOBICTPOr0 MArHHUTHOTO MOHOIIOJISA
SHEPruu:

— B CBOOO/IHOW (hOpME OTKPHITOTO KOHTYpa CaMOJIBUKEHUS
(poToHa cO cMMHOM paBHBIM €IMHMIIE MYTEM €ro nepe3apsaku
C OITHOTO 3HAKa Ha MPOTUBOMOJIOKHBIN,

— B 3aMKHYTOM (pOpME OJHOKOHTYPHOTO 3JIEKTPOHA W JIpy-
TMX 3JIEMEHTAPHBIX YaCTHUI[ C MOTYLEIbIM CIIMHOM, I'PaBUJIEK-
TPOMAarHUTHbIA MOHOIIOJb,

— JieJieHre Ha JBa B (popMe mapbl rPaBUIIEKTPOMArHUTHOTO
JUIIONS U T. 1.

B 3THX cOCTOSAHMAX MarHUTHBIM MOHOMOJIb CYILIECTBYET B BU-
JIe OTHOKOHTYPHBIX 000JIOUEK M3 EKTPUIECKUX 3EPEeH-TIOTEH-
IUAJIOB. $IIepHble MHOTOKOHTYpPHBIE OOOJIOUKH aTOMHOTO sIIpa
00pa3yloT YK€ MarHUTHbIE MOHOIOJIM C YaCTOTOM MYJIbCAIIUiA,
YBEJIMYMBAIOIIEUCS K LEHTPY spa, cepbl KOTOPBIX BIIOKEHBI
Jpyr B Apyra, Mo aHajoruu o0ojouek B jykouile. [Tpu myib-
CallMsAX B 3aMKHYTHIX 000JIOUKAaX MAarHUTHBI MOHOTIOJTb TIPOU3-
BOIUT BHEIIHNE MOJISI JIEMEHTAPHBIX YacTHIl, a TIPH MyJIbca-
IIUSX B CBOOOIHOM 1 OTKPBITON (popme B (pOTOHAX — HETIPEPhIB-
HblE BOJTHOBO/IbI-TPeKN (POTOHOB ((POHOHOB) U3 3EPEH-TIOTEH-
[[UAJIOB MPOTUBOMOJIOXHBIX 3HAKOB.

[ToToku pasuanbHO ABVIKYIIMXCS 3€PEH-TIOTEHIIUAIOB 1IEH-
TPaJbHBIX MOJIEW PA3JUYHBIX CTALMOHAPHBIX MCTOUYHUKOB Be-
niectBa B opMe (pu3HUYeCKHX MOJeH, a TaKKe CTallMOHAp-
HO YCTaHOBJIEHHbIE B POCTPAHCTBE BOJHOBOABI-TPEKH U3 3¢-



PEH-JIEKTPOIIOTEHIIMAITIOB (DOTOHOB U CBOOOJHbIE MarHWT-
HbIE ¥ TPABUTAIIMOHHBIE MOHOTIONH CJIeJlyeT OTHECTH K CBO0OO/-
HbIM (POpPMaM-HOCUTENAM SHEPruM. 3E€pHA-TNIOTEHIMAJIBI dJIe-
MEHTAPHBIX YaCTHIl, 0Opa3yOIMX YACTOTHO OOHOBJIsIEMbI Mar-
HUTHBIM MOHOIIOJIEM 3AMKHYTBIN KOHTYP UX CTPYKTYpbI, (MC-
KJo4as (POTOHBI) — ITO (POPMBI HOCUTEJIEU SHEPTUU MOJIS B CO-
CTOSIHUM TOKOSI WJIM OTHOCUTEJIBHO MEJUIEHHOTO JIBUKEHUS.

3aMKHyTble KOHTYPBI 3JIEMEHTApHBIX YacTHIl U 000JIO-
YeK f/Iep XMMHUYECKUX 3JIEMEHTOB OrPaHUYEHBl BOJHOBOAAMU
B KAHOHMYECKON (pOpMeE TOJTYLIENOrO CIIMHA U3 JEKTPUIECKUX
Y I'PaBUTAIIMOHHBIX MOTEHIMAJIOB, OOHOBJISIEMbIX C OMpEeIEH-
HOI1 4aCTOTOM IyJIbCUPYIOIIMMU B HUX HAa YETBEPTU JAJIMHBI BOJI-
Hbl MAarHUTHBIMU M TPaBUTALMIOHHBIMUA MOHOIIOJISIMM.

CBo0OOgHbIE MarHUTHBIE MOHOMONH (TPAaBUTAIIMOHHBIE MO-
HOTIOJH), TIPK CBOEM BpaIaTeIbHO-KONeOaTeIbHOM COCTOSIHUM
(B popme BUXPOHOB) W3MEHEHUs WIN JIBUKEHUS BCErAa CIIO-
COOHBI TPOM3BOAUTH CBOOOHBIE (POPMBI SHEPIUU B BUIE BUX-
PEBBIX NOJIEN IEKTPOMArHUTHHIX (DOTOHOB (WJIA KBAaHTOB 3BY-
Ka). A BOT CBOOOHBIE (DOPMBI SHEPTHH ITPOU3BOIUTH CBSI3aHHBIE
(bopMBI cHOCOOHBI JIMIIb MTPU ONPEIEIEHHBIX YCIOBUSAX KBAHTO-
BaHM BEJIMYMHBI MX 3apsia — IPEBBIIIEHHUE [T0pOra 3apsijia SHep-
TYU OTIPEIEIEHHON BeJIMUMHBI, OCTAHOBKA HOCUTEISI CBOOOTHOM
SHEpPIrUY BO BHEIHEM I10JIE U T. [I.

[Ipumep 0CBOOOMXKI€HHSA SHEPruK — pacileneHne BHYT-
PEHHEW SHEpPruM aTOMHBIX SJIEpP B AJEPHBIX peakTopax — Je-
JIeHWe sipa ypaHa-235 ¢ BbUIETOM MPOAYKTOB JEJIEHHS, KOTO-



pble B CHCTEMax 3axBaTa-«0O0BSI3KM» (KIyIHe CXeMbl Mpeod-
pa30BaHUs SHEPTUM) PeakTopa MPEeBPaIlAOT STOT BbUIET B TEll-
JIOBYIO — BBIJIEJISIETCS KUHETUYECKasl SHepPrusi IBUKEHUs, TIPU-
BOJAILAS B KOHEYHOM UTOre K YBEJIMYEHUIO TEMIIEpPATyphl BCe-
ro KJIacTepa, B KOTOPOM HAaXOAUTCs 3TO siipo. B kauecTBe mpu-
Mepa Mpu KBAaHTOBOM IEpeXojie U3MEHEHUsI MaTepuu ¢ OCBO-
002K/IeHHEM >SHEPrUM MOXHO TIPUBECTU NPUMEpP — BO30OYK-
JEHHBIN aToM, Mepexols B OCHOBHOE COCTOSTHHME, MPOU3BO-
JIUT «COPOC» CBOOOMHOW YHEPrud B BUje OC3bIHEPIIMOHHO-
ro camoasukyierocsi ¢gotona. [pyrom npumep — Hajerawo-
M HAa aTOM MOPOTOBbIN (DOTOH (O AMH CBOOOIHBIA MarHUT-
HBII MOHOIIOJIb) ITPEBPAIIIAETCS B APy JIEKTPOH-TIO3UTPOH (Ia-
PY 3aMKHYTBIX MAarHUTHBIX MOHOIIOJIEN C MPOTUBOIOOKHbI-
MU 3HAKaMH) WM Tapy MPOTUBOMOIONKHBIX MIOOHOB. VIMEHHO
gyepe3 MOCPeJCTBO ITOVM HEBHIAUMON U Be3Jecylleil cyocTaH-
LIUU SHEPTUM, CYLLIECTBYIOIIEW B pa3IMuHbIX (hOpMax, MPOUCXO-
IUT POKJeHHe, NBIKeHUe-U3MeHeHHe B HEBEIIECTBEHHOM
MPOCTPAHCTBE MPOCTPAHCTBA BEILIECTBEHHOTO, a B HEM 3a4aTo4-
HBIX (POpPM MaTE€pUHU:

— CHavyasia B (popMe NMEpPEMEHHbIX JEKTPUYECKUX, MAarHUT-
HBIX, TPABUTALIMOHHBIX U JIEKTPOMArHUTHBIX TMOJIEH,

— 3aTeM B (popMe BUXPEBbIX MOJIEN B BUJIe MATHUTHBIX U Ipa-
BUTAIIMOHHBIX MOHOIOJIEH, T.. MUKPOBHXPOHOB (HCTOYHMH-
KOB JIBIKEHUA-U3MEHEHNs]),

— 1 TosbKO Ha nocienHent craguu B popme YCT u aTromuo-
MOJIeKYJAsipHON hopme, T.e. ABYX (popM MaTepuu U aHTUMAaTe-



puu o CH.

B ocHoBHOU opmyne Mupospanus: «3Iuepeus-npocmpar-
Ccmeo, mMamepusi, OBUdICEHUe N UMEHEHUe» — OTIPE/ICTICHUE SHEP-
v (MOTEHIMAIbHON M CAMOJBMKYILENCS) 3aKJII0UEHO B Kak-
JIOM CJIOBE, HO OHa MpE/ICTaBJIeHa 3/1eCh B pa3HbiX opmax. Ka-
KOBa MPUPOJA M CTPYKTYpa ITUX CyOCTaHIHIA?

[lepBuuHbIM 3apsiiOM JouepHel YHeprun (chepuyeckuin
KoJie0aTesIbHblI MasiTHUK WM KBAaHTOBBIA BUOPATOp) SIBJISIET-
Cs1 CBEPXOBICTPHIA MarHUTHBI MOHOITOJb, KOTOPBIA SIBJISIETCS
HEOThEMJIEMOM 4YacThil0 MHKPOBHXPOHOB. Bor 3T HeBHIU-
Mble 1 He perucTpupyeMble YacTHUIIbl U MMOPOXKIAOT U3Me-
HeHMe-/IBHKeHHe Marepuu. A Mepexoibl MaTepuu U3 OJHOU
(bopmBl B Ipyryio — H3MeHEeHHsI — KBAaHTOBbIE U HE KBAHTO-
BBI€ OCYILIECTBIISIIOTCS] TOJIBKO OJlarofapsi HATMYMIO CBOOOJHO-
r0 MarHMTHOTO MOHOIIOJSI B MUKpOBUXpoHe. Co3aaHue-poxe-
HHE MaTepry B 3aMKHYTOM (hopMe IPOU3BOIUTCS U3 CBOOOI-
HbIX (DOPM SHEPruu Mpu ONpPeeSEHHbIX TOPOrOBbIX YCJIOBHUSIX.
N Hao00pOT Ie3MHTerpanus-1ucue3HOBEHNE MaTepur pOC-
XOIUT U3 3aMKHYTBIX (POPM SHEPIUH, a B MAKPOMUPE U3 3AMKHY-
TO-CBSI3aHHBIX (DOPM MaTepuu, Kak CIIOHTAHHO, TaK W IIPU KpHU-
TUYECKHU-aKTUBUPOBAHHBIX YCIOBUSIX. Borpoc — Kakumu myTsi-
mu? 13 3tux ke popM MaTepuy NPOMCXOAUT U MHIYKLUS KECT-
KO CBSI3aHHBIX C HUMHU O0OJIOUEK-«KOKOHOB» -3apsiJIOB MPHU WX
Bpaiienuu. Bonpoc — B kakoi (popMme u Kakou cTpykType?

DHeprusi HUKOIr/la He BO3HUKAET U3 «HUYEro» W He ucyesa-
€T B YKa3aHHBIX TPEX BUJAX AUCKPETHBIX IPOCTPAHCTB 3AMKHY-



THIX CHCTEM — 3TO 3aKOH coXpaHeHus dHeprun. Ho moxer
OBITh YHHUYTOZKEHA B TIPOIIECCaX aHHWUTWIALMYU (MHTEepdepeH-
1IM1) NPOTUBOMOJIOKHBIX MO 3HAKY 3€PEH-MOTEHIIMAIOB B (pU-
3UYECKMX HEHTPAJbHBIX UM BUXpeBbIX nosax. [loatomy 3a-
KOH COXpaHeHus u npespamenus 3"Heprua B8 CU gopmy-
JIMpyeTCcsl TaK, YTO TMpPU JIOOBIX (PU3UYECKUX B3aUMOJIEHCTBU-
sIX SHEePrusi He BO3HUKAET U HE MCUE3aeT, a TOJbKO MpeBpalia-
€TCsl U3 OIHOU (POPMBI B PYTYIO.

DHeprusi — 370 ¥ 0CBOOOKAEHHAsT MaTepusi B (popme Hc-
TOYHUKOB JIBV)KEHMSI, a BEIIECTBEHHAasi MaTepusi — 3TO U CBSI-
3aHHas MOTEHLMAIbHAs SHEPrUsl B BUJE 3aps10B MACChl Ha IO-
BEPXHOCTH 3eMJIN. DHEprusi NosiBJsETCs] B TPOCTPAHCTBE TOJb-
KO C TOMOIIBI0 COOCTBEHHBIX IMEPEHOCUUKOB-HOCUTENIEH B CBO-
6011HOI1 (hopMe B BUJIE UICTOUHUKOB JBUKEHUS (BUXPOHOB) WU
3épeH-noreHuagoB. dopma nepeHoca 3€peH-NMOTEHIMAIOB
OT CTallMOHAPHBIX UICTOYHUKOB KBAHTOBOE BBHITAJKHBAHM €-H3-
JIydeHHe TIpu OOHOBJICHUM 3aMKHYTHIX KOHTYPOB 3JIeMEHTap-
HBIX YaCTHUI[ CO CKOPOCThI0 Oosbilie ckopoctu cBeta. Cepu-
YEeCKU CIIOMCTHIN BUXPEBOU 0€3MaCcCOBBIN CBOOOJHBII MArHUT-
HbIA MOHOIIOJIb — 3TO OfIHA U3 (POPM MEPEHOCca 3apsi/ia SHEPIUU
Y BOJIHOBOJIOB U3 3€PEH-JIEKTPONOTEHIIUAIOB IyTEM €ro nepe-
MarHuuuBaHus B ha30BOM 0ObEME MCTOYHHKA CaMO/IBHKe-
HMSI CO CKOPOCTBIO cBeTa. Chepruuecky CIOMCThI IPAaBHTALM-
OHHBII MOHONIOJIb — 3TO OHA U3 (POPM MEPEHOCA 3aPsijia SHEP-
T'MH Y BOJIHOBOJA U3 3€PEH-TPABIOTEHIMAIOB MYTEM MEPENOJIIO-



COBKHM €ro 3HaKa 3apsijia B BUJE KJacTepa UCTOYHHMKA CaMOJIBU-
KEHWS U POAUTEJb 3apsiia Macchl B CU, MBUKYIIUIACS C TIOObI-
MU MEXaHUYECKMMH U JJOCBETOBBIMU CKOPOCTMHU. J{nHammuye-
CKH€ BHEILIHUE T0JIS CTAllMOHAPHBIX UCTOYHUKOB U3 3€PEH-TI0-
TEHIMAJIOB — 3TO TOXE SHEPrusi B cBOOOAHOU popme. 3HAYUT
SHeprusi — 3T0 eni€ U NMPOCTPAHCTBO-M0JIe. DHEPrus cylle-
CTByeT U B (hOpMe MarHMTHOTO MOHOIIOJISI IBUKEHUSI CO CKOPO-
CTBIO CBETA, U B (POpME IpaBUTALIMOHHOTO MOHOIION I MEXaHUYe-
CKOTO JBUKEHUSI MACChl, B TOM UHMCJIE 3BYKa, a TAKXkKe JIeKTpruyIe-
CKOTO 3apsifia ABMKEHUS B BUJIE IEKTPUUECKOrO TOKA 32 OIpe-
JENIEHHBIA MPOMEXKYTOK BPEMEHU, 3EPEH-TIOTEHIIUAJIOB JIBUKE-
HUS OT X UCTOYHHUKOB CO CKOPOCTBIO BBIIIIE CKOPOCTU CBETA.

Cpenu Bblllie IEpEUUCICHHBIX HAUOOJBIIIEH SHEPTOEMKOCTBHIO
00JI1a/IA10T TIePBbIE TPH, 2 HAMOOJIBITIEH IPOHUKAIOIIEH CIIOCOOHO-
CTBIO U TATbHOICHCTBHEM 00J1aJAl0T TPaBUTAIIMOHHBIE 3€PHA-TIO-
teHiMaibl osien ot saaep YUCT rnaner, 3B€3/1, rajlakTUK U KBa-
3apOB, KaK OT CaMbIX MJIOTHBIX U CAMbIX 0O0JIbIIHX IO pa3Me-
paM CTallMOHAPHBIX UCTOYHUKOB.

CymectByeT hopMasbHOE OMNpeejieHHe SHEePrum uepe3
IIPOU3BEIEHNE MACChl Ha KBaipaT CKOPOCTH cBeTa. OHAKO B CH-
Jy MEePBHYHOCTH CYOCTAHIIMM SHEPrUM KakK CYNTHOCTH IBU-
JKEHUsl ONpeleNsATh e€ Yepe3 Maccy, KoTopas He CymiecTBY-
eT B MpUpoje, He umeeT usndeckoro cmpbicia. Macca B cu-
creme CU n3o0pereHa 4eJOBEKOM — 3TO TAKOM ke BCIIOMOTra-
TeJIbHBII MapaMeTp, Kak BpeMsi, cuia u T. 1. Macca siBisier-
Cs AUCTAHIIMOHHBIM MPOJYKTOM B3aUMOJIEUCTBUS MPOTHUBO-



MOJIOKHBIX IO 3HAKY IPABUTAIIMOHHBIX MOJIEN OT KJIacTeEpa aTOM-
HO-MOJIEKYJISIPHOT'O BEIIECTBA WJIM JJaKe OTIEJIbHOTO JIEKTPOHA,
a MPOSIBJISIETCSI JIWIIIL MIPU HAJTMYKE BTOPOTO TMOJIsl TPABUTALINY —
MAaKCHMAJIbHBIM 3HAYE€HUEM Ha IOBEPXHOCTH 3€MJIM 1 MHHHU-
MaJuabHbIM B [IpocTpanctBe BeenenHoit, 00ycIoBIeHHON B3au-
MOJICCTBHEM I10JIs KJIacTepa ¢ (DOHOBBIM aHTUT PABUTAIMOHHBIM
nosneM Ilpocrpancrea Beenennon. Ipyrumu crioBamu, Macca
BellecTBa UK JeMEeHTAPHOIl YacTHIbl He UMEET MOCTOSH-
HOT'O 3HAYEeHHUsI BEJIMUMHBI 3apsija, KaKoil MMeeT MarHMTHBIN
MOHOMNOJIb. Torma Kk 4eMy ke TpUBS3aTh OOJBITNE OOBEMBI
KJIacTepa CTPYKTYpUPOBaHHOM Matepuu?! B npupoje cyiecTBy-
€T JIUIIIb MOJIeBOI KJIacTep CTPYKTYPUPOBAHHON MaTepPHH.
Boree Toro ckopoctb cBeTa B Ipupojie MPUCYIa JUIb Oe3Mac-
COBBIM (popMaM MaTrepuu — (POTOHAM.

Bo MHOTMX OTKpPHITBIX MyOJIMKAIMSIX SHEPrUsi OE3MACCOBBIX
(poTOHOB NpPUpPAaBHMBAETCS SHEPIUMM PABHOM Macce, YMHOKEH-
HOW Ha KBaJIpaT CKOPOCTHU CBETA — ITO HEBEPHO, KAK HEBEPHO €€
orpezienieHre 1 yepe3 0030Hb Xurrca. Kak Moxer ciyxuth Me-
PHJIOM SHEpPruM Macca, KOTopasi, B OJHOM CITy4ae, MOKET ObITh
KaMeHHbIM O10koM B 100 TOHH, a B ApPYroMm ciiyyae akTHBH-
POBAHHOM 3BYKOM OBbITh JIETKOW, KaK MyITMHKA U MOAHUMAThHCS
B BO3/yX 1of 60i1 TnOeTcknx OapadaHoB. Mepoii 3apsiia sHep-
TUU sIBJISIETCSl 3apsii ABHKeHHUsI — BUXPOH, B KOTOPOM Beu-
HBIM JIBUTATEJIEM SIBJISIETCS] MAaTHUTHBIA MOHOMOJb . [ToaToMy
3aKOHbI YHEPruM BCErja B3alMOCBS3aHbl C 3AKOHAMU [IBH-
JKeHUsI.



[ToaToMy AJ1s1 7IEKTPOMArHUTHBIX (POTOHOB M KOPITYCKYJISIp-
HBIX JIEMEHTapHBIX YaCTHL] JOCTOBEPHBIM SIBJISIETCS ONpeaese-
HIe CBOOOHOM U 3aMKHYTOM YHEePruM B HUX JIMIIb Yepe3 Ofl-
Hy popMyJ1y — Yepe3 npou3BeieHue nocrossHHou [iaHka Ha 4a-
CTOTY nepe3apsAAKH MarHUTHOIO MOHOIIOJIA, TaK Kak OH
1o (pU3MYECKOMY CMBICITY U €CTh NEePBUYHBIN 3apsif] SHEPrUU
Y OMPEAEISAET CTPYKTYPY ITUX YaCTUIl U BCEr0 CyIIero BOKpYT.
Tyt ke cnenyer emwE pa3 OTMETUTh, 4TO INocTosiHHaA IlnaHka
paBHa IMPOU3BEACHUIO JIEMEHTAPHOIO JEKTPUYECKOTO 3apsa
Ha €ro MarHUTHBIN 3apsifl.

Haubonee HarmsimHasi WUTIOCTpAIUsl TIPEBpaIlieHne SHEPTrur
U3 COCTOSIHUS OKOSA B SHEPIUIO ABMKEHUS [IPOUCXOIUT Yepe3
AQHHUTWJISIIIUIO JIEKTPOHA M IO3UTPOHA (JIEMEHTapHBIN IpoIiecc
JE3UHTErpalu) B JBa JEKTPOMArHUTHBIX KBaHTa. B TO ke Bpe-
M1, Tipu norsomenun MK-kBaHTa BemecTBoM 00pasyercsl CBsi-
3aHHas Mapa 4YacTWll B MOKOE B (popMe IpaBHIJIEKTPOMAr-
HUTHOI'0 JMIIOJSI, B KOTOPBIX Iapa I'PaBUTALMOHHBIX MOHO-
TIOJIEW POK/IAET KBAaHTHI TMIIEP3BYKA, YHOCALIMX 3HAYMTEIIbHBIN
3apsi SHEPrMM NEPBUYHOIO MArHUTHOro MoHonosis. He menee
HaIAAHA AaHHUTWIALMA POTOHA-aHTUIIPOTOHA C U3JyYEHUEM
HECKOJIPKMX ME30HOB, X PACIaOM Ha HECKOJIBKO BBICOKOIHEP-
reTndeckux (poToHOB ¢ sHeprueit 6onee SO0 M3B.

CrenoBatenibHO, MPUPO/LY 3apsi/I0B SHEPruu Haudoee J10-
CTOBEPHO NPEJCTaBIATh B (POPME MarHUTHOTO M I'PaBUTALIMOH-
HOT'O MOHOIIOJIEH.

B nokoe mnpu omnpeneseHHbIX YCIOBUAX Ae3UHTErpanuy



Macchl BBIIENSETCS BCSA WIM 4YacTh SHEPIUH, NOIIEANIAs Ha €€
uHTerpanuio. [Ipyn aHHUTMIALIMM MAcChl 2JIEKTPOHA-TIO3UTPO-
Ha BBIAEJISAETCS SHEPrus, NOIIeAas Ha UX UHTErPalUio B MoJIe
aTOMHOTO $Jpa COOTBETCTBYIOLIMMY BUXPOHAMHU.

VY 351eMeHTapHBIX YacTUll, €CIA COCTOSTHUE MAaTepuy — IBU-
KYIIMUCSA B TOJE aTOMHOIO fAApa (POTOH C IHEpruer BBbILIE
1022 K3B, TO HOCUTENAMU MHAYKTUPOBAHHOM SHEPIUMU 3aXBa-
YEHHOI'0 I10JIEM aTOMa MAarHUTHOTO MOHOIIOJISI MMKPOBUXPOHA,
CTAHOBSATCS 3aps1/ibl MACChl, HOBOPOK/IEHHBIX JIEKTPOHA U MO3U-
TPOHA.

Ecimu cocrosinue marepun — asukynmiicas MK — kBaHT ¢o-
TOHA, TO MPY €ro MONIOIEHNH KJIACTEPOM aTOMHO-MOJIEKYJISAP-
HOI'O BEIIECTBA (3aMKHYTO-CBSI3aHHOE COCTOSIHUE SHEPIUU rpa-
BHJIEKTPOMArHMUTHBIN IMII0JIb ), HOCUTEJIEM UHAYKTUPOBaH-
HOW SHEPIMM CTAHOBATCSA KBAHTHI MEXAHWYECKOIO BpallaTesib-
HO-KO0JIe0aTeJIbHOTO JBMKEHH ST HECKOJIBKMX aTOMOB, JIBHIKYILIMX-
Cs1 B/10J1b I'PaBIIOTEHIIMAJIOB BOJIHOBOJA, YTO ITPUBOJIUT K YBEJIM-
YEHUIO TEMIIEPATYpPhI KJ1acTepa.

W3nydyenre WM NONIOLIEHNE SHEPTUM KJIACTEPOM MaTepuu
IPOUCXOIUT B (pOpME TeX WM MHBIX HOCUTENEH B CBOOOTHOM
WIN 3aMKHYTOM BUJIE.



1.1 CBepxObicTpast SHepPrusl.
CB00OJHBLIN MATHUTHLIA MOHOIIOJIb
3JIEKTPOMArHUTHOI'0 BUXPOHA

DOTOHBI M NMEKTPOMArHUTHBIE KBAHTHI U3 IPYTUX BO3MOXK-
HBIX YaCTOT pOXKIAIOTCS (0CBOOOK/IeHIEe SHEPTHM ) IIpU riepe-
XOIaX MUKPOYACTHUI] B OCHOBHOE COCTOSIHHE M3 BO30YKIEHHO-
ro. Cxema 3KCIepruMeHTaJIbHO HaOJo1aeMbIX (POTOHOB TIPH CO-
OTBETCTBYIOLIMX MEPEXOAAX COCTOSTHUM aTOMa BOAOPOA IIPUBE-
JeHa Ha oro 1.
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®oro 1. CocrosiHus Bo30Y:xAEHHOrO atoMa Bogopoaa. Cepus
Jlaiimana — 310 yabTpaduoneToBast 0onacTh U3My4eHus GoTo-



HOB, niepexons! Ha nl. Cepus banbmepa- 310 BUAHMAas 061acTb
u3JtydeHus (poToHOB, nepexonsl Ha n2. Cepus Ilamena — 31o uH-
(ppakpacHas o6nacth, nepexosanl Ha n3.

STOT MPOIeCC BO3MOXKEH, KaK B COCTOSIHUM OTHOCUTETHHOTO
TIOKOSI, TAK W JBWXKYIIUMUCS MUKPOYACTHIIAMU, a TaKkKe C T0-
MOIIIBI0 BCEBO3MOXHBIX TEXHUUYECKHMX CPEJICTB — aHTEHHBI, I'e-
HepaTophbl IEKTPO-BaKyyMHBIX MPUOOPOB U T. 1. Bpems xu3-
HU (POTOHOB — OECKOHEYHO JIONroe B BaKyyMe KOCMUYECKOTO
MPOCTPAHCTBA, OJHAKO BCJIEJCTBUE BCEBO3MOXKHBIX PACCESTHUN
Ha JIEKTPOHAX, aTOMaxX W MOJIEKYJ] MX CPOK JKM3HU 3aBUCHUT
OT TOU CpPe/ibl, T/Ie OH JIBUKETCSI.

Tem He MeHee, IJIaBHOE BHEIIIHEe CBOWCTBO (DOTOHOB, KOTO-
pO€ OTIIMYAET UX OT JIPYTUX IEMEHTAPHBIX YaCTHUI] ¥ IPOSIBIISIET
UX B KOCMOCe BakyyMa BceseHHOl, CBsI3aH ¢ 0€CKOHEYHO /10.J1-
UM CPOKOM >KH3HH, a T03TOMY OECKOHEYHO JIJTMHHBIM TPEKOM
€ro BOJTHOBO/IA, CIIOCOOHBIM aKKYMYJIUPOBATH BECh CTPOUTEITb-
HBbIA MaTe€pUaJl BEIIECTBEHHON MaTepuu B (popMe 3€peH-3JeK-
TponoTeHIMaIoB. ClieIoBaTe/IbHO M KICTOUHUK CaMOBHIKYIIIe-
rocst GoToHa 001aJaeT BEUHOM SHEPrueil U caMbIiM OOJIBIITUM
10 EMKOCTH aKKyMYJISTOpoM. B kakoit (hopme OH cyiecTByer
1 obecrieunBaeT Oe3bIHEPIMOHHOE ABMKeHNE (POTOHY?

Jlpyroe ero CBOWCTBO — 3TO €ro caMoJIBH:KE€HHE IyTEM
HEKMHETUYECKOro TMepeHoca KBaHTa 3apsiia SHEPruM 3JieK-
TPOMAarHMTHON MaTepry aKTUBHBIM (Da30BBIM MUKPOIPOCTPAH-
CTBOM Ha OECKOHEYHO JJIMHHBIE PACCTOSIHUS, T.. CBEPXTEKY-



4yecTb (DOTOHOB B YCJIOBHUSIX KOCMOca. TpeTbe CBOMCTBO — 3TO €ro
BEKTOPHBII BOJHOBO/I-II0JI€, TIOBEPXHOCTHAs moycdepa-KoH-
TYp U3 COUpaell MEeKTPUUYECKUX 3E€PEeH-MOTEHIMAIOB, CTallU-
OHAapHO BCTPOEHHBIX B JIMCKPETHOE NpocTpaHcTBO. U, Kak Te-
niepb yKe U3BECTHO, 3TUM CBOMCTBOM (DOTOHBI OOSI3aHBI, MPEK/Ie
BCEro, CBOEMY 3apsily-MCTOYHUKY SHEPrUu B COCTOSIHUU JIBU-
KEHUs-pa3psaKa (MUKPOBUXPOHY) B (hOpMe MyIbCUPYIOIIErO
(BUOpPUPYIOIIEro) BUXPEBBIMU TMOJISIMU MHOTOJIMKOTO B COCTOSI-
HUSIX ¥ HEBUJIMMOTO CBEPXObICTPOr0 MArHUTHOTO MOHOIIO-
Js. CnuH (pOTOHA paBEH €AMHULIE KBAHTA JAECUCTBUSA IOCTOSHHOU
[TnaHka, KOTOPbIiA MOKa3bIBAET, YTO YACTULIA HAXOIUTCS B COCTO-
SIHUM CBOOOJTHOTO CAMOJBHMKEHUSI U, TTPU ITOM, IIPOUCXOUT Tie-
PUOMUYECKOE MOJTHOE KBAHTOBOE MPE0Opa30BAHNE HOCUTEIS 3a-
psilla SHEPrUM CO 3HAKOM 3apsja IUIIOC B aHAJOTWYHbIA KBaHT
CO 3HaKOM MMHYC — mepe3apsiaka. Hocutenem cBepXObiCTpo-
ro 3aps/a SHepruv (MCTOYHMK 10Ji) B (POTOHE SBIISIETCS Ile-
PEMEHHBIM 1O 3HAKy U 3HAYEHHUIO BEJIMYMHBI 3apsija BUXPEBOU
€B00OHBINl MATHUTHBII MOHOTIOJNB B (hopMe 0OOBEMHOM c(pephl
(poto 2), Kak 3apsA IHEPruu, KaKk UICTOYHUK BUXPEBbIX MOJIEH
Y KaK UCTOYHUK CAMOJIBUKEHUSI.

KakoB MexaHuU3M poxkJieHUs U U3IydeHns1 (poToHa BO3OyX-
JEHHBIM aTOMOM ?
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doto 2. Cxema 3apsaaKu 0ObEMHON chepbl MATHUTHOTO MO-
HOIIOJIs1 3€pHAMU-TIOTEHIIMAIaMU TIEPEMEHHBIM JIEKTPUUYECKUM
TI0JIEM aTOMHOTO SIApa BOIOPO/IA; B COCTOSIHUM 3apsAKHU — HE U3-
JIy4aeT, a B COCTOSIHUM Pa3psiIKM (CrpaBa) U3Iy4daer.

Cdepa cBepxObICTPOro MarHUTHOTO MOHOMOJISI 3apsi-
’KaeTcsl MepPeMEeHHBIM JIEKTPUUYECKUM I0JIeM aTOMHOTO sjpa
(dpoto 1) ABMXKYIIUMCS MEKTPOHOM B 00bEME aToMa. ITO MO-
POXJIAET CIEAYIOUIIE TPOLIECCHI:

— poxJeHue cpepbl ClpabHbIX BOJIHOBOAIOB U3 U3MEHSIIO-
HIMXCS 10 3HAYSHUIO BETMYMHBI JIEKTPOMArHUTHBIX 3€PEH-TIO-
TeHIUANIOB (POTO 2) BOKPYT JIOKATBHOW TOUYKU TEPEMEHHOTO
JIEKTPUYECKOTO O,

— CTpYKTypa cdepbl COCTOMT OT MOBEPXHOCTH CIUpasel
u3 cy1aObIX (HYJIEBBIX) [0 BeJIMUMHE 3HAUYECHWI 3¢ peH-TIOTeHITNA-
JIOB JI0 IleHTPa OoJiee BBICOKUX 10 BeJIMUKHE,

— CIUpaJIbHO paclipeliesiEHHast OT LIEHTpa JO MOBEPXHOCTU
Y CTAallMOHAPHO BCTPOEHA HA MTHOBEHUE B POCTPAHCTBO chepsl



U oOpa3yeT pa3HOCTh JEKTPOMATHUTHBIX MOTEHINAJIOB.

Yro 310 3HAUMT? DTO 3HAYMT KUAET MPOU3BOIACTBO 3apsiia
SHepPruM B BUJE cepbl OOHOrO 3Haka (+ WM -). ITO 3HaA-
YUT, YTO B HAYaJbHbI MOMEHT H3MEHEHHS 3JIEKTPUUYECKOIO
noJisl (MM Havajia IBUKeHHsI SJIEKTPOHA) 3apsiKaeTcst OoJbIast
cepa U3 OIMHAKOBBIX IEKTPOMArHUTHBIX 3€PEH-TTOTEHIIMAIIOB,
pPa3MEIEHHBIX Ha CMUPAJIAX, 0O0Pa3yoNMX MOBEPXHOCTh TOM
cdepsl. B crepyomuii MOMEHT TakuM ke 00pa3oM 3apsiKaeTcs
TMIOCJIE/IOBATEIbHO CMEXHAsl BHYTpeHHss cepa, HO yxe OO0Jb-
MIMX 10 a0COMIOTHOM BEJIMYMHE MIEKTPOMArHUTHBIX TOTEHIIU-
anoB. TakoW Mpouecc MPOMCXOIUT BOKPYT 3E€pEH-JIEKTpUYe-
CKUX MOTEHIMAJIOB M3MEHSIOMIErocsl 3JEeKTPUYECKOro Io-
Js1 atoma. [Ipyrumu ciioBaMy, MarHUTHAs1 MaTepusi — 3TO Ma-
TepHsi NPOTUBOAEICTBUSI N3MEHEHUI0 BEIUYMHBI KaXJI0TO
3€pHA-JIEKTPOINOTEHIIMAJIA U3MEHSIOILETOC TOJIA.

CTpyKTypa 3/1€EKTPOMAarHMTHOIO 3€pHa-MOTEHIMAIA — 3TO
SIIPO U3 3€PHA-3JIEKTPONOTEHIIMANA, 3aTEM BeJIMYMHA M3MeEHe-
HHS B BUJE cheprueckort 000109Ky chepbl BOKPYT HEro u3 3¢€-
PEH-MarHUTONOTEHIMANOB. Tak MPOMCXOIUT 3apsAKa SJeK-
TPOMarHUTHHIMU 3€pHAMU-TNIOTEHIIMATIAMA MATHUTHOTO MOHO-
IOJISI IO CaMOro LIEHTpa, MOKa HE OCTAHOBUTCS MPOLIECC M3Me-
HEHMSI JIEKTPAYECKOTO MOJISA — TO U €CTh 3apsAJ JHEPruy uc-
nmyckaeMoro (poToHa, ero HICTOYHUK.

Takol chepudyeck U 0OBEMHO 3apsKEHHBI MarHUTHBIN
KBaHT MOCJIE MPEKPalleHUs] U3MEHEHUsI JIEKTPUUYECKOro MoJs
B 30He MHAYKIUHU (TIPEeKpaIieHnsi JBIKEHHS 1eKTPOHa — 00-



PbIB TOKA) B 3TOM TOYKE UM B Hayalle CBOEW MEPBUYHOW pa3-
PAAKHM CTAaHOBUTCS MCTOUYHUKOM POXKAEHUsI BUXPEBBIX MOJEH
B 30He U3JyYeHHsI B opme (yHIaMEHTATBHBIX BUXPEBbIX
YacTull — OBICTPBIX IJEKTPOMArHUTHBIX aTOMHBIX CB0O0O]-
HBIX MUKPOBHXPOHOB, CIIOCOOHBIX K CAMOJBHKEHUIO, TBUTA-
TeJIeM KOTOPBIX CTAHOBUTCSI CBEPXObICTPHIH MArHUTHBINA MO-
HONOJb. Takum 00pa3oM, CBOOOHbIE MHKPOBHXPOHBI — 3TO
eme v 3apsabl 0e3bIHEPIMOHHOI0 CAaMO/IBHKEHHS] .

Kak 310 npoucxonut? Yto 310 3a 4acTuia, Kak MpPOUCXOIUT
e€ caMOJBH KEeHH e , KAKOB 3apsi/i SHEePruM, KakoB ero SHepre-
TUYECKUI PECYpPC, Ha KaKylo cpeay-2(hvp OHA ONMPaeTCs B IBU-
’KEHUM, KaKOBbl OCHOBHbIE €€ CBOWCTBA?

MexaHn3M posk/eHne ObICTPOro CBOOOJHOTO JIEKTPO-
MarHuTHOT0 MHKPOBHXPOHA TTPOUCXOINT CIIEIYIOIIMM 00pa-
30M. [l HarIsAHOCTU PACCMOTPUM YIPOIIEHHOE COBMeEIIEH-
HOe 00bEMHOE aCMMMETPUYECKOE MoJie U3 3€PEeH-TIOTEHIINAIOB
JUCKPETHOTO IPOCTPAHCTBA ABYX PABHBIX U MPOTHUBOMOIOKHBIX
10 3HaKy 00BEMHBIX 3apsinoB (oTo 1, cneBa) atoma Bogopona —
MPOTOHA U 3JIEKTPOHA, T.€. CTAIMOHAPHBLIX HCTOYHUKOB I0-
CTOSTHHOM BeJIMYNHBI.

D10 nose rpauYecku COCTOUT U3 aCUMMETPUUYECKH COBME-
HIEHHBIX TOJI51 AIEKTPOHA U IIEHTPAJILHOT'O MOJIsI TPOTOHA, U3ITY-
YAIOIIUX MTPOTUBOIOJIOKHBIE TIO 3HAKY 3€PHA-IIIEKTPONIOTEHIIN-
anamu (J1Ba BCTpeuHbIX 10J151). CUIIOBBIE JIMHUM TIOJISI UCXOIAT
(YCJIOBHO) M3 MOBEPXHOCTH IOJIOKUTEIBHOIO 3apsAa U BXOAAT
B MOBEPXHOCTH OTPUIIATEILHOTO — KAKOB MEXaHU3M MX 00pa3o-



BaHUsA? DTO MPOLIECC JIUHENHON aHHUTHIISIIUM TTPOTUBOIIONOXK-
HBIX 110 3HAKy 3€PEeH-3JIEKTPOINOTEHIINAIOB, KOTOPbIN POXAaeT
CIJIOBBIE JIMHUHU, 0003HAYAKOIIEl TPaHUILI 30HBI XOJIO/I-
HOW ©6e3MacCOBOM TIa3Mbl. DTOT IMPOIIECC YHUUTOKAET JTUHEH-
HO€ MPOCTPAHCTBO-TIOJNIE U TEM CaMbIM CO3[AET HUTU CHJIOBO-
IO NPUTSKEHUs (CUITY) MPOTUBOMONIOKHBIX M0 3HAKY 3apsIIOB —
9T0 3akoH KynoHa. B MOMEHT KBaHTOBOTO IMepexojia JIeKTPo-
Ha B aTOMe 13 BO30YKIEHHOTO COCTOSIHUSI B OCHOBHOE YMEHb-
IIa€TCsl PACCTOSIHUE /10 SI/APA, MYTEM MPUTSIKEHUS U JBUKEHUS
K HEMY JIEKTPOHA 3a CUET COOTBETCTBYIOIIETO YMEHBIIIEHUS Pa3-
Mepa BosiHOBoz1a (oTo 1). B Hauasne ABukKEHUS IEKTPOHA B OC-
HOBHOE COCTOSIHME 3TOT ITPOLIECC HAUMHAET YMEHbIIATh 3apsm
SHEPruM JEKTPOHA (UYTO MPOSBISIETCS B YKOPOUEHUU [IJIH-
HbI ero BoyiHOBOAa ((poTo 1) Ha ornpenenéHHyo JOJI0 SHEPTUU
(3apsix dHepruu (poToHA ), KOTOpas v BHICIISIETCS B BUJIE Ya-
CTH OT NIEPBUYHOTO MarHUTHOTO MOHOIOJIS1 3JIEKTPOHA 32 OIlpe-
neneéHHoe BpeMs. Bo30yXIEHHBIN aTOM — 9TO 3aMKHYTAas CUCTe-
Ma — JIOJDKEH BBITIOJHATHCS 3aKOH coxpaHenusi sHepruu. C oj-
HOW CTOPOHBI, POUCXOJUT MPOIIECC M3MEHEHMSI dJIeKTpuye-
CKOr0 MOJIsI B aTOMHOM IPOCTPAHCTBE-TI0JIe MEXy COMMKalo-
HIMMKCS 3apsilaMU, a C APYrod CTOPOHBI, OBMKYIIUICS JIEK-
TPOH COITIACHO 3aKOHY JIyu e bponisa noymkeH nsimyyars BOJIHBL

Uro 3HAUUT M3MEHEHHUE JIEKTPUIEeCKOro moJjsi B arome?
Bokpyr 1ByX UCTOUHMKOB (siApa 1 35ieKTpoHa ¢oTo 1) aneKkTpu-
YECKUX 3apsi/IOB CYILECTBYET YPABHOBELIEHHOE 30HOW XOJIOIHOM
MEKTPUIECKON Oe3MaCCOBOM IUIA3MBl JIEKTPOCTATHYECKOe



1oJie — JIByX3HaKOBOE 3JIEKTPUYECKOE MO0JIe IKBUIIOTEHIMAIb-
HBIX TTOBEPXHOCTEN U3 3EPEH-MEKTPONOTEHIIMATIOB TPOTUBOIIO-
JIOXKHOU nonsipHocTH. [1pu NBMXKEHUM MEKTPOHA U3MEHSIETCS
9TO JEKTPUYECKOE I0JI€ B TOUKAaX JUCKPETHOIO MPOCTPaHCTBA
aTomMa — 3HaUUT U3MEHSIETCS] B KaXJOW €ro TOYKe MOTEeHIU-
aj. Yem OoJbllie BeJIMUMHA PA3HOCTH MOTEHI[UAJIOB TaKOTO
W3MEHEHMS B JIAHHOW TOYKE MO B €JUHHIYY BpeMeHH, TeM
¢ OOJBIIUM 3apsAA0M YHEPrUH IO BEJINYMHE POXKJIAETCS Mar-
HUTHBII MOHOMNOJNb. Takoe M3MEHeHHe JIOKATIbHOIO 3JIeKTpU-
YECKOro MoJjisl BCEeraa MOPOKJAaeT JOKAIbHOE BUXPEBOE Mar-
HUTHOE T0JIe WM COOTBETCTBYIOIIUI MCTOUHUK, HO BOIIPOC —
B Kakoil crpyktypHou ¢opme? IIpoucxogut Buxperoe cepu-
YyecKoe MOBEPXHOCTHOE CBEPThIBaHME (00pa3oBaHUe OOOIOUKH)
MArHUTHBIX TMOTEHIIMAJIOB BOKPYT KaXIOr0 U3 M3MEHSIOIIUX-
Cs1 10 BEJIMYMHE NEKTPUIECKUX 3EPEH-TIOTEHIIUAJIOB B €IUHBIN
pacTyimuil B HEHTP-00bEM JIOKATIbHOW CTPYKTYPBI 3apsiia SHEp-
'Y — MAarHUTHBIA MOHOIMOJb — 3TO MPOLIECC MHTErPALUH dJie-
MEHTapHOW 0e3MacCOBOW JIEKTPOMArHUTHON Matepuu B (hop-
Me cepbl BUXPEBOI'O MarHUTHOIO MOHOIIOJSL — 3apsiia dHEep-
T'MU U3 3JEKTPOMArHUTHBIX 3€peH-MOTEHLMANIOB, 3apsna cde-
PUYECKOUN «IPYKUHBD» SHEPIHH, CIIOCOOHOM MPH «OCBOOOKIE-
HUW» — Pa3psiike MPOU3BOIUTH OOpPAaTHOE NEWCTBUE — POXKIATH
BOJIHOBO/I-CIIMPaJb (BUXPEBOE BCTPOSHHOE B MPOCTPAHCTBO TO-
Jie) U3 3EPEH-3JIEKTPONOTEHIINATIOB.

[lo okoHYaHMU TIpoLIecca U3MEHEHU S TOTEHIIMAJIOB JIEKTPO-
CTAaTUYECKOTO TIOJIsA, TEPecTaeT 3apsiKaThCsl U CBEPXOBICTPHIN



MarHMTHBIF MOHOIIOJNb B TOM TOUKE TOJIs aToMa. Tak Kak orpe-
JieJIeHe MArHUTHOW MaTepyuu B MPUPOJIE — 3TO CYTh JABHKEHMSI
Y H3MEHEHHUsI 9TON MaTepUu CO CKOPOCTHIO BHIIIIE CKOPOCTH CBe-
Ta, TO MarHUTHas1 Matrepusi (OecCTpYKTypHbIe MarHUTHBIE 3Ep-
HA-TIOTEHIIMAJIBI) CYIIECTBYET TOJIBKO B IBUKEHUU CO CBEPXCBE-
TOBOW CKOPOCTBIO.

CamoaBu:kenne ¢poroHa. 3aTeM TakoOil MPOIECC COMPO-
BOXKJIaeTCsl cOPOCOM 3TOro 3apsija dHePruM M3 atoma Iy-
TEM ero mepe3apsaKyd B MPOTHBOIOIOKHBI C KAHOHUYECKUM
BpallleHueM-pa3psaioM BOKPYr COOCTBEHHON OCH W3 I€HTpa
K MOBEPXHOCTH C MPOJIOJbHBIM MEPEHOCOM Ha paguyc cde-
Pbl MArHUTHOTO 3apsiia B YETBEPTh JUIMHBI BOJIHBI, T.€. PACKPYT-
KO-pacnagoM chepruuecKoil KaTylIKU C POKAEHUEM TOJIen —
BOJIHOBOJIA U3 3EPEH-3MEKTPONOTEHIIMATIOB U BUXPEBOTO Mar-
HUTHOTO MOTOKA U3 OECCTPYKTYPHBIX 3€pEH-MarHUTOIIOTEHITNA-
JIOB. DTOT KoJie0aTeIbHbIN Mpoliecc nepe3apsiiKu B MPOTUBO-
TIOJIOKHBINA TI0 3HAKY MAarHUTHBIA MOHOIMOJIb Yepe3 MOCPEACTBO
EKTPUUECKOTO C TMOCTYIATEIbHBIM MEPEHOCOM 3apsiia SHEp-
T'UY elié Ha YeTBEPTh JJIUHBI BOJHBI MPOUCXOJUT YKE HA TOJ-
BOJIHE Teprojia KojeOaHui — 3TO U eCThb MPOIecC caMOIBHKe-
HHSI OBICTPOr0 CBOOOIHOTO JIEKTPOMArHUTHOTO MUKPO-
BHXPOHA (oTOHA.

Wtak cHavasa — uAET MOCe0BATENILHBIN MPOIIecC 3apsiAKu
(MCTOYHUKA) Y CIAMSIHMSI CUHXPOHHBIX MAarHUTHBIX MOHOIIOJNEN
B JIOKQJILHOH 30HE U3MEHSIIOIIEroCs MOl 32 BpeMsl 3TOro KBaH-
TOBOT'O MEpexoa.



3areM cienyer pa3psiika (Ha YeTBEPTU BOJIHBI B BUJE BOJI-
HOBOJIa BUXPEBOT'O T0JIs1) M TIEPEHOC-COPOC-BHIHOC CYMMAapHOTO
3apsijia SHEPTUU U3 aTOMa C OOPaTHBIM 3HAKOM, T.€ Mepe3apsii-
Ka Ha POTHUBOIMOJIOKHBIM HA JUIMHE MOJIBOJIHBI M0J151 — BOJIHOBO-
JIOB U3 3€PEH-3JIEKTPONOTEHIIUAIOB ONPeeIEHHON (DOPMBI, 3HA-
Ka ¥ 3HAYEHHUSI.

STH MOJA-BOJIHOBO/B! CTAIMOHAPHO BCTPAUBAIOTCSI-yCTaHAB-
JIMBAIOTCSI B TMPOCTpaHCTBe (00pa3yloT JIMHEWHYIO CTPYKTY-
Py AMCKPETHOIO BUXPEBOTO MpPOCTpaHcTBa (hOTOHA), POKIAIOT
TpeK (OTOHa MarHUTHHIMKA MOHOIOJISIMH, OOpa30BaHHBIA TIO-
clieoBaTeIbHBIMU TMOCTYTATEIbHO-KOIe0aTeIbHBIMU MTpoLiecca-
MU POXJEHUS BUPTYaJIbHOTO MCTOYHHMKA U €T0 U3JTy4YeHUs 10-
JieM BOJTHOBO/A.

[aBHOE OT/IMYME 3TOrO CTAMOHAPHOIO TPeKa IMoJis-BOJj-
HOBOJA OT BHEHIHHUX I0JIell 3apsKEHHbIX JIEMEHTAPHbIX Ya-
CTHULL (IEKTPOH) COCTOUT B TOM, UTO €r0 3€PHA-3JIEKTPONOTEH-
MaJIbl, KAK CTPOUTEJbHBIN MaTepuaJ, (MKCUPOBaHbI B Tpe-
Ke JMCKPETHBIM MPOCTPAHCTBOM-TIOJIEM U HE NMPUHUMAIOT y4a-
crve B (popMHUpPOBaHNM BHEIIHMX IOJIell, KaK y BceX KOpIyc-
KYJMPOBaHHbBIX 3aMKHYTBIX JIEMEHTApHBIX YaCTHIl THIA JIEK-
TpoHa. Haubosnpilme no BeIUYMHE 3/EKTPOMArHUTHBIE MMOTEH-
MaJTbl, 0OpasyoIre MOBEPXHOCTH cpep Onmvkanime K e€ 1eH-
TPy, POXAAIOTCS B CaMblil MOCJAETHUIA MOMEHT, COOTBETCTBYIO-
HIMA KpaTyauiieMy pacCTOSHUIO MeXIy OObEMHBIMH 3apsia-
MU B aroMe U HauOOJbIIed CKOPOCTH M3MEHEHHS SJEeKTpUude-
CKMX NOTEHUMAJIOB. B 3TMX TOUKax 30HBI MHAYKLIMHU U POXKIA-



eTcst chepoodpasHbIi 00BEMHBIN IEKTPOMAarHUTHBI MOHOIIOJTb
MUKPOBUXPOHA IMyTEM IEHTPAJbHOT0 1 CHH(A3HOro CJus-
HHsI MUKPOMOHOTIONIEN, 00Pa30BaBILMXCS Ha KaXKJJOM U3MEHSII0-
IIEMCSl 3€pHE-/IeKTPOINOTEHIMale aTOMHOTO 00bEMa JUCKPET-
HOT'O IIPOCTPAHCTBA TOU 30HBI IEKTPUUECKOTO MOJIS.

[Tpouecc cuHda3HOro CNUSHUS-3aPAAKY B JIOKAJTM30BAHHOM
00BEMe aToma JUIMTCS BECh KOHEUHBI Meproj] KBAHTOBOTO TIe-
pexofa 13 Bo30ykIEHHOTO COCTOSIHUSI B OCHOBHOE. 32 3TO BpeMs
MIPOUCXOAUT POXKIEHNE MATHUTHOTO MOHOIIOJS, T.€. UHTErpalus
IEKTPOMArHUTHOM Marepuu B (pOpME MAarHUTHOI'O MOHOIIOJIA.
PocT 3apsiia sHeprunr npoucxoauT JO HEKOTOPOM KBAHTOBOU Be-
JIMYUHBI — MPSIMOM TTPOIIECC.

Oo6paTHbIii rporiece — MoroeHNne aHAJIOTMYHOTO aTOMHO-
IO MarHMTHOTO MOHOIIOJSI Yepe3 MOCPEICTBO B3aUMOJEHCTBUSA
BUXPEBOIO MOJIsSI JEKTPOMOHOIIONSI BUXPOHA C MOJIEM aTroMa
B TAKOM ke TOUYKe HeBO30Y:KAEHHOTo aToMa IMepeBOUT €ro B CO-
cTosiHMe BO3OYXAeHUsl Win (POTOMOHU3AIMU SJIEKTPOHA, T.e.
poroappexr.

KomnoneHTBI cyOcTaHIMU CBOOOHOT0 MUKPOBUXPOHA
¢goTona.

[lo 3aBeplIeHUI0 ITOTO KBAHTOBOIO MEPEXO1a Ha3BaHHBIN
KBaHT-C(pepa-MarHUTHBIA MOHOIIOJIb HAYMHAET IIPOLIECC pa3ps-
KM U3 IIEHTpa:

— 9TO Hayajo (OpMUPOBAHUS TOJIEH,

— CaMOJBUKEHM S,

— poxaeHre cBO0OJHOr0 MUKPOBUXPOHA (hoToHA,



— JIe3HHTerpanus 3JeKTPOMArHUTHOW MaTepry Ha COCTaB-
JISIOLIME.

KoMnoHeHTHI CyOCTAHIIIH SHEPrud NpU CamMo/BHKe-
HHU MHKPOBHUXPOHA (poTOHA:

— MarHATHBIA MOHOIIOJIb C OJIHUM 3HAKOM,

— COMPAJILHBIN BOJIHOBOJ| U3 3E€PEH-IEKTPONOTEHIIUAJIOB O/l
HOT'O 3HaKa, BCTPOEHHBIM B JUCKPETHOE MTPOCTPAHCTBO,

— BUXPEBOE MAarHUTHOE T0JIE, YJIETAIOIIEee CO CBEPXCBETOBOM
CKOPOCTBIO,

— NPOTUBOJEUCTBYIOLIUI JIEKTPUYECKUN MOHOMOb, T.€. MO-
HOIIOJIb C MTPOTUBOIIOJIOKHBIM 3HAKOM, KOTOPbIA HAaYMHAET 3a-
PAAKY MyTEM U3MEHEHUE JIEKTPUUECKOrO TOJIsl Ha ClIeyIoIIen
YETBEPTHU JJIMHBI BOJIHBI APYTrOro MAarHUTHOIO MOHOMOJISA € TTPO-
TUBOMNOJIOKHBIM 3HAKOM,

— 3TO M3MEHEHHWE IEKTPUYECKOTO MO MPUBOIUT K POX-
JEHUI0 TPEKa-BOJIHOBOA W3  3€PEH-3JIEKTPOIOTEHIINATIOB,
HO C MTPOTHBOIIOJIOKHBIM 3HAKOM Ha CJIEAYIOIIEH YETBEPTHU IJIU-
HBI BOJTHBI,

— Takoe U3MEHEHUE Ha 3TOM YYacTKe TpeKa MOpOKAAeT HO-
BbIi MArHUTHBIN MOHOIIOJb, PABHBIN 110 BEJTMYMHE, HO ITPOTUBO-
TIOJIOKHBIM IO 3HAKY EPBUYHOMY U YK€ B TOUKE Y3JIa MTOJIBOJIHBL,

— 3€pHa B 00bEME MArHUTHOTO MOHOIIOJ S IBYXKOMITOHEHTHBI
C SAPOM U3 3epHA-JIEKTPONOTEHIIMANA U OO0JIOUKU U3 MAarHUT-
HBIX 3€pEeH-MarHUTONOTEHI[UAJIOB.



Hauunaetcsi nipouiecc pa3psiiKd MarHMTHOTO MOHOIIONS ITy-
TEM KaHOHMYECKOTO IMOCTYMNATEIbHO-BPAATEIbHOIO CaMO/IBU-
’KEHUS 0 PACIIUPSIOLIENCS TOTYC(EPUUECKON CTUPAIIU C POXK-
JEHUEM JIOKAJIbHBIX MAarHUTHBIX BUXPEBbIX mNosied. KomnoHeH-
Thl B (DOPME MarHUTHBIX U MEKTPUUECKUX MMOTEHINAJIOB MO pa3-
HOMY YCTaHaBJIMBAIOTCSI B AMCKPETHOM IMPOCTpaHCTBE. Buxpe-
BbIE TIOJISI U3 MArHUTHBIX TMOTEHIIMAIOB W3JIy4aloTCs U YJieTa-
I0T CO CBEPXCBETOBOW CKOPOCTBIO. A TPEKU BOJIHOBOJOB U3 3€-
PEH-3JIEKTPOIIOTEHIIMAJIOB ((PMKCMPOBAHHOE TM0JIE) BCTPAUBAIOT-
CA CTALIMOHAPHO B TAKOM JUCKPETHOM ITPOCTPAHCTBE, (DOPMUPYS
TPEK-BOJHOBO-10Je (poToHA (POTO 3) — OMOPHBIN AIEKTPU-
yeckuil 3(pup, B BUJE nonaycdep U3 3€peH-3J1eKTPONOTEHLIMAIOB
pa3HOM BEJIMYMHBI 3HAUEHUS U 3HAKA.
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®oro 3. Cxema Tpeka MONA-BOJIHOBOAA (POTOHA M3 3€-
PEH-3JIEKTPOIIOTEHIIMAJIOB TIOCTIe 3apSAAKU-PA3PSIIKM MarHUTHO-
IO MOHOTIOJIS ¥ TIOCIIeYIONIel Tiepe3apsiike Ha MPOTUBOMOJIOK-
HBI MO 3HAKY.



3apsaaka-paspajaka. [Ipouecc 3apsiku MarHUTHOTO MOHO-
T0J1s1 MOKa3aH Ha oto 3 (KpaltHu# cieBa cermeHT). [locnemyio-
M TPOLIECC Pa3psIIKU POKAEHHOIO B Y3JI€ MArHUTHOT'O MOHO-
noJisi nmpuBeEH Ha GoTo 3 (cuHss nomycdepa cnpasa). Takum
00pa3oM 3TOT MPOIIECC 3aPSIAKU-PA3PSIKU COCTABIIEH U3 CIIeTy-
IOLMX MOCJIEA0BATEIbHBIX MPOLIECCOB:

— 3aps/iKa,

— PO AEHUE MEPBUYHOTO MAarHUTHOTO MOHOIIOJ S,

— pa3psika.

Ilepe3apsaka. 3arem cienyer npouecc nepesapsaaku. 13-
MEHEHUE BEJIMYMHbl MAarHMTHOI'O MOHOIOJS Bcerja CHHas-
HO COMPOBOXK/IAET POK/IEHUE POTUBOEICTBYIOIIETO BUXPEBOIO
JEeKTPUYECKOT0 MOHONOJISI (MCTOUYHUK) — HAYMHAETCS MPO-
1IECC JIBUKEHUSI U 3JIeMEHTApHON JEe3WHTerpalui MepBUYHOTO
MarHMTHOT'O MOHOIIOJIA, T.€. paciaji ero Ha KOMIIOHEHTHI BUXPe-
BBIX T0JIEW — 3€pHA-TIOTEHIIMAJIBI JIEKTPUUECKUE U MATHUTHBIE
B OTJICJIbHbIE JIOKAIBbHBIE BUXPEBBIE TOJIsI C Pa3HBIMU CBOMCTBA-
mu. Tak poxgaercs dJjeKTpudyeckuii (paHToM — TpPekK (uK-
CUPOBAHHOUN ycTaHOBKHU ((pOTO 3) MOJIE-BOJTHOBOAOB U3 IPO-
TUBOIOJIOKHBIX MO 3HAKY MEKTPUUECKUX 3EPEH-TOTEHIIUATIOB.
BcnencrBue aToro mpouecca MarHuTHBIM MOHONONb (ceprye-
CKUI OOBEMHBIN KJIyOOK M3 CIUpaJield 3€peH-31eKTPOMarHiTo-
MOTEHIIMAJIOB) YMEHBIIAETCS M0 BEJIMUMHE 3apsaaa (KOJINYECTBO
3€PEH C pa3HbIMU 3HAYECHUSIMU MOTEHIIMAJIOB), T.€. PACKPy4Y1Ba-
I0TCS TTOCJIEIOBATENIBHO €r0 CMpaiu cepsl 3apsaaa U3 LEHTPa,



YBEJIMYMBASCH MO IJIOMIAN B TIOBEPXHOCTU CBOUM TMAMETPOM,
YTO M MOPOXKAAET NEPEMEHHBIN M0 BEJIWYMHE JEKTPUIECKUI
MOHOIIOJTb, KOTOPbIA CUH(PA3HO MPOTUBOAECUCTBYET ITOMY IPO-
1eccy. A Tak Kak 3apsi/i-MCTOUHUK POTUBOIENCTBYIOIIETO JIEK-
TPUUYECKOTO MOHOIIOJISI HAUMHAET TaK)Xe M3MEHSTbCS, TO CHH-
(pa3HO € 3TMM MPOLECCOM Ha PACCTOSIHUM B YETBEPTh [JIMHBI
BOJIHBI OT HauYaJs1a pa3psijia IEPBUYHOIO MHAYKTUPYETCS] BTOPUY-
HbIIl MATHUTHBIH MOHOMOJIb C MPOTUBOIONIOKHBIM 3HAKOM —
3TO MPOLECC Nepe3apsAAKN MArHUTHOI'O MOHOIOJS Ha IIPOTH-
BOIOJIOKHBIN MO 3HAKY.

B stoMm nporiecce 3HaueHUE BEJMYMHBI 3apsiia SHEPTUU TIEP-
BUYHOI'O MarHUTHOT'O MOHOIIOJISI IEpETeKaeT BO BTOPUYHBIA MO-
HOIIOJIb C IPYTYM 3HAKOM U B APYTrOM MECTE —3TO U €CTh IIPOIIecC
NEpeHoca 3apsaa SHEPrur — CAaMOJIBUKEHHE, a TIO 3HAKY — COOT-
BETCTBUE 3aKOHY COXPAHEHUs SHEPTUU B 3AMKHYTOU CHUCTEME.

B utore umeem — mepBUYHBINA 3apsj SHEPruu (MCTOYHHK)
B Bujie cepbl U3 3EPEH-NIOTEHIIUATIOB, pa3psaKa (1moJje) B BU-
JI€ PaCKpyTKHU U3 LIEHTPA BpallleHUEM 3TON chepbl C POKACHU-
€M BOJIHOBO/IA U 3JIEKTPUUECKOr0 MOHOMOJIS1 (MICTOYHUKA) U IBYX
HalpaBJIEHHBIX BUXPEBBIX Mojied. OHO U3 HUX OMOPHOE IEK-
TPUUYECKOE, T.€. BOJIHOBO/, U CTALIMOHAPHO YCTAHOBJIEHHOE OIpe-
JeNEHHBIM 00pa30M B JIMCKPETHOM IPOCTPAHCTBE ISl TIEPEHO-
ca 3apsAa Heprum B Jpyroe mecro. [pyroe ynerawouiee mnonie
U3 BUXPEBBIX MAarHUTHBIX 3EpeH-NOTeHraNnoB. [lepeHoc 3aps-
Jla SHEPIUU MTPOUCXOAUT MYTEM POXKIEHUS BTOPUUHOTO MarHUT-
HOTO 3apsiAa C MPOTUBOMNOJIOKHBIM 3HAKOM Ha TMOJIBOJIHE, 3aTEM



OIISATH ClIElyeT pa3psiika U (hOPMUPOBAHKE CIIEAYIOLIEH MOIBOI-
HBI U T. ]I.

®oToH. Tak poxaaercsi MEKTPOMATHUTHBIN MPOAYKT-(o-
TOH CBOOOJHOr0 MarHUTHOTO MOHOIIOJISI CO CIIMHOM PaBHBIM
€IMHUIIE Y OTPeIe/ISAETCS MOCIe0BATEIbHOCTh KBAHTOBBIX TTPO-
1IECCOB, MOJIHBIM COCTaB (YacToTa, JJIMHA BOJIHBI, CIIUH U T.1.),
CTPYKTYpa aKTMBHOIO (pa30BOro o0bEéMa NMEpBUYHOIO aTOMHO-
ro MUKpPOBUXpOHa (pOTOHA, a TaKKe IMPOoLIecC MepeHoca 3apsiaa
SHEPryy Ha BCIO IJIMHbI BOJIHBI Ty TEM IyJIbCALIMU-TIEPEHOCA BUX-
PEBBIX NIOJIEM MArHUTHOTO MOHOIIOJIA.

B ommnune ot 4-nv U3NydeHust JIIoOOro TOYEUHOTo M JIOKa-
JIM30BAHHOTO B MPOCTPAHCTBE UCTOYHUKA, JIEMEHTAPHBIA Mar-
HUTHBI MOHOIIONb CBOOOIHOTO MUKPOBUXPOHA, KAK HCTOYHHK
Be4HOI1 YHeprum (hOTOHA, CHAYaJIA JIOKAJTU3YETCS] B MOMEHT 3a-
PS/IKH, a 3aTeM TOC/IeI0BATeIbHO YCTAHABIMBAET B CAMOJIBUIKE-
HUU pa3psiIKu nostycpepruieckuil KOHYC MOBEPXHOCTU HaIpaB-
JICHHOTO BUXPEBOI'0 MOJIsl — KOHYC moycdepsl BOJHOBOA, KO-
TOPbIl HAJIOJT0 BCTPOEH U (PUKCUPOBAH B IMCKPETHOE MPo-
CTPAHCTBO TpeKa.

Kpowme toro, co3gaHHbIii TAKUM 00pa30M OTMIOPHBIN JIEKTPO-
MarHUTHBIN 3(pup-cpena NopjiepKuBaeT nepeMelieHre 3apsia
SHepruv B opMe €IMHBIX JBYXKOMIIOHETHBIX 3E€PEH-TIOTEH-
1IMaJI0B MArHUTHOM U 3JIEKTPUYECKOM (JIEKTPOMArHUTHOM) Ma-
TEpUU TPHU €ro MocTynareJbHOM camoABUkeHuu. Takon ¢azo-
BBl OOBEM U TpeNCTaBisieT coO00 aBTOHOMHBIA CaMOJIBUXKY-
muMics KoeOaTenbHbId KOHTYP (MHIYKTUBHOCTH (DOPMBI, €M-



KOCTb B 3apsifie SHEPrMy W Harpy3ka B 2JIEKTPOIOTEHIMANAX),
B KOTOPOM IPOKCXOASAT BpalaTeIbHO-TIOCTYNATeIbHbIE 00bEM-
Hble KoJIeOaHus1 U TOK MArHUTHOI'O MOHOIOJIS1 Yepe3 MOCPE/ICTBO
HePEMEHHOI'0 eKTpUUYecKkoro MoHonosist. OTcioAa cieyer, uyTo
NOCTYTaTeIbHOE CaMOJIBHMKEHHUE 3apsijia SHEpruM B (hopMe Mar-
HUTHOI'O MOHOIIOJISI BCEI/Ia BBI3BAHO TOJILKO €r0 KBAaHTOBO-Bpa-
IIATEJIbHOW Pa3psAKOM-3apsAIKON C COXPAHEHUEM B IPOCTPAH-
CTBE €ro IJIABHOM OCH.

Takum 00pazoM, (POTOHBI MEPEHOCAT 3apsifi SHEPTUM B BU-
1€ MarHUTHBIX MOHOIOJIEH, KOTOpasi JO3UPOBAHO PACXOLYETCs
Ha MPOM3BOZICTBO BOJIHOBOAOB TPEKa U3 CTALIMOHAPHO YCTaHOB-
JIEHHBIX B NPOCTPAHCTBE 3E€PEH-IEKTPONOTEHIMAIOB JIEKTPU-
yeckoi Marepuu. CieyeT 3aMETUTh BECbMa BaKHOE CBOKCTBO
MAarHMTHBIX MOHOII0JIEll OTHOCUTEILHO POU3BO/ICTBA BOJIHO-
BOJIOB U3 3EPEH-/IEKTPONOTEHIMAJIOB — OHU SIBJISIIOTCS] BE€YHbI-
MH VCTOYHUKAMU SHEPruM KoleOaHUH-1Ty/IbCallii MarHUTHOTO
MOHOMOJI51, KOTOPBIA OyeT Be4HO BOCHPOU3BOJUTH COCTOSTHUS
(poToHA Ha yeTBepTU AJMHBI BOJIHBIL:

— paspsi/IKy MEPBUYHOTO MCTOYHHMKA C YCTAHOBKOW (PUKCHU-
POBAHHOIO B MPOCTPAHCTBE BOJHOBOAA U3 3EPEH-3JIEKTPOIO-
TEHIIMAJIOB,

— pa3ps/iKy HCTOYHHMKA C WU3JyYEeHUEM BUXPEBOIO MarHUT-
HOTO IOJIs,

— UHAYKLMS TPOTUBOAECHCTBYIOLIETO 3JEeKTPHYECKOro Mo-
HONOJSA Y (PUKCUPOBAHHOIO BOJHOBOJA W3 IPOTHUBOINOJIOK-
HBIX 110 3HAKY 3€PEH-2/IeKTPONOTEHIINAJIOB,



— 3apsIIKy BTOPUYHOIO HCTOYHMKA B (hopme chepbl MarHUT-
HOT'O MOHOIIOJISI C TPOTUBOIIOJIOKHBIM 3HAKOM 3apsijia.

Tako¥l mporiecc moBTOpsieTCss BEYHO 1S (pOTOHA B KOCMOCE
BcenenHoi, caMoiBUAKYIIErocsi OT JI0OOW 3Be3/1bl JI0 IJIAHETHI
3eMJIsl U pokIaeT OECKOHEUHBIN O JJnHE Tpek ¢otoHa (¢o-
10 4). [ToaToMy Mbl 1 HaGIIOaeM BeeneHHy0.

®o10 4. beckoHeuHbII MO AJIMHE TPeK (PoToHA.

Pa6oTa sHeprun (poToHOB WM KBAHTOBasl KOH/IeHCA-
sl MATHUTHOH YHEPruu B HeBelleCTBEHHOM NMPOCTPAaH-
crBe. Co3/1aHNe NPUPOIHBIX HCTOYHUKOB — MaTePUHCKOMU
sHeprumn — sigpa YCT, cBepxmioTHOe COCTOsIHHME MaTe-
pun. [Ipomykramu BUXPEBOTO MOIEPEYHO-TTPOIOTBHOIO TOKA
MAarHATHBIX MOHOTIONEH B COOCTBEHHOM (Da30BOM MTPOCTPAHCTBE
BUXPOHA SIBJISIETCSl TEOMETPUUECKOE pacrpesie/ieHre eKTPo-
NOTEHIINAJIOB (pery/sipu3alus U reoMeTpusaiusi) Ha (pa3oBoM
MIPOCTPAHCTBE TpeKa (POTOHA, JJTMHA KOTOPOTO B KOCMOCE TOJIb-

. o 2 .

KO B €& BumnMoii yacti gocruraet 1075 em. Ha 910 naér 3arpa-
Ta SHEPrUM 3apsJa MarHUTHOTO MOHoNoJA. B pe3ynbrare npu
JBUKEHUH B KOCMOCE ITPOUCXOANUT « KPaCHOe» CMelleHre B (po-



TOHE, T.. YacTOTa aBTOKOJIEOAHWN yMEHbIIAeTCsl, AJIMHA BOJI-
HBI yBeJImunBaeTcs. [103ToMy 1 NOABIIAETCSA « PEJIMKTOBOE» U3-
JIyYeHHE, U30TPOIHO 3aMOJHAIIEE POCTPAHCTBO BeeneHHoM.
B cnyvae aBUkeHMA B HEBELIECTBEHHOM IIPOCTPAHCTBE, 3TOT
TpeK (POTOHOB C (PUKCUPOBAHHOMN reoMeTpHU3alIiel deKTprye-
CKHX TIOTEHIINAJIOB «KOHCEPBHUPYETCsl U 3aMep3aeT», oOpa-
3ys TOHKYIO (¢poTO 4) 1 BeCbMa JUIMHHYIO HUTh BOJIHOBOJIA-CJIE/1a
9TOrO KBaHTA, MOKPHITYIO0 TOHKOU TUIEHKOW HEBeIeCTBEeHHOI0
IPOCTPAHCTBA — 3TO YK€ AKKYMYJSATOP CTPOUTEJBHOIO Mare-
puasia BEIIeCTBA M BOJTHOBOJ, OOPATHOTO MarHUTHOTO TOKA.
[lepron nonmypacnaaa 3TMX NOTEHLMATIOB (AHHUTWIALINSA) 3a-
BUCHUT OT YCJIOBUM X HAXOXKJEHUA U IBUKEHNS B TOM WIA UHOM
IIPOCTPAHCTBE, & TAKKE (POPMBI CYILIECTBOBAaHUS — YaCTH LIIHYpa
BOJIHOBOJIOB WJIM BCEM JIJIMHBI TPEKA ABWKEHUSI KOCMUYECKOTO

orona (1028 CM U jiaJiee B HeBeleCTBEHHOe MPOCTPAHCTBO).

Ecin 10T (pOTOH OUYEHb BBHICOKOIHEPreTUYECKHM, WM 00-
pa3oBaH BO BpeMs CHJIbHBIX paspsijioB MOJHMU B arMocdepe
IUIaHEeT, WM IpopBaBLIMKCA CKBO3b (poTtocepy ConHua ru-
TaHTCKUU CBOOOJHBIN M OYeHb IJEKTPOMATHUTHBIN rumep-
BHUXPOH (poTo 5),



®oro 5. Knacrep porocdepbl, OKOHTY pUBIIIHIA SJIEKTPOMOHO-
TOJIb TUTAHTCKOTO CaMOJIBUXKYIIETOCs] TUTIEPBUXPOHA U €0 CJie-
Il Ha oBepxHOCTH (hoTocepsl CoHIIa — Mapbl «4EPHBIX U Oe-
JIBIX» TISITEH.

TO B HeBEIIeCTBEHHOM IIPOCTPAHCTBE 3a IpelesiaMu Ha-
meit BeeneHHON pokJaloTcs CyIECTBEHHO OOJBIINE TIO pa3Me-
paMm ué€pHble chepudeckue Tena, KOTOphle, BO3BPAIasiCh B Ha-
ury BeeneHHylo, pacnagaiorcss B TeYEHHE MHOTMX MUJUIMApAOB
ner O6e3 u3nydeHus, Ho GOpMHUPYIOT BOKPYT ceOs1 OUeHb CHJIb-
HbIE MOJISA-MPOCTPAHCTBA I'PABUTAIINU C OIHUM 3HAKOM — BOM-
Jbl. OJJHAKO 1O MCTEYEHUH 3TOTO CPOKA OHU CIIOCOOHBI M3ITY-
Yarh JUIIb (POTOHBI U HUKOIJA HE CMOTYT POXKJIaTh KOPITYCKY-
JISIpHBIE YaCTHUIIbl aTOMHO-MOJIEKYJISIPHOTO BEILECTBA — 3TO SijI-
pa KBa3apoB M KBa3aroB, KOTOPbIE W CO3/AI0T TEMHYI0 Mare-
puio. Bce BblllieHa3BaHHBIE W BHEIIHE MPOsIBiisieMble (DOTOHOM
CBOMCTBa 00YCJIOBJIEHBI BCETO JIMIIIb BHYTPEHHUMHU CBOWCTBAMU
OJIHOTO OTIPENIENIEHHOrO U CBOOOJHOr0 BUXPOHA — 3TO 4YacTo-
Ta MarHUTHOTO MOHOIONsI (MCTOYHUK) U MEpeMeHHasl 4yacTtoTa
CIUPAJIbHBIX BOJTHOBOZOB (ITOJIEM), YacToTa (pa3oBasi, BEIUYMHA



3HAYEHUH U MOJSIPHOCTb SJIEKTPONOTEHIUANIOB, MJIOTHOCTh MX
pa3MelleHusl Ha eAMHULLY JJIMHBI BOJTHOBO/IA, [Ba NIEPEMEHHBIX
MYJIbCUPYIONIUX MATHUTHBIX U MMPOTUBOJCUCTBYIOIIUN pa3psIKe
OJVH 3JIEKTPUUYECKUN MOHOINOJb, UX TUI U (opMa MOJsApU3a-
L[UU1, OPUEHTAIMsI OCU MYJIbCUPYIOIIET0 BUXPEBBIMU MOJISIMU T1e-
PEMEHHOT0 MarHUTHOI'O MOHOIMOJIS.

Ecim  ¢ortonsl koporkoBosHOBBIE? (00ogee 100—
500 M»3B, (pbOTOHBI AHHUTWJISAIMHA NMPOTOH-AHTHIIPOTOH),
To oOpazyiorcst sapa YCT HeATPOHHBIX 3BE3. (TyJabcapsl),
KOTOpBIE pacnafasich poxAaloT HeHTPOHbI. Takoi oOpa3oBaB-
HIMIACS B HEBELIECTBEHHOM IPOCTPAHCTBE aMOP(MHBIN U BBbIIIE
OIPE/IENIEHHBIN JIEKTPOMAarHUTHBIM TPEK-MIPOCTPAHCTBO (POTO-
Ha, BIIOCJIEJICTBUM CBOPAYMBAETCS B c(pepHUECKHl KIYyOOK
CBepPXIIOTHOI MaTepuu (mo AmOapIyMsiHy) ¥ CTaHOBUTCS
sapom YCT, koTopblii BClieIcTBIE 00PaTHOTO pacmaja rpe-
Bpaliaercsi B TeHepaTtop MPOU3BOJCTBA MATEePUHCKOI SHep-
rU¥ CaMOBPAIAIIIENCST HEWTPOHHOU 3BE3JIbl, MOPOXKIAI0-
IIeil HEUTPOHBI M APYTOe BEMIECTBO?®. DHEPrusi MArHUTHOTO MO-
HOIIOJIS paBHA MTPOM3BE/ICHUIO YaCTOThI MYJIbCAILIMI HA TIOCTOSIH-
nyto [Tnanka. DHeprus YCT — ropaszmo Oosbliie. DTy SHEPIHIO
MO’KHO OLICHUTbh MOAEIUB JUIMHY TPEKa Ha YUCIIO YeTBEPTh-JIMH
BOJIH, YKJIaJbIBAIOILIMXCS HA HEM, M1 YMHOKUB 3TO YMCJIO HA SHEP-

7 Takue (boTOHBI 06PA3YIOTCSI PU B3PHIBAX CBEPXHOBBIX MyTEM aHHUTHIISILIAM [TPO-
TOHOB Y aHTUIIPOTOHOB.

28 Manpun A. A. Poxnenue BemectBa Bo BeesnieHHOUW. I1yTh HeltTpona. M3znatens-
ctBo PUIIEPO, 2019 ron. ISBN 978-5-0050-0443-7



TMI0 OJHOTO KBaHTa, T.€. MpOM3Be/ieHne NocrosiHHoM Ilnanka
Ha 4acTOTy MyJIbCALIAA MArHUTHOTO MOHOIOJIA. OCHOBHBIM ITPO-
nykrom Bbinagenus YCT Bo BeeneHHy1o ABIISIeTCs pacliupeHue
oobéma [IpocrpaHcTBa BeeneHHON U yBeslnueHHe KOJIMYECTBa
BEILIECTBEHHON MaTepuH OT BEIWYMHBI HAOMIOAAEMON MaTepun
4,9%.



1.2 IIpoaykTtel 3Heprun YCT

IIpocrpancTBo BcesieHHol. Bc€ uro Mbl HabJI0gaemM
BO BcenenHoii 06s3an0 otoHam. Ho ectb CTpyKTyphbl, KOTO-
pble HeHA0J1/1aeMbl C TIOMOIIBI0 (POTOHOB, XOTS UMU U POXK-
nenbl. K TakuMm CTpyKTypaM CBepXILIOTHOM MaTepHU OTHO-
carca sapa YCT. I'maBHyio popmy 3apsIoB SHEPruM, Kak ca-
Mble OOJIbIIIE TIO pa3Mepam, IJIOTHbIE U EMKHE €€ aKKyMy-
nsropsl, 3aHuMaioT Yépusie Chepuueckue Tena (B CU antu-
matepusi) — YCT HEUTpPOHHBIX 3BE3[l €IMHCTBEHHbIE BO Bce-
JICHHOUW MCTOYHMKY MPOM3BOCTBA SHEPrUM, MOTOKA HEUTPO-
HOB U OY€Hb TIOTHOTO MOTOKA 3€PEH-TPaBIOTEHIIUATIOB C IPOTH-
BOIIOJIO)KHBIM 3HAKOM, 00Pa3yOIIUX IEHTPATbHbIE MOJISI TATO-
TEHUA 3BE3/L, IUIAHET, TAJIAKTUK U KBa3apOB. DTH K€ NOTOKU 3€-
PEH-TPaBIIOTEHIIMAIIOB 00Pa3yl0T OCHOBHbBIC JAJbHOJAEHCTBY-
I0I[He TPABUTAIIMOHHBIE TOJISI-TUMEPIPOCTPAHCTBA U KPYII-
HO-MacITabHYI0 CTPYKTYpy BceneHHO#. DHeprusi mpou3BOIUT-
cs Tonbko YCT, BO Beex OCTasIbHBIX CIIydasiX OHA TOJIKO OCBO-
002K/1aeTcst U3 coCTosiHUA TOKos. Kak mMacca siBiisieTcst Mmepoi
3apsila MHEPTHOCTH TeJl, TAK W SHEPrusl sIBJISETCS MEPOU 3apsi-
Ja hpopM JBUKEHUSA-U3MEHEHN I MAaTEPUU U3 OJHUX B JpYyTHE.

IIpocTpancTBO — 3TO0 NOJIsA BeesienHoil. 3akoHbl pusn-
YeCKUX MoJie.

YCT ¢opmupyrorcs BHE npeaesioB Haiell Beenennon u na-
JIAI0T B HEE U3 MEPEXOIHOM 000IOUKH, OKpYXKatoiei BeeneHHyo



B TOI 0OJIACTH, T/Ie KOHYAETCsl TPaHuUIla €€ rPaBUTAIIMOHHBIX T10-
Jieid. DTOT MPOLIECC HAMOMUHAET T'PaJIONajl, KOTOPhIA HaOona-
ercsl B atMocepe U BbIMaJaeT Ha MOBEPXHOCTh 3emuid. asb-
Heiiiee nagenue YCT B rimyOuny BceeneHHOM 3aBUCHT OT KpH-
BU3HBI U pacripeie/ieHnst OObEMHOMN CETKH IPaBUTAIIMOHHBIX T10-
e, CO3aBaeMBbIX MyJIbCapaMu, KBa3apaMu U JPYTUMH OObeK-
TaMU IPaBUTALMOHHBIX MOHOIIOJIEN C OTHUM 3HAKOM HE MMeEI0-
mMx 000JI0UEK M3 BEeIIeCTBa C MPOTUBOIOIOKHBIM 3HAKOM 3a-
psizia — sIMbI, TPOXOJIHBIE KAHAJIBI-Ty4H, IIPOOKHU, «CTEHBD», «ITy-

3bIpu», a Takxke oT pazMepoB YCT u3 auanasona 102 108 em.
O0nasiast MPOOIBHBIM JBHKEHUEM, BBI3BAHHBIM MHTET PAJIbHBIM
I'PaBUTALIMOHHBIM MPUTSKEHUEM BCETO ATOMHO-MOJIEKYJISIPHOTO
BEIIIECTBA, HAKOIUIEHHOTO B CBEPXCKOIUIEHUSIX TajlakKTUK B Ha-
meid BceneHHON, a Takke COOCTBEHHBIM BpallleHUEM M Herpe-
PHIBHO YBEJIMUMBAIOIIUMCS €€ TOJIEM TATOTEHUS U €r0 IJIOTHO-
cteio, YCT mo-pasHoMy pacrnpenensiorcs B ITyOMHE M HA TIO-
BEPXHOCTH Hamelr BeenenHo. B 3aBucuMocT OT COOCTBEHHBIX
pa3MepoB, OHU NOMNAJAIOT HA KPbUIbsl CIMPAJIEN YKe UMEIOIIUXCS

[NamakTuk (102—103 CM), NPUTATUBASACh UX CYMMAapHBIM aTOM-
HO-MOJIEKYJISIPHBIM BEIIECTBOM, 00pa3yloT COOCTBEHHbIE 3Be3/I-

HbIE CKOIUIEHU S pa3InYHON (POPMBI (10°—10° cm) 1 ke camu

CTaHOBSATCA AIpaMU CIIUPaJIbHBIX [ ‘anakTuk (105 —108 CM), [IpU-
TAruBasi K ceOe 3BE31bI U TuaHeThl. Yepes 14—30 Musmapaos
JIET Ha MX [TOBEPXHOCTY HAYMHAIOT MOSBJIATHCS ITOTOKU COOTBET-
CTBYIOUIMX U3JTyYEHUU — 3TO HEUTPOHBI, FTaMMa UJIM PEHTIEHOB-



CKOE U3JTy4YeHHe, a TaKKe U OoJiee JJTMHHOBOJIHOBOE PAIOM3ITY-
YeHHe, B 3aBHCUMOCTH OT THIA acTpPO(PU3MIECKOTO OOBEKTa —
KBa3apbl, MyJIbCaphl U T. 1.

Bce BunuMble M1 HEBUJMMbBIE MPOCTPAHCTBA — MOJS — 3TO
(popma Marepuy U3 HENPEPHIBHO M3JIyd4aeMbIX B 47T MOTOKOB
3€pEH-TMOTEHIIUAJIOB CTAIIMOHAPHBIMU U KBA3UCTAIIMOHAPHBIMU
UCTOYHUKAMU TPABUTAIIMIOHHOM, 3MIEKTPUYECKON M MAarHUTHOM
NpUPOAbI, T.€. KBAaHTOB aMOpP(HOro mnpocTpaHcTBa. Brimagas
u3 atMocepsl Beenennoil, YCT oqHOBpEMEHHO POKAAT HO-
BOE IIPOCTPAHCTBO U €€ CBEPXCBETOBOE YCKOpsoLleecs pac-
mmpenre. [Ipu xaG010BckOM pacimperur BceneHHOH mpo-
UCXOIUT MPAKTUUECKU Oe3biHepIIMOHHOe pazOeranue [anakTuk
CO CKOPOCTSIMU MPONOPIUOHAIBHBIMU YAAJIEHUIO OT HAC, HAUU-

Hasl C KaxJIoro nocjeayiomniero iara B 10% cM Ha 30 KMm/cex.
B 3TOM M KpoeTcst OTBET, Kak Ha MepBOIPUYMHY caMOBpaiie-
HMSI BCETO, TaK U HA MEXaHW3M ITPOM3BOJICTBA HOBOT'O MPOCTPaH-
CTBa B paciupsioniencs BeeneHHou.

[TpoctpancTtBo Bcenennoit copmupoBaHO-pa3ayTo BHEIII-
HUMU nosisiMU TWIOTHBIX sijiep YCT craioHapHbIX UCTOYHUKOB
C camoOBpalawIneics: (popMoi ABMKEHUsI BOKPYT COOCTBEHHOM
OCH — KBa3apoB, mynbcapos, saaep YCT mianHer, 38€31, ['asakTuk
U T. . DTO JaJTbHOIEUCTBYIOIIME MOJsI TEMHON-HEBUAUMOW Ma-
Tepuu U 3Heprum (95,1%), craruBaminme ssuenuctyio Beenennyio
B 071HO 1iesioe. KopoTkonencTByoiue nosisi MpOTUBOMONIOKHON
10 3HAKY IMOJIIPHOCTU 0Opa3yeT HapaOOTaHHOE ITyJIbcapaMu BH-
JIMMO€ aTOMHO-MOJIEKY/ISIPHOE BEIeCTBO 3BE31, IJIaHeT, [ ayak-



TUK M KPYITHBIX OObEIUHEHUI UX CBEPXCKOIUICHUM, pa3MelIEH-
HBIX, B OCHOBHOM, B KOp€ IUIaHeT, aTMocepe 3BE3]] U ra30-Ibl-
JIEBBIX TyMaHHOCTSAX (4,9%), KOTOpble CKOHUEHTPUPOBAHbI Ta-
KHM CTATMBaHUEM C IIOMOILbIO0 O€3MacCOBOM XOJIOHOM rpaBUTa-
IIMOHHOW TUIa3MOM B «CTeHaX» M «(uIaMeHTax» — raJlakTuie-
CKHUE HUTH.

Cymmapnas ['unepcrpykrypa npoctpaHcTBa BeeneHHo# siB-
JsieTcsl MpoAyKToM XOJI0/IHOH IPaBHTAMOHHON 0e3Macco-
BOH ILUIA3MbI M HOCUT OOBEMHO-CETYATHI M STYCUCTHIA Xa-
paktep. beckoHeuyHO OOJBIION, HO KOHEYHBIA M HEMPEPHIBHO
PACIHIMPSIONIMIACST HECUMMETPUYHO IO MOBEPXHOCTU «ITy3bIpb»
Hamel BcesleHHOW, JaleKo HEPAaBHOMEPHO 3acesieH 3BE3[laMH,
rajlakTUKAMH, CKOIUIEHUSIMU M CBEPXCKOIUIEHUSIMU TaJIAKTHK

B CTEHaX B BUJMMOM ee YacTu pa3MepoM OoJiee ~ 10?8 cm. o cy-
IIECTBY, CTPYKTYpa TaKOTO «ITy3bIpsi» TIPECTaBIsIeT COOOM pac-
npejeieHre BEIIEeCTBa U ero MoJieil B mpocTpaHcTBe BeeneHHoi,
a TaK’ke MePBUYHBIX UCTOYHUKOB MOJIEH-MPOCTPAHCTBA I'PAaBUTA-
1IY — KBa3apoB, MyJIbCapoOB U T. 1.

Vxe B Hauasie 20 Beka ObUIO U3BECTHO, UTO 3BE3/BI 110 KAKON
TO MPUYUHE TPYNIUPYIOTCS B 3BE3/IHBIE CKOIUIEHUsI, KOTOpPbIE
noyeMy To 0Opa3yloT rajjakTuku. [To3xe ObLIM HAlICHBI CKOTLIIE-
HUS U CBEPXCKOILIEHHSI FraJaKTHK . CBEpXCKOIJICHUE — CAMBbIiA
OOJIBIIION THIT OOBEINHEHNA TaJIAKTHUK, BKJIIOYAET B ceOS THICH-
i rajlakTuk. Popma Takux CKOTUICHUN MOXET OBbITh pa3jinyHa:
OT IIeTIOYKH, TAaKOHM Kak Iiernodka MapkapsiHa, 1O CTeH, KaK Be-
mkada creHa CnoyHna. B 1990 roget Mapraper I'esuiep u JIxon



XyKpa BBISICHUIH, YTO Ha Maciitadax nopsaka 300 meramapcek
Bcenennas mpakTH4ecKy OJHOPOHA U MTPEACTABIISIET COOO0M CO-
BOKYITHOCTh HUT€BU/IHBIX CKOIUICHUI TaaKTUK, Pa3/IeTEHHBIX
00JIaCTSIMU, B KOTOPBIX MPAKTUUYECKU HET CBETSIIENCS] MaTepUU.
31U 001aCTU-TIPOCTPAHCTBA (ITYCTOTHI — BOIIbI) UIMEIOT pa3Mep
MOpsiJIKa COTHU METranapcek 1, B OCHOBHOM, 3aIIOJTHEHBI MOJISIMU
I'paBUTALIMY 3€PHAMU-TPABIOTEHLIMAIAMU C OTHUM 3HAKOM.
HccnepoBanvsi BpameHnil CMPAbHbIX TIAKTHK, a TaKKe
pacrpeiesieHuil CKOpOCTel TaJJakTUK B CKOIUICGHUSIX U CBEpX-
CKOIUICHUSIX TIOKA3aJ0, 4TO OOJbIIas YacTh TOJHOW MAacChl
u Heprum Bcenennoii HeBuauma (95,1%) u oOHapykuBaeT-
Csl JIMIIb TIO TPAaBUTAIIMOHHOMY BO3JIEWCTBUIO Ha HaOII0aeMble
BUIUMBIE 00BEKThl. [109TOMY OCHOBHAsI YacTh I'PaBUTAIIMOHHO-
r0 TIPOCTPAHCTBA SIBJISIETCS HeBUAMMOI. U Kak B m060M pac-
HIMPAIOIIEMCS IPOCTPAHCTBE HA MEPBOE MECTO MO €ro CTPyK-
TYpe BCTAeT BOIPOC O MECTOPACIIOJIOKEHMHU LIEHTpa TaKOM ce-
pbl. YK€ TOYHO YCTaHOBJIEHO XaOOMoOBCKoe pacmupeHue Bce-
JIGHHOW CO CKOPOCTBIO TIPOTIOPIIMOHATIFHON YAAJIeHUI0 pa30era-
oimxcda ['amaktuk or Hac. TouHoe ycraHOBIeHUE LieHTpa Bee-
JICHHOW, a TaKe €€ aHaJIN3 U U3yUYEHHE €€ CTPYKTYPbl IO3BOJIUT
JlaTh OTBET HA BOIIPOC O XapaKTepe HalpaBJIeHUsI IBOJIOLIMU Ma-
TEpUU B TPOCTpaHCTBE BeenenHor — cuHTe3 mocJae boJsbmoro
B3pbiBa unu pacnaa cBepxmioTHoi matepuu sigep YCT?
Ecnu cunrtats Buammyio yacts BeeneHHol Onukaniineil K 1ieH-
TPy, TO HEHTPAJBHBIM SIIPOM 3ITOTO «ITy3bIps» JIOJKHA OBITH
00MacThb, TIe MOJTHOCTBIO OTCYTCTBYET TEMHAs aKTMBHAs Mac-



ca (oueprus) i YCT, a ee neHTp JOMkKeH OBITH OIpesesieH
MO TOJTHOMY OTCYTCTBUIO MCTOYHMKOB-SIJIEP LIEHTPAJIbHBIX I'pa-
BUTAIIMOHHBIX (3Be3[, ['aakTuk) moneit. 3To MOryT ObITH POC-
CBIIIM Ta30IbUIEBBIX TYMAaHHOCTEW B IPOCTPAHCTBE, 3AIIOJHEH-
HOM COOTBETCTBYIOIIIMM HECKOMIIEHCUPOBAHHBIM I'DABUTALIMOH-
HBIM 3(pUPOM C JIPYTMM 3HAKOM, U COM3MEPHUMBIX IO MacCHB-
HOW Macce OOJIbIITUM 3BE3/IHbIM CKOTUIeHUsIM. O01aCT BUJUMOM
(4,9%) yactu Bcenennoii, rue npeodnagaeT CTpPyKTypa B Buje
TPy ¥ CKOIUICHU TaJIAKTUK, O0Opa3yIONINX BBITSHYTHIE «HH-
TH» (CTEHbI) — (PUITAMEHTBI, CO3JAI0T CBSI3HYI0 OOBEMHYIO CETKY
B3aMMOJICVCTBYIONIMX I'PaBUTALIMOHHBIX TOJIEU My3bIpen (BO)
Y UX CTEHOK.

l'anakTnyeckasi HUTh, CT€HA, KOMILIEKC CBEePXCKOILIe-
HUil, (puIaMeHTBI — 3T0 BCE camble OOJBIINE U3 U3BECTHBIX
KOCMHMYECKUX CTPYKTYp BO BeeneHHo B (hopme HUTEH U3 rajiak-
TUK co cpeanent JymmHon 5S0—S80 meranapcek (160—260 musiu-
OHOB CBETOBBIX JIET), JIEKAIMX 10 TPAHUIIAM MEXKTy OOJbIIIMMU
nycrotamu (Bouaamm). Hutn u Boiabl MoryT hopMUpoOBaTh
«BeJINKHE CT€HbI» — OTHOCUTEIBHO TUIOCKUE CKOTUICHHS KJla-
CTEpOB U CYIEPKJIACTEPOB.

[Ipuuém B 1ieHTpe my3bipell (BOMJA) HAXOASATCS MOIIHBIE
u HeBuaumbie sapa YCT kBa3zapoB, KOTOpbIE OTTaIKHUBAKOT-
cs ApYr OT JApyra OAHOMMEHHBIMU TOJISIMU, OJIMHAKOBO MPH-
TATUBasi K ce0e CKOIUIeHUs] U CBepXCKoIUieHusl [amakTuk
C X Hapa0oOTaHHOI1 MacCcoil BelecTBa , N3TyJaloIlel MmoTo-
KU 3€PEH-TPABIOTEHIIMAJIOB TMOJIsI C MPOTUBOIOI0KHBIM 3HAKOM.



B pesynbrare 3Ta Macca, MCIBITHIBAS IBOWHOE MJTH TPOMHOE MPH-
TSDKEHHWE CO BCEX CTOPOH CTSArHBaeTcs B (popMmy cooOpasHO
JEWCTBYIOIIMM CHJIaM B BU/IE CT€H, HUTEH 1 IPYTUX OOBEMHBIX
reoMeTpUYECcKUX popm.

KgBazapsbl 1o pasHOMYy MOI'YT cO3/1aBaTh CTPYKTYpYy aKTHB-
HBIX BU3YaJIbHO PETHCTPHpPYyeMbIX 00beKTOB BeenenHoit. 1o 3a-

BucuT oT pazmepa ux saep YCT u3 auanazoHa 10% - 10% cm,
JUIMHBI BOJIHBI TPEKa MEPBUYHOIO JIEKTPOMArHUTHOTO KBAHTA,
copmupoBasirero 31o sapo YCT u cocraBa OKpy)eHUsI 00b-
eKTOB. B cityyae MakcMMasbHO MpeJiesbHbIX 3HAYSHUI pa3MepoB
YCT u cKkorieHU  raJJakTUK OHU MeX Ty COOOM JIENAT MPOCTPaH-
CTBO C TaJIaKTUKaMH, PUTSTHBAS UX U OMHOBPEMEHHO OTTAJ-
KHBAasICh JIpyr OT JIpyra, ¥ TaKUM 0Opa3oM 0OpasyloT sdeu-
CTYIO CTPYKTYpY. B ciiyuae OTCyTCTBUS raJlaKTUK OHU TIPUTATH-
BalOT K cede modoe aTOMHO-MOJIEKYJISIPHOE BEIECTBO M JIaxke
OT/IeJIbHBIE 3BE3/bl, POK/Aasi OT/EIbHbIE BUABI rajlakTUK. Kpome
TOTO CaMy OHU MOTYT MPHUTATHBATHCS OOJBIINM CKOTUICHUEM
B (hopMe HEBUIUMBIX 00JIAKOB I'PaBUTAIIMIOHHOTO 3(hupa ¢ mpo-
THBOMOJIOKHBIM 3HAKOM, TIOPOXAAEMOT0 aTOMHO-MOJIEKYJISIP-
HBIM BEIIIECTBOM, HO HECKOMIIEHCUPOBAHHOT'O IMyTEM aHHUTUJISI-
[IUU, POTUBOMOJIOKHOTO MO 3HAKY I'PABUTAIIMOHHOTO (pupa.
BHemnue monst 3BE31 M IUIaHET HapsAAy C U3JIyuyeHUeM HX
neHTpaibHbiX sep YCT, KoTopble KOHKYPUPYIOT aHHUTUIISIIIH-
el ¢ OOBIYHOM CMECHI0 TIOJIe M3TyYeHUs] aTOMHO-MOJIEKYJISp-
HOTO BEIIEeCTBA, 0OMA/IA0T eII€ M TOTIOIHUTETbHBIME (POPMaMU
BUXPEBBIX TOJIeH, MHAYKTUPOBAHHBIX TPUAJAMH TUIIEPMOHOIIO-



Jiell, aKTUBMPOBAHHBIX CAMOBPAILIEHUEM sIJIEP STUX acTpodu3u-
YEeCKUX OOBEKTOB.

KBa3zaps! SBJISI0TCS cCaMbIMU OTJAJICHHBIMU U IPKUMH 00b-
eKTaMUd B u3BecTHOUW Ham Bcenennou. B Hauane 60-x romos
20 Beka y4deHbIe OIPEAEIWINA KBa3apbl Kak pajro-3BE3/bl, [I0TO-
MY YTO X CMOTJIM OOHAPYKWTh, KAK CHJIbHbIE UCTOYHUKH PaJIAO-
BOJIH. Kak TOJIbKO MOIITHOCTh Pajiio- U ONTHYECKUX TEIECKOMOB
CTajia HAMHOTO BblIIIIe ObUTIO OOHAPYKEHO, YTO ITO HE HACTOSIIINE
3Be3/Ibl, & BUJ] €Ille HEM3BECTHBIX HAYKe 3BE37J000Pa3HbIX OObEK-
TOB.

MpbI BUJUIM UX IBUKEHUE, KOTOPOE TPOUCXOINIIO MUJLTAAPBI
JIeT Ha3aJl — Tak AOJITO CBET OT HUX Jodupascs no 3emiu. Ceit-
Yyac Mbl X BUJUM TaKUMH, KAKUMHU OHU MOSIBUJIUCH JI€CATh-Ye-
THIPHAALIATh MWLIMAPIAOB JieT Ha3aj. CerogHsi KBa3apbl U pac-
CTOSIHUE JI0 HUX OIPEEISIIoTCS IO KPACHOMY CMeEIleHHI0 Xa-
PaKTEepHbIX JIMHUM UX CHEKTpa.

baazapbl — 3TO MOIIIHBIE UCTOUHUKU SJIEKTPOMATHUTHOTO
U3YYEHUS B SIPAaX HEKOTOPBIX TAIAKTUK, ACCOLUUPYIOLTUXCS
C CBepXMACCUBHBIMU YEPHBIMU JIbIpamMu. OHU XapaKTePU3yIOTCS
HENpepPbIBHBIM CIEKTPOM BO BCEX JMAMNA30HAX JIEKTPOMArHUT-
HOT'O U3JTy4eHHusl (raMMa, PEHTT€HOBCKOM, YJbTParoIeTOBOM,
uH(pPAKPACHOM W paauo). [l HUX TUNMYHBI TaKkKe OBICTpbIC
Y 3HAUUTEJIbHbIE U3MEHEeHUsI CBETUMOCTH BO BCEX JUANa3oHax
CHEKTpa 32 NEPUO]] BPEMEHH B HECKOJIBKO CYTOK MJI /1aKe YacOoB.
CBo€ Ha3BaHUE 3TH OOBEKTHI MOTYYUIIH OT IEPEMEHHOTO UCTOU-
Huka BL Amepuisl (BL Lacertae), KOTOpbIM paHee CUMTAIICS T1e-



PEMEHHOM 3Be37I0M, HO 3aTeM ObUI WASHTU(UIIMPOBAH KaK SjI-
PO TIMNTHYECKON TanakThKy. Habmonaemple XxapakTepucTUKH
TaKUX OOBEKTOB CXOIHBI C XapaKTePUCTUKAMK KBa3apoB, UTO
OTpaXeHO B Ha3BaHUM «OJja3zap». OCHOBHOW MpH3HAK Ona3a-
POB — BBICOKAsI IEPEMEHHOCTh OJIECKa, JOCTUTraloIas B ONTHYE-
CKOM JAuana3one 4—>5m (TO eCTb CTOKPAaTHOE U3MEHEHUE CBETH-
MoctH). Uznydyenne cuinpbHO nonspusoBaHo (30—40%), xapak-
TEep CHEKTpa — CTENIEHHOM, YTO XapaKTEPHO /11 CHHXPOTPOH-
HOro u3ydeHus. B cnekrpax Gna3apos, B OTIMYME OT CIIEKTPOB
KBa3apoOB, OTCYTCTBYIOT SIPKHE SMUCCHOHHBIE JIUHUH, IS O71a-
3apOB TAK)KE XapaKTEPHO U HAJIMUME PATHON3ITYyYEeHHUS .

buiazapbl BRIIAAAT MHOTO sipye KBa3apoB OIMHAKOBOW
MOUIHOCTH, YbU [IKETHl OPUEHTUPOBAHBI MIO-UHOMY. THUIIMYHbIE
6azapbl MOPOXAAIOT (POTOHBI CAMBIX PA3TMYHBIX YHEPIUN —
OT PaJIMOBOJIH 10 raMMa-KBaHTOB. OTKpbIThi [IIMuaTom KBa-
3ap Kak pa3 NpUHAIEKUT K Yiciy 0J1a3apoB, 4To ObUIO yCTa-
HOBJIeHO Jniib B 1981 romy. VIMeHHO 3THM OOBSICHSIETCS €ro
AQHOMAJILHO BBICOKasi CBETUMOCTb, Tak nopasusluas [Immnara.
U 6b110 yemy yauBisthes — 3C 273 6bUT M OCTaeTCsl Ha 3eMHOM
HeOOCBOJIE CaMbIM SIPKUM KBa3apOM Kak B paJiOCIIEKTpe, Tak
¥ B HH(ppaKPaCHOM 1 ONTHYECKOM JMana3oHax.

B npocrpaHcTBe (hmjiaMeHTOB pacrosaraloTcsi CBEpXCKOI-
JIeHUsI TaJIAKTUK, K KOTOPbIM M MPUTSTMBAIOTCS BHOBb 0Opa-

30BaHHBIE Camble KpYITHbIe Oolee 108 cm sanpa YCT, oOpa-
3ys ATy SAUYEHCTO-CETUATYI0 KPYIMHOMACIITA0OHYI0 CTPYKTYPY
Bcesennoii. Mexay ¢uiameHTaMu HaxofATCsl MycThie 00Ona-



CTU-TIPOCTPAHCTBA, B KOTOPBIX OTCYTCTBYIOT FUIAKTUKU, HO B UX
HEeHTpax W pa3meltieHsl 3T camble KpynmHble UCT, kotopbie
¥ CO3/JJAI0T 3TH MPOCTPAHCTBA-M0JIs1 ITyCTOT-BoW . Buarmoe npo-
CTPaHCTBO Mexky ['anakTukaMu M 3BE3JHBIMU CKOIUIEHUSIMU —
CYTh IJIOCKOE MPOCTPAHCTBO, MOPOKIAEMOE U PEryIsIPU30BaH-
HOE J1aJIbHOJEUCTBYIOIIUMU I'PABUTAIIMOHHBIMU TOJISIMU AKTHB-
HBIX S7Iep OTJEIbHBIX 3BE3, JOJTOKUBYITUMH U CAMOBYIKYIIIH-
MHUCS IEKTPOMArHUTHBIMU TIOJISIMH, @ TAKXKE Pa3pO3HEHHBIMU
CKOTUIEHUSIMU Ta30ITbIIEBBIX O0IAKOB U TYMAHHOCTEH.

Haubornee ynaneHHble ot 1ieHTpa BceneHHOW BHerajiakTuye-
CKHe OOBEKThl — KBa3aphbl, 00NaaI0NIMe MPAKTUUYECKU YUCTO
HEHTPAJIbHBIM U BO3PACTAIOIIMM IO 0OBEMY MOJIEM TATOTEHUSs
YCT. Onu npuHajiexar k 6osee MoBepXHOCTHBIM ciiosiM Bce-
JIEHHOH, OOBSICHSIIOT pacivpeHrie BeenenHon u paszoeranue [a-
JIAKTUK CO CBEPXCBETOBOW CKOPOCTBIO B MX PACILIUPSIOILIEMCS 110-
ne. C MOMeHTa OTKpbITUs KBa3apoB B 1963 roay mporecc ooHa-
PYKEeHUsI HOBBIX KBa3apoB I1IeJT 0UeHb ObICTPO U K 1988 romy mx
yXke HacuuThiBasioch okosio 4000, a ceftuac — yxe 6onee 20 000.
HaOmonenns 3a MecTonoJi02keHueM OOHapyKeHHbIX KBa3apoB
SBJIAIOTCS BaXXHBIM MCTOYHMKOM MH(OPMAIUM O pacripese-
JICHUY MaTepuy aKTUBHOM ( OAHOMOJIAPHOII ) Macchl BO Beenen-
HOW.

OnpeneneHrie pacCTOSHUM /10 TaJIeKMX KOCMUYECKUX 0ObeK-
TOB (TJIAKTUK M KBa3apoOB) MPOU3BOAUTCS B HACTOSAIIEE BPEMS
10 «KPaCHOMY» CMEIICHUIO «Z» UX CIIEKTPOB U3IydeHus ¢o-
TOHOB. «Z» OIpeessieTcs] OTHOILEHUEM BEJIMYMHbBl « KPACHO-



ro» CMEIIeHHS KaKOW-THO0 CIIEKTPaIbHOM JIMHUM B CTICKTPE Ha-
OJI07aeMOro 0ObEKTA K JIMHE BOJIHBI 9TOM JTMHUH. Tak Kak KBa-
3apbl — caMble JaJIeKhe BUAMMbIE OObEeKThl BcesleHHOM, 103To-
My OHHM SIBJISIIOTCSI TIPEBOCXOHBIM MPEIMETOM JIJIsI UCCIIeI0Ba-
HUSI C 11eJIbI0 MOITBEPKICHM I TOM WJIM MIHOW Mojieiu BeeneHHOM.

Pacnpenenenne kBazapoB. lcciegoBanusi pacnpejene-
HUs KBa3apoB B MPOCTpaHCTBe BeesleHHO MpoBOaMINCH TO pas3-
HBIM MapaMeTpaM, B TOM YHCJIe U MO BEJUYMHE «KPACHOI0»
cmemeHnsi. HanOoree nanekue kBazapbl HAOJTIOMAIOTCS HA pac-
cTostHuA B 30—35 MIIJIMApIOB CBETOBBIX JIET, & CAMBIN JAJIEKUU
¢ Z ~ 9 Ha paccrossHuM 46 MuuIMapaoB cBeToBbIX JieT. IlmoT-
HOCTHh KBa3apoB Bo3pacTtaeT Kk nepudepun BcesieHHo.

l'anakTuku 1 UX BUXpeBble pyKaBa

DTO IMraHTCKUE BUXPEBbIE IPABUTAIIMOHHO-CBSI3aHHbBIE CITH-
paJIbHO-IIIAPOBBIE TIO (hOPME CUCTEMBI, COCTOSIIIIUE U3 3BE31, T1J1a-
HET, Ta3a, TEMHOU MaTepuu U APYruxX acTPopU3NUECKUX OOBEK-
TOB, C(OOPMHUPOBAHHBIE TIPUTSKEHUEM ITOJIsI MOIIHOTO CAMOBPa-
njaonierocs sapa YCT, pazmeniéHHbIM B UX LeHTpe. Bee atu
OOBEKTHI SIBJISAIOTCS WUHANKATOPAMU MPOTSIKEHHOCTU U pacIpe-
nenenus nericrus noneut spep YCT. [leOpoiineBckas myda Bo-
KPYT 9THX siiep CIOCOOHA MTPUBOIUTD U K TIOCTYMATEIbHOMY JBH-
JKEHUIO B TIPOCTPAHCTBE Beel rajakTuku. [1ogoOHbIe spa MeHb-
IIAX Pa3MepPOB MOTYT ObITh U B BUJIe KBa3apOB U MYJIbCAPOB, T.€.
pacraiatbCs ¢ U3JyUYeHHeM PaIMOBOJIH WM HEUTPOHOB. Kpome
rajJlaKTHK eIe HaOJI0AAl0TCs IIIAPOBbIe CKOIICHH S, KOTOPBIE OT-
JIMYAIOTCSL OT CIMPATIbHBIX HECKOJIbKO MEHBIITUMHU MapaMeTpaMu



aapa YCT — pazmepamu, CTENEHBIO pacnazia, BUIOM U3ITyUYCHUS,
a Tak’Ke YaCTOTOM CaMOBpAIIIEHHSI BOKPYT COOCTBEHHOM OCH.

Ilo BHeIIHEMY BUAY B ONITUYECKOM JIMANIa30HE PA3IAYAIOT JI-
Juntadeckne (okoyo 17% ot o01ero 4mcia rajakTiuk), CIH-
paiabHbie (okoso 80% oT 00IIero 4ricia rajakThK) U Hempa-
BHJILHbBIE TAJIAKTUKKA (OKOJIO 3% OT OOILEro Yuciia rajlakTHK ).
B ranaktukax mapoBble CKOIUIEHUs, BXOASAIIME B cTapyio ce-
PUYECKYIO TIOJICUCTEMY TANaKTHUK, COIEpKaT MHOKECTBO OeJIbIX
KapyiuKoB. [J1aBHOE CBOWCTBO HMIAPOBBIX CKOIUIEHW ISl Ha-
OmoaTeIbHOM KOCMOJIOTMM — MHOTO 3BE3/I OTHOIO BO3pacta
B HEOOJIBIIIOM MPOCTPAHCTRBE.

[Tpu stom B CAIl ocHOBHOWM Hepa3penMmblid BOIIPOC COCTO-
UT B POMCXO3K/I€HNHU JIOTAIAaKTUYEeCKUX Buxpeil? B peanbHom
MPEJICTABJIIEHUU TaKOW BOIPOC MOMPOCTY OTMAJAET — B LIEHTPE
CIUPAIbHBIX TAJTAKTUK HAXOAUTCS OYEHb MACCUBHOE CaMOBPa-

mamwmeecs aapo-YCT ¢ pazmepamu ot 107-10%cm, a eé Bpa-
IaTeJIbHO-TIOCTYNaTeIbHOe ABMKEHUE 00pa3yeTcs Takke ecTe-
CTBEHHO, KaK W JIBWJKEHHE BCEMl COJHEUHOW CHCTEMBbI uepe3
BpallleHWe sijipa CaMOW MaCCHBHOM 3Be3/ibl. BHOBb MpHOBIBal0-
IIMe WM 3aXBaThIBAIOIINECS OOBEKTHI P JIBMKEHUU [ aslakTv-
KU B COOTBETCTBUHU C X MACCOM, CKOPOCTHIO U YIJIOM 3aXBaTa, 3a-
HUMAIOT COOTBETCTBYIOIIIEE MOJIOKEHUE HA CIIMPAJbHBIX pyKa-
Bax WM BOJIM3H IIEHTPA FAIAKTUKK. DTO MOATBEPKIAIOT U COB-
mectHble X. Y. Badkoka pabots ¢ otriom, X. [I. BabkokoMm, ko-
TOpbIE UCCIIEIOBAJIM BpallleHUe raJIAKTUKUA AHAPOME/IBI U TIOKa-
3aym B 1938, 4TO ee cnivpasibHble pyKaBa BOJIOYATCsA — OTCTA-



IOT BO BpALLIEHUH OT fApa.

B pesynbrare Bpamenust ['anaktuku oOpa3yercss MarHUTHOE
T0JI€ U 3TO MOJIe CBOMCTBEHHO €1 Kak 1ejoMy. MHIyKiums Kpyr-
HOMACHITAOHOrO MAarHUTHOTO TOJSI TAJIAKTUKU COCTABJISIET MpU

s1om 2 x 1070 I'c, HO MOXkeT JoCTUTaTh 103 I'c, nposiBiisist ce-
051 B MOHM30BAaHHOM ra30BOM jucke [anmaktuku. B cnmpaJb-
HBIX T'aJIAKTUKAaX MarHUTHOE Tojie HauOojee CHJIbHO B UX PY-
KaBax, I1Ie OHO B CPEIHEM BBHITSHYTO BJIOJIb HUX. Y HEKOTOPBIX
rajJlakTHK, HarpuMep, y raslaktuk M31 (Tymannocts Anapome-
IIbl), paclipeie/ieHUe MoJisi UMEET BUJ, KOJbLA, PACHOIOKEHHOTO
Ha paccrosiHuu 10 Kk oT 1ieHTpa raiaktuku. Y Jpyrux rajak-
TUK, Haripumep, y M33 u MS51, oTu€mimBo BbIpakeHa CTPYKTY-
pa, uMeroIas BUJ ABYXPYKABHOM CIUPAIA — CBUIETEILCTBO
JIBYX UICTOYHUKOB I'PaBUTALIMH, CBA3aHHBIX B napy. Iosasipusa-
Ml ONTUYECKOTO M PaMOU3TyYeHHUs] HAOMIOIAeTCsl He TOJIBKO
B COMPAJIbHBIX, HO U B HEMPABWJIbHBIX TAJIAKTUKAX, HAIIPUMED,
B M82, NGC3718, Bonbiiom Marenanopom OOjake, 4to yka-
3bIBAET HA MPUCYTCTBUE B STUX IaJIAKTUKAX KPYMHOMACIITA0-
HBbIX MarHUTHBIX Nosield. OTHOCUTENIbHO CUJIbHBIMUA MarHUTHBI-
MH TOJISIMHA 00JIaJal0T PAJHOTaJaKTHKH.

Pacnpenenenue n popvnl aBukeHus 'ajsakTuk.

I'pynna ranaktuk ¢popmupyer ¢pmiraMeHTbl (OYeHb TOH-
KM€ TIaKTUYECKHEe HUTEBUIHBIE CTPYKTYPbI) MPOTSKEHHOCTHIO
B MWJUIMOHBI CBETOBBIX JIET U COCTaBJsieT CKeleT BceneH-
HOW». PUJIAMEHTbI PACIIONIOKEHbI IPUMEPHO B 6,7 MuLIMap-
JIOB CBETOBBIX JIET OT 3eMuld. ['alakTUKY, CKOIJIEHUS TaJIaKTHK



U UX CBEPXCKOILUIEHUS, «BCTPOCHHBIE» B (DUIAMEHTHI, TOMEIIIe-
HBl MEXIY IIyCTOTAMH, CO3[aBasd TEM CaMbIM TMIAHTCKYIO «IIe-
Hy». OHM KOHIIEHTPUPYIOTCS B U3OTHYTBHIX «CTEHKAaX» TOJIIIU-
HOW mopsaka 10 MWIJIMOHOB CBETOBBIX JIET, NIEPECEKAIOUIUXCS
apyr ¢ apyroM. Hekotopble «CTeHKU» MPOCIIEKMUBAIOTCS HA COT-
HU MWUIMOHOB CBETOBBIX JIET. TaM, I/ie CTEHKHA «CMBIKAIOTCS»,
TaJIakKTUK 0COOEHHO MHOTO (CBEPXCKOIUIEHHS). DTH 00/1aCcTH TIO-
BBIIIIEHHOIN KOHIIEHTPAIMU IaJIaKTUK 00pa3yloT B IPOCTPAHCTBE
nogio0ue UIMHHBIX BOJIOKOH (IeroueK). BHyTpu 3Tux siueek,
MEX]y CTeHKaMH, TaKKe HAXOJSATCS MYCTOThI — «BOUBI-VOidsS»,
B KOTOpBIX IUIOTHOCTh TJIAKTUK KAaK MUHHUMYM B JECSTh pa3
MEHBIIE, YEM B CPEAHEM.

HekoTopbIM HarjisiiHBIM aHAJIOTOM TaKOW CTPYKTYPbl MOXKET
CJIyKWUTh II€HA U3 MBUIbHBIX ITy3bIpE, B KOTOPOU CTEHKH IIy-
3bIper M UrpaioT poib (puiameHnToB. [IpaBaa, pacnpeaeneHue
rajJlakKTHK BIOJIb «CTEHOK» SIU€EK, B OTJIMYME OT PacHpele/IeHUs
MBLJIBHOTO PACTBOPA B Iy3bIPsiX, OYEHb HEOIHOPOAHO, Ja U ca-
MU SIYEHKHU He 00JIa/1al0T MTPaBUIIBHOCTHIO (hopM. Pasmepbt 601b-
HIUX SIYEEK COCTABISIOT Oosiee COTEH MUJIJIMOHOB CBETOBBIX JIET,
HO MHOT0 1 60Jiee MEJIKHX.

Bimxkaiiiiasi K HaM «CTeHKa» MPOXOAUT AJIMHHOM J1yron ye-
pe3 xHbIe co3Be3aus [ uapsl — LlenraBpa —Teneckomna — I1as-
mvHa — VHpeina. OOpasyiolye ee rajlakKTUKA UMEIOT JTy4YeBbie
CKOPOCTU B HECKOJIKO TBHICSY KM/C, M OOJIBIIMHCTBO U3 HUX
yAQJIeHO OT Hac He MeHee 4eM Ha 20—30 MWIJIMOHOB CBETO-
BbIX JieT. K 3Toil «CTeHKe» MpUHAIeKUT U cKoruleHus B [e-



Be, U Bce MectHoe CBepXCKOIUIeHUE, Ha nepudeprun KOToporo
pacnonaraerca MectHad I'pynina rajakTvk, BKJIIOYAOIIAS B ce-
0s1 Hary [asaktuky. B ckorieHuu ragaktuk B co3esauu [le-
Bbl TMPe0ONafaloT IMIITUYECKUE 3Be3[Hble cuctembl. Cpeau
TIOCJIEIHUX BCTPEYAIOTCSI U CBEPXTUTAHTCKUE OOpa30BaHMS, Ta-
KUe, Kak rajjlaktika M87. 16 rajJakTHK 3TOro CKOIUIEHUS BOIIUIN
B Kartajor Mecbe. CkoruieHust B [leBe, B KOTOpOM HACUUTHIBA-
0T OKOJIO 2,5 ThICSIY TAJIAKTHK, U ABJISIETCS IGHTPOM OJJHOMMEH-
HOT'O CBEPXCKOIUIEHUS TJIAaKTUK. B HEro BXOIAT Takike, Hallpu-
Mep, CKOIUJIeHHs B co3Be3ausAX bomnbinon Menseaunipt u ['oHumnx
Ilcos. Jo ckornenuit [deBbl 1 bosbinon Menseauiisl MpuMeEpPHO
OJMHAKOBOE paccTosiHre — okoiio 20 meranapcek. IIockosbKy Mbl
HaXOoMMCsl BOJIM3U Kpasi 3TOH «CTEHKH», COCTABJISIIOIINE ee ra-
JIAKTUKH 00pa3yloT Ha HeOe CPaBHUTEIIHHO Y3KYIO TOJIOCY, pac-

TAHyBIIyIoca Oosee yeM Ha 180°, HanogoOue TOro, Kak 3Be3/bl
[NanakTku KoHUEHTpUpYIoTCA B nosiocy Miueunoro Ilyru. Ot-
JeTIbHBIX 3BE3/1 B TAJIAKTHKAX BO MHOTO pa3 OOJIbIIIE, YeM OT/ICIThb-
HBIX TaJJaKTUK B CTEHKAaX sSYeeK.

K npyroii 1jMHHON «CTeHKe», MHOIIa Ha3biBaeMon «BeJm-
Kasl CTeHa», KOTOpasi MPOTSHYJIACH ITOJIOCOU MIOUTH Ha IMOTHe0a,
MIPUHAIEKUAT OOraToe XOpOIIIO U3yUeHHOe CKOIUIeHrue B Boso-
cax Beponuku, Haxopsineecs Ha pacctossHuM oyt 300 mui-
JIMOHOB CBETOBBIX JIET OT HAC, B LIEHTPE APYroi CBEPXTaJaKTUKH.
Cxonnenne B Bonocax Beponuku — sipiisiercsi meHTpom «Be-
JIMKOM cTeHbl». Kak u mpyrue doratble CKOIJIEHUs, OHO Coep-
KUT MHOTO JUIMITUYECKUX TIaKTUK. M3ydyeHue ero nuHamu-



KU BIICPBBIC YKA34JI0 HA HAJIMYUC OOJIBIIIONO KOJIMYECTBA HEBH-

quMoi Matepun. Macca ckorieHust — okosio 10 15 Macc conHua.

OpmHO M3 KPYNHBIX CBEPXCKOIUICHMI TaJaKTUK, 0Opa30BaH-
HO€ HECKOJIbKMMU CKOIUICHUSIMH, YJaJEHHOE OT Hac MpUMeEp-
HO Ha 200 MHJUIMOHOB CBETOBBIX JIET, ITOJYYWJIO Ha3BaHueE « Be-
JUKHI ATTpPaKTOP». BeeleHHyI0 MOKHO CUMTATh OJHOPOIHOM
TOJILKO, HAUMHAasi ¢ MaciTabda B HECKOJbKO COTEH MUJUIMOHOB
ceroBbix JieT. Cpepa Takoro wim OoJbIero pamepa OyzieT co-
JepkaTh MPUMEPHO OIMHAKOBOE KOJIMYECTBO TaJIaKTUK, CKOII-
JIEHWI TaJJaKTUK WM «BOHMJOB», a Ha Oojiee MEJKHUX MacllTa-
0ax pacripefieJieHue TaJIaKTUK HeJb3s1 CYMTATh OAHOPOIHBIM Ja-
e TPUOTM3UTEITHHO.

Pa3mephbl CBEPXCKOIIEHUI IOCTUTAIOT COTEH MUJUTMOHOB CBE-
TOBBIX JieT. Bcero e CBepXCKOIJIEHU! BBISIBJIEHO OKOJIO TOJTY-
cotHU. B kaxxgoe B cpeiHeM BXoauT okojio 10 CKOIIeHui, XOTs
OBbIBAIOT ¥ 3HAYUTEJIbHBIE OTKJIOHEHUS B OOJIBIITYI0 U MEHBIITYIO
cTopoHbl. CBEPXCKOIJICHUSI TAJIAKTHK SIBJISTIOTCS CAMBIMK OOJTh-
MMM U3 U3BECTHBIX CTPYKTYP, IIEJIOCTHOCTh KOTOPBIX oOecre-
yuBaeTcs rpaputanueid. Bo Bceil Bunumon BeeneHHol cBepx-
CKOIUICHUsI pacipeesieHbl pABHOMEPHO.

[TpakTuvecku Bce CTEHBI COIEpXKaT B CBOEM IIEHTpe Oora-
TOE CKOIUIEHHE TaJIaKTHK. B «0Jm3Koi» BceaeHHon HaxoquT-
Cs BCEro TpU TakUX cKorieHus — B Bonocax Beponuku, [lepcee
u ACO 3627, KoTopoe 3KpaHupyIoT oOnaKka Mmeut B MieqyHoM
ITyTn.

Bce lN'anakTvku HaxoaATCS B COCTOSTHUM TIOCTYIATeIbHO-Bpa-



HIATEJILHOTO ABUKEHU 1, TPY TOM MEPBONPUYMHA BbIHYKAEHHO-
ro MOCTYNATeJbHOrO BpAIllEHHs 3aKII0YeHA B MEeXaHU3Me Bpa-
nieHus — 310 Takas xe TaHa as CAll, kak u BpailleHue Bcex
3BE3/] U AKTUBHBIX IJIAHET.

Mup 3Be31 M TaJakKTHK BOOOIE He cMOr Obl BO3HUKHYTh
u Becenennas ocranach Obl 6ecCTpyKTypHOM, eciv Obl TPaBHTA-
HHOHHOE MoJie OOBIYHOTO aTOMHO-MOJIEKYJISIPHOTO BEIeCTBa
3BE3]l W TUIAHET He MposBIsIO Obl cebs B BUAe (PUIaMEHT
Ha (pOHE aKTUBHBIX LIEHTPAJIbHBIX MOJIEW TSATOTEHMsI KBa3apoB
C MPOTUBOMOJIOKHBIM 3HAKOM, a TAKKE CBETSIIENCs MacChl BO-
KPYT sep 3BE3[ U IUIAHET.

CTpykTypa runepnpocTpaHcTBa.

HenpepsiBHOE paciivpeHre BHeIHelN rmoBepxHocTy Beenen-
Hou oOycnosiieHo Beimanennem YCT u3 ee «atmMocdepsl», T.e.
u3 00J1aCTH, T/ie KOHYAIOTCSl TPAHUIIbl TPABUTAIMOHHBIX TOJIEH.
VBenmuyeHre BHEIIHEW MOBEPXHOCTH BceneHHOM MpoucxoguT
3a CUET pa3/IBUraHUsI I'PaHUIl C aMOP(HBIM CUHTYJISIPHBIM IPO-
CTPAHCTBOM, KOTOPOE€ PEryJsipU3UPYETCsl PACTYIIMM CO CBEpPX-
CBETOBOM CKOPOCTBIO T'DaBMTAIIMOHHBIM I10JIEM BHOBb 00pa30-
BaHHOM YCT ¢ aKTUBHBIM MOJIOKUTEIBHBIM I10JIEM PABUTALIUU.

Takum 06pa3oM, CTPYKTYPY runeprnpocrpancrsa Beenen-
HOHM MOXHO TIPE/ICTABUTh CIIEAYIOIIAM 00pa3oMm:

— IIpoctpanctBo BceenenHol 06pa3oBaHO JaJdbHOJAEHCTBY-
IOIUMH TpaBUTalMOHHbIMU oMU saep YCT, 3anonHeHo
JIEMEHTAPHBIMU YACTULIAMH, Ta30NbUIEBBIMUA TYMaHHOCTSIMHU
1 00JIakaM#, CTSAHYTO C MTOMOIIIBIO XOJIOJHOW I'PaBUTAIIMOHHON



0e3MacCcoBOM IJIa3Mbl CO BCEMH acTPOPU3NIECKUMHU OObEKTA-
MH, COZIEPKAIMMU aTOMHO-MOJIEKYJIIPHOE BELIECTBO OT IUIAHET,
3BE€3]l, FAJIAKTUK M UX CBEPXCKOIUICHUIl, B €JUHYIO, HO PaCIIU-
pswouyiocs BeeneHnyio.

— Pa3mepsl cambix OOJIBIIMX CTPYKTYP BO BeeneHHoM — cBepx-
CKOILJICHU! TJIAKTUK U TUTAHTCKUX «BOUJIOB» — OCTUTAIOT Je-
cATKOB MeranapcekoB. O6mnactu Beenennoit pazmepom 100 Mk
u OoJsee BBINISAAT BCE OIMHAKOBO, MPU 9TOM BbIJIEJICHHBIX Ha-
npaBjieHuid Bo BeeneHHo Her.

— IIpocTpancTBeHHasA KpyBU3HA BCesleHHOM eciii M OTIIMYHA
OT HYJISl, TO OYEHb MaJia.

— Ha GonbIux paccTosIHUSIX PErucTpUPYIOTCS TOJBKO SIpKHe
OOBEKTHI, & CAMBIMH SIPKUMH TOCTOSIHHO PaIUOU3ITyYaloNIMMU
oObeKTamMu BO BcesleHHOM SIBJISIOTCS KBa3aphl.

B niesiom Hama BeeneHHast — 3T0 «ITy3bIpb» pa3ayBalolIerocst
HEB3PbIBHBIM 00Pa30M MO BHEIIIHEN MOBEPXHOCTH BELIECTBEH-
HO STYEMCTOr0 I'PaBUTALIMOHHOTO MPOCTPAHCTBA, 32 CUET YBEIU-
ynBatomerocs: uncia YCT u Bospacratoriero o6béMa rpaBuTa-
MOHHOIO MPOCTPAaHCTBA BOKPYr HUX. CpaBHUThH 3TOT MpoLEce
MOKHO C TIPOIIECCOM MEHO00Pa30BaHUs TIPU BHEIITHEM B30U-
BAaHUU MbUIbHOM TIEHBI.

Buaumasi ¢ nomombio (hOTOHOB YacTb pazMepoM 00-

JIee 1028 CM OT HEHTpa 3allOJIHEHA TI'aJIJAaKTUKAMH, CKOIIJICHUA-
MU U CBCPXCKOIUICHUSAMM TAJIAKTHUK, O6p&3y10H_II/IX TPEXMCPHOEC
AYCHUCTO-CETUATOC HaﬂbHO)ICfICTBYIOHICC IpaBUTALIMOHHOC IIOJIC
N TINIOCKOEC IPOCTPAHCTBO BCGH@HHOﬁ, HCPABHOMCPHO PCryJid-



PU30BAHHOE I'PABUTALIMOHHBIMU, JIEKTPOMArHUTHBIMHU TOJISIMU,
ra30IMbUIEBBIMUA O0JIAKaMH, TIOJISIMU M3JTy4YeHUsI U3 pa3HOOOpas-
HBIX 9JIEMEHTapHBIX YaCTHUIl U CBETOBBIX (pOTOHOB. B 31Ol Yactu
NPOU3BOJCTBO POCTPAHCTBA 3aKOHYEHO, a Macca MOCTOSTH-
HA.

IIpomesKyTOUHast YacTh BHEIIHEro c(heprUyecKoro cjos ru-
nepnpocTpaHcTBa oOpa3zoBaHa pacnajaatonmmucs YCT Ha paz-
HBIX 3Tanax 3BOMIOIUU C OOpa30BaHUEM CBETSAIIUXCS 00-
JIAKOB COpOIIIEHHOM aTOMHOW TUIa3Mbl IIPM B3pbIBaX HOBBIX
Yl CBEPXHOBBIX, UMITYJIbCHBIM U3JTy4YE€HUEM I1yJIbCAPOB, HEUTPOH-
HBIX 3BE30 U T. A. Chepuueckuii ciori 0ObEMHON HeBHIU-
MOl 4acTy, pa3MelEHHbI Ha MMOBEPXHOCTU B 3TOW MPOMEKY-
TOYHOM, 00pa3yeT KPyMmHOMACHITAOHYIO U eIl¢ YaCTUIHO BHU-
MYI0 4acTb BeeneHHom.

UCT, mynbcapbl, KBa3apbl, HEUTPOHHbIC 3BE3/bI, 1BETHBIE
u OeJible KapiuKH, C OMHON CTOPOHBI, KaK 00JaJaloiiue OJHUM
I'PaBUTALIMOHHBIM 3apsiIOM, a TAKKE OTIEJIbHbIE 3BE3/bI, B TOM
Yuclie W3yYalolie TOJbKO BHAUMBIH CBET, AJAKTUKU U UX
CBEPXCKOIUIEHHUSI, C APYTOf CTOPOHBI, KaK 0OJajaromiyme Baooa-
BOK €IlI€ YU MIPOTUBOIOJIOKHBIM IO 3HAKY I'PABUTALIMOHHBIM 3a-
panoM, (bOpMUPYIOT IeJi0e CTSIHYyTOe BelleCTBEHHOe IpPo-
CTPAHCTBO Haier BceneHHOM B BUIIE STYEMCTO-TOYEYHOU Ipa-
BUTALIMOHHOM MEHbI U TIepeMEeHHOI MacChl.

HeBunaumasi NoBepXHOCTHAS YacThb CJIOSI cpepbl POCTPaH-
ctBa BceneHHOI cyiiecTBEHHO OOJbilie TI0 00beMy MPEBOCXO-
JWT NPOMEKYTOYHYIO 1 BHYTPEHHIO BUAMMYIO. DTa 00/1acTh



peryyisipu30BaHa OTHOCUTEIBHO PABHOMEPHBIM pPacHpele/ieHU-
€M KBa3apoB U IyJIbCAPOB U OMPEIEIISIETCS, B OCHOBHOM, TOJIb-
KO I'PaBUTALIMOHHBIMU, MATHUTHBIMU U IEKTPUYECKUMHU TIOJISI-
mu ux YCT, a Takke MX HeBHAUMBIMH 3JI€KTPOMAarHUTHBIMU
noJisiMd (POTOHOB B PEHTIT€HOBCKOM U PaJu0aMaNa30HaXx.
B stToi1 yactu BeeneHHoM, B CBA3M C HENPEPBIBHBIM MIEPEMEILIE-
HueM YCT, BciieACTBHAE OCTOSIHHO PAacTyIlEd MacChl U MajieHU-
€M K LIEHTPY aCCUBHOM MacChl, UX Pa3HOU BOJIIOLIMEN, TIPOMC-
XOIUT MPOU3BOJCTBO JIOMOJHUTEIBHOTO IPABUTAIIMOHHOTO MPO-
CTPAaHCTBA — pacluMpeHre BceneHHOM 1 yBeJIMUeHHe €€ Mac-
cbl. B 11e710m 3Ty wacth npocrpancTBa BeeneHHOM Oosiee Harsi-
HO OIHUCaTh KPUCTAJUIMYECKON PEHIETKON TBEPAOIO TeNa, Y KO-
TOpPOM B y3JlaX pa3MelleHbl MOJOKUTENbHbIE 3apsAAbl aTOMHbIX
s7iep, OKPYKEHHBIE 000IOUKAMU U3 OTPHUIIATEIHHO 3apsIKEHHBIX
JIEKTPOHOB. TOJIBKO Y PEIIETKU TBEPIOTO TeJa MOJMOKUTEIIbHBIC
3apsi/ibl (NEKTPUUECKHUE) CTAOUIIbHBI IO 3HAUYEHMIO, 4 Y KBa3apoOB
Y MYJIbCAPOB 3TOT 3apsi] (Macca) NEPeMEeHHBbIN, YTO U MTPUBOAUT
K 3BOJIIOLUH 1 JBUKEeHHIO BO BeeneHHou.

Orunbammas 1moBepxHOCTh TPAHUI] TPABUTAIMOHHBIX TIO-
Jiel HeNpepblBHO PacCTET — 3TO BHEUIHAS IMOBEPXHOCTh Bce-
neHHor. Ha 3Toii rpaHuiie mporcXoauT HauOosiee MHTEHCUBHOE
MTPOU3BOJICTBO JIONOTHUTEIBHBIX I'PABUTALIMOHHBIX IPOCTPAHCTB
3a cy€t HOBbIX nosien YCT, nocrynamommx U3 HeBemecTBeH-
HOT'0 MpocTpaHcTBa. Macca — mepeMeHHa.

3arem cnenyer mepexoaHasi oonacth — armoccepa Bee-
JeHHoM. B armocdepe npoucXomuT MPOU3BOACTBO TOJNBKO



TPEKOBBIX BOJIHOBOJIOB 3JIEKTPOMATrHUTHBIX JIMHEMHBIX IPO-
CTPaHCTB (POTOHOB BCETO YaCTOTHOTO CIIEKTpA.

Oxpy:xarmiee MpoCcTPaHCTBO BOKPYT U CHAPY:KU aTMocde-
pbl BeeneHHo — cyTh aMOp(HOE CUHTYJISIPHOE MPOCTPAHCTBO,
JIMIIIEHHOE KAaKOW-TMO0 OPUEHTAIIMU U PeryJspu3aiiud, BCIe-
CTBHE OTCYTCTBUS B HEM JTIOOBIX BUJIOB MaTepHH, ¥ KOTOPOE MPO-
HHM3aHO TOJIBKO Tpekamu (poToHOB, oOpaszyiormux YCT.

Tam KyJga He JOCTUTraloT Jaxe MOTeHUMaIbl-3€pHa OT IOJIeH
YCT, Tam HapCTByeT HeBeleCTBEHHOEe ITPOCTPAHCTBO, Tyla
U3penKa JOJIETaloT Jaxe (POTOHBI.

[TonBons uTorm MexaHusmMaM 0Opa30BaHUsI TOTO WJIM MHOTO
MIPOCTPAHCTBA, BO3pAcTa KU3HU U MEPEHOCA MAaTepUU U dHeP-
THH B HEM, MOKHO C YBEPEHHOCTbIO KOHCTAaTUPOBATb.

Bo-nepBbiX, BCe BBILEU3IOKEHHBIE MPOCTPAHCTBA-TIONSA
(OT aTOMHO- A1IEPHBIX A0 IPABUTALIMOHHBIX OT s1JIEP 3BE3]1) OYEHb
CWIPHO OTIMYAIOTCS JIPyr OT Jpyra No 3HAKY, IJIOTHOCTH
Y JAJBHOCTH IMHAMUYECKOTO 3acesieHUs 3€pHaMM-IIOTeH M-
aJlaMH, a TAKKE UX Ka4eCTBa — 3TO JJeKTPUYeCKHe, MarHur-
Hble, IPABUTAIMOHHbIE, DJIEKTPOMAarHuTHbIE HUTEBHIE TPe-
Kk# ¢potoHoB U cpepsr UCT.

Bo-BTOpBIX, IEpEHOC PHEPrue MaTtepuu B AAePHbIX cde-
PUYECKMX MHKPONPOCTPAHCTBAX IMPOMCXOAUT TIOUTH Oe3 pac-
cesiHus, T.€. B COCTOSIHUM CBEPXTEKYUECTH, YTO W OIpelesIsieT
BO3PACT IPOTOHA, JIEKTPOHA U IPYTUX SJIEP AaTOMOB XMMHUYE-
CKHX 3JIEMEHTOB.

B-tperpux, obpaszoBasimecs: nepsuunbie YCT B ycmoBusix



aMop(HOro MpocTpaHcTBa (HOJb MPOTSKEHHOCTH, HOJIb MaTe-
pYH) HAYMHAIOT PACTIA/IAThCSI B CBOEM COOCTBEHHOM I'DaBHTALI-
OHHOM IPOCTPAHCTBE, UMesl 110 OTHOIIEHHIO K MocaeJHeMy 00-
Jiee BbICOKMI MOTeHIHAJ SHEPrUH.

U, HakoHel, mocneiHee, pa3ayBaHUe «ITy3bIpsi» BceneHHoOM
IPOMCXOAMT 3a CYET peryjispusaliid aMmop(IHOro npocTpaH-
CTBA, T.€. HANOJIHEHWE €r0 HOBBIMHU HEMPEPHIBHO PaCIIAPSIO-
IIMMUCS SYEUCTO MPAaBUTALMOHHBIMU MOJISIMU-IIPOCTPAHCTBAMU
C MOHOTIOJIBHO TATOTEIOIIMM HEHTPOM BOKPYT KaXI0TO U3 YHC-

jma nagaonmx YCT. Bece UCT u3 mmanasoHa 102 - 10% cm
MMEIOT OJIMHAKOBBIN 10 3HAKY IPaBUTALIMOHHBIA MaTepPHH-
CKHI1 TUTIEPMOHOIIOJb, 2 HAPaOOTAHHAS MyJIbcapaMu J10UePHSIs
SIIEPHO-aTOMHO-MOJIEKYJISIPHAsl Macca — MPOTHBOMOJOKHbBIN
nmo 3Haky. [lostomy cambie kpynHbeie YCT B Mecrax cBepx-
CKOIUICHU! TaJlaKTUK CO3[AI0T M3-32 B3aMMHOIO OTTAJKUBA-
HHSI STUYEUCTYIO CTPYKTYpPY MYCTOT CO CT€HKAMHU, NPUTSATUBA-
SICh K 00IIIell aTOMHO-MOJIEKYJISIPHOW Macce ITHUX CBEPXCKOILIe-
HUIl ¢ oOpa3oBaHMeM OOBEMHOM I'PaBUTALIMOHHOW CeTKHU. Tak
(opmupyetcs pacmmpsiiomascs KpynmHoMaciiTabHast CTpyKTypa
Bcenennoi.

Hao.roqaemoe BemecTso Beesiennoin

Anpo UCT u3 KOpPOTKOBOJHOBOrO (pOTOHA MpeBpaIiaeTcs
B MCTOYHUK MPOU3BOJACTBA HENTPOHOB. [Ipn 3TOM BOMM3M €ro
MIOBEPXHOCTH ITPOUCXOAUT camas d(PPeKTUBHAA KOMIPecCHs
SHEpruv B (pOpME HEUTPOHOB U JIPYTHX HEUTPAIbHBIX JIETKUX
s1/1ep XUMUYECKUX JIEMEHTOB.



DTO U eCcTh NEPEXO/I-pacaj 3T0il MaTePUHCKON JHepPrun
YCT B yxe HaOMOIaeMy0 JOYE€PHIOI SHEPTHI0 AaTOMHO-MO-
JIEKYJISIPHOTO BelllecTBa, HanpuMmep, Ha 3emuie. Ha 3t oueHb
wiotHele cTpyKTyphl YCT ykasbiBan akageMuk AmMOapiryMsiH
B CBOEW DBIOpOKAHCKOW KOHIITIIIUU, U3 KOTOPHIX U POXKIAETCS
BCE HabOmogaemoe BemectBo Bceenennoin (4,9%). Takoi camo-
Bpamaommiics akkymysnsitop saeprur YCT Oyner pacnamarbest
12—14 MuuMapaoB JIET, MPOU3BO/Is MOC/IEA0BATEbHBINA MOTOK
KJIYyOKOBBIX (OOpaTHBIN MPOIeCC) MEKTPOMArHUTHBIX KBAaHTOB,
JIETAIIUX OT HEHTPa K MOBEPXHOCTH MO chePUUECKUM CIUPATTb-
HBIM BOJTHOBOJIAM YBEJIMUMBAIOIIUXCS B AMAMETpe.

Bcesienckoe cBOMCTBO MUKPOBUXPOHA (POTOHA — poXk[e-
Hue 4yepHbix cpepuueckux ten (UCT) maTtepuHCckonl JHep-
THM B HEBEIIECTBEHHOM IPOCTPAHCTBE 3a MpelesaMu Halien
Bcenennon, B e€ «atmocdepe» — OCHOBHast (hopMa MHTErpalluu
MaTepUH B COCTOSTHUM MOKOSI 1 Pa3MHOKeHHEe KOMIIOHEHTOB
cyOCTaHIIMU YHEPrUuM. DTO OCHOBHOU MPOAYKT CBOOOJHBIX BbI-
COKO9HEPreTMYeCKUX BUXPOHOB — HCTOYHUK MAaTePHHCKON
dHeprum.

ToJIbKO OIMH BBICOKOYACTOTHBIA BUXPOH, MPOHUKIIHIA B 00-
JIaCTh HeBeNleCTBEHHOIr0 MPOCTPAHCTBA, CIIOCOOEH MPOU3Be-
cti ogHO Aapo ConHia, T.e. TO HEUTPAIBHOE, I'PAaBUTALIMOH-
HO OYEHb «TsKENOe» W IUJIOTHOE SIPO, KOTOPOE pachaiasich
Y MUHY$ CTa/IA HEUTPOHHOU 3BE3/Ibl, TEMHBIX KAPJIMKOB U T.J.,
BCIIBIXHET (DOTOHHBIM CBETOM 3BE3[Ibl, HE Cpa3y, CHauajia B3pbl-
BaMH CBEPXHOBBIX, 3aTeM IOCTOSIHHO, a BBIPAOOTaB BCIO JUIMHY



HA3BAaHHOT'O TPEKA-BOJHOBO/IA 3aMIACEHHBIX 3€PEH-TTOTEHIIMAJIOB
B IIPOM3BOACTBO (DOTOHOB Y MUKPOYACTHLL, IPEBPATUTCS B TBEP-
Iblid cpepruecKkrii OCTaTOK CMeCH HapaGOTAHHOTO MM aToOM-
HO-MOJIEKYJISIPHOTO BEUIECTBA Pa3IMUYHOIO XUMUYECKOTO COCTA-
Ba MEPTBOM I1aHEeTHl Tuma JlyHa.

Ilepen tem, xkak YCT-nynbcap 3axkkETCA 3BE310U (BCETO
0,4% BuauMoOM OT Bcer Marepuu BceleHHON) ¢ MOCTOSIHHBIM
Y BUJVMbIM 3aMETHBIM CBETOM (TeMHBIN, OeJTbIil, KENTHIA Kap-
JIMK ¥ T.[.), OHO PAcCIa/IaeTcsl B TEUEHUE JECSITKOB U COTEH MUJI-
JIMApOB JieT (B 3aBUCUMOCTH OT COOCTBEHHBIX pa3MeEpPOB) C UC-
MYCKaHUEM B TYCTOE MPOCTPAHCTBO BOKPYT CeOsl TMOTOKA HEH-
TPOHOB, (hopMUPYsI COOCTBEHHYIO aTMOC(hepy HEUTPOHHOM 3BE3-
bl

WX reHepaiivisi BoI3BaHa I'PaBUTALIMOHHBIM C:KaTHEM BOJIHOBO-
Ja ¥ 0OyCJIOBJICHAa OOpPAaTHBIM €ro MpeBpalleHreM B KITyOKOBbBIC
KBaHThl, KOTOpbIE JBUTasCh MO BCEW HJIMHE BOJHOBOJOB U [I0-
crurast noepxHoctd YCT, popMupyloT TaM Ha rpaHUlIe MOIII-
HOU 000JIOUKH I'PaBUTAIIMOHHOTO TIOJISI MEK POIIPOCTpaHCTBA (ha-
30BBIX 00BEMOB HEUTPOHOB. KBaHTOBaHME MPOUCXOAUT MO Me-
pe 3arojHeHus1 00bEéMa, pa3peleHHon AJisl 3Toi a3kl pacna-
na YCT HelTpanbHOW MUKPOUYACTHUIIBI, Y TIOCIIETYIOIIETO BbITA-
KMBaHUS €€ CIeyIomel Hapoxaaonencs. ABTOKOIeOaH s Te-
HEpallMi KBaHTOBAHUSI Ha TTOBEPXHOCTH 3aJ1aI0TCS IBYMsI CUJIa-
mu. [lepBasi oOycioBieHa CHIIBHBIM T'DaBUTAIIMOHHBIM MPUTSI-
’keHueM. Bropasi — HenmpepbIBHBIM MOTOKOM KBaHTOB M3 IIEH-
tpa. [o cytu, Hayano BomHoBoma YCT B nieHTpe mpeoOpasyer-



cs1 0OpaTHBIM MPOIIECCOM B TMAKET EKTPOMArHUTHBIX KBAHTOB
(TTOTOK MAarHUTHBIX MOHOIIOJIEN) U BBIHOCUT ceOsl HapyxXy, T.e.
CBOE€ TPEKOBOE CIMpaJIbHOE ITpocTpaHcTBO. HaunHaercs pacnan
kiryokoBoro sapa YCT — cxkarue, cMellieHre U IepeHoc MakeTa
MOTEHIIMAJIOB-3€PEH BOJIHOBOJA C FeHepalliell MarHUTHBIX MO-
HOIIOJIEW M3 BOJIHOBOJA OnHOro mepuopa. IIoTok Takmx KBaH-
TOB MJIET HEMPEPHIBHBIM IyTEM Ha JJIMHE BOJIHOBOJIA B CPETHEM
1078 cm ¢ umcnom nopsiIKa 104,

Bo3Hukaer BONpoCc Kak O MEXaHW3ME I€HEepalMy KBAHTOB
U3 BOJIHOBOJIOB, TaK U O MeXaHu3Me (popMUpOBaHus (pa30BOro
00BEMA HEUTPOHA, HO TJIaBHBIN BOIIPOC YIUPAETCS B JIOKATBHYIO
CTPYKTYPY KBaHTOB (pa30BOro 00bhEéMa CaMOABHIKYIIETOCS MUK-
POMPOCTPAHCTBA KIIyOKOBOTO KBaHTa MM (DOTOHA — 9TO MUK PO-
BUXPOH.

PoxxaeHre aToMHO-MOJIEKY/ISIPHOTO BEILECTBA B HAIlIEH BCe-
JIEHHOU OlleHMBaeTcsl Bcero auib B 4,9%. AHTHUBeEIECTBA CO-
OTBETCTBYIOIIET0 3TOMY KOJIMYECTBY HE OOHApykKEHO — OTCIO-
na u aucOanaHc mMarepuu. B npenyaraemoit Bepcun Mupo3sna-
HUM OaJIaHC SHEPTUM-MATEePUr OCYIIECTBIISIETCS] TIEPEXOIOM OT-
punaresnpHoil sHeprun coorsercTByoumx YCT B oTpunaress-
HYIO Maccy B (popMe aTOMHO-MOJIEKYJISIPHOTO BELIECTBA C IOCIIe-
JQYIOLMM PacIiajioM UX HOCUTENA U poauTenis 1o tuity PastoHa
1 JIyHbBI B COOTBETCTBUU CO CXEMOM, MpeICTaBIeHHOM Ha (hOTO 6.



®oto 6. Cxema paciiajja rjiaHeTbl ®asToH C POXIOCHUCM I10ACA
aCTCpOUIOB.

Takue YCT poxaeHbl U3 OYE€Hb BHICOKOYACTOTHOTO AMAIa30-
Ha OMB — 100 — 500 M3B. ToJIbKO Tak MOXHO OOBSCHUTH
OOJIBITIOE KOJIMYECTBO aCTePOUIOB, KOMET, METEOPUTOB, KOPITYC-
KYJISIPHBIX YaCTHII M Ta30IbUIeBbIX TYMAaHHOCTEW B Haiel Bce-
JIEHHOM.

Takoii cueHapuid ¢ pOkKJAEHUEM AaTOMHO-MOJIEKYJISIPHOTO Be-
IIECTBA Ha MOBEPXHOCTH HEUTPOHHBIX 3BE3j, BKMoYass CoiH-
ue, npucyi b 4,9% poxpaomumxcss YCT u3 KOpOoTKOBOII-



HOBOro auarnazoHa DMB. Ocranbhbie 95,1% YCT poxaeHsl
U3 JUTMHHOBOJIIHOBOTO Auanazona DMB u He criocoOHBI K co3/ia-
HUIO KOPITYCKY/ISIPHOU (CTPYKTYPUPOBAHHOW) MaT€pUU OT HEU-
TPOHOB, AEUTPOHOB U BbIILIE, HO TPUHUMAIOT AKTUBHOE y4yacTue
B CO3JJaHMU KPYITHOMACIITAOHOU CTPYKTYphl Beenennoii B hop-
Me ["aJlakTHK, X CBEPCKOIUIEHUHN U «CTE€H» U BOMI.

Takum 00pa3om, MOCTyNaTeIbHOE ABMKEHHE TMEePBUYHON
9MEKTPOMArHUTHOW MaTepud MPUBOOUT €€ K MpeoOpa3oBa-
HUI0-U3MEHEHUIO MTyTEM BpALaTEIbHOIO JABUKEHUS B cheprye-
ckyo B ¢opme UCT, a sta nocnegHss, pacnajgasch, CO3AAET
I'PaBUTALIMOHHOE ITPOCTPAHCTBO, HEUTPAJIbHYIO MATEPHUIO — SAAPA
Y aTOMBI BEIlleCTBa, 00Pa3yIoIIMX 3BE3/IbI U I1aHeThl BO Beenen-
Hou. Ha 3aBepinaroiiiem starne ux 3BOMIOLMU IJIAHETHl pacriaia-
I0TCS ¢ 00pPa30BaHMEM TIOSICOB ACTEPOUIOB.

UYeMm BbI3BaHO NpupogHoe rpasuranuonHor noie YCT? Or-
BET: — HEIIPEMEHHOE 3aTyXaHWe 4YacTOThl BpALIEHUs (IIEPEXO[
B HEPABHOBECHBII PEXKMM) BbI3bIBAET y CUCTEMBI MTPOTUBOJECH-
cTBUE B (pOpME MOUCKA JOMOJHUTENBHON SHEPIUU 1Sl OJ/IEP-
’KaHUs1 PaBHOBECHS; TaKO€ MPOTUBOJECUCTBUE W3BECTHO — 3TO
Je3UHTerpaiusi COOCTBEHHOW MaTepuu MO OTHOMY M3 BO3MOX-
HBIX yTeH, €€ pacraj U MOCTENEHHbIN Nepexol] B pABHOBECHBIN
PEKUM C OPYTMMU ITapaMeTpaMu, HO C MOTEPSIMU ONPEHEIIEH-
HOW JIOJIM SHEPIUH; B IAHHOM CJIy4ae pacXOAyeTcsl 4acTh CTPOU-
TEJILHOTO MaTepuaJia BOJTHOBOJOB LIEHTPA C ONPEEIEHHOM [TH-
HOW BOJIHbI, aKTUBUPYETCS MOCIEAOBATEbHBIA MIOTOK MarHUT-
HBIX MOHOIOJIeW, KOTOPBIA ABMXKETCA MO c(pepruuecKuM CIu-



pasibHBIM BOJIHOBOJAM K noBepxHoct YCT, BbI3bIBasA 101 Ipa-
BUTAllMM Y CaMOBPALLIEHUE; ITOT MPOLECC MAET KBAHTOBAHHO
Y HETIPEPBIBHO 10 YKA3aHHOTO Ipeea.

3aMKHYTO-CBSI3aHHbIN runepBuxpod. ®opmyna: — ca-
MOBpAIIIEHUE, MEXaHUUYECKUI TUIEPBUXPOH, Mepe3apsjaka 4ve-
pe3 MEeKTPOMArHUTHBIN TMIIEPBUXPOH, POXKJIEHUE MOTOKA MUK-
POBUXPOHOB B BOJTHOBOJIAX, ABMKYIIMXCS K ToBepxHOCTH UCT,
YBEJIMYMBAIOIIMKACA 0 BEJIWYMHE T'PABUTALIMOHHBIM TMIIEPMO-
HOIIOJIb C €r0 BHEUIHUM IOJIEM, MPOU3BOJCTBO KOPITYCKYJISIP-
HOW (hOpMBI MaTepuu C OOpaTHBIM 3HAKOM T'PAaBUTAIIMOHHOW
9HEepruv MoKosi B BUJe HeUTpoHOB Ha noBepxHoctd UCT, uH-
JyKI1IMs 1eOpOiIeBCKOM 1TyObl, BRICOKOYACTOTHASI CMEHA BOJTHO-
BOJIOB U U3JTyueHHE 3€PEH-TIOTEHIIMAJIOB BO BHEIIIHEE POCTPaH-
CTBO C 00pa30BaHMEM MOIITHOTO LIEHTPATbHOTO IPaBUTAIIMOHHO-
ro 1oJisi, HapaboTKa KOJMYECTBa YacTHll, U3MEHEHHE YIJIa, I0-
CTENeHHbIN nepexof Ha 0oJiee HU3IIMEe YPOBHU SHEPTUH 1 YacTO-
Thl BPALLICHUSI.

Cambivu Onuskumu nipencrasurensmu takux saep YCT as-
JATCA S/ipa KBa3apoB (IJMHHOBOJIHOBBIM MAaT€pPUHCKUN (Po-
TOH) U HEUTPOHHBIX 3BE3/I-MYJIbCAPOB (KOPOTKOBOJIHOBBIN MaTe-
PUHCKMA (POTOH), Y KOTOPBIX OCh BPAIIEHUsI COBIAAAET C OCBIO
MaruutHoro aunosns. OcHoBHoe omimuue saep YCT yxe ce-
TAIIMXCS 3BE3/] OT CBEPXAPKUX KBA3apOB 3aKJIIOUAETCS B TOM,
9TO 3BE3[IHI CBETAT COOCTBEHHO HapaOOTAaHHBIM HATPETHIM Be-
LIIECTBOM, a KBa3apbl CBETAT UY2KMM BEIECTBOM, KOTOPOE MpU-



TArUBaeTCs (aKKpewLysi) U3 OKPY:KaloUIero ero NpocTpaHCTBa, ra-
JIAKTUK U 3BE3J.

Atmocdepa CBETSIIMXCS 3BE3]] HAXOAUTCS B CTa/IMA HAKOI-
JIEHWs] TACCUBHOW MAacChl (IIPUPOJIHBIN IPABUTALIMOHHBIM MOHO-
TOJIb TI0 3HAKY MPOTUBOINONOKEH 3apsaay anpa YCT), nponyk-
TOB paclaja sapa 3TOU 3BE3/bl, U IOITOMY ITPEJCTABIIAET HECO-
MHEHHBI UHTEPEC AJIs1 UCCIIEIOBAaHUI SBOJIOLMY APYTUX TUIIOB
3BE3/, YK€ HAXOAANIMXCS B CTaJMU KOPUYHEBBIX WM JKEIThIX
KapJIMKOB U T. 1. KonmnuecTBo HapaOOTAaHHOM IMaCCMBHON MacChl
SIIEPHO-aTOMHO-MOJIEKYJISIPHOTO BEIIIECTBAa MOKET OBITh OTIpee-
JIEHO 10 YIUIy Harpy3Ku MeX]ly OCbI0 BPAIlICHUsI BHEIIHUX CJIO-
€B 3BE3/Ibl U OCbI0 MATHUTHOTO JUIIOJS — OCBIO BpallleHUs sAApa
UCT, npenieccupyoniero ¢ OnpeaeaeéHHoN YaCTOTOM.

IIpoaykThl 3Heprum caMoBpamieHHsi. 3aMKHYTO-CBSI-
3aHHbIN runepBuxpoH. A1po YCT HEUTPOHHBIX U IPYTUX CBE-
TAmmxcs 38€37 (HarpuMep CoJHIE) UMEET CUIIbHOE 1aIbHOJEH-
CTBYIOIIlEe aKTMBHOE IIEHTPAIbHOE I'PAaBUTAIIMOHHOE TI0JIEe, 00Y-
CJIOBJIEHHOE BBICOKOH TIOTHOCTBIO 3€PEH-TIOTEHIINATIOB B 000-
JIOUKe TOJISl HaJl €€ TIOBEPXHOCTBIO U, KaK CIeNICTBHE, e€ OOJIb-
UMY pa3MepaMu, U OUYeHb OOJIBIIIUM I'PABUTALIMOHHBIM MTOTEH-
aIoM. TO TOJIe yAEPKUBAET OCHOBHYIO YacTh HApaOOTaHHO-
IO SIEPHOTO MaTepraja MACCUBHOM MACChI, B OyIyIlIeM U3 KOTO-
pOro poXIaeTcss ATOMHO-MOJIEKYJISIPHOE CTAaOMIIbHOE BEIIECTBO
3BE3/1, IJIAHET U MHEPTHAsA Macca acTepOUIOB.

MarnautHoe niosie YCT, B 0CHOBHOM, 00Opa30BaHO BBHICOKOYA-
crotHbIM BpamienreM Matepurn YCT Bokpyr coOCTBEHHOM OcH,



KOTOpOE TONSIpU3yeT COOCTBEHHYI0O MATepHi0 U POXKIAeT 3a-
MKHYTO-CBSI3aHHbI€ C SIIpOM TUIEPBUXPOHBL. A Tak Kak co0-
CTBEHHbII MArHUTHBII TUIIEPMOHOIIONb JIEKTPOMArHUTHOTO I'M-
NEPBUXPOHA BCEI/la POKAAET MPOTUBOIONOXHBIM, TO IEPUOAU-
YECKU NMPOUCXOAUT MHBEPCHUSA MOJIIOCOB MATHUTHOTO TOJS, PU
KOTOPOM MOHOIIOJb ITPEBPALIAETCA CHAaYajla B JUIOJb, a 3aTEM
CO3/1aI0TCS1 HA KOPOTKOE BpPEMsI IHBEPCUU B APYTYE MYJIbTUIIONA.

C yBeqMYeHUEM CTEeNEeHU pacnajia yMEHbIIAETCS pa3Mep 3TO-
ro aapa-YCT u yBennurBaeTcs Harpy3ka B BUJIe KOJIMYECTBA Ha-
pabOTaHHOW aTOMHO-MOJIEKYJISIPHOM «IIeHbI» Ha e€ mepudepun,
YMEHBIIIAETCS YaCTOTa BPALLEHMS, YBEIUUMBAETCS YTOI MEX]LY
YKa3aHHBIMU BbllIe OcsIMU. [l03TOMYy MarHuTHOE mosie umeer
TEHAEHIVIO K CHUKEHHIO aOCOJTIOTHOM BEJIMUMHBI CBOETO 3HAYe-
Hus. [Tone nonHocTeio nponagaet, koraa YCT npekpariiaer cBoé
COOCTBEHHOE BpallleHHe BOKPYT OCH, KaK 3TO, HaIpUMep, HaOJII0-
naercs y Jlynsl. [IoTOK MarHUTHBIX MOHOMOJIEN U3 LIEHTPA K TO-
BEPXHOCTH CO3/1a€T MAarHUTHBII MOMEHT, a CAMOBpAILIEHUE POXK-
Jaet MexaHnueckui MoMeHT sapa YCT — npu noctmxeHun pas-
HOBECHOI'O COCTOSIHUSI MarHUTOMEXaHUYECKOE OTHOIIIEHUE CTa-
HOBUTCSI TIOCTOSIHHOW BEJIMYMHOU ISl BCEX 3BE3] M AKTHBHBIX
IUIAaHET, TO OCHOBHOW 3aKOH MPUPOABI 151 BPALIAIOIIUXCS TEI.

Takum oOpazom, mpuodperéHHoe camoBpamienne UCT
BHE Haien BeeneHHoW, MojIepKuBaeMoe JIe3UHTErpalvent Imy-
TEM JBHMKEHUS] MUKPOBUXPOHOB 0 BHYTPEHHUM BOJIHOBOJAM
U3 LIEHTPa K MOBEPXHOCTH, a TAK:KEe BBUIETOM IOTOKA HEUTPO-
HOB, [TPOM3BOJUT CBSI3AHHBIA C HUM MeXaHMYeCKHUH rumep-



BHXPOH, B KOTOPOM Jijisi cOpoca SHEPruM MHAYKTUPYETCs el
Y JIEKTPOMATHUTHBIN rUNepPBUXPOH, MATHUTHBIN TUIIEPMO-
HOIIOJIb KOTOPOT'O YK€ CIOCOOEH peryaupoBaTh OallaHC MHAYK-
TUPOBAHHOM SHEPIMU NMYTEM MHBEPCUH MOJKOCOB. DTOT MPO-
LIECC HOCUT HEMPEPbIBHO-NIEPUOANUECKUI XapaKTep C U3TyYEHU-
€M MarHUTHBIX MaKpPOMOHOIIOJEH (cambie OOJIbIIHE CIIebl, KO-
TOpBIE 3aMETHbI BU3YaJIbHO B (pOpME «UEPHBIX MSATEH») MO K-
Baropy snpa. ['eHepalysa JONOIHUTEIBHOIO I'PABUTALIMOHHOIO
MOHOITOJISI B MEXaHUYECKOM TMIIEPBUXPOHE U SABJISIETCS NIPUYHU-
HOW W3MEHEHUs MEePUreNns miaHeTsl MepKypun, a Takxke Mpu-
YMHOW JBVDKEHUs IPYTUX TUIAHET 0 JIJIHICOUIHBIM Opou-
TaM. DTO MPOUCXOIUT, Korja Ha noBepxHocTu CoJHIIAa OYeHb
CWJIBHO YBEJIMUMBAETCS KOJIUUECTBO «YEPHBIX» ISITEH, T.€. B TOM
MaKCMMaJIbHOM aKTUBHOCTH CBETWIIA. VIMEHHO 3TOT 3apsij OTBET-
CTBEHEH 3a cMmellenue nepurenust Mepkypusi. B 1881 rogy /e
Jla Pro, Ctroapt 1 JIEBU 0OHAPY KM CBSA3b MAKCUMAJIBHOTO YHC-
Ja nAteH Ha CoJHIIe C MOMEHTaMU IPOXOXkieHUs1 MepKypus ue-
pe3 MEPUTENTHA.

B aape YCT kBa3apoB NpoOUCXOJAT CIEAYIONINUE TPOLIECCHI:

— w3 ueHtpa sapa YCT no BosHOBOAAM WJET MOTOK JIJIUH-
HOBOJIHOBBIX 3JIEKTPOMAarHUTHBIX KBAHTOB, KOTOPBIN JOCTUTHET
MOBEPXHOCTH JIUIIb Yepe3 HECKOJIBKO MIJLJTMAPAOB JIET,

— 3TOT MOTOK (POTOHOB (POPMUPYET BOKPYT siApa MOIIHOE U3-
MEHoLIEECs T0JI€ TATOTEHU S,

— 3710 YCT HUKOrja He pOXJIAEeT pacnagoM KOPITYCKYJISpHbIE
YaCTHULIbI TUTIA HEUTPOHOB,



— BpaIIaoIHecs siipa POkK/IAI0T MATHUTHOE U JIEKTPUYECKOe
nore,

— aapa atux YCT nexar B 1uanazoHe 10°- 108 CM, IT03TOMY,
o0Jsajiasi CaMbIM CHJIBHBIM TPABUTALIMOHHBIM TIOJIEM, OHH TIPH-
TATUBAIOT K CBOEU MOBEPXHOCTU C YCKOPEHUEM JII0OyI0 MaTe-
PMIO Y BEIECTBO C MPOTUBOMOJIOKHBIM 3HAKOM T'PAaBUTAIIMOH-
HOT'O 3aps/a, T.e. (POTOHBI, ME30HBI, SJIEKTPOHBI, AaTOMBI U ATOM-
HBIE S7Ipa, ra30mbUIeBble 00NaKa, 3BE3JIbl, TUIAHETHI, ACTEPOU-
JIbl, KOMETBI, U CTAHOBSITCS SIIPAMU TAJIAKTUK, — HAa TIOBEPXHO-
ctu 3tux YCT mpoucxomuT mpeBpallieHus 1 nepepadoTka 3a-
XBaUEHHOM MaTepuy M BEILECTBA MO THUILY POKAECHUS-UHTErpa-
IIUM MIOOHOB U JIEKTPOHOB B CHJIBHBIX MMOJISIX, WK CTOJIKHOBE-
HUI BCTPEUYHBIX MyYKOB Ha KOJUIaijiepax MOTOKOB YaCTHI], YCKO-
PAEMBIX CUJIbHBIM TI0JIEM TSTOTEHHM S, WU Ae3UHTErpaIliy Bellle-
CTBA U TOCJENYIONIEN MHTErpaluu CTPYKTYpPUPOBAHHOW Mate-
pUM B HOBBIX YCJIOBUSIX C TIOMOIIIBIO HOBBIX COOTBETCTBYIOLIUX
MAarHUTHBIX MOHOMOJIEH.

DJIeKTPONOTEHITUAIIbI, 00pa30BaBIIMECs OT ITUX CAMOJIBUXKY-
nMxcsi POTOHOB U TEOMETPU30BAHHO PA3MEILIEHHbIE HA TPEKax
(poTOHOB, «3amMep3al0T U KOHCEPBUPYIOTCSI» HA CBOMX BOJIHOBO-
Jax, a 3aTeM CBEPTHIBAIOTCA B cepruueckue Karymku. Hazan
OHHU BO3BpaIlaiTcs B Haily BeeneHHylo yxke B hopMe caMoBpa-
MIAIOIIUXCS YEPHBIX C(hePUUIECKUX Tell, IyTEM OOIIEero rpaBuTa-
IIMOHHOTO MPUTSI)KEHUS CBETSAIIEICS MaTepuell aTOMHO-MOJIe-
KYJISIPHOTO BelecTBa ['alakTHK M MX CBEPXCKOIUIEHUI B «CTe-
Hax» — €€ Bcero 0,4%. 9t YCT HecTaOWIBHBI U3-3a CHUJILHO-



ro BpalleHUsl M HAUMHAIOT paclagarhcs ¢ 00pa30BaHMEM HeW-
TPOHOB M M3JlydeHueM DMB, rpaBUTallMOHHOIO M MarHUTHOTO
nosnient. Itak, camonBrkeHre (pOTOHA MPU CKPYUYMBaHUU B ce-
PUYECKYIO KaTyIIKy MEPEXOIUT B CBOMCTBO €€ CaMOBPALIECHUS.
Pacniag npoucxomuT U1 NOQAEpAKaHUsl PAaBHOBECHOIO COCTOSI-
HUs BPALECHUS CUCTEMBI 3a CYET pacnaga BHYTPEHHEN SHEPIUn
MaTepry — 3aIycKaeTcsl 0OpaTHbI MEXaHU3M KBaHTOBAaHMS CO-
OTBETCTBYIOLIMX MarHUTHbIX MoHononen u3 nenrpa YCT napy-
Ky.

Takum 00pa3zom, U3 Tpeka (pOTOHA B HEBEIIECTBEHHOM ITPO-
CTPaHCTBE OKOHTYPHUBAETCS C TOMOILBIO 3€PEH-TIOTEHLINAJIOB JIH-
HEWHOE BELIECTBEHHOE ITPOCTPAHCTBO. 3aTeM UAET MPOLIECC CBO-
paunBaHusi B cepy — oObéMHOe mpocTpaHcTBO. [locne de-
'O MPOUCXOIUT (POPMHUPOBAHUE KOPITYCKY/ISIPHOU 3JIEMEHTAPHOU
MaTepHH BEILIECTBA B BU/I€ HEUTPOHOB (HEUTPOHHBIE 3BE3/1bI) ITy-
TéM pacniaga YCT unm nsnydyeHue JUIMHHOBOJHOBBIX (DOTOHOB.



1.3 3aMKHyTBIe MATHUTHBIE
MoHomnoJu. Poxkaenue
rpaBUJIEKTPOMATrHUTHBIX CTPYKTYP

PaGora >sHeprum MHKPOBHXPOHOB — KOHJ/eHCAIHs
ObIcTpOil SHeprun — odpa3zoBanust nap . [Ipu sHepruu Ha-
JIETAIOILETO Ha aTOM (POTOHA FaMMa-U3JIy4YeHHs BbILLIE [TOPOro-
Boil B 1022 K3B, ero BUXpeBOE 10JI€ BOJIHOBOJA U3 3EPEH-TIO0-
TEHLIMAJIOB B3aUMOJEUCTBYET C MOJIOKUTEIBHBIM TIOJIEM aTOM-
HOTO siipa. DTO BbI3BIBAET TOPMOKE€HHE CBOOOJHOTO MHUKPO-
BUXPOHA Y €T0 KOHJIEHCALIMIO B 3AMKHYTHIN, a ITPOLIECC CAMOIBH-
KE€HUSA MarHUTHOTO MOHOIOJISI NTPEeKpallaeTcss — UIET MpOLECcC
MHTErpalyy KJacTepa MaTepyuy C MacCOW U3 CaMOJBHIKYILEIOCS
MUKPOBUXPOHA B COCTOSIHUE SHEPTUU MOKOS B (hOpME rpaBUTa-
LIMOHHOTO 3aps/a.

[Tpu 3TOM IPOMCXOAUT €ro [EJIEHWE Ha JiIBa CaMOCTOSITEINb-
HBIX, HO 3aMKHYTBIX U TOKOSIIIIMXCSI BUXPOHOB, B (Da30BOM 00BbE-
Me KOTOPBIX YK€ POXKIAI0TCA I'PaBUTALIMOHHBIE MOHOIIOIN — HO-
CUTEJIM UHIYKTUPOBAaHHOU SHEPIUU B COCTOSIHUM OTHOCUTEIb-
Horo mnokosi. Ha ¢oto 7 nmpuBeneHa cxema JiefieHUsi CBOOOIHO-
I'O BUXPOHA TaKMX (DOTOHOB Ha JBA PA3HOMOJISIPHBIX MAarHUTHBIX
MOHOIIOJS (KpacHbIA M cUHUI). OOpaTHBIN 3TOMY IPOLIECC CUH-
Te3a CaMOZIBUKEHU A MaTePUU B (POTOHBI — COEUHEHU A EKTPO-
Ha ¥ IO3UTPOHA WJIM NIPOLIECC aHHUT UMM POTUBOIIOJIOKHBIX



I10 3HAKY MUKPOYaCTHUII.

®oto 7. Cxema poxkIeHUS Napbl JEKTPOH-TIO3UTPOH U3 (Po-
ToHa ¢ 3Hepruen cebiiie 1022 K3B, HaneTeBIIero B moje aToM-
HOT'O s1Ipa.

[Tpupona MexaHW3Ma 3TOrO SIBJIEHHUS 3aKJIOYaeTcs B clie-
aytomieM. Haxonsicb B jaBukeHMH B (pa3oBoM 00bEME
(ot 1/8 no 3/8 nepuona) poToHa, OCTATOK NEPBUYHOTO MArHUT-
HOT'0 MOHOIIOJIS1, Yepe3 MOCPEICTBO MPOTUBOAEHCTBYIOIIETO EMY
MEKTPUIECKOTO MOHOTIONS, YK€ BO3OYAMII paBHBIN €My U IpO-
TUBOIOJIOKHBIA — CUMMETPUYHBIA AUMofb. U, B 3TOT MOMEHT
MPOUCXOANUT TOPMOXKEHHE, KBAHTOBBIN MEPeX0] MATHUTHBIX MO-
HOMOJIEH, MOJSIpU3alys, pa3pelB U JiesieHne (ha3oBOro oobEmMa
MUKPOBUXPOHA.

DIeKTPUUYECKUI U MarHUTHBIA MOHOIIONU TOrO BUXPOHA U3-



MEHSIIOTCSI U3 COCTOSIHUM JIBUKEHHUSI OT CKOPOCTH CBETA IO CHU-
JKEHUSI CKOPOCTH CBETa U Mcue3aloT u3 (ha30Boro 00bEéMa, myTém
KBAaHTOBOI'O Mepexo/ia 3apsiia ABHKeHUs B 3apsi/] MOKOSI — UH-
Terpaius KJjacrepa rpaBUTallMOHHON Matepuu B (hOpMe I'paBU-
TaIlMOHHOI'O MOHOIIOJIS.

[Mo ananoruu ¢ nmpeosiojieHueM 3BYKOBOTO Oapbepa, Ipu KO-
TOPOM MPOUCXOAUT KOHJEHCAlUsl MaTepuu U3 aTOMHOM B KJla-
CTEepHYIO, TIPU MPEOJOTIeHNU CBETOBOr0 Oapbepa MPOUCXOIUT
KOHJIEHCAIIMsI MaTepuy 13 0€3MacCOBOM MarHUTHOM B O€3Macco-
BYIO I'PAaBUTALIMOHHYIO.

I pyrumu cioBamMu, TI000OMY COCTOSTHUIO MaTepUH JIOJI)KHO CO-
OTBETCTBOBATh MPOTUBOIIOJIOKHOE, T.€. 3apsij1 ABMKEHUs B (pop-
M€ MarHMTHOTO MOHOIIOJISI UMEET, KaK U BCE MUKPOYACTHIIbI aH-
TUYACTHUILY C 3apsA0M MOKOsI B (hOpPME rPaBUTALIMOHHOTO MOHO-
T0JIs1, T.€. TPOTUBOMNOJIOKHBIN 3apsiy JBUKEHUS SIBIISIETCS 3a-
pAa Mokosi. B MOMEHT TOpMOKeHU s TIOJISIpPU30BAHHbIE MArHUT-
HbIE MOHOIIOJIM YK€ HE MOTYT TaKke CBOOOIHO pa3psiKaThCs
Y MIPOAOJIKATh MPEABIAYIIMI TPOLECC 3aPSAAKHA MPOTUBOMONIOXK-
HOTO MOHOMOJISI, MOTOMY MPOUCXOIUT MPOTHUBOAECUCTBUE ITO-
My TIpolieccy, IOJ0OHOE JEUCTBUI0 BUXPEBOTO MOJIS eKTpryIe-
CKOTO 3apsila BUXPOHA TPU €ro paspsiie B CBOOOJHOM JIBHKE-
HUU. DTO MPOTUBOJCUCTBAE — KBAHTOBBIM MEPEXO]] JBUKYIIICH-
Cs1 CO CKOPOCTBIO CBETa SHEPruu B (popMe MarHUTHOIO MOHOIO-
Jisl B €€ TOKOSIIUKCS aHAJIOT, T.€. B SHEPrUI0 B COCTOSIHUU TIO-
KOs B (hopMe BUXPEBOTO MOJIsl T'PAaBUTAITMOHHOTO MOHOMOJIS B 3a-
MKHYTOM O0OBbEME HOBOW YaCTUIIBL. Tak pOKaaeTcs mapa JjeK-



TPOH-TIO3UTPOH, T.€. TPABUIEKTPOMATHUTHBIN JIATIOb.

Takum 06pa3om nepeHoc 3apsijia SHEPrUr CO CKOPOCTHIO CBe-
Ta B (pOpME 3IEMEHTApHOM 4YacTulied (DOTOH C IHEpPruer Bbl-
mie 1022 K3B B 3TOM mponecce 3aMeHsIeTCs 3apsAA0M SHEpruu
B COCTOSIHUU TMOKOsI B (DOpMe Napbl JIEMEHTAPHBIX YACTHIL JIEK-
TPOH-TIO3UTPOH. OOpaTHBINA MPOLIECC CHHTE3a IEKTPOHA C TIO3H-
TPOHOM CIOCOOCTBYET B3aMMHOMY YHMUTOXEHHUIO MPOTUBOIIO-
JIO)KHBIX TIO 3HAKy 3aMKHYTHIX BOJTHOBOIOB XOJIOTHOM Oe3mac-
COBOM ILJIa3MOIA, M1 BOCCTAaHABJIMBAET CAMOABIKEHHE TETIEPD YKe
CBOOOJIHBIX MOHOIIOJIEH U3 JIBYX 3aMKHYTHIX B COCTOSTHUM TTOKOSI,
OISATh BO3OOHOBJISAETCS MPOLECC Nepe3apsiIKi MarHUTHOTO MO-
HOIIOJIS1 B ITPOTUBOIIOIOKHBIM.

B omnyre ot HeyJI0BUMOTO MarHUTHOrO MOHOMOJISI FPaBUTA-
IIUOHHBIN MOHOIIOJIb, KaK U MIEKTPUUECKUN 3apsi]l HATIPSIKEHU S,
(bopmupyeT BClo BUIMMYIO U CYHIECTBYIOIIYIO YaCTh aTOMHO-MO-
JieKysisipHoro maccrusa Beenennoi (4,9%).

CocrosiHMe HEeNpPEepbIBHOIO BPAIlIEHMs] MArHUTHOIO MOHOIIO-
74 (TpaBUTALMOHHOIO MOHOIIOJISA) B KaKJAOM KOHKPETHOM 4a-
CTULIE C 3aMKHYTBHIM KOHTYPOM NpOsBiIsieTcsl B (popMe CITUHA.
Tak HeBUIMMas 3Heprus (POTOHA CTAHOBUTCS BUAMMOM, PErU-
CTPUPYEMOI1 IO BHELLTHUM IOJISIM JIEKTPOHA U MO3UTPOHA. DTOT
IPOLIECC MOKHO pacCMaTpUBaTh M KAaK JI€MEHTapHBIN aKT MH-
Terpalyy MaTepuy B COCTOSTHUE MOKOSI UJIM KOMITPECCUM JHEP-
TMU B COCTOSIHME MOKOSl. Bpemsi Takoro KBaHTOBOIO Iepexona
OTpe/IeNSIeTCs IEJIEHUEM JIMHBI BOJIHOBOAA JIEKTPOHA Ha CKO-

—2
POCTb CBETA M COCTaBJISIET BEJIMUMHY nopsaka 10 0 CEKYH/bI.



[Ipu 3TOM, OKOHYAHUE POKAECHUS TPABUTALIMOHHOTO MOHOIIO-
JIs1 COBIA/IAET C TIOJTHOM OCTAHOBKOM MarHUTHOTO MOHOIIOJISI TIO-
ciie TopmoxkeHusi. CBOOOIHO-TIOCTYATEIbHOE JIBUKEHUE BUXPO-
Ha CO CKOpPOCTBIO CBETa 3aMEHSETCs POXICHUEM [IByX IMOKOSI-
HIMXCS TPABUTAIIMIOHHBIX MOHOTIOJIEH.

Wrtak, cBOOOHOE cCaMOJIBUKEHHE OHOTO MAarHUTHOTO MOHO-
TOJIs1 B COCTaBE€ MUKPOBUXPOHA CO CKOPOCTBIO CBETA U C SHEPTU-
eit 6onee 1022 K3B npu TOpMOKEHUN TIEPEXOIUT B JIBA HE3aBU-
CUMBIX C(DepUYUECKUX 3apsi/ia TPaBUTALMOHHOIO MOHOIIONS B 3a-
MKHYTBIX 00bEMax 3JeKTPOHA U MO3UTpPOoHA. B maHHOM ciydae
UCTOYHUKAMHU TTPOU3BOJICTBA JIEMEHTAPHBIX I'PABUTAIIMOHHBIX
MOHOMOJIEN SBJISIETCS KBAHTOBBIMA IEPEXOJ] MArHUTHOTO MOHO-
NOJIsl IPU €r0 TOPMOXKEHUHM OT CBETOBOM CKOPOCTH JBUKEHMS
JI0 TIOJIHOW OCTaHOBKU. [ paBUTAIIMOHHBINA HOCUTENIb UHYKTUPO-
BaHHOU SHEPIUH B COCTOSIHUM OTHOCUTEILHOTO TIOKOSI CIIOCOOEH
IIPU CBOEH pa3psiIKe Ha PACCTOSIHUU YETBEPTH [IJIMHbI BOJTHbI MH-
JOYKTHPOBATH U 3apsiKaTh aHAJIOTMYHBINA UCUE3HYBIIIEMY MarHUT-
HBII MOHOTIOJTB, T.€. PETEHEPUPOBATH B 3AMKHYTOM OOBEME JIeK-
TPOHA Ha BpeMs1 BCETO JIUIIb B 102 ¢ anasnor NEPBUYHOIO Mar-
HUTHOTO MOHOMOJISI, HO C OTJIMYHBIMU OT MEPBUYHOIO CBOMCTBA-
MU — OH CIIOCOOEH TeTiephb TOIBKO 3apsKaThCs Pa3PsAKON I'PaBy-
TAIIMOHHOTO MOHOTOJS, T.€. TPOMU3BOIUTH HETIOJTHOE KBAaHTOBOE
npeoOpa3oBaHKe CBOEW SHEPTrUH UM CO3AaBaTh KAHOHUYECKHIA
BOJIHOBOJI C MOJTYLIEIbIM CITIMHOM MUKPOYACTUIIBI C MacCOIl.

JTa KaHOHNYECKAasl pPeakius SBJsIeTCs KII4éM 00b-
eIMHEeHUsI TeOpHil, COeUHSIONMNX BCEe TEOPHHU JeMeH-



TApPHBIX YACTHUI ¢ TEOPUSAMU I'PABUTAIUN.

Poxi€HHbIE TaKUM 00pa3oM 3JIeMEHTapHbIe T'PABUTAIIMOH-
HbIe MOHOIIONH, Pa3psIKasiCh yke B 3aMKHYTOM 00BbEME, CITOCO0-
HBl TOJIBKO 3apsiKaTb-pPEr€HEPUPOBAThH MOJISPU3OBAHHBIE OIHO-
VMEHHbBIE MAarHUTHbIE MOHOIIOJIM M Pa3BEPTHIBATD (MIPU pa3psiji-
K€) B 3TOM 3aMKHYTOM ITPOCTPAHCTBE UCTOPUIO CBOETO POKIAE-
HUS B 3€pHAX-TpaBIOTEHIIMAIAX. 3AMKHYTBIA U MYJIbCUPYIOLIUI
BOJIHOBOJI U3 3TUX 3€pEH B MPOCTPAHCTBE UHIYKTUPYET BHEIII-
Hee MEKTPUYECKOE U IPABUTALIMOHHOE T10JI€ MPOTUBOMOIOKHOE
M0 3HAKY aKTMBHOMY LIEHTPAJILHOMY IOJIIO TATOTEHUSI 3EMJIU.
A BpalleHre MarHMTHOTO MOHOIOJISI Ha 3apsiIKy MHAYKTUPY-
€T MarHUTHBI MOMEHT 3JIeKTpoHa. [Ipouecc nepuoguuecku mo-

BTOPSIETCA C BBICOKOM 4aCTOTOM MOPsiIKa 10%° Ty (mybcupyer),
HO Terepb yKe BMECTO JEKTPUYECKOr0 MOHOIIONS, C Y4acTH-
€M U Yepe3 MOCPEICTBO 3apsiIKU-Pa3psAAKUA T'PaBUTALIUOHHOTO
MoHonossi. Tenepb OCHOBHBIM HOCHTENEM KBaHTa UHIYKTHUPO-
BAHHOW SHEPIUU SIBJISICTCS TPABUTAIIMOHHBII MOHOIIONG. Tak 00-
pasyetcs craOuiibHasi OIHOMOJSIPHAsI KaHOHWYecKasi (hopma 3a-
MKHYTOH, HO MyJIbCUPYIOITIel BHEITHUM IT0JIEM, OOOJIOUKH JIEK-
TPOHA C MacCo, MEKTPUUECKUM 3apsIJOM, MATHUTHBIM MOMEH-
TOM M NOJNYLEJIBIM CIIMHOM h/2 — HenosiHasg KBAaHTOBAsl 3aBEP-
HMIEHHOCTh MPeo0pa30BaHUsI MAaTHUTHOU SHEPrUM.

B pesynbrare 3TOrO mpoiecca B 1ojie aTOMHOIO siipa ABa
MIPOTUBOIOIOKHBIX U MOJISPU3OBAHHBIX MATHUTHBIX MOHOIOJS
CO3/AI0T 3aMKHYThIe OOBEMBI IByX CAMBIX JIETKUX MEKTpHYe-
CKHU 3apsKEHHBIX CTaOWJIbHBIX M MPOTHUBOMOIOKHBIX MUKpPOYA-



CTUI1, 0OMAIAIONINX CAMON MUHUMAJIBHOW MAacCOW M TIOJTYTIEIbIM
CIIMHOM. DHEprusi MaTepuu B (popMe OJHOTO LIEJIOT0 MarHUTHO-
ro moHonoss ¢ sHepruent 1022 K3B, kak HOCUTeNsI KBaHTa UH-
JOYKTUPOBAHHOW SHEPIrMM U UCTOYHMKA CBOOOJHOTO JBHKEHUSI
CO CKOPOCTBIO CBETA JIEJIUTCS U NEPEXOIUT B SHEPTUIO IBYX APY-
rux B (popme 3apsiioB SHEPTUM B COCTOSIHUU TMOKOSI — TPaBUTa-
IIMOHHBIX MOHOMOel. Ternepb HOCUTENAMU WHAYKTUPOBAHHON
SHEpIuu SBJISAIOTCS IPABUTALIMOHHBIE MOHOIOIN. DTOT MPOLEece
NEPEXOIUT B MOCIIEJOBATEbHbIN MYJIbCUPYIOLIUI C TAKON YacTO-
TOM, YTO MPH IKCIIEPUMEHTAIBHON PErucTpaluy BHEITHUX TO-
niert anekTpoHa B cucteme CU n3mMepsIoT JIMIb BEJTMYMHBI JIEK-
TPUYECKOT'0 3apsa, 3apsijia MacChl, ClIMHA U aHOMAJIbHOIO Mar-
HUTHOTO MOMeHTa. Kak Oyner mokaszaHo Jasibilie, rpaBUTAIOH-
HBIII MOHOIIOJb CIIOCOOEH POXIAThCS HE TOJBKO TMPU KBAHTO-
BBIX TIEpEX0JaX MarHUTHOTO MOHOTIOJISI, HO MOXKET U CaMOCTOsI-
TEJIbHO MHAYKTUPOBAThCS TaKXke, KAK 1 MArHUTHBIA MOHOIOJb,
HO TOJIbKO HE U3MEHEHUEM 3JIEKTPUUYECKOTO MOJIsl, T.€. COCTOsI-
HUEM JBWXEHUS JIEKTPOHA B JEKTPUUYECKOM II0JIE, & U3MEHe-
HUEM COCTOSTHUSI JBUKEHHSI CUCTEMON MacC B IPaBUTAIIMIOHHOM
1oJie, HalpuMep, MEXaHUYECKHI yAap MO MOBEPXHOCTHU TBEPIO-
Io TeJa POKAAET 3BYK, & B3PbIB MOPOXKJAET MOLIHYIO MEXaHUYe-
CKYIO yIapHYIO BOJIHY. Mek/1y HUMU BCEr/ia CyIECTBYIOT B3aUM-
HblE KBAHTOBBIE TIEPEXO/Ibl, KaK, HAIIPUMED, B IEKTPOHE U T. JI.

Wtak, 3aMKHYTbIIl MHUKPOBHXPOH TIpaBUAJEKTpOMar-
HUTHOTO MOHONOJs1 (I'9MM) — 3T0 MyIbCUPYIOIIMI MArHUT-
HBIM ¥ TPABUTAIIIOHHBIM BUXPEBBIM BHELITHUM I0JIEM EPEMEH-



HBIA BBICOKOYACTOTHBIM 3apsiJi SHEpruu, ogHa u3 popm mare-
pUM, UMUTUPYIOLIUI C MOMOIIIBIO, UM CO3JJAHHBIX YETBEPTh-BOJ-
HOBOJIOB 3JIEKTPUYECKUM 3apsif, CIIMH, MACCy U MarHUTHBIN MO-
MeHT. OH SIBJISIeTCs] CHMHOOPA3YIOIIUM «CEepALIEM>» Y JIeMeHTap-
HBIX YaCTHI] U «MO3TOM» TBOPEHHS TOU UJIM MHOW MUK POYACTU-
b, T.€. JIEKTPOHA, MIOOHA WJIM ME30HA U T. 1. B TO ke BpeMs
CBOOOJIHBINI aTOMHBIN BUXPOH — 3TO 3apsijI-«KBaHT JIBUKEHHS»,
(puznueckuit cMpicn nocrossHHoM IlnaHka, poauTeneM KoTopo-
ro SIBJISIETCS] 0OIACTh U3MEHEHHM ST IEKTPUUYECKOTO TIOJISI B aTOMe
wi ero siyipa. CBOOOIHBINA BUXPOH, T.€. BUXPEBOW MarHUTHBIN
OUIONb B OTVIMYME OT MEKTPUYECKOrO JUIIONSA, HE CYIIECTBYeT
B COCTOSIHMU TOKOSI U HE UMEET MOCTOSIHHBIX MacChl U JIEKTPU-
YECKOro 3apsiia.

IIpn sTOM 3p(peKTUBHBIN pasmep cpepbl MArHUTHOI'O MOHO-
TOJIs] BUXPOHA MOXKET U3MEHSTHCS B IIMPOKUX Mpeesax v J0-
CTUraTh KaK MUHUMAJIbHBIX 3HAYEHUI Ha MHOT'O IECAATUYHBIX T10-
PAIKOB MEHbIIIe caMOi BO30YXIEHHON MUKPOUYACTHIIBI, €r0 13-
JIy4alolleH, TaK U JOCTUTaTh MAKCUMAJIbHBIX 3HAUYECHUU, 3a(pUK-
CUPOBaHHBIX B Xpomocdepe Ha noBepxHoct Connua. Hanpu-
MEp, MEKTPOH, Kak 3aMKHYTOe€, a MI03TOMY MHEPTHOE U CTa-
OUJIbHOE MUKPOIPOCTPAHCTBO C MACCOM, MEKTPUUECKUM 3apsi-
aom u crimHoM B CU, oGnamaer CTPYKTYPOM, BHEITHUM IIO-
JieM, BHYTPEHHUM 3apsijIoM SHEepruv, reoMeTpuueckoit ¢op-
MOW U JBOMHBIM MOCJe10BaTeJbLHBIM Pa3MepPOM B COCTO-
sSIHUM HCTOYHHK (cpepa-maccuBHOE COCTOSTHHE) M I0JIe
(4eTBEepPTH BOJHOBO/I JUCKPETHOr0 MPOCTPAHCTBA-NOJIE —



aKTHBHOE COCTOSIHHE), A TaK)Ke BHYTPEHHUMHU U BHEIIHUMU
(pmznuecknmu ceorctBamu. Pazmep ero ucrounuka (cgepbl) co-

CTaBJISIET BeJIMYMHY OKOJ10 10 20 om, Pa3mep ero ueTBepTh-BOII-
HOBOJI2 B MOMEHT pa3psiIKu UICTOYHUKA 3aBUCUT OT €r0 COCTOsI-
HUs 3HAUEHUS] BEJIMYUHBI 3apsiia SHepruu (CBOOOJHOE, CBS3AH-
HOE WJIM B ABM)KEHUM) U KojteOneTcs B npenenax ot 0,6 1o 1,2 x

10 1% em.

['maBHOe BHelIHee CBOKCTBO, IMPOSIBISEMOE 3allOPOrOBBIMU
3aMKHYTBIMH MUKPOBUXPOHAMU B NPUPOIE — ITO CO3JaHKE
JOJITOKUBYIIIUX «JIOMHUKOB» M3 CBEPXTEKyUUX MHUKPOBOJIHOBO-
JIOB U3 3E€pEH MEKTPO- U I'PABIOTEHIIMATIOB, U3 KOTOPBIX MO-
CTPOEH BECh aTOMHO-MOJIEKYJISIPHBIA MUP TUIAHET, 3BE3M U ra-
JIAKTHUK, a Takxe Bcs ¢iopa u dayHa Ha 3emiie. DneKTpomar-
HUTHBIE MUKPOBUXPOHBI — 3TO MYJIbCUPYIOIINE BUXPEBHIMU T10-
JISIMU TPUaJibl MOHOIIOJIEH, paHee HEM3BECTHbIE B HAYYHOM JIUTe-
parype, HO IMEHHO 3TU MEPBOYACTHUIIBI TyTEM CAaMOCTPYKTYpPHU-
POBaHMsI MOCTPOMII BECh MaTepHasibHBI MUp Haieil Beenen-
HOM B TeX hopMax, KOTOpbIE OTHOCTHIO COOTBETCTBOBAJIM YCIIO-
BUSIM UX MECTOHAXOXJEHUSI, T.€. OKOJIO SIep 3BE3/] U B MAHTUU
3emJii OJJHU YaCTHIIbl, 4 Ha €€ TIOBEPXHOCTH Te, KOTOphIE yXke
ornucanbl Tabnuieit Menaeneesa.

CnMH MHKpOYaCTUIIBl XapaKTEpU3yeTCsl COCTOSIHUEM MOJIs-
pU3aIMKY MAarHUTHOTO MOHOIIONSI B MUKPOYACTHIIE, T.€. €ro CIo-
COOHOCTBIO K TPOLIECCY Pa3psiIKU-3apsAKU UM TOJNBKO 3apsij-
Ke, T.. €ro CroCOOHOCTBIO K TMOJTHOMY WJIM HEMOJHOMY KBaH-
TOBOMY NMPEOOpPa30BAHUI0 WHIYKTUPOBAHHOTO KBAHTA SHEPIUU



OT 3HaKa IUIIOC K 3HaKy MUHYC JUIsl cOXpaHeHusi cpeaHed. Eciu
MarHUTHBI MOHOIIOJIb UHIYKTUPYET MPOTUBOMOJIOKHBIA Yepe3
MOCPEJCTBO JIEKTPUIECKOI0, TO MPOUCXOIUT MOJHOE MPeood-
pa3oBaHUE EKTPOMArHUTHOU (POPMBI MaTepUu MpU €€ KBaH-
TOBO-BOJTHOBOM IOCTYMNATEIbHOM CAMOJBUKEHUU CO CKOPOCTHIO
CB€Ta, U CIUH paBeH eauHule — (oToHbl. EciM mMarHuTHBIA
MOHOIIOJb TP TOPMOKEHUH JIEKTPUUYECKMM B CUJIBHOM IMOJIE
ATOMHOTO SIApa UHAYKTUPYET BMECTO MPOTUBOIOJIOKHOTO TOMb-
KO I'PABUTANMOHHBIA MOHOIIOJIb, KOTOPBIA pa3psikasiCh OISIThH
BO30YXK/IaeT aHAJIOTMYHBIM MarHUTHBIA MOHOTIOJb TOTO K€ 3Ha-
Ka, TO MPOUCXOIUT HETIOJTHOE MPeoOpa3oBaHue JIEKTPOMArHUT-
HOW 3Hepruu ¢ oopa3oBaHrEeM 3aMKHYTOI'0 KOHTYpa MUKpOYa-
CTHIIBI ¥ 6e3 e€ MOCTYIaTeIbHOTO JIBVKCHHUSI, U CIIMH TaKOW yXke
3aMKHYTOM YaCTHULIbl PABEH MOJIOBUHE NOCTOAHHOM [ 11aHKa — 310
JIEKTPOH, MIOOH WJIM SIIEPHBbIE YaCTHIIbl, BXOJSIIUE B COCTaB
SIIEPHBIX 000JIOYEK.

IIpoaykTamu npou3BoACTBA MUKPOBUXPOHOB SIBJISIFOT-
cs:

— BECh CIEKTP IEKTPOMATHUTHBIX BOJIH, B KOTOPBIX SHEPrUsl
COCpeIoTOYeHa B TIepeMEHHOM MAarHUTHOM 3apsijie, KojaeOaHus
KOTOPOT'0 IPOUCXOST B OTKPHITOM KOHTYPE, CIIMH IpoLiecca pa-
BEH OJIHOM LeJION eIMHMIIE TTOCTOSIHHOM [1imanka,

— BECb CIIEKTP OJHOKOHTYPHBIX JIEKTPUUYECKU 3aPsKEHHBIX
3JIEMEHTAPHBIX YACTHUIL C MACCOU-3Hepeuell ¥ TIOMYUEIbIM CIH-
HOM, SHEPrHUsl B KOTOPBIX COCPEOTOUYEHA TAKKE B T'PAaBUTAIIMOH-
HBIX 3apsAAax ¢ 3aMKHYTBIM KOHTYPOM,



— BECb CIIEKTP COCTABHBIX JIEMEHTAPHBIX YaCTHUI] C MACCOH,
MEKTPUUECKUM 3aPSIOM U CYMMAapHbIM CIOMHOM, B KOTOPBIX
9HEprusi COCpeIoTOUeHA B IEPEMEHHBIX TPABUTAIIMOHHBIX 3apsi-
Jax, KojeOaHusi KOTOPbIX MPOUCXOIAT B 3aMKHYTBIX KOHTYpax,
OTPaHMYEHHBIX COOTBETCTBYIOIIIMMU BOJIHOBOJAAMMU.

[Ipr 3TOM MarHUTHBII MOHOIOJIL MUKPOBUXPOHA SIBJISIETCS
OCHOBHBIM UCTOUHUKOM ITPOU3BOJICTBA STUX YACTUII, HOCUTEJIEM
Y HWCTOYHMKOM BEYHOU 3HEPIUM OTHOCUTEIBHOTO YKAa3aHHbIX
npoueccoB. M kak 3apsn IBUKEHUSI U U3MEHEHUs1 (POpM MaTe-
UM, OH CO3AAET CIUH MUKPOYACTHII, UX BUPTYAILHBIN IEKTPU-
YeCKHIA 3aps/] ¥ 3apsiji MacChl IyTeM U3JTy4YeHUsI OOHOBJISIEMBIX
3aMKHYTBIX KOHTYPOB U3 JIEKTPUYECKUX U IPABUTALIMOHHBIX 3€-
peH-noteHIManoB. OH Tak:xe orpeensieT OTKPBITHIN Ui 3a-
MKHYTBII KojieOaresbHblld KOHTYp popmbl. [loaTtomy Ha moj-
HOM OCHOBaHMH €ro MOKHO Ha3BaTh CTPOUTENEM-POAUTEIIEM, 3a-
PS/I0M SHEPruM IBUKEHUSI U U3MEHEHHS (POPM MaTepuu.

Ipyroii HeMaJOBa)KHOM XapaKTePUCTUKOW BUXPOHA SIBJISIET-
Csl BEJIMYMHA TJIOTHOCTH 3arOJIHEHUs] 3€pHAMU-TIOTEHIMAIaMU
crnvpajell BOTHOBOJOB, KOHEYHOTO BPEMEHU M3JTy4YeHHsI U pa3-
Mep 00J1aCTH U3TyYeHHsI €ro MOPOIUBIIMMU, CBSI3aHHbIE C YHEP-
rMey, 4acTOTOW ClUpasiel, MU YacTOTOM My/IbCallMil TPOTUBO-
MOJIO)KHBIX MarHUTHBIX MOHOMOJIE — MArHUTHBIX MOHOIIOJIEH.
CKkopoCTb U3MEHEHH sl IEPBUYHOTO TOJIS1 BJIUSET JIUIIH HA 4aCTO-
Ty 3T0ro BUuXxpoHa. Crja Toka U BeJIMYMHa HallPsDKEHUS TIpY Ta-
KOM U3MEHEHUH T0J151 CTAHOBSITCS PEelIAoIIMMU B CO3[JaHUU Beca
«TSKECTU» MarHUTHBIX MOHOINOJIEN — IJIOTHOCTU 3€PEH-NIOTEH-



IMAJIOB HA €JUHMIlY MOBEPXHOCTH BOJIHOBOAOB. B ciyuae ¢o-
TOHOB, IPOUCXO/IUT Pa30BOE IPOU3BOACTBO U (PUKCAlMs ONOP-
HBIX 3JIEKTPONOTEHINATIOB Ha OTKPBHITHIX U OECKOHEYHO JITUH-
HBIX BOJIHOBOZIaX B KOCMUYECKOM IIPOCTPAHCTBE.

3aMKHYTble MUKPOBUXPOHBI CTPOSIT CTPYKTYpPbl (Da30BbIX
00BEMOB CTaOMJIBHBIX ATOMOB M ATOMHBIX SIIEp XUMHUYECKUX
9JIEMEHTOB, JIEKTPOHOB U JIPYTUX KOPOTKO M JOJITOKUBYILUX
U CBOOOJHBIX 3/EeMEHTapHbIX 4YacTull. OJHUM CJIOBOM MHK-
POBHXPOHBI — 3TO NEPBOYACTHIIBI BCETO MaTEpPUATIBbHOIO MU-
pa Bcenennoit. Ilpn MK-uactorax, korma B ¢a3oBoM 00bEME
BUXPOHA MOSIBJISIETCS] OOJIBIIOE KOJMYECTBO HEUTpPAJIbHBIX aTo-
MOB WJIM HMOHOB, MX 3HEpPrusi CrocOOHa M3MEHSTh JIOKAJIbHO
TeMIlepaTypy 3TOro o0bEéMa WM MPeoOpa3OBBIBATh MOCIECTHIES
(TpancmyTtanua niam LENR) ipu ycioBun 10cTaTouHOM MJIOTHO-
CTU MOTEHIIMAJIOB HA €IMHUILY JUIMHBI BOJTHOBO/IA.

IIpoTHBONONOXKHBIE 10 3HAKY MarHUTHbIE MOHOMOJIU HU-
KOIZla HE COEeMHSIIOTCS BMECTe, OHM BCErAa pa3fie/ieHbl B MPo-
CTPaHCTBE YETBEPThIO JUIMHBI BOJHBL. X Bcerga B BUKEHUU
pasesisieT pa3opBaHHasl CIIUPaJIb MEKTPONOTEHIMAIOB U ABU-
KYLIUICS SIEKTPUYECKMII MOHOMNONb HE3aBUCUMO OT BEJIUYU-
Hbl MarHUTHBIX MOHononen (¢poro §). Ecnu cmorpers cHapy-
K1 (pazoBoro oObEMa (POTOHA HA HEro, TO OH COBEPIIAET MO-
CTymnaTebHO-BpalllaTeIbHOe ABUKEHHE MO CIIMPAJIU C NEPEMEH-
HBIM pajnycoM. MTOroBBIM pe3ysibTaToM 3TOro mpoiiecca Oy-
JET pa3MelleHUE MOJIOKUTEIbHBIX WM OTPULIATENIbHBIX JIEK-
TPUYECKUX MOTEHUMAJIOB Ha IIHYPE BOJIHOBOJIOB, PACIOIOKEH-



HBIX Ha MOBEPXHOCTH YEPEAYIOIIMXCS BBITAHYTHIX WM CILTIO-
LICHHBIX c(pep Ha Tpeke ABMKEHHUSA (POTOHA, KAK ITO MOKA3AHO
Ha ¢oto 4.

Ha ¢oro 8 npencrapneHa cxema TUHAMHMKHM CO3/1aHUS CBO-
OOIHBIM BUXPOHOM CIIMPAJIU JIEKTPOINOTEHIIMAIOB BOJTHOBOA
Y [IEPEMEHHBIX BUXPEBBIX MArHUTHBIX MOJIEN (pOTOHA B (pa30BOM
00béMe (ronyOasi cpepa) Ha MOJIBOJTHBL.
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®oto 8. M3MeHeHUsT MarHUTHOTO Mo B (ha30BOM 00BEME
TMIOJIBOJTHBI

B ¢azoBoM 00bEME Ha MOJIBOHBI MTPU CAMOABUKEHUM Mar-
HUTHOTO MOHOINOJISI HEMPEPHIBHO MPOUCXOJUT W3MEHEHUE Mar-
HUTHOTO MOJISI OT MOHOIOJIBHOTO (CJIeBa) OJHOIO 3HaKa 4epe3
JMIIONBHOE (ITOCPEIMHE) K JPYroMy MOHOIIOJILBHOMY (CIpaBa),
HO Jipyroro 3Haka. Ha ¢oto 8 cpenHsis mo3uims JeMOHCTPUpPY-
€T MTHOBEHHOE COCTOSIHUE CUMMETPUYHOTO JUMOJs (PO30BBIN
JBYXIOJIIOCHBII TOPOU/L) MPH MOJOKEHUU 1/8 nepBUYHOIO MO-



HOJISI OT Havaia (pa3oBOro o0ObEMa, a BTOPUYHOTO MOHOIIONS
Ha COOTBETCTBYIOIIEM PacCTOsIHMM B 3/8 AyivHbI BOJIHBL. Bo Bcex
JPYTUX MOJIOKEHUSIX MOJIE MEX /Ty MOHOIOMSIMU Oy/IeT aCUMMET-
PUYHBIM TUIONEM. A B MOMEHT MOAXOJa NEPBUYHOIO MOHOIIO-
JISl K Y€TBEPTH JJIMHBI BOJIHBI BHEIITHEe MarHUTHOE Tojie OyneT
LEJIMKOM OIPENESATCS TOJIEM MOTHOCTHIO 3aPsIKEHHOTO MPOTH-
BOITIOJIO)KHOTO MOHONOJS. [71aBHOW OCOOEHHOCTBIO B3aMMOJICH-
CTBHS [IByX INPOTUBOIOJIOKHBIX MOHOIIONIEU SIBJISIETCS TO, YTO
OHM HUKOT/IA He COMMKAIOTCS HA PACCTOSIHAE MEHbITIee YeTBePTU
JUIMHBI BOJIHBI, 2 TPOCTPAHCTBO MEXTy JIByMsI MOJIIOCAMU, TTIOMe-
YEHHOE PO30BBIM TOPOUJIOM, HE COIEPKUT OCEBOrO MarHUTHOTO
nosis. B 3ToM npocTpaHcTBe NpUCYTCTBYET JIMIIL HAYAJIO HEJI0-
CTPOEHHOI BTOPUYHBIM MOHOIIOJIEM CITUPAJIM BOJIHOBOAA JIEK-
TPOTIOTEHITUAJIOB TIPOTUBOIIOJIOKHOTO 3HAKAa. AKTUBHBI OOBEM
BUXPOHa pa3MepoOM B YETBEpPTh JIJIMHBI BOJHBI BCErJa COMEp-
’KUT NEPBUYHBINA Pa3PSLKAIOLINICS MOHOIMOJb, IPOTUBOIENCTBY-
IOLIUI 9TOMY IPOLIECCY MEKTPUUYECKUI MOHOMOJb, UM MHAYK-
TUPOBAHHBIM BTOPUYHBIMA MArHUTHBIM MOHOIOJIb M YacTh CIIH-
paJii BOJIHOBOJIA, YCTAHOBJICHHOM YK€ BTOPUYHBIM MOHOIIOJIEM,
KaK 3TO JIEMOHCTpUpYyeTcs KaapoM (poTo 9) CMUMMETPUUYHOrO CO-
CTOSIHUSI MATHUTHOTO unosisi B xpoMmocdepe ComnHiia.



®oto 9. MarnutHbiid aunois B Xxpomocdepe CoHiia

[Ipu nepexosie Ha BTOPYIO YacTh MOJBOJHBI BUXPOH CMEHSIET
ceOs1 Ha 3epKaJIbHbIA, [IPU 3TOM MEPBUYHBIA MATHUTHBIA MOHO-
TI0JTb MCYE3aET, a BO3POAMBIIMICS BTOPOI MPOJOIKAET JBUKE-
HHME M NOBTOPSIET CO3/1aHME BOJHOBOJA CaMOBMXKYLIErocs: ¢o-
TOHA C IEKTPONOTEHIUAJIAMH, HO IIPOTUBOMOIOKHOM MOJISIPHO-
CTH.

PaccMmoTpeHHOe IBUkeHre 1 U3MEHEeHUe BUXPEBbIX K TPU-
YEeCKOTr0 ¥ MarHUTHOTO TOJIel B CBOOOTHOM BHXPOHE Ha OTHOM
JUIMHE BOJIHBI HOCUT 3aKOHYEHHBIH MOJIHBIN KBAHTOBBIN MEPEX0/]
9MEKTPOMArHUTHOW MaTepru B BOJITHOBOM MPOLIECCE TIPU COXpa-



HEHUU CpeJIHEN SHEPruH, YTO U orpejesseT crvH potoHa. B 1u-
HaMUKe, TI0 Mepe MPOJIBUKEHUsI BUXPOHA MO BOJIHOBOAY (poTo-
Ha, B IPOCTPAHCTBE OCTAIOTCSI JIUILIb COOTBETCTBYIOIINE IEKTPO-
MIOTEHIUAJIBI, T.€. «CKeJeT» BoIHOBOA. [IpoTekTopHOE MarHuT-
HOE I10JIe MOXET BO3HUKHYTh B TOUKE JIMIIIb B CIIydae M3MeHe-
HUsI TEOMETPU3ALIMYU WM BEJIMUMHBI ITUX JIEKTPONOTEHIIMATIOB
B ITPOCTPAHCTBE.

PoxieHreM CTojb YCTOMUMBBIX KOJIeOATENbHbIX COCTOSIHUM,
KaKMMU SIBJISIIOTCSI BUXPOHBI, IpUpo/ia 00s13aHa B3aMMHON 00111~
HOCTH U pa3Huie B GOPMUPOBAHUN CTALMOHAPHBIX U BUX-
PeBBIX IEKTPUUYECKUX M MATHUTHBHIX TOJIeld B MPOCTPAHCTBE.
[ToctosiHHbIE CBOOOAHBIE JIEMEHTApHbIE JIEKTPUUECKUE 3apsi-
JIbl, HATIpUMeEP, B (hOpMe JIEKTPOHOB, 110 CBOMCTBAM CUJILHO OT-
JIMYAIOTCS. OT CBOOOJHBIX JIEMEHTAPHBIX MYJILCUPYIONINX Mar-
HUTHBIX U3 MOHOTIOJIS B TUTIOJTb 3aPsII0B, 00pa3yomux (a3oBbii
00bEM (POTOHA, U TIPEXK]IE BCEro TEM, YTO OHU MOTYT CYIIIECTBO-
BaTh TOJIbKO B JIBUKEHUM CO CKOPOCTHIO CBeTa. BuxpeBbie mar-
HUTHBIE TI0JI51 BCEr/1a BO3HUKAIOT C U3MEHEHUEM JIeKTPUUYECKUX
noJiel ¥ He CYIIECTBYIOT B COCTOSIHUM TOKOsI, a JIMIIb B COCTO-
SIHUM 3apsiIKU-pa3psaKy (MHTEerpaluu-ae3uHTerpalm) — Bpa-
IaTeJIbHO-TIOCTYTATEIbHOTO U CITUPAJIbHO-PANATIBHOTO JIBHIKE-
HUSI CO CKOPOCTBIO CBeTa. B oTinume OT BUXPEBBIX, UHAYKIIU-
OHHBbIE MAarHUTHBIE TOJISI, TIOPOXKIAEMBbIE NEKTPUUSCKUMH Ka-
TYIIKaMU-COJIEHOMIAMH, CIIOCOOHBI JIUIIb CO3J]aBaTh MEPEMeH-
HbIE TTOJI51 IEKTPOMOHOIIONEN BUXPOHOB. BuxpeBbie anekTpude-
CKHe TOJSI U3 EKTPONOTEHIIUATIOB TaKKe OTIUYAIOTCS OT TO-



JIell CTalJMOHAPHBIX MCTOUYHUKOB. DJIEKTPUYECKUE MOTEHIIUAIbI
Ha CIIMPAJIbHBIX BOJHOBOJAX CYHIECTBYIOT B COCTOSIHMM IOKOS,
YTO MPUBOJAUT K BUXPEBBIM TOKaM PyKO B CIUIOIIHBIX TBEPABIX
cpenax, riae UMelTcsl CBOOOIHbIE 3apsiibl. MarHUTHbIE TOTEHIIU-
aJIbl MOTYT CYILLIECTBOBATH TOJIBKO B IBUKEHUH CO CBEPXCBETOBOM
CKOPOCTBIO, B COCTOSIHUM ITOKOS OHU He cyniecTByIoT. [losrtomy
B [IpUPOJIE Ha 3emIe CYLIECTBYIOT Macca v JIEKTPUIECKUN 3apsi]L
C MOCTOSIHHBIMM 3HAYEHUSMM 3HAKa U €T0 BEJIMYMHBI, U HE CY-
IIECTBYET MAarHUTHBIA MOHOIIONb C IOCTOSIHHBIM 3HAKOM M Be-
JmurHOU. [loTeHIManbHO OHYM BCEra MOTyT BOZHUKHYTh OKOJIO
BOJIHOBOJIOB U3 2JIEKTPONIOTEHIMAIIOB B CI1Iy4ae reOMETPUUYECKO-
IO CMEIEHUS UX OTHOCUTENIBHO JPYyT Apyra, WU IpU U3MEHe-
HUM 3HAYEHUH 3eKTpruyecKkoro nous. Kpome toro, anekrporio-
TEHLMAJIbl U TPABIIOTEHIMAIIBI-3EPHA HA BOJIHOBOZAX SBJIAIOTCS
OIOPOM (COOTBETCTBYIOIINN 3(PUP) ABMKEHNU A BUXPOHOB, CTPOU-
TeJIbHOIM MaTepuabHON 0a30i 00pa30BaHKs KOHTYPOB 2JIEMEH-
TApHBIX YACTUL], MOJIEKYJI, TBEPAOrO BEILECTBA U T. [I.

WTtak, MarHUTHBII MOHOMIONIb B CBOOOTHOM BHXPOHE BCEra
JBUKETCS BPAIlaTeJIbHO U MOCTYIATEIBHO CO CKOPOCTBIO CBETA
Y BCErJa COBEPLIAET Mepe3apsAAaKy Ha IPOTUBOIOJIOKHBIM, IM0-
3TOMY 3apETMCTPUPOBATh €r0 HE MPEICTaBIIAETCS BOZMOKHBIM.
Ero mapameTpsl ¥ CBOMCTBA TPAKTUYECKN TIOJTHOCTBIO UCKTI0YA-
0T POIIECC MPSMOTO JETEKTUPOBAHMUSI ITOM IEPEMEHHOMN YacTu-
bl — HA YETBEPTH AJIMHBI BOJHBI OH PACCEUBAETCS B IyYHOCTH
BOJIHOBOJIA [0 HYJIsA, B JIOKAJIM3allMK Y3714 BOJIHOBOJA IBUKETCS
BpaILaTEIbHO CO CKOPOCTHIO BBIIIE CKOPOCTH CBETA, 3aTEM MEHS-



€T 3HaK Ha IMPOTUBOIIOJIOKHBIN U T. JI. MOXXHO CKazarh, 4To B (ha-
30BOM 00BEME BUXPOHA MEXK/IY ABYMs y3JIaMHU HA TIOJIBOJIHE CY-
IIECTBYET NepeMeHHast JUIMOJIbHAS MArHUTHAS YaCTULIA, HO TOJIb-
KO y KOTOPOU BECh 3apsi/i C OJHUM 3HAKOM IIEPETEKAET B APYIOu
C MPOTUBOIOJIOKHBIM 3HAKOM 4epe3 MOCPEICTBO NEPEMEHHOIO
IEKTPUUECKOrO0 MOHONONA. B 3TOM Cilydae paccTossHHe MEX-
Ay TieHTpamMu?® 000MX 3apsiIoB BCerya COOTBETCTBYET MOJIOBHU-
He JUIMHBI BOJHBI. B y371ax 31010 BUXpoHa Beerjaa OyJeTr Haxo-
JUTCS TOJIBKO OJVH IMOJTHO3APSKEHHbIM MAarHUTHBI MOHOIIOJb
C OJIHAM 3HAKOM.

CoBeplIlIeHHO B JPYroM COCTOSIHUM MarHMTHBIA MOHOIOJIb
(cocTOsAHMM TOJIAPU3ALMY, C OJIHUM 3HAKOM 3apsja, HO Iepe-
MEHHOTO 3HAY€HU sl BEJIMUMHBI 3aps/a) HAXOAUTCH B 3AMKHYTOM
BUXPOHE JIEKTPOHA. 31€Ch OH BCErla JBUKETCS TOJIBKO HA 3a-
PAZIKY U IOCTUTAET €€ MPeIeJIbHOM BEJIMUMHBI B y3J1€, Ie AeIaeT
KBAHTOBBIN NIEPEXO]] B COCTOSIHUE IMOKOS (CBOMCTBEHHO TOJIBKO
115l BAXPEBBIX 3aps/I0B), T.€. B IPABUTALIMOHHbII MOHOIOJb, KO-
TOPBIN IOITOMY U SBJISIETCA 110 CTPYKTYPE ¥ CBOVMCTBAM €TI0 MOJ-
HOM KOIUEW, HO B COCTOSIHUM TMOKOS1 — QHTUIIOJ 3apsijia SHEPIUn
MaTepUy MarHUTHOro MoHonous. CieJoBaTeNnbHO 3JIEKTPOH —
3TO U JIETEKTOP 3aMKHYTOIO COCTOSIHMSI BUXPOHA JIMILIb C OHUM
HOJISIPHBIM MarHUTHBIM M OJIHUM TPABUTALIMOHHBIM 3apSIIOM.
COOTBETCTBEHHO M MO3BOJIMTEIBHOE ABMKEHHUE (POTOHA TOJIBKO
0e3bIHEpPIIMOHHOE, A Y JIEKTPOHA — KUHETH4ecKoe. JIBrxKyIyecs
JIEKTPOHBI OYEHB JIETKO PETMCTPUPYIOTCA U UIEHTU(PULIMPYIOT-

3TOMY MOMEHTY NEPBHYHbIH MOHOIIOJb yXKe HCUE3.



Cs1 COOTBETCTBYIOLIUMU JIETEKTOPAMU SIIEPHBIX U aTOMHBIX W3-
JIy4YEHUH. DJIEKTPUUECKUM 3apsi]] EKTPOHA CYUTAETCS MOCTOSI-
HbIM B cucteme CU u Bceraa sBisieTcs MPOU3BOAHBIM OT Mar-
HUTHOTO BCErja MO BEJWYMHE MEPEMEHHOTO MOHOIIONS, KOTO-
PbIi1 IIPU €70 MTPOU3BOACTBE POKIAET EIIE Y TEOMETPUUECKHU ITPO-
CTPAHCTBEHHYIO CTPYKTYpY, C IIOMOLIBI0 KOTOPOU MpUpOJa ca-
MOOpPTaHU3aIMM CKOHCTPYMPOBaJia aTOMbI Tabnuibl MeHpenee-
Ba.

MarHuTHBIIA MOHOMOJIb TAK)KE HEYJIOBUM U TAMHCTBEHEH, KaK
VCTOPUYECKMI MHOTOBEKOBOM M IMPOTHUBOpeurBbIN 3up. On-
HaKo, eciii 3(pUp MOJIEN TATOTEHMS, JEKTPOCTATUKU U MarHe-
TU3Ma (PU3MUECKU MPOSIBIISAET ceOsl Yepe3 COOTBETCTBYIOIIUE 3a-
koHbl HelotoHa, Kynona u buo-Casapa, 10 3aperucrpupoBarb
Y MICHTH(PHUIIIPOBATH peasbHbII MArHUTHBIA MOHOTIONb BOOOIIE
Hesb3s. CI0KHOCTh OOHApYKEHUsI MAarHUTHBIX MOHOIIONEH, Kak
6€3MacCOBBIX BUXPEBBIX MYJbCUPYIOIIUX CO CKOPOCTHIO OOJbIIIEe
CKOPOCTH CBeTa ToJieH, U AeHTU(UKAIMSA UX CBOMCTB MAacKHU-
pyeTCsl CBOMCTBAMU TEX IEMEHTAPHBIX YaCTUL WIX 3aPsI0BbIX
ra30BbIX KJIACTEPOB, (Pa30Bble O0bEMBI KOTOPBIX OHU CTPOSIT WK
peoOpasyoT, CBEPXTEKYUYMM 00pa3oM JABUKYTCS B HUX IO BOJI-
HOBOJIaM U OOHOBJISIIOT MIX, TOJJIEPXKUBAIOT U KUBYT TaM JIOCTA-
TOYHO JIOJITO.

Jlpyrast CIOXHOCTb 3aKJIIOYAETCSl HE TOJBKO B TOM, YTO
BCE JIEMEHTAPHBIE YacTULbl (KPOME HEUTPUHO) COAEPKAT 3TU
BUXPOHBI, a B TOM, YTO OHH HE Jal0T OOHAPYKUBaTh ceOsI B COO-
CTBEHHOM BHJIE 32 TO BPEMs, KOTOPOE COBPEMEHHBIE IETEKTOPBI



CIOCOOHBI PErUCTPUPOBATH CaMble KOPOTKOKUBYIIUE 3JIEMEH-
TapHble yacTulpl. [IoaTOMy OHM cO31a10T TE (POPMBI «TOMHUKOB»
WJIM ClieUM(PUYECKUX KIaCTEPOB, KOTOPBIE U PETUCTPUPYIOT YKE
B BUJIE TEX WJIM UHBIX 3aPAHEE U3BECTHBIX MUKPOYACTUII, IKTO-
HOB [".A.Mecsua, 3apsanoBbix kiacrepoB K. Hloynaepca, mias-
monga A. B. BadaeBa mim ero skBUBajieHTAa KaBUTALIMOHHBIX
«I1y3bIpbKOB» KitagoBa A. ®., a Takke 11apOBOM MOJIHUU.
Mo:xHO 3aperucTpupoBaTh JuIib BUXpoHbL. CyTh criocoda 3a-
KJIIOUAETCS B TOM, YTO MAarHUTHBII MOHOIIOJb — 3TO JIMIIb OfIHA
COCTaBHAs YacTh CBOOOIHOTO WJIM 3aMKHYTOTO BUXPOHA, B KOTO-
POM CYILECTBYET €HIE M €r0 HEOThEMJIEMBIE JPyrue yactu. Tak
NP pa3psijike CBOOOJHOr0 BUXPOHA BCETr/]a BOZHUKAET JIeKTPH-
YECKMII MOHOMOJIb U BOJTHOBO[, U3 JIEKTPONOTEHIIMATIOB, a MpU
€ro 3apsIKe B 3aMKHYTOM BUXPOHE — BMECTO JIEKTPUUYECKOTO
VMHAYKTUPYETCS] TPaBUTALIMOHHBIA MOHOMOJb U JIBa BOJTHOBO/A.
OnvH BOJHOBOJ U3 3JIEKTPONOTEHLIMATIOB — 3TO MYJIbCUPYIOLLEe
BHEIIIHEE T10JIe BOJTHOBOJA, UMUTUPYIOILLIETO JIEKTPUUYECKUN 3a-
paa. dpyroy BOJIHOBOA U3 IPaBUNIOTEHIIMAIOB — 3TO IMYJIbCUPY-
I01LIEEe BHEIIHEE T0JIE BOJTHOBOJA, UMUTHPYIOLIETO 3apsi/i MacChl.
DIeKTPUYECKUII MOHOMOJIb BUXPOHA MOKET ObITh 3aXBa4yeH I10-
JIEM aTOMHOTO s1/Ipa — poXkjaercs napa. Ero aHajior «Tsxkenoro»
Buxpona CBY nuanazona MoxeT ObITh 3aXBauyeH IOJIEM 3apsia
KJIacTepa IJIa3Mbl C POXKJIECHUEM 3apsAA0BOIO KjlacTepa, INIa3MOU-
J1a WJIM KaBUTAIIMOHHOT'O Iy3bIpPbKa — 3TO 3HAUMMBIE ITPOLIECC-e-
TEKTOpHI. [ paBUTAIIMOHHBII MOHOIIONb MPOSIBIISIET ceOsl MHEePT-
HOCTBIO ITOBEJCHMS, T.€. B3AUMOJECUCTBUEM IOJIEN — IEKTPOH



pUOOpPETAET NEMEHTAPHYIO MACCY, KaK U 3apsIIOBbIE KJIACTEPHI
K. [oynnepca. BomHOBOBI Takke AONOMHAIOT 3(P(PEKTHl HAIH-
YMsi MArHUTHBIX Y TPABUTAIIMOHHBIX MOHONONEW. B Takux ycio-
BUSIX BUXPOH M3MEHSET HE TOJIbKO CBOM BHYTPEHHHUE U SHEpre-
TUYECKHe MapaMeTphbl, HO U CrocoOeH ¢ 3arparaMu COOCTBEH-
HOU 9HEPrur MpeoOpa30BLIBATh BEIIECTBO U B3aMMO/ICHCTBOBATh
C BHEIIHUMMU MOJISIMU:

— JIenuTcsl mononam, oopasys JBe MPOTUBOIONOKHbIE 3Jie-
MEHTApHbIE YACTULIbI, TAKUE KaK IEKTPOH U MO3UTPOH WJIH Mapy
MIOOHOB,

— NMpUOOpETaeT MEKTPUIECKUH 3aps/l ¢ 00pa3oBaHUEM 3apsi-
JIOBBIX KJIaCTEpOB,

— MPUOOPETAET MACCy 3aXBAYEHHOTO KJIaCTepa IIa3MBl,

— mpeoOpasyeT reoMeTpUYECKH KJIacTep IUIa3Mbl, T.€. MOIY-
gupyert ero opmy,

— mipeoOpasyeT dpusndeckn xumudeckuil coctaB (LENR) 3a-
XBAUEHHOI'0 KJIacTepa IU1a3Mbl U HArpeBaeT €ro rurnep3ByKoM,

— €ro BOJIHOBOABI (M3 3JIEKTPO WIN I'PABIOTEHIMAJIOB) CIO-
COOHBI BO3OYIMTH WJIM HOHU3MPOBATh ATOMBI M MX SI7Ipa, a B Be-
IIECTBE BO30OYAUTH BUXPEBbIE TOKH.

W BOT mociie 3Toro yxe OH U MOXeT ObITh 3apPEerucCTPUpPOBaH
Y UJICHTU(PUIIMPOBAH MO ABMKEHHUIO U B3aUMOJEVCTBHUIO C OKPY-
KAIOIIMM BEIIECTBOM U MOJISIMU, A TAK:Ke 10 MOAYJISILIUM TU1a3Mbl
(IETEeKTOp MarHUTHBIX MOHOMOJIEN) (hpa30BbIM OOBEMOM MOHO-
noJieu. A ecii Macca Iia3Mbl JKECTKO CBsI3aHa, HallpUMeED, C pe-
MIETKOM TBEPIOTO TeJIa, TO OH OY/IET IJIEHEH U eT0 PETUCTPUPYIOT



1O MPOYKTaM ero B3aUMOJICHCTBUSI C 0OOJIOUKAMU SIJIEp pelieT-
k. OJTHAKO 3TOT METOJ MOXET OBbITh IPUMEHEH JIWIIb IS Pe-
TUCTpalli MAarHUTHBIX MOHOMOJIEN «TsKENbIX» CBY ananazona
C BBICOKOM IJIOTHOCTBIO 3apPsIKH.

Ecnmu perucrpupyercss MHEPTHOCTh NOBEIEHMs, T.€. Macca
3JIEMEHTAPHOU YaCTHUIIBI — 3TO 3HAYUT PETUCTPUPYETCS U I'PaBU-
TAIlMOHHBIA MOHOIIOJb WX €r0 MYJIbCUPYIOIINUNA BOTHOBO/L.

Meron perucrpali  3J€KTPOHHBIX BUXPOHOB  ABJISIETCS
TaKkke KOCBEHHbIM. OH 3aKJII04aeTCsl B TOM, UTO OTPULIATEIbHBIN
EKTPUYECKU MOHOMNOJb — 3apsi]] MOPOroBOr0 BUXPOHA TaM-
Ma-KBaHTa ¢ 3Heprueu Boie 1022 KB MokeT B3auMoJeNCTBO-
BATh C CWJIbHBIM JIOKAJIbHBIM CTAllMOHAPHBIM JIEKTPUYECKHUM I10-
JIeM aTOMHOTO siIpa ¢ 00pa30BaHKUEM Tap MUKPOUYACTHUI] U TAKUM
00pa3oM MPOSIBIISATE ceOsl.

OAHOMMEHHBIE CTAITMOHAPHBIE TEKTPUYECKUE 3aPsAbI C MaC-
COM OTTAJIKMBAIOTCS JPYT OT Apyra, MPOTUBOIOJIOXKHbIE — MTPU-
TATMBAIOTCA. Y CTAlMOHAPHBIX MAarHUTOB KJIACTEPOB BEILECTBA
3TOT mpouecc aHajnornyeH. CTalMOHapHbIE MOJIS TPABUTALINU,
JIEKTPUYECTBA U MarHeTU3Ma MOAYUHSIOTCA 3akoHaM HbioTo-
Ha, Kynona u bruo-CaBapa, BbI3bIBAIOT PaJualIbHO-LIEHTPAJIbHOE
MOCTYNATENBHOE JIBUKEHUE MaTepUU. JTH TOJI PACIIPOCTPaHs-
10TCs1 O1arofapsi CTallMOHAPHOW WHAYKITUY TIOTEHITUATIOB OT UC-
TOYHUKOB COOTBETCTBYIOIIUX 3aPSIJIOB PAIUAIBHO OT UX LIECHTPOB
CO CKOPOCTBIO BO MHOTI'O pa3 MPEBBIIIAIOIIEN CKOPOCTb CBETA.

BuxpeBast MHIYKIMs1 HOCUTENEH 3apsiia — 9TO SIBJIEHUE B KOP-
HE OTIAYAETCA OT CTALMOHAPHOW MHIYKIMU 10 CBOEU (pusnye-



ckoit ipupoe. CaMoIBUKEHUE MarHUTHOTO MOHOTIOJST BbI3bIBA-
eT el NMOMUMO M3MEHEHHUS BEJIMYMHBI €r0 3apsaa e U UH-
JQYKIUIO JIEKTPUYECKOrO MOHOIIONSI, KOTOPBIA B CBOIO OYEPE/Ib,
UHAYKTUPYET ell€ OAUH MAarHUTHbI MOHOIMOJb, HO YK€ MPOTHU-
BOTIOJIOKHBIH O 3HAKY MIEPBUYHOMY — HEU30€KHOCTh MHBEPCUU
NoJTI0ca. A 4TO camMoe IJ1aBHOE, CBOOO/IHBI MUKPOBUXPOH MaTe-
PUAILHO C MOMOIIBIO0 3€PEH-JIEKTPOIIOTEHIIUAIOB Pa3BEPTHIBA-
€T B IIPOCTPAHCTBE UCTOPUIO U3MEHEHUS NIEKTPUIYECKOTO OISt
B TOUKE CBOero poxjeHus. [lonspu3oBaHHbBIA MarHUTHBIN MO-
HOIOJIb 3aMKHYTOTO MUKPOBHXPOHA WHIYKTUPYET €€ U Ipa-
BUTAIMOHHBIA MOHOIIOJb — 3apsi]] Macchl. B cBOOOIHOM BUXPO-
HE 3TOro Mpoiiecca He MPOMCXOAUT, a KOrJa OH BbIHYKAEHHO
TOPMO3HUTCS Yepe3 MOCPEICTBO CBOEH HEOTHEMJIEMOM ITOJIOBUHBI
(9NEKTPUYECKUI MOHOIIOJb) — TOJIBKO TO/IA BCSI SHEPTUs ITOrO
VCTOYHMKA JIBUKEHUS U3 BUXPEBOU (POPMBI IEPEXOIUT B SHEP-
TUI0 TIOKOSI — TPaBUTAIIMOHHBIA MOHOIIOJb. DTOT MPOIeCC 00-
patuM, T.e. YCKOPEHHO-3aMe[JIeHHOE JIBUKEHUE sIJIep aTOMOB,
aTOMOB U MOJIEKYJI B COOCTBEHHOM cpejie MHIIyKTUPYET BUXPO-
Hbl. Haripumep, nienieHre ypaHa ¢ BBIOPOCOM OCKOJIKOB, XUMUYe-
CKHe€ B3PBIBbI KJIACTEPOB BEIIECTB C BHIOPOCOM MOJIEKYISIPHBIX
OCKOJIKOB, JIEKTPOPa3ps B KUIKOCTH C B3PHIBHBIM JABUKEHUEM
K 9JIEKTPO/IaM TOJISIPU30BaHHbBIX YaCTHIL U T. 1. BUXpeBbIe M1eK-
TPOMArHUTHBIE TOJISI BbI3BIBAIOT MEXaHUYECKOE BpallleHHe WU
CIMpaJIbHO-paIUaIbHOE IBMKEHUE MATEPUX K HA0OOPOT — TaKOe
JBUKEHNE MaTepUU BbI3bIBAET BUXPEBYIO MHAYKIIMIO BCEX TPEX
BHUXPEBBIX MOJIEN (TpHaga MOHOMOJEN), IPOTUBOACUCTBYIOIIUM



CHJIaM, BBI3BIBAIOIIMX 3TO JIBUXKEHHE.

Ecau npoTHBONONIOKHBIE CTAIIMOHAPHBIE 3apsibl IPUTATHBA-
I0TCS M COEJUHSIIOTCS, TO Y MArHUTHBIX BUXPEBBIX MOJIEH BCE Ha-
000poT:

— OJHOMMEHHBIE OObEINHSIOTCS, CIIUBAIOTCS U KOHIIGHTPUPY-
10TCH,

— MPOTUBOIIOJIOKHbIE HUKOTA HE COEUHSIOTCS.

[lepemeHHble 3MEKTPUYECKME MOHOMOMM B CBOOOTHBIX
BUXPOHAX HUHAYKTHPYIOT BOOOIIE HE POJACTBEHHBIE €d MO —
MarHUTHbIE MOHOIIONU. A B 3aMKHYTBIX BUXPOHAX MPOUCXOAUT
NPOLIECC, HEPOACTBEHHBIN 1 MATHUTHOMY C MHYKIIMEN MacChl —
POXAEeHUE BEKTOPHOI'O IPaBUTAIIMOHHOTO MOHOMON1. Takast paz-
HUIIA MEXJy CBOWCTBAMHU BUXPEBBIX W CTAIIMOHAPHBIX IOJIEH
NIPOSIBIISIETCS] M B TOM (PaKTe, YTO B OKPYKAIOIIEM HaC MUpe 00-
HApYKUBAETCSl SKCIEPUMEHTAJIbHO dHeprusi B hopMe TOJIBKO
MEKTPUYECKU 3apsKEHHBIX YAaCTHIl M YaCTUIl C MACCOM MOKOsI
U CITUHOM, HO He OOHapyXuBaeTcs dHeprusi B (popme 4acTuil
CO CTAaTH4YeCKMMM MarHUTHBIMU MOHOIIOJISIMU.

MarHuTHbII MOHOIIONb SIBJISIETCS] CAM UCTOUHUKOM ToIepey-
HOTO JBVKEHUSI-CAMOJIBUIKEHUS, T.€. OOBEMHBI MAsTHUK KO-
neGaHui TIeHTPAJIbHON 3apsAaKu cepbl U e€ pa3psaaku (MHTe-
Ipalyy-Je3UHTErPAlK JIEKTPOMArHUTHOM MAaTEPUM) C POKIEC-
HUEM €IIE U CIUPAILHOTO BOJTHOBOAA U3 JIEKTPOINOTEHIIUAJIOB.
Kpome Toro, odoe u3mMeHeHne paHee yCTaHOBJIEHHON TeoMeT-
PUYECKOUN PEeryisipHOCTH JeKTPUUYECKUX MOTEHIIUAJIOB B MPO-
CTPaHCTBE BEJET K MOSIBJIEHUI0 BTOPUYHOTO MAarHUTHOIO MOJIs



(vymm oOpaTHBIN 3P (EKT — PoXkICHHEe MarHUTHOIO MOHOIIONS),
KOTOPOE CBOMM JIEUCTBHEM IPOTUBOJCUCTBYET NPUYMHE, BbI-
3BaBlIE 3TO NEPBUYHOE U3MEHEHUE, T.€. MATHUTHOE 1oJie 001a-
JaeT eni€ U NpOTEKTOPHBIMU CBOMCTBAMU AJIsI TEOMETPUUECKON
CTAOMIM3AIINY NIEKTPUIECKUX MOTEHIMATIOB. BaskHO mpu 3TOM
OTMETHUTb, YTO MPU ONPENEIEHHBIX YCIOBUAX CUCTEMHOIO KpYy-
YeHHUs ¥4 IJTMHBI BOJHBI TAKKX MMOTEHIIMAJIOB BOJTHOBOJIA, IPOMC-
XOOUT OOPATHBINA MPOIIECC — MPOLIECC POK/AEHHUSI MATHUTHO-
ro MOHONOJISI, 3apsifa cepbl BpallaTe/IbHO-IOCTYATEIbHBIM
JBUKEHUEM.

Jpyroii BecbMa CyIeCTBEHHON OCOOEHHOCTHIO JABYX B3aUMO-
CBSI3aHHBIX BUXPEBBIX IOJIEU SABJISIETCSA POXIACHUE OKOJIO JIBU-
XKYIIErocsi MCTOYHUKA «IyObl» W3 JEeOPOMJIEBCKMX KBAHTOB
no I'. . Bynkepy. Takum cBOMCTBOM 00/1a/1a10T CBETOBBIE (POTO-
HbI, U3JIyYyaeMble JBUKYIIUMCS BHICOKOSHEPTETUUYECKUM 3JIeK-
TPOHOM, KOTOPBIE CO3JAI0TCS B KOJUIARIEpax.

«KOJMYeCTBO CBeTa OT OJHOIO BpAIAIOLIErocs
9JIEKTPOHA WM TIO3UTPOHA BIIOJHE [OCTATOYHO, YTOOBI
BUJICTh €r0 HEBOOPYKEHHBIM TIJa30M H TeM Oolee
¢ momomplo mnpuOopa. [locne HakorleHHMs —MydKa
WHTEHCUBHOCTb €r0 Me[UIEHHO CIaJaeT BCIEACTBUE
paccestHusI yacTull Ha rase. [Ipy Mayiol MHTEHCHMBHOCTU
ny4yKa yMeHbIIEHHe CBeTa HJET CTPOro OAWHAKOBBHIMU
HOPIMSIMU, KaXIass U3 KOTOPBIX COOTBETCTBYET TMOEH
omHOM dYactunpl. COCUMTaB KOJIMYECTBO CTYNEHEK, MBI
MOEM OTIpalyupoBaTh CBOW MPUOOP, KaK Obl MepecurTaB
9UCIIO 1eKTpoHOB. Korga ocraercst omHa CTyneHbKa, Mbl



yBEpEeHbl, UYTO Ha JOPOXKKE HAXOAUTCS OOUH 3JIEKTPOH,
IpH 3TOM €ro MOXHO BHIETh, KaK YyXe T'OBOPHIIOCH,
HEBOOpPYXEHHBIM I71a3oM. [Ipu xopomiem Bakyyme Bpems
KU3HU YaCTUIl Ha JOPOXKKE COCTABJSAET JECATKU 4YacoB,
U BBl MOXeTe, NMpujas Ha padoTy YTpOM, OOHApYKWTbh
Ha JIOPOKKE TOT CaMblii JIEKTPOH WU MO3UTPOH, KOTOPBIH
OCTaBJIeH BUepa BEYECPOM».

N3meHeHus NBUKEHUS H CTPYKTYPbI JIEKTPOHA NPH
yBeJIH4eHHH SHEePruy Ha YCKOPHUTeIsIX U KoJulaiaepax.

Brutote 10 HacTosILIEro BpeMeHU Pacy€T yBeJUMUEHHs SHep-
T'MU JIEKTPOHOB 32 CUET X PA3roHa B EKTPUUYECKOM I10JIe UIET
no ¢opmynam CTO A. DitHiTerHa, T.€. PeJISITUBUCTCKUN -
ekt 3aBuCMMOCTH MacChI*® YaCTUIIBI OT CKOPOCTU. DTO Tpydast
oImMOKa BhI3BaHA TEM, YTO B IPUPOJIE HET HUKAKOW MaCChl — HU
Macchl IOKOs1, HU pensaTUBUCTKON Macchl B CTO. A dusnueckue
MIPOLIECCHl YBEIMUEHHSI MACChl JAlOTCS JIMIIb HA Bepy MaTrema-
THYeCKUMH (opmyaamu JlopeHiia, He umest 1oj coO0i HUKaKo-
ro (pr3ryeckoro 0O60CHOBAHMUSI, B TOM UHCIIE ONpeIesieH s Mac-
Chl, KaK (pusmyeckor kareropuu. Takum oOpa3om, HapyIaeTcs
OCHOBHOM KJIACCUYECKUY MPUHITUII [TO3HAHW S 3aKOHOB MIPUPOJIbI
Ha OCHOBE SKCIIEPUMEHTOB, & HE U3 MaTEeMAaTUKU, O PAHUYEHHON
HenosiHoToM 1o I'epeno.

[Tpu yckopeHuu B KoJLTaiiiepe, KOrja CKOPOCTh JIEKTPOHOB
MOYTH JIOCTUTAeT CKOPOCTH CBETa, JIaJIbHEUIIUN Pa3rOH YaCTHIL

e Kysnenosl'. H. dynkuaB. H. 3a6aes. YCKOPUTEJIN 3APAKEHHbBIX
YACTHULI. r. Tomck. MUznarenbctBo TOMCKOrO NOMMTEXHUYECKOTO YHMBEPCHUTETA
2011, crp. 45.



orpenesseTcs CKOPOCThI0 PACIPOCTPAHEHUS YCKOPSAEMBIM I1e-
PEMEHHBIM IEKTPUYECKUM I10JIEM, KOTOPOE UIMEET BO MHOTI'O pa3
OO0JIBIIYI0 BEJIMYMHY 3HaUeHUs1 cCKopocTu cBeTa. [louemy? A mo-
TOMY YTO 3TH [IBa Mpoliecca UMEIOT Pa3Hyl0 MPHPOAY MO CBO-
el ¢pu3uueckoii cytu. CKOpocTh CBeTa, Kak ObUIO YyXe pac-
CMOTpPEHO paHee B paszene 1.1 — 310 cyTh momepeyHoro Bpa-
HIEHUS-Pa3psAAKU cpepbl 3apsia SHEPIUM MarHUTHOIO MOHO-
NoJisl ONpeaeJéHHOro paamyca Ha JUIMHY YETBEPTh BOJIHO-
BOJA JJIMHBI BOJHBI NMPOJOJBHOIO ABMXKEHUs (POTOHA, KOTO-
past ¥ NpOSIBJISIET ONpPeeJEHHYI0 NHEPTHOCTh U OTPaHMYH-
BaIOT JBUKeHUEe (POTOHA CKOPOCThIO cBeTa. MexaHM3M pac-
MPOCTPAHEHUS] MOTEHIMAJIOB JIEKTPUUECKOTO IOJIsI OT MEeTall-
JIMYECKUX 3JIEKTPOJIOB COBCEM APYIOM M 3aKJIIOYAETCH B JJIEK-
TPOCTATHYECKOM OTTAJKMBAHWMU W BBIOpOCE HapyXy B 30-
HY HHIYKIHH OJHOUMEHHBIX IEKTPUIECKUX OE3MaCCOBBIX 3€-
PEH-TIOTEHIIMAJIOB Pa3HbIX 10 3HAYEHWIO, BHOBb NPUXOAAIIMX
OT MCTOYHMKA NEPEMEHHOro HampsikeHuss. CKOpOoCTb pacmnpo-
CTpaHEHMs JIEKTPUUYECKOro MOJsl, KaK 1 30Ha MHAYKIHMHU BO-
KpYyr J1000il paguOaHTEHHbl CIOCOOCTBYET POXKIEHUI0 U Ha-
KOIUIEHUI0O MAarHUTHBIX MOHOIIOJIEW (DOTOHOB B 30HE HM3Jy4e-
HMS Y 3aBUCUT MPEXAE BCETO OT 3HAYEHU A BEJTMUMHbBI HOTEHIH-
aJja nepejaBaeMoro HanpsikeHus. [1ostoMy cKOpocTh pacrpo-
CTpaHEHMs MEKTPUYECKUX MOJed, KaK U JIEKTPOCTATUYECKUX
nosiell, BO MHOTO pa3 OoJibllle CKOPOCTH CBETa M KaK yKa3blBall
Tecina B ero cinyyae paBHa 471 240 km/cek. Y 3JIEKTPOHOB, MOCIIE
IIPEONIOJIEHNS] CKOPOCTH CBETA NP SHEPrUsx cpbilie 2—4 M3B



HAUMHAET PacTU UX MdcCca-BHYTPEHHSISI SHEPrusi — Mpomecc
«YTsIZKeJIeHHs» MarHNTHOTO MOHONOJS dJeKTpoHa . [lon-
Hasl SHEPrusi CKJIAAbIBACTCS U3 SHEPTUM JBUKEHHUsI, Tiepe/iaH-
HOW YacTUIE YCKOPSIEMBbIM BHEIIHUM I€PeMEeHHBbIM 3JIeKTpU-
YECKUM M0JIEM B IEKTPpOHBONbTaxX (3B, KaB, M3B, ['3B) 1 BHYT-
PeHHell SHePruu py KBAHTOBOM I1€PEX0/Ie MPY SHEPTUU CBbI-
e 106 M3B B 3apsikeHHbIM MIOOH, Y 3aTEM IIPY SHEPTUH CBBIIIIE
1784 M3B — B Tay-JIeNITOH, & PACUET U UBMEHEHUE BHYTPEHHEN
SHEPruM 3aPSLKEHHON OJHOKOHTYPHOM 4YacCTHUIBI UAET 1Mo op-
myse [1naHka, T.e. mpousBeneHreM ero (pyHJaMEeHTaJIbHOU KOH-
CTaHThI HA YACTOTY M3JTy4YEHUs YETBEPTh-BOJIHOBOIOB BpaIlalo-
[IUMCSI MATHUTHBIM MOHOMoieM [ DMM.

BeiBoa. Dtot npouecce cnenyer paccmarpuBarh kak IJIAB-
HBIN, npy B3auMONEHCTBUM BBICOKOSHEPIETHUECKHX KOC-
MUYECKUX YaCTHIl W TPEBPAICHUSIX JJEKTPOHOB, MPOTO-
HOB 1 HOHOB Ha YCKOPUTEJISIX UM B ITyUYKaX JI€KTPOPa3psAIOB,
re MO CYIIECTBY MPOUCXOIAT «yTSKeJeHHe» COCTABJISIIONINX
siepHble 00010uKky napsl [ 9MM 1o MexaHU3My COAMSTHHUSI OJTV-
HAKOBBIX I10 3HAKy MarHUTHBIX MOHOIIOJIEH, PUBO/SIIUX K YBe-
JIMYEHMIO YacTOThI X BUOpAIUil. DTOT ke MEeXaHU3M OMpe/iesi-
€T Tpoliecchl poskaeHus TsokeEnou ([1,0) u CBEpXTSIKEION BOJIbI
(T,0) B anekTpopaspsiiax B Boje B peakrope Bauaesa u He my-
TEM NPUCOEJUHEHUSI HEUTPOHOB (JeMTOHU3ALMSI), a «YTs-
’KeJIeHHeM» SIIEPHBIX 000JIOUEK MPOTOHA. DTOT K€ MEXaHU3M
OIpe/ieNIsIeT B EKTPOB3PhIBAX Pa30MKHYTOM MpoBosiodku C.
AJJaMEeHKO pOXkJIEHUE U CTPYKTYPY HOBBIX aTOMHBIX si/IEP BIUIOTh



10 4250 a.e. maccel B CH.

PeanbHo B eTajisix yBenMueHUE CKOPOCTU JBUKEHUSA IEK-
TPUYECKU 3apSKEHHOM YacTUIbl ¢ €€ COOCTBEHHBIM IOJIEM
BO BHEIIHEM I10JI€ APYroro UCTOYHUKA C TI0JIEM ITPOTUBOIIOJIOK-
HOTO TOJIS1 UJIET TOSTAITHO M OYEHb CIIOKHBIM 00pa3oM:

— BHaYaJIe 3JIEKTPOH YCKOPAETCS CUJION INPUTSKEHUS OIS
JPyroro UCTOYHUKA C IPOTUBOIIOJIOKHBIM 3HAKOM ITyTEM aHHU-
TWISIKA YaCTHII TIOJIsSE B 0Opa30BABIIMXCS 30HAX XOJIOAHOW Oe3-
MAacCCOBOM TJ1a3Mbl (CUJIOBBIE JIMHUM T0J151) [0 MPeiea CBETOBOM
ckopoctd (v- 0,98—0,99¢, npu E- 2—4 M>3B), u npeonosiieBaer
€ro C BO3pacTaHUEM SHEPIUU ABHKEHHUS,

— BOKpPYI' ABMXKYUIIErOCSl JIEKTPOHA W3MEHSETCS SJIEKTpU-
YecKoe MoJie, KOTOpOe MPUBOAUT K POXKIECHUIO CHUHXPOHHBIX
MarHUTHBIX MOHOIIOJIEM OJHOIO 3HAaKa C JIEKTPOHOM, KOTOPBIE
YBEIMYMBAIOT 3HAYEHHE COOCTBEHHOTO MarHUTHOTO MOHOIIONS
['SMM, 4TO yBeIMYMBAET YACTOTY MYJbCAlMil (BHYTPEHHIOW
SHEPruio), YMEHbIIAIOT JIMHY YETBEPTh 3aMKHYTOTO BOJIHOBOJIA
V3JIyYEHU S BHEIIIHUX IEKTPUYECKUX U TPABUTALIMOHHBIX MOJIEH,

— TakoOM MPOLIECC MPOMCXOIUT IUIABHO BILIOTH IO MEPBOIrO
KBAHTOBOTO IEpexoja B MIOOH, Y KOTOPOTO yke COOCTBEHHOE
rpaBuTarioHHoe nosie B 207 pa3 0oJbllie, 4eM y EKTPOHA, M0-
SIBJISIETCS] HECTAOMITIBHOCTh CTPYKTYPHI C TIEPUOIOM TIOJTypactiaia

B2,2x 10 -6 CEKYH/IbI,

— 3aTeM MOAO0OHBIE TPOIIECCHl MOBTOPSIIOTCS U C MIOOHOM,
BILJIOTh /IO POK/IEHUS 3aPSI’KEHHBIX BHICOKOIHEPIeTUUECKUX Tay-
JIETITOHOB,



— TaK TIOPOXJIAITCS HECTaOWJIbHBIC 3apsiKeHHBIC YaCTHUIIbI
C COOCTBEHHBIM TIOJIEM U TIOJYIIENIBIM CIIMHOM, KOTOphIe BMECTe
CO CBOMMH IMPOIYKTaMH PACIafia U PETUCTPUPYIOTCS B IETEKTO-
pax,

— B TOYKAaX CTOJIKHOBEHMS C MUIIEHBIO WJIM TMPOTYKTaAMH
BCTPEYHOTO ITyYKa MTPOTHUBOIIOJIOKHOIO 3HaKa 3apsaaa B KOJUIan-
Jepax MPOUCXOIAT B3aUMOJICHCTBU I YETBEPTh-BOTHOBOIOB COO-
CTBEHHOTO U3JTy4eHMs ¢ 00pa30BaHMEM 30H XOJIOIHOW Oe3mac-
COBOMW TUIA3Mbl, B KOTOPOW WM TOPOXJAIOTCS HEUTPOHBI, MPO-
TOHBI-AHTUITPOTOHBI IyTEM OCEBOM WMIUIO3HUH, TMEPEXOISIIEN
CTYCTKaMM B IIEHTPAJIbHYIO UMILIO3MIO, I7I€ U IMTPOUCXOIUT YIO-
pAAOYEHHAs! KOHJEHCAlIM S pa3HbIX MAarHUTHBIX MOHOIIOJIEN B CO-
OTBETCTBYIOIIHE O00IOUKH, 00pasys IEHTPATbHYIO CTPYKTYPY.

Wtak, nonHass 3Heprusi CKJIAIbIBACTCS U3 SHEPIUU [IBUKE-
HUSI, IEpEeJaHHOM YaCTUIIE YCKOPSIEMbIM BHEIITHUM [TEPEMEHHBIM
JIEKTPUYECKUM IOJIEM B IEKTPOHBOJbTAX (3B, K38, M3B, 1'3B)
Y BHYTPEHHEW SHEPruu NPy KBAaHTOBOM IE€PEXOJIE B MIOOH (Me-
30HBI), 4 PACYET U U3MEHEHUE BHYTPEHHEN SHEPTUU 3aPSKEHHON
OJHOKOHTYPHOU yacTULbl UAET N0 popmyrie [1nanka, T.€. mpous-
BeJIeHUeM ero (pyHJIaMeHTaIbHOM KOHCTAHThl HA YaCTOTy U3Jy-
YEHUsI YETBEPTh-BOJHOBOIOB MAarHUTHBIM MOHOMNoJeM ['9MM.
YCKOpsiSICh B JEKTPUYECKOM TIOJIE, JEKTPOH IMOITAITHO IMpe-
BpalllaeTCsl B MIOOH, Tay-JIENITOH, a TPU BCTPEUHBIX COyJapeHU-
SIX C aHAJIOTUYHBIMU MPOIYKTAMU YCKOPEHHBIX MTO3UTPOHOB ITy-
TEM OCEBOW MMILIO3UM, MEPEXOASIIEH CTYCTKAaMU B LIEHTPAb-
HYI0 UMIUIO3HUIO, U POKAAIOTCS HEUTPOHBI, IPOTOHBI-AaHTUIIPOTO-



HBI.

C pocTOM 3HEprur MEKTPOHA MPOUCXOMIAT MPOIIECCH 00par-
HbIe Tepexoy Bo30YyXJEHHOTO aToMa B OCHOBHOE, T.€. YKOpa-
YMBaeTCs JJIMHA YETBEPTh BOJIHOBO/A, YBEIMUMBAETCS 4acToTa
MyJIbcalluid MarHuTHOro MoHonosss B '9MM. Kak 3zametun M.
[Mepm?!:

«Hanommio, umo 3anekmpon-mooHHAs: 3a2a0Ka, Npueeouldas
8C€ 3mMo 6 Osudicerue, eué He paspeutend. INeKmpoH-MIOOHHAS
3az2adka npeepamunacs 8 e-u-t 3azaoky. Mol 0o cux nop He 3Ha-
em, nouemy Cyulecmeyon mpu 3apsadiceHHblX JeNMOHA U He No-
HUMAEM COOMHOULEHUS. MENHCOY UX MACCAMU. »

A B 3TOW KHWUI€ W3JIOKEHO AETaJbHO NMOHMMAaHHWE ITOH 3a-
rafku: — «JEKTPOH-MIOOH-TAy-JIENTOH — 3TO YacTUlia ¢ TO-
JIyUEJIBIM CIIMHOM, CTPYKTypa M CBOWCTBA KOTOPOM CXOXHU
CO BCEMHM YaCTUIIAMM TIOATPYIIBI JICITOHOB C OIHOH 00b-
€éMHOI cdepoil U3 3épeH-NoTeHIMaoB [ D9MM, myascupyio-
el OHOIOJISIPHBIM YETBEPTh BOJIHOBOJOM C YaCTOTOW BbIIIIE

10% I'u, y kotopoit ['9MM umeeT pa3Hble 3HaAUYECHUS] SHEPTrUU
0.511 MsB,105.7 M3B, 1777 M3B, T.e. 4acToTbl, KOTOpasi pOX-
JIJIaCh B Pa3HBIX IO )KECTKOCTU YCJOBUSIX. DJIEKTPOH — IIPU 3a-
XBare TMoJIeM aTOMHOTO sijipa ¢ 0Opa3oBaHueM atomMa. MIOOH —
BBICOKO9HEPIeTUYECKUM yAapOM COJTHEYHOrO ITPOTOHA MO aTOM-
HOMY snpy. Tay-1enToH — yCKOpEHHMEeM BCTPEYHBIX 3JIEKTPO-
HOB-TIO3UTPOHOB A0 3Hepruu 3,5 [3B.»

3IML Mepn. OTKPBITUE HOBOU SJIEMEHTAPHOI YACTHLIBI — TSIKEJIO-
I'O Tay-nentona. YOH, 1979 r. Tom 129, Bein. 4, crp.671—684



[Ipu perucrpanuu NpoayKTOB CTOJIKHOBEHHUS CIIEYET yUUThI-
BaTh MEPUO], NOJIypacIajia MIOOHOB, ME30HOB, KOTOPBIE B CBOIO
ouepesib CMa3blBAIOT KapPTUHY B JIETEKTOpax, PETMCTPALMEN UX
NPOLYKTOB pacnaja — 1eKTPOHOB, MIOOHOB, (POTOHOB U MHOTMX
ApYTuXx, 9To U noaTBepxkaaercs padoramu rpymmsl 0. [1. TTpo-
KOIIIKMHA Ha Kosutauzepe B [IpoTBrHO.

B munrenu kosutaiepa (aHaJOrMyHO, Kak oOpa3oBaHMe Ta-
PHI B TIOJIE aTOMHOTO si/ipa) 00pa3yeTcsl OYeHb IJIOTHAS S/IePHO-
Me30HHAas IJIa3Ma U3 TAKMX 3aMKHYTHIX BUXPOHOB HE TOJILKO
C OYeHb MUPOKUM criekTpoM 3Hepruii 1—100 ['9B (B obmactu
KOTOpOW M 00pa3yloTcs MEHTPATbHON (DOKYCMPOBKOUN 3aMKHY-
Thle 000JIOUEUHBIE CTPYKTYPHI 2[POHOB, BJIOKEHHBIE APYT B IPY-
ra, Kak MaTpeIIKy U3 TaKKMX BUXPOHOB CO CTPYKTYPOH Tt 1 K Me-
30HOB), HO U C TAKMM Ha0OPOM BHYTPEHHUX CBOWCTB SIIEPHBIX
BUXPOHOB, KOTOPbIE CITIOCOOHBI C(DOPMUPOBATH M CTPYKTYPbI aH-
TUYACTHII.

Hanpumep, komnariaep BIII1-2000 8 HoBocuOupckom MH-
CTUTYTE SAEPHOM (PU3MKHM BIEPBbIE BBIBEAECH HA IPOEKTHYIO
SHEPruio U JIOCTUT MOpOra, Mocjie KOTOPOro CTOJIKHOBEHUS Ya-
CTUI] B HEM HAYMHAIOT POXJATh AaHTUOAPUOHBI — AHTUIACTHIIBI
IIPOTOHOB 1 HEUTPOHOB, COOOIAET YUEHBIN CEeKpeTaph UHCTHUTY-
Ta Anekceil Bacunbes?2:

32 A. Bacuimes. lazera.py or 19.04.2011, PUA «HoBoctu». Komnaiinep
BIIII1-2000 B HoBocuOUpCKe BbIBEIEH Ha MPOEKTHYIO Hepruio. 19.04.2011 | 11:54



«JloCTUrHyTa MaKCUMaJlbHasi TPOEKTHAasi SHEprus
koutaiiiepa — 1000 MmerasnekTpoHBOJIBT Ha IYYOK,
YTO O3HAYaeT CYMMAapHYl0 SHEpPrui0 CTOJKHOBEHHI
2000 werasnexktpoHBosbT. IlpoiiieH mopor 3sHepruu
1870 MerasneKTpOHBOIBT — TMOPOr POXAEHUS OapHUOH-
aHTUOAPUOHHBIX Tap. Mpbl ¢ukcupyeM 10 2 ThICSY
POXIEHUI B CEKYHIY B KaXAOi TOUKe (CTOJIKHOBEHMIA),
OHU PETUCTPUPYIOTCSI».

«OmHa Y3 OCHOBHBIX 3a/ad HOBOTO KOJjaijaepa —
C MaKCUMAJIbHO BBICOKOU TOUHOCTBIO U3MEPUTD MapaMeTpPbl
AQHHUTWISLIMU SEKTPOH-TIO3UTPOHHON Mapbl B aIpOHbI —
ME30HbI 1 OAPUOHBI».

«BHyTpeHHee cTpoeHre IPOTOHOB ¥ HEUTPOHOB JIO CHX
NOp M3y4YeHO He 10 KoHIA. VX cTpoeHue A0 CUX Top
OYeHb IUJIOXO M3BECTHO — KaK pacrpefesieH 3apsj, Kak
pacrpesiesieH MOMEHT BHYTPU 3THUX COCTABHBIX YaCTHIL.
W3BecTHO, M3 Yero OHM COCTOAT, HO Kak 3TO TaM
pacrpeesneHo, U3BECTHO OY€Hb IUIOXO. DTOT KoJIaiaep
SIBJISIETCS] CAMBIM yIOOHBIM UHCTPYMEHTOM JIJIS1 U3YYEHUS» .

Ortciona momy4aercsi BBIBOJ, YTO B TOW MHUILIEHH, B 00Ma-
cTu-00BEMeE, rae o0pasyercsi cBoeoOpasHas siAepHO-Me30HHAas
Ia3mMa, uMeeTcsi Habop TaKMX BUXPOHOB, KOTOPBIE SIBJISIOTCS
3epPKaJIbHBIM OTPAXEHUEM YyKe PacCMOTpeHHbIX. Takue BUXpoO-
HbI, HaIIpUMep, CIIOCOOHBI yXKe CTPOUTh «JOMHK» U ISl QaHTH-
IIPOTOHOB.

Ipu uccnenoBaHNM PacCMOTPEHHBIX MPOLIECCOB B3aUMOEH-
CTBUI MPOTHUBOIOJIOKHBIX BUXPOHOB YCTAHOBJIEHO, YTO MHHU-



MaJIbHOE PACCTOSIHUE B Y4 JIJTMHBI BOJIHBI, HA KOTOPOE MOT'YT ITPH-
OMM3UTHCS BUPTYAIbHbIC IIEHTPHI chep B3aNMO/1eii CTBYIOIIX
IIPOTUBOIIOJIOKHBIX ¥ U3MEHSIOIINXCS MAarHUTHBIX MOHOIIOJIEH,
Bcer/a ObUIO JIMIIIb 3aMIOJIHEHO HETOCTPOEHHOM YacThio CIIUPAU
BoIHOBOAA (POTO 7), UHAYKTUPOBAHHBIX 3apsiKAIONIUMCS Mar-
HUTHBIM MOHOIIOJIEM. DTO MOATBEPKIAETCA U IKCIIEPUMEHTAIb-
HO BUJIEOChEMKaMU ((hOTO 8) MAarHUTHOTO JUMOJNS B Xpomocde-
pe ConHua — mapoBast MoiHUsS. M3 3TMX BHUEOOMATEpUaIOB
clieflyeT, 4To OONacTh OCU MEX]y IByMsI MarHUTHBIMH MOHO-
NOJISAMU (CBSI3aHHBIN C ITPOTUBOIOJIOKHBIMU KJIACTEPAMH NOHOB
MaKpPOBUXPOH) HE COIEPKUT CUJIOBBIX JIMHUU, TaM BUHbI JIUIIb
OJJHY BUXPEBbIE JIEKTPUUECKUE TOKM HA YaCTU HEIOCTPOEHHOM
Crpaty, T.e. BUIHA JIAIIb ABWKYIIASCS U BO3OYKIEHHAS Ma-
Tepusl, a BUXPEBBIE IO MArHUTHOIO JBYXIIOJIOCHOIO TOPOH-
Ja (Ha BUIEOChEMKE MArHUTHbIE CUJIOBbIE JIMHUM BUAHBI OJa-
rofgapsi HEBUAUMbIM CITUPAJISAM JBUKEHUS BOKPYT HUX JIEKTPO-
HOB) Y 9JIGKTPUYECKHE OCTAIOTCS HEBUAUMBIMU. TakoW CBsI3aH-
HBIA C MAacCcoM Ia3Mbl XpoMocgepbl MaKpoBUXPOH (poto &)
wm 3apspoBbiid kinactep K. Hloynnepca — Gumoiab MoXHO 00-
HapyXuTb TOJbKO Ha COJHIIE, TaK KaK €ro JIeKTPUYECKUI MO-
HOTIOJb 3aXBaY€H-«BMOPOXKEH» MEKTPUUECKUM OOBEMHBIM 3a-
PSIOM MOHM3WPOBAHHON aTOMHOM ITa3MoW M OyJeT HaXOOWT-
Cs B HEM JI0 TeX IOp MOKA HE U3PACXOAYIOT BCIO CBOIO SHEPIUIO
00a MarHUTHBIX 3apsiia Ha BUXPEBble TOKU U si/IEPHBIE TIPEBpa-
IIEHUsI TIPOTOHOB B OoJiee TSKENbIE sapa, HapUMep, sApa re-
TS, JIMTUS, Kbl WIK keje3a. Mexay noTeHnuaaaMy BOJ-



HOBO/1a TEKYT BUXPEBbIE MOHHBIE TOKU TAKOU CUJIbI, UTO BCIO CIH-
pajib NIEKTPONOTEHIIMATIOB MOKHO YBUJETD JIMIIb IIPU 3aTyXa-
HUU CBeueHUs (PIIOKKYJIbl Ha ToBepXHOCTH poTocepnl CoHIa.

Takum 00pa3om, cBOOOJHBIE OUIIOISPHBIC BUXPOHBI 0Opa-
3yI0T cTaOMIIbHBIe (DOTOHBI SIEKTPOMATHUTHBIX KBAHTOB CO CITH-
HOM paBHbIM enuHMIle. BUXpoHBI (DOTOHOB C HEPrueil BbI-
e 1022 K3B crnocoOHBI 3aXBaThIBATLCS T0JIEM aTOMHOTO spa
Y JeJUTCS Ha J1Ba MOJISIPHBIX 3AMKHYTBIX U IPOTUBOIIOJIOXKHBIX
BUXPOHA, KOTOPbIE POXKIAOT CTAOMJIbHbIE JIEKTPOH U TMO3M-
TPOH co crimHOM Y2. Boree BbIcOKOUYacTOTHBIE (DOTOHBI B TIOJIE
s7ipa CO3AAI0T 3aMKHYTbI€ OJHOMNOJISIPHbIE BUXPOHBI, HO ITPOU3-
BOJISIIIIME yXKe HECTAOMIbHBIE MIOOHBI CO CIIUHOM Y2, 3aMKHY-
THIA OIHOMOJISIPHBI BUXPOH 3JIEKTPOHA, HAXOSIIMICS B BO3-
OyXIEHHOM COCTOSIHUM B aTOME, CIIOCOOEH MEPENTH B OCHOBHOE
COCTOSIHME C MEHbIIIEH SHeprueil, OTAeJMB YacTb CBOEH 3Hep-
I'MY Ha U3JIy4€HUE MUKPOBUXPOHA (POTOHA.

®oToH-(hOTOHHBIE B3AUMOICHCTBUS B KOJITAUIEPax C MyYKa-
MU 3JIEKTPOHOB Y MO3UTPOHOB ¢ 3Hepruen 190—207 I'sB no-
POXKIAOT 1enbii OykeT agpoHoB. [Ipy aHHUTHIIAIMKA TIPOTH-
BOIMNOJIOKHBIX YaCTHLl, B YACTHOCTH, IIPOTOHOB M AHTUIIPOTO-
HOB, TMOSIBJISIIOTCS KOPOTKOXUBYIIIME HEUTPAJIbHBIE U 3aPsKEeH-
HbIE ME3OHBI C IIEJIOUMCICHHBIM CIIMHOM, 0O0JIOUKH KOTOPBIX CO-
CTaBJIEHbl U3 MPOTUBOIOJIOXKHBIX 3aPSKEHHBIX YAaCTHI] CO CIH-

33 Mankus M. M. HccnepoBanue o0pa3oBaHusl a[pOHOB B €+€- B3aUMOJICHCTBH-
sax B akcriepuMmentax DELPHI u Belle, npenusuonHoe n3amepeHre Macchl 1 BpeMEH!
KU3HU T-JIENTOHA B 3Kcnepumente Belle: ucceprauus. Jokrop (pu3HKo-MaTeMary-
yeckux Hayk: 01.04.23, IIporBuno, 2014 rop, 222ctp.



HOM Y2. HecKoJIbKO pa3HBIX 10 4acTOTe pe30HaHCHO-3aMKHYTBIX
OUTOJIIPHBIX SIIEPHBIX 00O0JIOUEK MPH OMpeeIEHHbIX YCIOBHUSIX
MIPOSIBJISTIOT CIMIOCOOHOCTh K KOHIIEHTPUYECKOMY CIIMSIHUIO C 00-
pa30BaHUEM BJIOKEHHBIX B JIpyr Jpyra OMMOJSPHBIX 000J0YEK
HEUTPOHOB M AHTUHENTPOHOB, TPOTOHOB U @HTUITPOTOHOB U JIPY-
TMX sJep M3BECTHBIX XMMHUECKHMX 3JIeMEHTOB. PazHooOpasue
BUXPOHOB TaKoe e, KAKOBO pazHooOpasue (hopM aTOMHO-MOJIe-
KYJISIPHOTO BEILECTBA.

IIpoaykr 3SHepruM 3aMKHYTBIX MHKPOBHXPOHOB —
DIeKTPOH-MO3UTPOH, KaK 3aMKHYTOE, a TI03TOMY MHEPTHOE
¥ CTaOMJIbHOE MUKPOIPOCTPAHCTBO C MACCOM U MK TPUIECKIM
3aps10M, 00J1aJJaeT CTPYKTYpOi, BHELITHHM I10J1€EM, BHYTPEHHUM
3aps/IOM SHEPIUH, TEOMETPUUYECKOUN (POPMOI 1 pa3MepoM, BHYT-
PEHHMMH U BHEIIHUMU (PU3MYECKUMU CBOMCTBaMH. Ero xomr-

TOHOBCKAsl JIJTMHA BOJIHBI COCTABJISIET BEIMUMHY 2,4 X 10~ 9em.
JleOpoiineBckass JyIMHa BOJHBI JEKTpOHA B arome (T.e. pas-
Mep ceprudeckor 00IacT, B KOTOPOH eKTPOH, Oyaydu CBS-
3aH JIEKTPUYECKUM TOJIEM SIAPA, YKe MEepecTaer CyIiecTBOBaTh
CO CBOWCTBaMU CBOOOJIHOTO 3JIEKTPOHA) B HOPMAJbHBIX YCJIO-
BUSIX PEKOMOMHAIIMOHHOTO TEIJIOBOTO PABHOBECHSI COCTABIIS-

€T BeJIMYUHY 1077-10%cm, aB YCJIOBUSIX BaKyyma KOCMO-
ca B 00J1acTsX ¢ Temreparypoil OJMM3KOW K aOCOMIOTHOMY HY-
— —4

mo ipudnukaercs Kk 10 3~ 10" cm. Takum 00pa3oM, BbICO-
KOBO3OYKIEHHBIE COCTOSIHUSI aTOMOB, UMEIOIIHEe Ha TIOBEPXHO-

cTU 3eMJIM OYeHb KOPOTKOE BpeMsl KU3HH, B IIIyOMHAX KOCMOCa



MPAKTUYECKU CTAOWIIbHBI. Y JIEKTPOHA cCaMast MUHUMAJTBHO BO3-
MOHasi Macca-sHeprusi uHeptHoro mokosi (511 KaB) B cucre-
Me CU oOycroBieHa pa3psaaoM cepbl rpaBUIEKTPOMAarHUTHO-
ro MoHonosisi (MMM, rpaBUTalIMOHHBI MOHOIIOJIb) € MOCIE0-
BaTeJIbHbIM U3JTyYEHHEM KBAHTOB MOTOKA EKTPUUECKUX U Ipa-
BUTAIIMOHHBIX 3€PEH-IIOTEHIIMATIOB U3 €r0 3aMKHYTOW M OJHO-
KOHTYPHOM CTPYKTYpbl BOJTHOBOAOB (poTo 10). DnekTpon obna-
JaeT BHYTPEHHUM 3apsiioM sHepruu B popme ' OMM, reomer-
puueckoil ¢GopMoil U JBOMHBIM MOCJIeJ0BATEJbHbIM pa3-
MepOM B COCTOSIHUM MCTOYHHK (c(pepa-nmaccuBHOe COCTO-
siHMe) W 1oJe (YeTBePTh BOJHOBOJ AMCKPETHOr0 IMpo-
CTPAHCTBA-N0JIe — AKTUBHOE COCTOSIHNE) , & TAK)KE BHYTPEH-

HUMU U BHEITHUMHU (PU3MYECKUMU CBOMCTBaMU. Pa3mep ero uc-

2
TOYHMKA (ceppl) cocTaBiseT BEIUUMHY OKoo 10 O cm. Pas-

MEpP €ro BOJIHOBOJA B MOMCHT pPa3pAdKH HCTOYHUKA 3aBUCHUT
OT €TI0 COCTOAHUA 3HAYCHHA BCIIMYMHDBI 3apsia SHCPrun (CBO-
60)1HOC, CBA3aHHOC MJIN B I[BI/DKCHI/II/I) 1 KOJIEOJIETCS B npeneiaax

01 0,6 10 1,2 x 10 1% cm.



®oro 10. Cxema 351eKTpoHa, 0003HAYEHHAsI EKTPO (CUHU-
MH) ¥ I'PABIOTEHIMAIAMHU (KPACHBIMU) €TI0 BOJTHOBOJA CO CTPYK-
TYpPOU BBICOKOYACTOTHOTO I'PaBUIEKTPOMArHUTHOIO MOHOIIOJIS
¥ ero (paHTOM U3 COOTBETCTBYIOIIUX 3€PEH-TIOTEHIUAIOB

KoMmnoHeHTBI 3aMKHYTOI0 MUKPOBUXPOHA IEKTPOHA!

— I'PaBUTALMOHHBIM MOHONONIb ['SMM, nosnHe aHaJIOr Mar-
HUTHOTO MOHOIIOJIS, HO CYILECTBYIOIIUN ITPUA CKOPOCTSAX JBUKE-
HUS MaT€pUU PaBHOW WUJIM HUKE CKOPOCTH CBETA, KOTOPBIM IIPU
paspsiKe poKIaceT,

— MarHATHBIM MOHOIIOJIb TOJIBKO C OJIHMM 3HAKOM, pereHe-
PUPYIOLLMICS NIPU pa3psKe-Ie3UHTErpaliy IPaBUTAMIOHHOTO
MoHonosist [I9MM,



— oOpaTHBI TIEpEMEHHBIH JIEKTPUUECKUNA MOHOIIO b, N3Me-
HSIIOIINUN MIEKTPUUYECKOE MOJIe Ha YETBEPTU AJIMHBI BOJHBI JIEK-
TPOHA, PEereHepUpPYIOIIUI TOT K€ MO 3HAKy MarHUTHBI MOHO-
T0J1b, KOTOPBIA HAUMHAET UM 3apsKaTbCsl, UHAYKTUPYS] MarHUT-
HBIl MOMEHT 3JIEKTPOHA, HAUMHAs1 C YETBEPTH AJIMHBI BOJIHBI UM-
IJIO3UEN B y3€ll,

— BUPTYQJIbHBII CIIUPAJIBHBIA BOJHOBOJ M3 OTPUIIATEIbHBIX
3€pEeH-3JIeKTPOIIOTEHIIMAIOB OIHOTO 3HAaKa, OOPa3yIOIIUil MyJIb-
CUPYIOIIUI 3aMKHYTBII KOHTYP JIEKTPOHA, KOTOPBIN (DOPMUPY-
€T BHEIIHEE IEKTPUUECKOE T0JI€ IEKTPOHA,

— BUXPEBOE MAarHWTHOE T0JIE, YJIETAIOIIEE CO CBEPXCBETOBOM
CKOPOCTBIO ¥ (POPMUPYIOILIEE MATHUTHBIA MOMEHT 3JIEKTPOHA,

— BUXPEBOE TIPABUTALIMOHHOE TMOJIE 3aMKHYTOrO KOHTYpa
9MEKTPOHA, oOpasyloliee MyIbCHUPYIOMIUI 3aMKHYTHIA KOHTYP
JIEKTPOHA, YJIETAIOIIEE CO CBEPXCBETOBOM CKOPOCTHIO U (DOPMHU-
pyioliee BHEIIHEE I'PaBUTALIMOHHOE T10JI€ JIEKTPOHA,

— B MOMEHT UMIUIO3UM MarHUTHOIO MOHOIMOJS B y3€eJ 3€pHa
B €r0 00BEME CTAHOBSITCS TPABUTAITMOHHBIMHU, 2 CaM MarHUTHBIN
MOHOTIOJIb JIEIAET KBAHTOBBIM MEPEXO/l B IPaBUTAIIMOHHBIA MO-
HOIIOJIb, & €r0 3€pHa NEPEXOJAT B IByXKOMIIOHEHTHBIE C SpOM
U3 3epHA-3JIEKTPOIIOTEHIIMAIA ¥ OOOIOUYKY U3 TPABUTAIIMOHHBIX
3€PEH-TPABUNIOTEHIIMATIOB.

B otnume oT cTpyKTYphbl 271€KTPOMArHUTHBIX 3€PEeH CBOOOI-
HOTO MarHUTHOTO MOHOIMONSI (DOTOHA, B SJIEKTPOHE I'PABUTAIIM-
OHHBII MOHOTIOJNTb 00pa3yeTcs B pe3y/IbTaTe KOHJEHCAINN CBEepX-



CBETOBOM MAarHUTHOM MaTepuy U3 CBEPXOBICTPOW SHEPrUM JIBH-
JKE€HUsI B SHEPTUIO MTOKOSI IyTeM MOCJIeI0BATEIbHON 3aMEHBI Mar-
HUTHBIX 3€PEH-TIOTEHIIMATIOB Ha TpaBUTAIIMOHHBIE. B pe3ynbTa-
T€ MArHUTHBIA MOHOIOJb MpPEBpalIaeTCcsl B IPABUTAIIMOHHBIM,
a CTPYKTYpa 3epeH CTAaHOBUTCS JIEKTPOr PAaBUTAIIMIOHHOM.
DddexTuBHBIN pazmep Ha3zoBoro oObEMa BOIHOBOIOB CBO-
OOIHOTO NEKTPOHA B COCTOSIHUM TMOKOSI COCTaBJISIET BEJTMUMHY

1,2 x 107 cpmu CYILIECTBEHHO (HA TPU JECATUYHBIX MOPAIKA)
MPEBOCXOAUT pa3Mepbl aTOMHOIO sApa. Bpems :ku3HU 37eKTpo-

Ha oteHuBaetcs 84,2 x 10 ** et u OIpelessAeTCs 3apsioM SHep-
rid B (pOpME 3aMKHYTOI'O MArHMUTHOIO MOHOIOJIA. JTa HEP-
TYsl pacXO[yeTcsi Ha CO3/1aHhe U OOHOBJIEHHE C YaCTOTOH OKO-

0 10 2° Iy ero OJHOKOHTYPHOIO U ITyJIbCUPYIOIIErO 3aMKHY-
TOrO BOJIHOBOJA U3 3E€PEH-IEKTPO U I'PABIIOTEHIUAIIOB, KOTO-
pblid 1 (POPMUPYET BHEIIHEE MOJIE IEKTPOHA, ITPEACTABIEHHOE
Ha ¢orto 11. Bpaiasicb ¢ Takoi 4acTOTOW, MarHUTHBIE MOHO-
1oJb (FpaBUTALIMOHHBI MOHOIIONb) JIEKTPOHA BOCITPOM3BOAUT
HOBBIM BOJIHOBO[I, OTTAJIKMBAsl CTapblii BO BHEIIIHEE MMPOCTPaH-
CTBO U (hOPMUPYS AHOMAJILHO OOJIBIION MarHUTHBII MOMEHT.



®orto 11. ITynbcarmiu OOHOBIEHHBIX MATHUTHBIM MOHOTIOJIEM
KOHTYPOB JIEKTPOHA MTPU (POPMUPOBAHUH €TO BHEITHETO IMOJIS

OO6BEM 3TOrO MOJA-MPOCTPAHCTBA, KaK U JIIMHA KOCMHUYe-
CKOro Tpeka (poToHa M3-3a TOPU30HTA, COM3MEPUMA C OOBEMOM
Hamel Bcel Beenennoit. Ero crabuibHOe 10 BO3pacTy KU3HU
MUKPOMPOCTPAHCTBO MMEET OTPHUIATENILHBIN (MTO3UTPOH — TIO-

JIOXKUTENbHBIN) 3apsa 1,6 x 10" K B cucreme CH, xota pe-
QJIbHO B MPUPOJIE HE CYILECTBYET TAKMX 3apsiioB, KaK HE Cy-
IIECTBYET 3apsia Macchl, CWJIbl U BpeMeHU. U T. 1. A cylie-
CTBYET BUXPEBOM IEKTPUUECKUI MOHOTOJb — 3aPsijl JIEKTpUYe-
CKUM MOTEHIMAJIOM (MCTOYHMK) U BUXPEBOHM I'PaBUTALIIOHHBIN
MOHOIIOJb — 3apsifi TPABUTALIMOHHBIM NOTEHIMAJIOM (MCTOYHUK ),
KOTOpbIE POXKJAIOT BHEIIIHUE BUXPEBbIE IMOJISI — HEPABHOMEPHO
1O CIIUPAJISIM pa3MeIIEHHbIe HA er0 OMHOKOHTYPHOM BOJTHOBO-



ne. Ykazanuble Ha (poto 11 Kiiactepsl BHEIIHETO MOJIsl IEKTPO-
Ha, U3JTyYaloTCs MOCJIEIOBATEIbHO B Pa3Hble MOMEHTHI BpeMe-
HU. PopMa MyJILCUPYIOIIET0 OTHOKOHTYPHOTO 3aMKHYTOTO BOJI-
HOBO/1a 13 3JIEKTPONOTEHIIMAJIOB Y IPABIOTEHIIUIIOB OITPEeIISIeT
KaHOHUYECKYIO (hOpMY /151 BCEX JIEITOHOB — MOJTYLIEJIbIA CITMH.
Bce 3Tu naHHbIe U NN B OCHOBY O MEXaHU3ME POXKICHUS
CMMHA y 3JIEKTPOHA MO/ AEUCTBUEM MarHUTHOTO MOHOIIOJS, T.€.
BpallleH!s IPY pa3psiIKe rPaBUTALIMOHHOTO MOHOMOJIS.
BuenHee nposiBieHre cBOMCTB (popMbI M pa3Mepa BOJIHOBO-
JIOB-TIOJIEW 3JIEKTPOHA C BPAIIAIOIIMMCS MOJISPHBIM MATHUTHBIM
MOHOTIOJIEM 3aBUCUT OT CKOPOCTU €rO JIBUKEHUSI U COCTOSIHUS
cTerneHu cBOOObI (CBSI3aH B aTOME WJIM MOTHOCTBIO CBOOO/IEH) —
9TO €rO CIIUH, JIEKTPUIYECKUII 3apsi]l, F[EOMETPUYECKasi CTPYKTY-
pa C oIpeIeIEHHBIMU pa3Mepamu (JIJIMHA BOJIHbI) U UHIYKTUPYe-
mast Mmacca (B TepmuHax cuctembl CU mmm CI'C), a Takxe 6ecko-
HEYHO JI0JIr0€ BpEMs1 KU3HH, OIIPEJeIIsIeMOe 3allacoOM €ro BHYT-
peHHel sHepruu B hopMe MarHuTHOro MoHoroJs. [Ijis cpaBHe-
HUsI 3aMETHUM, UTO 3aaca BHyTPEHHE SHEPrUy MarHUTHOTO MO-
HOTIOJSI, POKAEHHOTO MPU CHATHU BO30YXXIEHHUS aToMa, JIOCTa-
TOYHO, 4TOOBI (POTOH MOT MPOJIETETh BCIO MIyOMHY Hareil Bee-

JIEHHOM M3-3a HEBUIMMOI'O TOPU30HTA, T.€. 10 28 cMm, 3a 14 mu-
JIMApIOB JieT. BHyTpeHHUe CBOWCTBA 3J€KTPOHA, OTBETCTBEH-
HBIE 34 9TU BHEIIIHUE MPOSIBJICHUsI, OOYCJIOBJICHBI MPOLIECCAMH,
MPOUCXOASIIIIMMUA B PE30HAHCHOM 3aMKHYTOM MUKPOBUXPOHE,
B KOTOPOM TMOJISIPU30BAHHBII MarHUTHBI MOHOIIOJb TIEPUOIN-
YeCKU W BCerja ABMXETCA-BKpyuMBaeTcsl (MMIUIO3UsI OceBast)



B OJIHOM HAIIpaBJIEHUH B CTOPOHY K IIEHTPY MOBEPXHOCTHU IO-
aycdepsl (y3en), rae ucuesas, 3apsKaeT rPaBUTALMOHHBIM MO-
Horob. [TocmegHnii UICTOYHMK, pa3pskasch UHIYKTUPYET JIeK-
TPUYECKMI MOHOIOJIb Y [JBA BHEIIIHMX KOHTYpa BOJTHOBO/IA JIEK-
TpoHa. OHO — MEPEeMEHHOEe 3IEKTPUYECKOE I0Jie-BOHOBOIA
(BHEIIHSASA CIUPAJIb), KOTOPOE POKIAET YKE NEKTPUIECKUAN MO-
HOIIOJTb, KaK UCTOYHUK, YTO U PEAaHUMUPYET MAarHUTHBI MOHO-
0JIb — UHAYKTUPYET U IEPUOANYECKH 3apsiKaeT MarHUTHBIN MO-
HOIOJIb HA YJAJIeHUHd OT YETBEPTH [JIMHBI BOJIHBI (ITyYHOCTD)
B y3ei1. [Ipyroe — BOJIHOBO/I BUXPEBOI'0 I'PaBUTALIMOHHOTO OIS —
BHYTPEHHSISI CIUPAJIb Pa3psAAKU TPABUTAIMOHHOTO MOHOIIONS,
nokazanHas Ha ¢oto 10. Tak oOpa3yercsi 3aMKHYTbIII KAHOHH-
YECKUI OHOKOHTYPHBIN (ha30BbIii OOBEM C TIONTYIIEIBIM CITUHOM
3JIEMEHTAPHOU YaCTHUIBI JIEKTPOH C MACCOU, T.€. JIeMEHTapHAs
YacTuUIla Co CTPYKTYPOH aKTUBUPOBAHHOTO IPaBUAJIEeKTpoOMaAr-
HUTHOTO MOHOMOJsI (I'9MM). VkazanHbie BpanareabHO-TI0-
CTyHareJibHble IBUKEHU S MATHUTHOTO U I'PAaBUTALIMOHHOTO 3apsi-
JIOB U OTIPEIENISIOT HAIPaBJIeHUe BEKTOpa CIIMHA, CIIMHOBBIN Mar-
HUTHBI MOMEHT U COOCTBEHHBIH MEXaHUYEeCKUHA MOMEHT JJIeK-
TPOHA, 2 UX MArHUTOMEXAaHMYECKOE OTHOLIEHUE ECTh BEJIUYMHA
TIOCTOSTHHASI JJTs1 CTAOMJIBHBIX MUK POYACTHUI] — 3TO OCHOBHOM 3a-
KOH npupofsl. Kak TOMbKO MOBEPXHOCTHBIN KOHTYP JIEKTPOHA
3aMKHYJICS, ero 00a BHYTPEHHHUX 3apsijia CTAIA MyJbCUPOBATh
(¢poto 11), mposiBIIsist HaNTpaBJI€HUE CIIMHA U OOHOBJISISI-TIEpen3-
JIy4asi KOHTYpPbI, CO3/1aBasi BHEIIIHHE MTHOBEHHbIE BUXPEBbIE T10-
JIs1 YaCTHUIIBl — NEKTPUUECKOE, IPABUTAIIMOHHOE U MArHUTHOE.



B ommmune ot hoTOHA EKTPOH UMEET 3apsijl MEKTPUIECKUM
HOTEHIMAJIOM JOTIOTHUTEIIHO U B TPEThel (hopMe, M3ITydaeMbIX
CBOOOHO BHEIITHMX JIEKTPUUECKUX IMOJIEN, KOTOPbIE TP 0OJIb-
IIIOW KOHIIEHTPAIMU 3JIEKTPOHOB MOTYT CO3/1aBaTh OOJIAKO IIa-
POBOTO KPYIJIOrO M ra30 U CBETOIOIOOHOIO 3IeKTpruecTBa. Ta-
Koe 00JIaKO MOCJIe COOTBETCTBYIOIETO 3aXBaTa M KOMITPECCHU
CIIOCOOHO POXK/IATh XOJNOJHOE EKTPUUECTBO, KOTOPHIM Urpasl
H. Tecna, nepekiaapiBast ero U3 KOPOOKHU WITH 3aJIUBasi €ro B Oy-
TBHLJIKY.

Takum 06pa3oM, OOHOBJIEHHBI KOHTYp U3 3EPEH-TIOTEHIIU-
QJIOB HAIPABJIEHHO TOC/IEOBATEIbHO BHITAIKUBACT-U3ITyYaeT
npenpaynmii u popmMupyeT BHeNHUE 1o dnekTpoHa. Cyie-
CTBEHHO, YTO 3TH TOJIS B KJIACTEPAX aTOMHO-MOJIEKYJISIPHOTO Be-
IIECTBA MOXHO TIOJIIPU30BATh MOIIHBIM UMITYJILCHBIM BHEIITHUM
noJsieM ¥ 3a(pUKCHPOBAaTh UX HAMPABJIEHHOCTh B PEIIETKE TBEP-
JIOTO TeJia, HapUMep MX CIIMHBI — 3TO MPOU3BOACTBO MOCTOSTH-
HBIX MarHUTOB.

Ta sHeprust MarHUTHOTO MOHOIIOJISA, KOTOpast B (hOTOHE UJIET
Ha POXJICHUE TPeKa 13 3€PeH-3JIeKTPOIIOTEHIINATIOB JITTUHOM 00-

nee 10 28 CM, B 9JIEKTPOHE UJIET Ha TOfIJIep)KaHre ¥ OOHOBJIEHUE
BHEIITHKX TIOJIeH, T.e. yXe 00bEéMa C paJinycoM, PaBHBIM JIJIHE
yKazaHHOro tpeka ¢oroHa. OTBET Ha BOMPOC — KaK JIOJIT0 MO-
KeT aymTcs ToT nporecc? ['opaszmo Gobiie, YeM Bpemst KOTO-
poe Tpatut (poTOH, MpujieTasi K HaM M3-3a TOPU30HTA, T.e. 00-
Jiee YeTbIpHaAaTu MuutMapaoB JjieT wim 4,2 x 10 24 1er. A Ka-
KM€ NIOTEPU SHEPTUU €T0 3apsaaa ABMKEHUA? DKCIIEPUMEHTAIIb-



HO YCTAHOBJIEHO, UTO 3a BpeMsl (14 MWITMapaIOB JieT) ABUKEHUS
(poTOHA OYEHDb AJIMHHOTO MyTH U3 CaMbIX OKpavH BcerneHHon OH
«KpacHeeT» BCEro JIMIIb A0 Z — 7 win 8.

Hpyrumu crnoBamu, OECCTPYKTYPHOW TOYEYHOH MacCUBHOM
MAacChl NIEKTPOH HEe MMEeeT, a UMeeT UMITYJIbCHO OOHOBJISIEMBIN
KOHTYP-BOJIHOBOJI OIPEIEJIEHHBIX Pa3MEpPOB U3 3EPEH-TPaBIIO-
TEHIIMAJIOB, KOTOPBIA M CO3JAET CyMMAapPHBIW 3apsi]l IpaBUTALIU-
OHHBIM MOTEHIMAJIOM — 3apsiji Macchl. [Ipy OOHOBJIEHUU BOJIHO-
BOJIA NIPEAbIAYIIUI U3Ty4aeTcs, CO3/1aBasi BHEIIHEE IPaBUTALIN-
OHHOE T0JIE, KOTOPOE B3aUMOJIEUCTBYET C LICHTPAJIbHBIM I'PAaBU-
TAIlMOHHBIM MosieM 3eMJii. [103ToMy OH MHEPTEH U UMHUTUPY-
€T cOOCTBEHHBII 3apsi Macchl. TOUHO Takke BHEITHUI HaIlpaB-
JICHHBI BOJIHOBOJI U3 3€PEH-3JIEKTPOINOTEHIINAIOB (DOPMUPYET
CYMMAapHBbIA 3apsi/i OTPULIATEILHOIO IEKTPUYECKOTO MOTEHIIN-
ajla ¥ HampapJieHUE CIIMHA JIEKTPOHA, a TaKKEe U €ro BHEIIIHEe
aJIeKTpocTaTnyeckoe nosne. [Tpu aToMm crieayer 3aMeTUThb, YTO AU-
HaMU3M U3J1y4eHUs1 BHELITHUX MOJIEH JIEKTPOHA MOC/IE0BATE b-
HO BUXPEBOU Pa3HBIX IO 3HAYCHUIO 3EPEH-TTOTCHITUAIIOB — OJTHKe
K Y3J1y HaXOJISITCSI OOJIbIIINE 3HAYEHUS U BHITAJIKUBAIOTCS C OO0JTb-
1Iel CKOPOCTBIO, a B MyYHOCTH YMEHbLIAOTCA 10 Hyns. [loato-
My OHM pa3HbI€ U MO aTbHOAEWCTBUIO, U 110 Pa3HOMY IIPOSIBIISI-
0T CBOM CBOKICTBA OTHOCHTEITHHO KJIACTEPOOOpa30BaHMSI ra3010-
JOOHOTO EKTPUUECKOTrO 3(pUpa, U3yueHHUeM KOTOPBIX U 3aHU-
maJcsa Tecna.

3aMKHYTbIe MArHMTHbBI€ MOHOIIOJIX B ATOME€ — 3TO IICp-



BOE, MOCJIe IEMEHTAPHBIX YaCTHIl U aTOMHBIX sIJIEp, COCTaBHOE
Y apXUTEKTYPHO 0OOJIOUYEYHOE COEMHEHUE, CO3/IaHHOE TTPUPO-
JIOM TI0 U3BECTHBIM 3aKOHAM 3JIEKTPOCTATUKU U MATHUTHBIX MO-
HOMOJEN. DTO MPOU3BeeHUE MPUPOIbI CIeAYeT OTHECTHU K Tep-
BbIM IIPOJYKTAM CaMOOPIraHU3alluK BEIIECTBEHHBIX CTPYKTYP —
(popma uHTErpanusa SHePrum B cCOCTOsTHUM NOKOs1. Camble nep-
BbI€ MTPOAYKTHI — 9TO aTOMBI BOIOPO/IA Y TeJIHsl, MPE/ICTaBJICHHbIE
Ha oto 12.
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®oto 12. Cxema 3/IEKTPUYECKUX TOJIEM aTOMOB BOAOPOAA
Y TeJIisl B MTHOBEHHOM COCTOSIHMHM ITyJIbCAITi BCeX MX MarHUT-

HBIX MOHOIIOJIEN.

B cuiy cTpykTyp BHelIHe#H 000JI0UKH IMPOTOHA U JIEKTPOHA,
00pa30BaBIIMICS C TTOMOIIBIO XOJOAHON 0e3MacCOBOM IMJIa3MBbl
aTOM BOJIOPO/Ia UMEET aCUMMETPUYHOE BHEIITHEE JIEKTPUUECKOe
noJjie, KOTOpoe He MOJHOCTbK CKOMIIEHCUPOBAHO MOJIEM JJIeK-



TpoHA. ITO OOYCJIOBJIEHO TEM, YTO YAaCTOTa SIIEPHBIX MOHOIIO-
ner '9MM Ha Tpu JECATUYHBIX MOPAJKA BBIIE IEKTPOHHBIX
Y COOTBETCTBEHHO IUJIOTHOCTb MOJIOKUTEBHBIX MEKTPUUYECKUX
3€peH-TMIOTEHIMAJIOB OOJIbIIIE.

Otciona crnefyloT M €ro OpUrMHAJIbHbIE CBOKCTBA, Kak
Ha SJEpHOM ypoBHE B (pOpME [EUTpPOHA WM TPUTOHA, TaK
U Ha MonekyasspHoM. Hanmpumep, Monekyna BOAOpona, COCTO-
[Iasi U3 IByX aTOMOB OY€Hb YCTOMYMBA M MOXET PacIacTbCs
TOJIKO TIPU OY€Hb BbICOKUX Temneparypax — ot 2000 o 5000°
C. meroTca 1 ABa COCTOSIHMSA MOJIEKYJIBI BOAOPOJA, B 3aBUCH-
MOCTH OT B3aMMHOW OPHUEHTALIUU SAEPHBIX CIIMHOB — OPTOBO-
nopoa u napasogopon. C Apyroil CTOpOHbI, UIMEETCS1 aTOM TIe-
nus (oto 12), sApoM KOTOPOU CITYKUT U3BECTHAS B sIIEPHOU
(pusuke anbpa-yactuia. BHenHee nosie HACTOIBKO CUMMETPHUY-
HO U IUIOTHO KPAaHUPOBAHO CTPYKTYpaMM [BYX 3JEKTPOHOB,
YTO 3TOT aTOM IPOSBJISET Uy/leca MHEPTHOCTH B XMMHUYECKHUX
(MEKTPUYECKUX) B3AaUMOJICUCTBUSAX — OH MOJIHOCTBIO ITACCHUBEH.
DTH CBOMCTBA JIEKTPOHOB — CO3/1aBaTh IOJIHBIA SKPaH U3 NOJIen
JIEKTPOHOB BOKPYT MOJIOKUTEIBHOTO MOJIA spa 11 KOMIIEH-
calyu ero 1nojssi (HEBUAUMOCTb) B TPEThEM BHEIIHEM IIOJIE, Kak
TBOPEHUE MPUPOIb, CIIEUAIbHO TPUBEIEHBI 34€Ch /1J15 BO3MOXK-
HOCTM aHAJIM3a B MNOCIEAYIOIMX pa3fAeiax PyKOTBOPHOIO IIO-
CTPOEHHUS aHAJIOTMYHBIX CTPYKTYP KOMIIEHCALIMU 3apsAAa MaccChl
(6e3 paspy1eHus e€ CTPYKTYpbl U MHEPTHOCTU JABUKEHUSI) KJla-
CTEpPOB aHTUTPABUTAIIMOHHBIM 3apsiIOM /11 OPraHU3aluK TeX-
HUYECKOTO OE3BIHEPIIMOHHOTO U «HEBUOUMO20>» TBUKCHUS «ma-



PenoK» B TPEThEM TIOJIE.

HefiTpons! u apyrue HeifiTpajJbHbIE sIpa HA ONpPE/ICIEH-
HBIX TPaBMTAIlMOHHBIX MOSICAaX HAYMHAIOT pacraj, JIBUXKCHHE
U TIOCJIEAYIONIYI0 CTaOUIN3alMI0 BOMM3M TBEPAOW MOBEPXHO-
ctu 3emun. B pesynbrare 00pasyloTcsl AOCTATOYHO CTAOWUJIb-
Hble MOJIOXKUTEJIbHBIE sIpa U CTaOUJIbHBIC OTPHIIATeJbHbIE
eKTpoHbl. CTaOMIBHOCTh T€X W JPYTrUX yKe JOCTaTouHa st
OXJIAK/IEHUSI U PEKOMOMHAIIMK PYT C JPyrom, ¢ 0O0pa3oBaHU-
€M JIOJITOBPEMEHHBIX CTPYKTYP aTOMHO-MOJIEKYJISIPHOTO Belle-
CTBa. ATOMBI XUMUYECKHX JIEMEHTOB — 3TO CUHTE3UPOBAHHbIC
COCTaBHBIE AUCKPETHBIE MUK POIPOCTPAHCTBA-TIONS, 00pa30BaH-
Hble U3 JIBYX MMEKTPOCTATUYECKH MPOTHUBOMOJIOKHO 3apsiKeH-
HBIX ¥ KOHIIEHTPUYECKH PACIIONIOKEHHBIX C(DePUUECKUX YacTen

o —1
C pa3MepaMu LIEHTPaJbHOM Yactu ~ siapa 10 3 1 HECKOJBKHX

—1
JIEKTPOHOB C XapaKTEPUCTUYECKUM pazmepom 10 0 ¢m, BXO-
JSIIMX B cOCTaB chepUYECKUX 000JI0UEK, HAXOAAIIUXCS B CIIOE
cepruecKoro cja0si MUKPOITPOCTPAHCTBA aTOMA Pa3MepOM-I1a-

METPOM ~ 103 em. Jpyrumu cioBaMu, 13 IBYX CBOOOIHBIX Ya-
CTHUII C YKa3aHHBIMHU Pa3MepaMu, ABUKYIIUXCS HABCTPEUy JIpyr
K JpPYry C pa3HbIMHU, HO OIpe[esIeHHBIMU CKOPOCTSIMHU, 00pa-
3yeTcs TyTEM 3aXBaTa W CIUSHUS CBS3aHHAS, HO BO30YXKIEH-
Hasl 4yacTHIIa-aToM, C pa3MepoM cepbl CBOETO MUKPOIIPOCTPaH-
CTBa, COBMAJAIOIIEN C COOTBETCTBYIOIIMMHU Pa3MepaMu 3aMKHY-
ThIX JIeOpPOIJIEBCKUX JJIMH BOJH yKa3aHHBIX 4actuil. [Ipuuem

110 YCTOMYMBOCTH ATOMBI c1abee sizep Gonee dem 107 pas.



CTpyKTypa 3TOro HOBOrO MUKpPOITPOCTPAHCTBA, MOXATYH, ca-
Masl CJIOJKHasi U3 BCeX M3BECTHBIX. Harpumep, U3BECTHO, UYTO
KaX/IBIl SJICKTPOHHBIN cyioi odonouek atoma w3 K, L, M, N
U T.J., HAUMHaeTcs ¢ S-000mouku (poto 12, renuii), Ha KOTOPOH
YAEPKHUBAIOTCS TOJIBKO He OoJiee ABYX JIEKTPOHOB U TO C MPOTH-
BOIOJIOKHBIMU crivHamu. Kaxmas mociemyiormiasi 000IouKa To-
IO WM WHOTO CJIOSI UMEET BIIOJTHE OIpe/e/IeHHOE MaKCUMAJIbHO
BO3MOKHOE 3HAYEHHE YMCJIa SJIEKTPOHOB, PA3MEILIEHHbIX Ha HEW.
Tak, Harpumep, y aroma amomMunus (Z = 13) B cioe K nmeer-
Cs1 JIUIIb OfIHA 00O0JIOUKA S ¢ JIByMsI JIeKTpoHamu, B cioe L —
e, S u P obonouka ¢ 2 u 6-10 MEKTPOHAMH COOTBETCTBEH-
HO, a B cjioe M — 2 31eKTpoHa Ha S-000JI0YKe M OAMH JJeK-
TpoH Ha P-o00ouke. Y atoMoB ¢ OOIBIIMM MOPSIKOBHIM HOME-
pom BepxHue cion nMeloT D 1 F 00051049Kky, Ha KOTOPBIX MOXKET
OBITH pa3MeIleHO OT IeCATU U OoJiee 7eKTPOHOB. Takasi CTpyK-
Typa aTOMHOI'O MHMKPOITPOCTPAHCTBA HOCUT SIPKO BBIPAKEHHBIN
STYEUCTO-C(hepUIEeCKU XapakTep ¢ IEHTPOM B BUJE MOJIOXKHU-
TEeJIbHO 3apSKEHHOTO SIpa, OKPYKEHHOTO BOJTHOBOJAMM JJIEK-
TPOHOB, 3a(PUKCUPOBAHHBIMU B OTMPE/IETIEHHBIX CJIOSX U CIEIH-
aJIbHBIM 00pa30M YJIOKEHHBIX Ha MOBEpXHOCTU 0Oosouek. Takoe
pa3mMeltieHne JeKTPOHOB OOYCIIOBJIEHO MCKJIIOUMTENBHO TOMY-
TEJTBIM CIITHOM 3JICKTPOHOB Y THOKMM U3MEHUBIIMMCS €70 BOJI-
HOBOJIOM, KaK «CIPYTOM» OXBATHUBILIUM 4YacTh cepbl AUaMeT-
pOM ¢ J1eOpOIIEBCKOM JIJTMHOW BOJIHBI 3TOTO CBS3aHHOTO JJEK-
TpoHa. CTpyKTypa aToma npejcTasieHa Ha ¢poto 12—13.



doto 13 Cxema BHEITHEN 000JOYKU aTOMa

V Bozmopozaa Ha Tako# cepe pa3MellEH TONbKO OJUH JIeK-
TpoH. Y remus (¢porto 12) nBa anmekTpoHa pa3MeleHbl Ha 3TOU
cdepe TakuM 00pa3oM, YTOOBI LIEHTPAJIbHOE T0JIe MEKTpUYe-
CKOTO 3apsijia s1/ipa «BUJIEJI0» MAKCUMaJIbHYIO TOBEPXHOCTD BOJI-
HOBOJIOB 3THX 3JIEKTPOHOB HE TOJIbKO OJIMKAMINel MOBEPXHO-
CTH, HO Y MOCJIeIYIOUIMX 110 Mepe BO3pacTaHus paauyca. B nan-
HOM CJTy4ae 3TO IOCTUraeTcsi TMaMeTpaibHO TPOTUBOMOIOKHBIM
pacnionoxkenreM. Korga sapo oOnmagaer 6osee 3HAYUTETbHBIM
3apsiIoM IEKTPUUECKOTO TMOTEHIMAaNa, TO Ha 000JI0uKe OO0Jb-



Iero JuaMeTpa IMosBJIseTcsl OOJIbIlie CBOOOTHON MOBEPXHOCTH
IUTsL pa3MeleHus1 OOMBINEero KOJMYeCTBA MEKTPOHOB. Tak, Ha-
npuMep, Y aTIOMUHHSI Ha BTOPOM CJIO€, BO BTOPOH p-000JI0UKe
MOXET Ha MOBEPXHOCTHU chepbl pa3MECTHUTCS yKe 6 JIeKTPOHOB.
STH MEKTPOHBI PABHOMEPHO MEPEK PIBAIOT CBOMMH BOJTHOBO/IA-
MH BCIO IOBEPXHOCTH 3TOH 000710uKU. [103TOMY Ha IMOBEPXHOCTH
000109eK OOJIBINETo qraMeTpa MX YMCIIO pe3Ko Bo3pacTaeT. Ta-
Kasl CTPYKTypa aTOMOB BO3MOJKHA JIWIIIb B JIOCTATOYHO CBOOOI-
HOM TPOCTPAHCTBOM, KaKO€ MMEETCsl Ha MOBEPXHOCTU TUIAHET
M 3BE3[l, HO TaKasl CTPyKTypa pealbHO HEBO3MOXHA B TIIyOWHE
HIDKHEN MaHTUY 3eMJTH, Tj1e Oiarogapsi o4eHb BHICOKOMY JIaBJie-
HMIO OTCYTCTBYET JIOCTATOYHO CBOOOTHOE MPOCTPAHCTBO /IS 00-
pa3oBaHus Mepexojia HeUTPoHa ¢ 0OBEMOM COOTBETCTBYIOIIM

pa3mepy 1013 em B 06bEM aToma BOJIOPOJIA C pa3MepoM pajiu-

yca 10~ cm, HO BO3MOKHO o0Opa3oBaHKE MIO-aTOMOB BOJIOPO/IA,
9HEprusi KOTOPBIX MOXET JIUIIIb MPEJICTABIATLCS HE TeMIIepary-
PO BpalaresibHO-KosieOaTeIbHbIX COCTOSIHU, a TOJIbKO Bpalle-
HUEM.

PaccMoTpeHHasi cTpyKTypa pa3MelleHHsl IEKTPOHOB B COOT-
BETCTBYIOITMX 000JIOYKAX MOJTHOCTHIO UCKIIIOYAET BCSAKOE OpoOH-
TaJbHOE JIBIKEHUE JIEKTPOHOB B MPOCTPAHCTBE BOKPYT sifipa.
OpoOuranbHoe JBIKEHUE JIEKTPOHOB, KaK U JABMKEHUE JIeK-
TpoHa 13 BO30YXAEHHOTO COCTOSIHUS aTOMa B OCHOBHOE COCTO-
STHME aToMa JIOJKHO MPUBOAUTH K M3TYYEHUIO NeOPOMIeBCKUX
BOJIH, 4TO HaOIIOIAeTCsl HA MPAKTUKE BHICBEUMBAHUEM OMNTHYE-
ckux (hOTOHOB, HO He HAOMIONAETCS 1JIsi ATOMOB, HAXOMSIIUXCS



B OCHOBHOM COCTOSIHHH.

3anuce, oTpaxanolas pacrpejeaeHue 1eKTPOHOB B aToMe
XMMHYECKOTO 3/IEMEHTa 10 SHEPreTHUECKUM YPOBHSAM (CII0SIM)
¥ [IO/1yPOBHSM (000JI0UKaM), Ha3bIBAETCSl EKTPOHHON KOH(U-
rypaumeit 3toro aroma. Tak, Harpumep, BbIIlIE PACCMOTPEHHAs
KOH(pUTYypalvsl aToMa aTIOMHUHUS MOXET ObITh MpEe/CTaBJIeHa,
Kak 1s2 2s2 2p6 3s2 3p.

B ocHOBHOM (HEBO30YK/IEHHOM) COCTOSIHUM aTOMa BCE JIeK-
TPOHBI YJOBJIETBOPSIOT NMPUHLIMIYY MUHUMYMa MOTEHIHATbHOM
SHEPruy. DTO 3HAYMT, YTO CHAYasa 3aroNHSIOTCS CIIOH, TSI KO-
TOPBIX:

— [JJaBHOE KBAaHTOBOE YMCJIO «N» MUHUMAJBHO,

— BHYTPH OHOTO CJIOsI CHavaJIa 3arojHseTcs s- 000JI04Ka, 3a-
TEM p- ¥ Jvib 3ateMm d U T. 1.,

— 3aroJTHeHUe MPOUCXOAUT TaK, 4ToObl (n + 1) ObUIO MUHU-
MaJIbHO,

— B Tpefenax OTHON OOOJIOYKH IEKTPOHBI PACIONaraloTcst
TakUM 00pa3oM, YTOObI PABHOMEPHO CBOMMHM BOJTHOBOJAMU TIO-
KPBITh BCIO IOBEPXHOCTh 3TOM 000JIOYKYU HE COMPUKACASICh IPYT
C Jpyrom,

— 3aI0JIHEHUE JIEKTPOHHBIX ATOMHBIX 000I0YEK BBIIOJHSET-
sl B COOTBETCTBUM ¢ TipuHLMIIOM [laynm.

ATOMHbBIE MUKPOITPOCTPAHCTBA TPOSIBISAIOT BEChbMa Xapak-
TepHble cBolicTBa. Hanpumep, atom Boopona crnocodeH norso-
IIATh WM U3JTy4aTh BIIOJHE OIpe/ie/ieHHble cepur (POTOHOB. DTO
TaK Ha3bIBAEMbIE XapaKTepucTuieckue cepuu bamemepa, Iaie-



Ha, Jlaiimana u 1. a. [1pu noromennu (poTOHOB U3 TOU CEPUU,
SMEKTPOH MepexoauT u3 1S cocTtosiHus B Apyrue, Oonee BHICOKO-
BO30YXJeHHbIe cocTosiHUSA — 2P wnm 3S u T. A4. YV atoma renms
BO3MOJKHOCTEH eltie OosbIle — y Hero ABa 1ekTpona 1S2. Ecnu
BO30Yk/IEH TOJIbKO OfIUH eKTpoH — 1S2S wim 1S3P ut.41., a ec-
i 00a — 2S2 vui 2P3S u 1. 1. Yto 310 3HauMT? DTO 3HAYUT, YTO
MIPU MOTJIOIIEHUH SHEPTUM MAarHUTHBIM MOHOIIOJIEM 3JIEKTPOHA,
OH TIEpEeXOIUT B MOTEHIMAIBLHOM I0JIe S/ipa Ha Oosee Jajeékoe
paccTosiHUE OT HEero, KOTOphle Ha3bIBAIOTCS PU0EProBCKUMH
COCTOSIHUSIMH aTOMOB.

I'naBubiii Bonpoc. [loueMy npu pekoMOMHAIMKM MPOTOHA
C JIEKTPOHOM, MOCJIeJHUE HE NMAJaloT JPYT Ha Ipyra, Kak MpoTu-
BOMOJIOJKHBIE 3aPsIJibl, @ OCTAIOTCS B IPOTUBOCTOSIHUM JIPYT APYTY

Ha pacCTOSTHUU 10 8em, ¢ 00pa3oBaHUEM YCTOMYMBBIX aTOMOB?

Kak 6bU10 yXe Mmoka3aHo Ha MpuUMepe HEHTpOoHa, B Ipoliec-
ce ero pacrnaja, u3 Hero yHocurcs 3Heprus 1,29 Mas B ¢op-
Me Jactull (nekTpoHa-0.511 K9B 1 aHTUHEUTPUHO) U KUHETHU-
YECKOW HEPruu, pacnpeeieHHON MEXIy HUMHU. DTa YHECEH-
Hasl SHEPrusi U SABJSIETCS] TeM OapbepoM MPOTUBOCTOSIHUS, KO-
TOPBIN MEKTPOH Oarogapsi CBoeMy CTaOMIIbBHOMY CYIIIECTBOBA-

HUIO B BUje nonycdepsl paauycom 2,4 x 10 %¢em pasMenieH
B atoMe ((poTo 1) Mpy HOPMAIBHBIX YCIOBUAX PAANYCOM 10~"—

10 em, u [I03TOMY HE MOKET YIACTh Ha IOBEPXHOCTD IIPOTO-
Ha. [lo Tou npuymnHe, 4YTO pa3mMep BOIHOBOJOB MEKTPOHa (POTO
12) Ha Tpu IECATUYHBIX MOPsIKA MPEBOCXOAUT BHELIIHUN BOJI-



HOBOJI JIIDOOTO aTOMHOTO Spa, T.€. YeM MeHbIIIe Macca MUKPO-
YacCTHUIBI, TeM OOJIbIIIe pa3Mep-IruaMeTp ero BOJTHOBOIOB B TOJI-
HOW aHAJIOTMM CO cBoMcTBaMU DMB — yem Bblllle SHepPrusi, TeM
KOpoYe JJIMHA BOJHBI U BbIIIE YaCTOTA BUXPOHA. MarHut-
HBIJ MOHOIIOJIb JIEKTPOHA MOXKET KUTh TOJIBKO Ha MOBEPXHOCTU
cepoi-riomycdepsl ykazaHHOro pajaunyca. MoxxHO 0Opa3HO cKa-
3aTh, UTO SHEPrusi B BUXPEBBIX MOJISAX aToOMa, MpecTaBIeHHAas
(popmoii MaTepun XOJIOAHOM I1J1a3Mbl, POSIBIISIETCS B BUAE CIIOS
cepruecKoro MpoCTpaHcTBa — Dapbep.

[Mostomy nedpoiiieBckas nomycdepa-BOIHOBO, CBSI3aHHOTO
aATOMHOT'O JIEKTPOHA HE MOXET (PU3NUYECKU «yMacTh» B IIEHTP —
OHA CrOCcOOHA JIMIIb OKPYXKHUTh €ro. DTa ke MPUYMHA SIBJISET-
cs1 OCHOBOW 00pa30BaHMs BCEX aTOMOB TaOMIbl MeH ieneeBa.
W uMeHHO 3TOT (paKT JOKA3BIBAET My Th POKACHUS BCEX aTOMHBIX
si71ep, Kak U myTh npoToHa. K Bemkomy coxaneHuIo Ha KOoJLai-
Jepax U Ha IpYI'UX TEXHUYECKUX YCTAHOBKAX MIOKA HE HAYYMJTUCD
MOJTyYaTh IUIA3My BUXPOHOB C SHEPruew, MO3BOJIAIONIEH MOITy-
YaTh HEUTPAJIbHBIE SI/Ipa C OOJIBIIMM aTOMHBIM BECOM, YeM Mac-
ca HelTpoHa. DTO MO3BOIUIIO Obl IPOAHAIM3UPOBATH THUIT U BU]L
pacriazia, a Tak’e BO3MOXHOCTb CUHTE3a UICKYCCTBEHHOIO aTOMA.
C apyroyl CTOpOHBI, U3BECTHO, YTO pa3Mep MIOOHA COM3MEPUM
C BHEIIHMMHU OOOJIOUKAMU sIep, U TIOITOMY MPUCOEIMHEHUEM
MIOOHA K si/Ipy (M€30aTOM) OCYIIECTBIISIETCSI €r0 MPUOIIKeHNE
K s71py B 207 pa3 Onuke, 4eM AJ1s JIEKTPOHA.

ATOM B 1IeJIOM 3JIEKTPUYECKU HEUTpasieH. MexaHu3m
NIEKTPOHEUTPATIBHOCTH TOSICHAETCA CXEMOM, MPEICTABJICHHOU



Ha oto 14.

®oto 14. Cxema BHYTPEHHUX JIEKTPUUECKUX MOJIEN aToMa
¢ 0Opa3oBaHUEM 30HbI XOJIOHOM TUIA3MBI.

Anpo aroma MMeeT MOJOXUTEbHBIM 3apsAl JIEKTPUYECKO-
ro MOTEHLMaIa ¥ COOTBETCTBEHHO M3JIydaeT B 47t BOKPYT ceds
MOTOK TOJIOKUTENBHO 3apsKEHHBIX 3€peH-noTeHnuanos. 06o-
JIOUKU M3 MEKTPOHOB, 0Opa30BaHHBIE HA PACCTOSHUU-PAANY-

cax or 0,5 — 15 x 108 CM, ITIOCTOSIHHO OOHOBJISIIOTCS Mar-
HUTHBIMU MOHOIIOJISIMUA C POXJIEHHMEM 3SKpaHHUPYIOIIero 00-
JIAKA-TIOTOKA OTPUIIATEIBHO 3apsSKEHHBIX 3€PEH-TIOTEHINAJIOB.
BuyTpr atoma oOpa3zyercss [uHaMUYeCKOe paBHOBECHOE MHUKPO-
MPOCTPAHCTBO-TO0JIE, 3aMIOJTHEHHOE ABYX3HAKOBBIM JJIEKTpUYe-
CKUM 3(pUPOM, YHUUTOXKAEMBbIM B 30HE JEKTPUUECKON XOJO/-
HOW Oe3MaccoBOl 11a3Mbl. [IpOTHBOIIONOKHO 3apsKEHHBIE TIO-



TOKHU 3epeH-IEKTPONIOTEHIIMAJIOB AHHUTHJIHPYIOT ¢ 00pa3oBa-
HUEM CUJIOBBIX JIMHUI 3JEKTPUYECKOro MOJsi U YHUUTOKEHU-
€M MPOCTPAHCTBA, YTO MPUBOAUT K MPUTSKEHUI0 MCTOUHUKOB
YX MOPOAMBILMX Y (PUKCALIMU [TApaMETPOB ATOMHOI'O MPOCTPaH-
CTBa MyTEM POXJCHUS M OOHOBJIEHUS XOJIOJHOM T1a3Mbl U3 6e3-
MACCOBBIX JIEKTPUUYECKUX 3EPEH-MOTEHIIAJIOB C MPOTUBOIIO-
JIOXKHBIMU 3HaKamMu. HeckoMmeHCMpOBaHHBIN JJIeKTPUYeCKUil
3¢pup, pOKIEHHBIN BLICOKOU, HO Pa3HOW YACTOTOM COOTBETCTBY-
IOLIUX MarHUTHBIX MOHOIIOJIEH, MOKET BBIBOJUTCS U3 MEKATOM-
HOT'O TIPOCTPAHCTBA MPY CUJTBHOM MOJISIPU3AIINH BEIIeCTBa O0JTh-
MMM 110 3HAYEHUIO 3JIeKTPUUYECKUMH MOTEHIIMAIaMu, CYIIe-
CTBYIOIIIMMU JJIsI CBSI3M B aTOMe, U CIIOCOOEH K 0Opa30BaHUIO
SHepruv B (hopMe OCBOOOXKAEHHOTO 3apsifa NEKTPUIECKUMU
3€pHAMU-TIOTEHIMATIAMU C TIOCJIEAYIOIIMM €ro 3aXBaToM M Ipe-
00pa30BaHUEM B JIEKTPUUYECKUN XOJOHBIN TOK TeXHOJIOTHSI-
mu H. Tecna, 3. I'pes u U. Konena.

Ortciona cienyeT Ku3Hb U CYIIeCTBOBaHUE 3apsJJOB IEKTPU-
YECKHUM MOTEHIUAJIOM €lIE€ B OOHOW (POpME, XapaKTEPU3YIOILIEN
HaJIMYMe yXke TPEX 30H aTOMHOTO MPOCTPAHCTBA B TOM YHUCIIE
Y B aKTMBHOM aHHUTWIMpYIOien ¢opMe, NPUBOAAIIEH K HaJIU-
YMI0 B HEM JBYX3HAKOBOro 3(upa 30HbI XOJIOTHOW Oe3Macco-
BOI1 TJ1a3Mbl U3 IPOTUBOMOJIOKHBIX 3EPEH-JIEKTPONOTEHIIMATIOB
00OMX 3HAKOB.

AHaJIOrM4Ha 10 POKACHUIO U YHUUTOKEHUIO MATHUTHASI X0~
JIoJIHas1 6e3MaccoBasi mJIa3mMa, Kotopasi posiBIsIeTCs] PUTSI-
JKeHHEM TO0JIIOCOB CTAIMOHAPHBIX MArHUTOB.



OnHako rpaBUTalMOHHOE IOJIE, TIOPOXAaeMas B OCHOB-
HOM SIIPOM aToMa, M3TydaloluM Oojiee JaTbHOAEHCTBYIOIINE
Y O/IHO3HAKOBbIE 3€pHA-TPABIOTEHIIUANBI, OTIMYAETCS 10 CBOM-
CTBaM TeM, YTO 00pa3yeT XOJIOAHYIO IPAaBUTAIIIOHHYIO Oe3Mac-
COBYIO TUIA3MY JIMIIIb B3aUMOJIENICTBUEM C LIEHTPAJIbHBIM MPOTH-
BOIOJIOKHBIM IO 3HaKy 10JIeM 3eMJI, IPOsIBIISIA y aToMa 3apsij
maccsl B CH.

[ToaTOMY CHapy U aTOMa BHELITHEE IEKTPUUECKOE MOJIE sipa
MOJTHOCTBIO CKOMIIEHCUPOBAHO BHEUTHUMH MOJISIMU JIEKTPOHOB,
Pa3MEIEHHBIX Ha (PUKCHPOBAHHBIX 000I0UKAX. B CBsI3M € 3TNM,
y aTOMOB TOSIBJISIETCS] BO3MOKHOCTh OOBEIUHATHCS B KJIaCTEpPhl
BEIIECTBA, BILIOTh JI0 ’KUJKOCTU U TBEpAOro Tesa. OJHaKo y Me-
TaJUIOB BHEIIIHUE BaJIEHTHBIE JIEKTPOHBI aTOMOB TIOYTH CBOOO/I-
HBI 1 00pa3yloT B OOJBIINX MACCHBHBIX KJIacTepax oOlaka CBO-
OOHOrO OTPULIATENILHO 3apsKEHHOTO JIEKTPUUYECKOro 3¢upa,
koTopbil o TexHosorusim H. Tecna, 3. I'pes, T. Mopest u MHO-
TUX IPYTUX MOXHO 3aXBaThIBATh U MPEOOPA30OBHIBATH CIIEINAITb-
HBIMH CXEMaMU B X0JI0/THO€ IJEeKTPHYeCTBO**, 00pa3ys He3a-
BUCHMbIE 1 aBTOHOMHbIE UCTOYHUKH MMUTAHUSI.

CoBceM mno-1pyromy BefeT cedsi OHOMOMSIPHBIN T'paBUTAIIU-
OHHBIN 3(pUp U3TyYaEMbI 3aMKHYTHIMU OOOJIOYKAMU aTOMHO-
ro sapa. BenenctBue BBHICOKOM IJIOTHOCTM ATOMHOTO siipa Ta-
KoM 3¢pup Oonee TaJIbHOAEHCTBYIOIIMIA 1 IPOHUKAIOIHIA, TO-
TOMY OH BBIXOJUT HE TOJILKO HAapyXKy aroma, HO M KJjacrepa

34 IMagpun A. A. Xon0oaHOe 3JIEKTpUYECTBO. DIeKTpUdecKuil 3¢pup. Msznarenpckue
pewenus no quuensuu RIDERO. 2019 roa.



B 11€JI0M, (pOpMUPYsI BHELIIHEE TPAaBUTALMOHHOE I10JI€ TAKOrO
ATOMHO-MOJIEKYJISIPHOTO BEIECTBA. JTO MOJE B3aMMOJACUCTBY-
€T C IIEHTPAJbHBIM TIOJIEM TATOTeHUsI 3eMJIM U MPOSIBISAET Ta-
KMM B3aMMOJIEVMCTBMEM U y aToMa, W KJlacTepa U3 TaKUX aro-
MOB, CBOVMICTBO MacCChl I HHEPTHOCTH, XOTSI B IPHPO/ie aTOM
He NMeeT Macchl.

ATOMBI, UX aTOMHBIE SIpa U NEKTPOHBI MPOSABISAIOT MATHUT-
Hbl€ CBOWCTBA, HO pa3Hble U B Pa3HbIX (pOopMax, YTO MO3BOJIS-
€T IUPOKO MPUMEHSITh MeTO[ SIIepHO-MarHUTHOTO pe30HaHCa —
CIUH fpa B aTOMax yIJiepoia paBeH HyJIo, a B aTOMax BOIOPO-
Ja TIOJYLIENbIA U T.J., CIIUH JIEKTPOHA MOJYLIENblid, a ero mar-
HUTHBI MOMEHT OOJIbIlIe YeM Y aTOMHBIX sijiep U T. A. HecmoTps
Ha TO, YTO MarHUTHBIE MOHOIMOJIY IIIMPOKOTO YACTOTHOTO CIIEK-
Tpa SIBJISIIOTCSA CTPOUTENSIMU aTOMOB U €ro 3JeMEHTOB (sapa
¥ JIEKTPOHBI), ¥ ITPU TAKOM ITPOU3BOJICTBE «OTXOAAMU> SIBJISIET-
Cs €ro JIByX 3HAKOBBI HEBUJIMMBIA MarHUTHBINA 3Up, 0Opazy-
IOV MarHUTHbIE MOMEHTHI aTOMHBIX SIJIEp U JIEKTPOHOB, €T0
JI0 CHUX TMOP HE MOTYT 3aperucTpUpOBaTh U MposiBUTh. OHAKO,
KaK M B Clly4yae C JIeKTPUUECKUM 3(PUPOM, €CITU UCTIONb30BaTh
W3BECTHBIE METO/Ibl HAMATHUYMBAHMSI HEKOTOPBIX METAJLIIOB U UX
CIUIaBOB, HAIIpUMep, MeTox JInicKamH1HA, TO YIAETCs BbIIEIUTh
MIOTOKYA MarHUTHOTO 3(pUpa Jake U3 OOBIMHOTO CTePXKHS JKeJie-
3a, TIPU TOM HAMarHUYeHHBINA CTEPkKEHb CTAHOBUTCSI MOCTOSIH-
HBIM MarHMUTOM Ha JIOCTATOYHO J0JITO€ BpeMs1. A ero MarHUTHbIN
3pup U3 3EpeH-TIOTEHIINAJIOB TPOSIBIISIET ce0sl B BUJIE TIOTOKOB
U3 MOJIIOCOB CTAIIMOHAPHBIX MATHUTOB M 3aHUMAET MPOMEKYTOY-



HOE CBOKCTBO TIO JAJIbHOJIEHCTBUIO M IIPOHMKAIOIIEH CIIOCOOHO-
CTU MO CPABHEHUIO C JIEKTPUUECKUM U IPABUTAIIMOHHBIM 3(PU-
pOM.

OcHOBHOW BBIBOJI — /JIsI OOBSICHEHUSI MeXaHn3Ma 00pa3oBa-
HUS aTOMOB HET HEOOXOIMMOCTH TPHUBJICICHUS] MEXaHU3Ma Op-
OUTATLHOTO JIBUKEHHST aTOMHBIX JIEKTPOHOB.

ATOMHOE SIAPO U YACTHIIHI €ro 000J09eK

ATOMHBIE SiApa XUMUYECKUX JIEMEHTOB, B TOM YHUCJIE U MPO-
TOH, 00pa3yloTCs NpU pachaje HEUTpPabHBIX sIIEP B OCHOB-
HOM I10 cXeme pacnaja HerTpoHa, Kkpome LENR u nonHo-siep-
HBIX peakiuid. ATOMHBIE Jpa UMEIOT 000JIOYEUHYIO CTPYKTYPY
Y3 HEUTpaJIbHBIX ME30HOB ((poTO 15).



doto 15. ObonoueuHast CTpyKTypa saep U3 ME30HOB

Ha ¢oto 16 npuBeneHo siipo atomMa Bogopojia — IPOTOH B I0-
KOE.




®oto 16. CTpykTypa NpOTOHA U AaHTUITPOTOHA U3 ME3OHOB

OcraBiasicsi mocjie pacriajia MnojoBMHa BHeHIHell 000J0Y-
KM HEWTPOHAa BMeECTe CO CpefHeill MOJIOBHHON MOJIOKUTEb-
HOM MPeBpaIliaeT ero B MPOTOH (AHTUIPOTOH) C FEOMETPUIECKON
(popmoii BHelHel yacTu mpejAcTaBlieHHON Ha orto 16, crieBa
(cripaBa). [TonoGHas nmomycdepa BHEIHeH 000JI0YKH B COBOKYTI-
HOCTH ¢ Tionycepoit HUKHel TONTOKUTETbHON YacTH 000I0UKHU
orpeessieT OJIOKUTENIbHBIN 3apsi]] TPOTOHA. JHePrusi, odec-
NeYMBAIOIAsl TIPOTOH MACCOM, JEKTPUUYECKUM 3apsIoM, CIH-
HOM, MarHUTHBIM MOMEHTOM, pa3MepoM U JIPYTMMH MapameT-
pamu, orpefessieTcss CyMMAapHOil BeUHOI SHepruei msaTu mar-
HUTHBIX MOHOIIOJIEH, MYyJIbCUPYIOLIMX C pa3HOi vactoTou. [la-
e JIBe BHEIITHUE MOJIOKUTETbHBIE 0O0IOYKHU TIOPOKIAIOT TAKOU
HeJ0CTATOUYHBII MOJIOKUTETbHBIN (OTPUIIATESIbHBIN) EKTPU-
YECKUH 3apsi]l U3 3€peH-MOTEHIMAJIOB HA TOBEPXHOCTH IMPOTOHA
(aHTUTIPOTOHA), KOTOPHIM OAWH JIEKTPOH (TIO3UTPOH) B aTrome
Bonopona (anrtusopopona) (¢porto 12) nepekpriBaeT NOTHOCTHIO
¥ JIaXe OCTAETCs U3JHIIEK — 00pa3yeTcs aTOM BOIOPO/Ia C I0CTa-
TOYHO OOJIBITION HEPrUel CPOACTBA K MEKTPOHY (JIEKTPOOTPH-
[ATEJILHOCTh aToMa BOAOPOA), KOTOPBIM CIIOCOOEH MPHCOeIH-
HHTB eI€ OFH IMPOTOH ¢ 00Pa30BAHMEM yXKe I0CTaTOUHO yCTOM-
YMBOW MOJIEKYJIBI Bofopoa. [loatomy Gosee crabuibHa Mose-
KyJIa BOIOpoAa. Y MpoToHa, cOPMUPOBAHHASL OCTaBIIAMCS T1O-
JISIPHBIM BUXPOHOM YacTh BHEIIHEW OOOJIOYKHU C TIOJIOKHUTEIb-
HBIMHU BOJIHOBOJIAMHU U OTKPHBITAs YacTh cpeaHent (¢orto 16) mo-



POXJAET €ro BHEIIHEE MOJIOKUTEIbHO 3apsKEHHOE ToJe, Ipe-
MATCTBYIOIIEE BHUIETY BUXPOHOB C BHYTPEHHUX O0OJIOUEK M UX
BO3MOKHOCTH TTOCJIE/YIOIIETO pacra/ia — 3To Hanbosee CTabuiib-
Hasl yacTula U3 YHC/IA BCEX U3BECTHBIX.

IIpeBpamennsi CTPYKTYpPbl NPOTOHA NPH YBeJUYEHUH
SHEePruy HA YCKOPUTEJSIX 1 KoJuIaiepax.

Brutote 10 HacTosIIero BpeMeH! pacy€T yBeJMUEHUs SHep-
T'MY NTPOTOHOB 3a CYET UX Pa3roHa B IEKTPUUECKOM MOJIE UAET
no popmynam CTO A. DiiHuITelHA, T.€. C YUETOM PEISTUBUCT-
CKOro 3(deKTa 3aBUCUMOCTH MACCHl YaCTULBI OT CKOPOCTU. IDTO
rpy0as ommoOKa BbI3BaHa TEM, YTO B IIPUPOJIC HET HUKAKOW Mac-
Cbl — HY MaccChl MOKOs1, HU pensatuBUcTKor Macchl B CTO. A du-
3MUYECKHUE MPOLIECCHl YBEIMUEHUsI MACChl JAIOTCS JIMILb HA BEpPY
Matemaruaeckumu dopmynamu JlopeHiia, He ¥Mest 1of coOoun
HUKAKOro (pu3M4eckoro 0O0CHOBaHUSI, B TOM UYHUCJIE OIpeesie-
HUSI MAcChl, Kak (pU3UYecKoi Kareropuu. Takum o0pazom, Hapy-
I1a€TCS1 OCHOBHOM KJIACCMYECKUW MPUHLIMIT TIO3HAHUS 3aKOHOB
IPUPOJIBI HA OCHOBE IKCIIEPUMEHTOB, a HE U3 MaTEMAaTUKH, Orpa-
HUYEHHOW HEMOJHOTOM 1o [ enemio.

[{MKJIOTPOHBI TO3BOJISIIOT YCKOPATh IMPOTOHBI O SHEPrUil
npumepHo 20 M3B. [lanbHeillliee X YCKOpEHHE B LIUKJIOTPO-
HE 02PAHUMUBAEMCS PEAIMUBUCTICKUM B03DACMAHUEM MACCbl
€O CKOpOCMbI0, YTO TIPUBOAUT K YBEJIMYEHUIO NIeprojia oopailiie-
HUs (OH MPOMNOPLMOHATIEH Macce) U CUHXPOHU3M HapylaeTcs.
PeanbHo, B npupojie yBeIMUeHUE BHYTPEHHEW SHEPTUU MPOTO-
Ha uaET no ¢gopmyie Ilianka, T.e. MyTEM yBEJIWYEHHUS 4aCTO-



Thl MATHUTHOTO MOHOIIOJISI ¥ KOJIMYECTBA B 3aMKHYTBIX BUXPO-
Hax [OMM kaxaoi u3 ero o00J04EK, a TAKKE YUCIOM TaKUX
obonouek. [ToaTomy ycKOpsIsSICh B JIEKTPUUECKOM T10JIe, TPOTOH
(doto 16) mosranHo npeBpamaeTcs B IEUTPOH, TPUTOH U T.I.,
a MpY BCTPEYHBIX COYIAPEHUSIX C AHAJIOTMYHBIMU MPOLYKTaMHU
YCKOPEHHBIX aHTUIIPOTOHOB ITyTEM OCEBOM MUMILIO3HUH, NIEPEXO-
JSAIIEN CTYCTKaMU B IEHTPAJIbHYIO UMILIO3UIO, TOPOKAAET MHO-
roo00JI04eYHy CTPyKTypy sjep (¢oto 15) u poxaarorcs aH-
TUJIEATPOHDI, aHTUTENTUI-3 WA aHTUTPUTHU.
BBICOKOMHTEHCUBHBIE JIEKTPOUMITYJICHBIE KOPOTKHE (5—
50 MUKpPOCEKYH[) pa3psabl-IIPOLECCH B BOJASTHOM ILIA3MOU-
ne Bayaesa peanusyioT rpeBpailleH!s] MPOTOH-/1eTPOH-TPH-
TOH-TeJIMI. DTOT ke METO] MO3BOJSET MOINY4YUTh U3 MPOTO-
HOB M KHUCJIOpOJa BOIBI TIOYTH BCIO TaOmuily MeHpeneeBa Xu-
MUYECKUX IEMEHTOB. ATOMHBIN U siIePHBIN aHAJIOT MPOLIEC-
COB B /IMaria3oHe 4acToT Ha KOTOpbIX paboraer peaktop Baua-
eBa peasimzoBaH Ha 30—60 MI'11 (IpOU3BOACTBO IEKTPOIHEP-
run) U 30—60 I'T'1 (XonomHbIM AIEPHBIN pacniag-CHHTE3 aTOM-
HBIX sIIep XUMUYECKUX JIEMEHTOB B CTAOMIIBHOM COCTOSIHUM).
JU1s1 HEKOTOPBIX 3JIEMEHTOB IOJYYEHbl 3HAYEHUS IMpeesIbHbIX
TOKOB paspsana (KA /MM2), py KOTOPBIX €IIe BO3MOXKHa pe-
aKIIMs MPEBPAIlEHUsI-CUHTE3a CTPYKTYPbl aTOMHBIX sijep: Li =
23,8; Na = 29,5; K = 26,2; Pb = 21,6; Cs=19,1;Cu =44.0; Au
= Ag= 43,0; Be =39,2; Ca =78,0; Fe = 47,1; Zn = 42,4; Pt =
40,0; Sb =40,8; Sn =43,8; Al = 14,25. I1poA0oKUTETLHOCTH M-
MyJIbCa pa3psaa, KOTopas ONpeAessieT IJIMHY IBUKEHUS KJIacTe-



pa BOJIBI [IsI IOCTUKEHUSI CUHTE3a sIJIep IEMEHTOB, KoeOneT-
ca ot 20...30 mo 2000...3000 mukpocekyna. Bona, sBisioma-
sICSl MPOYKTOM PeaKIMU TOCie TMPOXOXKISHUSI PeakTopa, UMe-
er cieaymonue xapaktepuctuku: pH — 6,0—6,8; 1,0 — Tske-
nas Boma 0,05%; T,0 — ceepxtskénas Boga 0,05%.Takum 006-
pa3oM, HaJIMuue CTaOUIIBHOTO JICUTPOHA U OeTa-PaguoaKTHHOTO
TPUTOHA B OTPAOOTAHHBIX BOJAX YKA3BIBACT HA MEXAHU3M MX H3-
OBITKA IPY MTPEeBPAICHUSIX MMPOTOHA B JBUKEHUM B TUIA3MOU-
JIe Ha IyTH YeTBEPTh BOJIHOBO/IA BBIIIIEYKA3aHHBIX YACTOT U TOKA
B UMITYJIbCE JIJIS1 peasiu3allid CUHTE3a aTOMHBIX sijiep. A Takxke
JIOKA3bIBAET MPUYACTHOCTD K TAKUM TepexoJaM yBeJIUYeHHE 3a-
ps/1a SHEePruM MarHUTHOIO MOHOTIOJISI Yepe3 MPOU3BEIeHHUE TT0-
crosiHHOM [11aHKa Ha YacTOTy — Nepexoj ¢ yBeJIUYEHUEM JHEP-
TUY B HOBBIH OoJiee TSKENBINA JIEMEHT.

AToMHBIE s/Apa XMUMHUYECKMX 3JEMEHTOB, B TOM 4YHCIIE
¥ TIPOTOH, 00pa3yloTcs MpH pacnaje HeHTPAJIbHBIX sep B OC-
HOBHOM 10 cxeMme pacriaja HelTpoHa, kpome LENR. B pe-
3yJIbTaTe HECOBMECTMMOCTHA 3IHEPreTUYECKOro COCYILECTBOBA-
HUSI HEUTPAJbHBIX 000JI0YEYHBIX MUKPOYACTHIL M CITIA0BIX Ipa-
BUTALIMOHHBIX TOJIEN, TIEPBBIE PACMALATCA HA JBAa OCHOBHBIX
(pparMeHTa — MOJTOKUTENBHO 3aPSAKEHHOE, HECYILEE OCHOB-
HYI0 Maccy, siIp0 U OTPULATEJbHO 3apsUKEHHas 4acTh €ro
BHEIIHeW 000JI04KH, opMupyemasi BTOPOH OTTOPrHYTOM 3a-
MKHYTOW YaCTHULIEN (JIEKTPOH M aHTUHEUTpUHO). [lepen pacna-
JIOM MJIeT UHTEHCUBHBIN MPOIIECC Pa3pbIXJICHUsI BHEIIHUX 000-



JIOUEK fiiep B yKe CBOOOAHOE MPOCTPAHCTBO, COOTBETCTBYIOIIEE
cJIaOBIM OKPYKAIOIIAM TIOJISIM.

Ota BHEUHss 000JI0YKA C 3aMKHYTBIM KOHTYpOM B (hopme
aByx nonycgep (dporo 16) B cTpyKType aTOMHOIO 1pa U fB-
JISIeTCS TOW TOBEPXHOCTBIO, HA KOTOPOM JIBa Pa3HbIX MarHWT-
HBIX MOHOIOJIs1 KBAaHTYIOT Ha BOJTHOBOJIE COOTBETCTBYIOILIUE 3EP-
HA-TOTEHLIMAJIOB U OMpPEEIIsIieT ero 3apsj JeKTPUUECKOro IMo-
TeHIMana. [Ipy OOHOBJIEHNH 3TOT IBOMHON KOHTYP U3JTydyaeTcs
B IIPOCTPAHCTBO HaJ AAPOM, POPMUPYS BHEILIHEE M0JIE ITOTO 3a-
pszia MEKTPUUYECKOro MOTEHIIMAIa S/Ipa — 3TO U €CTb JIEKTPU-
YEeCKUU 3(pUP C MOJIOKUTEIbHBIM 3HAKOM 3apsfa.

Tak poxJIaeTcs MOJIOKUTENBHBIN 3aPSAL JEKTPUUECKUM I10-
TEHL[MAJIOM aTOMHOTO 1APa aTOMa XMMHUYECKOTO JIEMEHTA U U3-
Mepsiemblii B cuctemMe CU, MepnjioM KOTOPOro siBJsIETCS
KOJIMYECTBO JEKTPOHOB HA 000JI0YKaX aToma .

Tak poxjaercss OECKOHEUHBI MO OOBEMY 3JIEKTPUUYECKUIL
3(uUp B MPOCTPAHCTBE BOKPYT aTOMHOTO siipa. B mone codcTen-
HOT'O 3apsja JaJbHEUIINM pacraj OCTaTKa Agpa 3aMemJIsAeTcs
Y UJET YKe [0 APYrUM CXeMaM pacnaja, Kak U B cIydae pajauo-
AKTMBHBIX CEMENCTB ypaHa, KOTOpPbIE NIPUBOAAT €ro, HaKOHEIl,
Ha MOBEPXHOCTH TJIAHETHl K TOMY WJIM MHOMY CTaOMJIbHOMY H30-
TOITy — MPOIIECC SAEPHON CTAOMIM3AINH, XUMUIECKON pellaKkca-
UMM ¥ MUHEpaJU3alvy, NpUBOAAIIMN K oOpa3oBaHMIo 82 cra-
OWJIBHBIX XMMMUYECKUX 2JIEMEHTOB B KOpe, Boje U arMocdepe
Ha [MOBEPXHOCTH TUIAHETHI.

STOT NpoLEeCC KOHKPETHO XapaKTepu3yeT HIMPOKO H3BECT-



Has TaOMIa pacrpeieNieHns] PaJIMOAKTUBHBIX U30TOMOB OTHO-
CHUTEJIbHO CTAOMJIBHBIX aTOMHBIX sIfiep, T.e. MpOollecC pacrajia
1o 6eTa-TUTI0C KaHaTy TIpe/IBapseT pa3phiXjIeHUe C OTPHIBOM Ya-
CTHIIBI C TIOJIOKUTENTBHOM 1MOTychepoil BOTHOBOJIOB, a 10 KaHATY
OeTa- MUHYC — OTPBIB YACTHUIIBI C OTPULIATENHLHOM MOTycepoid.
O06pazoBaBiivecs: CTaOWIbHBIE SApa UMEIOT 3apsi]] NEKTPH-
YEeCKUM MOTEHIIUAJIOM, pa3Mep U CIKH, (hopMUpyeMble BUXPOHA-
MU BHeIIH e 000JI0UKY. DK TPUYECKUIA 3apsijl siipa CO3/1aETCs
BOJTHOBOJIAMU MAarHUTHBIX MOHOIIOJIEN STUX BUXPOHOB, KOTOPbIE
B OTJIMYME OT BHYTPEHHUX KBAHTYIOT BOJTHOBO/IBI HE B OTPaHU-
4yeHHOU chepe 000JI0UeK sijipa, a B CBOOOHOM ITPOCTPAHCTBE,
Y B TAKOM KOJIMYECTBE IO MOBEPXHOCTH, KOTOPOE COOTBETCTBYET
€ro BHYTPEHHUM IMapaMeTpam, ONpeesis 3apsi sipa, KOTOPhIA
OIpeIeNSAETCs KOJTMUYECTBOM JIEKTPOHOB B HEUTPAJIbHOM aTOME.
AToMHBIE S/ipa BXOJAT B COCTAB ATOMOB XUMUYECKUX JIEMEH-
TOB, U3 KOTOPBIX MOCTPOEHO BCE BUAMMoe Muposnanue. Bcee-
IO CTAaOUJIBHBIX U JOJITOKUBYIIIMX aTOMHBIX sIIep Ha 3emiie OKO-
7o 300, a HaXoAAIMUXCS HA MYTH CTaOWIM3AIUM ¥ TIOTIOJHSI-
IOIUX 3arachl CTAOWJIBHBIX MYTEM pacriaja Mo Pa3HbIM OIeH-
kam ot 3000 mo 7000. [ToueMy CTOSBKO MHOIO PaMOaKTUB-
HBIX HECTAOMJIBHBIX TSKENBIX M30TONOB? [ToTOMY UTO sijipa STHX
W30TOIMOB 00Pa30BAIMCh B pe3yJibTaTe CUHTE3a TSIKENBIX MPO-
TUBOIIOJIOKHO 3aPSIKEHHBIX SAEp, T.€. MOJOKUTEIbHO 3apsiKeH-
HOE SIJIPO COEAMHMIIOCh C OTPULIATENBbHO 3apsSKEHHBIM SIPOM.
Oo6pazoBasiiasicst ByX siepHasi CUCTeMa B pe3yJIbTaTe BHYT-
PEHHEN MepecTPOMKHU SIIEPHBIX BUXPOHOB MEJICHHO MEPEXOAUT



B PaBHOBECHOE OJJHOSIIEPHOE COCTOSIHUE, C U3TyYEeHUEM JIUIITHUX
HE PE30HAHCHBIX BUXPOHOB, OOPa3yIOIIUX Pa3JIUIHBIC IEMEH-
TapHbIC YACTHIIBI IPU BbUIETE U3 BHEITHUX OOOJIOUYEK ITOTO SiI-
pa. Y TAKENBIX TPAHCYPAHOBBIX 3JIEMEHTOB 3TOT IPOLIECC MOKET
3aHSTh OUEHb AJIMTEJILHOE BPEMsI, HA3bIBAEMOE NIEPUOAOM IOJTY-
pacnaja.

HIcTOuHUKM OCHOBHOTO TTPOM3BOJICTBA ATOMHBIX sIIEP HAXO-
JsTCs BONM3U MOBEPXHOCTH sIIep 3BE3[ U IJIAHET — 3TO KJIacTe-
Pbl IJIOTHON Y€PHOM SA€PHO-ME30HHOM I1J1a3MBbl, T.€. CMECH 3a-
PSIKEHHBIX aTOMHBIX SI7IEp, ME30HOB, MIOOHOB, U PAaCTIaIAI0IIUX-
Cs1 HEUTPAJIbHBIX SIZIEP.

CraOwibHble siipa TIOBEPXHOCTH 3eMJIM MMEIOT BHEIIHee
JEKTPUUECKOE TOJIe, CIIMH, MarHUTHbIA MOMEHT, ONpeHeseH-
HBIE 3apsil MacChl, 3apsi/i MEKTPUUECKUM MOTEHIIUATIOM, pa3-
Mep, GopMy U CTPYKTYpY. Aapa, umeroiye nopsiiKoBbld HOMep
2, 8, 20, 28, 50, 82 u HeKoTOpHIE Apyrue, oonaaamT chepule-
ckoil popmoil. Bece apyrue SIBASIOTCS CIUTIOCHYTBIMUA WJIU BbI-
TSHYTHIMU SJUTATICOMIAMU. BBITSHYTHIX siiep OOJbIIe CIUTIOCHY-
ThIX. BOJIBITMHCTBO s1/Iep UMEIOT MO HECKOJIBKO U30TOIOB. Heko-
TOpbIE JIEMEHTHl B MPUPOJE MPEICTABJICHbI JUIIb OJIHUM CTa-

OWJIBHBIM U30TOIIOM — 3TO 9Be, 19F, 23Na, 27Al, 31P, 4550, 59Co,
S s, 89y, %3Nb, 193Rn, 1271, 133Cs, 1Py, 9Tb, 165Ho, 19Tm,
197 Au, 2Bi. Oopariaet Ha ceOs1 BHUMaHHE TO, YTO BCE 3TU HYK-

JINABI UMCIOT HEYETHBIE MaCCOBBIE YHMCJIa B CUCTEME ChUn IoJ1y-
OEeabI€ CIIUHBI. OTKy,Z[a MOJXHO CHOCJIaTb BbIBOA O TOM, 4YTO AOpa



C TIOJTYLIEJIBIM CIMTHOM O0Jiee CTaOMIIbHBI, UTO U MTOATBEPKIAETCS
KCHEPUMEHTAIBHO.

CrTpykTypa, COMH, pa3Mep, Macca, NMEKTPUYECKUN 3apsi]
siep OT MPOTOHA JI0 pa3Mepa siaep KoHIla Tabnuipsl MeHene-
€Ba OIpeleNsieTcss He KOJUYeCTBOM NMPOTOHOB U HEHUTPO-
HOB B Si7Ipe, a KOJIMYECTBOM BHYTPEHHUX 000JI0YEK CO CTPYK-
TYpoi TPaBUAJIEKTPOMATrHUTHBIX IUIOJEH 13 HEUTPAIbHBIX
YacTull TUNa 7, K 1 janee 10 Y-Me30HOB, COCTAaBJIEHHBIX IO-
MapHO U3 MPOTUBOMOJIOKHBIX YACTHII TIO CTPYKTYpe MOXOKUX
Ha MIOOHBI, TIOJIOKUTEJIBHO U OTPULIATEBHO 3aPSKEHHBIX — TIO-
Jycgepsl BOJTHOBOIOB 3EPEH-TIOTEHLIMAIOB CO CTPYKTYpOi rpa-
BUJIEKTPOMArHUTHBIX MOHOIOJIEH CO CIIUHOM Y2, 0Opa3o-
BaHbl MOJISIPHBIMU $1IEPHBIMUA BUXPOHAMU. DTU COCTOSIHUS 1P
00€eCTIeunBaloTCsl BEYHOI SHEpPrueil COOTBETCTBYIONNX MarHHT-
HBIX MOHOIIOJIE!, BXOASIIIIMX B COCTaB ME30HOB. JHEPrusi MOHO-
NOJIsl paBHA MPOU3BeeHUI0 MocTostHHOM [11aHka Ha ero yacro-
Ty myJabcanmii. Pasmep nmuamerpa ceprueckoit 000I0UKH CO-
OTBETCTBYIOLIETO ME30HA OIPEAEIAETCS MMOJIBOJIHON MPOU3BEIe-
HUs MOCTOSTHHBIX [11aHKa ¥ CKOPOCTU CBETa, IEIEHHOTO Ha SHEP-
TMI0 MAarHUTHOTO MOHOTMONSA. Tak Jyist Y-UIICUJIOH Me30Ha 3TOT

pa3Mep cocTaBiisierT BeqmuuHy ~ 1,2 x 10 4 em, u KOTOPbIN
HEHTPAJIbHO BXOIUT B OOBEM JPYTMX BHEIIHUX 000MIOUEK SApa.
B 3TOM CM™mBICHE CTpYKTYpa sAep, OTAAIEHHO HAIIOMUHAET CTPYK-
TYpPY IEKTPOHHBIX aTOMHBIX 000JIOUEK.

Tokn nmyJbcaiuii B aTOMHOM sijipe. BHenHue 060104YKu
ATOMHBIX SIIEp Y BCEX OJMHAKOBBI U COOTBETCTBYIOT CTPYKTYype



000J109eK TIPOTOHA. B Kax /101 BHyTpeHHEN 000I0UKEe aTOMHOT'O
A71pa, COCTOSAIIEN U3 Iaphl chep MPOTUBONONOKHBIX [ MM nx
nynbcaryii B hopMe BOJTHOBOAOB, YT HEMPEPHIBHO CUHXPOH-
Hble BCTPEUHbIE UMITYJIChI PA3PSAKU-3APSAIKY TPUAIbl MOHOIIO-
JIel OTHOM OIpeIeJIEHHON YaCTOThl C pereHepaluei rpaBuTaiy-
OHHOTO MOHOMOJISI MATHUTHBIM. DTHU MPOIECCH COMTPOBOKAAIOT-
Cs1 MOCJIEI0BATENIbHO-TIAPAJIIeNIbHON KOH/IEHCAEN JIeKTprude-
CKUX U IPaBUTAIMOHHBIX 3€PEH-TIOTEHIIMAJIOB HA COOTBETCTBYIO-
IIUX TUCKPETHBIX BOJHOBONIAX. B pe3ysbrarte aHHUTMIISIIIY Ya-
CTHU 3€pEeH MEKTPUUYECKUX BOJTHOBOIOB POK/IAETCS 30HA XOJIOA-
HOHM 6e3MaccoBOH IIa3MBbl, KOTOpasi MPUBOJMT K CIIEAYIOIEMY
KacKaj1y MpeBpallieHu siipa B 11eJI0M — Ha MOBEPXHOCTU 000JI0-
YeK siep MpOsIBIISAETCSl camasi CUJIbHAsL Pa3HOCTh MOTEHITUAJIOB,
B TO BpeMsl, KaK B ITUIOCKOCTH TEPIEHAUKYISPHOM OCH Bpallie-
HUsI, POKAAeTCs MPOCTPAHCTBO C HYJIEBBIM MOTEHIIMATIOM, MPO-
MCXOUT MPOLIECC CTTUBAHUSI TIOJIOBUH OOOJIOUKH B OJJHY 1IEJTYI0
cepy C pokAeHUEM siipa BHICOKOM IJIOTHOCTU. B cnenyioiee
MT'HOBEHHE mpoiiecc MoBTopsiercs. OqHOMMEHHbIE 3€PHA-TIOTEH-
UMbl BBITAJIKUBAIOTCS HAPYKY, (DOPMUPYsI BHEIIHUE TONS —
MEKTPUYECKOe, TPaBUTAIIMOHHOE M MarHuTHoe. Yem Oosblie
000JI04eK B aTOMHOM SIpe, TeEM CHJIbHEe BHEIIIHee MoJie U3 CO-
OTBETCTBYIOIIMX 3€PEH-NOTEHINAIOB, T.€. o CAII snekTpuue-
CKUI Y MACCOBBIW 3aps[ si/ipa, CIIMH, MAarHUTHBI MOMEHT Si/ipa
U JIpyTHe.

Pa3smep ero BoIHOBO/Ia B MOMEHT OKOHUAHUS1 Pa3PsiAKHU UC-
TOYHMKA SIBJISIETCSI MEPOIl SHePruM (4acTOThI IyJbCAaIUil)



u KoJeOneTcs B rpeaesax ot 10 BB em. [Tpuuém, sta chepa
3apsifa SHEPruM BpallAeTcs OT MOBEPXHOCTH JO LIEHTpa aTOM-
Horo szapa. [Io okoHYaHMIO pa3psAAKU pereHepupyeMblid MarHUT-
HBII MOHOMOJIb MEPEXOIUT B IPABUTALIMOHHBII. DTOT MpOIecc
MIOBTOPSIETCS] C ONPENENIEHHON IJIsl KakaA0i OOOJIOYKM 4YacTo-
TOMH, TIPY KOTOPOM CTapblil BOJIHOBOJ] OOHOBJISIETCSI HOBBIM U BbI-
TAJIKMBAETCsl BO BHELIHEE MPOCTPAHCTBO, (DOPMUPYs BHEIIHEE
nosie. [Tostomy GoJibiiee Bpemsi cpepa MCTOYHMKA NIEpeMEH-
HOTO JIMaMETPa HAXOAUTCS B COCTOSIHUM JBUKEHUS BPAICHUS
npu pOpMHPOBAHMH BOJHOBOA. M31y4yaercss KBaHT MarHUTHO-
IO BUXPEBOI'O MOTOKA 3€PEH-MOTEHLIMANIOB, KOTOPBIN BBITAJIKU-
BAETCS HOBBIM (POPMHUPYIOIIMMCS YETBEPTh-BOJIHOBOAOM, OIpe-
JeJisisl MarHUTHBIE TTapaMeTPsl A1pa.

B ornume ot cTpyKTyphbl 3JIEKTPOMArHUTHBIX 3€pEH CBO-
00/ITHOr0 MArHHUTHOTO MOHONOJS MHKPOBHXPOHA HOTO-
Ha, B OOOJIOUKE sI/Ipa TPABUTAIMOHHBIA MOHOIMOJbL O0pa3yeT-
€ U3 MarHUTHOTO MOHOIIOJIA ITyTEM €r0 KBAaHTOBOM KOHJIEHCA-
uuu B '9MM, a crpyKrypa ero 3epeH JBYX BOJIHOBOJIOB CTaHO-
BUTCSI JIEKTPO-TPABUTAIMOHHOM. AKTUBU3ALIMS MYJIbCAITUIA
['SMM cornacHo noayueaoMy CIUHY IMPOUCXOIUT HETOJIHOM,
T.€. MATHUTHBIA MOHONIOJIbL [ OMM nanHoi 000JI0YKH UMEET
TOJIBKO OJMH 3HAaK 3apsi/ia SHEPIUH, a IPOLECC UCTIOIHEHUS 3a-
KOHA COXPaHEHUs1 SHEPIYU PEAIU3YETCs €10 KBAHTOBBIM IEPEXO-
JIOM B rpaBUTallMOHHBIN. [Iponiecc pa3psaaku-3apsaakm, B OT-
JM4re OT (POTOHA, HOCUT XapaKTep HE GUPMYANbHO20 ONTHYE-
CKOTO OTpak€HUs JBMKEHHS HAa YETBEPTU-BOJIHOBO/IA B 3€pKaJie,



a . mMamepuanvbHozo ompadiceHus: 6e3 IepeHoca MecTa pacroyoKe-
Hud 3apsaaa sHepruu [ OMM. DddextuBHb pazmep a3oBo-
ro 00’béMa CUPAJTbHBIX Y€TBEePTh-BOJTHOBOJIOB IMYJILCHPYIO-
IIUX TOKOB JIaHHOH OOOJIOYKH sIpa B COCTOSIHUM MOKOSI CO-

CTaBJISICT BEJINYMHY 107310 em.
Pasmep ke ncrounnka 006009k ['OMM B cBEpHYTOM CO-

—2
CTOSIHUM TIOKOsI c(pepbl MOZKeT J0CTUraTh pazmepoB 10 3 oM.
Yacrora konebannii [9MM u3 cBépHyTOro cocrostHusi cdpe-
PHI-OCHUJLIATOPA B COCTOSIHUE Pa3BEPHYTOrO BOJTHOBO/IA YeT-

BE€PTH JUINHBI BOJHBI COCTABJISIET BEJIMYUHY OKOJIO 10% I'u.
Tak, HanpuMep, JEUTPOH UMEET TaKoM xke pasmep 4,1 ¢pm, uto

v saapo Kabuud (4,1x 10 -3 CM), T.€. 10 s/Ipa KaJbLHUs 3apsil
Macchl BCex MpeapAyluX saep opMUpoBasiach 3a CUET 3aI1o-
HEHUsI BHYTPEHHE! 1IeHTPaJIbHOU cpepbl TPOTOHA BHYTPEHHUMU
OUITOISIPHBIMU 0OOJIOYKAMHM CO CTPYKTYPOU TIOXOKEH Ha JT-HOJb
ME30Ha C TIOMOIIBIO COOTBETCTBYIONIMX M OoJiee BBHICOKOIHEp-
reTuveckux (Tabnmiia Me30HOB). DTOT HEMAJIOBAKHBIN (haKTOp
CBUJIETEJILCTBYET O CMEHE MEXaHM3Ma MPOU3BOACTBA ATOMHBIX
snep. [ocnenyoiee yBennyeHue Macchl M JEKTPUUECKOrO 3a-
psna sapa oOyCIOBJEHO ykKe, KaK 3a CUET 3alOoNHEHUs BHYT-
peHHell cBOOOIHOM cephl 000JIOYKaMU C pa3MepaMu MeHee

10— - 1071 cm, rak u 3a cuér HepepacnpeiesieHus. YacToT
BUXPOHOB, (POPMUPYIOIIUX BEPXHUE STAKU 000IO0UYEK, B CTOPO-
HY YMEHBUIEHU UX JUaMeTpa — yBEJIUYEHUS 3HAYEHUs 4acToT,
HarpyuMep, CMEHA BHEIIHKMX M-ME30HOB Y IPOTOHA Ha k-me30-



HBI U T. 1. Takum 0Opazom pa3mep siipa ¢ yBeJndeHHeM Macchl
TOJIbKO YMEHbINAeTCsI B pa3Mepax, B OTJMYKE OT MPOTOH-HEew-
TPOHHOW MOJIeJ, corsacHo kotopoi B CU pa3mep yBeJin4nBa-
€TCsl MPOIOPIIMOHATIBHO KOPHIO KyOMUECKOMY M3 YKC/IA MACCHI
s7ipa. DTO MPUBOAUT K OIMMOKe, YTO pa3Mep sjapa CBUHIIA TPU-
MEpHO B IIECTh pa3 OoJblile MPOTOHA. JHePrusi (Macca B CH-
creme CH) atomHoro sijipa Oy/ieT paBHAa CyMMAapHOI SHepPrumn
000JI04eK BCEX ME3OHOB, BXOJSIIIMX B 3TO SIPO.

CrniuH sigpa yepenyeTcsi CMEHOM YETHOM MAacChl B COOTBET-
ctBuM ¢ npeacrapieHnssMu CAIl Ha HEUETHYIO K MOCHERyIOIIe-
My M30TOITy 3TOTO SIpa JIEMEHTa ¢ UEeJOYUCIEHHOTO 3HAaYeHU s
Ha nonyuenoe. [lynscupyiomias BHelHsIsE 000NI0UKa sifiep, Co-
CTOSIIIIAsA U3 TIOJIOBUHBI BHYTPEHHEW U TIOJIOBUHBI BHEIITHEH, 3a-
MOJTHSIET MEKTPUUECKUM 3(PUPOM BHELTHETO MOJIsSI AUCKPETHOE
IPOCTPAHCTBO B aTOME U OIpeJessieT CyMMapHbI 3apsif Io-
BEPXHOCTH SIpa AEKTPUYECKUM MOTEHIIMAIOM U cliiH. IMeHHO
(popma BoTHOBOJ]A BHOCUT OCHOBHOM BKJIAJI B CITUH SIpa U MO-
KET UMETb CTPYKTYpPY MIOOHA, KaK U y MPOTOHA, AJisi (hOPMUPO-
BaHUs TMOJIYIIEJIOr0 CIMHA, TaK U CTPYKTYPY chpepbl 3aKOHUEHHO-
IO BHEIIIHETO CJI0s1 3JIEKTPOHOB /17151 TeJTusl C YETHOM Maccoil rpu
OTpeJe/IeHNH 3HAUeHMsl 1eJIOUUCIIeHHOro cnvHa. [lo cpaBHe-
HUIO C Pa3MepaMu CTPYKTYPBI SAEPHBIX MArHUTHBIX MOHOMOJEN
BUXPOHOB, POCTPAHCTBO BOJTHOBOIOB ATOMHOTO SI/Ipa TAKOE ke
«ITycTOe, Kak BakyyM BcenleHHOI», Kak W TPOCTPAHCTBO 3JIeK-
TPOHHBIX 000JIOUEK B atome. MUHUMAaJIbHBIA pa3Mep U MaKCH-
MaJsibHasl YaCTOTa MOHOMOJISI BUXPOHA OTPaHUYEHBI JIMIIIb I1JIaH-



KOBCKMMH MpeAeIaMU. IDTO MOATBEPKIAIOT U IKCIIEPUMEHTBI
Ha BpyKXelBEHCKOM KOJUTauepe ¢ BCTPEYHBIMU ITyYKaMH A1ep
30JI0Ta U IENTOHOB U MHOT'MMH JPYTUMHU.

IIpoaykThl SHepruu MUKPOBUXPOHOB — Me30HbI, Kak
000JI0YKN aTOMHBIX sIjIep.

Me30HbI — 3TO MTPOMEKYTOUHBIE COCTOSIHUSI pacHaIalolIrX-
cs1 000IoueK, oOpasyloluX BHYTPEHHHUE M BHEIIHUE 000J0Y-
KM aTOMHBIX sfep (TaGmuiia Me30HOB). OCHOBHOW HMCTOYHHMK
3TUX ME30HOB BEPXHHE CJIOU aTMOC(EpHI, C AIpaMu aTOMOB T'a-
32 KOTOPOM CTAIKUBAIOTCS KOCMUYECKHUE U COJTHEYHbIE IIPOTOHBI.
[Tporiecc mpon3BOACTBA ME3OHOB — 3TO MOHM3AIUSI 000JI0UYEK
aTOMHBIX SI/IEp, T.€. SIIEPHBIX 000JI0YEeK, MTHOBEHHO PaCIaiaio-
muxcs B 6ojiee A0JITO KUBYIUE TMOAOOHBIE YACTHIIBI C TEM XKe
CIIMHOM, T.€. B ME30HBI. BpeMsi, KoTopoe 3aTpaunBaeTcsl Ha Ie-
PEXoji TaKUX MUKPOYACTHUI] K ME30HAM OT MOMEHTA B3aUMOJEH-
CTBUSI IO UX POXAEHUS, SBJISETCS CYTyOO siIEpHBIM U OlIEHUBA-

€TCs1 MOPSIIKOM 1023 CEeKyH/Ibl. 3a TAaKOE BpeMsl 3aperuCTpUpO-
BaTh UCTUHHYIO YaCTHILY, €€ CTPYKTYpY U JAPyrHe apamMmeTpsl Co-
BEPIIIEHHO HEBO3MOXHO.

Tabnmua ME30HOB.



Tabnuia MeE30HOB
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B mnocnennee Bpemsi (hOTOpOXKIEHUE TT-ME30OHOB Ha siApax
MPOU3BOJIUTCSL C TIOMOIIBI0 TaMMa — W3JIy4YeHUsi C SHeprueu
1o 1,5 I'sB, nonyyeHHoe py 0OpaTHOM KOMITTOHOBCKOM pacce-
sTHUU (DOTOHOB C SHEpruen 2—2,5 K3B Ha EKTPOHHBIX MyUYKax
HaKoOIUTeJIeN ¢ Heprueit 10 6 138, Tak Kak BpeMsi )KU3HU CBO-
OOIHBIX MU-ME30HOB JJOCTATOUHO BEJIMKO W CPEIHSS IJTUHA UX
CBOOOIHOTO Mpodera CpaBHUMA C PaIyCcOM JIETKOTO sIpa.

Me30HBI y4acTBYIOT BO BCEX M3BECTHBIX THIAX B3aMMOJEH-
crBuid. [I03TOMY MX CTPYKTYpHBII COCTaB B OCHOBHOM ITPEICTaB-
JIEH YaCTULIAMU B COCTOSIHUU C LIEJIOUUCIeHHbIM crinHoM. Ha ¢o-
To 17 mpuBeeHbl CXeMbl MIHOBEHHBIX CTPYKTYpP (Pa30BBIX 3a-
MKHYTBIX OOBEMOB ME30HOB. B IMHAMUKE NBUKEHUSI MArHUT-
HBIX MOHOITOJIEH, 00pa3yoIIMX Me30HbI B CBOOOTHOM IPOCTPaH-
CTBE, BO3MOXHO CaMoe MIMPOKOe MHOrooOpasue Takux ¢opm,
3aBUCUMBIX OT TOJIe OKPYKEHHUSI.



®oto 17. Cxembl 7T — ME3OHOB U CTPYKTYPBI X BOJTHOBOJIOB.

Ha ¢oto 17 npuBeaeHs! 7°-Me30HbI, HEUTpaIbHbIE (TIepBast
¥ BTOpasl NO3ULIMH CJIEBA, CBEPXY), IPUUYEM HA BTOPOM MO3ULIVH
yKa3aHbl BHYTPY BOJTHOBO/Ibl U3 TPABUTALIMOHHBIX 3€PEH-TIOTEH-
LIMAJIOB, a TaKe MU-TUII0C ¥ TM-MUHYC ME30HbI (IIO3ULIMH CITPaBa
¥ BHU3Y). OHM BCe HECTAOMIBHBI U IMEIOT CIIMH PaBHBIN HYJTIO.

HeiiTpajibHble Me30HBI — 3TO IPOMEXKYTOUHOE COCTOSIHUE
3aMKHYTBIX PACTaIAIOIIIXCSI 000JIOUEK sifiep, 00pa30BaHHBIE a-
paMU NIEPEXOIHBIX SEPHBIX U MPOTUBOIOIOKHBIX MarHUTHBIX
MOHOTIIOJIeH, KOTOPbIE y’Ke HECTIOCOOHBI CO3/aBaTh JIake HecTa-
OWJIbHBIE YACTHLIBI C MOTYLIEIBIM CIIMHOM. DTH MOHOMNOJM aHa-
JIOTMYHBI TEM, KOTOPBIE CO3/IAI0T YaCTHUIIBI CO CITMHOM Y2 — 3JIeK-
TPOHBI, TO3UTPOHBI ¥ MIOOHBI, HO CTAOMJIBHO CYIIIECTBOBATh MO-
I'YT TOJIKO B COCTaBe siJepHbIX 000s04eK. OTHAKO MX YacTOThI



¥ COOTBETCTBYIOIIIE Pa3Mephbl CYIIECTBEHHO BHIIIIE M MEHBIIIS
Ha3BaHHBIX. [Tapbl U3 TaKMX 4acTULl, KaK M Mapbl U3 JIEKTPOHOB
U 3JIeKTPOH-TIO3UTPOHOB, B CBOOOJHOM COCTOSIHUM CIOCOOHBI
JIMIITL 0Opa30BBIBATH HECTAOWJIbHBIE YACTUIIBI C HYJIEBBIM CITU-
HOM M CyMMAapHBIM 3apsiIOM T'PaBUTAIIMOHHOTO TOTEHIMAaIa —
MacCOH MOKOSA ME30HOB. DTO U €CTh MUK POYACTULIBI CO CTPYKTY-
pOil rPaBUAJIEeKTPOMATrHUTHBIX JUIIOJIEN .

3apsizkeHHble Me30HbI — 3TO OCTATKM PACMAJAIONIUXCS
BHEIITHUX 000JI0OUeK si7ep, KOTOpble 00pa30BaHbI MapaMu C OfIH-
HAKOBBIM 3aps1/IOM COOTBETCTBYIOIIMX MAarHUTHBIX MOHOIMOJIEH,
00pa3yIoIuX CTPYKTYPY YACTUIIBI C HYJIEBHIM CITTHOM.

BHemHue nosist Me30HOB (hOPMUPYIOTCS TAKKE KaK U Y JIeK-
TPOHOB ¥ MIOOHOB. Macca-3Heprus 3Tux Me30HOB B cucreme CU
paBHa cooTBeTcTBEHHO 139,56 1 139,567 M3B, COOTBETCTBEHHO,
a paszmep ¢a3oBoro oobeéMa (reoMeTpUIecKOr MPOCTPAHCTBEH-
HOM CTPYKTYPBI BHEIIIHUX KOHTYPOB) HEMHOTO MEHbIIIE pa3Mepa
MIOOHOB ¥ BO MHOTO Pa3 MeHbIIIe COOTBETCTBYIOIIETO pa3Mepa
JIEKTPOHOB.

Heurpanbubiil (5t-HOJIB) Me30H umeer maccy 134,96 M»ss

v pacriagaercs 3a Bpems 0,83x 10—, [IPEBPALLAsACh B 1BA FaM-
Ma KBaHTa (poTo 18) — aKT aHHUTWIIALIMA [TAPBI.



doto 18. Pacniagpl ME30HOB, ClieBa HEUTPATBHOTO, CIIpaBa 3a-
PSKEHHBIX.

3apsikeHHbIE ME30HBI pacrafaioTcs 3a BpeMs 2,6 X 10 3¢,
IpeBpalasAch B OJHOMMEHHO 3apsKEHHbIE MIOOHBI M COOTBET-
CTBYIOILIME HEUTPHHO.

HenpepbiBHOE N3MEHEHNE NTAPaMETPOB BEILIECTBEHHON Marte-
pUM TUX YaCTUIL] IIPOUCXOIUT YEpe3 COOTBETCTBYIOIIUE 3aKO-
Hbl COXpaHEeHMs1 (COXpaHEeHUEe CpeIHel SHEpPruu) Mpu CaMOUH-
JOYKLIMY 3aps/I0B SHEPTUU U3 (pOpPMBI NMOKOs (IpaBUTALIMOHHBIN )
B (pbopMy 3aMKHYTOTO JBMKEHHSA (MArHUTHBIM) C IOCTPOCHUEM
BOJIHOBOZIA TEOMETPUYECKOM CTPYKTYPHI (1ekTpudeckun). [1pn
3TOM UMEETCA JBE BO3MOKHOCTU MOCTPOEHUSI BOIHOBOJOB I'€0-
METPUYECKON CTPYKTYpbl yacTull. IlepBast — pa3psii MarHUTHO-
IO MOHOMNOJISA C MEPe3apsIKoN 3HaKa 4epe3 MOCPEACTBO IEK-
TPUYECKOrO MOHOIION A U NTOCIIEAYIOIIMM KBaHTOBBIM IIEPEXOIOM
B IPaBUTALMOHHbBI MOHOIOJIb, KOTOPBIM ONIATh IIPU pa3psiike
pereHeprpyeT NepBUYHBII MarHUTHBIMH, T.€. 00pa3yeTcsi 3aMKHY-
THI BOJTHOBOJL JT-HOJIb ME30HA, KAK OCHOBA BHYTPEHHUX sijIep-
HbIX 000s10ueK. BTopas — o6pa3oBaHue BOTHOBO/A 3apsIKEHHbIX



ME30HOB M3 ABYX OIMHAKOBBIX MO 3HAKY MArHMTHBIX MOHOIIO-
Jieid, OObeIMHEHHBIX B MAPhI C MPOTHUBOIOIOKHO HAITPABJICHHBI-
MU CIMHAMU TI0 aHAJIOTUU KYMEPOBCKUX Map JEKTPOHOB, Kak
OCHOBA BHEIIHUX OOOJIOUEK sifiep. DTOT MPOIECC aHAJOTUYeH
JUIsl BCEX 3aMKHYTBIX BUXPOHOB U OIpPENEsieTCsl TONbKO Mapa-
MeTpaMHl MarHUTHOTO MOHOTIONSI — YaCcTOTa KOJeOaHWid, 3Ha4e-
HUE 3apsi/ia, CTENeHb NOISPU3aIvK, BPeMs 3apsIKU.

VY Ka)J0ro TUMa 4acTuil ecTb antudactuia. OObIYHO ITO OT-
JieJIbHAs YacTUIa, HO ObIBAeT TaK, YTO aHTUYACTHIIA U YACTUIIA —
9TO OJIHO U TO k€. TOJbKO YaCTHIIbI, YIOBJIETBOPSIOINIME OIpe-
JEJIEHHBIM YCJIOBUAM (K IIPUMEPY, JEKTPUUECKU HEUTPAJIbHBIC)
MOryT OBITh aHTHUYACTUIIAMU camu ceOe. POTOH sBiIsSIeTCs] Of1-
HOBPEMEHHO U aHTHUYACTHUIICH TI0 OTHOIIECHUIO K cede. Y Heko-
TOPBIX JPYTMX YaCTHUI] €CTh OT/IE/IbHbIC AHTUIACTHUIIBI, 0OJIA/IaI0-
1K€ TOU K€ MACCOM, HO MPOTHUBOMOIOKHBIM JIEKTPUIYECKHUM 3a-
pagom. HeiTtpanbHble ME30HBI — PUMEPBI EKTPUUECKH HEU-
TPAJILHOM YaCTHUIIBI, SBJISIONICHCS aHTUYACTUIICH caMol cebe.

MexaHn3M HHIYKIIUA MAaCChl U CIIHHA.

VYV 7-Me30HOB, B OTJIMYME OT JIEKTPOHOB U MIOOHOB, I'DaBU-
TAlIMOHHBI MOHOIIOJb U €T0 BHEILIHEE MoJie, KaK 3apsj Macchl,
CYMMUPYETCsI U3 IBYX HE3aBUCUMBIX, HO JIEKTPUUECKHU CBSI3aH-
HBIX 30HOW XOJIOJHOW 0e3MacCOBOM TUIa3Mbl BOJIHOBOJIOB T'PaB-
MOTEHIUAJIOB JIBYX 3aMKHYTBHIX 00ojiouek (orto 16) — nByx-
KOHTYPHBIM C aKTMBUPOBAHHOW CTPYKTYPOU I'PaBUJIEKTPOMAr-
HUTHOrO Aunosisi. CiuHbl KICTOUHMKOB JIBUKEHUS CKJIaIbIBAsICh
T0 3HAKY OIpPEesIOT LeJIOUUCIEHHbIN cluH Me3oHa. [lepuoau-



YeCKH OOHOBJISIEMbII BOJIHOBO/] U3 T'PABIIOTEHITNAJIOB, TAKKE KaK
Y BOJIHOBOJ| U3 JIEKTPONOTEHIMAJIOB, BO BHEIIHEM MoJie (op-
MUPYET I'PaBUTALIMOHHOE TOJIE C OTPULIATESIbHOM MacCcou, Mpo-
TUBOIIOJIOKHOM T10 3HaKy HEHTPaJIbHOMY I'PABUTAILIMOHHOMY TO-
J10 3eMJIH.

K-Honb u K-1mmoc Me30Hb!I (MM KAOHBI) TaKKe HECTAOUJIbHBI,
MMEIOT CITIUH PaBHbIN HY/MI0. Macca 3TMX ME30HOB PaBHA B CUCTE-
Me CU coorBerctBeHHO 497,67 M3B 1 493,667 M3B. CTpyKTy-
pa (a30BOro NpocTpaHCTBA AHAJIOTMYHA JT-HOJb U JT-TLUTIOC Me-
30HaM, TOJIbKO YaCTOTa BUXPOHOB B HUX B HECKOJIBKO pa3 00JIb-
1Ie, a pa3Mep B COOTBETCTBYIOIIIEE YUCIIO pa3 MEHBbIIIE.

B nHacrosiee Bpemst 00sibIlioe BHUMAaHUE MPUBJIEKAIOT HA ce-
Os1 OCIIMJUISIIIM APYT B JApyra antuvactuil. OCUMUIALNYT 3Je-
MEHTApPHBIX YaCTHI] — 3TO NEPUOAUYECKHI MTPOLIECC MPEBpaIlie-
HUS YaCTHIl ONpPEAESEHHOM COBOKYITHOCTH ApYr B Apyra. Ilep-
BBII M HanOoJiee XOPOIIO U3YYEHHBIN MpUMep OCHWILIAIMIA 00-
HapyXeH B cucteMe HeuTpasibHbiX K-Me30HOB. Teopernueckoe
npejicka3aHue u OOCYXIEeHUE SKCIIEPUMEHTAIBHBIX CIIEICTBUN
ocrmutssnmi O gansl A. Iavicom (A. Pais) u O. ITuauonu (O.
Piccioni) B 1955 (a¢pdexr Iavica — [Tuyduonu, oOHApYKEHHDIA
1 UCClieqoBaHHbIN B 1957 — 61).

[To gaHHOMY TIpeaCTaBICHUIO CTPYKTYpBl (ha3oBOro oobhEMa
K-Honb Me30Ha, ero 3arajilo4HOCTb MPEBPAIIIEHUN, KaK U BCE SIB-
JeHus1 cnaOblX B3aMMOJEWCTBUN OOYCIOBJICHBI AEJeHUEeM WU
CJIMSIHMEM B BUXPOHAX MAarHUTHBIX MOHOMOJIEN NP ONPEAESIEH-
HBIX YCJIOBHUSIX OKPYKAIOIIMX IMOJIeU. A BHEUIHEE NPOSBICHUE



9TUX BHYTPEHHUX TpaHc(opmalluii BUXPOHOB COOTBETCTBYET
pacnajy JIEMEHTapHbIX YaCTHULl, IEJICHUI0 WIA CIUSHUIO SAEp.
[Toatomy nipu pacnage K-Homb Me30Ha, COCTOSIIETO U3 JIBYX
MPOTHBOIIOJIOKHBIX YACTUI], BOBMOKHBI MOJIbl pacrajia He TOJb-
KO Ha JIBa U TPU T-HOJb ME€30Ha, HO W Ha OOoJbIlee KOJruJe-
CTBO JPYTMX KaHAJIOB: ME30OHHO-MIOOHHBIN, ME30HHO-JIEKTPOH-
HBII U T. 1.

[lo ¢usuueckoil npupone, Ha3BaHHbBIE ME3OHbI SIBJISIOTCS
JIMIIb pa3pelieHHBIMU HeCTaOMIbHBIMU (ha30BBIMU COCTOSTHUS-
MU 3aMKHYTBIX BOJIHOBOJOB, KOTOpBIE eIlle CIIOCOOHBI (hopMH-
pOBaTh U3MEHSIIOIIUECS] BUXPOHBI, HO KOTOPBIE yXke He CIOco0-
HBl CO3/1aTh CTaOWJIbHBIE (Da30BbIe MUKPOMPOCTPAHCTBA IJIEK-
TPOMArHUTHBIX MTOTEHIIMAJIOB MOCJIE SIZIEPHOTO B3aUMOJICHCTBUS
MPOTOHA C KAaKUM-JIMOO SIIPOM aTtoMa ra30BOTO BelecTBa aT-
Mocdepsl. pyrumu cioBaMu — 3TO KBAHTOBBIE IMPOMEKYTOU-
HbIE COCTOSIHHSI IOCJIe B3aUMOJEHCTBUI MAarHUTHBIX MOHOIIOJICH
C OKPYXKAIOIIMMU TOJISIMHU.

IIpoaykTel sHepruu. Po:k/1eHHe aTOMHBIX si/iep U aTo-
MOB Ha 3B€37aX U ILIaHeTax

JIErkue XuMH4YecKue 3JI€MEHThI BIUIOTH JIO kejie3a POoXkaa-
10TCs B chepe «KHUIKOro» sapa, Bomm3u Bpamatwrierocss YCT,
B (hopMe HEUTPaJIbHBIX, HO CTAOWIIbHBIX sijiep. OCHOBHOM UCTOY-
HUK POXICHUS TSKEIBIX XUMUYECKMX 3JIEMEHTOB C ATOMHBIM
HOMEPOM BBIIIIE KeJie3a — IPAHUTH M rab0pO, KOTOphIe UMEIOT
IIMPOKOE PACIIPOCTPAaHEHUE B MPUPOIE, OCOOEHHO B CKJIaI4a-



THIX oOnactsax Ypana, Taup-1llans, Kapkasa, B Anbnax, ['mmana-
sx, Kopowibepax U B Ipyrux KpyMnHbIX KPUCTAJUIMUECKUX IIU-
Tax — YkpauHckui, CkanauHasckuid, Kanaackuut u T. a. C rpa-
HUTOUJIAMU CBSI3aHBI PYJIHbIE MECTOPOKACHUS OJIOBa, BOJIb(pa-
Ma, MOJIHO/IeHa, 30J10Ta, OepUJUIHS, JINTUS, CBUHIIA, [IMHKA, Me-
1, JKeJie3a, ypaHa U MHOTHX Jpyrux metawioB. KpynHeie mac-
CHBBI I'PAHUTOB MPUYPOUYEHBI K OMPE/ICICHHBIM TariaM PacIiiu-
peHust 00bEMA 3eMHOM KOPBI. DT MACCUBBI BBITATUBAIOTCS B TI0-
sica modanpHOro Macirada, HanpuMep, THXOOKeaHCKUH TT0sIC
C KPYIHENIIMMU MECTOPOKICHUSIMU OJIOBa, BOJIb(ppamMa u Apy-
THe.

I'pannTuzanusa — 310 NpeBpallleHue CIaHIIEB WU IPYrux
OCaJIOUHBIX WJIM METaMOP(PUYECKUX MOPOJ B TPAHUTHI C TTIOMO-
IIbI0 BO3JEUCTBUSI BHYTPEHHUX U BHEIIHUX I[MOTOKOB MAaKpoO-
BUXPOHOB, B TOM UHUCJIE MAarHUTHBIX MOHOTMOJeN CoHIla, U Her-
TPaJIbHOW MaTepuu, MPUBHOCUMOW B KOPY IUTIOMaMU-ona-
mu. [Ipy HemocpenCcTBEHHOM YyuyacTMM pacnafa HEeWTPasIbHbIX
B MOJIOKUTEIBHO W OTPULIATEIbHO 3apsiKEHHbIE Spa U CUHTE3a
U3 HUX TSKENBIX M CBEPXTSIKENBIX siiep 00pa3yloTcsl TSKENbIS
aTOMbl XMMUYECKUX 3JIEMEHTOB. B pesynbTare Takoro pacrnana
Y CUHTE3a BBIJIENISAETCS TAKOE KOJIMYECTBO SHEPTMHU, KOTOPOU J10-
CTaTOYHO JJIsI TPeoOpa30BaHMsI OCAJOUHBIX U IPYTUX METaMOP-
(puueckux mopon B rpaHUTONIBL. BO3pacT rpaHUTOB JaTUpyeT-
ca B 3,7 muyumaapaoB Jer. [locine oOpa3oBaHus APEBHUX pa3-
JIOMOB TIEPBUYHON T'PAHUTHOM KOPBI U MOAHATUHU MOBEPXHOCTU
TUIAHETHI B CBSI3U C POCTOM €€ 00BbEMA, HAUMHAIOTCS TPOIIECCHI



(popmMHpOBaHUA MECTOPOKIEHUI ITOJIE3HBIX UCKONIAEMBIX ITyTEM
9PO3UH, BBIBETPUBAHU S, MEXAaHUUYECKOM M XUMUYECKOM TIepepa-
OOTKH TOpOJI, TIEpPeHOCa peKaMu U OCakIeHHS B 00J1acTsIX, Ie
KOpa IMOCTENEHHO MOHMKAeTCs U JOMYyCKaeT CKOIUIeHUs1 0OJb-
KX TOJIIMH 0CaI0YHBIX opof. HemanoBaxHoe ydyactue B 00-
pa30BaHUE U HAKOIUIEHUU MECTOPOKACHUM UTpaloT utopa U ¢a-
yHa. [Ipoueccsl 3po3un rop nox IEMCTBUEM BETpa U BOABI CTa-
HOBSAITCA NpeoOiaaaroiieil (popMoii nepeHoca U nepepacrpesie-
JIEHUs1 XUMUYECKHX JIEMEHTOB. PEKM Ha NOBEPXHOCTH ABJIAIOT-
sl BUIUMBIMHU CJIEJaMH CUCTEMBI, KOTOpasi HECJ1a IPOJYKTHI Bbl-
BETPUBAHUS K OKeaHaMm, rje OoJjblllasi UX YacThb CKarluIMBasach
B BUJIE HAHOCOB OCAJOYHBIX OTIOKEHUU BJOJIb KOHTUHEHTAJIb-
HBIX menbgoB. Tak IefdcTBOBaI MPUPOAHBIA «TOPHO-000TaTH-
TeJTbHBI KOMOWHAT-TIO/I3EMHbIE Ta0OpaTopun» B IIPOU3BOICTBE
TIOJIE3HBIX UCKOITAEMBIX Ha MOBEPXHOCTU 3EMIIN.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».
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