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ITpennaraercs onmucamne CTPOSHUS MATEPUU U MUPA HA OCHOBE M3-
MeHeHUd el CcTBre- IINTEILbHOCTD. I ero TapMOHUK BBOJIUTCS ITOHSI-
THE MECTa W IPOCTPAHCTBEHHBIE OTHOMIeHn. [I0Ka3amo Kak MUpP BO3-
HUKAET U3 BHEIPOCTPAHCTBEHHOI'O IIyMa U PA3BUBAETCS 1O HAJIIIYM-
HOTO TPOCTPAHCTBEHHOTO CTpoeHud. CKPBIBAIOMIALC 32 KAXKYITUMCS
OYCTBIM ITPOCTPAHCTBOM CPeJla UMeeT OTPOMHYIO TNIOTHOCTD U SIBJISET-
Csl MIPUYUHON 3JIEKTPUYECKOTO W TpaBuTannonuoro mojeit. [pegmora-
raercs Hajguuue 6ECKOHEYHON 1IeMn B3aMMOCBA3AHHBIX U YIIPABIAEMbIX
MupoB. ObbsicHsieTcs crpoerune dacTull. M3 aroro npejcraBiesns Mo-
ryT ObITh BBIBEJIEHBI TEOPUU COBPEMEHHOM (DU3UKHU.

BBenenne. Mup uzmenennii

B dwusuke cymecrByer mpeacrasienne o "rteopunm Bcero" Kak Imenn, K
KOTOPOH HAJI0 CTPEMHUThCS depe3 0000IeHne u o0beJMHeHne yKe HU3BECT-
HBIX TEOPHH B3aNMOJIeHCTBUIT 1 CTPOEHHsI MATepUH (CYIeCTBOBAHUST TACTHIL).
[Ipenmaraemas 3mech paboTa TakzKe CAeJIaHa PAId STOH IMEIN ¢ HaIe:KI0i
Ha e€ JOCTUXKEeHHUe, HO JPyruM nyTémM. Bmecro jasibHeiiiero oTpiedeHus u
YCJIOZKHEHUST MATEMATHIeCKUX OPY/IHil UCC/IeI0OBAHNIT, YIIOD C/e/IaH Ha MOWC-
Ke OTHOCHTEJIbHO IIPOCTOr0 OCHOBAaHUA (DU3UKH.

Taxkoit BbIOOp TpebyeT cOOTBETCTBYIONIEIO Ha3BaHus TeopuH. OHO JI0JIK-
HO OBITH IOXOXKe Ha OOIIEIPUHATOe Ha3zBaHue "Teopus Bcero" M OTIHYATH-
cst OT Hero. Beiparkenune IAHOPHUSA yI0BI€TBOpsieT 3TuM TpeboBanusm. OHO
COCTaBJEHO W3 JBYX JpeBHerpedeckux cjos: 'man" — Bcé m "teopus" ot
KOTOPOT'O B34dTa BTOPad MOJOBUHA Ha3BaHWA. B HpOBeﬂéHHOM NCCJIICAJ0OBaHNN
TOJIbKO HAYaTO BXOKJICHHE B OOIIMPHYIO 00/1acTh 9T0# Teopuu. OCHOBHI Ia-
HOPHMY HPeIIaraloTcs M UCCAEAYIOTCS ¢ IOMOIIBIO MPOCTEHIINX JOCTYIHBIX
Mojiesieit 1 HalezK/I0f Ha UX JaJibHelinyio 6oJjiee MOJIHYI0 pa3padoOTKYy.



K xonmy 19 Beka B pu3UKe UCIOIB30BAINACH, KpOMe abCOTIOTHOTO BpeMe-
HU, TPH OCHOBHBIX HMOHSITHSI: TEJO, TOJe U TPOCTPAHCTBO. Tena JBUXKYTCSA B
POCTPAHCTBE, CAYYKAT UCTOYHUKAMU MOJIEH W Jepe3 HUX B3aMMOJIEHCTBYIOT
¢ apyrumu TenaMu. Tefa U mMojist HAXOJAATCS B MyCTOM MPOCTPAHCTBE, KOTO-
poe He MaTepuaJbHO, HO UMeeT CBOHCTBA: 6ECKOHEYHOCTD, TPH U3MEPeHUsT U
paccrosiaus. Kpome Toro, HaunHas ¢ /lekapTa, mpeanoaaraiock, 9To B mMpo-
cTpaHCTBe mMeeTcs HeHabsonaemas cpefa — 3bup [1|, B KOTOpOM 10K HbI
POUCXONTD BCE SIBJIEHUS: TIOJIST — BOJIHBI, & TeJa — OCOOEHHOCTH CTPOEHHS
WM JBUKeHnst (Hanpumep Buxpu). Bee gactn marepun 06/1a7ai0T SHEPIH-
eif, KoTopasl CBsI3aHa CO BpPeMeHeM, KaK CIOCOOHOCTH COBEpINaTh paboTy —
U3MeHdATh cocTosiaue. Cre0BaTe IbHO OHA €CTh XapaKTePUCTHKA H3MEHEHHS.

K naugasy 20 Beka OIbIT, a 3aTeM TE€OpUsl, HAIILJIM HECOOTBETCTBUS U IIPO-
TUBOPEYHsI B 9TOi KapTuHe Mupa [1]. DTo mpuBeso K CO3MAHUIO IBYX HOBBIX
MeXaHWK: TeOPUH OTHOCHTeabHOCTH |2, 3|  KBaHTOBOI [4, 5|. B HEX mpex-
Jie YETKHe MOHSITUS TeJI, BOJH, TOJel U MPOCTPAHCTBA CTAJH PACILIBIBATHC,
mepecekaThbess U B3aMMOJIEHCTBOBATH MexKAy coboii. Ilonstue sdpupa ObLIO
IPU3HAHO OMMOOYHBIM, T. K. €r0 Teopuu nporuBopednsn oubiry |1, 2]. Ox-
HAKO €ro MbITAIUCH U TO-TIPEKHEMY TBITAIOTCSA BO3PO/IUTD.

[Tponoskenue MONBITOK BO3POIUTH I(PUDP CBA3AHO ¢ OCOOBIMH U HEIPU-
BBIYHBIME XapaKTePUCTUKAMU, KOTOPBIMI HOBbIE MEXAHUKH HAIEJISIIN IIyCTOe
IIPOCTPAHCTBO. DTH XapaKTEPUCTHKU 00Jiee COOTBETCTBYIOT CpeJie, YeM IIy-
crore [6|. TIpuTszkenue, MpUCyInee BCEM TeJIaM, MOJSAM W SHEPTUSIM, MeHs-
er "mycrory", KOTOpasi Temepb BAUSET Ha JBHKEHHE JADYIHX Marepwii [3].
"TTycrora" upexncrapasiercs "dusnaeckum Bakyymom" [7] ¢ HeycTpannmbivu
HYJIEBBIMU KOJIEOAHUAMHI, BUPTYATbHBIMU YaCTHIIAMHI ¥ BCILIECKAMY SHEPTHU.

Mexanuku DiHIITeiHa 1 KBAHTOBAS JIOCTATOYHO XOPOIIH /IS OTIMCAHUS
Pe3yILTATOB ONBITOB U HADJIIOAEHUH, HO UX OCHOBAHUS JIO CUX TIOP OCTAIOTCS
HesSCHBIMEU. BO MHOTOM 9TO CBSI3aHO C MHJLYKTHBHBIM IIYTEM pa3sBUTHS (DU3K-
K — OT HabJ/II0/eHns] OOBIIEHHBIX ABJEHUH K MPOCTHIM 3aKOHAM JIJIs HUX U
JasbHeliIee nocjeI0BaTeIbHOE YCIOKHEHTE 3aKOHOB (TeopHii) 1o Mepe pac-
IIMPEHUsT ONMBITHBIX 3HAHUI, COMPOBOXKIAIOIIEECsS] POCTOM MX OTBJICYEHHOCTH.
OTByIeYEéHHBIE OPY/IUs TO3HAHUS (CUMMETDPHUE, IPYIIIbI, CJIOKHbBIE MPOCTPAH-
CTBA) MO3BOJISIIOT YBUJIETH KAaK-Obl CBEPXy HM3JaJu OOIHe 3aKOHOMEPHOCTH,
HO HEe JOCTATOYIHO yTayOasroTcss B uX OCHOBBI. OIHAKO 3TH HEsICHbIE OCHOBA-
HUST OCTABJISIIOT B (DUBMUECKUX 3aKOHAX CBOU CJIEJIBI. DTO SHEPTHUs, JAeiiCTRIe,
BpeMs, TIPOCTPAHCTBO.

B dusuke Bcé cymecrByoimee (Bceé) ecth MaTepus, Jo6ble 4aCTH KOTO-
poit obJiajlatoT Heprueil, Apgiomeics Mepoil cllocOOHOCTU BBIIOJIHATH pa-



00Ty — U3MeHSITh cocTosiHue. [loaToMy aHEprus, KaK colepzKaliasics BO BCEM
XapaKTepUCTUKA U3MEHEHHs, MePEHOCUT Ha HEero cBoio BceobinocTh. Tormaa
Bcé ects nm3menenne. OHO UMeeT JiBe COCTABJSIONINE (BeJIHYNHY, JTHTE T b-
HOCTb) M He CBOJUTCS K 4eMy-Tu00 Apyromy. 3aMeHa OJHON BeJUYUHbI WJIH
JJTATE/IBHOCTH Ha JIPYTYIO JIUIIb EPEBOJUT OJHO HU3MEHEHHE B JIPYToe.

Y100BI cpaBHUBATH M TEM CaMBIM MEPHUTh U3MeHEHHe, HYZKHBI 00pa3Ilbl
u crocob cpaBHenns — Mepa. Omaun obpasern 6epéTcsa 3a yCJIOBHO IMOCTOSTH-
HBII HYJIb Besimaunbl. [Ipyroit — 3a ycaoBHyt0 enunauily. Beibop HEKOTOPOTO
crocoba conocTaBIeHUs JII0OOTO M3MEHEHUs ¢ STUMU 00pa3laMu 1MO3BOJIAET
MepuTh m3MeHeHue. Ilepexon K apyrum oOpasnaM, BO3MOXKHO He IOCTOSH-
HBIM OTHOCHTE/JIHHO TIEPBBIX, MEHIET U3MEePEeHHOE H3MEHEHHE IMOJIHOCTHIO, HO
OCTaBJISET €r0 U3MEHEHUEM.

Bcé — macmirabuo maBapuanTHO. OHO He mMeeT B cebe KaKuxX-Iud0
BBIJIEJIEHHBIX BeJINYuH 1 JumTenabHocTeii. Ho BeiOpaB Js1r060it obpaser n3me-
HEeHUdA B KadeCcTBe HYJIS, MOXKHO YTBEPK/IaTh, YTO OTHOCHTEJIbHO Hero Bcé
COCTOMT M3 CYMMAapPHO CUMMETPHYHBLIX CTAIlMOHAPHBLIX MOBTOPOB. Hysb, Kax
UX CpeAHdAd JUHUHA, CTAHOBATCA €AMHCTBEHHON COXpaHAgIomelcsd BeJIMIYnHON,
OTpeedIoneil MycCTOTHOCTh BCEro — OTHOCUTEJIBHOCTH ITyCTOTHI. Hecra-
[IMOHAPHOCTH (TOKe OTHOCHTENbHAST) BO3MOYKHA JINIIb BPEMEHHO, KaK 4acT-
bl ciaydait. Ho u3 stux ciydaes cocrout Bcé. DTo Bhiparkaer BceolInee
MMOCTOSHCTBO IIEPEMEH.

Beckoneunoe pasznoobpasue moBTopoB Beero ymo6HO U MPUBBIYHO OMUCHI-
BaTh OECKOHEYHBIM HAOOPOM rapMOHUK BCEX 4aCTOT, aMILIUTY/ U has.
T. k. Bcé macirrabno nHBaApUAHTHO, TO HET OCOOBIX TAPMOHHUK CO CBOWCTBa-
MH, OTJIMYHBIME OT JIpyTuX. [IpegcraBienue Beero ¢ momMotnpio rapMOHUK He
ecTh pasjoxkenne Oypbe, KOTOpOe NPHUMEHUMO TOJBKO K OJHO# oIlpepeséH-
HOil mepuoandecKkoit PyHKIUNA BpeMeHH!, BO3MOXKHO ¢ OECKOHEYHBIM B IIpeIe e
nepuojioM. Tpebyercst 6eCKOHEUHOE MHOXKECTBO MAPMOHUK KarK/10f 4aCTOTHI.
[Ipu ApyroM mojxoje MOYXKHO HCIOJIb30BATH TOJHKO OJHY TapMOHUKY JaH-
HOIl 9acTOTHI U pACCMaTPHUBATL OECKOHEYHO CJIOXKHOE CTPOCHHE MCKAKEeHUH
€€ aMILTUTY/IbI, HO 3TO MeHee YI00HO.

B n1060ii rapmorunke Bcé mpesacraBiieHo moJiHOCTBIO. YacTtoTa n
aMILIUTYJa 33ai0T €€ MmacmTad. /Ipyrue rapMOHUKEM ¢ MeHbIIeil 4acToToi
B CyMMe COCTaBJLIOT €€ CPEeIHIO JUHUIO, NIPUHATYIO 338 HYJIb OTCUYETa, & C
OoJibIeit — myM KojebaHumit, KOTOPBIift B TEOPUH BEPOSITHOCTU OIMHUCHIBACTCS
IPOU3BEICHUEM CJIYYARHON aMILTUTYAbI Ha OIpeIeIEHHOE KoJleDaHue.

Obmue metadu3dnyeckne BLIBOALI O CTPOEHNU MaTEPHUN

OrHocuTeibHO J1I00BIX TapMoHuK Beé me nycro u nepemenno. Ho mist



KayKJI0il TApMOHUKHN HaAETCsa TpoTuBoda3HasT eil 1 NUMeIONas TAKIe YKe aM-
winTyay u gactory. [losromy cymma Bcex rapMoHuk pabua Hymwo. CienoBa-
TeJIbHO CyMMapHO Bcé 1mycTo u TeM MoCTOSHHO, HO NPOSBISIETC Yepe3 4acT-
HYIO IIepeMeHYnBYI0 MOTHOTY. BC€ — HMYTO, HO ABJIFETCA KAaK HEYTO.

JIrobas qacTh Beero mpoTHBONOIOZKHA BCEMY OCTATBHOMY, T. K. HX CyMMa
ecTb mycroe Bcé — onum paBHBl mo BeaumuuHe. Jliobag gacTh uMeer HYJIb,
koTOpbIii ecth Beé. CireroBaTeibHO YaCTh COOEPKUT HEJIOE CO BCEMU er0
YacTAMU, BKJIIOYasd ce0sd, BMECTe C X MPOMNLAbIM, HACTOANIUM U OY/LyTIHM.

DTa JOTUKA DECKOHEYHOCTEM, OT/INYHAS OT OOBIYHON KOHEUHOH JIOTH-
KH, IJIe 9aCTh MeHbIIe 1eaoro. TakKuMu 2Ke cBoMcTBaMH 00/1aJal0T B MaTe-
MaTHKe ODeCKOHeYHbIe MHOXKECTBa. B HUX MOXKHO BBIAETUTH JTI000€ KOHEUHOE
wiin GECKOHEYHOE YHCJI0 MOJAMHOKECTB, H30MOPQHBIX (TOXKIECTBEHHBIX) BCe-
My MHOKecTBY. Kaxkjoe m3 HEX uMeer cBoum u3oMopdubie cebe moIMHOZKe-
CTBa, a 3HAYNAT COAEPYKHUTCS B CBoel 4dacTu. MOKHO J1enTh 6ECKOHETHOCTh
Ha O6eCKOHEYHbIE YaCTH C COOCTBEHHBIMU OECKOHEYHBIMH YACTAME, PABHBIMHE
HaYaJIbHOM OECKOHEYHOCTH U COJAEPKAIIUMHE €&,

B s11060it Geckonevdnoit abesieBoii rpyIiie Ho CJI0KEeHHIO /YMHOKEHHIO CyM-
Ma/ MPOU3BEJEeHUE BCEX 3JIEMEHTOB I'PYIIIIbI €CTh HYJIb / eAUHUIIA, COJep2Kale
BCe veMeHTHI. Best GeckoHedHaAST TPYIITa CYyMMAPHO YMEIAeTCsT B OJHOM JJTe-
MeHTe. JI1060i 971eMeHT TaKoil IPYIIbl COMEPKUT HYJIb/eJIUHUILY, & C HUMU
BCe 3JIEMEHTHI, BKJIodas cebsd. Hanmpumep TakKuMu gBISIOTCA TPYIIIBI YHCET
(IeJTBIX, BEIECTBEHHBIX, KOMILIEKCHBIX | JIP.), UMEOIuX B cebe HyJIb U/ WiTn
CIUHNITY C CI/IMMeTpI/Ief/I OTHOCHUTE/JIBbHO HUX.

MHuOKecTBO TAPMOHUK OFHON 9acTOTH 00pa3yer abesieBy IPyIILy 1O CJI0-
xkernuto. OHa JBYMepHA —/[Be aMILTUTY/Ibl ( MHOKUTEJIH TIepet cos wi u sin wt,
WK aMILTUTYIa ¥ HadadbHas (asa). DToil IPYIbl JOCTATOUHO JJisl BHIPaA-
JKeHUsl YKa3aHHBIX BbINIE CBOCTB Beero, Ho HEIOCTATOYHO /I €TI0 TOJTHOTO
ONMCaHUsI, KOTOpOe Tpedyer cemeiicTBa rPyIIl TAPMOHHUK BCEX YaCTOT, yZKe
HE COCTABJIAIOINIErO TPYIIIY.

T. K. beckoHEYHOE MHOXKECTBO MOXKHO pa30UTh Ha J1000e IUCI0 H30MOPd-
HBIX €My IOJIMHOXKECTB, TO Bcé pa3moxkuMo Ha J11060e KOJIUIeCTBO CBOUX KO-
nuii. Bcé 6eckoHe4YHO deimMO HA CBOW MOBTOPHI. Beé mycro, Ho obia-
JlaeT DeCKOHeUYHO sHeprueil, Kak 0eCKOHEeUYHbII HADOP rapMOHHMK BCEX 4aCTOT
u amranTysd. Jliobas ero 4acrb, Kak cojepzkaiiasa Beé, Toxke mmeer OecKo-
HeUHYIO sHepruio. JacTh BJjageeT OecKOHedHOI sHeprueit Beero.

Bcé ecTh HEMPOSIBIIEHHOE COCTOsTHUE (HesIBb, Xa0C), U3 KOTOPOTrO MPOsBJIsi-
10TCs (POKIAIOTCS) YACTHBIE MUDBI (1Bb, KOCMOC). VIX MHOXKECTBO U PA3HOOD-
pasue beckoneuno. Hamr Mup ecrb ojiuH n3 O€CKOHEYHOI'O MHOZKECTBA, MUPOB.
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On Bpemenen u nepemenet. Ero ocobbie cBONCTBA JTOTUYECKH HE BBIBOIUMBI
HMOJTHOCTBIO U3 00X cOOOpakeHuil, XOTd U HEPA3PBHIBHO CBA3aHLI C HUMH.
Harr Mmup mo3naércs, OTTAIKUBASICH OT YACTHOTO OMBITA HATIEH YKU3HU B HEM.
ToicaueneTHsas MyapOCThb. Myapensl BHICKA3LIBAIN O00HBIE YTBEP-
JKJIeHUs ThICSYeTeTus Ha3a . Y Ka3blBaJOCh YTO CYMIECTBYIONIee OCHOBAHHO
Ha HECYIIEeCTBYIOMIEM U MPEJICTABIISIETCS, B YaCTHOCTH, 3BYKOM HJIH CJIOBOM.
B Bubsmu (Bropas xmmra Makkaseiickast) Hamucano: Bcé corBopus Bor
u3 Hn4dero. B Epanresnme or Moanna: B Hauase 6v110 CioBo, u CoB0 ObLIO Y
Bora, n Cioso 6110 Bor. (C10BO ecTh yrmopsiJioueHHbIil 3ByK — OJHOMEPHOE
kosiebanue, win u3menenue. T. e. "cyiee ecrb 3ByK" . )
B mucanusx Iepmeca Tpucmerncra [8]:
Bcesikoe qBuzkenue mopoeHO HEOIBUZKHOCTHIO U B HEIIOIBUKHOCTH. ... Hu-
ITO CyIee He MYCTO.... L0JIbKO HEObITHE IIYCTO U IyKI0 CYIECTBOBAHUIO.
TBoper, coTBOPHUI BeCh 3TOT MUp, He pykamu, HO CJIOBOM.
EauncTBo — Havai0 1 KOpeHb BCeX Berleil, ... Hadaao He MPOUCXOIUT HH OT
Yero, HO TOJBKO U3 cebs .... EIuHCTBO, KOTOpOe ecTh Havajo, COAEPXKUT B
cebe Bce YKC/Ia, HO CAMO HE COJEPZXKUTCS HU B OJHOM; OHO IIOPOJIUJIO BCE, HO
CaMoO He POK/I€HO HUKAKUM MHBIM THUCJIOM.
Bor tBopur Beunocts, BeunocTh co3gaer Mup, MUD TBOPHT BpPeMsi, BpeMs
00YCJIOB/INBAET CTAHOBJICHUE.
JIBuzKeHHe MHUPa OCYIIIEeCTBAsSeTCA B JKU3HN Beunoctn, ... Her HMYero mocro-
SIHHOTO, YCTAHOBJIEHHOT0, HenmoaBuzKHOTO. [TocTogncTBo BeunocTn nBuzKeTcs,
U TOJBUZKHOCTH BPEMEHH CTAHOBUTCS TTOCTOSHHOI.
To, aT0 HaxXOAUTCST BHU3Y, COOTBETCTBYET TOMY, UTO IpeObIBaeT BBEPXY; U TO,
4TO MPeOBIBACT BBEPXY, COOTBETCTBYET TOMY, YTO HAXOAUTCS BHU3Y.... Bee Be-
1 mpou3oniau oT OaHOro nocpeicTBoM EMHOTO... OT 3TOM OTHON CYITHOCTH
Jepes MpUcIocodIeHue.
B Kubasmone |9, 10| npuBoasitcst 7 repMeTHIeCKUX TPUHITUIIOB:
1. Menransuocru: Beé ecth MbIcab (BcesreHHas eCTh MBICICHHBIT 00pa3 —
HAIlle TIpe/ICTABJIeHIe O Heil).
2. CootBercTBHd: Kak BBepXy, TaK U BHU3Y, KAK BHU3Y, TAK U BBEPXY.
3. Bubpanun: Huaro He mokouTcss — BCE ABUKETCH, BUOPUPYET.
4. TlossipaocTu: Beé aBOWCTBEHHO, BCE MMeeT IOJIIOCA..., ITPOTUBOIOJIOZKHO-
CTH, COBIAIAIONINE TI0 TTPUPOJE, HO PA3IUIHbIE B CTEIIEHH.
5. Purma: Bcé BrITekaeT u BTeKaeT, NOJHUMAETCS W TMa1aeT — MAaTTHUKOBOE
Kosiebanue Bo BCEM. PUTMBI KOMIIEHCUPYIOTCS.
6. [Ipuawasl n crencrBus: Bedkas mpudwHa UMeeT CJIe/ICTBUE; BCIKOe CIIel-
CTBHE UMEET IIPUYUNHY; BCE COBEPIIAETCS 110 3aKOHY; C/Iydaill eCTh nMs 3aKOHa,



KOTOPBI# He MO3HAH;... HIYTO He YCKOJIb3aeT OT 3aKOHA.
7. [ona (aBoiicTBEHHOCTh AKTHBHOTO M MACCHBHOIO Hadas): [losr BO BeEM —
BCE MMeeT CBO#M MYYKCKOfl MM YKEHCKHil ITPUHITUI Ha BCEX YPOBHAX OBITHUS.
B Pursese [11] (1700-1100 rr 10 m.3.):
He 6bL10 He-cymero, u ne OBLJIO CYIIErO TOTA. ...
Hwimmano, He Koaebasa Bo3ayxa, mo csoemy 3akony Heuro Ogmo. 11 me ObL10
HAYEro APyroro, KpoMe Hero. ...
B "Manaykepsa Voauuman" [12]:
Aywm! DtoT 3ByK — BCe 310. Bot ero paswscuenwne: [Iporiemmee, HacTosee,
Oymyimee — Bce 3T0 U ecTh 3BYK AyMm. M To mpodee, 94T0 3a mpemesaMu TpEX
BpeMeH, — Toxke 3BYyK AywM. V6o Bce 3To — Bpaxman. 9ror Arman — Bpaxman.
B "Cuxa-cuxanra najgxaru” [13]:
Henmenyembiit (A6coator) ects Camocymmuii, Besnauanpubiii u Cosepiien-
HbIii, EanHbiii BHe MecTa 1 BpeMeHH, ... i conpucyias emy [Tlaktu (:keHcKoe,
SHEprusi).... depe3 ero myabCallid BOSHUKAET amapa-MiakTh. ... [lyabcanus,
obHapyKeHHe, OTKPbITHE, Pa3apod/eHne, BHE3AIHOEe BOSHUKHOBEHUE — BOT
HSATUKAICCTBEHHAST alapa-IIaKTH.
B 6yaausme B "Mynamaaxpsamaka-kapuka'|[14]:
Her uu npexkpariennsi, Hi BOSHUKHOBEHHS, HU YHUUTOKEHUsI, HI BEIHOCTH,
HU €IMHCTBEHHOCTH, HU MHOYKECTBEHHOCTH, HU NIPUOBITUS, HU YObITHSA. ECThb
TOJIBKO B3aMMO3aBHCUMOE IIPOUCXOKICHHE. ...
B "Hao-/I>-113un"|15] 3a ocHoBy Muposmanus npunuMaerca lao (myTh
KaK JIBUZKeHHEe, H3MeHEeHHe):
Jlao, koTopoe MOxkKeT ObITh BBIPAYKEHO CJIOBAMH, HE €CTh MOCTOSHHOE JIa0. ...
... ObITHE U HEOBITHE MTOPOXKIAIOT JPYT JAPYTa, ... 3BYKH, CJAUBALACH, IPUXOIAT
B rapMOHHIO, ...
Jlao — mycTo, HO, JeficTBYSI, OHO KarKeTCsI HeHCUepIaeMbIM.
B [16] Tak omucsiBaercs [ao:
Bouro nagaso. Beiio nmpegradasio 3Toro Hadasta. BeLTo 10HAYAI0 3TOTO IPEeI-
HavaJja HadaJja. Beuio ObiTe, ObL10 HeObITHE. BbLI0 npegnadao OblTUA 1
HeObITUs. BBLI0 H0HAYAIO 3TOro npeaHadasia ObITHS U HEOBITHS.

l'apmoHuka aeiicTBue-aHeprus

Bo BBegenun mpeiozKeHno MoBTOPbl U3MEHEHHI IIpeICTaBIITh OeCKOHeY-

HbIM MHOKECTBOM TapDMOHUK. YPaBHEHHe FapMOHUKHU U €0 pellleHre eCTh
§=d?s/dt* = —02s, s(t,p) = Scos(Qt + ¢) = ReSe!+¢),



Konebaunne s(t) xapakrepusyercs dacToToii 2 u ammiutymoit S. Havarn-
Hag aza p ectb caBur Kojedbanud BO BpeMeHu. Tak JiBe TADMOHUKH C OJIH-
HAKOBBIMU () 1 S, HO PA3HBIMHU (», IBJISIOTCS COBIAIAMIUMI KOJTEOAHUIMH,
KOTOPBIE CJIBUHYTHI 110 (a3e. B TakoM Ke COOTHOIIEHUH HAXOAATCA JBA OJIH-
HAKOBBIX Te€JIa B Pa3HBIX MecTax IpocTpancTsa. T. 0. HadaabHYIO a3y MOXK-
HO HA3BaTh MECTO TapMOHUKU. BBesieHHe MecTa BO3MOXKHO JIMIIH IPUA €ro
Me/IJIEHHOM u3MeHeHnn ¢ < (), nHade mMOHsITHE MecTa paciuibiBaercs. [lepu-
0/T TAPMOHWKH CTAHOBUTCS KBAHTOM BPEMEHU.

Emg npe BemauHbl XapaKTepPU3yIOT TAPMOHUKY KaK IeJI0e. DTO TBUNKY-
mad eé BHyTpenHas sneprug 225? u npejicrapigiomuii eé BopHe UMIyabe 5.
Ho B (busuke npunsaTo, uro (A ecTb 3Heprus KBaHTA OCIULISITOPA, YIACTBY-
ommasi B o0mene. Ecju u jiyist rapMouuky cantarh (1S sueprueit, 7o S 10/2KHO
OBITH AMILTUTY/I0U JIEHCTBHA, a § — OTPUIATE/IBHBIM JIEHCTBHEM, 4YTOOBI €ro
CKOPOCTH € = § ObliIa KoJIeOJIIoIeiicst SHeprueil 1 COOTBETCTBOBAJIA OOBIIHOM
CBSI3M dHEPruu ¢ jeiictsueM. 1.0. HMIYJILC TADMOHUKY SIBJISIETCS €€ BHEITHeH
SHeprueil, yaacTBYIOIIeil BO BHEITHUX B3auMoieiicTBHAX. QOpa3yeTcst TapMo-
uuka "geiicrBue-sueprus” , cokpaménno ravH (I'), a nepemenuoe seiicrsue
CTAHOBUTCSI OCHOBOW BCETO CYIIECTBYIOIIETO.

[Tocste BBIIEIEHNS JIFOOOI YACTOTHI IJIIHOB, €€ MOYKHO B3STh 33 €JIUHUILY
u3Mepenusa ) = 1. 1o genaer BpeMd Oe3pa3MepHbIM t = () a dHEPIUU H
JIEHCTBHIO JTAET OJMHAKOBBIE PA3MEPHOCTH.

s = S.cost+ Sgsint = Scos(t + ) = Resei(t—i-(p)’ (1)

rae S, = Scosg, Ss = Ssin p.

CABUHYTBHIN Ha TOJOOOPOTA TM3H ¢ MECTOM ¢ £ T eCTh HPOTHUBOIIIH
(TI). B mecTe ¢ OH OpeACTaBIEH KaK [J9H C OTPUIATENBHON aMILTATYI0i
(-S). C BBeIeHHEM TPOTHBOTIYHOB MHOKECTBO MECT JEIUTCS HA COOCTBEHHO
IPOCTPAHCTBO |p| < 7/2 1 3epKajbHOE TPOTUBO-TPOCTPAHCTBO /2 < || <
7, B KoropoM ' u II B3auMHO 3aMeHSI0TCA. DTH OHATHS OTHOCHTEIBHBI TS
KazKJI0T0 Ta9Ha. Bee TA9HBI ¢ MecTaMy, OTJIMIHBIMA OT €ro MecTa MeHee, deM
Ha 7 /2, BXOAST B €10 IpocTpancTBO. OCTajgbHble — B HPOTHBO-POCTPAHCTBO.
Cymma I'+IT naér nynesoe kosebanne. Ho cavu I' u I ipu 3ToMm He ncuesaror,
a CKPBIBAIOTCS, COXPaH:AS CBOIO SHEPTHIO.



IHIym n HaAIIyMHBIE T3HbI

CremyromuM maroM B u3ydeHnn Bceero spisieTcst BHIOOP OECKOHEYHOTO
MHO2KECTBA TapMOHUK OJHOI dYacToThl () = 1. /[ HUX TapMOHUWKH C
() < 1 oNMCHIBAIOT UX CPEIHION0 JTUHHIO, B3ATYIO 38 HAYAJIO OTCUETa, a ¢ ) > 1
— UCKazKeHusd KoJieDaHuil, KOTopble HaJI0 YYUThIBATH 0CO0O0.

Konebanue npeactaBuMo Kak CIydaiiHas BeJudnHa (CIIYBEJ) ¢ BEPOAT-
HOCTBIO €€ HaDJIIO/IeHUs, PABHOI OTHOIIEHUIO BpEMEHH MpeObIBaHus ITOM Be-
JUYHHBI K nepuody konebanmg. Torna K cymme rapmoruK c () > 1 mpume-
HUMa NeHTpaIbHAsI pejiebHas TeopeMa JIsmyrosa [17], cornacHo KoTopoit
pacipe/iejieHue BePOSTHOCTH OECKOHEYHON CYyMMbI HE3ABUCHUMBIX CJIyBEJI 110~
9TH BCEr/la CXO/MTCs K pacipejeenuio [aycca. Mckaxkenus: kosiebanuii cra-
HOBSITCSI PABHOBECHBIME (DIYKTYAIUSIMA — IIIYM Ha BHIOPAHHON JacTOTe.

Benununna mryma Heonpesesiera u uMmeer OecKoHewHblit pazopoc. Ho pac-
npejesienne [aycca Geckoneuno mequmo [18, 19]. Torma sta Geckonednas
HEONPEeIeTEHHOCTD 3aMeHsIeTCsl OECKOHETHBIM MHOXKECTBOM HE3aBUCUMBIX TITY-
MOB C JTIOOBIMU KOHeYHBbIMHE juciiepcusymu. OuH 13 HUX eCTh HOCUTE/Ib HaTITe-
ro mupa. /lucnepcus (S?) zagaér macmrab myma. Eé He ¢ uem cpaBHUBaTH,
HO MOYKHO B34Th 32 €JIMHHILY H3MepeHnda aMILtaTy rsnos (5?12 = 1. T. o.
u3 beckoHeaHoTo Beero Gepércs 6GeCKOHEYHO MaJias 4acThb, KOTOpasl JjIsl HAC
ocTaéTes OeCKOHEeTHOI.

CranuonapHbiil C/IyBeJI JI0I7KEeH UMETh KAHOHUIECKOe PA3/I0ZKeHUe M0 rap-
morukaMm [18, 19]. B wém ammauryasr S, u S; rapmonuk (1) ecTh coryBesbl
¢ nynesbiMu cpeganvu (S.) = (Sg) = 0 U OAMHAKOBBIMH PACHPEIeTeHUSIMA
laycca. U3 epunuanoctu auctepenn myma ciaenyer (S?) = (S?) + (S?) =1,
wim (S?) = (S?) = 1/2. Toraa MIOTHOCTH BEPOATHOCTH B NIyMe

Pe(S,,S,) = (1/m)e™™", §2 =52+ 52 (2)
[lepexoss Kk pacupegenenuto P¢(S, ) npu S > 0, moayaum
P(S,0) = (S/m)e™", || <. (3)

DT0 pacupesesenne paBHOMEPHO O MECTY . B HEM HeT IPOCTPaHCTBEHHBIX
OTHOIIEHHH KPOMe OJHOMEPHOCTH.

U3 omsomeproro (1) myma 1 GecKOHeUHOH JeJUMOCTH pPacIpee/eHus
laycca ciemyer paclpeeqeHne 3M HIyMa, COCTOAMICTO U3 OJMHAKOBBIX CJIy-
Best Sj, j = 1,2,3 co cpenuumu (S;) = 0 u gucmepeusivn (S7) = 1



Pe(S,¢) = [To=y P{(Sj 0),  PE(Sj5) = (S/m)e5.
Bxecn Bemenst BekTopel S = {5}, ¢ = {p;}, S; >0, |¢,;| < .

OHOTO TITyMa HEJO0CTATOTHO, ITO0BI 00PA30BAJICS W CYITECTBOBAJ CJIOXK-
HBI ¥ yHopgaodeHHblil Mup. Mup — HaAIIyMHOE CTPOEHUE, COCTOSAIIEee
U3 HAJIIYMHBIX TA3HOB, KOTOPbIE JOJKHBI OBITH CIIOCOOHBI K 00bEIUHEHHIO B
6oJ1ee CJI0JKHBIE MHOIOYPOBHEBBIE U PA3BUBAIONMIMECS CTPYKTYPbl. OHH MOTYT
HOSIBUTHCA M3 1yMa, €CJIM €r0 yPOBEHb NMOHU3MTCs, a He BCe (DIIyKTyaluu
YCIICIOT K HEMY MOACTPOUTLCA M COXPAHATCSA KAaK HAJIIYMHbBIC TI3HEL.

Ecsm penakcanus Beawka, TO CyIecTBYeT TOALKO TYyM, B KOTOPOM HE MO-
KeT ObITh Mupa. Eciu pesakcanus Maja, TO HPH YMEHbIIEHUH IIyMa 4acTh
dbaykTyanmii cTaHOBATCS HAANIYMHBIME IdHAME. T. K. aMIUTUTYIbI TI9HOB
OTCUYMTHIBAIOTCA B €JMHUIAX YPOBHH IIyMa, TO 3TO BBILIAIUT KAK MX YBEJIH-
YeHWe — BbIJeJIeHNe HAJIITYMHON SHEPIHH MHPa. DTO eCTh PO aeHue (IPosB-
JIeHWe) Mupa u3 TrymMa (Xaoca, HesiBH, HeOBITHS U T. 1.). YBeJHdeHne TyMa
BBIIJIAJAT KAK YMEHbIIEHHe aMIUIATYJ TASHOB U IIOIJIOIIEHHE HAIIIyMHOR
sHeprun mMupa. Mup morpyzkaercsa (Bo3spaimaercs) B xaoc. Ciie1oBaTeIbHO
MHUP He CO3HaéTCsd, a MPOSABJISETCI U3 MEePBOIIYyMa-Xaoca.

Eciu mmerorcest Tpéxmeprbie onpeaeaéuubiii rusu (1) u mym (2), 10 ux
COBMECTHOE DACIpeJe/leHne, HMeoIlee CPeIHIe aMIIHTY bl [idHa S,;, Sgj 1
JICIIEPCHIO IIIyMa, CTAHOBUTCS PACIPEIEJIEHNEeM HAAIIyMHOrO TI9Ha

3
g2
P'(S,,S,) = HPJF(SCj7 Ssi); Pjr(scjv Ssj) = (1/m)e % (4)
j=1

Byech S, = {_Scj}o, S, = {Ssjk — cJyuaiiable BeKTOPHI, Sj2 = Sfj + So'fj,
Sej = Sej — Sej, Ssj = Ssj — Ssj — HeHTpHPOBAHHBIE CiryBesisl (DIIyKTyamnun).
Yro6bl HAHTH NPOCTPAHCTBEHHOE paclipejiejleHne HaJl0 HepeiiTu K mepe-
MennbM S; U ;, Kak npm BeiBoge (3): Py (Sj, ;) = S;Pj(Se, Sy), tae

Sej = Sjcosp;, Sg; = Sjsing;, 57 = SZ; + S%;. Boagrcs

@j = arctg(Ss;/Sej), Y5 = pj — 5, S = S — 5j, (5;) = Sjcos ;.
[Tokazaresib SKCIOHEHTHI, OIYCKast 3HAYKH J,

—{..} = 5%cos? p — 255, cos p + 5% + S2sin’p — 258, sin p + S?
= 5%+ 5% —25(S.cos p + S, sin )

= 5%+ 5% — 255 (cos g cos ¢ + sin gsin ) = 5% + 52 — 255 cos
— 524+ 52 — 285 +285(1 — cosg) = 52 + 455 sin%(¢/2).

wm —{..} =52+ 52 —255cosp + S?cos? p — S?cos?

= (S —(S))? + S?sin? §.

o



IIpocTpaHcTBEHHOE pacipeaeJaeHne HAAITYMHBIX IT9HOB

3
HP]F i 95);

PE(S;,65) = (S/m) exp{—$;" — 45,8, sin*(;/2)}
= (S;/m) exp{—(S; — (S;))* — 5} sin” ¢;},

rae S ={S5;},5; >0, ={¢;}, |¢;] < 7. 3mecy BeIIUCAHBI ABA BUAA OJHOTO
pacIpe/ie/ieHns ¢ PA3HBIMA CPeTHIME aMiinTy1amu S;, (S;) u pazuoii mmpn-
woii. [Tlupuna 3aBucHT OT paccTosHUA (; 10 HeHTpa. Boausn Hero |¢;| < 1
¥ pacrpejesienne rayccoso ¢ mmpunoit 1/S;. TIpu yjanenuu mupnna pacTér.
Pacpenenenne cimBaercs ¢ urymom npu (S;) ~ 1.

IIpu Goabuioii HAAIITYMHOCTH TI9HOB 5j > 1 3To pacmpejienenne
yakoe, T. K. S;sin @, 6uicTpo pactér ¢ p;. Momno 6pars |@;] < 1. Onyckas
SHAYKH j, 3aMUINEM MOKA3ATEeb KCIIOHEHTHI
5% 4 455 sin%(¢/2) = 52 + S5¢2,

(S — (8))2 4 S?sin* p = S% — 255 cos 4 + S% cos? ¢ + S?sin”
= 52452955 +4255(1—cos @) = (S—5)24+255(1—1+¢/2) = 524+ 552,
Torna

3
P(S,0) =[] P/ (S5, P (S ¢5) = —]e><ip{—5}2 - 89563 (5)
j=1

PaCHpeﬂeﬂeHI/Ie HaJIYMHbIX TJA9HOB TOJIbBKO 11O MECTY HaXOJUTCA 1pU-
OMKEHHBIM HHTEIPUpOBaHHeM (5) 1Mo aMIUIUTY/e, HPU KOTOPOM OCHOBHOMN
BKJIQJ] B WHTerpas paioT S; ~ S;:

= Hpjr(éj)a P (¢)) = ?/2 exp{=57¢7}, (6)

rae |S;] > 1. T. x. mupuna pacupegenenns (¢3)V? ~ 1/5;, ro émxoctn
IPOCTPAHCTBA IS TAPHOB ~ S; PACTéT ¢ UX aMILIHTYIO0MH.

Ksant geiictBus. 1M 1190 ecth onpejenénnoe konebanwe (1), pasmbi-
Toe euamaEbIM myMoM (3). Heonpeaeaéanocts ero ammmaryapr (92)1/2 = 1,
BepimHbl ABYX paclpeieJeHnil pasauduMbl, eCIH CPeIHHe aMILIATYIbl OT-
amyaatotes 6omee wem wa AS = 2. Onm kBanTyoTca ¢ KBantoMm 2. Torma
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CpeJiHIe 3HAYEHWS aMILTATY/T KOJIebaHuii Ha (hoHe MyMa COBHAIAIOT ¢ YPOB-
HAMHI SHEPIHH KBaHTOBOTO ocmuaaaropa S = 2n + 1 = (n + 1/2)h, tue
n — tmesaoe yncsao. 1. o. mocroguuaa Ilmanka h ectb ynBoenHasi cpeiHe-
KBa/IpaTHYHasd aMILTUTYAa myMa A = 2. OJHaKO HEepas3IMmIuMOCThb OJTM3KUX
[0 AMIIATY/IAM TIIHOB JUING BHeNHssE. OHUA BIOJIHE PA3THIUMBI IO CBOUM
CPEJIHAM 3HAYCHUSIM.

ITpocTpaHcTBO M cpeaa Mupa

CramuoHapHblil IIIYM Ha BRIOPAHHON OCHOBHO#M YacTOoTe rapMOHHK ) = 1,
OLMCBIBACTCSE 1'ayCCOBBIM paciipeeienuem (2). B cuiy 6eckonednoit jiesmmo-
CTH OHO IpeaCTaBUMO MHOTOMEPDHBIMU KOJIe6aHI/IHMI/I. I/IX OJHOMEPDHbIE YaCTHU
00pa3yoT u3MepeHuns MpoCTPaHCTBA MecT. [IycTh cocTaBsionee nx MHOKe-
CTBO T/I9HOB HA3BIBAETCS U3MEP.

O HaKO cTaMOHAPHO TOJIBKO Beé, a Jjirobble ero 4acTu HeCcTallmOHAPHDI.
HecranmoHapHOCTD IIyMa BeIET K OTJMYMIO €T0 PACIPeIeJeHnsT OT TayccoBa
1, KakK CJeACTBHE, K USMCHCHUIO CpeIHUX BCJIWYIMH. O6pa3yIOTCH OTJINYHBIEC
OT HyJd cpeaHue aMIIJIMTYAbl U KOPPEJAAIMOHHbIC CBA3U MEXKJAYy H3MepaMH.
Ecan BHyTpH KazKI0TO M3Mepa BBLIEJATH HPOTHBOTISH JAHHOTO IIdHA, TO
MeyKIy HEMH TaKzKe TOJXKHBI OBITH Koppesdanun. VIx Habop

(STST), (STSI), (STSTSE), (SFsPst), (sFsPshy, ... (1)

e SjF u S]H — aMILTUTY/bI TJIPHOB U MPOTUBOTIRHOB u3Mepa j. Habop koppe-
JIAUil 3aBUCHT OT UCKAXKEHWs PABHOBECHOE pactpejesenue l'aycca u mmeer
OecKOHeYHOe MHOYKECTBO BAPHAHTOB, CPEJH KOTOPBIX HAJI0 HAHTH COOTBET-
CTBYIOIIHI HAIIIEMY MUPY.

Ha mepecrpoiiky pacupejesieHusi MEHIONEerocs nyMa BJUseT CKOPOCTb
pesrakcamnun ero qguykryamnuii. Ecjin ona Besmka, TO pacipejiesienne MOKHO
CYUTATDh KBA3UCTAIMOHAPHBIM TayCCOBLIM € MEPEMEHHLIMU cpejuuMu. HKem
pesakcalus MaJja, TO U3MEHEHHe PACIPEIeIeHIA OTCTAET OT CPEIHEro YPOB-
He TIIyMa ¥ 9acTh (PJAYKTyalnii cTaporo myma coxpansercsd. OHU CTAHOBATCS
HAIIIIYMHBIMA TJ9HAME, PA3MbITBIMU HOBBIM ypoBHEM miyma. Ha wux mepe-
HOCATCs Koppessinuu (7). Haamymeble TI9HBI HMEIOT aMILIHTY/Ibl, He (oJee
HAYaJIbHOTO YPOBHS MIYMa, U PA3MEPHOCTD, ONPEILISTeMYI0 HATHINEeM Hepas3-
PYIIAEMBIX [IYMOM KOPPEJISIIHA.

Koppensiuy MezK 1y TI9HaAMU PA3HbIX ©3MEPOB WA MEeZK Iy TIIIHOM U IIPO-
THBOTJPHOM OJIHOTO U3MEPa MMEIOT OJHY HPUYMHY U KAUeCTBEHHO MOXOXKHU.
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X MOKHO B35Th OJMHAKOBBIMHU. TOrIa Hmperosaraercs, 9To CyMIeCTBOBA-
HEe HAIIero HPOCTPAHCTBEHHO OJHOPOIHOIO TPEXMEPHOIO MHPA C CHUMMeT-
pueif MeyKy TA3HAMHU U MPOTHBOT/IBHAMHI 00ECIednBaIOT OJHHAKOBLIC CBA3N
[JISHOB PA3HBIX H3MEpOB, KOTOPLIE MOIYT IEPeKII0YaThCa Ha CBA3M IJI9HA U
IPOTHBOTAHA OJHOrO u3Mepa. OHU NPeJCTaBIAIOTCA KaK HATUYUe Y TI9HOB
JIBYX CBOOOJHBIX CBSI3EH JIA COCIMHCHUA ¢ TAKAMHE YKe CBA3AME IJI9HOB JAPY-
I'MX U3MEPOB WK IIPOTHBOIVIIHOB CBOETO M3Mepa, IJe YIacTBYIOT 00e CBA3M.

Coyuaitasie ammantyaer S; u S;' u3Mepos j u3 pacupesesenus (5) MOXK-
HO 3allucaTh B BUJE CyMMbI NIyMOB. [Ipu 9TOM mapHble KOPPEIANN MeyKI1y
omuomepubiME (1M) rmsmamu ') Bxopsgmuvu B Tpéxmepubiit (3m) rasm [P
JIOJIZKHBL OBITH OOMEHAMH aMILIATYI, COXPAHSIONMUMEA UX CYMMEL.

3
S]F = SJF + 5]' + gS]F ZT]ﬂSIF, Nji = —MNij- (8)
=1
K num jgobaBiigrorcss ypaBHeHUs JI/Isi aMILIATY/L 1M TJI9HOB U HPOTUBOI/ISHOB
OJIHOTO U3Mepa, 00eCIIeYNBAIONNe COXPAHEHHE CyMMbBI aMILJIUTY/T TP HAPHbIX
obMeHax u V4UTbIBalOIUE IIapHOCTDb cBd3eil

SE =87 +e+g(n; +0,)S7 ST, ST =Sl +e;— gln; +0;,)S5 ST (9)

3aecp €; — obuuit J1d IJI9HOB U IIPOTUBOLJISHOB eIMHUYHBL IIIyM u3Mepa j,
Nji — CIUHUYIHBIN IMIyM oOMeHa aMILTHTYIaMH MeXKIy LI3HaMU Pa3HBIX U3-
MepoB, 1); U ¢; — eIUHUYHBIC IIYMbl OOMeHa aMILIUTYJIAMH MKy TISHOM
U TTPOTUBOTAIHOM OJIHOTO U3Mepa, ¢ — KOIDPUITMEHTHI CBA3U MKy T/9Ha-
MH Pa3HbIX U3MEPOB WU MEYKJy TJIPHOM U HPOTHBOTJIHOM OJIHOI'O U3MEpa,
KOTOpBIE OepyTcs OJMHAKOBBIMU.

[Ipu ocnabnenue nrymMa TMepBBIMHU MPOSBAAIOTCA cJ1ab0 HAANMTYMHBIE 1M
rasubl 'Y cozparomue 1M OpocTpaHCTBO TASHOB MaJoil éMKOCTH. 3aTeM Ha
UX OCHOBe TposiBasioTcs 2M rapubl [2 = T'1gTag, 1v napst v; = F}gl‘[;—g n3-
MepoB j = 1,2 u ux 2M cymmbl vivp. (31€ch U Jasee TOCTeTHsIS ¢-CBS3b
COeIMHSACT TOCAeTHUIl U 1epBblil aHbL.) OHE 00pa3yroT 2M MPOCTPAHCTBO
LJ3HOB U JBa 1M npocrpancTsa nap v;. Janbreiinee ocab/ienne myMa Bbl-
spiBaeT mpogsienne Im map v; = [gllig m3mepos j = 1,2,3, 2M vjuy,
Vi, = F}gH}gF}CgH}Cg, 3M Vi3, vig3 = LIl gl gl Hi g1 g u Gosee jjmu-
HBIX COYETAHWi. JTOT IIPOIECC MOYKET MPOI0/KATHCI U JAJbINe, 00pa3ys
MHPBI OOJIBITTUX PA3MEPHOCTEI.

ITpocTpancTBO HaIero Mupa nMmeeT Tpu u3Mepennsd. OHO OTHOPOTHO,
H30TPOIHO M 3aMKHYTO Ha cebe — MecTa (; = £m coBlagaioT. I 13HbI 00pa-
3YIOT €r0 MaTepHabHbIE TOYKHU, U3MEPBI — a0COMI0THBIE OCH. OTHOCUTETHHO
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JII0O60TO MecTa ero MOXKHO TPEeICTaBUTh, KaK COCTOsINee U3 COOCTBEHHO MPO-
CTPAHCTBA MUPA U 3€PKAJILHOIO €My ITPOCTPAHCTBA POTHBOMUPA, B KOTOPOM
IJI9HBI U TTPOTUBOT/PHBI B3AaUMHO 3aMeHeHbl. MUpP TOJIBKO KazKeTcs OeCKOoHed-
HBIM IIpH HAOJIIOACHUU U3 €r0 MaJIOil 4acTu 3a MaJjoe BpeMs.

CoxpaHEéHHbIE (DJIYKTYAIIUH BBIICJAIOTCS U3 MIyMa, KOTJIa UX aMILIHTYIbI
OoJ1ee YeM BIIBOE MPEBBIIIAIOT €TI0 CPeIHIOn aMILIHTYLy. Bo3MOKHO KaxKToe
YMEHBIIIEHHUE 1IIyMa B ~ 2 pa3a COIPOBOZKIaeTcs 00pa30BaHUeM HOBOI CTyIe-
HU HAJNTyMHBIX TJ9HOB M3 COXPAHEHHBIX (DJIYKTyaIluil npeablayiieii. 31ech,
B oTanune oT neppomyma (2, 3), daykryanuu 1myMa UMET MecTo W 1IH-
puny ~ 1/S, tme S ~ 2" — ux aMIUIATY1a, CYMMapHasi 0 BCEM CTYIEeHSM
HaJIMTYMHOCTH, N — YUCJIO CTYTIeHEM.

[TpocrpancrBenHas HeOUpeAeIEHHOCTh TIPHOB Ay ~ 2/S. OHu BHelHe
He DasIMYaloTCs, eCJU PACCTOsTHUEe MeXKIy uX mneHtpamu r < 2/S. B arom
cJydae BMECTO YacTOKO/Ia TJIPHOB CTYIMEHb COCTOUT U3 UX IJIATO, HAJl KOTO-
PBIM (PIYKTYHPYeT TeKyIuit myM. [IpocTpancTBeHHOE MOCTOAHCTBO CTYIICHH
BEeJET K €€ He3aMeTHOCTH, a SHEPTHS MOXKET OTCUHTHIBATHCSA OT dHEpTreThde-
CKOI'O YPOBHSI CTYIEHU. 3AMETHBIME OCTAIOTCS TOJIHKO BO3BBIIICHUS HAJ| HEH.
DTO TEeKYIIHii TIIyM C JUCHEePCHeii, B3ITOM 38 eJIMHNILY AefCTBU, H HA/IITy M-
HbIE TJIPHBI, 00pa3yIONue CTPOCHUE MUPA.

J11s1 oTleHKHU 9HCIa CTYIeHe#d ocrab/ieHus IIyMa BO3bMEM PaJINyC BCEJIeH-
noit ~ 10%" merpa. Pasmep rasmna e Gosee pauyca saekrpona (< 10722 m
[20], em. "Hacrunpt"). Ecin BeeneHHAs 3aHUMAET BCE TPOCTPAHCTBO MECT, TO
Ha KasKJIOH OocH MOKeT moMmecTHThess He MeHee 10%° rmsmos. Dta ogmOMEp-
Hasg éMKOCTb TPOCTPAHCTBA MPOMOPIUOHAIbHA aMILIATYAe T/19HA S B €INHU-
nax myma (6). Torma S = 101 ~ 2193 yun gucio cryneneit maaurymuocTu
n 2 163 mpu yIBOEHHH aMILUIATY OT CTYHEHH K CTymeHu. Ecim ceitgac mrym
~ h = 10"%" apre, To mWIaTO HWMeeT aMILIHTYIY Sy = 1022 spre.

Harm mup pacriosiozken Ha MOIIHOM, HO He3aMeTHOT jijist Hac ocaoBe. DryK-
Tyaluu ero myma JaroT HyJeBble Kojgebanus "dusnygeckoro Bakyyma' , Has
KOTOPBIMHU BBIJIEIAIOTCA OTHOCUTE/BLHO PEJIKHE YACTUIBI. DTH (DIYKTYaIlnH
MIPOCTPAHCTBEHHO PA3TUUUMBI, B OTJIMYINE OT MepBOIIyMa. XOTsd JacTHIIHI 3a-
METHO PA3MBITHI IIYMOM (KBAHTOBAasl HEOMPEJETEHHOCTD), OHU HMEIOT MPO-
CTPAHCTBEHHOE PACIOJIOZKEHUE.
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BzaumoeiictBue ra3HOB (r-B3anmo/ieiicTue)

Koppeasiinonnas g-csi3b (8, 9), o6beinHsisi OMHOMEPHBIE TIIHBI B TPEX-
MepHbIe CO3JaéT OCHOBY HAIIlero MpocTpancTBa. Ho 9Toro Hemoctaroano st
CYIIECTBOBAHUS CJIOKHOTO Mupa. Tpebyercss B3amMmomeiicTBre MexKIy 3M IJI-
SHAMME, HO3BOJISIONIEe UM 00PA30BBIBATE BCE O0/Iee KPYITHBIE COEUHEHUST. DTO
JleTaeT B3auMOJCHCTBHE TJI9HOB 4€Pe3 Iy M.

[men ecth onpenenénnoe Koaebanue, HAXOAANEECH B IyMe U 3aBHCAIICE
ot Hero. IlpucyrcrBue apyroro rissa BOJIM3W MEPBOrO MEHSET IIYM U TE€M
BJIUsIeT Ha HepBBIi r19H. OUpenessonMi TapaMeTPaMU TIIHA ABJISIOTCS
ero Jacrora ) u aMILIATYIa S, & MECTO ¢ BBIpayKaeT OTHOINEHHE K JIPYTUM
rioraM. CIle0BATebHO BAMMHHAE LIYMa ONUCHIBACTCS IPOM3BOLHBIMU ) U
S. Ho coxpanenne risua tpebyer nocrosaersa ) u S. Ipu caabom BinsHIE
BO3MYIIEHUsI CPEJIbl, UX W3MEHEeHHe MOXKHO IIePEHEeCTH Ha IepeMelieHne II9Ha
Q) = (. Torna B3aNMOIEHCTBHE II3HOB BHIPAKAETCS HX YCKOPEHHEM.

[Tpu 3amanuoil yacTore rasHa ) = 1, €ro ycpegHéHHOe BIUSIHHE OIpe-
nenserca cpeaneit ammmaTynoft S u Bepazkaerca dynxmueii U(S). Ecam S
MOCTOSTHHO, TO CPe/ia NOCTOAHHA U APYTO II9H B HEll He MEHAeTCs. YCKOpIeT
[JI9H [IepeMeHHOe BJIUSHUE cPeJibl. /[ BO3IeiiCTBYIOIEro riadHa ¢ MOCTOSH-
HBIM BO BPEMEHH paCIpeleJleHHeM, 9TO CBOJIUTCS K BIAMAHUIO rpajauenta U:
¢ = —0,U, umu U + ¢*/2 nocrosuno. Caenosaresuo dbynkuusa U(S) ecth
IMMOTEHIIUAJT BO3AEHCTBUS I'I9HA HA APYTOoil II9H Yepes IIyM.

Ecyim mam mup obpazoBajcs U3 HAYaAbHOIO IIyMa IPU e€ro OcJIadb/JIeHun
¢ coxpanenneM (bJIyKTyaluii, TO OH COCTOUT U3 OCHOBBI C aMILINTYI0H Sy 1
BO3BBHIIAONIUMUCS HAJ| Hefl pa3TuIuMbIME MeXKIy CO00# JacTSMU TIIHOB €
ammaTygamu Sy, : S = So+S,, S = So+S,. lIpu Sy > S, U(S) pasnaraercs
B psi U(g) = U(SQ) + Usgu + Usggi/Q—l— Cee
rie Us = dsU(S = Sp), Uss = dZU(S = Sp) — npomssoubre. Beibop U(.S)
3a Hadaso orcuéra U(Sy) = 0 maér

U(S)=U(S,) = UsS, + UssS2/2 = U (S,) + Us(S,). (10)
T. x. Uy/U; ~ S, /Sy < 107%, 1o cropee Bcero
U(S) =U(S,) = UsS, = Uy (S,). (11)

[Tocie BBeIeHUS IPOTHBOIISHOB U COOTBETCTBYIOMICrO yMEHBIICHUS IIPO-
CTPAaHCTBA MeCT BABoe 70 |p| < 7/2, ammauryna S, CTAHOBUTCS JJIsS TIPO-
TUBOTJPHOB oTpunaresabnoii. Ternepp norennman (10) cocrout u3 HeuérHON
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U, = UsS, n uwérnoit Uy = UgsS?/2 no ammurynam gacreii. Ero sancu-
MOCTB OT MECTa (¢ HAXOAUTCs U3 pacipejenerus (5), KOTOpoe MEHseTCs Ha,

Py (S, %5) = Py (Sujs ¢5) = (So/m) exp{=5 S2 — 52}
rie gb] = Sop;. Hocse 3amensr @; Ha qb] : (Su],qu) =P ( Sujs ©j)/So niam

3
o o 0 o 0 1 ° o
P80 ) = [[ P (5 01). P (5.1, 0) = —exp{=5; — 57},
j=1

rae Su — {Su] - Suj}a ¢ = {(b] - ¢j}7 ¢j = SOSO_]"
[IpocTpaHCTBEHHAS YacTh PACIpPeIeseHrs] 3aluChIBACTCA Yepe3 aMILIATYLY
Sop OCHOBBI, a aMILTHTY/IHAA YAaCTh — Uepe3 BO3BBIIIeHHEe S, HaJ HEil.
Cpegaue aMILTATYIbI TIIHOB F]l OepyTcsd OJMHAKOBBIME Sy = Sy, & PY'(S., @)

Mensiercs Ha pactpegenenue PT(S,, qb) aMuTy bl Sy, = Sy + Sue + Sus:

/ / St ) PF (S, 62) PY (S — Sut — Sz, ) A1 dSun

=73 / / exp{—52, — 52, — (84 — Su1 — Suz — Su)? — $*}dS.1dS,s,

e ¢2 = ¢ + ¢35 + ¢2. OcuoBHofl BKJ1aJ B uHTErpajs Aaor S, ~ S, u
Suz ~ Sy, TJIe SKCIOHeHTa HanbOoIbIIasd, a €€ M3MeHeHne HanMeHbIee. 'Torma

PT(Su, @) = 72 exp{ (S, = 5r)* = 9},

rae St = 35, — CpelHss aMILIATYIa 3M IJIeHa, gb — paccTosHHe OT ero
nenTpa. IIpocTpaHcTBeHHOE paclpe e/ eHue

P () = / P (S,, $)dS, = 72 / e~ (Su=Sr)? g

—00

Teneps pacupenesieHne TPEXMEPHOro TA9HA

PU(S,, ¢) = 7 2exp{—(S, — Sp)2 — ¢*}, PU(p)=n32.  (12)

[IpocTpancTBEeHHOE pacHpesesieHne TOTeHITNAIa BO3/IeHICTBUS depes IyM
olnpejedercsd IPOCTPAHCTBEHHON 3aBUCUMOCTBIO CpeAHel aMIJINTY/IbI TJI9HA,
T. €. ero YCJIOBHBIM CPeTHUM Jisi pacipesenenus (12)

U($) = (U(S.)|6) = / T U(S,)P" (S, $)dS
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T. K. ocHOBHOII BKJIaJ B HHTErpaJ Aa0T S, ~ Sr, TO

U(¢) ~ U(Sp)r e / e (=5 qS, = U(Sp)n 2",

o0

Ucnosnb3ys (10) mosydnM mOTEHIMA BO3AeHCTBUS II9HOB Yepe3 IIyM

o o o o

U(}) = Ur(d) + Us(), Ur (@) = re ", Un(¢) = Ge™, ¢ = Sop,  (13)

e 1 = 132UgSr, G = 732Ugg/25E, |¢| < 7/2, ,Ul(c;ﬁ) > Ug(&).
Konebanust rjpHoB B3auMoAEfiCTBYIOT TOJHBKO MECTHO, TPU COBIAJICHUE
ux ¢a3. Ho cam rasu cocrour u3z onpeenénabix kKouebanuii (1), pasMbIThIX
mymoM (3) 1o pactupenenenus (12). IIpocTpaHcTBeHHOE pactpe/iejieHue T0-
reriuaia (13) ¢Bs3aHO ¢ STUM Pa3MBITHEM, T. €. onpeesercs: mrymom. Cie-
JIOBATE/IbHO TOIHBI B3AaNMOAEICTBYIOT IIOCPEACTBOM mryma. /leiicTrByer
Ke MOTEeHINAJ He Ha Ty M, & Ha ONpeJeIéHHOe Kosiebanue TisHa ([eHTp pac-

IpeJIeJIeHNst ), U YCKOPsieT ero. B KBAaHTOBOIT MeXaHNKe TaKoe B3anMOoJeficTBIe

OMHCHIBaETCA KaK 0OMeH BUPTYAJbHBIMU YaCTUIIAMH.

Buak Ug onpenesnsier KadecTBo Bo3aeiicteusg. Eciu Ug > 0, To radH o1-
TAJKUBAETCsl OT TJPHA M HPUTITUBACTCH TPOTUBOTIIHOM, YTO COOTBETCTBYET
HAIEMY YCTONIMBOMY U Pa3BUBAIOIIEMYCS MUPY.

BzaumopeiictBue aByx TpEXMepHBIX TAHOB ['| u [y ¢ paBHBIMEI
0 MOJYJII0 aMILTHTYJIaMH Sy PACCMOTPEHO B CHCTeMe OTCYéTa, B KOTOPOit
JIBUKEHUE CHMMETPHYHO. MecTa IIPHOB ¢ U ¢9 = —d1, ¢ = ¢ — ¢a. llo-
TeHNMAT B3aumoseiicteus (13), 3amucaHublii B eauHHIAX T, ecTb +U, e
U= e, Bepxunii (HI/I)KHI/IfI) 3HAK OTMEeYaeT B3auMOAEHCTBUE TISH-TIIH
(rmpH-ipoTHBOrIH). JleficTByONINE HA TAHBI YACHIIBL — yaeJbHble (Ha e1n-
HOILy aMILUIHTYAbL) cuibl fi = —fo = Fd,U = £2¢U. YpapHeHne 1BHKEHHSI
b=2f = F2dyU = +4¢U umeet pemnrenne ()2 = 2(EF2U), re E — ymenn-
Has MOJIHAS JHEPIUs OTHOCUTETHLHOTO JIBUYKEHUS TTIHOB.

OrrankuBanue TAdH-TA9H. e 0 < E < 2, 7o npu BCTPEYHOM [IBU-
JKEHWH WMeeTCsl OTPaKeHWe B TOYKE TOBOPOTA. JIBa ONMHAKOBBIX T/9HA HE
MOTYT OBITH B OMHOM MecTe (COCTOSHUM). DTO cBOHCTBO dbepmuono. OHO
00yCJIOBIIEHO T-OTTAJTKMBAHUEM IIPU JOCTATOTHO MaJioil sneprun E.

IIpursaxenue razu-nporusoradu ([Tl-mastauk). Econ —2 < F < 0,
To B norennuase U cymnecrByer nejinneiinbiit Markuit magaruuk. Hpu £+ 2 < 1
n ¢? < 1 on suHeen ¢ = —4¢ ¢ gacToToil Wy, = 2 mwim w, = 2r/2,
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Matepus Mupa, 1eirb MIPOB

[mHB W NPOTUBOTIIHBI T-B3ammojeiicTBuem coeanHsiorcss B ['TI-mrapbr
31113 , koropsie o6pasytor I'lI-cpeny. OrHocurenbusiit casur '3 u [1? B mape
omnpejiesideT Moagapu3aIuio 31o#t cpeasl. Kpome ['II-map cymecTByeT MHOXKe-
CTBO OJIHOMECTHBIX Hap V; = F}gf}g U3MEpPOB J, CBI3AHHBIX KOPPEJISIINOH-
ubIM B3anMozeiicTsueM (9). Dto meitrpuno (cm. "Hacrume"). Oun nmeror
CPEeJIHIOI0 HYJIEBYIO aMILIUTY/Ly U HE YYaCTBYIOT B I-B3auMOJIeHCTBUN.

T. 0. MaTepus HaIIero Mupa B oCHOBHOM cocTapjieHa u3 ['II-nap u meii-
Tpuno. Eé mirorHocts p He menee miaotHoctH ['Il-cpenpl. Ona onenuBaeTcs
uepes maccy ['Tl-uapbi (~ maccel neiirpuno 10737 kv — em. "Jacruup") u
paccrosinue T Mexly numMu (He Gosiee pasmepa ssekrpona ~ 10722 ). Torga
p 2 10%%kr /M3, uro muoro Gosbiie mwiornocru aiep ~ 1017kr /m3. ThiornocTs
BelllecTBa BO BCesleHHoit onennpaercd B ~ 10720kr /M3, Paznuna na 55 nopsi-
koB mwin 6osee. Ho ['[I-cpena TOMbKO BO3BBIIAETCS HaJ BepXHel CTYIEHBIO
OCHOBaHHS, KOTOpas cama 6osee deM Ha 49 MopsakoB OOJIBIIE COBPEMEHHOTO
myma ~ h. Torga Bcg m3BecTHass HayKe SHEPrUsI-MAcca HUYTOXKHO MaJjia Mo
CpaBHEHHIO C IHEprueii eé oCHOBBI — pasHuna npesbimaer 100 mopsaaKoB. DTo
He cuuTasg OECKOHEUYHYIO SHEPIUIo MIyMa.

Ilens mupoB. IlpeacraBienne Beero rapMoOHIKaAME He EMeeT BBIJIEJICH-
HBIX YacTOT. B Kak1oM MHOXKeCTBe TapMOHHK JIIOOOH YacTOThI, B3ATOH 3a
eauauity {2 = 1, FADMOHHKH OCTAJBbHBIX YACTOT MPEICTABIEHBI WK IILYMOM
(mpu ©Q > 1) mwmm mepzenneivM m3Menenuem (npu 2 < 1). U xaxzgoe ta-
KO€ MHOYKECTBO TaPMOHHK JIPYTUX YACTOT SIBJISIETCS OCHOBOM JIIst OTIMCAHUS
Kakoro-anbo mupa. Torma mmeercs ¢BA3b U B3aMMHOE BJIMSHHE MHPOB pas3-
HBIX OCHOBHBIX 9acTOT. Tak B MeJJIEHHOM H3MEHEHHe XapaKTePUCTHK HAIIEro
MHPA eCTh BKJIA/] BO3AeHCTBUN Me IjIeHHbIX MUPOB ¢ () < 1, a B nirymMe CKPbITO
Biugnne ObicTpbix — ¢ {2 > 1. [lomobubiM 0Opa3oM u HAII MuUp AeficTByeT
HA JIPYTHEe MHUPBI. DTA CBA3b MPOUCXOJIUT HA YPOBHE OTHOMECTHBIX [JIPHOB U
Jepe3 HUX PacIpOCTpaHsdeTCs Ha BCe OCTAJIbHbIE YPOBHH, BILIOTH JO TeJ.

Mupbl Ha Pa3sHBIX OCHOBHBIX YaCTOTAX IOJOOHBI, HO HE TOXKJIECTBEHHBI.
Y HuUX MOKeT ObITh OJMHAKOBOU CKOPOCTH IBOJIONUU, U3MeEDPseMas B IEPUO-
JlaX CBOMX OCHOBHBIX YaCTOT, HO Pa3Has OTHOCHUTE/IbHAsA CKOPOCTb. MUphl ¢
OOABIIUME TACTOTAME MEHSIOTCS OBICTPee MUPOB MeHbIHX JacToT. Criemyer
0ZKHIATh, 9YTO OHU OOJIee MPOJABUHYTHI B CBOEM pa3BUTUHU. TOr/1a B KarKyIIuX-
¢ CAYYaHBIMU H3MEHEHUSX CKPBIBAETCS BJIUsSHHE 0oJiee pa3BHTHIX MHPOB,
a MeJIJIeHHbIe U3MEHEHHSsI CBSI3BIBAIOT C MeHee pa3BUTHIMU Mupamu. Caydaii-
HOCTD COJICPZKHUT HENO3HAHHYIO HEOOXOAUMOCTb.
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IIIym He ecTh Becmopsga0K, XOTs MOIUNHAECTCS pacupeaenennio [ayc-
ca, MPUMeHSIeMOMY JIJIS ONUCAHUS CJAyJailHbIX BeJNYUH B HU3IIEM DaBHOBEC-
HOM cOoCcTOstHHH. OH TOJIBKO KarKeTcst DECIOPSIIOYHBIM W3-3a HEI0CTATOYHO-
CTH BPEeMEHHOIO pas3pelleHHs], He IMO3BOJISIONIEr0 3aMeTHTh ObICTpHIE BJIHsI-
HHUSI MHPOB C OOJBIIMNME OCHOBHBIMU YaCTOTAMMU.

Mup ectb HaJANIYMHOE CTPOECHHE, COXPAHSIONIEe CBOIO HEPABHOBECHOCTD.
OpHaKO HepaBHOBECHAS 3aMKHYTasl CHCTEMa CO BpeMeHeM Hem30e:KHO Iepe-
XOJUT B PABHOBECHOE COCTOSHIE H OCTAETCSA B HEM HABCETIA. DTO MPOUCXOIAT
M3-3a TOTO, YTO MOJAepKanne OeCTopsi/iKa pPABHOBECHST U PesIaKcalus hIyK-
TyaIuil onpeeasdioTca OJHUM MeXaHu3MOM. YToOb MHP CYIIECTBOBAJ U He
peJTaKCHPOBAJ K PABHOBECHOMY IITYMY, OH JOJIKeH OBITh OTKPBITON CHCTEMOi
C BHEITHUM B3aUMOJIEHCTBUEM, MTO/JIEPXKUBAOIIUM €0 HaJIILyMHOCTD.

Takum cBoiicTBOM 00/1a7a10T KUBbIE CyIEeCTBa. Kro make MOXKHO B34Th
3a ux omnpejesierne: 2KU3Hb ecTh CIIOCOOHOCTH TTOCTOSHHO TIO/I/IePYKUBATH
HEepaBHOBECHOE COCTOsIHHE B paBHOBecHOU cpeie. Ilpu aToMm moHngarue »Kus-
HU PACIIAPSIETCS W MO3BOJISIET HA3bIBATH »KUBBIMU HE TOJIBKO MOJIEKYJISPHBIE
opranu3Mbl. VIcxo/isi 13 3TOT0 OLIpe/ie/IeHUs U JIPEBHUX CKAa3aHUi, I'/le BCesIeH-
Hasl 9acTo MPeJICTaBasieTcd B 0bpa3e jepeBa, »KUBOTHOT'O HJIN JIazKe Ye0BeKa
(IMypyrra w ap.), MOYKHO MPEANOJIAraTh, YTO HAIl MUP SBJISETCS YKHUBBIM.

Ecyim mam mMup ectb XKUBOE CYIIIECTBO, TO MOAO00HBIE €My MHUPBI Ha JIpY-
I'UX OCHOBHBIX YaCTOTaX TOxKe KUBble. OHU COCTABJSIOT IOCIe10BATeIbHOCTD
CBSI3AHHBIX B3aHMMOJIEHCTBHEM YKHBBIX MHPOB C Pa3HBIMH YPOBHAMH U CKO-
pocTsiMu pa3BuTHSA. BoJiee ObICTPHIE W HMPOJABUHYTHIE MUPBI MOTYT BOCIPH-
HUMaTh, OTCJEKUBATH U YIPABJISITH KU3HbIO OOJiee MeIJIeHHBIX MHUPOB, He
[I03BOJIsAA UM MOI'PY3UThCA B Oecriops0qnbril miyM. T. 0. g0J2KHA CYIIecTBO-
BaTh OECKOHEeYHAad IEeNb >KUBBIX YNIPAaBJIIEMbIX MHPOB, B KOTOPOIl HaIII
MHP SBJSIETCS OJHUM U3 €€ 3BeHbeB. TOJMbKO Takas »KUBas U yIIPaBJsgeMast
[elh B3aMMOCBA3aHHBIX M MOJ00HBIX MHUPOB PA3HOI'0 YPOBHS Pa3BUTHUs CIIO-
coOHa TTOCTOSTHHO TIO/IJIEPYKUBATH HEPABHOBECHOE YIOPSIIOYEHHOE COCTOSIHHE
OT IOTPYZKEeHUS B PAaBHOBECHBIH XaoC. DTO IENb BEYHON >KU3HU.

ITongpuzanug

Bosshimaromuecs HaJl M1aTO OCHOBAHUS W B3aUMOJEHCTBYIOIINE TIIHBI
crocobHbl coeunAaThbed B cBasannyio I'Il-cpeny. U3 mHOXKecTBa BO3MOK-
HBIX CIIOCOOOB €€ MOCTPOEHNs HaJI0 BRIOpATh COOTBETCTBYIONIUI HAIIEMY MU-
py. Taxum crpoennem obnanaer I'Il-cpeaa, B KoTopoit 3M rasubl 1?1 mpo-
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tuBoraeHbl 117 ceasansl B ['Tl-maper [PrI1%. B meit r-3anmogeiicrsue (11)
CMEIAeT T9HBI Map U MEHsIeT paccTosHue Mexkay napamu. CaBur rjudna u
MPOTUBOT/I9HA B Mape OMpPeJIe sieT MOJIAPU3AIIIO CPE/IbI.

Kazkiplit rI9H uMeT OlpeJieIEHHOe MeCTO TOJIBKO B cpejiHeM. Ero pac-
npenenenne (5, 6) pasMeiTo 110 MecTy ¢ aucnepcuedi (¢%) = 1. B sTom uryme
MaJstoe pasjesnenne [° u [1° BHemHe He BBIeAETCS, HO OHO €CTh KaK CPejl-
Hsisl BesimanHa. A OOJIbITHe U OBICTPhIE M3MEHEHUS IIIyMa [PU YCPEJIHEeHne 33
OTHOCUTEJILHO M€JIJIEHHbIE BPEMEHA TePEMEeINIeHuil [JI9HOB B3aUMHO YHUUTO-
JKAIOTCST W CTAHOBSITCS HE3aMETHBIMH, HE MEIasi COCTAB/STh I CPEIHUX
BIIOJIHE OIIpE/IeJIEHHbIE COOTHOIIeHUs . beckoneunas sHeprus myMa, siBJIseTcst
HEeOOXOTUMBIM YCJIOBHEM CYIIECTBOBAHUsI KOHEUHON HMOJISIPU3AIME CPEJIBI.

Tounoe paccMOTpeHus IMHAMUKA BO3MYIIEHU B TAKOH CPe/Ie HEBO3MOK-
1. Hykabl ynponénasie npubankEHubie moaxoabl. OTHIM U3 HUX SIBJISETCS
YIET B3aUMOJIEHCTBUS TOJBKO ¢ OJMKANIIIMHI COCEISIMA U PA3JIOKEHUE TI0
cTeleHu Bo3MyIeHus. [[o/IyduTh yI0BIeTBOPUTEIbHBIE PE3YJILTATHI MOXKHO
B JIMHEHHOM IPHUOJIMKEHHH ¢ HEKOTOPBIMU HEJIUHERHBIMHU JTOMOTHEHUSAMHE.

Pacemorpum opnoposanyio I'll-cpeiy, 3aHuMAaIONIyI0 BCE LPOCTPAHCTBO
MecT 1UPHOB. Ilycrh ona cocrout m3 ['Tl-map, comepzkamiux TJASHBI C OJH-
HAKOBBIMU CPEJIHUMU aMILIATyAaMi. B HEBO3MYIIEHHOM COCTOSIHUW TJI9H U
IPOTUBOT/ISH B IIape COBMEINEHbI, & B BO3MYIIEHHOM — pa3Jie/ieHbl. 3a ab-
COJTIOTHBIE KOOPJUHATHBIE OCH TPEXMEPHOIO IMPOCTPAHCTBA 6epyTCsd U3Mepbl
(8, 9), a mosmyuennoe oobeauHeHne CBsI3aHHbIX | TI-MasgTHUKOB, oGpasyoliee
HPOCTYIO perniérky Kyba, ncroJib3yercs juid onncanns ['TI-cpespl.

B npocroit pemérke ky6a ['TI-mapsl 3anumaior ero Bepiunbl. Boigeganm
ochb | (OPOJOIBHYIO), BAOJb KOTOPOW [JI9HBI CMENIAIOTCS HPU B3aMMOJIEli-
CTBHUH, H JBe Nonepevdnsie ocu j, k. PacemarpuBaemas napa [l momemmaercs
B Hadaso orcuéra. Ha meé Boszmeiicryior 6 cocemunx map 'Ly, (mo ase na
KazKJI0# OCH), HAXOJAIIUXCS HA PACCTOsTHUM 1 OT eé neHTpa. Homepa nx mect
J, k.l =0,%1. IIpoeknuu #Ha 0Ch [ MeCT T/IIHOB ¢]F‘kl U [POTHUBOT/IPHOB qﬁ?kl B
['II-mape pacmoioxKeHb CHMMETPIIHO OTHOCHTEJILHO €€ IeHTpa. X pasHocTh
(monspmsanus) g = @y — @iy < 7. U3MeHenue 7 mpu B3amMOZEiiCTBIH
MOZKeT OBITh YUTEHO KaK HeJnHelHas go0aBKa.

B nanbreiiiem onncanuu B3auMOJEHCTBHUI NCIOJIB3YIOTCA 0003HAYEHUS

Ur)y=e", f(r)=rU, f(r)

(1—=2rU,  fu(r) = (47 —6r)U. (14)

I3mMeHeHne HOJMSPU3AIUE OLUPEAENSeTCS HOTeHIUaJaMu | -Bo3aeficrBus
(13) ma rmen UT = Uy + Ul w nporusorass UM = Ug! + Ujy, 8 TTl. Onn
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COCTOAT I/IS BOB;LeﬁCTBHH cocegeﬁ HO nape Ul = UM n tisnos cocenuux nmap

U = Uy +Ujt, Ul = Ujip + Ujyp'. Brecs mepspiii Bepxmmii 3Hadox

OTMEYaEeT TA3H 1O/, BO3AEHCTBAEM, & BTOPOUA — BO3AECHCTBYIONINNA.
[orenmuman szanmogeiictsua B I'lI-mape U, I'— _pe¢ ompeeadaeT CHIbI

Ha T9H f§ = —0:U} = —2rfe” ¢ ~ —2rf(1 —52) u nporusormeH fil = —fL.

OHu paszyoxKeHwl 10 53 OcraipHble CUIBI OepyTcs TUHEHHBIMU.
HOTeHuHaﬂm Uil g 1 ULl — 6iuskue no Besinuuue u pasHble 110 3HAKY:

Ujkz ]kl 0 (&~ fﬂcl) ]k%(f) - fjklaéUkoz(&fjkl =0), 0 =09/,

Ui f w (& +§Jkl) (5) Em0eUl (€, & = 0),

Ujkl U]kl + U] - 2§Jkla€ Jjkl (5 Eiw = 0).

T. x. mecTo rpma ¢ = £/2, To na nero geiicryer cuma —yr ULy = —20:Uj,,

N3 cummerpun pemérku u pacnoozxkenus ry3uos B ['Tl-iape ciemyer, uro B
JIMHETHOM TTPUOJIMKEHUN Ha MPOTHBOTIRH JeiicTByeT oOpaTHas cuia. Toraa
cuia Bozjieficrsus napol [l na cmemenne § ectb &p i, T

Fip = 893U (€ = & = 0) (15)

SIBJISIETCSA 9ETHOM 10 KaxKao# ocn: Fipy = Flqp, .. ..

Temeps MeHAOMAL TOJAPU3AMMIO CHIIA € yITOM IE€THOCTH Fjjj; ecTb
f= _4F§(1 - 52) + Z]kl fykl jkls
Z]kl EiFir = [(§100 + &= 100)F100 + ({010 + &o—10) Foro + (€oor + Eoo—1)Foor]-
[Tepexo/st K pa3HOCTHBIM MPOU3BOAHBIM BIOJb KaxK,10i ocu ¢ = 7, k, [

52‘51/2 =& — &, 5125 = 5z‘§1/2 - 51'5—1/2 = (fl - 5) - (5 - ffl) =& +81— 26,
IOJIY UM
f=—4r&(1 — %) + [Fio0(87 + 2) + Fo10(07 + 2) + Foou (67 + 2)J¢.

Yrobsr Haiitu Fjj; ucnoabp3yem moternuans (13). ns momepednsix ocei
Ulgy = rexp{—r* — ({100 — €)?/4},
a£U1F0F0 =1 (100 — §) eXP{—TQ — (100 — 5)2/4}/2|£mo=0 ,
= —rexp{—r?*—&%/4}/2, Figo = —4rO¢[§ exp{—1? —E?/4}|e—o = —dre .
Takxke Fy1g = Flog. g mpoaoabHoil ocu
Ugoy = Texp{—[r + (o1 — £)/2]?},
0cUgor = r[r + (€oor — &) /2 exp{—[r + (o1 — €)/2]*}Hego =0
=r(r—&/2)exp{—(r—£/2)’},  Foo = 8roc[(r —£/2) exp{—(r —£/2)*}He=o
= 8r[—1/2+ (r — £/2)?] exp{— (r —&/2)*}eo = 4r(2r2 — 1)e _;”

Torma f = 4r[—(1 — 52) e " (52 + 52 +4) + (2r* — 1)e " (67 + 2)]¢.
Mensiz 0603HATEHNS Ha W2 = 4F *fr=(1—=2r)U u3 (14) u OIS
?=wlU, ¢ = —wif, = (2r )c HOJTY YU M
f=[(w+4c® —2c) + w§£2 (6? + ) + i oflE.
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Temepn ypaBuenus nmonagpusanuu ogunopoanoit ['TI-cpeabt
€= [~wf — A0+ &) + o7 + w2,
wi=wl+4ct -2, A =wilU, ¢ = (2r* — 1)
31ech w2 — KBaJIpaT TacTOThI JHHEHHOrO KOJeOAHU TI3HA U IPOTHBOTIIHA B
['TI-mape ¢ y96TOM BINAHHS COCEJHEX MAP, w2 = 2 — TO ¥Ke I KoJTeOauit
B ['TI-masgTnuke. Munyc nepes ¢ o3HadaeT oOpaTHBIH MOMepPedHbIH TepeHoc
BO3MYIICHH, a IIJIIOC IIePeL 012 — UPAMON IIPOJAOJIbHBIN.

KavecTBennoe pazianmyme 1omepevdHOro W Mpoj0JbHOTO MEPEHOCOB OIpe-
JIeJISIeTCss 0CODEHHOCTSIMU B3aMMOAEHCTBIAH TJI9HOB MO STUM HAIPaBIEHUSIM.
Baous npogonbaOit ocu cocemaue ' I-mapsl pacnookeHbl Ha pacCTOTHUE ~ T
MexK Ty HUMHU. CMeIEHHbIi TI9H OJHON U3 HUX TPUTATHBACT IIPOTUBOIIIH H
OTTAJKUBAET TJIdH JPYIoil 1apbl, CO3/aBas B Hell cMellenue, 10100H0e CBO-
eMy, U TepemsaéT Tyaa dacTh cBoeit anepruu. OOpaszyercs mpsMoil mepeHoc.
Baoab nonepednbix oceit TpoeKuN CMeIIeHnii TI9HOB Ha OCh TOJITPU3AIIAN
COBMEMIAIOTCA. 3J1€Ch CMEIIEHHBIH T/I9H TaKzKe NPHTATUBACT MPOTHBOIIIH H
OTTAJKHBAET II9H JAPYTOil TAphl, HO BHI3BIBACT IIPHU ITOM CMeIIeHne, 0OpaTHOe
cBoeMy. Hanpasjienus 1moJisipusainuu y COCEJHUX 110 IIOHEPEYHBbIM OCIM AP
CTAHOBATCS TPOTHBOMOJIOKHBIME, 9TO gaét ['1l-cpene HauMeHbIIyIO 3HEp-
ruio. ITonepeuno-nonécuas noagpusamus 'II-cpeasb! yunrwiBaercs us-
MeHeHIeM 3HaKa Iepeq c:

£ = [~wk + (57 + 67) + 76} + wie?lE,

Wl =w?—4c® -2, & =wU, ¢ = (2r* — 1)c. (16)

Bangane namenenus: h; paccrosgaust v Mmexkay ['II-mapavmu B1oJib ocei
1 = 7, k, | HA TONAPU3AIMIO HAXOIUTCA 3aMeHO r Ha r + h;.
IIpennonaraemoe OJHOPOIHOE W paBHOMepHoe pacupenenenne ['Il-map B
cpeJie COXpaHsIeTcs JIUIIb MPH OTCYTCTBUU UX HOJIIpu3anuu. HemoaBuzKubie
nossipuzoBannbie I'Tl-napsl BeaegcrBue aunonbHOro r-B3anmoseiicrsus (11)
HAYMHAIOT JABUTrarThbcd. Kcam paccrostaume r mexay ['Il-mapaMu TakoBo, 9TO
B3auMOJIeficTBHe MeHbImeeT ¢ ero ysenumdenueM (r? > 1/2), To maneiimmit
casur ['II-mapet Oyper pacTh, 9TO HAPYIIAET PABHOMEPHOCTH PACIPE I/ ICHHSI.
Tax mpu cxoxkeil MOJISIPU3AIMU COCETHUX TApP U CIABHUIE BIOJL €ro Ha-
npaJjienust 6osiee OJiM3KUE Maphl CTAHYT COMMKATHCH, & JAJTbHUE — YIS Th-
ca. Conmzkenne MpuBeIET K BCTPEUE map, UX MepeceueHnio 1 0OMeHy MecTa-
MH, MOCJIe 9ero JIBUKeHHne moiaéT B obparHoMm Hampasiaexnun. Obpasyercs
Me/[JIeHHOe (OTHOCUTEIbHO M3MEHEHHs MOJISIPU3AIiy) HeJTuHeiHoe KoJieha-
nue aBoek ['II-mmap. Ilomobuble Kosebanuss 00pa3yOTCsS U BIOIb TOMEPETHBIX
oceit. B TounoMm paccMoTpenu ux HEOOXOAUMO YUUTHIBATD.
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[Ipu KavecTBeHHOM TPUOJIUKEHHOM UCCACOBAHUN 9TO YCIOKHEHUE MOYK-
HO ODOOWTHM yCpeJHEeHHeM IO BPeMeHH, OOJbIeM IepHoga KoaebaHWil JTBOEK
['Tl-nap. Tak kak ocHoBHOe Bpems B 3ToM Kojebanuu ['Tl-mapbr npoBoggr
BOTM3M TOYEK OBIBIIEI0 PABHOBECHUs, IJie CKOPOCTHh UX JIBUKEHUS HAWMMEHb-
mmasi, TO 3TU TOYKH JAIOT OCHOBHOM BKJIaJ B ycpeHeHUe. Tor1a MOXKHO CUn-
TaTh, YTO YKa3aHHbIE KOJIeOaHUs KaK-Obl OTCYTCTBYIOT, OCOOEHHO €CJIU Bpe-
MeHHGe pazperienne HabJI0/IeHIs HAMHOI'O IPEBBIIIAeT IEPUObI KOJIeOAHMIA.
T. 0. Kk ycpeuenuio 1o mymy ga00aBasgeTcs ycpeaHeHue mo KoaedanusM pac-
crosanit Mexkay ['TI-mapammn.

ITpubaurkeHne CIJIOMIHON CPEABI MOTYyYaeTCs 3aMeHOH Pa3HOCTHBIX
MPOM3BOIHBIX HA YACTHBIE JIJIs HempepbIBHON (byHKINN &

{=[~wh + Wi+ AT+ ) + e, wh=wl—4” —2¢.  (17)

YroObl HAfITH BEKTOPHOE ypaBHEHUE IMOJAPUBAINH, HAJIO 3aMEHUTD
abCOJTIOTHBIE OCU-M3MEPhl Ha COBMAJAIONINE C HUMHU YCJOBHBIE OCH KOOD/IHU-
HAT, KOTOPBIe 00pa3yioT cucrtemy orcuéra. OT Heé MOXKHO mepeiiTu K 00t
JIpYyTOii, crapmieil Tenepb OTHOCUTEIbHON, cucteme orcuéra. ['Tl-cpena mpu
9TOM ocTaérest abcomoTHo. Beeaém sexrop momapusannu € = {;, &, &, }-
Bropsie npou3BoHbIe 8? + 07 3aMEeHMM Ha TIONEPETHYI0 YACTH JTAILIACHAHA
A; = —rotrot, a 87 — na npogosbuyio A, = grad div. Torga uz (17) caeuyer

£+ wie = ANE+ AL+ Wi (18)

JleBast yacrb ypaBHenus onucbiaer kojiebanus B ['I-mape, a npasag — ux
IIEPEHOC 1 BJINSHIE HeJTMHeHHOCTH. Pa3iokum ero Ha oT/1esibHbIe YDaBHEHNS
Kureitna-®@oka-Topaona (ypK@T') [22]-{24] mist momepednsix &, u mpogoJIn-
HBIX &; noJieit & = &, + &, CBA3aHHBIX TOJBKO HEJMHEHHOCTHIO

ét,l + w?nﬁt,l = C?,lAﬁt,l + Wp252€t,l- (19)

Boaubl nongpusanun

Jucnepcuonnoe ypaBHeHme (IUCIYP) BOJH B PEIIETKE BBIBOIUTCS
u3 ypapHeHus (16) mocse mojcTaHOBKU & B BHJIE TADMOHUKH
£(x,t) = Re[y exp{—iwt + iqx}|, tme 9 = {q;,qr,} — BOTHOBOI BeKTOD,
x = {j,k,l} — xoopnuuara B Homepax ['Tl-map. Torga u3 £ = —w2,
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036 = &1 + 61 — 26 = (€' + e = 2)¢ = 2(cosq — 1)§ = —4& sin’(q/2)
CJICYIOT AUCIYD -BOJIH H BEKTOD rpyImnoBoit ckopoctu dqw = V = {V;, Vi, Vi }

w? = w2 + 4c%[sin?(q;/2) + sin®(qx/2)] + 4} sin®(q;/2), (20)
Wl =w? —4c® — 27, Vjp=(F|w)sing;r, Vi=(cl/w)sing.

U3 nero B mpubaNKeHNN CIJIOIIHON Cpeabl CleayeT

2 2 20,2 | 2 2 2 2 2

Wwo=w,, +c (Qj +q) taq, Vik=cgx/w, Vi=gqa/w (21)
rae x = {j,k, [} Tenepsb HempepbIBHBIE KOODJUHATHI B €JIUHUIAX PACCTOSI-
nug Mmexy 'll-napamu. [lociie pazjioxenusi Ha orjie/ibHble YDABHEHUS JIJ1s1
HOMepedHbIx &, U MPOJOJBHBIX &§; BOJIH TMOJIYIUM

wy = wh + gt Vi = Ga/we, o = c (22)
w2, onpejeisieT pacupocTpaHenue BOJH 1 cocrosuue I TI-cpebi:

Eciu w?, > 0, 10 B BOsHE npuTsaxenne 12 u 1% suyrpu [Tl-mapsl mpe-
obJ1ajlaeT HaJl MPUTAZKEHUEM COCEIHUX Hap. YacTb SHEPruu BOJHBI OCTAEGTCS
B IIape, a OCTaJIbHOE IepenaéTes cocensaM. BosHa 3aTyxaeT ¢ pacCTOSHHEM H
sBaseTcs maccuBHoii. I'TI-cpena momobuna TBépaomy Teny — I'II-TBepab.

Eciu w? = 0, To npurszkenne [ u I3 B nape ypasHOBenIeHO IIpuT-
kermeM cocegieii. Obpasyercs 6e3pa3/ndaHOe COCTOSTHIE — TPAHUIA PACIaia
napel. Bes sHeprusg BoJIHBI 3aK/II09€HA B IIEPEHOCE — BOJIHA HE UMEET MacCChl.
Yenopue w?, = 0 gaér rpanmdanoe paccrognme Mexkay I'Il-mapamu ro ~ 1.6.

Ecmu w?, < 0, HO HEMHOTO, TO pa3pylenne HeKoTophix I'Il-map u moce-
jgymomaga nepecrpoiika 'll-cpegpl yBesmmuuBalor r, jiesias TPAHUAILy paciiaia
YCTORYIUBOH K MAJIOMy YMEHBIEHUIO PACCTOsHUS Mexkay napamu. O6pasy-
€TCs OTHOCHTEJbHO HEDOJIBIIOe KOJUIEeCTBO CBOOOJHBIX IJIPHOB H IIPOTUBO-
[JIPHOB, KOTOPBIE CTAHOBATCSI OCHOBAMHE 3JIeMEHTApHbIX dacTull (cm. "HacTu-
b1"). OTKJIOHEHHE 7o — 7 OTPEIEJISIeT IIIOTHOCT YHCIIA JACTHUIL BO BCEJTEHHOM.
T. k. ona muoro menbiie mwiornoctu ['TI-cpespt, To 79 — 1 <K 7.

Ecmu w? < 0, To npeobnanaer npursaxenne cocequnx I'1l-nap. JloGoe
MaJjioe Bozmyitenue pazpymiaer ['Tl-maper. VI3 rasnoB u npoTuBOTI3HOB 00-
pasyercs nojodnas miasme cpejga — I'll-nmazma. Ona He roguTes 11 00-
pa30BaHHs B Hell yIOPSAJIOUYEHHOIO MHUPA.

Besmaccosoe mosie onucbiBaercs ypasuenusmu (16, 20) upu w?, = 0,
KoT/1a obpa3yercs 6e3pa3inanoe cocrosguue. [Ipu 3Tom HemHeiinas gobaBKa
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w2€? B (16) mpu M060M TI0TIE ObeceInBaeT MPeobIaTaHue PASHOHATIPAB/ICH-
HOTO MIPUTSAZKEHUsI T9HA U TPoTuBOTvHA nanuoil [ Tl-mapsl cocemanmu mapa-
MH, KOTOpOe yBesn4duBaercs ¢ poctom &. [longpuzanusa napel He nepeaaéTcs
COCEJIHUM TIapaM, a Pa3pyliaeTcs ¥ 3aMeHAeTCd IPOTHBOIOJIOKHBIMHU JIBUZKE-
auamu I'® u 113, 9To IpUBOIUT K OTCYTCTBUIO IIPOIOJILHOTO PACIPOCTPaHeHHA
é-mosg. BeamaccoBoe 1moJie moagpu3anuu 00g3aTesIbHO MOIIEPEeYHOoe
— PaCHpOCTPAHSIETCS B IJIOCKOCTH, MEPIEHINKYISPHOI ero HAIIPABJIEHUIO

& = [c*(67 + 0%) + wig”]e, (23)
w? = 4c*[sin®*(g;/2) + sin®*(q/2)],  Vjx = sin(qjx)/M.
Brecb M = w/c? nonumaercs Kak mMacca JBUXKYLIUXCH KBAHTOB, KOTOPast
ceasbiBaer ckopocts V' = {V;, V. } u umnynsc g = {¢;, qx } xBauTOB.
CKOpOCTDb BOJIHBI HE IIOCTOAHHA,
(sin? ¢; + sin® qx)
4[sin®(g;/2) + sin®(qx/2)]
Oma MeHseTcs OT ¢ IpH ¢; = q, = 0 10 ¢/v/2 npu ¢; = q = +7/2.

B npubsinkeHnn CILIONTHOM cpebl u3 (23) ciielyer BEKTOPHOE YpaBHEHHE
€ TOCTOSHHOI CKOPOCTBIO BOJIH U JIUCILYD

(24)

‘/;2:‘/}2_*_‘/;:2:

£ =—Protrot € + w2, diveé =0, w=cq, V =c. (25)

DJIEKTpUIEeCKoe II0JIe

Ilose moxgpuw3alium BOKPYT radHA IpH w,, = 0. Ilycts B I'll-cpene
nocepeanae Mexay [Il-mapamm naxoamTed JomoaHuTeabHBH Tasn [P, Ero
norennuaapaoe nose U, pasnoxkenus (13) meitcrByer ma OumzkHme K HeMy
mapbl W CO3/JaET B Cpelie BO3MYIIEHHYIO riadHOM obsacTe. [locie mepexo/-
HBIX IIpolieccoB BOJM3M [ oGpasyerca maccupHoe &-1ojie (CM. cJiefl. pas-
JeJ1) W TOCTOsSIHHOe pajauanibHoe nose {(R), rime R — paccTosiHue OT IeH-
Tpa ['*. B npubmmkenun crutomuoil cpeasl £(R) HAXOIUTCA W3 ypABHEHHS
(25): grad div &, = dr[R™2dr(R?*¢)] = 0. Ero ybbiBaioniee ¢ paccrosuuem R
pentenue ectb £(R) = e/ R?. Koueunblii BHyTpeHHUi paauyc mojs o0yc/as-
JINBAET €r0 KOHETHYI0 YHEPTHIO.

YpaBuenuna Makcsesia

B npubnauzkeHun CILIOMHOR cpelbl A 0e3MaccoBOTO MoJd & JuHelHas
qacTh ypaBHenusi (25) ecrb £ = —2rotrot€. T. k. € Toxe nouepednorii
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BEKTOD, TO €10 MOYKHO 3aIICATH KAK POTOP BEKTOpHOH dhyHKInn & = crot b.
Torma 5 = crot f), b = —crot &, divb = 0. OrcyrcrBue OpwduH 11
BBeJlenus b-3apsiia no3sosser 3anucath divb = 0. [lony4yennbie ypaBHeHus

E =croth, b= —crot§, divE=divb=0
COBIAJAIOT ¢ YpaBHeHHSAMHU MakcBesa B OTCYTCTBHE 3apsiiOB M TOKOB.

Bapsaaamu B ['[I-cpeme sgBasiioTCA OTAEAbHBIE TIHBI HJIN TPOTHBOTIIHBI
¢ nonem &(R) = e/R%. 1o noie Kynona 110 Teopeme o juseprenmnun Laycca-
Ocrporpa/ickoro npuBoAuT K ypasHeruto div € = 4mp, rae p 0ObEMHAS TLIOT-
HOCTH 3apsija. I3 ypaBuenus nenpepboiHoctu p + divj = 0, rae BBejeHa
ILIOTHOCTH TOKA, j, CJIe/IyeT divé =4rp = —4Andivju E = —47j.

B nuneitnom npubmKeHHN ypaBHEHHUs MOJEH CKJIAIbIBAIOTCA B ypaBHe-
nust MakceBesuta Jiisi HANPS2KEHHOCTU JIEKTPUYECKOrO T0/Ist € U UHYKIUU
MarHUTHOTO IO/ b mpu HaU9IHe 3apsiI0B U TOKOB

€ =crotb —4xj, divé =4mp, b= —crot€, divb=0.

W3 sTux ypaBHEHHi CJejyeT eCTeCTBEHHOE YTBEpXKJeHue, 4TO Hamps-
JKEHHOCTD JIEKTPUYECKOTO 04 ecTh moagpu3aiuga 'II-map, Briio-
garolas HocTosinHoe 1 He3maccoBoe (nonepednoe) E-mosst. Marnuraoe mose
XapaKTepu3yeT WX M3MEHEHUEe BO BPEMEHW W He ABJISIETCA OCHOBOIOJIATAI0-
UM, HECMOTPsT Ha CBOE yg100CTBO B MpuUMeHEHHUsIX. Kro MokHO 0e3 yiep-
0a JIJIsT CMBICJIA BBIBECTH M3 HA3BaHHS I10JIsI, OCTABUB TOJILKO IIPUIATraTEe /b
HOe "siekTpudecKuit": s1eKTpruuecKoe moJe (JEKTPONOoJIe) U JIeKTPIHIecKast
BOJTHA (9JIEKTPOBOJIHA).

DJIEKTPOBOJIHA ecTh Ge3maccoBast (monepednas) &-sostHa. OHa comep-
JKHUT JIBe npoTuBodasubie cocrapisiomue. Eé nanaa BogHbI A > 4 B eUHU-
1axX paccTogHmii ry Mexkay napamu. Ecam 79 ~ 10722 M (onbITHBIA pazmep
saekTpona [20]), To A > 4-107%2 M, a wacrora Boaubl Menee 10°° ['n. Eé rpyn-
HoBasi CKOPOCTH (24) MeHsieTCsl OT CKOPOCTH CBETA ¢ JIJIs JJIMHHBIX BOJH JI0
¢/2 upu A = 4. Ho npegen crmontnoit cpejipl (24), B KOTOPOM OHA [OCTOSIHHA,
OXBaTbHIBaeT BCE HADJIIOAEMBIE BOJIHEI.

[Tongpuszanus uMeeT MOMEPEIHO-IOJIOCHOE CTPOEHNE — YepeIOBaHNe
HaIpPaBICHUH MOJSPU3AIMA B IJIOCKOCTH, OPTOIOHAJILHONR HAIIPABICHHUIO IO-
Jd. Paccrosinme Mexkay IMOJ0CaMH PAaBHO PACCTOSHUIO MKy dDUpPOHAMEI
ro < 10722 M. D10 CcTpOEHHE HEPEHOCHTCS Ha 3JIEKTPOBOJIHEL.

Bo3wmyienne moasgpusannn B 3/IeKTPOBOJIHE PACIIPOCTPAHSIETCS 9€Pe3 CO-
ceauue ['ll-maper. I'Il-mapa, 10 KOTOpOi#t J1OXOAUT BOJIHA, CAMa CTAHOBUTCS
HCTOYHUKOM Bo3MymieHnnsa. CyMMa BceX BTOPUYHBIX BOJIH obpasyer (ppoHT
371eKTPoBOJIHBL. CrieloBaTe/IbHO U3 nepenoca noasgpusamnuu I'II-cpeasl BoTe-
kaer nmpuHIUN ['oiirenca-®penesisd jisd JIEKTPOMAIHUTHBIX BOJIH.
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Ha sty MHBIE [JI9HBL HMEIOT PacTpe/ie/IeHne (12) ¢ mpocTpaHCTBEHHOM THC-
nepcueii (¢?) ~ 1, koropas jaér mrym mojgpuzamum 0 ~ 1, HAMHOTO
MPEBBIIAIONINI BeJIUUUHY jIeKTponosig. Ho ator nrymubiit hon Hezamerew,
MIOCKOJIBKY ITPOTHBOIOIOYKHBIE (DIYKTYAIlNN B3AUMHO YHHUTOYKAIOTCS YCPE/I-
HeHUEeM TpU HaOJIIOJeHNN 32 BpeMeHa MHOTO OOJIbINe UX JIUTeTbHOCTE.

Hamr Mup MoxkeT cyImecTBOBATh ecJm paccToduus Mexmay ['ll-mapamm
7 = 7 BbIJIEPZKAHbI C OI'POMHOI TOYHOCTbHIO, 00ECIEYNBAIOIIEH JIUITb TeOMeT-
pudeckoe ocyabJenune noagpusanuu B npocrpancrse. B T'Tl-reepau (r > ro)
MoJie SBJIAETCS MACCUBHBIM U OBICTPO 3aTYyXaeT C YAAJeHUEeM OT UCTOYHUKA.
B I'Tl-ttasme (r < rg) ycroiumBasi MOJIApU3Alus He BO3MOXKHA. ['paHuIa
MeKJy HUMHU eCTh cpefia Harrero mupa. OHa, KAK HOCHTETb 3JEKTPOINOJs,
noj00Ha runorerndeckoMy 3dupy Jlexapra. st He€ MOXKHO OCTaBUTH 3TO
HasBanue 3pup I, a eé 37JeMeHTH Ha3BaTh 3PUPOHBI 3= 113,

Tpyano npejcTaBUTh BO3MOYKHOCTD MOCTOSHHO TOJJIEPKUBATH B Hareit
BCeJIEHHOW Takne ocoOble yCJIOBUdA. Bojiee ecTeCTBEHHO MPEANOTIOKUTH, YTO
3cdup ectb mepexogaHada odgacTs, pazaensiomas ['I1-mrasmy u I'TII-TBepb.
Takas OBEPXHOCTb MOZKET BO3HUKATbH, MU3MEHITCs, COXPAaHssd CBOE KauecTBO,
u nponaiarsk. CpaBHEHNE C SBOJIONUEH HAITel BCEJIEHHON MPUBOINT K MIPE/I-
nojiozkennio o ¢pazoBom mepexoje cpejabl u3 ['l-mrazmer B ['TI-rBEpaDb, KO-
TOPBII HAYWHAETCS OT TOYEYHON 3aTPABKHU M ITPOJOJIZKAETCS yBeIUIeHuEeM
rpaHu4dHOl obsactu. /11 Heé ecTeCTBEHHO HMeTh MEHSIONIYIOCS BO BDEMEHU
KPUBHU3HY, KOTOPas MOXKET OBITH ITPEICTaBICHA KOCMOJIOTHIYECKONH TTOCTOSH-
HO¥i [21] B ypaBHeHusix rpaBuTaiuu DifHIITERHA.

[Tpu Bo3HUKHOBEHUH 3PUPA JOKHBI 00PA30BBIBATHCH €ITE HE CBA3ZAHHDBIE
B I'll-mapsl r3ubl 1 TPOTUBOTI9HBI, KOTOPBIE OYIYT B HEM PACIPOCTPAHATH-
csl, MPUOJIU3UTETBHO COXPAHss CBOE YHCJIO0. DTO PACHPOCTPAHEHUE MOXKHO
3aMeTUTh B OTJIMYMe OT pacinmupenus pupa. VIMeHHO OHO ompejenseT pas-
Mep HAIlero MUpa YacTUIl U M0JIeil, KOTOPBIil He IpeBbIlaeT pa3Mmepa dpupa.

MaccuBHOe 110J1€

BesmaccoBoe -11001e (31€KTPOII0JIE) CYNIECTBYET, €CJIU PACCTOSHHUE ' MEZK~
ay T'Tl-mapamu obecrnednBaer cymiectBoBanue spupa r = 1o, wy(ro) = 0.
[Ipucyrcrsue jgonojauTesbioro razua [P (i I113) menser r. B cocepnem
3pupoHe OH TPUTATHUBAET TPOTUBOTJYH U OTTAJKHBAaEeT I9H. Ecau cmra ux
B3aMMO/IeficTBUsT YOBIBAET C PACCTOSHUEM, TO MPUTIAYKEHWe CUJIbHee OTTaJl-
KuBaHus. Banmkaiinme 3(OUPOHBI CIBUTAIOTCS K TIIHY, PACTATHBAI 38 COOOM
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sup u o6pasys 06IACTL paspeKeHns, B KOTOPOil 1 > rg, w2 > 0. 13 cum-
MeTpuu cdepbl -110j1e B Heifl MOKeT ObITh TOJBKO PaJUaJbHBIM C JTOTIOJHU-
TeJIbHBIM TJIHOM B TeHTpe. CraTtnka 3amadu Tpedyer ITOObI MO pu3alius
cojiepzkasta noje Kynona &, u cranmuoHapHbie HoJisd Kojiebanuii B 3puponax,
IMeoIue monepednyo & u nponoiabuyio & dacru: £ = &+ & + &

CymecTBoBanue T10/1eit BOJN3M I3Ha 12 3aBUCAT OT HaIN4Ns UX HCTOYHHU-
KOB. VMCTOYHUK MOCTOSIHHOTO TOJIsT — CPE/IHssl aMInTyaa radua. Jas cra-
IIMOHAPHOIO MOJIsT — pacipejenenue myma B ravHe (5). OHO MoxKeT OBITH
MPEeJICTABIEHO KAaK CJIydaiiHbie MmepeMelrenus aMILInTYIb6l, nMeonme "Bpa-
merre" BOKDPYT IIeHTpa IHa U "pajuajbHOe JBUKeHHe'" |, 9TO BBI3bIBAET
10 100HBIE TIOMEePEeTHOE H MPOI0AbHOe oI, CirydaiiHble BOJHBI MOIEPEIHOTO
1o/, Bpamasdch 110 cdepe BOKpyr '3, cTaHOBATCS CTAIMOHAPHLIM HAOOPOM
CAYyYaflHBIX CTOSTIUX BOJIH. [IPOO/IbHBIE BOJIHBI, JBHUTASICh 1O PAINYCY, HE
SIBJIIIOTCST TAKOBBIMU ¥ HE BJIUSIIOT HA M€JIJIEHHBIE HAIIYMHBIE TTPOIIECCHI.

Ecyim npeanonarars, 4ro Bee moJid nojgpusanuu ['-cpeabt odyciosiie-
Hbl HAJTUYIHEM YACTHIl, UMEIOIINX B CBOell OCHOBE IISHBI WA IPOTHBOTIIHEL,
TO OCTAIOTCS JIBA BUJIA MOJIEH: HOCTOSHHOE £ M CTAIMOHAPHBIX MOMEPEUHBIX
kosiebanuii & (¢ aMmanTynoi ~ &.), Kak MacCuBHOe BOJIM3H TJPHA, TakK U
Ge3mMaccoBoe BAAJN OT HEro (MmorepevdHasi JeKTPOBOJIHA).

VYpasuenune IlIpénunrepa

Korma riasu ' npuzkercs, &-110/18 BOKPYT Hero JoJKHbI MeHATbes. OJl-
HAKO CKOPOCTH CIYYaRHBIX TepeMelIeHnid aMIIUTYAbl B IITyMe TI9Ha O0JIbIIe
ero gactorel () = 1, KkoTopasg MHOro OoJibilie cKopocTu cBera 2 > c. Ilo-
3TOMY TIpH JT060M casure ['° BOMM3M Hero Beerna ycIeBaeT 0Opa30BAThLCS
cdepuueckoe mosie ero paugang. OHO IeHCTBYeT B HAIIpABJIEHHE IBUZKEHUS
Ha MacCHBHOE &;-1T0JIe, OCTaBIIeecss OT HPeIbLAYINero IOJOXKeHUs TIdHA, H,
eCJIN MMeeTCsl BOJTHOBOHM IaKeT, ImepeMelaeT I0oJIe ¢ IPYIIOBOil CKOPOCTHIO
&4-BOJTHBI, OCTaBJIsIS NPUOJIU3UTEIHLHO CTAMOHAPHBIM U PauajibHbIM. J[BuU-
JKeHWe JaCTHUIBI COBIAIAET C MepeMeIieHneM J00H TOIKHN STOTO TOJIs.

CwmomemupyeM JUHAMUKY &;-II0JIS UCIOJIb3Ysl yPABHEHHE [T MeJTIEHHO
MEHSTIOIIEHCsT BO BpEMEeHH aMILTATYIbI (X, t) KoJebanuii moaspusaruu (X, t)
['l-mapsl B aBmKyIieiicsa ¢ 9acTuIeil cucTeMe OTCIETa U OCTaBJIsAS IPUOIN-
JKEHHO JIUINH PAIUAIBHOE OTHOCUTEIBHO TJ9HA MOMEPETHOE T0J1€
&i(x,) = Re[(x, e—n ). |
Ecsiu 1ipu 3ToM npeneGpeds 1), 10 & ~ —(2iw, + wlh)e “mt. Bes yuéra
BTOPBIX TAPMOHUK B HeJuHelHoit dactu (19) u nuddbepennupoBanus w,(x)
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OJIy4aeTcsd ypaBHEHUe
—it) = A /2m + G2, m=wn [ (26)

rae m — Macca &-noas. Ona, BMeCTe C Wy, MEeIJICHHO MEHSIETCS B MPOCTPAH-
cree BOm3n [, M3MenenmeM CKOPOCTH ¢ TIpeHebperaeTcs.

Ecian wacruna JBUKETCA OTHOCHUTEBHO CHCTEMbBI KOODIMHAT CO CKOPO-
creio V, TO w 3aMeHsercd Ha dy) = w + V grad ¢, Ho npu majiom V' BTOpBIM
YJIEHOM MOXKHO IpeHeOpeub. CunTast YacTUILy BOJTHOBBIM TAKETOM C YaCTOTOM
W, TO YCIOBUE €CTh wy, > V/L, tme L ~ 1/q — pa3smep nakera, ¢ ~ wy,/c
— ero BosiHOBOH BekTOp. Torma V' < ¢ — ycioBme npumennmoctu (26).

3aMeHUB MepeMEeHHYI0 B IPOCTPAHCTBE MacCy Ha HEKOTOPYIO MOCTOSHHY IO
m, nosyunm Hesiuaeitnoe ypasuenue [lIpénunrepa (ypIII) [5| B o6branom aist
HEPEJIATUBUCTCKON KBAHTOBOW MeXaHUKE BUJE

—it) = A /2 + WE [P /2. (27)

B xBanToBOIl Mexanuke yplll onrcbiBaeT n3MeHeHUEe BOTHOBON (DYHKIIHH.
31ech 3TO ypaBHeHNEe TUHAMUKA aMILTUTY/IbI TOTEePEeYHbIX KOTeOanuii £-mos
B OJyimzkaiinieit Kk rypuy obsacru. VX T0XKIeCTBEHHOCTH BO3MOXKHA, €CJIM 3TO
110JIe COCTABJISIET OCHOBY JBHKEHUs YacTuilbl. Torna BoaHOBasg (pyHKITUS
€CTh KOMILJIEKCHAsT aMILIUTY/1a MaCCUBHBIX MOMEPETHBIX KOJIeOaHU TOJISIPH-
3anuu 3(pUPOHOB BOKPYT IVI9HA, 4 MACCA YACTHUIIBI — UX XapaKTepHas Macca
m. HampuMep MOXKHO B34Th HAHOOIBIIYIO MAacCCy MONEPEUHBIX &-KOe0annii
m = maxw,(R)/c*, nocruraemyto B Gnxaitux K rapuy [Tl-napax.

B sammucu ¢ = |¢|e® wepes moxyns |¢| u dazy @ smamo, uro || ectn
BellleCTBEHHAs aMILIUTYIa MAaCCUBHBIX &-Kosiebanuii, a ¢pa3a BOJTHOBON (HDYHK-
muu (JeficTBUE YaCTHUIBI) — UX OTHOCHTEIBHOE MeCTO.

T. o. BHyTpPHM 4acTur JeiicTBYe MOJIs TYI9HA MPUBOIUT K Iepexo1y 3dbupa
B coctognue 'II-TBepau n Bo3OYXKIEHUIO TaM MOTEPEUYHBIX BOJTH MACCHBHOTO
0/ TOJITPU3ATIIH, TAIOTINX JacTuiiaM Maccy. [loxoxkee siBeHme, KOTaa Mac-
Ca YACTHUIIBI OTMPEIeNISIeTCs BIMIHUEM OKPYIKAIOIEro € MoJisd, MMeeT MeCTO
B dusnke TBEPAOTO Tesja. DJIEKTPOH B KPUCTAJIE CBOUM IOJEM MOJIIPHU3Y-
eT PeléTKy KpUCTaJsia u BO30yXKIaeT B Heft konebanus. OOpasyercs KBa-
sugacrtuna — 1noasipon [ekapa (25|, adbdexTusHas Macca KOTOPOro MOKET
3HAYUTE/IHHO MPEBBIIIATH MACCy IJIEKTPOHA.

[TorennuaJibHast SHEPTUsT B3AMMOAEHCTBYOIINX dacTeil 11 1 Yy MOJIST 13-
na BxoauT B yplll yepes memmueitnocts 2 = (1) + 19)? = I + 20190y + 103,

28



KOTOpas B YPaBHEeHUM JIIA 1); COCTOMT U3 CAMOAEHCTBHA ~ 1%, B3aUMO/Ieii-
crBust ~ 211y u BozgeficTus ~ 3. Eciu 1 < by, TO ocTadres TOABKO
BosieiicTeue B Buje norennuana Uy, U = —w?[ihy|?/2.

Jluneitnoe Bo3/eiicTBIE BHENTHETO MO/ HA YaCTHUILY COCTOUT U3 JBYX CTY-
neneii. CHavasa mose JeficTByeT Ha TI3H (OCHOBY YACTHIIbI) M CJBUTAET €ro.
DTO JBMKEHHUE MepeadTCs OKPYKAIOIMEMY MACCHBHOMY TMOJIO U MpHobpeTa-
€T ero HHEPIHMI0 — Macca MOJisd CTAHOBUTCS Maccoil dactuibt. [TosiHoe onuca-
HUE 3TOT0 IPOoIecca Tpedyer yuéra JBHIKEHHs TJI9HA-OCHOBBI BMECTE C MHO-
KECTBOM TJI9HOB U HNPOTUBOTADHOB, M3 KOTOPBIX COCTABJIEHBI OKPYZKaloIue
ocHoBy 3dbuponsl. YplII (27) b MOJAETUPYET 3Ty CJIOKHYIO THHAMUKY.

3a kBaHT {-KoJiebaumit 6epércs KoebaHne ¢ aMILTUTYI0M ¢ = 2 B e/iu-
HUIAX AMILIUTY/Ibl TIyMa, 9TOObI €ro BHEIIHssl YHeprus Obuia Yw,, = hw,
upu h = 2. [Tockobky [1)| < 1, To ero sHeprus B 0nHOM 3hHpPOHE HE JTOCTH-
TraeTCd — KBaHT KOJIJIEKTHUBEH.

[Ipu 1BUKEHUW FaCTHIBI MEPEHOCUTCST BHYTPEHHSST SHEPTUsT MACCHBHBIX
&-xkomebanmii w2 ||, Eé pacupeaesenne mponopunuoHaIbuo || n noqauneno
YPaBHEHHIO HenpepbiBHOCTH, KoTopoe caepyer u3 yplll (27). [Ipu nopmupos-
Ke Ha eauHuily obpa3yercs Kak-0bl 'BeposiTHOCTHOE pacupenenenne'. Ho va-
cTHIA HejleluMa — eé HeJIb3d HabJIoaTh no actamM. Teneps [1)|? npejacras-
Jisiercst "IJIOTHOCTBIO BEPOSITHOCTH OOHAPYZKeHUsI YACTHUIBL" | KaK MPUHATO B
KBAaHTOBOI MeXaHWKe, a He paclpeleeHneM BHYTPeHHEH dHepruu moreped-
HBIX MACCUBHBIX &-KOMeOAHUI BHYTPH Heé, KaK IMOJIYUIEHO 376Ch.

O606menue ypaBuenus I1Ipéauurepa

JIBuzkeHme J9acTHIbl C JIF0OOH CKOPOCTHIO MOYKHO CUUTAThH PACITPOCTPAHE-
HUEeM BOJHOBOTO TTaKeTa (MM KBAHTA BOJIHBI) MOMEPETHONO OIS &£, KOTOPBIT
OepéTcst Kak HaOboOp OJM3KHX 10 CIIeKTpY BoJiH. Hamnpapiienue noJisspu3anun
3a1a8T MPOJOIBHYIO OCh [. [lakeT aBuzKeTcs MOMepéK ITO# OCH B MIIOCKOCTH
jk. Tose 3amuchiBaeTcst B Buje KoaebaHus Ha CpejHeii qacTore nakera w(q) ¢
MeJIeHHO Mengiomefica ammTynoit & (x,t) = Re[)(x,t)e'®] = e'® /2 + ke,
rae & = —wt+qx — dbaza, x = {j,k}, 9 = {¢;, @k}, kc o3ma"aeT KOMILITEKC-
Hoe compszkerne. Torna mperebperas ) : 26 & —(2iw¢ + w?)et® + ke.

B npubnumkeHUN CILIONIHON Cpebl 26?5 = 8?@/1 + 2iq;0;0 — qJQ@/J + ke.
Tak ke st ocu k. B mHesmueiinoit 9actu rapMOHUKH HE YUUTHIBAIOTCS.
8€% = 3P 4 32re™ 4 L~ 3|y Pe™ + ke

Teneps B (17) —2iwy) — W + wih =

(07 + 0F + 2i(q;0; + axk) — 47 — gl + 3wl (Y] /8.

[loce coxpamenns, BereacTsue auenyp (21), ocraéres

—2iwp = [¢*(0F + 9F) + 2iw(V;0; + Vi)Y + 3wi[¥[*y /8,
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rae V = (¢?/w)q — BekTOp rpynmosoii ckopoctu (21). Beoag maccy nBuKy-
mefics gactunst M = w/c® u nanmacuan A = 05 + 0f, 3ammmrem

—idgp = (A/2M + 322 /8)¢,  dip =1 + (V grad)e. (28)

3/ech UMEIOTCsI J1Ba JBUZKEHHs: TaKeTa (4acTHUIlbl) KaK IEeJOro co CKOPO-
cteio V u BaHyTperHee. OObIIHOE B JUHEITHOM TPHUOINKEHUN DACILIBIBAHIE
BOJTHOBOTO TIAKeTa CTaOMIM3UPYeTCsl HEJIUHEHHOCTHIO. DTO ypaBHEHUE TPHU
wm =0, M =q/c, V=q/M npuMeHIMO K ONUCAHUIO JIBUKEHUsT (DOTOHOB.

U3 cpasuenus ypasuenwuit (27) u (28) Buano, uto yplll onucsiBaer He JaBu-
JKEHUE YACTHUIBI, & BO3MOXKHOE IIePEMEIeHIe aMILTATY/Ibl OJIsI OIS PU3AIn
BHYTPH HEE, KOTOPOE JINIb MPH MPEeHeOPEKNMO MAIOH CKOPOCTH BOJIHOBOTO
nakeTa MOYKHO MEePEeHeCTH Ha YaCTHILY.

[Tosny4yennbie pe3yabTaThl OTIMIAIOTCA OT IPHHATOIO B KBAHTOBOI Mexa-
HUKe TOJTKOBaHUs cBs3u ypaBHenuit [lIpénunrepa n Kieitna-Poka-l'opaona,
upu koropoMm YpKODI' gapiserca pessituBucrckum obodbinenuem yplll, upu-
MeHsIeMbIM K BOJTHOBOH (dbyHkimn. Penstupncrckoe ypKPT' (23) ectb Tounoe
BeIeCTBEHHOe ypaBHeHue Jisi BekTopa nosspusanun. Yplll (27) ects ympo-
MIEHHOE KOMILIEKCHOE YyPaBHEHUE /I CKAJIAPHONR KOMILIEKCHON aMILIATY/IbI
sroit nonspusamuu. O6obmenuem Y plll na mo6wie ckopoctn V' < ¢ aBiisieTcst
TAKIKe HePeTSTHBHCTCKOe (M3-3a MpeHebpezKkenus 1)) ypapaenne (28).

Ecin seectu B yplll ¢ = Re(Ve'®v), rie &, = —wyt + quX, 1 1H0TEH-
UaJbHYI0 9Hepruto U BO BHEITHEM MOJI€, TO BBIBOJUTCS MEJJIEHHBIH JTUCITYD
wy = Vqy + qi/QM + U, KOTOpBIif ONUCHIBAET CBA3b YHEPIUHU, UMILYIbCA U
CKOpOCTH 4YacTHIb! (KBaHTa BOJIHBL). B HéM @, ecThb asa aMIuuTyasl (/1eit-
CTBHE YACTHIIBI), CTAIIHOHAPHOCTh KOTOPOH TPH BAPbUPOBAHUU OTIPEJIEISIET
JIBHZKEHUE MMaKeTa — IPUHIUMN HauMeHbInero aeticreus. Dasa BO3HUK/IA
KaK CJIEJICTBHE TOJEBOW MPUPOJLI YaCTHIl, BKAHOYasA (DOTOHBI U MCKJIOUYAST
vedirpuno. T. 0. OCHOBOI{I /I MCIIOJIb30BaHUS IPUHITAIIA HAUMEHBIIEro aeii-
CTBHS SIBJISCTCS 10JIe TOJapu3anuu ddupa.

B conyreryiomeii nakery (wacruie) cucreme orcuéra Vo= 0. Torma
q=0,w=wp, M =m u ypasuenne (28) nepexoaur B yplll (27) ¢ m = m.
Macca JBuKyIIeRcss 9acTUIbl YMEHbIAeTCsl 10 MACChl T0Kost. OHU CBA3aHbBI
aucypoM w? = w2 + c2¢? = w2 /(1 —V?/c?), um M? =m?/(1 —V?/c?).

T. K. Macca ecTb BHEMTHsI Heprusi (MMITYJIbC KostebaHusi), KoTopas 06-
PATHO MPOMOPIIHOHAIBHA TEUCHHIO BPEMEHH, TO COOCTBEHHOE BPEMS TBUKY-
merocst rejia t ~ 1/M. C apyroit croponbi, 4roObl BBECTH BpeMsi HAJI0 UMETh
obpa3zer JanuTe/IbHOCTH, CPABHEHUE C KOTOPBIM U 1aéT ero. B BoJiHOBOM Ta-
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KeTe TaKuM 00pasIoM BJsieTcs mepuon koebanuit T = 27 /w ajist ABHKY-
merocs resia u Ty, = 27 /wy, s nokosiierocs. /Ijist 06oux Test ux BpemeHa B
eIMHATIAX CBOMX TepuoaoB copnagator t/T = t,,/T,,. Ho B obimux exnanmax
onn pazmuaatorcs t = t, T/ T = tpwm/w =t (1 — V?Z/2)1/2,

Bwmecte co BpemeneM Mensgercd pasmep L auxKyinerocs Tesa. [Ipu jiroboit
CKOPOCTH BHYTPH BOJIHOBOI'O ITAKETa MOMEIIAETCS OJHO U TOXKEe UHUCJIO JJINH
BOJIH, KOTOPBIE IPONOPIMOHAIbHBI 1Iepuojy kKojedbanuit. Torna L ~ t wim
L)Ly =T/Ty = (1—V?/c?)'? rne L,, — pa3smep HoKosIerocs Tea.

3aKOH CJI0YKEHWsT CKOPOCTEH Tes ONpeaessieTcs TUCITYPOM U ero m3Me-
HEeHUeM IpH Hepexoje K ABHXKYIIehcs ¢ JacTuieil cucreme orcuéra. IlycrTnb
JacTuna 1 JBHKETCS CO CKOPOCTBIO ¥ OTHOCHTEIbHO YACTHUIIBI 2, KOTOpPAs
uMeeT CKOPOCTb u B moKodiieiicd cucreme orcuéra 0. Jduciyp orHocuTe 1b-
HOTO JBMzKeHHs gacTunnl 1 ecth w? = w2, + c¢}. Eé ckopocrs v = ¢?q; /w.
[Ipu mepexojie K MOKosIIEHcsA cucTeMe KOOPAUHAT STOT JUCITYDP MEHSeTCsd Ha
(w+ ku)? = w2, + 2¢?, rae u = ¢ /w, @2 1 ¢ = ¢, + @2 — BOJHOBbLIE BeK-
Topbl acTuil 2 u 1 B cucreme orcuéra 0. CymMmapHasg CKOPOCTb YaCTHILHI 2
V =dw/dq = c*q/(wtqu) = [*(a1+e@)w]/(1+qu/w) = (ut+v)/(1+uv/c?).

CooTHOIeHNST J71sT MACChl, BDEMEHH, Pa3Mepa W CKOPOCTH, BHIBEICHHBIE
3/1€Ch U3 PACCMOTPEHUS MACCUBHBIX BOJIH TOJIIPU3AIIAT, COBIAIAIOT C TAKUMHE
K€ COOTHOIIIEHUSIMU MEXaHUKU T€OPUU OTHOCHTEIBHOCTH [2].

Macca coepKUT JIMIITH SHEPTHIO YACTHUIIBI, OIIPEIESIONIYIO €€ HHEPIIUIO.
OcHoBHast JKe SHePrus (He cuuTasi GECKOHEUHOI SHEPIUU MIyMa) 3aKTI0IeHa
B kostebanusx rppna: Q(= 1) > w(= Mc?) > w,(= mc?). Ho sra sueprus
oCcTaéTCcs HE3AMETHOM, T. K. BCe HAOJIIO/ICHUA CBA3AHbI C JIBUZKEHUEM YACTHUIIL, &
YHCJIO TJPHOB IIPU B3AMMOICHCTBAAX U IIPEBPAIICHUAX YACTHUIL COXPAHICTCH.

JIBu2KeHMe JaCTUIIBI eCTh IepeMeleHne e€ rIdHa BMeCTe ¢ OKPYKAIOIIUM
é-moneM. OTae/IbHBII TI9H, ABUTAsSICh MEXKIY H(DUPOHAME, TPUTATHBAET MPO-
TUBOT/PH 3(DUPOHA U OTTAJTKHBAET ero riadH. C NPOTUBOIIIHOM OH 00'be INHSI-
eTcs B HOBBII 3pupoH, a 0CBOOOIMBIIUIICS TJI9H 3aMEHSIET ero B JBUTAIONIEHCS
YACTHUIIE U MOJJIEPKUBACT YCJIOBHUS JIJId CYIIECTBOBAHUA MAaCCHBHOIO &-II0JIA.
T. o. ABU>KeHme YacTUIbI €CTb MepeHoCc Bo3MymieHusa 3dupa. l[lpu
9TOM 3(PHUPOHBI, KOTOPHIX JOCTUTAET BOJIHA, CAMU CTAHOBATCHA MCTOUHHKAMHE
&-1100141, @ JIBUZKEHME YaCTUIllbl ModuHsieTcs npunnuiy ['toiirenca-Ppenesisi.

¥Ypasaenune /lupaka

[Topoxk néHHBIE TITYyMOM TI9HA MACCUBHBIE BOJHBI & MOTYT JBUTATHCSI BO-
kpyr I 1o cepe mocTogrnoOro pajgnyca B A1060M HaIpaBIeHHH. VX 1BIzKe-
HHE COCTOUT U3 4-X HEe3aBUCHUMBIX BpaIlleHHH &, — IO JIBYM OPTOTOHAJIHLHBIM
HAlPABJEHUAM B IIPOTUBOIOJIOKHbBIE CTOPOHbL & = Zzll &n.
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Ot ypK®T' (17, 19) anst kaxka0ro &, MOXKHO, caeaysa Jupaky [26], nepeii-
TH K ypaBHEHHAM IIePBOro nopsiaka. OcTapids JUIIb paIuaJbHy0 OTHOCH-
teapno I'® gacts nons zamumenm ypK®I' B Bue
Azgn = _mg gm A2 (872- - 832 - al% - 812)7
rneT = ct, mé =m? —m2& m = w, /2, m. = w. /2, = Zizl £,
Broagarcs kKoMILiekcHbIe nepemennbie X = (1 — z’fl)mgcé, O TITHAOIHCCA
ypasiennaM Ay = imeex, tae X = {xn}, & = {&,}. Oneparop A umeres B
pue A = a.0. + a;0; + a0, + 4;0,. Torma
A2 =202 + a?&fj + @30, + a7 05 + (ara; + a;0,)0%; 4 (ary + arar)02,
+ (a-a; + @a.)0% + (aar + akaj)afk, + (a;a; + a,aj)afl + (ara; + ayag)02,.
Orciona a,(n = 7,j,k,1) ectb marpuns JIupaka

—a; = a5 = a;, = aj = —1, [apay] = apaq + aga, =0

B ypaBHEHUAX

Ay = imeex, x=(1-— z'fl)mgcﬁ, A=a.0, + a;0; + a0y + @0,

_ 2 _ 2 242 _ _ 2 2
T=ct,mi=m" —mi& m=w /P, my=w /S, =D & (29)
O6bIlt'IH06 IpeJ/icCTaB/IeHne MaTPHUIL Z[zlpaKe}C BBLIEJILIOIIee OCh [, ecThb

al’ =al = —aF = —d! =1, df =d] —aj—a?—l
Tl Jk kj It ; Tk __ gl kT __ _
—ap =a, =—a, =a; =1, a"=—a =a = al—l

Octanpnsie ab? = 0. B pa3sépryToM BUIe TOTYyYaIOTCS YPABHEHU

Orx1 + (0 — i0k)xa + Orx3 = imecxa,

Orxa + (0; +i0k)x3 + O1xa = imecxa,

— O0-x3 + (0 — i0k) X2 + Oix1 = imecxs,

— Orxa + (0; + 10k) X1 + Orx2 = imgexa, (30)
X1 = mee{&1 —i[0:&6 + (05 — i0k)a + D3]}

X2 = mec{&e — i[0-& + (0; + 10k)E3 + O0ial}

X3 = mec{&s + 008 — (05 — i0k)Ea — D&},
X4 = mec{&y +i[0:84 — (0; +10k)61 — 0]}

OHU ONUCBHIBAIOT, B HEKOTOPOM MPHO/INKEHIH CTAINOHAPHBIE MACCUBHBIE 110~
HepevHble BOHBI & BOKPYT rpHa. X qacTu &, MOXKHO 3a/1aBaTh TO-PA3HOMY.
Hanpumep & u & cOOTBETCTBYIOT BpallleHUIO BOJIH BJOJL oceit j u k, a &3
u &, — oOpaTHOMY BpAIIEHUIO BIOJIb ITHX oceil. Oupenesnsdromnmeil mepeMeH-
HOIi 371eCh ABJIgeTCd BHYTPeHHee MolepevHoe MoJje, a He BOJHOBad (pyHKIUs
(KOMILIEKCHAST AMILUIATY 12 BOJIH 9TOTO 110JIs).
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T. K. TJ9H/TPOTUBOTIIH €CTh OCHOBA MO3UTPOHA,/3MeKTpoHa (cm. "Ya-
crurp"), a nose § BXOAUT B X crpoenune, 10 (29, 30) MOIEIBHO OMUCHIBAIOT
JIMTHAMUKY KazKJIOf U3 3TUX YaCTHIL MO-OT/IeJIbHOCTU, HO HE B Aape 3JEKTPOH-
no3uTpoH. To, uto B Teopun lupaka [26] moHmMaeTcst Kak OTpUIiaTe bHAL
Macca (AaHTHYACTHUIA), €CTh YKa3aHHOe Bbile oOpaTHoe Bpaimenne. CMeHa
3HAKA W MEHSIeT HAPABICHHUE JBUXKEHUS BOJHBI, COXPAHsIS €€ SHEPrHio |w|
MOJIOZKUTEIbHON, & He MEPEeBOJUT YaCTHUILy B aHTHUYACTUILy M TeM bojiee He
3aCTaBJIdeT €€ JIBUTaThCd OOPATHO BO BPEMEHHU.

OueBniHO, 9TO ypaBHenus Iupaka ToxpecTBeHHB d9eThipéM YpKOT mrs
&, COBIAMIAIOT M BBIBOJIBI U3 HUX. DTO €Ié OJIMH JOBOJ, B MOJIb3Y YTBEPZK/Ie-
HUs, 9YTO JIBUYKEHNE YACTHUI] ONpeJieIdeTcsd TMHAMUKON UX BHYTPEHHETO TMOJIs.

Cnun razna ['?. Boime ObLI0 TOKA3aH0, UTO paclpeieaeHne IyMa B I
sHe (5) mpejCTaBUMO Kak CJydaifHble TepeMereHns aMIUIUTYIbl, HMeOTIHe
BKJIa] OT "Bparmenus’ BOKPYT HeHTpa rypHA. 1[0 ero BIusSHIEM OKDYKAI0-
nue 1198 'll-mapsl cTaHOBATCA MepeHOCUNKAMU MOTEPETHOTO CTAIHOHAPHO-
ro 1oJjs &;, cocTosIero u3 4-x yacreii &,. Bpalenue B IpocTpaHCTBE MOI00HO
KOJIEOAHUIO MasdTHUKA, B KOTOPOM PaJIMyC BPAIEHUS 7" 3aMEHseT 1epPUoJ] KO-
aebanus T = 27 /w, a ummyabe p — sHepruto . B konebanun sHeprust KBaH-
TYeTCsl YMHOXKEHHON HA 9acTOTy YABOEHHOW aMILIHTYI0i mryma hw, a fuw /2
ABJIeTCd HeyCTPaHUMON 3Heprueil. TouHO TakzKe BO BpalleHUH i CTAHOBUT-
csl KBAaHTOM MoOMeHTa Bpamenust J = rp, a Jy = h/2 = 1 — meycrpanumbim
MOMEHTOM. DTO M €CTh CIIUH T/9HA S = Jj.

Toxe caMoe TOJydaeTcss U JAPYTUM MyTEM. DHEPIUs/UMITYIhC XapaKTe-
pu3yer u3MeHeHNe BO BpeMeHH /IpocTpancTBe. Toraa st COOTBETCTBYIOIIEr0
kosiebamusg £ ~ 1/T up ~ 1/r. Orciona miag myma ET ~rp ~1=h/2 = s.

CnuH He ecTh 1000Me OpOUTAILHOIO MOMEHTA C OIPE/ICJIEHHBIMA BeJIH-
YUHOM U Tpoeknueil Ha och. OH UMeeT CAYyYalHYI0 TPUPOY, HYIEBYIO CPE/I-
HIOIO BEJINYMHY, KOHEYHYIO JINCIEPCUIO0 U ONUCHIBAETCS 4-Msi (DyHKIUSIMUI Xy,
(T. e. GUCTTHHOPOM, & HE CIMHOPOM, KaK IPUHITO B COBPEMEHHOM TIOHUMAHUH
ypaBaenusi /lupaka), wiu nporte — ypasaenusvu Koieitna-®oka-T'opiona
JUT OJTMHAKOBBLIX 10 MPUPOJe He3aBUCUMBIX &,. [Ipm strom ypabuenue [lu-
paKa ecTeCTBEHHO OIMHCHIBAET TOJBKO OJHY TPOCTEHINYIO YaCTHUILY (7TEKTPOH
WJIM HO3UTPOH), & He 00e BMecTe.

CrietoBaTeIbHO PA3MBITOE TIIYMOM OCHOBHOE KOJieOaHWe T9HA ABJISIeTCS
npuunHOit crimua 1/2 B wacTUnax, UMEOIUX cBoeil ocHOBoI 3M razu [ (uiu
[13). JIpyrue 3HadeHus ClMHa — IIPOU3BOAHBIE OT Hero. Hamumuue ciuna 1/2 u
CBOMCTBO GBITH (DePMUOHOM UMEIOT OJIMH UCTOYHMK (IIYM TIIHA), HO pa3HbIe
ero nposBjaenns — "Bpamienne’ myMa u OTTAJKHUBAHUE TIIHOB.
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T. 0. IPOBEJIEHHOE B ITOM pasjiesie HCCICIOBAHUE TMOKA3AI0, UTO JIBH-
JKEHHe YaCTHUI eCTh IIePEHOC BO3MYIIEHHsI, OCHOBY KOTOPOI'O COCTaBJISIeT JIH-
HAMUKA BHYTPEHHETrO TelePh KBA3U-CTAIMOHAPHOTO MOIEPEYHOTO BOJTHOBOIO
110JIs, UMEIOIIEro MPUYUHY B IIyMe TJI9HA, TOUHee B OOINeM IIyMe HAIIero
mupa (KoebaHusx pU3NIECKOTO BaKyyMa).

YHacTuipl

OCHOBHBIMH 3JIEMEHTAMH HAIIEr0 TPEXMEPHOTIO MUPA SBIAIOTCS 3M TIIHBI
%, IT° u 1m mapst v;, KoTophbie cocTasienst w3 Im rasuos '}, 117, coemumén-
HBIX 0OOMeHHBIME g-cBst3gMu (8, 9). CBoiicTBa 1M II9HOB M HIZKHIX KBAPKOB
|27, 28| coBnanator, ecaim niBeta KBapkos |29, 30| 0TOXKAECTBUTH ¢ H3MEPAMH.
Torjga HUXKHUE KBApPKHU d; eCTh IIPOTHBOLIIHBI H]l, HUKHUE aHTUKBAPKN
— TJI9HBI Fjl-, nBeTa KBaApKOB — U3Mepbl j = 1,2, 3, OTBeTCTBEHHBIE 3a Pa3-
MEpPHOCTH Halero npocrpancrsa. OHoOMepHbIe KBAPKH HEe CIIOCOOHBI UMETh
IPUIHCHIBAEMBIH UM CTIUH 1/2, T. K. JIJIT 5TOTO TPEOYIOTCS 2M WK 3M TIIHBI.
B azponax [31] ksapku ceasanst rmoonamu [30] raxske, kax ' u IT; cBs-
3aHbl OOMeHHBIMI g-cBsa3amu (8, 9) B [®, IT° n v;. CegoBaresbHO TJIFOOHBI
ecThb g-cBa3u. Ho B obreM ciiydae oHu He KBaHTBHI BOJIH. BosiHa ecTh mepenoc
Jepes COCeTHre TOUYKHA. A B IIyMe MHOIMOMEDPHBIX g-CBs3eil KarKIbIit Fjl. CBd-
3aH CO BCEMU Fil#j. 31ech HeT BOJH. VcKI09eHneM SBISIOTCS 3M TI9HBL. B
HUX BCE F} OKAa3bIBAIOTCS COCESIMU, 9TO MTO3BOJIAET BBECTH HPEJCTABICHHIE O
[JIFDOHAX KaK KBAHTAX BOJIH B 'mBeToBOM mpoctpancTBe' W3 TPEX TOUYEK.
[mpu Fjl MOYKHO TTPEJICTABUTH UMEIOIUM JIBE CBOOOJIHBIE g-CBA3M LIS B3a-
AMOJIEHCTBUH € T/IPHAMU JIPYTUX U3MePOB. Ecm cauTaTh, 9TO BO B3amMOIel-
CTBHU C ITPOTUBOIIIHOM CBOEr0 H3MeEpa YyYacTBYIOT 00€ CBSI3H, TO IIOJIYYHUM
COOTBETCTBHE MPEJACTABICHUSAM O B3aUMOJIEHCTBUIX HOCPEICTBOM IJIFOOHOB.
OOMeHBI MeXK Ty Fjl ul} ; DA3HBIX U3MEPOB Jal0T 6 ABYXUBETHLIX [JII0O-
HOB. OOMEHBI MEZK Iy Fjl- u H} OJIHOTO M3Mepa JalT 3 OECIBETHBIX TJIOOHA.
OHaKO B KBAHTOBOI XpOMOJIMHAMEIKE ITPUHUMAIOTCS JUIIb JABa U3 HUX, YTO-
OBl O0IIIee YUCI0 COPTOB IVIIOOHOB COBIAJIO C PA3MEPHOCTHIO MPUCOETUHEHHO-
ro upejcrasiaenust rpyuibt SU(3), kK Koropoit ux npussssiBator. Cuuraercs,
9TO TpeTuit OeCIBETHBIN TJIFOOH 3aBUCUT OT ABYX JAPYTUX U HE JOJKeH HAOTIO-
narbes Ha onbite. B ypasuenusx xe (8, 9) Tpu obMena 1); eCThb mefcTBYyOMIIE
B Pa3HBIX U3Mepax He3aBUCHUMbBIE IIyMbl. OHHU BCe JIOJIZKHBI YIUThIBaThCs. He
BHJIHO MPHYUH, YTOOBI OTKA3BIBATHCA OT TPETHEro OECIBETHOrO IJIIOOHA.
Avmurynpt ' n 113 Brpoe 6oabime ammautyn 'Y u ITY, uto coBnagaer c
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COOTHOIIIEHUEM 3aPsIOB JIEKTPOHA U HUXKHUX KBAPKOB. Ecan 3apsapl yacTuIy
onpeaeadaoTcda aMILINTYIaMI II9HOB, TO JIEKTPOH ¢~ B CBOCH OCHOBE Oe_
umeer nporusoryen 113, a nozurpon et — rusn OF = 3. Tupub jator um
JIMIIIb TOYKY NMPeObIBaHUdA, a CTPOCHHE YaCTHI] OIIPEIeIsIeTCs OKPY XKAIOIIUMHI
ux asopavu 17 w /I u3 -mosieit, HaMEISIOMMX TACTHIIBI MACCOI.

B (8, 9) npeacrabiensl TOJIbKO JguHelinbe g-cBsazu. Ho B KXJI riroonHbie
B3aMMOJIEHICTBHS HeJIMHEHBI 1 TpeOyIoT y4uéra Koppessiuii (7) 6osee BbICO-
Koro nopsizika. ChaeayonuMn nayT OOMeHbI MeXK/IY (¢-CBA3SIMU (IJIH00HA-

u). st ux yuéra B (8, 9) /106aBn5HOTcsi POU3BEIEHNS TITYMOB

5 SF +e;+ QSF Z’?ﬂ (14 gn Z TijkM) Sty Tijkl = —Thiij-

i=1 k=1
SF =S8t ¢+ glny(1 + gu7,6;) + 0;(1 — gorym;)) ST ST, (31)
SJH — SJH +e; — gn; (1 + g,7;60;) + 6;(1 gnTjnj)]SgrSgH’

3aech T U T; — €JUHUYHDbIe IIyMbl oOMeHa MexkIy rioonamu. [Ipu cuip-
HOI HEeJMHEHHOCTU g, ~ ¢ CYLIECTBYET BEPOATHOCTH CKOPOTEYHOI'O Pa3pblBa
g-CBg3eil ¢ X NMepPeK/II0UeHUEM Ha JIpPyrue KBapKH, HMEIOIue B 3TO BpeMs U
B 9TOM MeCTe TaKHe K€ BPEMEHHO Pa30pBaHHbIE -CBS3HU.

OpHoMecTHBIE HAPBL Vj = F}ggﬂ} u3MepoB j—1,2,3, u3-3a UX TPOTUBO-
dbasubix KoMEOanuil, ABAAOTCS GesaMIuTyaHbIME (Ge3 3apsiia) 1M couera-
HUSMHU, HO C BHYTPEHHEl SHeprHeil Konebannit. E1nHCTBeHHBIMI YacTUIIAMY,
HA KOTOPbIE OHU IOXOXKH, HBJIHIOTCH HellTpuHO [32] K num gobasadiorces 2m
Vi = FlgHIgF glig, 3m 13 = T{glT gl 1gTIiTAgTTA g n Gotee pyuHHBIE COUe-
TaHUS. C POCTOM JIJIMHBI Telleil pacTéT BEPOATHOCTh UX PACHAIA U MEHbIIEeT
uxX 9ucJI0. Mekay HUMH TOKHBI OBITH MepexXoibl Ha OCHOBE HEJIHMHEHHOTO
oOMeHa ¢-CBS3IMH, BeIyIlIne K YCTAHOBJCHHIO JIeTATLHOTO paBHOBecus. Co-
CTaBJICHHYIO U3 HEHTPUHO 4aCTh CPe/Ibl HAIEI0 MUPA MOZKHO HA3BaTh HEHTP
(N). CookynHoctb adupa u Heiirpa — acueir (AN).

[Tapsr r19HOB pA3HBIX M3MEPOB, CBA3AHHBIE OJHON ¢-CBA3BIO, HMEIOT YIBO-
eHHBIC aMILTHTY/Ib U JiBe cBoGO/HbIe cBsa3n. OHU TOX0XKHA HA AHTUKBAPKE d;
¢ ABOHHBIM 3apsnoM. 910 BepxHme KBapkm u; = gI't 9IS g = djidjy
U UX aHTUKBapKHU U; = gH}HgH}_lg =dj1d;—q.

[TonyuenHble codeTaHmsi OMHOMECTHBIX TJ9HOB (KBapKOB) BMecTe ¢ (GoTo-
HaMu 7y 00pa3yioT MepPBOE MOKOJIEHWE YaCTUII;

d; = H}, d; = F;, gflﬂgfj 1g, uj = gH;HgHJl 19 l/j = Flggﬂjl-,
e = Oi”rﬂii Of =Tgl5gl3g, O, = Mjgllgllig, v

Onu camble J'IéI‘KI/Ie7 coaepzKaT HauMeHbIlllee YuCJIO CBA3aHHbLIX I[VIIOOHAMMKU
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KBapKOB W He pacnanaiorcsd. OHU TePBBIMU BHIIETUINCH U3 CJIAOEIONIETO
myma. Cuia ux g-cBsizeil COOTBETCTBYET YPOBHIO MIyMa MPH WX POKICHUU
" ABJIAETCS HamOOJIbINeH Cpejin OCTaJIbHBIX B3auMojeiicTpuii. [Toaromy, Kak
[IOKA3aHO B KBAHTOBOI XPOMOJIMHAMUKE, OHH IPAKTUIECKH He ObIBAIOT CBO-
O0IHBIMH, OObEIUHAA KBAPKH B 3aMKHYTbHIE COSIUHEHMUS.

Crenyiomime moKOJeHUs 00pa3yioT 6ojee TAXKETbIe YACTUIBI ¢ BHYT-
PEHHUM IPOCTPAHCTBEHHBIM cTpoenueM. COriacHO JAHHBIM O CTPOSHUH Ya-
crur 33|, Bce oHE BKJIOYAIOT B cebs KBAPKH, HO HMEIOT HAMHOIO DOJIBIHE,
qeM y HuxX, Macchl. Cje1oBaTe/IbHO KBAPKHU COCTABISIOT UX OCHOBY O, 11OTOJI-
HEHHYIO0 PA3HBIMU OKPYZKeHUsSME (ABOPBI 1), MaOIIMH 9acTHIIAM MACCY.

OcHosbr wacTut,. [lomoxurenpubiiit muon umeer ocnopy OF = ud = OF,
COBIAJAIONLYIO C OCHOBOM 1O3UTpoHA. Takue »Ke OCHOBBI HUMEIOT BCE I10J10-
JKUTeJbHbIe 9acTUIhl. OHM PA3HATCS TOJBKO aBopamu. OTpunarenbHbe Ya-
CTHIIBI UMEIOT OCHOBY 3jeKTpona O, u pasuble jBopbl. HellTpasbHbIil nnox
nmeer ocHoBy O = uti+dd, copgmyiocsa k mape [3¢I1° (rmom — cpasanmbie
MOJIeM TTOJIAPU3ANUN T/I9H U TPOTUBOTIH, PACCTOSHUE MKy KOTOpbIMEH R
GoJibine paccrosinust Mexiy duponamu R > r). Bee neiirpasnbibie dactu-
bl UMEIOT TaKWe OCHOBBI U pa3Hbie ABOPBI. CyIecTBOBaHUE TACTUIL MTOIIED-
JKUBAETCS PeAKIUAMEU 0oOMeHa BHyTpu ABOpoB. OHU eCTh JUHAMHYECKHE U
CTAaTHCTUYIECKUE OOBEKTHI, UMEIOIIHE CJIOXKHOE CTPOEHHE.

YcI/I0BHOCTb HOHATHA CHMHA YacTULbI. 1. K. B IEHTPe 3apAzKeHHBIX
HMOHOB PACIIONOKeHbl TI3HE [® mwin npotusorasus 113, To 7 0 7~ q012KHbBI
uMeThb criuH 1/2, a He HyneBoii, Kak ceifuac npuasaTo. Cnna 0 OTHOCHTENTBHO
MEHTPa YACTUIIL MOYKET WMeTh HeHTPaJbHbLIH MHOH 7°, €C/H COCTABIAIONINE
ero ocroBy ['® u II? ob6pamaitorcsa BokpyT ero nenTpa. llpu srom camu I u
[1% umeror ciwa 1/2. DTH Ke pacCyKAeHHS OTHOCATCA U K GO30HAM €1a60ro
p3anmoseiicteua W+, W=, Z° koropeim npunucan coun 1. CToib ke nc-
KYCCTBEHHBIM SIBJISI€TCSI IOHATHE eTMHUIHOTO crinHa, poToHa. [ Beex 3Tux
YACTUIL TEJTbIIT CITUH BBOIUTCS, YTOOBI CJ1e/1aTh UX DO30HAMH — IIEPEeHOCUYNKa-
MH B3auMojieiicTBusa. KBapku Fjl- U HefITpUHO V; He UMEIOT CIIMHA BCJIe/ICTBUe
uX oHOMepHOCTH. TOJNBKO 2M 1 3M HEHTPUHO MOTYT UMETh CIuH 1/2.

IIporon mveer ocnosy O = uud = iglygligligllig = Ofv = OF,
rjie HeHTPUHO ¥V CUUTAETCS YacThio JBopa. OHA CBOAUTCS K OCHOBE MO3W-
TPOHA, CBSI3aHHOI € HEHTPWHHON YaCTHIO ABOPA PeakiusMu OOMeHa. IJTO
OTpaskaeTcsa B PeaKIUsX ¢ ydacTHeM NMpOToHa pv = e 2u,pr = ne’,pe” =
nv,n = pe” I, KOTOpbIe Bcerja cojepzkar Heiirpuno. [Ipuauny ycroifrauBocTn
IPOTOHA HAJ0 MCKATH B CTPOCHHUH €r0 JBOPA U PEAKIUSIX BHYTPH HEro.

Heiitpon umeer ocuoy O, = udd = v;; = I3¢IT? u crpoenne, nog06u0e
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IPOTOHY WM AHTHIPOTOHY, HO OoJsiee cioxkuoe [34]|. BuyTpu msopa BOKpyr
PACIHOJIOKEHHOIT B IIEHTPE U TT0J00HON POTOHY /AHTHIIPOTOHY MAaCCHBHOMN 00-
nacru Bpamaercs 112 /T3 umeromuii namuoro 6oJiee jiérkoe okpyzkenue. [1pu
TOM BKJIa/T B CIIUH HEHTPOHA BHOCUT JIUITH PACHIOJIOZKEHHBIH ero IeHTpe I H,
970 JaéT couH 1/2 OTHOCHTEIBHO ITOrO MEHTPA.

U3 onbiTos [34] cieyer, 9T0 HYKJIOHBI HMEIOT MOXOXKHE MPOCTPAHCTBEH-
HbIE pacIpejie/ieHns MIOTHOCTeH Maccehl n 3apsga. OHu yOBIBAIOT OT Cep/i-
mesuHbl pazmepoM ~ 10716 M o rpamunnr ~ 1071% M, 9T0 MmOrO GombIme
paccroaunit Meskiy suporamu 7 ~ 10722 m. TIpenonoKuTe LHo 9TO ecTh
JacTh JBOPa HYKJIOHOB. B mpoTOoHe 3apsi HAXOIUTCs He TOJTKO B €ero IeH-
Tpe, a pacupeieséH Mo 00bEMY Ha PACCTOSHUS OT MEHTPa MHOTO OOJIBIIIHE 7.
B seiirpone umerorcs 06J1acTU MOJIOZKHUTEIBHONO U OTPHUIATETBHOI0 3aPsijia.
SHAYUT OH COMEPKUT TJI9H U NPOTUBOLI3H. Ha 370 yKa3piBaeT TakzKe pacmal
HeHTPOHA HA MPOTOH, JEKTPOH W AHTHHEHTPUHO (HeHTPIHO).

CrpoeHne TAKEJIbIX YACTUIL.

Eciu sdpup ects obnacts nepexoaa or 'Il-mnasmer k I'll-rBepau, To ero
BO3HUKHOBEHHME U PA3BUTHE MOI'YT HPOUCXOJUTH TAKUM 00pa3oM. VY Bejinde-
HUE CPeJIHEr0 PACCTOSTHUS MeK/Ty TJPHAME COITPOBOZK TaeTCs ocTabieHneM nx
B3aUMOJIEfICTBUS, KOTOPOE MOCTEIIEHHO CBOJIUTCI TOJBKO K B3aMMOJICHCTBUIO
¢ OnmkadmuMu cocefgmu. HaunHaeTca u 3aTeM MPOIOIKAETCS COe/TMHEHNE
[JI3HOB U IIPOTHBOLAZHOB B maphl ['°rIl®, KoTOpbIe, IPH JOCTATOUYHOM HX YHC-
JIe, CTAHOBATCS daeMeHTaMu 3dupa. [ I9HbI, ocTaBITuecs BHE ITUX Map, B3au-
MOJIEICTBYIOT Ternepb MOCPeJCTBOM &-T101s nogpusaiuu. bébiias ux 4acTb
obbequugerca B mapbl [3ETT? (rmonbl), a MenbIIag — 0CTaéTes CBOOOIHOIL.

OHOBpEMEHHO, CBOOOIHBIE TVI9HBI CBOUM IIOJIEM MOJSIPU3YIOT T'MOHBI 1
OPUTATUBAIOT UX, 00Pa3ysd CBA3aHHYIO cucTeMy. T. K. MIpUTAKeHNe TIIHAMUI
MEHBIIIEET ¢ PACCTOSTHUEM, TO JAJLHUM TTIOHAM Jierde MOKHIATh €€, YTO Orpa-
HAYMBAET Pa3Mep CUCTEMbl CBEPXY. HacTb JAPYI'UX T'MOHOB, B3aUMOJIEHCTBYS
¢ adupoHaMn, eperaéT UM CBOIO TOJISIPU3ANNI0, MEeHbIeeT B pa3Mepax u
crtanoButcd dbuponamu. [longpusanus 3pUpoHOB PACTET U BBI3BIBAET U3JIY-
qeHne &-T0Jsd, KOTOpOoe HabIIomaeTcs KaK JeKTPOBOJIHBI. Eciam B cucteme
TJI9H-TTIOHBI YUCJIO TTIOHOB MAJIO, TO WX B3auMOeiicTBHe ciabeeT W HECIO-
COOHO ITPOTUBOCTOATH EPEXOJAM B 3(PUPOHBI, 4TO OIPAHUYUBAET Pa3Mep CH-
crembl cuuzy. Cire10BaTeILHO JOMKHA CYIIECTBOBATH Hanbosiee yCToiunBas
CUCTEMa TJIIH-TTIOHBI, CBA3YIONAs HEKOTOPOEe KOHETHOE YUC/I0 TTIOHOB.

Bo3MOkHO IPOTOHBI ABJIAIOTCA YCTONYNBOM CHUCTEMON I'/I9H-TTIOHBI.
Torna macca mpoToHA €CTh CYMMa Macc ImoHOB. Pa3mep rmona go/keH ObITh
MHOro GoJibllie pazmepa 3JjekTpona (e 6oiee ~ 1072 M) u MHOrO MeHblle
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paguyca nporona (~ 1071* m). IIpu aToM BHYTpPH HEro BOKPYT Kazaoro I3
u I13 umeerca MaccusHOe €-11071€, YCJAOBHO JAIONIEEe UM MACCY 3JCKTPOHA 1M,
Macca yacTuIibl NposgB/IseTCs KaK Mepa WHEPIUHU JIUIIb Ioce 00pa3oBaHusd
BOJTHOBOTO IAKETa, B KOTOPOM OHA CBSI3bIBAET UMILYJIbC (BOJHOBOI BEKTOD)
co ckopocThio (rpynnosoii). 'mon He HaGIIOHAETCS KaK YaCTHIIA, TOCKOIb-
Ky ero pasMep CJHIIKOM MaJ I 00pa3oBaHus BOJIHOBOTO Hakera. Ho ecom
ero pagmyc gocrurger 10710 a1, on npogsuTca B BUge HO3UTPOHNA. YCIOBHAL
macca rnona [3ETT? onennsaerca B 2m,. [IpoToH, Kak HabmOgaeMasd 9aCTH-
1a, CYIIEeCTBYET B BHUJE BOJTHOBOTO MaKeTa MACCUBHOTO £-TIOJISI U UMEeT MacCy
~ 2000m,. T. e. BHyTpH IPOTOHA JTOJIKHO OBITH IMOPSIKA THICAYN I'IOHOB.

HelTpoH MOXKHO MPeJCTABATH KAK TPOTHBOTIIH /TJI9H, BPAIIAIOIHHACS BO
BHEITHe#H 06/1acTH IPOTOHA/AHTHIPOTOHA BMECTE CO CBOMM MACCHBHBIM I10-
JieM u JTIOOABJIAIONIUI TPOTOHY MAacCy ~ 2M., HapyIlasd ero yCToiYnBoCTb.

[M'onbr BOKPYT rizHa, BCAEJCTBAE B3AUMOIEHCTBUS MEXKIY HUMU U C TIPU-
TATUBAIOIIMM TI9HOM, pa3pylIaloTcd-co3paiorcd. [Ilpu sTom He Bce TI9HBI
IPOTUBOTISHBI OOBEJUMHEHBl B TTIOHBI. BHYTpH wacTun obpasyercd MHOKe-
CTBO TJISHOB U IIPOTUBOIJIHOB C M30bITKOM OJIHOIO U3 HUX, B KOTOPOM HUX
obbenuenne B [3ETT? cymecTBYOT JUITH GOABITYIO YaCTh BPEMEHH.

Bce Taxkénblie 4acTHIBI IBJISIOTCA CUCTEMAMU TAIH-TTIOHBI. OHK
PACIIOJIO)KEHHBI BHE 00JIACTH YCTOMYUBOCTH, B KOTOPOH HAXOAATCA TOJHKO
IPOTOHBI, U PACTIAIAIOTCS HA MEHbBIITHE MOJI00HBIE CHCTEMBI (TACTHIIb ), U /WK
u3IydeHne 6e3MaccoBbIX E-BOJH (IJEKTPOBOJHDI). BBOIUTH pasHOOOpa3HbIe
KBapKH U TJIIOOHBI HET HeobxomumocTu. ocrarodno 1M riapHoB Fjl-, pOTH-
BOTJI9HOB H]l " OJINHAKOBBIX ¢-CBd3eill MexKy HUMHU. Pa3judus 4acTull CBs-
3aHBI CO CTPOEHUSIMH JIBOPOB, COCTABJEHHBIX U3 TI'MOHOB. BO30HBI cjraboro
B3aUMOJEHCTBUS U ME30HBI He BBIJIEJIAIOTCS U3 JIPYTHX YaCTHUIL, KPOMEe CBOe-
ro y4acTusi B 00pa30BaHUHU siaepHOil MaTepuu. CTpoeHHe MIOOHOB U TaOHOB
HE UMeeT Ka4eCTBEHHBIX OTJIUYUN OT CTPOEHUS a/[POHOB.

JIBOpBI HYKJIOHOB CYIIECTBYIOT BMECTE€ C OCHOBAMH OT WX POXKJICHHST B
COOTBETCTBYIOIEe BpeMs pa3BUTHUs BeeJaeHHO#. OHU JTOJIZKHBI HECTH B cede
OTIIEYaTOK cpesbl Toro Bpemenu. Celidac OHU SIBILIOTCS HepPexoaHo# obJia-
CTBIO OT OCHOBBI Yepe3 OCTATOK CPeJIbl UX POXKJICHHS K COBPEMEHHOU cpeje
BCEJIEHHOM, CKPBIBAIONIHiiCs 33 "ycThiM" MPOCTPAHCTBOM.

[npn w1 npOTHBOTI®H JIUITH YCJIOBHO MMEIOT OJHO MECTO, a [0 CYTH OHH
eCTh TJIPHBI Pa3HECeHHBIE HA TTOJOBIHY MPOCTPaHCTBa (mo060poTa no dhasze).
Ecyim cpesibl B 9TUX MecTax pa3Hble, TO B3aUMOJEHCTBHE IIIHOB ¢ HUMH TOXKE
Oyaer pa3ubiM. Torjaa u 9acTHIBI, OCHOBAHHBIE HA TAKUX IJIDHAX MOTYT OBITDH
pasubiMu. T. K. IPOTOH U AHTUIIPOTOH OCHOBAHbBI HA IJIIHE U IIPOTUBOIIIHE,
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TO TOJHOW CUMMETPHH MeKIy HEMH MOXKET W He OBITh.

B uacrumnax ¢ apopamun pazanuue (pepMUOHOB U GO30HOB yCJIOBHO.
Crporo ¢hepMHOHAME SIBJASIOTCS TOJTBKO TI9HBI BCJIEACTBUE UX | -OTTaIKUBAHUS
(13), He MO3BOJISAIONIErO UM OBITH B OTHOM MecTe. BO30HAME SBJISTIOTCS TOJIBKO
KBAHTBI £-BOJIH, T. K. OHH CBODOOJIHO HMPOXOJIAT OJHMH CKBO3b Jpyroi. Hacru-
IIBI, COJEpKAIINe TIAIHBI U £-TI0JISA, He MOTYT OBITH TOJIBKO (hepMUOHAME WJIH
0030HaMM, XOTsI BO3MOYKHO 1peo0d/ia aHue TOro ujin HHOro CBOficTBa.

O mone Xwurrca. /Ing ero cymecrBoBanus TpeOyeTcs OTPHIATEIbHbBIH
KBaIpaT Macchl w2, < 0 u ero oueHnb GOJILINONH HeJMHEIHbI POCT ¢ yBeuYe-
ruem nosig Xurrca. Oxnako npu w? < 0 adup nepexomur B I'l-mrasmy, B
KOTOPOH HEBO3MOXKHBI IOJIApH3aInd U MaccuBHbIe &-mtogsd. [ToaTomy comuu-
TEJIbHO KaK CyIIEeCTBOBAHUE OIPEIE/IIeMbIX ITUM [M0jieM 0030HOB XUITCA U
Hamb6y-Tonacroyna, Tak u ¢BA3BIBAHUS ¢ HUIMH MaCC IaCTHUIL.

Maccsl 9acTuig (KpoMe IUIIOOHOB U HEHTPHUHO) B ABuKennn )N u mokoe
M OUPEJIETIAITCA YaCTOTAMHE MOMePEYHbIX BOJIH Hosispusanuu (21)

Ww=w2 +7¢ M =w/c* m=uw,/d"

Onu 3aBuCAT OT PACCTOSIHUSI T MEKIy 3MDUPOHAMU U HACTOTHI JIMHEHHDBIX
kosebanuit I'Tl-magTHUKA w,. DHEPrus MOKOS MaCCHBHONI BOJHBI W, €CTb
UMITYJIbC Kojiebanus T3Ha u nporuBorgdHa B ['Tl-mape ¢ yuérom BausgHus
COCeJIHUX 11ap, a w2, — ero BHyTpeHH:Ad sHeprud. OHa CKJaJIblBaeTcs U3 BHYT-
penneit sHeprum w? Kosebanusa cBo6oaHoro ['TI-MasgTHUKA U YMEHBIIAIOMIEro
eé BIUSHUS coceieil, BRIPasKeHHOTO B BUIE mepeHoca. [Ipu 6osbimoM mepeno-
ce Bed aueprud ['TI-magruuka moxker ynocurbes u3 ['T-napbr, oOpa3ys BOJTHY
¢ HyJIeBOil Maccoit mokosi. [Ipu MajoMm mepeHoce pacxoyercsi TOJbKO 9aCTh
9TOH dHEPIHUH, U BOJHA OCTAETCA MACCHUBHOIM.

B adupe (cpena Hairero Mupa) paccrosiHue Mexkiay dpupoHamu obecre-
YUBAET CYNIECTBOBAHUE JIUIIL OE3MACCOBBIX BOJIH MOJISPU3AIUA W, = 0, mO0-
epevHasi 9aCTh KOTOPBIX SB/ISIETCS 3JIEKTPOBOJIHOM. BHYTpH MaccuBHBIX Ya-
CTHI BJUSIHAE UX OCHOBBI (TJI9H WJIM MPOTHBOT/IIH) YBEJHIUBAET I' U CO3MAET
CTAIMOHAPHOE MACCUBHOE IIOIEepeYHOe E-T10JIe, KOTOPOEe OIpeJieideT JIBUZKe-
Hue JacTull. Bee Maccehl MOKOs CBSI3aHbBI ¢ YaCTOTOM Wy U BBIPAXKAIOTCA depes
meé. T. K. w, ecTh HambosbIIag YacToTa KoJsebanuit roduos B I'II-mapax, To
cBaAzanHas ¢ Helo "macca'm, = w;/c® Toxe naubosbmas. Ho ona memocru-
Kuma u3-3a orcyrcrug nap Bue ['Tl-cpeanbr. T. o. e nosie u 6030H Xurrca,
a 'TI-MagITHUK €CTh UCTOYHUK MACC BCEX YACTHUIL KPOME HEHTPHHO.

Munamuka rpsno I (kBapkn), Fjl.gl_[; (meiitpuno) u nap I*rII® (acpu-
POHBI) HE OIPEJEAETCS MOJIeM HOJISIPU3ANNY, a OlpeesieT ero. lus Hux
HMOHATUE MACCHI BBOJUTCS Y€Pe3 UX YCKOPEHHUE IPHU I-B3auMOJICHCTBUN, KOTO-
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poe TPOTMOPIUOHATBLHO AMILIATY/IE TIIHOB. Toraa Macca ecTh aMIUIUTyIa (B
COOTBETCTBYIONHX €JINHUIAX U3MEPeHNUs).

Toxk1eCTBEHHOCTh U Pa3JIMYNe YACTUIL. TaCTHUIBI COCTOSIT U3 T/I9HOB
[ (ocHoBa), JalOMUX YACTHIE MECTO, M OKPYKAIOIMX UX ABOPOB. ToxKie-
CTBEHHOCTD TVI9HOB CBA3aHA C OJMHAKOBBIMU ONPeIeJTEHHBIMA KOTeOaHUIMH,
COCTABJLIONIIMHI HUX IEHTP, & Pa3Iudue — € Pa3HOCTbIO WX MecT. [BOpHI
YaCTUIL OJHOTO POJIa, PACHOJIOKEHHBIX B OJJMHAKOBBIX 00/1acTAX 3hupa, TOXK-
jectBeHHbl. OTJIUYUS ABOPOB MOTYT MOSIBAATHCS TIPH JBUKEHUN YACTHUI] B
s¢pupe. Ho 1. K. cKOpOCTH MepPeCcTPORKH TIIYMOM MaCCHBHOTO &-T10JIs1 BOJIM3H
[J9HA BeJUKa (3HAYUTETHHO OOJIbIe CKOPOCTH CBETA), TO ITU OTJIHYUS MAJbI
— JBOPBI MOYTH TOXKIeCTBeHHBI. Ce0BaTebHO PAa3Inine JacTHIl TPUOJIH-
JKEHHO CBSI32HO TOJIBKO C OHOBPEMEHHON PA3HOCTHIO UX MECT — TOXK/IECTBEH-
Hble (Hepa3JMdnuMble) YaCTHIBI B PAa3HBIX TOYKAX MPOCTPAHCTBA-BPEMEHH,
KaK NpUHATO B (pusmKe.

ITupamuga sHEpruii 4acTUIBI NMeeT YeThipe CTYIEeHH. DTO SHePruu
ITyMa, CIIMHA, MAaCcChl U ABUKEHUS, U3 KOTOPBIX (PU3UKaA UMeeT JeJI0 ¢ ABYyMs
nocsieaauMu. OCHOBAHUEM MUPAMU/IBL SIB/ISIETCsS OECKOHEYHAST SHEPIHST Iy Ma
B pacupeneaennu razua 2. B mym sxomur "Bpamenne” BOKpYT HeHTpa pac-
TpeJIeIeHN s, OTIPe IeISIONIee CIIUH YaCTUIBI. K10 3Heprusi CTAHOBUTCS dHEP-
rueit cnuHa. Paspekenne 3¢dupa, BBI3BAaHHOE HAXOAANTUMCS B IIEHTPE YaCTHU-
bl TJI9HOM, CO3/A6T YCJIOBUS JIJIsI CYNIECTBOBAHUS MACCUBHOTO &-mosisd. A
CaMo 3TO TOJIe BBI3BIBAECTCI YKA3aHHBIM 'BpaimmenueM" . DHeprus KoaedaHuit
[JI9HA, U TMPOTHBOTIYHA B 3(DUPOHE CTAHOBUTCS IHEPTHEH-MACCOH UACTHUIHI,
KOTOPAs MPOSIBJISIETCS KAK €€ WHePIHSI.

Kaxknas Oosee HU3Kasg dHepreTmdeckasl CTYIEeHb 0Opa3yeT OCHOBY JJid
OoJee BBICOKON W mMeeT OOIBITYIO SHepruro. Ho Hampamyro i denoBeka
JIOCTYTTHA TOJHKO SHEPTHS JIBUKEHUS, BKJIIOYAS SHEPTUIO XUMUIECKUX CBSI-
3eit. Majag 9acTb SHEPIUU MACCHI CTAJIa UCIOJIb30BATHCS TOC/IE OBJIAICHUSI
TEXHUKON SIAEPHBIX TePEeXO0B. JHEPrUsl CIIMHA TOKA HEIOCTYITHA.

AHHUTHILAIIAA 3JIEKTPOHA U MO3UTPOHA HE eCTh WX IpeBpalieHue B ¢ho-
TOHBI. [ 719H U TPOTWBOTI9H ITUX YACTHUI, B 3ABUCUMOCTHU OT YCJIOBUH COMMKe-
HUsl, 00BbeIUHAIOTCS B 3(OUPOH WIN TTIOH, YTO COMPOBOXKIAETCS H3JIYyIeHUEM
3JIEKTPOBOJIH. B 00paTHOM TPOIEcce CUILHOE JJIEKTPOIOJE PA3PYIIAET ITU
['Tl-maper, a sergeansnmmecs 12 u 13 06pasyioT BOKpyT cebsi TBOPHI MaCCHB-
HBIX £-TIOJTeH U CTAHOBSITCS JEKTPOHOM U TIO3UTPOHOM.
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Tarorenne

B pasnene "MaccuBroe nose'"mokaszaHno, 9TO BHYTPH YaCTHIL BOKPYT I€H-
TPAaJTbHOTO T/I9HA CYIIECTBYIOT caydaiiHble cTod4une cepudecKre Moreped-
Hble BOJHBI PAJUAJIbHBIX &-TOJell, nMerolee NPUUNHY B ITyMe TVI9HA U Ja-
Iolee YacTuiiaM Maccy u ciuut. VIx amiinryia yobiBaer ¢ PacCTOSHUEM OT
menTpa rypuaa. Cornacuo pazaeny "llomspuzanus"s Takux mossx coceHne
['TI-napwl pajimaabHO KOJIEOJIOTCS W TOJBKO B CPEJIHEM HMEIOT MOCTOSHHOE
MeCTO MpeOBbIBaHU, ONpeieideMoe YCIOBHEM PDABHOBECHS.

[Iycts fr m fi 060O3HAYAIOT IHIIOJBHBIE CHJIBI, KOTOPBIE JIEHCTBYIOT CO-
OTBETCTBEHHO HA IyPH u uporuBordH jgannoit ['Tl-naper co croponsr o/1-
HO¥T 13 cocennux o pamuycy ['Tl-nap. Torma, ncrnonp3yst obosnadenus (14),
fr=fr(r1—=£/2), fn = —fr(r1+£/2), a aABuraomast JaHHYO APy CHIA €CTh
fi= (fo + fu)/2. Tipn € < ry 1 passoxeru cut B s fi = fop(r1)€61/2,
rje £ u & — NOJIpU3aluy JAHHON W coceqHel map, a r; —paccTOsSHUEe MeK-
ay unvu. C apyroii croponst Ha gauuyio I'Tl-napy cumoit fo = frr.(r2)E&/2
neficrByer apyras cocennsis ['TI-napa, nmeromniast mosgpusaiuio o 1 HAX0/IsI-
IAsICS HA PACCTOSTHUE 'y OT JAHHOI mapsl. PaBHOBECHE MEK Ty ITHMU CHIAMHA
Jrr(r1)&1 = frr(r2)&e OMpeeasor MecTo TAHHON MAphl MKy COCEJTHUMHU.

Ecan mongpwsamuu coceTHUX Tap OAWHAKOBBIE & = &5, TO 7] = Iy = T,
e r — HeBO3MYIIEHHOe paccTosaue Mexay ['Il-mapamu. Ecnm mer, To s
yOBIBAIOIIEH C PACCTOSIHUEM CHUJIbI I-B3auMojieiicTBust odpasyercsd ciasur h B
cTopoHy MeHbIeil nojgpusaruu. [lpu h < ru & > &, Korma r; =1+ h, a
r9 = 1 — h, ycJI0BHe paBHOBECHS €CTh

[for(r) = frre(r)R)EL = [for(r) + frre(r)R]E2, vaE frr(r) = dp frr(r), 1 caBur

_frr(r>5l€ _ _ 2frr(r) 552 §2_§1 fz 52"’51
Forr(ME —  Rfprr(r) ’ 2

2
3ech 0 — pemérovyHas MPOM3BOAHASA B HANPABAEHWN ToJsipu3anun. s
cepuueckoit cummerpuu nosie £ ~ 1/R? u §,¢/€ = —2/R, rae R — paccro-
stuue oT TeHTpa dactunbl. Cxkarme ['ll-cpenbl cmamaer ¢ paccTosiHEEM Kak
MOTEHIUAT FJIEKTPOIOJIS WIH T0Jist TsiroTenust. 113 coornomennii (14) cey-
1 foo()] fore(r) = —1(20% — 3)/[(2r — 8 — 12]. B schmpe 1* — 12 = 5/2,
for () forr(r) =0,3 1w h = —0,6/R.

T. 0. cymecTByomee BOKPYT T3HA MAaCCUBHOE £-T0J1e, OTBETCTBEHHOE 34,
Maccy W CHHH, pajuanbio ckumaer ['Il-cpery 3a caér eé pacTszkeHUsT Hemo-
CPEJICTBEHHO Y TI3HA. DTO CKATHE He 3aBUCHT OT 3HAKA 3apsijia JacTUIsl. B
obJjtactu 1ojig Kysiona cxkarue J10/1I2KHO ObITh MHOI'O MEHbIE PACTIKEeHUsI,

h:

(32)
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00eCcIIeInBAIOIIero CymecTBOBaHue MaccuBHOro &-mogst. Ho ecin BOKpyr 3a-
PSIPKEHHO J9aCTUIBI BPAIAETCs APYTrasi YaCTUTIA, C 3aPSI0M TPOTHBOIOIONK-
HOTO 3HAKA, TO BHE €€ OPOUTHI FJEKTPOIOJS OTCYTCTBYIOT, a MO CXKATHUS
CKJIAJIBIBAIOTCA M MOTYT CTAHOBHUTCS BJAUATE/IHHBIMHE JIIs OOJIBIIOrO 3JIEKTPO-
HEeRTPAJIHLHOIO MHOXKECTBA YACTHIL, 0OPA3YIONIEro Maccy TeJa.

Macca Tesr cKJIaIbIBaeTCs W3 MAacC HYKJIOHOB, a 3JEKTPOHEHTPAJIHHOCTD
06eCIe rBaAeTCsT UM JTEKTPOHAMHE (B ATOMAX ), UJIH TJI9HOM, BPAIIAIOIIIMCS
BOKDYT IPOTHBOTI3HA (B HefiTpoHax). Torga 3aBUCHMOCTD MOJSI CXKATHS OT
IUC/Ia HYKJOHOB B TeJle CTAHOBUTCS 3aBHCUMOCTHIO OT Macchl Testa. Orcroma
TaKzKe CJIeJIyeT IPOHOPIUOHAJIBLHOCTh HHEPIIMOHHON U I'PABUTAIIMOHHON Macc,
WK UX PABEHCTBO B COOTBETCTBYIOIIEH cucTeMe eTuHUIL.

Ha nocrarouno 60/1b110M paccTosgHue oT IeHTpa HYKJI0HA, HO €IE BHYTPH
HEro, MacCuBHOE £-110J1e epexoauT B 6e3maccoBoe. CreI0BATETHLHO TIPH JBU-
JKEHWH TeJI, COCTOSIINNUX W3 HYKJOHOB, CKOPOCTH MEPECTPORKH OIS CAKATHUSI
JIOJIZKHA, B OCHOBHOM, COBIIQJaTh CO CKOPOCTBIO CBETA.

Takumu ke cBoiCTBAMHU, KaK y IOJsI CxKaTUd 3pupa, 00J1a1aeT rpaBUTa-
nust B Teopun Ditnmreitna |3]. X MOXKHO OTOXK/IECTBUTD, €CJIH 33 HOTEHINAJL
TSTOTEHWS B3STh HAIPABIEHHBII MO pajuycy OT Teja BeKTop h m3menenms
paccrosinusa Mexky aduponamu. Torna TaroreHme ecTh cKaTtme 3dupa
— YacThb ero jiepopMaIf. JTO MOATBEPXK AT METPUICCKHIl XapaKTep rpa-
BUTAIIMN DWHIITEHHA U JaéT eMy 000CHOBaHHE.

DJIeKTPOBOJIHBI U YACTHUIIbI B II0JIe TATOTeHHd. VX cBOOOIHOE IBH-
JKeHIe OTHOCHTEIHLHO 3(PUpa eCTh MePEHOC BOZMYIIEHNS &-T10J15, 3aBUCSIIAT
OT PACCTOSTHUH MeK 1y 3pupoHamu r; = ro-+h; BJ10JIb oceii-uamepon ¢ = J, k, [.
B cxxatom adpupe cocennm 3buporam mnepeaérces 60bIe SHEPrud, YTO yBe-
JIMIUBAET CKOPOCTH MEPEHOCA.

BekTop ckopocTH 37€KTPOBOJIHBI C MEHSIeT CBOM BEJIUYMHY U HaIpaBJIe-

Hre. BmecTe co CKOPOCTHIO MEHsIeTCsT 4acToTa. B 0JIHOMEPHOM CJIyvae
w(ro+h) =c(ro+h)g= (c+d.c-h)g=w(re)[l + (d.c/c)h], c = c(ro).
T. k. d,¢c < 0, TO CKOPOCTb U YaCTOTa FIEKTPOBOJIHBI B IOJE TATOTCHUS
(h < 0) pacTyT. DIEKTPOBOIHA YCKOPSIETCsI B CTOPOHY OOJIBIIEro MOJIs.
JIBuzKeHne W CBOWCTBA YACTHIIBI, KAK TTAKETa IOMEPEYHBIX BOJIH, OIIpe/Ie-
asores ypasuenuem (22) w? = w? + c2¢?, B KOTOpOM 4acroTa KoJjebaHuil
B I'l-nape (16) w? = w? — 4¢* — 2¢?. B axarom Tarorenmem sdupe, no
CPABHEHUIO C HECXKATHIM, YACTOTHI Wy, W W BMECTE ¢ MACCAMH TACTHIBI B MO~
KOe M = Wy,/c® n apuxkennn M = w/c? cTaHOBATCA MEHbBIIE, a CKOPOCTD
V = ¢?q/w m orromenue mMace M?/m? = w?/w? = 1+ *¢?/w?, — Gosbre.
Bekrop ckopocru V MeHsieT CBOM BEJIMYUHY U HAIIPABJIEHUE.
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T. X. ycKopeHHe 3JeKTPOBOJHBI WK YaCTUIIB TPOTOpIHoHaabHo grad h;,
To h geficTByer Kak BeKTOP MOTEHIUAJIA TOJIST TATOTEHUSI, UMEIOIIUI TPH T1a-
pamerpa h;. OH MeHsieT MeTPUKH KaKIOH OCH, a depe3 HUX KPUBU3HY IIPO-
CTPAHCTBAa M MeTPHKY BpeMeHH, ompejesseMyo dacroroii w(h) BoaroBoro
nakera. Eciu He 3aMedars 3uUp, TO ABUKEHHE 3JIEKTPOBOJIHBI HJIU YaCTHIIBI
IPOUCXOIUT KaK-Obl B KPHBOM IIYCTOM IIPOCTPAHCTBE-BPEMEHH.

Ouenb CcUJIbHOE TOJIE TATOTEHHUS BBI3BIBACT 3HAYHTEIBHOE YMEHbBIIEHHEe
paccrosgnudg Mexk7y dpuponamu, Begyiiee K (HazoBoMy mepexojy dpupa B
['Tl-ntazmy. B Heit HeT moJsisdg MOJSpU3AIUU, CJI€I0BATEIHHO OTCYTCTBYIOT
9JIEKTPOBOJIHBI M YACTUIBI. DTa 00JIACTH BBIIVISIUT KaK dépHas JbIpa. 1o-
a2 MOXKHO MPeIIoI0KATh, YTO YEPHBbIE ABIPHBI ecTh obnactu ['Il-mia3mer,
obpazoBasiiuecst B 3pupe 1o AeficTBUeM CUJIBHOIO M0JId TATOTEHUS.

Onenka BeJIMYUHBI OCHOBHOI YaCTOTHI. 3a HAIIYMHYK SHEPTHUIO
raoHa 6epéTes oObIYHOe 3HAUeHUe Hepruu Kpapka ~ 1071 OB, KoTopoe cun-
TaeTcs IMOpsjaka sHepruu Iryma. Ho mrym Bo3sBbIIaeTcd HaJ ILIATO OCHO-
BaHHsA, KOTOpoe Ha ~ 46 HmOpsAJKOB ero MoimHee. Torja M3 SHEPrHH TIdHA
hQ = 7-10715Q ~ 10% 3B caepyer onenka ocHOBHON yacToThl W ~ 10 T,

Ddup adbCoTIOTEH TOTOMY YTO HAXOJIUTCS B aDCOJTIOTHOM ITPOCTPAHCTBE
MecT T3HOB. Ho Hab/omares b nin npudop MOTYT JBUTATHCA TOJBKO G CO-
CTABJLAIONIMMHI TeJIa YACTUIAMHU, KOTOPBIE ABJISIOTCI BO3MYIIEHHAMEI PHUPA.
B conpoBoxkaolieil ux cucTreMe OTCUYETa T'PYIIOBag CKOPOCTH MAaCCHUBHOMN
BOJTHBI BMECTE ¢ MMITYJIbCOM KBAHTA (BOJHOBBIM BEKTOPOM) CTAHOBSITCS HY-
JIEBBIMHE, & 9aCTOTa W MACCA YMEHBIIMAIOTCs /10 3HAYEHUN COCTOSHUS TOKOSI.
CKOpOCTH M MMITYJIbCHI KBAHTOB JIPYTUX YaCTHI[ (KpoMe HeHTpuHO) u dhoTo-
HOB OTCYHTBIBAIOTCA OT HYJsd. T. €. CKOPOCTH YaCTUIIBI BCEI/ia MEHBIIIE IIpe-
JeJBHOM CKOPOCTH TepeHoca (cBeta), a cKopocTh (oToHa pasHa eii. Cieno-
BaTeJIbHO B JII000M IBUKYIIEiics ¢ HAOTI0ZAaTeIeM CUCTEMe OTCUIETA CKOPOCTD
cBeTa MOCTOSIHHA U BCe (DU3NUUIECKHE MPOIECCH TPOTEKAIT OJMHAKOBO — JIBU-
JKeHne oTHocuTebHO. Hamm Mup ecTh Bo3MmyIleHne 3¢pupa u 1MoToMy OH
oTHOCHTeIeH. ADCOTIOTHOCTD 3(hupa CKPHITA 33 OTHOCHTEIbHOCTHIO MHIPA.

ITose Tarorenusa oTHOCHUTENABHO. MaccHBHbBIE TeJa SBISIOTCI BO3MY-
HMEHUSIME aDCOJIIOTHOTO 3(PUpa, a MOJId TATOTEHHS MOACTPANBAIOTCS MO UX
JIBIKEHUE C IOMOIIBIO 3JIEKTPOIO/Isi. Bech 3T0T mponecc OTHOCUTEIEH, YTO
MIO3BOJISIET UCIOIb30BATH TEOPHUIO TPABUTAIMN JUHITEHHA.

HeiiTpuHo abCoOMIOTHO, T. K. COCTOUT JIUIIb U3 TAP TJIHOB U TPOTHU-
BOIVIPHOB 6e3 ydacTud £-10J1 U He sBJIgeTcd Bo3MyleHueM pupa. Ddueii
abCcoJII0TeH Kak cymMMa abCOJIIOTHBIX HelTpa u >dwupa. 1. o. HefiTpuHO AB-
JISIETCSI IPEJICTaBUTEIeM abCOIIOTHON CPeJibl B HAIIIEM OTHOCUTEJILHOM MUDE.

43



Cruxun u ypoBHIU MaTepuun

Cocrostaue cpesbl Harero Mupa (3up) 3aBUCAT OT PACCTOSTHUH MEK LY
ypupoHaMH U UX MOJdpu3anui. B HEBO3MYIEHHOM COCTOSHUY, KOTJa TOJId-
puzanugd 3PUPOHOB OTCYTCTBYET, T/I9HBI U MPOTUBOTIIHBI B HUX COBMeEIIle-
ubl. VIx cymMMma siBJIIeTCsl IIIyMOM U HE UMeeT CTPYKTypbi. V3 obmenpuasaToix
cruxuil (OroHb, BOJAA, BO3IYX, 3€MJis) 3TOMY OOJBIIE BCErO COOTBETCTBYET
OecCTPYKTYypHAsT CTUXUsI OTHA. B BO3MYIIEHHOM COCTOSIHUHM 3(DUP SIBISIETCS
IPOMEKyTOTHOM cpeqoit Mexay ['II-mma3zmMoit, Kak HOHM30BAaHHBIM Ta30M, T
['ll-tBepabio. Torma emy coorBeTcTBYeT cTuxus Boabl. Ocraérea ['ll-miazmy
u I'lI-rBepib 0TOXKAECTBUTDH CO CTUXUSAMU BO3/yXa U 3emjiu. OKOHUIATEIHHOE
COOTBeTCTBHE cocTogHUIT 3cpupa u cruxwuii: [[lym ecrb oronsb, nossipu-
3oBanubIil 3cpup — Boma, ['ll-mnazma — Bo3ayx, ['TI- TBepabL — 3emiis.

[[Iy™Mbl OBIBAIOT pasHbIMU. DTO Bceobmuii mrymMm Beero, neompeaenénnoit
IIyM Ha OCHOBHOH €IMHUYHON YacToTe (cymMMa Kosebanuii 6GJIbIINIX 9acToT),
ero OecKoHeuHOe pasz0OheHune Ha He3aBUCHUMBIE NMTIYMbl KOHEUHBIX JHUCHEPCHil,
UX U3MEHEHHE BO BPEMEHH JI0 COBPEMEHHOIO IyMa U IIyM CYMMBbI TJI9HA U
npoTUBOTIPHA B 3uponax. Kakgomy n3 HIX MOXKHO TOCTABUTH B COOTBET-
CTBHE CBOIO 0COOYIO cTUXUIO OTHd. Tak yTBepxK1aeTcsd pa3HOOOpa3ue Orud.

[ITym He GecnopsmoveH, a dABJIsSeTCI MPOBOJHUKOM B3aUMHBIX BJIHAHAN
HAIlero MHUpa U JPYTUX MUPOB. DTO MepeHocuTcsd Ha ctuxuio orag. [lym
SIBJISIETCSI OCHOBOHN M3 KOTOPOH POXKIAIOTCS MUPBI U B KOTOPYIO OHU BO3BpPa-
maTcst. depe3 OroHb MoIePKUBACTCSA HAITYMHOCTD MUPOB, CBSI3aHHBIX B
eJIMHYIO Telh CYIIEeCTBOBAHUS U YKU3HU. Uepe3 MIyM OCYIIeCTBIISIETCS B3au-
MOJIelicTBIEe BHYTPH KaxKaoro mupa. CTUXUSA OTHHA €CTh OCHOBA MUPOB,
HEOOXOIMMOe YCJIOBUE UX CYIIEeCTBOBAHUS W PA3BUTHS.

[IpoBeaénnoe uccie0Banme CTPOEHHS HAIIEIO MHUPA MO3BOJISIET BbIJIE-
JINTH CEMb YPOBHEH MaTepUU, B KOTOPHIX KayKbIi C/IEIYIONIII sIBJIAETCS
OCHOBOW W HPUYUHON IpeAbLAYIIero:

1. IlnoTHas Martepus: 3BE3MBI, IJIAHETHI, IPEJIMEThl H Teda MOCTPOEHBbI U3
MOJIEKYJI, MOJIEKYJIbI — W3 aTOMOB, aTOMBI — M3 YACTHII.

2. Ioste nonsipusanuu 3pupa. OHO COCTOUT U3 MACCUBHON YaCTH BHYTPU Ha-
crur, 1 6e3MaccoBOr0 3aeKTPOoro/st. OHU ONPeeISioT IMJIOTHYI0 MaTEPHIO.
3. [Moe nepopmariun s3cpupa: CpoiicTBa moJI€H MOIAPUIAINT 3aABUCSIT OT PAC-
CTOAHUN MeKTy 3bUPOHAME — MEeTPUKHU DUpa, BKIIOYAsd MOJIe TATOTEHUS.
4. Ddupons: Merpuka 3¢pupa 00ycI0BICHA UX B3AUMOICHCTBHEM depes Iy M.
5. Tpéxmepubie TI3HB: DHUPOHBI €CTh Tapa TPEXMEPHBIX TIIHOB U MPOTHU-
BOT/IPHOB, C KOTOPBIX HAYMHAETCS HAIIE TPEXMEPHOE ITPOCTPAHCTBO.
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6. OxmomepHble TOHBL: TpéXMepHBIe TOHBI COOPAHBI U3 OTIHOMEPHBIX TI3-
HOB, CBSI3AHHBIX KOPPEISIITHOHHBIME §-CBI3SMH.
7. Men — Bcé, koropoe Huuto (ITycrora, A6comor, Ennnoe, HeBbipasumoe,
...), 00beIuHsIOIIee ObiTHe W HeObITHE. B HEM BCe MUDPBI, BKJIIOYAsI HAIIL, CBS-
3aHBI B €IMHYI0 CAMOYIIPABISEMYIO Iellb BeUHO! »KU3HU.

[Toxokue ypOBHM IPUHATHL B 930TEPUKE U TEOCOMUH JIJIsT OMUCAHUAS CTPO-
eHus 4eaoBeka [35]:
. ®usnaeckoe teno(Crxyra mapupa).
. Ddupwusrit apoiinuk (JInura mapupa).
. Actpanbhoe teno (Kama-0Ka. JKHBOTHAsS JIyTIA).
. MenTasibHOe Tes10 (HU3IMUi yM, PacCyIoK).
. Ilpuanunoe tesio (KapMuveckoe, BbICIIUI yM).
. Testo 6nazkencrBa (Byaaxu, mpocBerienne, JyXOBHASI JIyIIa).
. Arma (Arman ecth Bpaxman — BedHast, Hem3MeHHAsT Iy XOBHAsST CYIIIHOCTb,
oco3HAIONIUI AOCOTIOT, KOTOPBI OTOXK IECTBIIAETCS 3/1€Ch ¢ ADCOJTIOTHBIM ObI-
TiHeM — BpaxmanoMm).

Torna:
1. TlnoTHOE TEMO CTPOUTCH U3 YACTHUIL.
2. DdmupHoe Teso — mose noagpusanun dpuponoB. OHO obecrednBaer u
OIIpeie/IsieT IJIOTHBIE TeJIa.
3. ActpasibHoe Tesio (kenanuit) — naedopmanus sdbupa. < enanus npuTArH-
BaloT. TakxKe HeficTByeT MoJIe TATOTEHUs.
4. Menranbroe Ten0 — 3duponsl. OHE 3a7210T cXeMy (MaTpHILy) s 110-
CTPOCHUL CJIAEAYIOUUX yPOBHEL.
5. [IpumauaHOE TET0 — TPEXMEpPHBIE IVIPHBI, B3aUMOI€HCTBHE KOTOPHIX OIpe-
JTeIsieT CTPOEHMe U JIBUKEHIe MHPA.
6. Teno GmaKeHCTBa— OXHOMEDHBIE TISHBI, KAK OCHOBHBIE CTPOHTE/ILHBIE
KUPHUYUKA MUPA.
7. Arma— Bcé, koropoe HUUTO.

] O U = W N =

SaKJII4YeHue

B 3axsrouenuu mpuBouTCH MOJYyYeHHAA B 9TON padore o0IIas KapTUHA
crpoennst Beero cymecrsyiomero (Bcé, marepus) n Hamero mMupa (BceseH-
Hasl), 4aCTh KOTOPBIX YK€ W3BECTHA COBPEMEHHOM HayKe.

3a OCHOBY OIMCAHUS MATEPUHU IIPUHUMAETCS U3MEHEHUE, IPeICTaBIeHHOe
Yepe3 MepeMeHHbIe IeficTBUe-BpeMs U He UMEIOIee XapaKTePHBIX BeJUIHH
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WK MAacCHITaboOB. DTO ONUCAHUE SBASETCS HanOoJee OOIMUM UCIOIB3YIONTHM
qucia onucanueM. M3 Hero ciaeayor metadu3ndecKne BBIBOIBI, COTJIACYIO-
IIHECS ¢ JJOTHKON OeCKOHEYHBIX MHOYKECTB U I'PYIIIL.

Besmacinrabuoe n3aMmeHeHne MOKeT OBITH BBIPAXKEHO € IOMOIIbIO OecKo-
HEYHOI'0 MHOXKECTBA ITPOM3BOJIBHBIX 0€3MacCIITAOHBIX TAPMOHHUK, B KOTOPBHIX
SHEPIHUs SBJIAETCI CKOPOCTbIO n3MeHeHuss. OHU TOJIYYHIN Ha3BaHue TA9H —
rapMOHUKa, JeiicTBue-3Heprus, a nporuBodastas eii — MPOTUBOTAIH. [l
HUX BBEJIEHO OTHOCHTE/IhHOE MECTO — HadajbHasa dasza kosebanusda. [ap-
MOHWKA CTAHOBUTCS OCHOBHBIM 3JIEMEHTOM ONMHCAHWS MaTepHH W 3aMeHseT
MaTepHaJIbHYIO TOUKY.

B oTcyTcTBHE BBIJIETEHHBIX YAaCTOT JJIsd ONUCAHUS MATEPUU MOXKHO BbI-
Oparb JI00YIO U3 HUX U B34Th €€ epuo/l 3a eJIMHUILy u3Mepenus spemenu. B
MHOKECTBE TaKHX TapMOHUK eIMHHIHON JacToThl () = 1 apyrue rapMOHUKH
MEHBIMUX YacTOT {) < 1 OMMCHIBAIOT CPEIHION JIMHUIO, a O6abImmx () > 1 —
IIyM KoJ1e0aHnii, KOTOPBIil CTAHOBUTCS OCHOBHBIM cOcTOssHHEM Mupa. Heompe-
JIEJIEHHOCTDH BEJIMYHMHBI TIIyMa 3aMeHseTcss OECKOHEeYHBIM MHOXKECTBOM He3a-
BHCHUMBIX IIYMOB C JIIOOBIMH KOHEYHBIMH JIUCIEPCHAMH, OJMH U3 KOTOPBIX
€CTh HOCHTEJIb HAIIEero Mupa.

YeroitanBast CTpYKTYpa MEPA MOCTPOEHA, W3 HAIILYMHBIX TI9HOB, BO3HUK-
KX [IPH OCJAA0JeHHH IIIyMa ¢ coXpaHeHueM ero ¢uiykryanuii. Koppenanuu
MezKJTy MpezK/ie He3aBUCHMBIMHE TIIYMAMY PA3HbIX H3MepeHuii (m3mepsl) npu-
BOJAT K CYMIECTBOBAHMIO TPEXMePHBIX (3M) rasHoB [® u mporusorasmos 113,
COCTaBJIEHHBIX U3 1M Fjl-, H} KaxkJ10ro m3mepa j. [JoHbI Fjl- TOXK IECTBEHHbI
HIZKHIM KBapkaMm d;. Koppenamonnsie cBA3M MeK Ly I3MepaMy ¢ M3BeCTHBI
KaK IJIIOOHBI.

Brogurcs r-B3aumMoaeiicTBue II[3HOB Yepes IIYM, BHI3BAHHOE BO3MYIIIE-
HHAEM TIyMa OJIHOI0 TIHa OJU3KHUM HPUCYTCTBHEM Japyroro. OHO ONHUCHIBaA-
eTCsI OTEHIINAIOM B3aMMOICHCTBIS U OIPEIEIsSIeT YCKOPEHUE TI9HOB.

[mHBl 1 NPOTUBOTIRHBI I-B3ammojieiicTBuem coeauHsiorcss B ['TI-mapbr
31113, kotopeie obpasyior I'Il-cpemy. Otnocurenpnsiii capur 12 u II° B
nmape gBJIseTCs MoJgpu3anuei 3Toit cpeasl. Kpome ['II-map cymecTByeT MHO-
JKeCTBO OJHOMECTHBIX TIap Vj = F%gﬁjl-g U3MEPOB j, CBSI3aHHBIX TAKUM K€
KOPPEJISIIUOHHBIM B3aMMOAEHCTBAEM (. DTO OJHOMEPHbBIE HEHTPHHO, IIepece-
qeHne KOTOPBhIX o6pasyer 2m u 3m HeitTpuao. OHI UMEIOT CPETHIOI HYJIEBYIO
AMILTITYIy W He y9acTBYIOT B r-B3amMozeiicTeun. Marepust Harmero mmpa
cocTapiieHa, B ocHopHoM, u3 ['[I-nmap u meiiTpuHO.

IIpocTpaHCcTBO HaIlIero Mupa ecTb 3M IPOCTPAHCTBO MecT IIPHOB. OHO
OrPAHUYEHHO, 3AMKHYTO Ha ce0e U COAEPKUT 3ePKAIBHOE IPOCTPAHCTBO LIPO-
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THBOMHUPA, B KOTOPOM TJISHBI U IIPOTUBOTIPHBI B3AUMHO 3aMeHeHbl. OHO uMe-
€T MaTepuaJbHOE OCHOBAHUE: TJIIHBI 00PA3yloT ero MaTepHabHble TOYKHU, &
u3Mepbl — abCOJIIOTHBIE OCH.

Cpena Hallero Mmpa COCTOMT M3 OCJTADJIECHHOTO ITyMa, HaJIIIYMHOIO
OCHOBAHHSA ¥ BO3BBIIMIAIONIUXCA HAJ HUM YacTel HaIIryMHBIX THOB. [lyMm
IpecTaBIeH (DUINIECKUM BAKYYMOM U mMeeT aMmiutyay h/2. Hammymmoe
OCHOBaHNE MHPA MPEBBIIAET BeJININHY 1iyMa Ha 49 mopsiIKOB mjin OOJIbIITe.
Harmr mup pacrnojioyken Ha MOIHO#, HO He3aMeTHOM /it Hac ocHoBe. DUIyKTYy-
alliy ero TIyMa AT HyJeBbie Koebanus (PU3NIECKOTO BaKyyMa, HaJ KOTO-
PBIMH BBLICASIOTCH OTHOCHTEIBHO PeJKHe YAacTUIbl. UTOObI OHM BO3BBIIIA-
JINCH HAJI MYMOM HAIIIYMHAs YacTh aMILTUTYIbI TI9HOB JI0JKHA OBITH HE
MeHee TPEX aMILIUTY/L ILyMa.

HanrryMHBIe 9acTH OJHOMEPHBIX [JI9HOB (KBApKM) COOPAHBI B 3JEMEHTHI
Cpenl U OTAeThHbIe YacTullhl. CBsi3anuble T-B3anmoeiicreuem ['II-mapwr co-
crapusu TBEPAYIO cpeny (CII-TBepan), a HeCBsI3aHHbBIE — IJIA3MOOOPA3HY IO
(PII-mna3ma). IlepexonHas MexKjIy HUMH CPeJia €CTh OCHOBA HAIIEr0 MHPA
— 3cdup. On cocrour u3 I'll-nap, nazsanubix 3¢puponamu.

D¢dup ecth nepexoanas obsracth, pazaenstomast [ [I-mrasmy u I'TI-rBepab.
Hamr mMup 3anmMaet Jjiuiirb 4acTh 3dupa, B KOTOPOi CYIIECTBYIOT HECBA3AH-
HbI€ B TAPBI TJIPHBI U IPOTUBOTISHBI. YépHble JbIpbl cocToAT u3 ['II-mia3mbr,
a BHYTpH vacTull npucytctByeT ['II-TBepab.

IIpennoxkena Momenb I'Il-cpenbl, MO3BOJSIONIAS BLIBECTH €€ OCHOBHBIE
cBoiicTBa. Haiinenbl ypaBHeHus: MOASIPU3ANNANA U JTUCIIEPCUOHHOE JIJI BOJIH.
Oxazajoch, 9TO MOASIPU3AIUs Y COCEIHUX TI0 TMOMEPEYHBIM OCAM Map Mpo-
THBOIIOJIOXKHA 110 Hanpas/enuio, a ['[I-mapbl Koyeba0Tcd B IPOCTPAHCTBE |
JIMIIIL B CPeJHeM UMeIOT IIOCTOSHHOe MecTo. Be3amaccoBbie BOHBI MOJIApH3a-
K 00sI3aTebHO SBIAIOTCS TOMEPETHBIMHU.

DJIEKTPUYECKOE T0JIE eCTh NOJIsApu3anusd IPUPOHOB. DJIEKTPOMATHUT-
HbIE BOJIHBI €CTh 0€3MAaCCOBbIE MTOTIEPETHBIE BOJHBI MOJISPU3AIIE PUPAa.

Bokpyr 1/13H0B B 3¢pupe cyIiecTByeT 1oJie IOJAIPU3AIIT, BXOJIAIINee B Co-
craB yacTtuil. OHO COCTOUT M3 3JEeKTPOIo/sd KyloHa u craimoHapHOro IHole-
PEYHOI0 MacCCUBHOIO IOJIs, JAIOIIEr0 YacTHIIAM MACCy, CIIUH U TITOTEHHE.

[Tosisipu3anust BHyTpH YacTHIl OnuchiBaeTcs: ypapHenuem Kieitna-Poka-
Topaona, u3 KOTOPOTO IS JABUKYIIEHCs TacTUIlb BBIBOISITCS HEINHEHHbIE
ypasuenne IIIpéaunrepa, ero obodimerne 10 J0OBIX CKOPOCTEll 1 ypaBHEHUS
Hupaka (mpu apyrom ero nonnvanunu). BosnoBasi (byHKIust €cTh aMILIi-
TyJa KoJaeOaHuil moysgapu3anuy 3(PpUPOHOB.

Crune JacTui uMmeer CaydaiiHyio IPUPOLY, HYJIEBYIO CPEIHIOI BeJIMYH-
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HY, KOHEUHYIO JUCIIEPCUIO W OMUCHIBAeTCs 4-Mst GyHKuuaMu (GHCIMHOPOM,
a He CIIMHOPOM, KaK MPUHATO B COBPEMEHHOM TNOHUMaHuu ypapuenus /Iupa-
ka). O He nomOGeH OPOUTATHLHOMY MOMEHTY € ONMpPEeETEHHBIMU BeJHIHHON
u npoekiueit Ha och. [Ipu 3Tom ypaBHenue /lupaka omuchbIBaeT TOJIBKO OJTHY
IPOCTEHINYIO YacTUIly (JEKTPOH WM HO3UTPOH), & He 00e BMecTe.

Tpéxmepnsle rasubl [? u npotuBorasuer 11° cOCTABIAIOT OCHOBEI MO3H-
TpoHa u 3eKTpoHa. CBsA3aHHBIE KOPPE/Isueil napbi F}gl’[} U3MEpOB j €CTb
OJiHOMEpHBIe 3/1eKTpoHHble HefiTpuno. [lapw rasHoB u; = F]l 41 gF]l_l Pa3HBIX
U3MEPOB eCTh JIByMepHbIe BepXHIe KBAPKH U;.

YacTuipl 1epBoro NOKOJEeHUs TOCTPOEHBI W3 TAPHOB (Kpome ¢ho-
TOHOB). B ¢TpoeHHe MO3UTPOHA U 3JEKTPOHA BXOJAAT JBOPHI U3 TMOJIEH TM0JIsI-
pusanuu, OKpyKaloiue ux OCHOBBI.

Bce maccuBHBIE YaCTHUITBI, KpOMe HEHTPUHO, COIEPKAT OCHOBBI H OKPY-
JKAIOIINe UX JIBOPBI, KOTOPbIE COCTOAT U3 &-ToJielt nmosspusanuu 3pUpPoHoB,
HefITPHHHON JacTH 1 rmoHoB — map [3¢1] rI9HOB B MPOTUBOTIYHOB, CBA3AH-
HBIX &-TIOJIEM U TAIOIMKUX YacTUIAM Maccy. JIBOpBI A0JTOKUBYIINX ITPOTOHOB
COXPAHLIOT OTIEYATOK CPe/ibl BCEJEHHO, ObIBIleH 1IpU UX POXKJIEHUU.

ITose Tarorenus ectb ciaboe c:karne 3PUPa U SABIIETCH YaCTHIO TTOJI
nedopmanmu ['TI-cpeabl. Ero moreniinas onucbiBaeTcst W3MeHEHHEM PaCCTOsI-
Hug Mexk1y duponamu. [Ipuanna TAroreHnss COCTOUT B HAXOAAIIEMCS BHY T-
PH YACTHUIL MACCUBHOM IT0JIe MoJsgpu3anuu. T. K. OHO ¢ yjajJeHueM OT MeHTpa
JACTUIBI CTAHOBUTCA 0€3MAaCCOBBLIM, TO MPH JIBUXKEHUN TeJ TArOTeHHe Iepe-
CTPaUBAETCs CO CKOPOCTHIO cBeTa. Pacnpocrpanenue 3JIeKTPOBOJIH M YaCTHIL
B I0JI€ TSITOTEHWSI COOTBETCTBYET TEOPUU DITHIITEITHA.

Odup u meitrp adbcomorubl. Mup dacTur, mojeit ¥ TeJ OTHOCUTEICH.

IToka3zaHO COOTBETCTBHE YETHIPEX CTUXUM Mupa u coctosauil I'1I-cpenpr.
Brraeneno ceMb ypoBHEl MaTepuH, KOTOPbIE COBIAIAIOT C YPOBHSIMHU CTpPOE-
HUS Y€JI0BEKA B JIPEBHE-UHUUCKUX yYEHUSAX U COBPEMEHHON 330T€PUKH.

HeobxoauMbiM ycI0BUEM CYIIECTBOBAHUSA U PA3BUTHS HAINErO MHUPa SB-
Jigercd OeCKOHEYHasd Ielb B3aUMOIEHCTBYIONINX YKUBBIX MUPOB, IOJJIEPKU-
BalOIast ero HepaBHOBECHOE COCTOSIHUE.

Taxum 06pa3oM TeOpuu COBpeMeHHOMH (PU3UKU MOTYT OBITH BBIBEIEHBI U3
[peJICTaB/JIeHUs BCEI'O CYIIECTBYIONIEr0 B BUJI€ IEPEMEHHOIO JIEHCTBUS.

Dta crarbs https://doi.org/10.24108 /preprints-3112397, (03-03-2022) ecth

HOBOE JIOTOJTHEHHOE u3aanue pabot [36].
[Toura: panory@bk.ru.

48



Crmcok aurepaTyphl

[1] E. Whitteker, A history of the theories of aether and electricity. Thomas
Nelson and sons Ltd. (1910, 1953). D. Yurrekep, Mcropus reopun 3¢hu-
pa u saekrpudectsa. PXJI, MKW, Mocksa, Mxkesck (2001, 2004).

[2] A. Einstein, Ann.phis., 17, 891 (1905). A.Diiumreitn, Cobpanue Hayd-
HBIX TpyoB, 1, 7. Hayka, Mocksa. (1965).

[3] A. Einstein, Ann.phis., 49, 769 (1916). A.Ditumreitn, Cobpanne Hayd-
HBIX TpyoB, 1, 452. Hayka, Mocksa. (1965).

[4] W. Heisenberg, Zs. phys., 33, 879 (1925).
[5] E. Schrodinger, Annalen der Physik, 79, 361, 489 (1926).

[6] A. Einstein, Ather und Relativitdtstheorie. Verlag von Julius Springer.
(1920). A.Diimmreiin, Cobpanme Hayunbix Tpynos, 1, 682. Hayka,
Mocksa. (1965).

[7] P. A. M. Dirac, Proc. R. Soc. Lond. A., 126, 360 (1930).

[8] Tepmec Tpucmerucr u repmerndeckas rpaauius 3anaga. Cocrasmn K.
Boryuxwuit. Kues: Upuc. ISBN 966-7068-06-4, Mocksa: Amnereiia, 1998.
ISBN 5-89321-03-1.

[9] A. Crpaungen, Tepmerusm. Cankr-IlerepGypr: Mznanue A.V1.Bopower,
1914.

[10] Kubamuon //Caxpaspubiii MmuctunmusM 3anajga. lepmerndeckas dbumo-
codus. Mockpa: bBenosoabe, 2007. ISBN 978-5-93454-082-2.

[11] Pursena, Tom 3 (Mangamna 10.129. Kocmoronus). Mocksa: Hayka, 1999.
[12] Ywoanumans. Mocksa: Hayka, 1967.

[13] Cumyxa-cunaxanra nagaxaru. Mockba: MexKIyHAPOIHBIH HaTXa-fora
entp, 2015. ISBN 978-5-91680-005-0.

[14] B.IT.Anapocos. Yuenune Harapmxkyusi o Cpemunnoctu. Mocksa: Bo-
crounas JuTeparypa, 2006. ISBN 5-02-018488-8.

49



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
23]

[24]
[25]
[26]
[27]
28]
[29]

[30]

Hao-/Is-113un //Au-Xun-1yu. JIpesrekuraiickuii dpunocod Jlao-113b1
u ero yuyenune. Mocksa, Jleannrpam: nzgarenscrso AH CCCP, 1950.

®unocodr n3 Xyaiinaun. Xyaiinaubuzsl.// Puiaocodcekoe Haceawe,
toM 135. MockBa: Mpicab, 2004. ISBN 5-244-00984-2.

A.M. Jlsnyuos, 3anucku AkajeMun HayK 10 (bU3.-MaT. OTIACICHHIO, Ce-
pust 8. 12-5, 1. (1901). Cobpanue counnennii 1, 161. Mocksa: 13garens-
creo AH CCCP, (1954).

B.C. Ilyraués, Teopusa cayuaiinbix ¢yuknuii. l'ocuzparduzmariur,
Mocksa (1950).

B.C. Kopousok, H. 1. TToprenko, A.B. Cxopoxon, A. ®@. Typoun, Cupa-
BOYHUK TI0 TEOPUU BEPOATHOCTH W MaTeMaTwdeckoi craructuke. Hayka,

Mocksa (1985).

R. S. Jr. Van Dyck, P. B. Schwinberg, H. G. Dehmelt. Phys. Rev. Lett.
59, 26 (1987). X. lemeanr, YOH. 160, 12, 129 (1990).

A. FEinstein, Sitzungsber.preuss. Akad. Wiss.,, 1, 142 (1917).
A Ditamreitn, Cobpanme Hay4uHbix TpyaoB, 1, 601. Hayka, Mocksa.
(1965).

O. Klein, Zeitschrift fiir physik 37, 895 (1926).

V. Fock, Zeitschrift fiir physik 39, 226 (1926). B. A. ®ok, YOH, 180,
874 (2010).

W. Gordon, Zeitschrift fiir physik. 40, 117 (1926).

C. . Mekap, ZK9TD 16, 341 (1946).

P. A. M. Dirac. Proc. R. Soc. Lond. A. 117, 610 (1928).
M. A Gell-Mann, Physics Letters, 8, 214 (1964).

Gu. Zweig, CERN Report Ne 8182/TH, 401 (1964).

N. Bogolubov, B. Struminsky, A. Tavkhelidze, JINR Preprint D-1968,
Dubna (1965).

M. Y. Han, Y. Nambu, Phys. Rev., Ser. B. 139, B1006 (1965).

20



[31]

[32]

[33]

[34]

[35]

[36]

L. B. Okun, in Proceedings of Intern. Conf. on High-energy Physics,
CERN (1962), 845.

W.E. Pauly, in Theoretical physics in the twentieth century. Ed. by M.
Fierz and. V. F. Weisskopf, Interscience Publishers Inc., Ltd. New York,
London (1960). Teopernueckas dusnka XX B.. MHocTpanHas Jmrepa-
Typa, Mocksa (1962), 386.

Daementapubie dactunpl. "Pu3. sHnEKA. caoBapns'. COB. SHIUKJIONE-
s, Mocksa (1984), 896.

R.Hofstadter, Science, 136, 1013 (1962). P. Xodmraxrep, YOH, 81,
185 (1963).

A. Besant, Ancient Wisdom. Adyar, Madras, India: Theosophicall
publishing house, (1897). A. Besant, /IpeBusia myapocts. Mocksa: Cser,
2019. ISBN 978-5-413-01903-0.

A. H. Ilan, BuenpocrpancrBennasi OCHOBa HPOCTPAHCTBEHHOI'O MUPA.
Hauasra nanopuu. https://doi.org/10.24108/preprints-3112211 (2021).
A. N. Pan, Extra-Spatial Basis of Spatial World: Principles of Panory.
viXra:2107.0101 (2021).

A. H. Ilan, Bexu nanopun. /leficTBue, Kak 0CHOBa MAaTe€pHUH, IPOCTPAH-
cTBa, Mupa. https://doi.org/10.24108 /preprints-3111976 (2020).

o1



