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A. H. Ilan

AnaHoTanus

IIpennaraeTrcs ommcanie CTPOEHNWsI MATEPUH W MUPa Ha OCHOBE M3-
MEHEeHUS JeHCTBUe-[INTEIbHOCTD. J[/id ero rapMOHUK BBOIUTCS MTOHSI-
THe MeCTa U POCTPAHCTBEHHBbIE OTHOIIeHn:. [lokazano kak MUp BO3-
HUKAET W3 BHEITPOCTPAHCTBEHHOrO ITyMa U PA3BUBACTCS 10 HAIITY M-
HOT'O IIPOCTPAHCTBEHHOIO cTpoeHus. CKPBIBAIOMIALCH 38 KaXKYyITUMCH
[YCTBIM IIPOCTPAHCTBOM CPE/Ia UMEET OIPOMHYIO IJIOTHOCTD U SIBJISIET-
¢Sl IPUYINHON 3JIEKTPUTIECKOTO U I'PaBATANNOHHOTO Toseit. Ilpeamomna-
raercs HaJauune 6ECKOHEYHON e B3aNMOCBA3AHHBIX U YIIPABIAEMBIX
MupoB. ObbacHsieTcs cTpoerune acTuil. 13 sToro mpeacrasienns Mo-
ryT OBITH BBIBEJICHBI TEOPUU COBPEMEHHOM (hU3UKH.

BBeagenue. Mup nsmenennii

K konimy 19 Beka B (pu3HKe HCIOTB30BAIUCH, KPOMe a0COTIOTHOTO BpeMe-
HE, TPH OCHOBHBIX TOHATHUS: TEJO, TOJIe W IPOCTPAHCTBO. Teaa NBUKYTCA B
HPOCTPAHCTBE, CJY?KAT HCTOYHUKAMHA HOJIeH 1 4epe3 HUX B3auMOJeHCTBYIOT
¢ apyrumu TesaMu. Tena u 1Mo HaXoAATCS B MyCTOM MPOCTPAHCTBE, KOTO-
poe He MaTepuajbHO, HO HMeeT CBOHCTBA: GECKOHEYHOCTh, TPH U3MEPEHHs U
paccrostHus. Kpome toro, HaunHad ¢ Jlekapra, npeanoaraioch, 9o B Ipo-
CTpaHCTBe uMeeTcst HeHabonaemMas cpefa — 3bup [1|, B KOTOPOM JT0TKHbI
HPOUCXOAUTD BCE ABJIEHH: 110JIsI — BOJIHBI, & T€Ja — 0COOEHHOCTH CTPOCHHS
Win JBHzKeHus (Hanpumep Buxpu). Bce wactn martepunm 06/1a7ai0T SHEPIH-
eif, KOTopast CBsi3aHa CO BPEMEHEM, KaK CIIOCOOHOCTH COBEPINATh paboTy —
U3MeHATH cocTosgane. Crie0BaTe IbHO OHA €CTh XapaKTePUCTHKA H3MEHeHW .

K nagany 20 Beka OIBIT, a 3aTe€M TEOPHs, HAILIN HECOOTBETCTBUS U IPO-
TUBOPEYHst B 9T0 KapruHe Mupa |1]. D10 npuBesio K Co31aHIIO JBYX HOBBIX



MEXaHUK: TEOPUU OTHOCUTEIbHOCTH |2, 3| u KBaHTOBO# [4, 5|. B HUX mpex-
Jle 4ETKUE MOHSITUS TeJI, BOJIH, IMOJIell 1 MPOCTPAHCTBA CTAJU PACILIBIBATHCH,
nepecekaTbCsi U B3aumMojeiicTBoBaTh MexKay coboii. [lonarune adpupa ObLIO
IPU3HAHO OMIMOOYHBIM, T. K. €10 TeOpUHU mpoTuBopedmstn onbiry |1, 2]. Ox-
HAKO €ro IBITAJNCh U HO-IPEXKHEMY IBITAIOTCA BO3POIUTD.

[IpomonazKeHre TONBITOK BO3POAUTH 3(DUP CBA3AHO ¢ OCOOBIMH M HEIPH-
BBIYHBIMH XaPAKTEPUCTUKAMEI, KOTOPBIME HOBBIE MEXAHUKH HAJIEJISLIH yCTOE
MPOCTPAHCTBO. JTH XapaKTEPUCTHKU 0OJIee COOTBETCTBYIOT CpPEJE, YeM IIy-
crore |6|. TTpuTszkenne, mpucyinee BceM TejaM, MOJSM W SHEPIUsIM, MeHsl-
er "mycrory", KOTOpasi Temepb BIUSET Ha JBHKEHHE JDPYTHX Marepwii [3].
"TTycrora" mpemacrasisiercs "dusnueckum Bakyymom" [7] ¢ HeyeTpanumbivu
HYJIEBBIME KOJIEOAHUSIMU, BUPTYATbHBIME YACTUIIAME U BCILIECKAMU SHEPIHH.

Mexanuku DifHIITeiHA 1 KBAHTOBAS JIOCTATOYHO XOPOIIH [T OMUCAHUS
PE3yJIBTaTOB OINMbITOB M HAOJIIOJIEHNUI, HO WX OCHOBAHUSI JIO CUX MOP OCTAIOTCS
HesSICHBIME. BO MHOTOM 3TO CBS3aHO ¢ HHIYKTUBHBIM IIyTEM PA3BUTHS (PU3M-
K — OT HabGJI0aeHus OOBIIeHHBIX SBACHUA K TPOCTHIM 3aKOHAM /IS HHX U
JasIbHeIee HoC/IeI0BATe/IbHOE YCIOKHEHIE 3aKOHOB (TeOpHil) 110 Mepe pac-
MIUPEHUs] ONMBITHBIX 3HAHUI, COMPOBOZKIAIOIIEECS POCTOM HX OTBJIEYEHHOCTH.
OTriteuéHHbIe ODYINsS TO3HAHUS (CHMMETDHH, PPYIIIbI, CJIO0KHbBIE MPOCTPAH-
CTBA) MO3BOJISIOT YBUJIETh KAK-Obl CBEPXY H3JaJi OOIHe 3aKOHOMEPHOCTH,
HO He JOCTATOYHO YIIyOJIsioTcsd B UX OCHOBBI. (OIHAKO 9TH HEsSICHBIE OCHOBA-
HHUSI OCTAB/ISIOT B (PU3NICCKUX 3aKOHAX CBOHU CJIEJIBl. DTO SHEPTHs, NeilCTBHE,
BpeMsi, IPOCTPAHCTBO.

B dwusuke Bcé cymecrByomee (Bcé) ecth marepusi, a Bce eé wactu 06-
JIAJAIOT SHEprueil, KoTopasl aBISeTCs Mepoil CIIOCOOHOCTH BBIIMOIHSITH pabo-
TY — HM3MEHATh COCTOgHEe. 1109TOMY HEprusi, Kak COmeprKaIiasicsa BO BCEM
XapaKTepPUCTUKa M3MEHEHHUsl, HePeHOCUT Ha Hero cBOIO BCeoOImHOCTh. Torma
Bcé ects nm3menenne. OHO UMeeT JiBe COCTABJISIONINE (BEJIUUNHY, JTHTEb-
HOCTb) M He CBOJMTCS K 4eMy-aubo0 JApyromy. 3aMeHa OJHOW BeJHYHHbI W
JUTATETbHOCTH Ha JIPYTYIO JIMIIb I€PEBOIUT OJHO H3MEeHEHHEe B JIPYToe.

Yro0Bl CpaBHHBATH W TEM CaMBIM MEPUTh M3MEHEHWe, HYKHBI 00pa3Ilbl
u crocob cpaBHenusd — mepa. Oaun obpaser 6epéTcs 3a YCJIOBHO ITOCTOSTH-
HBIT HYJIb Bejindunbl. J[Ipyroit — 3a yciaoBHyto eaunuiyy. Beibop HEKOTOPOTO
crocoba conocTapeHusd JII0OOTO U3MEHEHUS ¢ THMU 00pa3naMu 1MO3BO/IAET
MepuTh u3Menenune. [lepexon K aApyrum oOpas3namM, BO3SMOYKHO HE TIOCTOSTH-
HBIM OTHOCHTEJIbHO IEPBBIX, MEHIET H3MEpPEeHHOe U3MeHEeHHe MOJTHOCTHIO, HO
OCTaBJISIET €r0 M3MEHEHHEM.

Bcé — macmiTrabno maBapuanTHO. OHO He mMeeT B cede KaKux-audo



BBLIEJCHHBIX BEIMYUH U JauTenabHocTeil. Ho BeIOpaB /11060i oOpaser m3me-
HEHUSl B Ka4eCcTBE HYJIs, MOXKHO YTBEDK/IaTh, YTO OTHOCUTEIbHO Hero Bcé
COCTOMT U3 CYMMapHO CUMMETPHYHBLIX CTAIMOHAPHLIX MOBTOPOB. Hysb, Kax
UX CpeJAHdAd JUHUHA, CTAHOBATCA €AUHCTBECHHON COXPaHAIONIECHCAa BEJIMIYUHOM,
onpeessIoneil MycTOTHOCTh BCero — OTHOCUTEJIbHOCTh IMMyCTOThI. Hecra-
[IMOHAPHOCTH (TOYXKE OTHOCHTE/IbHAST) BO3MOYKHA JIUIIb BPEMEHHO, KAK YaCT-
bl coaygait. Ho u3 stux ciaydaes cocrout Beé. 1o Bhipazxkaer Bceobimee
MOCTOSHCTBO TI€pEMEH.

Beckoneunoe paznoobpasue noBTopos Beero y106HO U MPUBBIYHO OMUCHI-
BaTh OECKOHEYHBIM HAOOPOM TapMOHUK BCEX YaCTOT, aMILIATYI U (as.
T. k. Bcé macimrabno mHBAPUAHTHO, TO HET OCOOBIX TAPMOHHK CO CBOWCTBa-
MM, OTJIUYHbIME OT Jipyrux. [Ipejcrasienue Beero ¢ momMonibo rapMOHUK He
ectb pazsoxkenne Oypbe, KOTOPOE TPUMEHUMO TOJIHKO K OTHON OTpeIe/éH-
HOIT mepuoandeckoil PyHKINNA BpEeMEHN, BO3MOYKHO ¢ OECKOHEYHBIM B IIPeIeIe
nepuogoM. Tpedyercs GeCKOHEIHOE MHOYKECTBO TAPMOHUK KazKJIOH TacTOTHI.
[Ipu apyroM mojaxoje MOXKHO HCIOJb30BATH TOJBKO OJHY T'apMOHHUKY JaH-
HOI 9aCTOTHl M PACCMATPUBATH OECKOHEYHO CJIOKHOE CTPOCHUE MCKAZKEHUN
€€ aMIIITY/bl, HO 3TO MeHee yI00HO.

B 110601t rapmMonuke Bcé€ mpeacraBjieHO TMOJHOCTBIO. HacTora n
aMILTUTYa 337al0T eé MacimTab. /pyrue rapMOHHKEH ¢ MeHbIIeil 9acToToit
B CyMMe€ COCTaBJAIOT €€ CPeJIHIO JUHUIO, HIPUHATYIO 38 HYJIb OTCUYETa, a C
OoJIbIIIeit — myM KoJaebaHuit, KOTOPBIi B TEOPUH BEPOATHOCTU OIMHCHIBAETCS
[POU3BEIEHNEM CJTyYallHOI aMIIUTY/Ibl HA ONPeIe/EHHOe KOoehbaHue.

O061mue metacu3nueckme BHIBOABI O CTPOEHUN MaTepUNU

OtHocuteibHO JMI00OBIX TapMoHUK Bceé He mycto m mepemenno. Ho s
KayKJI0il TaApMOHUKHY HanéTcsa nporuBodasHas eif 1 UMeIoIIas TAKIe »Ke aM-
IIATYLY U 4JacToTy. [losaToMy cymMma Bcex rapMoHHK paBHa Hy.0. Cremno-
BaTEJbHO CyMMapHO BCé ImycTo M TeM I[OCTOSHHO, HO HPOSB/ILETCH depes
JacTHYIO TepeMeHYUBYIO MMOJHOTY. BCE€ ecTh HMYTO, HO dABJAETCHd Kak
HEYTO.

Jliobast yacTh Beero mpoTuBOIOI0KHA BCEMY OCTAJIBHOMY, T. K. UX CyMMa,
ecTh mycroe Bcé — onm paBHBI 10 Besuuune. JIobasg dacTh MMeeT HYJIb,
koTOopbiil ecth Beé. CireoBaTeibHO YaCTh COOEPKUT MEJIOE CO BCEMU €10
YacTAMHU, BKJIIOYasd ceOsd, BMECTE C X MPONLAbIM, HACTOAIUM U OY/LyTIIHM.

DTa JOTUKA ODECKOHEYHOCTEMH, OT/INYHAS OT OOBIYHON KOHETHOH JIOTH-
KH, IJIe 9aCTh MeHbIIIe Meaoro. TakKuMu 2Ke cBofcTBaMH 00/1aJal0T B MaTe-
MaTHKe ODeCKOHeYHbIe MHOXKECTBa. B HUX MOXKHO BBIJAEJIUTH JII000€ KOHEUHOE
win GECKOHEYHOE YHCJI0 MOJAMHOKECTB, H30MOPQHBIX (TOXKIECTBEHHBIX) BCe-
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My MHOKecTBY. Kaxkmoe U3 HUX UMeeT cBOM M30MOp(hHBIE cebe MOIMHONKE-
CTBa, a 3HAYUT COAEPKHUTCS B cBoell dacTtu. MoKHO jie/iuTh 6ECKOHEYHOCTD
Ha 6€CKOHEYHBbIE YaCTH C COOCTBEHHBIMU OECKOHEYHBIMH YaCTSMU, PABHBIME
HAYAJIbHOM OECKOHEYHOCTH U COMEPKANTUMU €€.

B s1060it GeckoneqHON abesieBoii rpyIe Mo CI0XKEHHIO /YMHOKEHHUIO CyM-
Ma/TIPOU3BEIEHUE BCEX JIEMEHTOB IPYIIIBI €CTh HYJIb/eINHUIIA, COIePIKATIIE
BCe 3jieMeHTbl. Bes 6ecKoHeYHAst TPYIIa CYyMMAPHO YMEIAeTCs B OJHOM JIe-
MeHTe. JI1000ii 97eMeHT TaKoil IPYNIbl COMEPKUT HYJIb/eIUHUILY, & C HUMA
BCe 3JIEMEHTHI, BKJIodas cebsd. Hanpumep TakuMu gBISIOTCS TPYIIBI YHCET
(IeJIBIX, BEIECTBEHHBIX, KOMILIEKCHBIX | JIP.), UMEOIuX B cebe HyJIb U/ uiIn
eJMHUIY ¢ CHMMeTpPHeil OTHOCUTETBHO HUX.

MHOKECTBO TapMOHMK OJIHOH 9acTOThl 0Opasyer abe/eBy I'PYyIILy 1O CJI0-
kernnto. OHa JByMepHa —/[Be aMIIUTY bl ( MHOKUTEJIH TIepe cos wi u sin wt,
WM aMILTATYa W HadaabHas (asa). DToil IpyIsl T0CTATOUHO JJIsT BbIpa-
JKeHUs YKa3aHHBIX BBIIIE CBOCTB Bcero, HO HEOCTATOYHO JIJI €r0 TOJIHOTO
ONHUCAHUsI, KOTOpOe TpebyeT TPEXMEPHOTO CeMeRCTBa I'PYII rapMOHUK BCEX
4aCTOT, HEe COCTABJIAIOIIEIO IPYIIILY.

T. k. beckoHeYHOE MHOXKECTBO MOXKHO pa30uTh Ha, J1000e IUC/I0 n30MOpd-
HBIX €My MOJIMHOYKECTB, TO BCE pa3ioKuMo Ha JH000e KOJUIECTBO CBOUX KO-
nuii. Bcé 6eckoHeYHO geiMmMO Ha CBOU MOBTOPBI. Beé nmycro, Ho obJia-
naeT OeCKOHEUHOM dHeprueii, Kak 6ecKOHeUHBII HAOOp rapMOHUK BCEX JaCTOT
u amMIuTyd. JIobast ero 4acth, Kak coaepzKaiias Bcé, Toxke mmeer GeckKo-
HedHYI0 SHepruio. HacTh BJageeT OecKOHedHOI Heprueit Beero.

Bcé ecth HenmposiBieHHOE COCTOsTHIE (HesiBb, Xa0C), W3 KOTOPOTO MPOsIBJIS-
10TCs (POKIAIOTCS) YaCTHBIE MUDBI (Bb, KOCMOC). VIX MHOKECTBO U pa3HO00-
pasue Geckoneuno. Hamr Mup ecth ol U3 GECKOHEYHOTO MHOYKECTBA MUPOB.
Omn Bpemenen u nepemeren. Ero ocobbie ¢BOMCTBA JIOTHIECKH He BBIBOJIUMBI
[MOJTHOCTBIO U3 O0IIMX cOOOpakKeHuil, XOTd U HEPA3PHIBHO CBA3aHLI C HUMH.
Hamr Mmup nmo3naércst, OTTaJKUBasCh OT YACTHOT'O OIBITA HAIIEH KU3HA B HEM.

ToicaueneTHss MyApPOCThb. Myapensl BLICKA3LIBAIN O00HBIE YTBEP-
JKJICHHUS THICTYETeTHs HA3a/l. Y Ka3bIBAJIOCH YTO CYIIECTBYIONIEe OCHOBAHHO
Ha HECYIIEeCTBYIOMIEM U MPEJCTABISIETCS, B YaCTHOCTH, 3BYKOM HJIH CJIOBOM.

B Bubsmu (Bropas xumra Makkaseiickast) Hamucano: Bcé corBopus Bor
u3 undero. B Epanrenme or Moanna: B nauase 6v110 CioBo, u CoB0 ObLIO Yy
Bora, n Cioso 66110 Bor. (C10BO ecTh yrmopsiioueHHbIil 3ByK — OJHOMEPHOE
kosiebanne, win u3menenue. T. e. "cyiee ecrb 3ByK" . )

B mucanusx Iepmeca Tpucmerncra [8):

BCHKOG ABHZKEHUE [IOPO2KACHO HEIIOABU2KHOCTBLIO U B HEIIOJABU2KHOCTH. ... HI/I—
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YTO CyIee He MyCTO.... TOIbKO HEObITHE IIYCTO U UYZKI0 CYIIEeCTBOBAHUIO.
TBoper, coTBOpHI BeCh 3TOT Mup, He pykamu, HO CJI0BOM.
EuHCcTBO — HAYa 0 U KOpEeHb BCEX Bellei, ... HA9aa0 He MPOUCXOIUT HU OT
4ero, HO TOJBKO U3 cebd .... EauHcTBO, KOTOPOE €CTh HadaJio, COJAEPXKUT B
cebe Bce YHCIa, HO CAMO HE COJIEPXKHUTCS HH B OJHOM; OHO HMOPOIUJIO BCE, HO
CaMoO He POXK/IEHO HUKAKUM WHBIM UHCIOM.
Bor tBopur Beunocts, Beunocrh co3paer Mup, MUD TBOPHT BpPeMsi, BpeMs
0OyC/IOBIUBAET CTAHOBJICHUE.
JIBu>KeHune MUpa OCYIIECTBIgeTCA B »Ku3Hu Beunocru, ... Her auvero mocro-
SIHHOT'O, YCTAaHOBJICHHOT'0, HenoABUzKHOTO. [locTostncTBo BeunocTu npuzkercs,
U TOJABUKHOCTH BPEMEHH CTAHOBUTCS ITOCTOSHHOM.
To, uTo HaxXOMUTCH BHU3Y, COOTBETCTBYET TOMY, 4TO IPeObIBAET BBEPXY; U TO,
4TO IpeObIBAET BBEPXY, COOTBETCTBYET TOMY, UTO HAXOAUTCH BHU3Y.... Bce Be-
1 ipou3orian 0T O HOTo mocpeAcTBOM EIMHOTO... OT 3TOI OHON CYIHOCTH
Jepes mpuctocobieHue.
B Kub6asnuone |9, 10| npuBoasitcs 7 repMeTHUECKUX TPUHITATIOB:
1. Menranpaocru: Beé ectb Mmblcib (BCesteHHast €CTh MBICJICHHBIT 00pa3 —
HAIIIe [IPEJICTABICHHE O Heil).
2. CoorBercrBusi: Kak BBEpXy, Tak W BHU3Y, KAK BHHU3Y, TAK U BBEPXY.
3. Bubpanun: Hudro He mokouTcsd — BCE IBUKeTCHA, BUOPUPYET.
4. Ilongpuoctn: Beé nBoiicTBeHHO, BCE UMeEET MOJIOCA..., IPOTUBOIOIOKHO-
CTH, COBIAIAIONINE TI0 TPUPOE, HO PA3JIUIHBIE B CTEIEHH.
5. Purma: Beé BoiTekaeT u BTeKaeT, MOJHUMAETCS U MaJ[aeT — MasdTHUKOBOE
KoJjiebaHue BO BCEM. PUTMBI KOMIIEHCUDYIOTCS.
6. [Ipuannsl un crencrBus: Bedkas mpudwHa UMeeT CJIe/ICTBUE; BCIKOe CIIeI-
CTBHE UMEET IIPUIYUHY; BCE COBEPIIACTCH 110 3aKOHY; CIydail ecTh UMs 3aKOHA,
KOTOPBI# He MO3HAH;... HIYTO He YCKOJIb3aeT OT 3aKOHA.
7. [ona (aBoiicTBEHHOCTh AKTHBHOIO M MACCHBHOIO Hadas): Ilosr BO BeéM —
BCE MMeeT CBO#M MYIKCKOfl MM YKEHCKHil ITPUHITUI Ha BCEX YPOBHAX OBITHS.
B Pursese [11] (1700-1100 rr 10 m.3.):
He 6bL10 He-cymiero, u ne ObLJIO CYIIErO TOTMA. ...
Hwimmano, He Koaebas Bo3ayxa, mo csoemy 3akony Heuro Oamno. 11 He O6bLIO
HUYEro JIpyroro, KpoMe Hero. ...
B "Manaykepsa VYoauuman" [12]:
Aywm! Dot 3BYyK — BCe 310. Bor ero paswscuenwne: [Iporremmtee, HacTosee,
Oyayimee — Bce 3T0 U ecTh 3BYK AyMm. M To mpodee, 94T0 3a mpemeiaMu TpEX
BpeMeH, — Toxke 3BYK AywMm. V6o Bce 3To — Bpaxman. 9tor Arman — Bpaxman.
B "Cuxa-cuixanra najgxaru” [13]:



Henmenyemsrit (A6comor) ects Camocymmnii, Besnauanbubiit u Cosepimen-
Hbiii, Eanubiii BHe MecTa u BpeMeHH, ... u conpucyimas emy [1lakmu (:keHckoe,
SHEpIHsi).... depe3 ero mysabCcallii BO3SHUKAET amapa-MiakTh. ... [lyabcamnus,
oOHapy:KeHme, OTKPBITHE, pa3apobjeHne, BHE3AMHOe BOSHHKHOBEHAE — BOT
NATHKAYeCTBEeHHAS anapa-maKkTH.

B 6ypnusme B "Mynamaaxbamaka-kapuka'|[14]:
Her uu npekparinenns, Hi BO3HUKHOBEHUSI, HU YHUITOXKEHUSI, HU BEIHOCTH,
HU eJIMHCTBEHHOCTH, HU MHOXKECTBEHHOCTH, HU NpuObITHs, Hu yobirTusa. Ecrh
TOJIBKO B3aMMO3aBUCUMOE MPOUCXOZKIEHTE. ..

B "Hao-/I>-113un"|{15] 3a ocHoBy Muposmanus npubauMaercs lao (myTh
Kak JIBUZKeHUe, H3MEeHEeHHe):
Jlao, koTopoe MozKeT ObITh BBIPAXKEHO CJIOBAMU, HE €CTh HOCTOSHHOE JIA0. ...
... ObITHE W HEOBITHE TTOPOXKIAIOT APYT APYTA, ... 3BYKHU, CJAUBASIChH, IPUXOSIT
B TAPMOHHIO, ...
Hao — mycTo, HO, eHCTBYs, OHO KaxKeTCs HeHCYePHaeMbIM.
B [16] Tak omucsiBaercst dao:
Bouio navasio. Bouio npejnadaso 3roro Hadasa. Bolio JoHa4qa/10 3T0oro npej-
Hava/ja Hadasa. beiio 6biTue, ObL10 HeObITHE. BbLIo npennavyaso ObITud u
HeObITHA. BBLI0 JIoHaYa 0 3TOro npejgHavdaia ObITHS U HEObITHS.

l'apmonuka ageiictBue-sHeprus

Bo BBeennn npeyiozKeH0 TOBTOPHI U3MEHEHHIT TPECTABIATH OECKOHEU-
HBIM MHOYKECTBOM TapMOHUK. Y paBHEHHE FAPMOHUKH U €r0 PereHne eCTh
§=d?s/dt? = —02s,  s(t,p) = Scos(Qt + ¢) = ReSelt+e),

Konebaunue s(t) xapakrepusyercs dacToToii 2 u ammiutymoit S. Havain-
Hag daza @ ecrb caBur Kosedbanusd BO BpeMenu. Tak JiBe TADMOHUKH C OJIU-
HAaKOBBIMU ) U S, HO PA3HBIMU (p SIBJISIOTCS COBIAIAOIIIMEI KOJIEOAHUIMH,
KOTOPBIE CJIBUHYTHI 1O (pa3e. B TakoM yKe COOTHOIEHWN HAXOASITCS B, O/~
HAaKOBBIX Te€JIa B Pa3HBIX MecTax IpocTpancTsa. T. 0. HadaaIbHYIO a3y MOXK-
HO HA3BaTh MECTO TapMOHUKU. BBejieHHe MecTa BO3MOXKHO JIMIIDL IPUA €ro
Me/IJIEHHOM u3MeHeHuu ¢ < (), unade nonsitue mMecrta paciibiBaercs. [lepu-
0/T TAPMOHWKH CTAHOBUTCS KBAHTOM BPEMEHU.

Emg nBe BemmauHbl XapaKTePU3yIOT TAPMOHUKY KaK IeJI0e. DTO TBUKY-
mag eé BHyTpenHdAs sHeprud 22S? u mpencrapigionuil eé BOBHE HMILYJILC
QS. Ho QA ectb 3Heprus KBaHTa OCHUJLIATOPA, YIACTBYIOMAs B OoOMeHe.
Eciu n gng rapmMonuku cuantarh (2S sHeprueit, To S T0IKHO OBITH aMILTH-



TyI0# JeficTBUsI, a § — OTPUIATEIBHBIM JIeHCTBHEM, YTOOBI €r0 CKOPOCTD
e = § ObL1a KoJiebJiroreiicss SHeprueil 1 COOTBETCTBOBAJIA OOBIMHON CBA3M
SHePTuH ¢ JeficTerueM. T1.0. UMITYJIbC TAPMOHUKHY SIBJISIETCSI €€ BHEIHeH dHep-
rueil, y9acTBYIOIIell BO BHENTHUX B3anmMo/leiicTBusax. Obpa3yeTcd rapMOHIKA
"neitcreue-sneprust” , cokpaménno radH (L), a mepemeHHoe JeilcTBre cTa-
HOBUTCSI OCHOBOI BCETO CYIIECTBYIOMIETO.

[Tocsie BbIjiesieHNs JITOO0OH 9ACTOTHI IJIIHOB, €€ MOXKHO B3STh 3a €JIUHUILY
m3mepenus () = 1. 9ro memaer Bpems Oe3pazmepHbiM t = ()t a sHEpTHH U
JIEHCTBUIO TAET OJNHAKOBHIE PA3MEPHOCTH.

s = S.cost+ Sgsint = Scos(t + ¢) = ReSei(H‘P), (1)

e S, = S cosp, S, = Ssin .

CapuHyTHIl Ha MOJ000POTA TJ3H C MECTOM (p £ T €CThb HMPOTUBOTIIH
(II). B mecTe ¢ OH OpeJCTaBICH KAaK [J9H C OTPUIATESBHON aMILTUTY/I0M
(-S). C BBe/IeHHEM TPOTUBOIIHOB MHOXKECTBO MECT JEJUTCS HA COOCTBEHHO
TPOCTPAHCTBO || < 7/2 U 3epKaAIbHOE MTPOTHBO-TTPOCTPAHCTBO /2 < || <
7T, B KOTOPpOM F n H B3aMMHO 3aME€HAIOTCHA. STI/I ITIOHATHNA OTHOCHUTCJIbHDI AJIA
KazKJ0T'0 I'I2HA. BCG TJI2HBI C MECTaMU, OTJIMYHBIMHA OT €TI0 MeCTa MeHee, YeM
Ha 7 /2, BXOJASIT B €10 MpocTpancTBO. OcTaabHble — B MPOTHBO-TPOCTPAHCTBO.
Cymma I'+11 naér nyneBoe kosnebanue. Ho cavu [' m I mpu sTOM He ncuesaror,
a CKPBIBAIOTCSI, COXPAHsis CBOIO YHEPTHUIO.

Ilym u HaImIyMHBIE T/IDHBI

CrenyromuM maroM B U3y4eHHH Bcero sBiseTcs BHIOOD OECKOHEYHOTO
MHO2KECTBA TAapMOHUK OJHOI dYacToTrhl () = 1. /[1g HUX TapMOHUWKY C
) < 1 onmCHIBAIOT UX CPEIHION0 JUHHIO, B3ITYIO 38 HAYAJIO OTCUYéTa, a ¢ ) > 1
— UCKaXKeHusd KoJjieDaHuil, KOTOpble HAJ/I0 YIUTHIBATH 0CO0O.

Konebanue npejcTaBuMO Kak CJIydaiiHas BeJudnHA (CJLyBEJ) ¢ BEpOAT-
HOCTBIO €€ HAOIIO/IeHNs], PABHON OTHOIIEHUIO BpeMeH! MpeObIBAHWS TOH Be-
JUYHUHBI K Tepuody konebanusg. Torna K cymme rapmonuk c () > 1 nmpume-
HUMa NeHTPaIbHas pejiebHas Teopema Jlsmynosa |17], cormacHo KoTopoit
pacrmpe/iesieHne BePOSITHOCTH OECKOHEYHOI CyMMBbI HE3aBUCHMBIX CJIYBEJI CXO-
JuTCsA K pacnpejiesienuio Laycca. Mckaykenns: Kojebannii CTAaHOBATCS PaBHO-
BeCHBIMHU (DJIYKTYaIllUsIMHA — IIIyM Ha BBIODAHHOM dacToTe.

Benuunna myma Heonpesesiena u uMmeer OGecKoHewHblit pazopoc. Ho pac-
upejestenne [aycca Geckoneuno gesumo [18, 19]. Torga sra Geckoneunast
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HEONMPEJCICHHOCTD 3aMEHACTCS OCCKOHCIHBIM MHOYKECTBOM HE3aBUCAMBIX IITY-
MOB C JIIOOBIMH KOHeUHbIMU Jucriepcusayvu. OJIMH U3 HUX eCTh HOCUTE/Th Halle-
ro mupa. lucnepcus (S?) zagaér macmrab myma. Eé He ¢ uem cpaBHUBATH,
HO MOYKHO B34Tb 33 €IMHHILY H3MepeHnda aMILmmaTy rmsnos (S?)V2 = 1. T. o.
u3 DeckoHedHoTo Beero Gepércs 6GecCKOHEIHO MaJiasg 4acTh, KOTOpasl JjIsl HAC
ocTaéTesd DeCKOHETHOI.

CranmoHapHbIi CJIyBEJT TOJI2KEH HMETh KAHOHUIECKOE PA3JIOKEHNUE 10 rap-
morukaMm [18, 19]. B wém ammauryasr S, u S; rapmonuk (1) ecTh coryBesbl
¢ nynesbiMu cpeganvu (S.) = (Sg) = 0 U OAMHAKOBBIMH PACHPEICTeHUSIMI
laycca. U3 equnuanocTu aucnepenn myma ciaenyer (S?) = (S?) + (S2) =1,
win (S?) = (S?) = 1/2. Toraa MIOTHOCTH BEPOATHOCTH B LIYyMe

Pe(S,,S,) = (1/m)e™S", §2 =52+ 52 (2)
[lepexons k pacupenenenuto P¢(S, ) npu S > 0, mosyanm
P(S,0) = (S/m)e™", || <. (3)

D10 pacupejieeHne paBHOMEPHO [0 MECTY . B HEM HeT NPOCTPaHCTBEHHBIX
OTHOIICHHH KPOMe OJHOMEPHOCTH.

13 onsomepuoro (Im) nryma u GECKOHEUHON MEJIMMOCTH PACIIPEIECHUS
Taycca ciaeayer pacnpegenenne 3M MyMa, COCTOSIIETO U3 OJMHAKOBBIX CJIy-
Bex S, j = 1,2,3 co cpeganmu (S;) = 0 u gucrepcusMu (SJQ) =1
PeS, o) =1, PE(S05),  Pe(Si ) = (S;/m)e 5.

Bnecw BBegennr Bektopel S = {5}, ¢ = {p,}, 5; >0, |¢;| < 7.

OJ1HOrO IIyMa HEJIOCTATOYHO, YTOOBI 0OPA30BAJICA U CYNIECTBOBAJ CJIOXK-
HBIA ¥ yHopsaaodeHHbId Mup. Mup — HaAIIyMHOE CTPOEHHE, COCTOSIIEee
U3 HAJIIYMHBIX TA3HOB, KOTOPHIE JOIKHBI OBITH CIIOCOOHBI K 0O0bEIUHEHHIO B
0oJ1ee CJI0YKHBIE MHOIOY DOBHEBbBIE U PA3BHBAIOIINECS CTPYKTYpbl. OHU MOTYT
HNOSBATLCA M3 IIMYyMa, €CIH ero ypOBeHb HMOHH3UTCs, a He Bee (DIyKTyalun
YCIIEIOT K HEMY MOJCTPOUTHCHA U COXPAHATCA KaK HAJIIyMHbIE TJIHBL.

EcJin pestakcanus BeJMKa, TO CYIIECTBYET TOJBKO IIYM, B KOTOPOM HE MO-
KeT ObITh Mupa. Ecau penakcanus Maja, TO HPH YMEHbIIEHAH IIyMa 4acTh
dbaaykTyanuii cTaHOBUTCS HAJNIYMHBIME IHAMK. T. K. aMILIHTYIbI TA3HOB
OTCYHTHIBAIOTCA B €IMHUIAX YPOBHH IIyMa, TO 3TO BBHILIAINT KAK UX YBEJIH-
YeHne — BBIIEJICHNe HAIYMHON SHEPIUU MUpa. DTO eCTh poxkKaeHne (1po-
SBJIEHIE) MUpPa U3 IIyMa (Xaoca, HesiBU, HEOBITUS U T. 11.). AMIUTUTY/ B HaJI-
IIYMHBIX [JI9HOB He MPEBBINAIOT HAYAJIbHBIH YPOBEHb IIYyMa, & MX pasMep-
HOCTH OLPEJEISeTCA HATMYUEeM Hepa3pylIaeMblX IIyMOM Koppe/snuii. Mup



HE CO3IaéTcd, a MPOABJIIeTCd M3 MepBoITyMa-xaoca. IloctosancTso mry-
Ma 00eCIeunBaeT pa3BuUTHE MHPA C COXPAHEHHEM €r0 SHEPIHU. Y BeJIHYCeHUE
IIIyMa, BBITJISIIAT KAK yMEHBIIEHUE aMILIATY/] TI9HOB U MOTIOIEHIe Ha Iy M-
HOU sHeprun Mupa. Mup norpyzaercs (Bo3Bpalaercs) B Xaoc.

Eciu uMeroTcest TpEXMepHbIe onpejieéuubiii rivH (1) u mym (2), 1o ux
COBMECTHO® DACIIpe/e/IeHne, MMeolee CpeHIe aMILTUTY b T13Ha Sy, Syj U
JCIIEPCHIO 111y Ma, CTAHOBUTCH PACIPEIEIeHNEM HAIIUIyMHOTO IA9HA

3
PY(S..S,) = [[ PY(Sess Sui)s PX(Ses Siy) = (1/m)e . (4)
j=1

Bnech S, = {S,;}, Ss = {Ss;} — cayuaiinbie BEKTOPHI, 52 5'2 + SSQJ,
SC] = S — Sej, Ssj = Ss; — Ss; — NeHTpupoBaHHblEe CIyBesbl (biyKTya-
uu). /Z[JIH 9TOTO PaCIpeIe/IeHusl yCIOBHE CTAIMOHAPHOCTH CIyBes (HyJeBble
CpeJIHEe U OJMHAKOBBIEC JUCIEPCHE) He BhIMosHgAeTcd. OTCona CIelyer, uaTo
pacnpeiesieHusi HAAITyMHBIX TJ3HOB HECTAMOHADHBI.

YUTo0bl HafiTH TPOCTPAHCTBEHHOE paclipee/eHne Hajlo Hepeiitn K nepe-
MerHbIM S u @;, Kak npu BeBose (3): P (Sj,¢;) = ;P (Se, Sy), toe
Sej = Sjcospj, Sg;j = Sjsing;, S7 =52 + 52 Broxarcs
@; = arctg(Ss;/Se)s $i = ©j — B, S S; —S;, (S;) = S; cos §;.
[TokazaTes b SKCHOHEHTHI, OMYCKasd 3HAYKH J,

—{..} = S%cos? o — 25S.cosp + S? + S%sin?p — 2SS, sin  + S?
= 52 + 52 —25(S, cos p + S, sin )

= 5% + 5% — 255(cos p cos ¢ + sin psin ) = 5 4 §% — 255 cos
= 524 8% - 2595 +285(1 — cosp) = S? + 45Ssin*(p/2).

nm —{..} = S%+ 5% - 25Scosp + S%cos? p — S?cos® p

= (S — (9))% + SZ%sin? .

ITpocTpaHCTBEHHOE paclpee/ieHne HAAIITyMHbBIX TI9HOB

3
= HPJF(SJ',@),
j=1
; 2 g
PP (S, ¢5) = (S;/m) exp{—9;" — 45;5; sin*(;/2)}
= (S;/m) exp{—(S; — (S;))? — 57 sin® ¢;},

rae S = {5;},5; >0, ={¢;},|¢;| <. Baeco BeinmCaHbI 1Ba BUAA OJTHOTO
pacipe/iesieHus C PA3HBIMH CPeJHUMHU aMILTHTy1aMu S;, (S;) 1 pasHoi mupu-
noit. [Ilupuna 3aBucUT 0T paccrosHus ¢; 10 ueHtpa. Bosiusu mero |¢;| < 1
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U pacmpejie/ienne rayccoso ¢ mmpunoit 1/S;. Ilpu yianenun mupuma pacTér.
Pacunpegenenne camBaercs ¢ mymom upu (S;) ~ 1.

ITpu Goabuioii HAAITYMHOCTH TI9HOB Sj > 1 310 pacmpenenenne
y3Koe, T. K. S;sin ¢, 6bicrpo pactér ¢ ;. Moxno 6pars |@;] < 1. Onyckas
SHAYKM j, 3allUIIeM [HOKa3aTe b SKCIIOHEHTHI
52 4458 sin*(p/2) = S% + 5542,

(S —(8))? + S?sin*p = S? — 2585 cos p + S? cos? p + S%sin?
— §24+52-255+4255(1—cos @) = (S—5)2+255(1—1+p/2) = S2+ 5542,
Torma
3
Q. r o r . S; 82 G o2

P'(S,@) =[P/ (S50, Pl (S;¢5) = —exp{=5; — 5555} ()

j=1

PacipeesieHne HaIIIyMHBIX TA3HOB TOJBKO II0 MECTY HaXOMUTCH IIPH-
OMKEHHBIM HHTErpUpoOBaHueM (5) MO aMILIUTYJe, IPU KOTOPOM OCHOBHOM
BKJIaJ B HHTerpasi Jarmor S; ~ Sj:

3 —
. . ; S; 52 o
Pi(@) =I5 (@), Fj (@)= 5 exn{-57¢]}, (6)
j=1

rae |S;| > 1. T. x. mmpuna pacnpegenenns ()2 ~ 1/S;, o émkocts
LPOCTPAHCTBA it [AYHOB ~ S PACTéT ¢ UX aMILIHTYIOiL.

Ksant geiictBus. 1M 1190 ecth onpesenénaoe konebanue (1), pasmbi-
Toe epuumanbM myMoM (3). Heonpeeaéanocts ero ammmryapr (92)1/2 = 1,
Bepiubl ABYX pacipe/ieieHuil pa3anaiMbl, eCJIH CPeJHHe aMILTUTYIbl OT-
amyaatores 6omee wem wa AS = 2. Onm KBanTyoTca ¢ KBanTtoM 2. Torma
cpeJiHue 3HAYeHUs aMIUIATY/I KoJjieDanuil Ha poHe myMa COBIAJIAIOT C YPOB-
HAMI SHEPIHH KBaHTOBOTO ocmuaaaropa S = 2n + 1 = (n + 1/2)h, tae
n — 1esoe yucsao. T. o. mocrosuuas Ilmanka h ecth yjiaBoenHasi cpeiHe-
KBa/IpaTHYHas aMILTUTYAa myMa A = 2. OJHaKO HEPas3JIHIUMOCTh OJIHU3KUX
[0 AMILUTATY/IaM [JI9HOB JIUIIb BHeNTHsAsA. OHM BIOJHE PA3THIUMbI IO CBOUM
CPEHUM 3HAYCHUSIM.

ITpocTpaHcTBO M cpeaa Mupa

CramnuoHapHblil IIIyM Ha BLIOPAHHON OCHOBHO#M YacToTe rapMOHHK ) = 1,
OIMCBIBAETCS IayCCOBBIM pacipejenenuem (2). B cumy 6GecKOHEUHOIH e 1mMo-
CTH OHO IpeACTaBUMO MHOT'OMEPDHbBIMU KOJIe6aHI/IHMI/I. I/IX OJIHOMEDHbIE YaCTU

10



00pa3yioT m3MepeHus npocTpancTBa MecT. [IycTh cocTaBsionee nx MHOXKe-
CTBO I'JIPHOB HA3bIBAETCS U3MEP.

OHako cTanmmoHAPHO TOJIHLKO BCE, a yirobble €ro 4acTh HeCTAIMOHADHBI.
HecranmonapHOCTh TIyMa BeIET K OTJIMYHIO €70 PACIpe/ieseHns OT TayccoBa
1, KaK CJeJICTBUe, K W3MEHeHWIO cpeHuX BenmdawH. OOpa3yioTces OTJIUIHbIe
OT HYJIS CpeHUEe aMILTATYABl W KOPPEISIUOHHbIE CBA3U MEXK/Iy H3MepaMu.
Ecyin BHYyTpH KaKJ0r0 M3MeEpa BbLAEAATH IMPOTUBOIJIH JAHHOIO TIJIHA, TO
MEeXKJTy HUMU TaKzKe JOJKHBI ObITh Koppessamnuu. VIx nadop

(8785, (858710, (878} Sk), (SiSiS5), (STSiS)h), - (7)

re S]r u S]H — aMIUIUTY/IbI TJIPHOB M IIPOTHUBOTIIHOB U3Mepa j. Habop koppe-
JIANU 3aBUCUT OT MCKaKeHHUs paBHOBecHOe pacipejesnenue ['aycca n nmeer
OeCKOHEYHOEe MHOYKECTBO BapHAaHTOB, CPeJIX KOTOPBIX HAJI0 HAHUTH COOTBET-
CTBYIOIIUI HAIIEMY MEPY.

Ha mepectpoiiky pacupejesiennsi MEHSIIOMErOCs MIyMa BJUSET CKOPOCTD
pestakcarnuu ero ¢ rykryanuii. [ejim ona BejiMKa, TO pacupeeeHne MOXKHO
CYUTATh KBA3WCTAIMOHAPHBIM TayCCOBBIM C MEPEMEHHBIMU CpeIHuMA. Ecn
peJlakcalus MaJia, TO U3MEHEHHEe PACIIpeJie/IeHIs OTCTaéT OT CpeJIHero ypoB-
Hd myma. Ilpu ocnabiaenun myma u MaJoi peJlakCalil 9acTh (DIYKTyalni
cTaporo myma coxpatsercs. OHU CTAHOBATCS HAJIIIYMHBIME TJI9HAME, Pa3-
MBITBIMI HOBBIM ypoBHeM IiiyMa. Ha Hux mepenocsarcest koppessiun (7). Am-
IJINTYABl HAJITYMHBIX TJ9HOB HE MPEBBIMIAI0T HAYAIbHBIH YPOBEHD MyMa, a
UX Pa3MEPHOCTDb OIpeIe/IsdeTcd HaIuIueM Hepa3pyIIaeMbIX IYMOM KOppeJis-
nuit. Mup He co3maércsd, a TPOdBAAETCA U3 MEPBONIyMa-xaoca.

Koppenganuu MexK 1y TI9HAMHA PA3HBIX H3MEPOB I MKy TIIHOM U IIPO-
TUBOTJPHOM OJHOTO U3MePa MMEIOT OJHY HMPUYMHY U KAIeCTBEHHO MOXOXKH.
Nx M0xKHO B3aTh OJAMHAKOBBIMHU. TOT/a NpeanoaaraeTcs, 9To CyIecTBOBa~
HH€ HAIero IMPOCTPAHCTBEHHO OJHOPOJHOIO TPEXMEPHOI'O MHPA ¢ CHMMeET-
pueil MexK1y TJIPHAMHI U IPOTUBOIIPHAMHU 00ECIEYUBAIOT OJUHAKOBBIC CBSI3H
IJIPHOB PA3HBIX U3MEPOB, KOTOPbIE MOTYT HEPeKII0UYaThCsl Ha CBSA3M IIYHA U
MPOTUBOT/IPHA OIHOTO m3Mepa. OHU NPEACTABISIOTCS KaK HAJUYUE Y TI9HOB
JIBYX CBOOOJIHBIX CBSA3€il JI/Tsl COEIMHEHUS C TAKUMHU 7K€ CBSA3SIMU TJIHOB JPY-
IUX U3MEPOB WU HPOTUBOIJPHOB CBOEIO U3Mepa, Ile YIaCTBYIOT 00e CBS3H.

Cryuaitable aMILTUTYIBI SjF " SJH M3MEpPOB j U3 pacupe/iesieHnst (5) MOKHO
3allUCATh B BUJE CYMMBI IMTIyMOB. [Ipu 3TOM mapHbie KOppeIsdanuu MexkIy 1M
rosnavu I Bxoggammmu B 3M rivH [P 10KHEL OBITH OOMEHAMHI AMILIATY/I,
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COXPaHdIIMUMA UX CYMMEBI.

3
SJ-F = Sjr +e5+ gSjF anisira Nji = —MNij- (8)

=1

K num jpobaBigrorcs ypaBHeHUs JIIsi aMILIATY L 1M TJI9HOB U HPOTUBOI/ISHOB
OJTHOTO U3Mepa, 0becreunBaroIe COXPaHeHHe CYMMbl aMILTUTY/L TPH MaPHBIX
oOMeHaX M YUHTBIBAIONIAE APHOCTD CBA3CH

St =S +e;+gm+0;,)STST, St =5T+¢;—g(n; +0,)S7S1. (9)

3aecp €; — obuuit J1d IJI9HOB U IIPOTUBOLJISHOB eIMHUYHBLI 1IIyM u3Mepa j,
Nji — €IUHUYHBIN IMIyM oOMeHa aMILIHTYIaMH MeXK1y II3HaMU Pa3HBIX U3-
MepoB, 1); U 0; — eIUHUYHBIC IIYMbl OOMeHa aMIUIUTYJIAMH MKy TISHOM
U TTPOTUBOTAIHOM OJIHOIO U3Mepa, ¢ — KOIDPUITMEHTHI CBA3U MEK/1y T9Ha-
MH Pa3HbIX U3MEPOB WU MEYKJy TJIIHOM U HPOTHBOTIIHOM OJIHOI'O U3MEpA,
KOTOpBIE OepyTcs OJMHAKOBBIMU.

IIpu ocnabnenue nryMa TMepBBIMHU MPOSBAAIOTCA €J1a00 HAANMIYMHBIE 1M
rasubl 'Y cozparomue 1M OpocTpaHCTBO TASHOB MaJoil éMKOCTH. 3aTeM Ha
MX OCHOBE posiBasAioTCs 2M bl 12 = [glhg, 1m maper v; = F}gl‘[}g n3-
MepoB j = 1,2 u ux 2M cymmbl vivp. (31€Ch U Jasiee TOCTAeTHsIS §-CBS3b
COeIMHSAET TOCAeHUIT W TepBhiil TI3HEL) OHE 00pa3yroT 2M MPOCTPAHCTBO
LJ3HOB U JBa 1M mpocrpancTsa nap v;. Janbreiiniee ocab/enne IyMa Bbl-
spiBaeT npogpienne Im map v; = [gllig mmepos j = 1,2,3, 2M vjuy,
Vi, = F}gH}gH,%gH}Cg, 3M vy 1av3, V193 = 1 gIl gTsgll Hi gT1Lg u GoJiee jjiuu-
HBIX COYETAHWi. JTOT IIPOIECC MOYKET MPOI0/KATHCI U JAJbINe, 00pa3ys
MHPBI OOJIBITTUX PA3MEPHOCTEI.

ITpocTpancTBO HaIiero Mupa nMmeeT Tpu u3Mepenusd. OHO OTHOPOTHO,
H30TPOIIHO M 3aMKHYTO Ha cebe — MecTa (; = 7 coBlajaioT. I 13HbI 00pa-
3YIOT €r0 MaTePHUaJIbHbIE TOYKHU, U3MEPBI — a0COMI0THBIE OcH. OTHOCUTETHHO
JIIOOOTO MecTa ero MOZXKHO HPEJICTABUTD, KAK COCTOLAIIee U3 COOCTBEHHO MPO-
CTPAHCTBA MUPA U 3ePKAJTLHOTO €My TTPOCTPAHCTBA MPOTHBOMHUPA, B KOTOPOM
T/I9HBI U TPOTUBOT/I9HBI B3AUMHO 3aMeHeHbl. MUp TOJIBKO KaykeTcd OecKOoHed-
HBIM TIPU HAOJIIOJIEHUN W3 €r0 MAJIOH JacTH 38 MAaJoe BPeMsl.

Coxpanéunble DIYKTYAIUU BBIACAIIOTCS U3 MTyMa, KOT/Ia UX aMILTUTY/IbI
OoJiee YeM BJIBOE IMPEBBIIIAIOT €0 CPEAHIO aMILIUTY/Ly. BO3MOXKHO KaxK10e
YMEHBIIIEHHUE TIIyMa B ~ 2 pa3a COIPOBOZXKIaeTcsd 00pa30BaHueM HOBOI CTyTie-
HU HA/INTYMHBIX TJ9HOB U3 COXPAHEHHBIX (DJIYKTYaAIHil Mpeablaylneil. 31ech,
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B oTinune OT neppommyMma (2, 3), dbayKryanuu myMa MMEOT MeCTO W IIH-
puny ~ 1/S, tne S ~ 2" — ux aMIUIATYAa, CyMMapHasi [0 BCEM CTYHEeHSM
HAJIIIIYMHOCTH, 1 — YUCJIO CTyTeHeil.

[IpocTpaHCcTBeHHAsST HEOIPEIETEHHOCTh TI9HOB Ap ~ 2/S. OHu BHemniHe
He Pa3IMYaloTCs, eCaH PACCTOSHUE MEeXKIy uX mnentpamu r < 2/S. B stom
cJIydae BMECTO YacTOKOJA [JIHOB CTYIIEHb COCTOUT W3 UX ILJIATO, HAT KOTO-
pbiM BUIyKTyupyer Tekyinuii nryM. [IpocTpaHcTBEHHOE IOCTOSTHCTBO CTYIEHN
BEJIET K €€ HEe3AMETHOCTH, a YHEPTUST MOYKET OTCUUTHIBATHLCS OT dHEPreTHIe-
CKOTO YPOBHSI CTYIT€HU. 3aMEeTHBIMI OCTAIOTCS TOJBKO BO3BBITIIEHUS HAJI HEid.
OTO TEKYIIHil MIyM C JUCIIepCHeli, B3ATON 3a e IUHUIY AeficTBUS, U HAJIIILY M-
HBIE TJI9HBI, 00PA3YIOIIHe CTPOCHUE MUPA.

Jlst oneHKHM Yuca cryneneil ocsrab/ieHus nryMa BO3bMEM PaInyC BCEJICH-
noit ~ 10?” merpa. Pasmep ripua ne Gosee pauyca snekrpona (S 10722 M
[20], em. "Hacruup"). Ecin Becenennast 3aHuMaeT BCE TPOCTPAHCTBO MECT, TO
Ha Kask/I0il OCH MOKeT IIoMecTHThbea He Menee 10%° rasmos. Drta omHomep-
Hast EMKOCTDb IIPOCTPAHCTBA MPOMOPINOHATBHA AMILTHTY/IE TAHA S B €TUHH-
nax myma (6). Torma S = 10% ~ 263 yan uncio cryneneit vaamymuocru
n 2 163 npu yaBOEHUH aMILTUTYJ] OT CTYIEHH K CTyleHn. Kt cefivac mrym
~ h = 107%" sprc, To maaro umeer ammanTymy Sy = 10?2 spre.

Ham Mmup pacmosioxken Ha MOITHOR, HO He3aMeTHO /i1t Hac ocHoBe. PryK-
TyallMH €ro IIyMa JaloT HyJeBble Kojaebanus "dusndeckoro Bakyyma' , Ham
KOTOPBIMU BBIJIEISIOTCS OTHOCUTENBHO DEIKHNe YACTHUIBI. ITH (BDIyKTyarnun
[POCTPAHCTBEHHO PA3JIMYUMBI, B OTJIHYKUE OT HEPBOIIYMa. XOTs YaCTUIbI 3a-
METHO Pa3MBITHI IIyMOM (KBAHTOBasi HEOMPEJESEHHOCTD), OHU HMEIT MPO-
CTPAHCTBEHHOE PACIIOJIOKEHNe.

BzaumoneiicTtBue ra3HOB

Koppeasiinonnas g-csi3b (8, 9), o6beinHsisi OMHOMEPHBIE TIIHBI B TPEX-
MepHBIE CO3JAET OCHOBY HAIIEro HpocTpaHcTBa. Ho 9TOro HejpocTaTouHo Jjisd
CYIIECTBOBAHUS CJIOKHOTO Mupa. Tpebyercss B3amMmoeiicTBre MexK Iy 3M IJI-
SHAMU, HO3BOJILAIONIEE UM 00PAa30BbIBATH BCE O0JIee KPYIHBIE COSJIUHEHUS. DTO
JleTaeT B3auMOJCHCTBHE TJI9HOB 4€De3 Iy M.

[9H ecTb onpejie/iéHHOe KOJiebanne, HaXOIAIIeecs B MIyMe U 3aBUCHIIEe
or Hero. IlpucyrcrBue Apyroro rjsHa BOJU3U MEPBOrO MEHSET LIYM U TeM
BJIUsIET HA HepBBIi r19H. OUpenessonMi MTapaMeTPaMi TIIHA ABJISIOTCS
ero Jacrora ) ¥ aMILIATYa S, & MECTO ¢ BBIpayKaeT OTHOINEHHE K JIPYTUM
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roHaM. ClIe0BATebHO BANSIHEE NIYMA ONHUCHIBACTCS TPOM3BOIHBIME §) 1
S. Ho coxpaHeHune ravHa Tpedyer nmocrosHcTBa 2 u S, Ilpu crabom BiausHIN
BO3MYIIEHUSI CPEJIbI, UX U3MEHEHNEe MOYKHO [TEPEHECTH Ha TIEPEeMEIeHIe [JI9HA
Q) = ¢. Toraa B3anMOAEHCTBAE [I3HOB BBIPAYKAETCS HX YCKOPEHHEM.

[Ipu 3amamHOl yacTtore rmdHa 2 = 1, ero ycpeaHEHHOE BIHSHHE OIpe-
nesseTcsa cpeIHell aMILTHTYnoil S ¥ BBIpaykaercd yHKumeii U (S) Eciu S
[IOCTOSHHO, TO CPeJIa MOCTOAHHA U JAPYTOil IJI9H B Hell He MeHAeTCs. YCKOpseT
[JI9H TIepEMEHHOE BJIMsHUE Cpejbl. J[[Ist BO3AeHCTBYOMErO II3HA ¢ TIOCTOSH-
HBIM BO BpeMEHU paclipeJe/JIeHUuEeM, 3TO CBOAUTCA K BJIUAHUIO T'DaJUEHTA U:
¢ = —0,U, umu U + ¢*/2 nocrosuno. Ciuenoparesuo bynkuusa U(S) ectb
MMOTEHINAJI BO3AEICTBUA I'T9HA HA APYTOil I'I3H Yepes ImyM.

Ecyin nam mup obpazoBaJjics U3 HA4aJIbHOIO IIyMa IIPU €ro ocjiabjieHun
¢ coxparerneM (PAYKTyaIuii, TO OH COCTOUT U3 OCHOBBI C aMILIHTYIOH Sy H
BO3BBLITHNAIOIMUMUCA HAJL Helt Pa3IMInMbIMU MEZKITY CO60fI JaCTdMU I'’IDHOB C
ammarygaMu Sy : S = Sg+S,, S = So+S,. llpu Sy > S, U(S) pasnaraerca
B pan U(S) = U(Sy) + UsSy + UssSe/2+ ...,
rie Us = dsU(S = Sy), Uss = d2U(S = Sp) — upoussoubie. Boibop U(Sp)
3a Hadaso orcuéra U(Sy) = 0 maér

U(S) = U(Su) = Usgu + U5353/2 = U7<Su) + Ug<gu), U,y > Ug, (10)

e Masoctsb Ug/U., cegsana ¢ Manoctbio S,/ Sp.

ITocie BBeieHUsI HPOTHBOIIIHOB U COOTBETCTBYIOIIETO YMEHbIIEHHUS IIPO-
cTpaHCTBa MecT BaBoe 10 |¢| < /2, ammamTyaa S, CTAHOBATCH 71 TPOTHBO-
IBHOB oTpunaTebHol. Teneps norennuarn cocrout u3 meudtnoit U, = UsgS,
n uérnoit Ug = U5552/2 o aMIIuTy1am dacreii. Kro 3aBucumocTs 0T MecTa,
¢ HaXoaUTCA W3 pacupesiesienns riasnHa (5), KoTopoe MeHsieTcs Ha
P' (SJ7¢]) PF(SW‘,QEJ') = (SO/W) eXp{— 2 - ¢2}

e ¢; = So;. Tocse 3amenbl ¢; Ha ¢; - (Su], ;) = P! P} (Sujs ¢5)/So mnm

3
° o o o o 1 o o
PF(Sua d)) = HPjF(Suja ¢j)7 -P]F(SUJ7¢j) = ; eXp{_SZj - ¢32}7
j=1

rae Sy = {Su; — uy} d) {0; — 95}, &5 = So;-
[IpocTpancTBeHHAST YACTh PACHpPEIETeHIs 3AMUCHIBACTCS Tepe3 aMILIUTYIY
Sy OCHOBBI, & AMILTUTY/IHAS 9aCTh — 4Yepe3 BO3BBIMIEHUE S, HA] Heil.
Cpe/iHUE aMILTATY/IBI TJI9HOB F]l 6epyTCst OMMHAKOBBIME S, = Sy, & PT(S,, ¢)

Mensiercsa Ha pacupegenenue PU(S,, (]b) aMiTyabl Sy, = Sy1 + Sua + Sus:

14



PY(S,, (15) = // P1F<’§u17 Qzl)Pgr(éumﬁgz)Pgr(Su — Su1 — Suz, Q%S)dsuldSuQ

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

rae ¢2 = ¢2 + ¢2 + 2. OCHOBHOH BKJAJ B MHTErpam 1al0T Sy ~ S, n
Sua ~ gy, r/ie SKCIoHeHTa HauboIbIagd, a ed u3MeHenue HauMenbee. Tora
PF(‘Sua @) ~ ZT_Q exp{—(Su — SF)2 - ¢2}> .

rae St = 35, — CpeIHAd aMILINTYyAa 3M TJeHa, ¢ — PACCTOAHHE OT €ro
nenrpa. IIpocrpancTBeHHOE pacipe e/ eHne

° o

PF(;b) = / PF(SU7 ¢>dSu = 7T_26_¢2/ e_(Su_SF)2dSu‘

o0 —00

Teneps pacupenesieHne TPEXMEPHOro TA3HA
PP(Sy,¢) = 72 exp{—(Su — S1)* = 6%}, PP() =72 (11)

[TpocTpaHCTBEHHOE PacIpeie/eHre TIOTEHIMAIa BO3AEHCTBAS Yepes Iy M
onpee/IsieTcsa IPOCTPAHCTBEHHON 3aBUCHMOCTBIO CPeIHEl aMILINTY/IbI TI9HA,
T. €. ero yCJIOBHBIM CPeJHUM Jiisi pacupejesenus (11)

w@=wwam%=£mvwwﬂw@@wa

T. K. OCHOBHO#l BKJIaI B HHTErpaJI gaTr S, ~ Sp, TO

U(¢) ~ U(SF)WQe(gQ/ e (Su=50°q8, = U(Sp)m /2%,

—00

Ucnosnb3ays (10) moaydnM moTeHmMan BO3AeliCTBUS TA9HOB Yepes IIyM

o o o

U(@) = Uy(@) + Uc(d), Uy(p) = v, Ua(d) = Ge™, d = Spip,  (12)

rae vy = ’YuSHa G = GuS}%ﬁ Yu = 71——3/2US> Gu = 7T_3/2US'S/27 ‘¢| S 71—/2
KOﬂe6aHI/IH T'I2HOB BSaI/IMO,ZLefICTByIOT TOJBKO MECTHO, IIpU COBIIaJdceHUE
ux ¢a3. Ho cam risn cocTont n3 onpeneséHHbIX Kosebanuii (1), pasMbIThix
mymoM (3) 1o pacupenenenus (11). TIpocTpaHcTBeHHOE pactpe/iejieHue 1o-
Teruaia (12) cBsi3aHO ¢ STUM Pa3MBITHEM, T. €. onpeessiercs mrymom. Cie-
JIOBATEIHLHO TA3HBI B3aUMOAEHCTBYIOT OCPEACTBOM ItyMma. [leiicTByer
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JKe TIOTEHIUA He HA IIyM, & Ha ONpeeIéHHoe Koebanne TadHa (IeHTp pac-
HpeﬂeﬂeHI/IH), u ycKopsieT ero. B KkBaHTOBOIT MexaHUKe Takoe B3auMoeficTBre
OIINChIBAETCA KaK O6M€H BUDTYaJbHBIMU YaCTUIIaMU.

SHaKHN MOCTOSHHBIX BO3IEHCTBHS Y, G, OIPEIeIIioT ero KadecTso. Ecin
Yy > 0, TO TJI9H OTTAJKHUBAETCH OT IJIdHA U MPUTATABAETCS TPOTUBOTIIHOM.
Ecmu G, > 0, To 1100ble TA3HBI ¥ HPOTHUBOIIIHBI OTTAIKHBAIOTCI. Takne
3HAKU COOTBETCTBYIOT HAUIEMy YCTOMYUMBOMY U PAa3BUBAIOIIEMYCA MUPY.

PaccmorpuMm oinoMepHoe y-B3auMMOAENCTBIE TPEXMEPHBIX TI9HOB
e PaBHBIME TI0 MOJYJIIO aMILIuTyaamu Sp. B manbreiiniem onucanuu B3a-
UMOJEHCTBUI UCTIOIB3YIOTCA CJIEIYIHe 0003HATCHHS

Ury=e", fr)=rU f(r)=0-2r"U, f.(r)= 4r*=6r)U. (13)

BzaumopeiicrBue aByx rasHosB [ u ['s.

J1g ux onucaHus BBIOpaHA CHCTEMAa OTCUYETA, B KOTOPOU JBUKEHUE CUM-
MerpuyuHo. MecTa 1/19HOB ¢1 U ¢9 = — @1, ¢ = Pp1—@o. [loTennuas B3aumoieii-
crust (12), 3anucannbii B exuHunax vy, ectb U, roe U = e~ Bepxuuit
(HvoKHUIT) 3HAK OTMedYaeT B3aMMOJEHCTBHE TJH-TIH (TI9H-TIPOTHBOTISH).
eiicTByIolie HA TI9HBI YACHUJIbI — VieJbHbIE (HA eIWHUILY AMILIATY/IbI)
cusl f1 = —fo = FdyU = £2¢U. Ypasuenue apuzxkenns (ypaBIK)
¢ =2f1 = F2dsU = £4¢U. .

T.x = dy($)?/2, To (6)2/2 % 2U = B, (§)? = 2(E ¥ 20),
e B — yaesnpHast OHAS SHEPTHSA OTHOCUTEHHOTO JIBUYKEHUST TI9HOB.

OrrankuBauue radH-ra3H. Ecm 0 < E < 2, To Ipu BCTPEYHOM JIBH-
JKEeHWH WMeeTcsl OTpakKeHWe B TOUYKe TOBOpOTa. /IBa OIMHAKOBBIX T/9HA He
MOTYT OBITH B OMHOM MecTe (COCTOsTHUM). DTO cBOHCTBO dbepmuonoB. OHO
00yCJIOBIEHO 7Y-OTTAJKABAHAEM TIPH JOCTATOYHO MaJjIoi sHeprun E.

IMpurskenne radu-nuporuBoradH ([Tl-masrnuk). Ecm —2 < E < 0,
TO B moreHIuaste U cymniecTByeT HeJuHeHHBI MATKII MaaTHUK. llpn I/ + 2 < 1
u ¢? < 1 om smmeen ¢ = —4¢ ¢ 9aCTOTOM Wy = 2 Wi w, = 27"/,

BzaumopeiicrBue aByx I'lI-masgTHUKOB

[Tyctb umeercst aBe napsbl riagu-uporusoradu ['111; u 911y ¢ paBubiMu 110
MOJIYJTIO aMILTATYIaMU TI9HOB. B paccmarpuBaeMoM sl HUX OJHOMEDHOM
npuzkenun ux Mecra ¢f, ¢ oY ¢l Beogarca pasmocTu MecT B mapax
& =¢f — ol & = @ — ¢l u paccTogHMe r MexKILy HeHTpPaMH Iap.

elicTByonwe Ha TI3HBI YACHIB B efuaunax 27y (12) samuceiBaiorcst B
coorBercTBHE ¢ 0b03HAdeHHsMH (13)

fi==f(0r — o) + f(é1 — ¢3) — f(o1 — 2),
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= f(o1 — o) — f(& — dh) + f(d1 — ¢5),
fo = —f(o1 — &) + (o1 — ¢h) — f(dh — &3),
[ = F(o1 — &8) — F(&1 — o) + f(dy — ¢3).
VpABWAK B €IMHUTIAX 27 = w,zy /2
G=f ==&+ flr+(&—&)/2)— fr+ (& +&)/2)
= f(&) + fr— (& +&)/2) = fr— (& — &)/2),
SG=f—fl'=—flr+(&E—&)/2)+ fr— (& +&)/2) — (&)
— fr+ (& +&)/2) + f(r — (& —&)/2) — f(&)
20 =fl + fi' = fo =o' = —f(&) + flr + (& — &) /2)
— fr+ (& +&)/2) + f(&) — fr— (& +8)/2) + f(r — (& —&)/2)
+ fr+ (& —62)/2) = fr— (& +&)/2) + f(&) — f(r+ (& +62)/2)
+ flr— (& —§2)/2) — f(&) =
=2[f(r+(&—&)/2) = f(r+(§1+8)/2) = f(r—(&+&2)/2)+ f (r—(&—&2) /2)].
[Tpu €| < 7 yacuasl pazaaraiorcst B psii 1o crenensiv € 1o £3. Menonbays
0603Ha’quHH f = f(r)7 f"' - fT'(T)7 f?"?" - f?"?"(r) us (]‘3) u fT"f'T - d?"fTT’(T)7
YPABUZK 3aIUCHIBAIOTCSH KaK
&1 = =26 =)+ (& =6) + frrr (61— €2)° /24— fr(E1+62) — frrr (&1 +E2)% /24
= —2(& —&7) = 2frba— frrr (& + 36762436165 +&5 — 67 + 36762 — 361 €5 +&3) /24
- _2(’51 - 5?) - 2f1”€2 - frrr(3§%£2 + 53)/127
& =-2& - &) —2f& — [ (3836 + €0)/12,
T = frr(& 52)2/4 - fTr(gl + §2)2/4 = — frr&1&a-
Torma
§1 = _2(51 - 6?) - 2f7‘€2 - frrr(gfféé + 53)/127
52 = _2(52 - 53) - Zfrgl - frrr(gfgfl + ’S%)/ll T = _frr‘flf?-
T. k. r MeHsteTCsT BO BTOPOM NMPUOJINKEHUH, TO €10 N3MEHEeHNEM B YPABHEHUSIX
st £ 1 &9 mpeHedbperagoch ¢ caMoro HavaJia.
ITepBoe npubam>kenne (nuHeiinoe)
B nuneiitnom HpI/I6JH/I)KeHI/II/I YPJABUK
& =26 —2f&, &=-26-2f&, =0
B nepemennbix {1 = (£ & &) nomygaem cobcTBeHHBIE KOTEOaHNS
§e =26 2[5 F (252 + 2fr§1) = —2(1 + fr)(fl + 52) = _2(1 * fr)ﬁi
¢ coberBeHHbIMEA HacToTaMu wi = 2(1 £ f,) B enuHMIAX wi /2, tae f, onuch-
Baer Bjusinue coceqpuei napol. T. k. f. < 0, To wy < w_.
Ecyiu napst kosebores B dasze & &~ & u r? > 1/2, 1o yacuia Menbieer
¢ paccrognueM. [lapa npurdruBaer OJVKHUNE K Hell TJ3H JApPyroil mapbl u
OTTAJKUBAET JIAJbHUI, HO cj1abee — Mapbl IPUTATHBAIOTCS.
Eciau konebanust nporuBodasubl £ ~ —&, TO Maphl OTTAJIKHBAIOTCS.
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Bropoe npubauxkenue (HesmnHeiiHoe)
B HeJUHEHHOM HpI/I6JII/I}KeHI/H/I HaXOAUTCA U3MEHCHUEC PACCTOAHUA ME2KIAY
['TI-napamvu
P = —frnbib = —fr(€ - €)/4, (14)

IJe CIpaBa CTOAT PelleHus IepBoro npubam:kenus. [logcrasiuss codcTpen-
Hble TapMOHUKH B BUJIE {4 = a4 cos Py, Oy = wit + ¢4, nogyIuM

£ —& =a%cos? Py —a?cos® P = at (1+cos2d)/2 —a*(1+cos2d_)/2
= (a3 —a® +a% cos2®, — a® cos2P_)/2.

Be3 yuéra BTOpBIX TapMOHHK (MOCJe YCPeJHEeHWs 3a Mepuoj KosaeOaHwuii)
yacujaa meaiieHHoro B3aumozaeiictsua I'lI-map ects

f = _frr<a3- - GQ_)/8 (15)

13 (13) frr = 2r(2r® — 3)U menser 3uak upn r° = r§ = 3/2.

Ecsmn I'll-napst kose6morcs nporusodasno a2 > a3, 1o f > 0 upur > rg
(orrankupanue map) u f < 0 npu 7 < 1y (IpuTHKeHHE MAp). 1y — TOUKA
HeyCTOfuNBOro papHoBecus. Bcean onn komebmorcs codasno a? < a?, 1o r
— TOYKa yCTOHYUBOIO PABHOBECHSI.

Matepus mMupa, Henb MIAPOB

['m9HBI 1 TPOTHBOTAIHLI Y-B3auMoieiicTBueM coequnaioTcesa B ['II-maps
34113 | koropuie obpaszyior ['Tl-cpexy. Ornocurenbusiii casur ' u I1° B na-
pe otpejieisieT moJsipu3aluio 3Toi cpeabi. Kpome ['I-nap cymecrByer MHO-
KECTBO OJHOMECTHBIX Tap v; = H;gH ;g usmMepos j, CBA3aHHBIX KOppeJIsIi-
oHHBIM B3anmo/eiictereM (9). Dro nmeiirpuno (cm. "Hacrumpt"). Omr nmeror
CPeIHIOK HYJIEBYIO aMILIATYAY U He YIAaCTBYIOT B 7Y-B3aUMOJEHCTBUM.

T. 0. MmaTepug HaAIIEro Mupa B OCHOBHOM coctansiena u3 ['II-nap u Heii-
Tpuno. Ké mmorHocth p He menee mwiorHocTH ['Tl-cpemsi. Ona onenuBaercs
gepes maccy I'll-mapwr (~ maccwl nefirpuno 10737 xr — cm. "Yacrunp") u
paccTogHre T MeKay HUMH (He Gostee pasMepa saekTpona ~ 10722 m). Toraa
p 2 10%%kr/m?, wro muOTO GostbIme wioTHOCTH Anep ~ 1017kr /M. [LnorHOCTD
BeIecTBa BO BCesleHHol onennsaercs B ~ 10720kr/m3. Paznuna na 55 nopsii-
koB mwin bosiee. Ho I'Tl-cpesa TObKO BO3BBIMIAETCH HAJ BepXHEH CTYIEHBIO
OCHOBaHWSI, KOTOpast cama boJiee deM Ha 49 TOPSAKOB OOJIBITIE COBPEMEHHOTO
myma ~ h. Torna Bcs m3BecTHasT HayKe YHEPIUsS-MACCa HUUTOXKHO MAaJa II0
CPaBHEHHIO C dHeprueii eé oCHOBBI — pas3Huna npesbimaer 100 mopsakoB. ITo
He cunTast OECKOHEYHYIO YHEPTHIO IIyMa.
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Ilens mupoB. IlpeacraBnenne Beero rapMOHUKAME He MMeeT BLIIEIEH-
HBIX 9aCTOT. B KayK/IOM MHOYKECTBE TapPMOHUK JIIO0OH 9acTOThHI, B3ATOI 3a
eanuauily {2 = 1, TApDMOHHKH OCTAJbHBIX YACTOT MPEACTABIEHBI WM IIIYMOM
(mpum © > 1) wim MemzennsiM m3MenenueMm (mpu 2 < 1). U kaxzgoe ta-
KO€ MHOKECTBO TAPMOHHMK JPYIUX YACTOT SIBJISETCS OCHOBOM JIJIst OIUCAHMSI
Kakoro-anoo mupa. Torma mmeeTcst ¢BA3b U B3aMMHOE BJIHSHHE MHPOB pas3-
HBIX OCHOBHBIX 9aCTOT. TaK B M€/[JIEHHOM M3MEHEHUE XaPaKTePUCTUK HAIIETO
MHPa eCTh BKJI/] BO3AHCTBIN Me/I/IeHHBIX MUPOB ¢ () < 1, a B IIIymMe CKPBITO
Biusiane ObicTpbix — ¢ 2 > 1. TlomoGubIM 0Opa3oM u HAII MUp JAeficTByeT
Ha JIPYTHE MHPBI. DTa CBA3b IPOHCXOIUT HA YPOBHE OJHOMECTHBIX IJI9HOB H
Jepe3 HUX PaCIpOCTpaHsIeTCs HA BCe OCTAJbHbIE YPOBHU, BILIOTH 0 TeJ.

Mupbl Ha pPasHBIX OCHOBHBIX 4aCTOTAX IOAO00HBI, HO HE TOXK/IECTBEHHDI.
Y HUX MOXKET OBITH OJMHAKOBOW CKOPOCTH IBOJIIOIIH, U3MEPIeMasi B HePUO-
JlaX CBOWX OCHOBHBIX YACTOT, HO Pa3Hasi OTHOCHTEIbHAST CKOPOCTh. Mupsr ¢
00ABIIMMH YAaCTOTAMU MEHSIOTCS ObICTPee MEUPOB MeHbIux dactoT. Ciemxyer
0KHIATD, 9TO OHU OOJIee MPOJABUHYTHI B CBOEM pa3BUTUU. TOr1a B KarKyIIuX-
Csl CJlyYallHBIMYM M3MEHEHUsIX CKPBIBACTCsl BJIMsHHE 00Jiee PA3BUTHIX MUPOB,
a MeJJIeHHbIe M3MEeHEeHN S CBI3BIBAIOT C MeHee pa3BuThbiMu mupamu. Caydaii-
HOCTH COIEP’KUT HEMO3HAHHYI0 HEOOXOIUMOCTb.

IIIym He ecTh Decnopdaa0K, XOTd IOJUUHAETCSA pacipeenenuio Layc-
ca, IPpUMeHsIeMOMY JIJId ONMHCAHUS CJIYIAUHBIX BEJIUYMH B HU3IIEM PABHOBEC-
HOM cOocTOssHHH. OH TOJIBKO KarxKeTcst DECIOPSIOYHBIM MU3-3a HEIO0CTATOYHO-
CTH BPEMEHHOTO PAa3pEIeHns, He MO3BOJISIIONIEr0 3aMeTUTh ObICTPBIE BJIHSI-
HUST MHPOB ¢ OOIBINIMI OCHOBHBIMHU YaCTOTAMU.

Mup ectb HaJIIIYMHOE CTPOCHHE, COXPAHSIONIEE CBOIO HEPABHOBECHOCTD.
OnHako HepaBHOBeCHad 3aMKHYTas CHCTEMa CO BpeMeHeM Hem30e:KHO Iepe-
XOJIUT B PABHOBECHOE COCTOSTHHE M OCTAETCS B HEM HABCETIA. DTO TPOUCXOIUT
n3-3a TOTO, 9TO MOJJIepPKaHIe DEeCIOPSIKA PABHOBECHUS U PeJIaKCaIus (PJIyK-
Tyanuit OnpeearoTca OTHIM MeXaHu3MOM. UTOOBI MHUP CYIIECTBOBAI U HE
peJIaKCHPOBAJI K PABHOBECHOMY IIyMYy, OH JIOJI2KeH OBITh OTKPBITON CUCTEMOi
€ BHEITHUM B3auMOJefiCTBHEM, MOIAEPKUBAIOIIAM €0 HAIIIYMHOCTD. TakuM
CBOICTBOM 00J1aJAI0T »KUBBIE CYIIECTBa. Ero gaze MOXKHO B34Th 3a UX OIIpe-
sesienne: 2KM3HBb eCTh CIIOCOOHOCTH MOCTOSTHHO TTOIEPKUBATH HEPABHOBEC-
HOE COCTOsIHIE B paBHOBecHOil cpeje. Ilpu 3TOM mOHATHE KU3HU PaCIITHPSI-
€TCsI ¥ TIO3BOJISIET HA3BIBATH KUBBIME HE TOJTHKO MOJIEKY/ISIPHBIE OPTAHU3MBI.
Vcxonsa w3 9Toro ompejeeHus U JPEBHUX CKA3aHUM, I/le BCEJIGHHAS YaCTO
IpeJIcTaBisieTcst B o0pase JepeBa, *KUBOTHOTO Wn jaxke denoseka ([Iypyima
U JP.), MOXKHO IPeJIo/IaraTh, YT0 HAIll MAP SBJISE€TCH YKUBBIM.
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Ecim mam Mup ecTh KUBOE CYIIECTBO, TO MOAOOHBIE €My MHUPBHI Ha JIpY-
IUX OCHOBHBIX 9aCTOTAX TOXKe KuBble. OHU COCTABJISIIOT OCIE0BATEIHHOCTh
CBSI3aHHBIX B3aMMOJIEHCTBUEM JKHUBBIX MHPOB C PA3HBIMU YPOBHAMH W CKO-
pocTaMHU pa3BuUTHs. Bosiee ObIcTpble W HMPOJABUHYTHIE MHUPBI MOTYT BOCIIPH-
HHUMATh, OTCJEKUBATD U YIIPABJIATH KU3HBIO 00Jiee MeJIJICHHBIX MHPOB, He
MIO3BOJISIS UM MOT'PY3UTHCS B DeciopsaAouHblil miyM. T. 0. Z0JI2KHA CYIIeCTBO-
BaTh OECKOHEYHAd Ielb >KUBBIX YNPABJII€MBbIX MUPOB, B KOTOPOIl HaIIl
MHD gBJASETCH OJHUM U3 €6 3BEeHbEB. TOJIbKO Takas KUBasg U yIpaBageMas
IeNb B3AMMOCBI3AHHBIX U MOJO00HBIX MUPOB PAa3HOTO YPOBHS Pa3BUTHS CIIO-
coOHa TOCTOSIHHO HOJJIEP:KUBATH HEPABHOBECHOE YIIOPSIOUEHHOE COCTOSAHHE
OT TIOTPYZKEHUS B PAaBHOBECHBIH XaoC. DTO MEMb BEYHON >KW3HU.

ITongpuzaiug

3M TJI9HBI U TPOTHUBOTIIHBI Y-B3auMoleficTBueM coenuaatoTced B ['II-mapsr
[3~IT3, ciocobubie 00pazoBbIBaTh yeToitunsyio I'I-cpey. B neit y-B3anmoeiicTsue
CMEIAeT TJ9HBI HAp W MEHsIeT paccTosiHue Mexkay napamu. CaBur ridna u
MPOTUBOT/I9HA B Mape OMPeJe sieT MOJIAPU3AIIIO CPE/IbI.

Kaxkmprit ripH mMeT onpeeI€HHOE MECTO TOJBKO B cpenHeM. Ero pac-
npeznenenne (5, 6) pasMeiTo 110 MecTy ¢ aucnepcuedi (¢?) = 1. B sTom uryme
Masoe pasgenenue '3 u [1° puenine He BbLIesseTCs, HO OHO €CTh KaK Cpell-
Hsisl BesimanHa. A OoJibITie u ObICTPBIE M3MEHEHU IIIyMa PU YCPEJIHEeHne 33
OTHOCUTEJILHO M€JIJIEHHbIE BPEMEHA TePEMeNIeHuil [JI9HOB B3aUMHO YHUYITO-
JKAIOTCST U CTAHOBSITCSI HE3aMETHBIMU, HE MeITasi COCTABJSTH JIJI CPETHUX
BIIOJTHE OTIpe/IeJIEHHBIE COOTHOIEHN . beckoHeuHas IHepPrud IIyMa saBJIdeTCs
HEOOXOJUMBIM YCJIOBHEM CYIECTBOBAHUS KOHEUHOM MOJISIPU3AIUU CPEJIHL.

Tounoe paccMoTpeHus IMHAMUKA BO3MYIIEHU B TAKOW CPe/Ie HEBO3MOMK-
1. Hy»Kkubl ynponénasie npubankEeHubie noaxoabl. OIHIM U3 HUX SIBJIAETCS
YIET B3aUMOJIEHCTBUS TOJBKO € OJMKANIIIMHI COCEISIMA U PA3JIOKEHUE TI0
cTelleHN BO3MYyIIeHUs. [[oayIuTh yI0BIETBOPUTEIbHBIE PE3YJIbTATH MOXKHO
B JINHEHHOM TIPUOIVKEHUN ¢ HEKOTOPBIMU HEJTWHEHHBIMU JTOTOJTHEHUSIMU.

Pacemorpum oanoposnyio I'll-cpeiy, 3aHuMalONIyio0 BCE LPOCTPAHCTBO
MecT 179HOB. Ilycrh ona cocrout m3 ['Tl-map, comeprkamiux TJASHBI C OJH-
HAKOBBIMHU CPEJIHUMU aMILIATyAaMi. B HEBO3MYIIEHHOM COCTOSIHUW TJ9H U
MPOTUBOT/I9H B Tape COBMEITEHBI, & B BO3MYIIEHHOM — pa3jeseHbl. 3a ab-
COJIIOTHBIE KOOPJAWHATHBIE OCH TPEXMEDPHOTO MPOCTPAHCTBA OePYTCcad N3MEPHI
(8, 9), a mosyuenHoe oobeauHeHNne CBsi3aHHbIX | TI-MasgTHUKOB, oGpasyoliee
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MPOCTYIO PEMIETKY KybOa, ucnoab3yercs s onucanus ['II-cpeaw.

B npocroit pemérke ky6a ['Tl-mapsl 3anumMaior ero Bepiunbl. Boijgeinm
och | (IPOIOIBHYIO), BAOJb KOTOPOH TIIIHBI CMEIAOTCS HPU B3auMOJeii-
CTBUH, U JBe Momnepevdnbie ocu j, k. PaccmarpuBaemas napa [l momemnaercs
B Hadasio orcuéra. Ha Heé Boszeficryior 6 cocemunx map 'L, (mo ase nHa
KasKJI0# OCH), HAXOJAIINXCSl HA PACCTOSTHUE 7 OT eé 1eHTpa. Homepa ux Mect
J, k.l =0,%1. IIpoeknuu #Ha och [ MeCT IJIIHOB (b]rkl U HIPOTHUBOT/IFHOB gb?kl B
['TI-nape pacnoJioKeHbl CHMMETPHYHO OTHOCUTEIHHO €€ nenTpa. VIx paznoctnb
(monstpusanms) i = ng]Fkl — %Cl < r. IamMeHnenue r mpu B3auMOIeiiCTBUT
nMeer 2-if Hopsiiok Mastoct (14) U yuTeHo Kak HeJdwHeHHas 100aBKa.

V3menenne mONSIpU3AIUU OMPeIe/idgeTcs MOTEeHITHAJIaAMI Y-BO3AefICTBHSA
(12) na rgon UT = U§ + Ujy,; u nporusormen U™ = Ul + Ujy, B Tl Onn
COCTOSAT 1/13 BOS,ZLGIU/ICTBI/IH coce;LeI/I HO nape Uj = U)' n tiguoB cocennux nap
U, = ]kl + UL U4, = ]kl + Uiyl 3mech mepBblii BepxHUil 3HAMOK

J J J J
oTMedaeT T/9H, HaXOAAIUAc 110/ BO3/eiiCTBUEM, & BTOPOH — BO3/ieficTBYI0-

i,

[Torennuas Bzaumoeiicrsust B ['I-nape UOF = —76’52 olpeeJisieT CUJIbl
na ripu f = —0:U) = —2vEe 8 ~ —27€(1—&2) u nporusorypu fil = —f7.
OHu pas3ioxKeHsl 10 £3 OcrabHbIe CHUJTBI OEPYTCa JTUHEHHBIME.

[Horenmmansr UL i 1 Uiy LIl — Gumskue 1o BesMYMHE W pasHbBIE IO 3HAKY:

Uy = ]kz(f fgkzl) ﬂﬁ(@ §im0¢ jkz(ﬁ §im=0), O =0/0¢,

UJFkI} 11 (5 + gjkl) U]kl (S) gyklag jkl (5 gjkl = 0)
Uj U Uj - QSJklaE ki q (& Eim = 0).
T. k. MeCTo ripHa ¢F = £/2, 1o Ha Hero geficTByer cuta —J4r Ujrkl = _2a§Uijz-

13 cumMeTpun peléTK B pacioioxkenud I9H0B B ['II-mape ciaenyet, 1To B
JIMHETHOM TTPUOJIMKEHUH Ha MPOTHBOTIDH JeiicTByeT obpaTHas cuia. Torma
cunta Bosgeficteudg napol 'l na cmemenne § ectb i fi, TIe

Fij = 808U (€ = & = 0) (16)

ABJIgeTCcd Y€THOHN 1o Kaxkaoit ocu: iy = F_qp, . ...

TeHepb MCHAIOIIaAd HOﬂHpI/ISaHI/IIO CHJia C yqéTOM qéTHOCTI/I F jkl eCThb
f=—4vE(1 = &) + 32 &P,
Z]kl EimFir = [(§100 + 5—100)F100 + (&010 + €o—10) Fo10 + (€001 + Eoo—1) Foor]-
[lepexoas K pasHOCTHBIM IPOU3BOIHBIM BJIOJIb KaxK1o0it ocu i = j, k, |
0120 = &1 — &, 026 = 0i1y2 — 0§12 = (&1 —&) —(E = &) =&+ &1 — 2¢,
[IOJTY UMM

f=—4E(1 =€) + [Fioo(67 + 2) + Foro(0F + 2) + Foor (6] + 2)]¢.
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Yrobsr Haittu Fjj; ucnoabp3yem moternuanst (12). ns monepednsix ocei
Uigo = v exp{—7* — (&0 — £)?/4},
0cUlgo = (100 — &) exp{—1? — (&100 — §)?/4}/2 1000
= —yEexp{—r2—£2/4}/2,  Fiop = —470c[€ exp{—12—€2/4}]e—o = —4ye .
Takxke Fy1g = Flog. g mpoaoabHoil ocu
Usor = v exp{—[r + (&oo1 — €)/2]*},

OUggr = [r + (Soor — €)/2] exp{~[r + (Soo1 — §)/2]*}Heoor=0
= (r—€/2) exp{—(r—€/27},  Fan = 8906 [(r — £/2) exp{—(r — £/2)°}emo
= 8v[—1/2 + (r — £/2)?] exp{—(r — £/2)*}eo = 47(2r* — 1)e™"".

Teneps f = 4y[—(1 — €2) — e (02 + 62 +4) + (2r2 — 1)e™"" (62 + 2) <.
Mensta oGosnasenns na w? = 4y, U = ™, f, = (1 —2r2)U 3 (13) u BBOAA
=W, ¢ = —wW2f, = (2r* — 1)c?, momyumm
J = [+ 4¢ = Be2) + w22 — A(52 + 02) + BoF)E.

Haiigém Bansaue usmenenust paccroguua h mexxy ['TI-mapamu npogomis-
Hoil ocn Ha nosspusanmio. /g sToro BMecTo paBencTsa Foo = Foo_1 = ¢ ()
HAN0 B3ATh Foor1 = ¢ (r+hyije) ~ ¢ (r)+d,ci(r)hii /2. Torna B BRIpakeHnn
qutst cuatbl f cnaraemoe (€go1 + &oo—1)Foo1 MeHsieTcs Ha
001 Foor + Eoo—1Foo-1 = (€oo1 + oo—1)c7 () + drc7 (1) (€001 2 + Eoo—1h—1/2)-
31ech mepBasi CKOOKa TPUBOAUT K MOJIYUeHHOH BbIme gopMmyre f = ..., a
BTOpas, yUYUTHIBAsS IIaAKOCTh h, Ipeobpa3yercs B pa3HOCTHBIE TPOU3BOIHBIE:
§o01h1 /2 + Eoo—1h—1/2 = [£o01(h1 + ho) + Eoo—1(h—1 + ho)]/2
= [&oo1h1 + &oo—1h—1 + ho(&oo1 + &oo-1)]/2
— [(87 + 2)(¢h) + h(5? + 2)€]/2 = [3R(6h) + hoRE + 4h] /2, h = o,

D70 BBIpazkeHme, YMHOKeHHOE Ha d,.c7 (1) mobaBasgercsa K cuie f.

Baugunue £-noJis nongpusanun Ha paccrosuue mexkay ['Il-napamu Bbrauc-
asiercs w3 B3anmogeiicrpus [ Tl-magraukos (14) # = —f,,.£1& (B ennanax
27). OHO cocTOUT U3 ABYX OMUHAKOBBIX, HO HPOTUBOMOJIOKHBIX YCKODEHHUIT
nap. CireoBaresIbHO cMeleHne a BbiaeneHHol mapsl ['1ly mpu BosmeicTBun
cocetnux nap Haxomuteda u3 d = frr&(Eoor — E00-1)/2 = [rnl0i& = fr01€2/2, a
u3Menenue paccrognus mexy I'll-napamu h = §a HOJIMHEHO yPABHEHHIO

h = f,+07&%/2, mau B OOBIYHBIX emuHATAX: h = w,QYfTT5152/4 = —d,c}(r)6,£% /4.
_ Tenepn ypasuennsa nongpnsannn u nedopmannn I'-cpemnpr

§ = [~w§ — (07 + 67) + cfof + i€ + dicf[07 (Eh) + hopE + 4Eh]/2,
h=—d.cioi&? /4, wi=w?+4c® =2, ¢ =wU, ¢ = (2r* — 1)

31ech wi — KBaJpaT YACTOTH TUHEHHOTO KOMCGAHNS TI3HA W MTPOTHBOTISHA B
['TI-nape ¢ y4éToM BAUSHUSA COCEIHUX Tap, wz = 27y — TO ¥X)e 14 KojiedaHuit
B I'TI-masitHuke. Munyc mepes ¢ o3HagaeT 0OPATHEIH MOMEePEeYHbIH TTePeHoC
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BO3MYIIIEHUS, & IJIIOC Mepe 012 — OPAMOU MPOAOJIbHBIA.

KavecTBennoe pazianyme 1omepevdHoOro M MmpojoJbHOIO MEPEHOCOB OIpe-
JIeIsIeTcss 0COOEHHOCTSIMU B3aMMOAEHCTBIAH IJIPHOB MO STUM HAIPaBJIEHUSIM.
Bous npogosbHOil ocu cocemaune ' I-mapsl pacoioXkeHbl Ha pacCTOIHUE ~ T
MexK Iy HUMHU. CMeIEHHbIH TI9H OJHOW U3 HUX IPUTATHBACT IIPOTUBOIIIH H
OTTAJKHBAET TJIPH APYToil IMapbl, cO37aBad B Hell cMellleHHe, ToI00HOe CBO-
eMy, U HepegaéT Tyjaa dacThb cBoeit snepruu. OOpasyercs npsMoii mepeHoc.
Boab nonepednbix oceit IpoeKIuN CMeIeHnii TI9HOB Ha OCh MOJISTPU3AIIAN
COBMEIIAIOTCS. 3JeCh CMEIIEHHBI TI9H TaKyKe MPUTSTHBAET MPOTHBOTIIH 1
OTTAJIKHBAET IJI9H JPYTOil Tapbl, HO BHI3BIBAET IIPH ITOM CMEIIeHNe, 0OpaTHOe
cBoemy. Hampapiennsa nmoiadgpusanum y coOceTHUX IO TOMEPEIHBIM OCSIM Tap
CTAHOBSATCS MPOTHBOIOJIOKHBIME, 4TO gaér ['ll-cpeje HauMeHbIIyiO dHEpP-
ruio. ITonepeuno-nondécuas noagpusanug ['II-cpeasb! yunrwiBaercs us-
MeHeHneM 3HaKa Tepest ¢

€ = [~wl, + (07 + 07) + 167 + w2EJE + d,c} (57 (Eh) + hop + 4€R] /2,
h=—d. 76 /4, W2 = w? —4c =2, ¢ =WlU, ¢ = (2 = 1), (17)

ITpubanrkeHne CIJIONTHOM CPEeabI MOIYyYaeTCs 3aMEHON Pa3HOCTHBIX
MPOU3BOIHBIX HA YAaCTHBIE JIId HEPEPhIBHBIX (yHKIH &, h

€ = [~wl, +w2& + (07 + 0F) + LOFIE + d, [0 (ERh) + hOFE + 4€R) /2,
h=—dGoe?, w2 = w? —4c® — 24} (18)

Y1006 HAlIT BEKTOPHOE ypaBHeHUe nmojgpu3anuu iipu h = 0, 3ame-
HUM aOCOJTIOTHBIE OCU-U3MEPbHI HA COBMNA/IAIONINE ¢ HUMHU YCJIOBHBIE OCH KOOP-
JIMHAT, KOTOPBIe 00pa3yioT cucteMmy orcuéra. OT Heé MOKHO nepeiiTn K J000it
JIPYTOi, cTaBIlell Telepb OTHOCUTENBHON, cucTeMe orcuéta. I'll-cpema mpu
9TOM ocTaérest abcomoTHo. Beeaém sextop momspusannu € = {;, & &, }-
Bropeie npoussoaubie 05 + 0F 3aMEHHM Ha IOHEPEUHYIO YaCTh JIAILIACHAHA
A; = —rotrot, a 97 — na npogonbuyio A; = grad div. Torga uz (18) cienyer

£+ wib = AL+ AL+ W (19)

JleBast wacTh ypaBHeHnus onuchiBaer kosiebanus B ['Tl-mape, a npaBag — ux
[epeHoC U BINSHIE HeJIMHeHOCTH. Pa3iokuM ero Ha oT/ie/IbHbIe YpaBHEHUS
Kueitna-®oka-Topaona (ypK®I') [22]-24] mia monepednsix €, U 0poaoib-
HBIX &; noJeit £ = &, + &, CBA3aHHBIX TOJBKO HEJMHEHHOCTHIO

ét,l + anft,z = C?,lAst,l + Wigzéu' (20)
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Boaubl nongpusanun

HucniepcuonHoe ypaBHeHme (IUCIYyP) BOJH B PENIETKE BBIBOIUTCS
U3 JIMHeHON JacTu ypasHeHust (17) mocjie mojcTaHOBKH & B BUJE TAPMOHH-
Ku £(x,t) = Re[y) exp{—iwt + iqx}], rae q = {¢j, ¢, ¢} — BOIHOBOII BeKTOD,
x = {j,k,l} — xoopnuuara B nomepax ['Il-map. Torma u3 £ = —w2,
026 = &1 + €1 — 26 = (€ + e — 2)¢ = 2(cosq — 1)¢ = —4¢sin?(q/2)
CJEAYIOT AUCIYD E-BOJIH U BEKTOP rpynnosoit ckopoctn dgw =V = {V;, Vi, Vi }

w? = w2, + 4c%[sin®(¢;/2) + sin®(qx/2)] + 4cf sin®(q;/2), (21)
wy, =w? —4c® = 2¢], Vi = (/w)singjy, Vi = (¢ /w)sing,.
N3 Hero B mpubOJIMKEHUH CIJIONIHON Cpeabl Cjejyer

w? = w2 4+ (G +ai) + Gai, Vie = gp/w, Vi=dafw (22)

rae x = {j,k,l} Tenepnb HenmpepbiBHBIE KOODJAUHATHI B €JIMHUIAX DPACCTOSI-
nug Mexay ['ll-napamu. [locsie paznoxenus Ha oTAe bHBIE YPABHEHUSA JIIS
HOTMEePedHbIX &, W MPOJOJIBHBIX &; BOJIH IOIYINM

wil = w2 + cilqil, Vig = Ci[Qt,l/Wt,l, = c. (23)
w2, ompejieageT pacnpocTpaHenie BOJIH U cocrosguue [ TI-cpepr:

Ecmu w2, > 0, To B BoaHe nputazxenne ['® u [1° payrpu ['ll-mapsr mpe-
obJ1aJaeT HAJl MPUTIKEHIEeM COCEIHUX map. YacTb SHEPruu BOJTHBI OCTAETCS
B lIape, a OCTaJIbHOE liepeaéres cocensdam. Bojina 3aTyxaeT ¢ pacCTOAHUEeM 1
apisgercd maccushoii. ['TI-cpena nomobua TBépomy Teny — I'II-TBepab.

Ecmu w? = 0, To npurskenne [ u I3 B nape ypaBHOBeNieHo TpuTs-
enueM cocegieit. Obpasyercd 6e3pa3IudHOe COCTOAHHE — I'DAHHIA PACIIala
napsl. Best 9Heprus BOJIHBI 3aK/II0YEHA B IEPEHOCE — BOJIHA HE UMeeT MaCChI.
Veaosue w2, = 0 jaér rpanudnoe paccrognue mexkity Ill-uapavu ro ~ 1.6.

Eciu w? < 0, HO HeMHOro, TO paspylienue HeKoTopbix ['Tl-nap u mocte-
jgytomas nepectpoiika 'll-cpegapl yBesmmauBaloT r, jiejiasi TPAHUILY paciaia
YCTOMYUBOI K MaJIOMy YMEHBIIEHHUIO PACCTOAHHMS MexK iy napamu. Obdpasy-
€TCsi OTHOCHTEJILHO HEDOJIBIIOe KOJUIECTBO CBOOOIHBIX TIJIPHOB M IIPOTHBO-
[JIPHOB, KOTOPBIE CTAHOBSITCSI OCHOBAMHE 3JIeMeHTApHBIX dacTull (cm. "HacTu-
1b1" ). OTKJIOHEHHE 7o — 1 OTpe/IeJIsIeT IIIOTHOCT YHCIa YACTHUIL BO BCEJEHHOI.
T. k. ona muoTO MenbIe mwiotnoctu ['TI-cpemnr, TOo 79 — 1 <K 1.
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Ecmn w?, < 0, To mpeobnamaer nputsaxenne cocemunx 'Il-map. JTioGoe

MaJjioe Bo3mytenue pazpymaer ['Tl-napol. I3 ripnoB u npoTruBor3uoB o0-
pasyercs momobras mwiasme cpega — I'Il-mmazma. Ona He TroguTest A7st 00-
pa30BaHUs B Heil yIOPSAJI0YEHHOTO MUDA.
BesmaccoBast BosHA onuchiBaercd ypapHeruamu (17, 21) npn w?, = 0:
& = P07+ 67) +w2€%6, Wi = 4%[sin’(¢;/2) + sin®(qr/2)),
& = (c{of +wig)&, Wi = 4csin*(q/2), (24)
Vik = sin(g;r) /My, Vi = sin(q)/M,.

Buech My = wi/c? u My = w;/ cl2 MOHUMAIOTCsl KaK MACChl JIBUXKYIIIMXCsI KBaH-
TOB COOTBETCTBYIOIIMX BOJIH, UMEIOIIUX YaCTOTHl Wy, U w;. OHU CBA3BIBAIOT
ckopoctu V' = {V;, Vi, Vi} u umuynscel ¢ = {¢;, gk, ¢} KBaHTOB.

CKOpOCTH BOJIH He TOCTOSTHHBI

c*(sin® g; + sin® g,
4[sin®(q;/2) + sin*(gx/2)]’

V2= VJ? + V2= Vi, = ¢ ecos(q/2). (25)
Onu Mendrorcesa oT ¢ Wid ¢ Upu ¢; = ¢ = 0 uwm ¢ = 0 110 c/\/§ W cl/\/§
IpH ¢ = @ = £7/2 wm ¢ = £7/2.

B npubanzkennu cromuoii cpebt u3 (20, 24) cieiyiorT BeKTOPHbIE YpaB-
HEHUA C MOCTOSHHLIMH CKOPOCTAMHU BOJIH U JIUCIY P

£ = —c?rotrot &, + wgfzﬁt, divg, =0, wy =cqi, Vi =c, (26)
él = ¢/ grad div €, +w3€2§l, rotrot§; =0, w; =qq, Vi =q.

DJIeKTpUIecKoe MmoJie

ITone mongpmsammu BOKPYT rAdHA npu w,, = 0. Ilycts B ['ll-cpene
nocepeune Mexkay 1'll-mapaMn HaxoamTed momosHHTenbHBIH rasn 3. Ero
norennuaapHoe moste U, pasmoxenns (12) mefictByer Ha OJHKHEE K HeMY
mapel U CO3/aéT B cpefie BOSMYMIEHHYIO IJI9HOM 0ob6JacTh. [lociae mepexos-
HBIX HpoleccoB BOM3u [P obpasyercs maccusnoe &-1ojie (CM. CJiell. pas-
JeJ1) W TOCTOsSIHHOe pajmanbHoe nose {(R), rne R — paccrosiHme OT IeH-
tpa [3. B npubmuxkennu crjonnoii cpejibl (R) HaXoMuTCA U3 ypaBHeHUst
(26): grad div &, = dg[R2dr(R*¢)] = 0. Ero y6bpiBaomiee ¢ paccrosnuem R
pemenne ecth E(R) = e/ R?. KoHneunblii BHYTPeHHRI paguyc MOIA 00yCIaB-
JIUBAET €0 KOHEYHYIO SHEPIUIO.
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YpaBuenua Maxkcsesia
B npubsnzkenuu CruionHoit cpeibl Jjisi 6€3MaccoOBOTO MOIEPEYHOr0 MO

€ = ¢, nuneiinas gacth ypasuenust (26) ectb € = —c?rotrot €. T. k. € Toxke
HOMEPEYHBII BEKTOP, TO €0 MOYKHO 3allUCATh KaK POTODP BEKTOPHOM (hyHKIMK
& = crotb. Torma £ = crotb, b = —crot§, divb = 0. OrcyrcrBue

IPUYIHH /I BBeIeHHs b-3apsija mo3Boister 3anucarh divb = 0. [lonydyennas
cucreMa ypasHeHui
€=croth, b=—crot§, divé =divb=0
COBMaIaeT ¢ ypaBHeHusiMu MakcBe/lia B OTCYTCTBHE 3aPsiIOB ¥ TOKOB.
Bapsaaamu B ['[I-cpese gBagioTCA OTAEAbHBIE TI9HBI WU IIPOTUBOTIIHBI
¢ nonem £(R) = e/ R?. D10 none Kymnona mo Teopeme o museprenmun Laycca-
Ocrporpajckoro npuBoaut K 3akony laycca: s magoit cdepor paanyca R
uHTerpaa mo eé oobéMy ot div € paBeH HHTErpaLy 1O €€ MOBEPXHOCTH OT £N

4 4
§7TR3 divé = /div Ed’r = j{Snde = 47 R*€(R) = 4me = 47r?7rpR3,

IJie N — BHENIHAS HOpMaJib chephl, p 00bEMHAs TJIOTHOCTD 3aps/ia B cdepe.
Otciona div€ = 4mp. U3 ypaBuenus nemnpepsiBHoctu p + divj = 0, rue
BBeJIeHA IIOTHOCTDH TOKA j, CJIeIyeT divé = drp = —4Andivj u & = —4nj.

B snwmeltHOM mpubIMKeHUN ypaBHEHUS TOJIEil CKIAIBIBAIOTCI B YpaBHe-
Hust MakcBesuta Jiisi HANPS2KEHHOCTU JIEKTPUYECKOrO T0/Ist € W UHYKIUU
MAaI'HUTHOT'O IIOJIA b IIpu HaJn4Ine 3apAJ10B U TOKOB

€ =crotb —4rj, divé =4mp, b= —crot€, divb=0. (27)

Vtak HANPSA2KEHHOCTD JIEKTPUIECKOrO MOJS MOXKHO OTOXKIECTBUTD
¢ gactbio moigpusanuu ['Tl-map, BKIOYAIOIMEH MOCTOSIHHOE M IIOHEPETHOe
oe3macconoe &-moJig. MaruuTHoe 1moJie XapaKTepu3yer nxX u3MeHeHue BO Bpe-
MEHU U He ABJIIeTCS OCHOBOIOJIAraIONIM, HECMOTPS Ha CBOE y100CTBO B IIPU-
MeHeHHusX. Ero MoxKHO 0e3 yiiepba JJist CMBIC/Ia BBIBECTH W3 HA3BAHUA IIO-
JIsI, OCTABUB TOJBKO MpHUIaraTeabHoe "snekTpudeckuii": sekrpudeckoe moe
(3J1eKTpOIOIIE) U 3JIEKTPHYECKast BOJIHA (3JEKTPOBOJIHA). Bompoc o mpoio/ib-
HOU gacTu &-110JIs1 PACCMOTPEH B CJEJYIONIEM pasJielie.

DJIEKTPOBOJIHA eCcTh Ge3maccoBast monepedras {-pojaa. OHa COmepPKUT
nBe mpoTtuBodaszubie cocTapisiomme. Eé janHa BoOJHB A > 4 B eIWHUIAX
paccTogHuii ry Mexk ity napamu. Ecin rg ~ 10722 M (onbITHBIA pasMep 3JeK-
Tpona [20]), To A > 4-1072% m, a gacTora Bonb Menee 10°° I'n. Eé rpynmnosas

CKOPOCTD (25) MeHsIeTCst OT CKOPOCTH CBeTa ¢ JIUIsd JUIMHHBIX BOJIH JI0 ¢/2 upu
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A = 4. Ho mpejen crtommmnoit cpepl (25), B KOTOPOM OHA TIOCTOSIHHA, OXBa-
TBIBAET BCE HADJIIO[AEMbIE BOJIHDI.

[Tongpusanus umeeT MOMEPETHO-TOJIOCHOE CTPOEHNE — YepeIOBaHNe
HaIpaB/ICHUNH MOJSPU3AIUA B ILJIOCKOCTH, OPTOIOHAJIbHONR HAIIPABICHHUIO I0-
Jd. Paccrosinme Mexy IOJI0OCAMH PABHO PACCTOSHUIO MKy dDUpPOHAMHI
ro < 10722 M. DT0 cTpOeHUE HePeHOCHTCS Ha 3JEKTPOBOJIHEL.

Bozmymienue nosiipusaiuy B 3JIEKTPOBOJIHE PACIIPOCTPAHACTCH HOCJIE10-
BaresbHo Mexay coceanumu ['Il-napavu. I'Tl-mapa, g0 koropoit mgoxoant
BOJTHA, CAMa CTAHOBUTCSI HCTOTHUKOM BO3MyTneHns. CyMMa BCeX BTOPUIHBIX
BOJIH 0Opa3yeT (ppoHT 3/1eKTPoBoJIHBL. Cle10BaTe/IbHO U3 MEePEeHOCa TOJISPH-
3aruu ['lI-cpenpr BoiTekaeT mpuHmun I'tolirenca-®peness 11 3JeKTPO-
MarHUTHBIX BOJIH.

HazuyMHBIE DIPHBL IMEIOT DaCIpe/ieeHne (11) ¢ mpocTpaHCTBEHHO TUC-
nepcueii (¢?) ~ 1, koropas Jaér mrym moagpusamum 0 ~ 1, HAMHOTO
IPEBBIIIAIONINA BeJIUIUHY dJIeKTponosid. Ho sTor mymubiit ¢hoHn HesaMmeTeH,
IIOCKOJILKY IPOTUBOIOIOKHBIE (DIYKTYAIIUU B3AUMHO YHHUTOXKAIOTCS yCPe -
HEHUEM IPU HAOJIIOJIEHUU 33 BpeMeHa MHOI'0O OOJIbIINE UX JIJIUTEJIbHOCTE.

Ham mup moxer cymectBoBaTh ecam paccroguus mexay [Tl-napamu
7 = 7o BBIJIEPKAHBI ¢ OIPOMHOI TOYHOCTHIO, 00ECTIEUNBAIOIIECH JIUITH TeOMeT-
pudeckoe ocjabJenne nojgpusanuu B npocrpancrse. B T'Il-reepau (r > ro)
[I0JIe — MACCHBHOE W OBICTPO 3aTyXaeT ¢ yaaJeHueM oT ucrounuxa. B I'TI-
mwiasme (r < rg) yeTOWYMBasi MOJApPU3AIMs He BO3ZMOXKHA. ['paHUIa MeXKIy
HUMU €CTh cpena Haiero Mupa. OHa, KAaK HOCUTE/Ib 3JIEKTPOIOJIA, MOI00HA
runorerudeckoMy 3pupy lekapra. /I1g Heé MOXKHO OCTABUTDH 3TO HA3BAHUE
acdup D, a ed TeMeHTH Ha3BaTh 3UPoHBI 3—[3~II® mpu r = 7.

TpynHo mnpegcTaBUTh BO3MOMKHOCTD HMOCTOAHHO IOJJIEPKUBATH B Hareit
BCEJICHHOH TaKwme ocoOble VCI0BUdA. Bojiee ecTeCTBEHHO MPEAIoIOKUTh, ITO
3c¢dup ecTh 3-MepHad MOBEPXHOCTh B 4-MEPHOI cpeze, pa3/e/dionias
['TI-mrazmy u ['TI-rBepan. Takasg noBEepXHOCTH MOYXKET BO3ZHUKATH, H3MEHST-
csd, COXpaHdd CBOE KadyecTBO, W Ipomnajarhb. CpaBHeHHE C 3BOJIIONUEN Halllei
BCEJICHHOU IIPUBOJUT K IIPEIIOJIOKEHUIO 0 (pa30BOM mepexoje 4M cpebl u3
IJIa3MBI B TBEP/Ib, KOTOPBII HAUMHAETCS OT TOYEUHOH 3aTPaBKH U IIPOIOJI-
JKaercs yBeJIMYeHrneM I'paHuYHol noBepxuocTu. Jljg Heé ecTecTBEHHO UMETh
MEHSIONIYIOCS BO BPEMEHH KPUBU3HY, KOTOpasd MOXKET OBITH IpPeCTaBICHA
KOCMOJIOMMYECKON MOCTOsTHHOI [21] B ypaBHeHHSAX TpaBuTannu JifHITeiiHa.

BosnukaoBenue apupa J0J2KHO COITPOBOXKIATHCA 00pa30BaHHEM He CBs-
3aHHbIX B ['II-mapsl ra»HoB u nporuBorasnos. [Ipu ero pacumpenun oHu Oy-
JIyT B HEM PACIHPOCTPAHATHCS, TPUOJIU3UTE/IHHO COXPAHssSl CBOE YUCJI0. DTO
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pacopocTpaHeHne MOKHO 3aMETUTDh B OTIXYHe OT paciiupenus s¢upa. Mmen-
HO OHO ONpe/Ie/IsieT pa3Mep HAIero MUpa YacTHull i moseii (BceJaeHHoil), Ko-
TOPBIl HE TIpeBBIITaeT pasmMepa ddupa.

MaccuBHOe 110J1e

Besmaccosoe -oste (31€KTPOIIOIIE) CYIECTBYET, €CJIH PACCTOSTHHE ' MeZK-
ay T'Tl-mapamu obecrednBaer cymectBoBanue abupa r = 1o, wy,(ro) = 0.
[IpucyTcTBHE TOMOJHATEBLHOTO TaAvHA 12 (wtm H3) MeHnsier r. B cocennem
3pUpPoHe OH NPUTATHBACT MPOTUBOIPH U OTTAJKUBaET radH. Ecau cuma ux
B3aUMOJEHCTBUs YOBIBAET ¢ PACCTOSIHUEM, TO NMPHUTSKEHUEe CHIbHee OTTaJ-
KuBaHus. bimkaiimme 3(pupoHbI CABHIAIOTCA K TIIHY, PACTATHBAS 38 CO0Oi
apup u o6paszys 06s1acTh paspe:keHus, B KoTopoit r > rg, w2 > 0. 13 cum-
MeTpun cdepsl £-110Je B Heil MOXKeT ObITh TOJIBKO PaJIMaJIbHBIM € JIOTOJHH-
TeJIbHBIM TJIPHOM B IeHTpe. CTaTuKa 3aja4dnd TpebyeT 4TOOBI MOJISTPU3AIMST
comep:kaJia mojae Kynona &, u cTalmoHapHbIe Mo KoJebaHuii B 3pupoHax,
UMeIoIIHe Monepeunyio & u npogoabuyio & vacru: & = & + & + &.

CymecTBoBanHe TI01eit BOJIN3HN I3Ha 2 3aBUCAT OT HAJIMYNS UX HCTOYHM-
KOB. VICTOYHHUK MMOCTOAHHOIO 1101 — CPeJIHAd aMILIMTY/ 1a IyHa. [ cramu-
OHAPHOTO MOJIsT — pachpejesenne myma B rasHe (5). OHO mpeacTaBIeHo Kak
cAyJaiiHble HepeMelneHnsl aMILIUTYabI, nMetomnue "Bpamierne” BOKPYT IIeH-
Tpa ryPHa u 'paguanibaoe gBuzKkeHue' | ITO BHIZBIBAET HOJ00HBIE TIOMEPETHOE
u npomosbHoe 1moJisa. CirydaiiHble BOJIHBI MOIMEPEYHOTO I0JsI, BPAIAsACh IO
cdepe BokpyT '3, cTranoBaTcs cTanmmoHAPHEIM HAGOPOM CAYIAHHBIX CTOSINX
BoJIH. [Ipogo/ibHbIe BOTHBI, JIBUTALACH IO PAJIUYCY, HE ABISAIOTCS TAKOBBIMHU H
He BJIMSIOT Ha MeIeHHbIe HAJIIIYMHBIE IIPOIECCHI.

Ecim upejnosiararb, 9To Bee mnoJid nojsipusaiuu I'I-cpebr 0obyciioBiie-
HBI HAJIMIUEM YACTHUIl, HMEIOIINX B CBOEH OCHOBE I'I9HBI WJIH MPOTHUBOIIIHEL,
TO OCTAIOTCS JIBA BUJIA TOJIEH: MOCTOSTHHOE . W CTAIMOHAPHBIX MOMEPETHBIX
Kosiebanuit &, Kak MacCHBHOE BOJIM3M TJ/I9HA, TaK U 0E3MaccoBOE BJAJIH OT
Hero (momepevnasi 371eKTpoBoJHa). OJHAKO He HCKJIYEHO CYIIECTBOBAHHE
LPOJOJIBHOTO 10JIA & OT JAPYIUX UCTOYHUKOB U IPUUMH.

¥Ypasuaenune IlIpénunrepa

Korma tmsn '3 apurkercs, &-10a8 BOKPYT HErO HePeCTalOT OBITh CTAIld-
OHAPHBIMHU U TOJBKO pajuaabHbiMu. CMoIeIupyeM UX JUHAMUKY UCHOJIb3YS
ypaBHEHHE [JTsT Me/[JIEHHO MEHSIONe st BO BpeMeH: aMILTATYIb (X, t) Ko-
sebanuit monsgpusarnuu ['I-maper B 1BUKYyIIECS ¢ YacTUIeil cucTeMe 0TCIéTa
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U OCTAaBJIAS TPUOJIMKEHHO JINMIL PAIUAILHOe OTHOCHTEILHO TIJHA IIOIIeped-
noe nosie &(x,t) = Re[y(x,t)e” ™. Ecim npu srom npenebpeun ¥, 1o
ét ~ —(2iwm1b + w2 )e mt. Bes yudra BTOpBIX 'apMOHUK B HeJMHEHHOL
gactu (20) u quddepeHnupoBaHus Wy, (X) HOJIyIaeTCsl ypaBHEHHE

it = AG/2m 4 PRS2, m = wn/, (28)

rjie m — macca &-nosisi. OHa, BMECTE C Wy, MEIJIEHHO MEHSETCsI B MPOCTPaH-
crBe BOm3n 3. 3MenenmeM CKOPOCTH ¢ TIpeHebperaeTcs.

Ecian gacruna aBuzKeTcss OTHOCHTEIBHO CHCTEMBI KOODIHHAT CO CKOPO-
crei0 V, TO @/} 3aMeHsieTcs Ha dy) = w + V grad ¢, Ho npu MajioM V' BTOpBIM
YICHOM MOXKHO IpeHeOpeunb. CunTas YacTUILy BOJTHOBLIM MAKETOM C YaCTOTOM
Wi, 9TO YCIOBHE €CTb Wy, > V/L, tie L ~ 1/q — pa3mep naxera, ¢ ~ wy,/c
— ero BoHOBOH BekTop. Torma V' < ¢ — ycioBme mpumennmoctn (28).

3aMeHUB EPEMEHHYIO B IPOCTPAHCTBE MacCy Ha HEKOTOPYIO MOCTOSHHY IO
m, nostyunM HestnHeitrnoe ypasaenue [pénunrepa (ypIII) [5] B oGbranom aist
HEPEJIATUBUCTCKON KBAHTOBOW MeXaHUKE BUJIE

—it) = Ap/2m + w2 || /2. (29)

B kBanToBO# Mexanuke yplll onuchiBaeT n3MeHeHHe BOJTHOBOI (OYyHKIUH.
31ech 370 ypaBHEeHHE IMHAMUKH aMILTATYIBI IIOTEPEYHBIX KosteOaHuii E-1101st
B Ommkaiimei K rasuy obaactu. VX TOXKIECTBEHHOCTH BO3MOXKHA, €CIH TO
110JIe COCTABJISIET OCHOBY JBHKeHUs dacTuiibl. Toria BoaHOBasg (pyHKITUS
€CTh KOMILIEKCHAA aMILIATY/1a MACCHBHBIX TIOTIEPETHBIX KOJeOaHui moaspu-
3a1uu 3(PUPOHOB BOKPYT TI3HA, 4 MACCA YACTUIBI — UX XapaKTepHasd Macca
m. HanpuMep MOXKHO B34Th HAHOOJIBIIYIO MAaCCy IONEPEUHBIX &-KOeOanmii
m = maxw,,(R)/c*, nocturaemyo B GImKafimuX K TI9HY 3DUPOHAX.

B samucu ¢ = |¢|e® wepes momynnb |¢| u dazy ® sugmo, uro || ecrn
BellleCTBeHHAs aMILIUTY/Ia MAaCCUBHBIX &-Koyiebanuii, a ¢paza BOJTHOBON HYyHK-
uu (JeficTBUe YaCTHUIbI) — UX OTHOCHTEJIBHOE MeCTO.

T. 0. BHyTpPH 4acTHIL JeidCTBHE T10Jis [JI9HA IPUBOJUT K (ha30BOMY Hepe-
xoxy sadupa B cocroguue I'TI-TBepan u BO30YKIEHAIO TaM MACCUBHOIO TIOJIA
HONEPEeIHBIX KOJIeOaHWH 1TOJIpU3anuu, Jalonero acrunaM maccy. [oxoxee
SIBJICHUE, KOTJIA MacCa YaCTHIbI OUPEIEJIeTCS BJIAUSHAEM OKPYIKAIOIero eé
noJst, uMeer Mecto B hHU3NKe TBEPIAOrO Teaa. DJIEKTPOH B KPUCTAJLIE CBO-
UM TI0JIEM TIOJIAPU3YET PEIIETKY KPUCTAJLIA U BO30YZKIaeT B Hell KoJlebaHus.
O6pasyercs kBasmuacTuina — nossapon [lekapa [25], sadbdexrusnas macca
KOTOPOI'0 MOZKET 3HAYMTENbHO IIPEBBIIATH MACCY JJIEKTPOHA.
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ITorenunanpHas 3Heprusd B3amMojelicTBylomux moJjeit 1, u 1,
sxoauT B yplll uepes memuneiinocrs ¥? = () + 9)? = ¥ + 2uhyahy + 3,
KOTOpasi B ypaBHEHUW JJIA 1)1 COCTOUT W3 CAMOJIEHCTBUS ~ w%, B3aUMOIei-
CTBUA ~ 2111y U BO3JICHCTBHUSA ~ 1/1%. Ecim 91 < 19, TO ocTaércs TOIBKO
BO3ElicTBIE B BjC HOTeHImuana prentnero nos Uy, U = —w?|1s]?/2.

3a kBaHT {-KoJiebaumit 6epércs KoebaHne ¢ aMILTUTYI0H ¢ = 2 B e/iu-
HUINAX AMILIUTY/bI 1IIyMa, 4TOObI €r0 BHEIIHHAS SHeprud ObLia Yw, = hw,
upu h = 2. [Tockonbky [1)| < 1, To ero sHeprus B onHOM 3hUPOHE HE JTOCTH-
raeTcd — KBaHT KOJLICKTHBEH.

[Ipu ABUKEHUU YACTHUIBI TIEPEHOCUTCA BHYTPEHHSS SHEPTUs MACCHBHBIX
&-xkomebanmii w2 ||, Eé pacupeaesenne mponopuuoHaIbio || n noqauneno
YPaBHEHHIO HenpepbiBHOCTH, KoTopoe caeayer u3 yplll (29). [Ipu nHopmupos-
Ke Ha eauHuIly obpa3yercs Kak-0bl 'BeposiTHOCTHOE pacupeaenenne'. Ho va-
cTHIA HejleluMa — eé HeJIb3d HabJIoaTh no actam. Teneps [1|? npejicras-
Jisiercst "IJIOTHOCTBIO BEPOSITHOCTH OOHAPYZKeHUsI YACTHUIBL" | KaK IMPUHATO B
KBAaHTOBOI MeXaHUKe, a He pacHpe/eeHueM BHYTPeHHel SHeprun momneped-
HbIX MACCUBHBIX {-KOJ1e0aHUl BHYTPU HEE, KAK HOJLY4YeHO 3/IeCh.

JIBrKeHNe JaCTUIbl €CTh MEPEMEIeHre € TI9HA BMECTE C OKPY KAIOIIHM
&-tosiem. OTaEIBbHBIN TI9H, JBUTASICH MEZKTY 3PUPOHAME, TTPUTITHBAET PO~
THUBOIIYH 3(PUPOHA U OTTAJIKUBAET ero radH. C IpoTHBOIISHOM OH 00be I HSI-
eTCsl B HOBBII 3(DUPOH, a 0OCBOOOIMBIINIICS II9H 3aMeHSeT €ro B ABUTa0IIeiics
JACTUIE U TOJIEPKUBALT YCJIOBUS JJIsI CYNMIECTBOBAHUS MACCUBHOTO &-TTOJIS.
T. 0. ABU>KeHME YaCTHUIBI €CTh MEPEHOC BO3MYIIIEHUS.

O606mienue ypaBuenus [1Ipéauurepa

JIBUKeHUe JaCTUIBI ¢ JII000i CKOPOCTHIO MOXKHO CIUTATD PACIPOCTPAHe-
HUEeM BOJHOBOTO TTakeTa (MM KBAHTA BOJIHBI) MOMEPETHONO OIS £, KOTOPBIH
OepéTcs Kak HAOOp OJM3KHX 1O CIIeKTpy BoJiH. HampaBienue mossipu3anun
3a/1a8T HPOJOIbHYIO 0Ch [. [laker nBUzKeTCS NOMEPEK TOW OCH B ILIOCKOCTH
jk. Tose 3amuchiBaeTcs B Buje KoaebaHus Ha CpejHeii qacTore nakera w(q) ¢
MeJIEHHO Mengiomeiica aMuTynoit & (x,t) = Re[(x,t)e'®] = e'® /2 + ke,
rae & = —wt+qx — daza, r = {j,k}, 9 = {¢j, gk}, kc o3maTaeT KOMILIEKC-
Hoe conpsizkenue. Torma mperebperast b : 26 ~ —(2iwi) + w)e® + ke.

B tpub/inkeHun CILIONHON Cpe/ibl 28]25 = @% + 2iq;0;0 — sz¢ + kc.
Tak ke g ocu k. B Heuneiinoit vacTu rapMOHUKHN HE YUUTHIBAIOTCH.
8¢3 = 3e3® + 3¢2¢f6i¢ + ... & 3|YPet® + ke

Teneps B (18) —2iwy) — W + wih =

207 + 0F + 2i(q;05 + qrOk) — 4; — il + 3w3[Y[*)/8.

[Tocse cokpatenusi, Bejeacrsue quciyp (22), ocraéres
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—2iwt) = [X(0F + ) + 2iw(V;0; + Vi) 11 + w3 |¢[* /8,
rie V = (¢?/w)q — BexkTop rpynnoroii ckopocru (22). Beoag maccy jBuKy-
meficst wactnnb M = w/c® u nanmacuan A = 95 + 0f, 3armmmrem

—idgp = (A/2M + 303 |0*/8)¢,  dpp =¥ + (V grad). (30)

3/ech HMEIOTCs /1B JBUKEHUS: TaKeTa (YacTHIlbI) KaK [eJ0r0 O CKOPOCTHIO
V u BayTpennee. OOBI9HOE B JIMHEHHOM MPUOINKEHUH PACILIBIBAHUE BOJTHO-
BOI'O IMAKEeTa CTAOMIU3UPYETCS MPH YIETe HEJTUHERHOCTH. DTO YpaBHEHHE [IPH
wWm =0, M =q/c, V=q/M npumMennMo K OIMUCAHUIO JIBUZKEHUsT (DOTOHOB.

[Tosrydenubie pe3y/ibTaThl OTJIXIAIOTCA OT HPUHITOIO B COBPEMEHHONH KBAH-
TOBOI MeXaHUKe TOTKOBaHus cBs3u ypasuenuii [HIpénunrepa u Kieitna-Poka-
Topmona, npu koropom Y pK®T' gapiisiercs pensaTUHBICTCKUM 0000IIEHHEM HEpe-
sgarusucTckoro yplll, mpuMeHnseMbIM K BOJIHOBOM (dyHKIuu. PejgruBuct-
ckoe ypK®I' (24) ecTh TOUHOE BeleCTBEHHOE YPABHEHHUE JIJIsI BEIeCTBEHHO-
ro BekTopa nossipusaiun ddupona. Yplll (29) ecrb yupoméanoe KOMILIEKC-
HOE YPaBHEHUE J14 CKaJgPHON KOMILJIEKCHON aMILINTYAbl 3TON MOJIAPA3AIAN.
O6o6mmennem YplIl va mr006ie ckopoctn V' < ¢ ABIsI€TCS TaK»Ke HEPEISATH-
BcTCKOe (M3-3a npeneGpezxenus ) ypasuenne (30).

Beons ¢ = Re(We'®), rae &y = —wyt + qyX, 3anUmem MeJICHHBIH THuC-
nyp wy = Vqy + qi /2M + U, B KOTOpPBIil BBEJIeHA TOTEHIHATBHAST IHEPTHST
U Bo Buemraem mojie. OH ONHUCBHIBAET CBSI3b SHEPIHH, UMIYJIHCA U CKOPOCTH
wacTuusl (KBanTa BostHBI). O, — dasa ammanTyas (B KBAHTOBOH MeXaHHKe
9TO JIefiCTBHe YACTHUIIbL ), CTAIIHOHAPHOCTD KOTOPOH HPU BAPbUPOBAHUHI OIIpe-
JleJigeT JBHKeHHe IaKeTa — MPUHIHNI HamMeHbiiero jeilictBus. Pasza
BO3HHUKJIA KaK CJAEJCTBUE MTOJEBOM MPUPOIBI YaCTHII, BKIIOUAsT (POTOHBI M UC-
KJo4das Heiirpuno. T. 0. OCHOBO# i1 MCIIOIL30BAHUS IPUHITHIIA, HATMEHb-
IeTo JAeWCTBUS ABJISETCS TOoJie ToIsipu3anun dpupa.

B comyrcrytomeii nakery (wacruie) cucreme orcuéra Vo= 0. Torma
q=0,w=wy, M =m u ypasuenne (30) nepexomur B yplll (29) ¢ m = m.
Macca gaBuzKymieitcs 9acTHIb YMEHBIAECTCS 10 MacChl TOKOsA. OHU CBI3aHbBI
auciypom w? = w2 + 2¢? = w2 /(1 —V?/c?), wiu M? =m?/(1 —V?/c?).

T. K. Macca ecTb BHEIIHsIA Heprusi (MMIyJIbC KostebaHwus), KoTopas 00-
PaTHO TPOMOPIMOHAIBHA TEIEHUIO BPEMEHH, TO COOCTBEHHOE BPEMS JIBUIKY-
merocst Teia t ~ 1 /M. C npyroii cTOpoHBI, YTOOBI BBECTH BpeMsl HAJIO UMETh
obpa3sell JIUTEeJTbHOCTH, CpaBHEHHE ¢ KOTOPBIM M JaéT ero. B BosnoBoMm ma-
KeTe TakKuM 00pasloM sBJisiercs nepuoj kojiebanuit T = 27 /w jyist qBuzKy-
merocst ena u 1, = 2 /w,, nasg nokosmerocs. Jlyist 060ux TeJI nX BpeMeHa B
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eIMHUTAX CBOUX mepnonos cosmanator t/T = t,,/T,,. Ho B obuux enuuunmax
onn pazmuyaiorcs t = t, T/ T = tpwm/w = ty,(1 — V?2/2)1/2,

Bwmecte co Bpemenem MensieTcst pa3mep L aBukyiierocs resa. [pu goboit
CKOPOCTH BHYTPH BOJIHOBOI'O ITAKETa IOMEIAeTCS OJIHO U TOXKEe YHUCJIO JIJIMH
BOJIH, KOTOPBIE IIPOINOPIHOHAIBHBI Iepuoay kKoJsebanuit. Torna L ~ t mim
L)Ly =T/T, = (1—-V?/c?)'? rae L,, — pasvep HOKOSTIErocs Tea.

3aKOH CJIOKEHHUsI CKOPOCTeH TeJsl OmpemessieTcss JACIYPOM H ero m3Me-
HEHMEM NpH Hepexoie K ABUKYIIeHcs ¢ JacTuieil cucreme orcuéra. IlycThb
qacTuna 1 JABWKETCS CO CKOPOCTHIO ¥ OTHOCHTEIBHO YaCTHUIIBI 2, KOTOpas
HMeeT CKOPOCTb u B IOKogdmeiics cucreme orcuéra 0. ducnyp oTHOCHTE B
HOTO JBHKeHHs JacTHIB 1 ecTh w? = w?, + ¢?¢}. Eé ckopocts v = ?q /w.
[Ipu mepexojie K MOKOSIIENCS cucTeMe KOOPAUHAT STOT JUCIYDP MEHSIeTCS Ha
(w+ ku)? = W2, + 2¢2, e u = ¢ /w, ¢ U ¢ = q1 + @2 — BOJHOBbIE BEK-
Topwul yactut, 2 u 1 B cucreme orcuéra (. CymmapHas CKOPOCTH YaCTHUIIH 2
V =dw/dg = *q/(w+qu) = [ (g +@)w]/(1+qu/w) = (u+v)/(1+uv/c?).

CooTHoIIeHUs JIJIsT MacChl, BpeMeHH, pa3Mepa U CKOPOCTH, BbIBEJICHHBIE
3/1€Ch U3 PACCMOTPEHHST MACCUBHBIX BOJIH HOJISPU3ANNAN, COBIAIAIOT C TAKAME
7K€ COOTHOIICHUSIMU MEXaHUKN TeOPUU OTHOCHTEJLHOCTH [2].

JIBUyKeHMe YaCTUIIBI €CTh TepeMeIeHne eé rI9Ha BMECTe ¢ OKPYKAIOIIIM
é-moeM. OTIe/IBbHBIN [I9H, JIBUTAICh MEXK/y 3(PUPOHAMH, TPUTATHBAET HPO-
THUBOIIYH 3(PUPOHA U OTTAJIKUBAET ero radH. C IpOTHBOIIIHOM OH 00be I HSI-
€TCsI B HOBBII 3(PUPOH, & OCBOOOIUBIINIICS II9H 3aMEHSeT €ro B IBUTaOIIeiics
JACTUIE U MOIIEPKUBAET YCJIOBHUS JJIsA CYIECTBOBAHASA MAaCCHBHOIO -TIOJIS.
T. 0. gBU>KeHMe YacTUIBI €CTh MepeHOC Bo3MyuleHusa 3dupa. llpu
9TOM 3(UPOHBI, KOTOPBIX JOCTUTAET BOJHA, CAMHU CTAHOBATCHA MCTOYHHUKAMHE
&-TogisA, a IBWKEHWe YacTHUIBl MOJUnHsAeTca npuHnuny ['rofirenca-Ppenres.

VYpasuenne /Iupaka

[Topoxk néHHBIE IITYMOM II9HA MACCHBHBIE BOJHBI & MOTYT JIBHTaTbCSA BO-
kpyr ['® 1o cpepe mocTosHEOrO pagnyca B A060M HampasaeHuH. VX 1BmKe-
HUE COCTOUT U3 4-X HEe3aBUCHUMBIX BPaIlleHHi &, — 0 JIByM OPTOTOHAJIbLHBIM
HaIPaBICHUAM B IIPOTUBOIOJIOKHBIE CTOPOHBI & = Z;l &n.

Or ypasuennii Kieitna-®oka-Toppona (18, 20) mist kaxka0ro &, MoxK-
HO IEepeiiTh K YPaBHEHHSM IIEPBOIO HMOPSAJKA [0 HpeaoKeHHOMY Jlupakom
obpasiy [26]. Ocrapjgs nuib pajuajbHylo OTHOCHTEBHO [P 4yacTb moss
sarmmmenm ypK®T B Buge A2, = —mc*En, A2 = (92 — J? —0p — 0f),rme
T =ct, mg =m? — m3§2, m = wy/c m, =uw,/c? = Zi:l £,

BBogarcs kommaekcHble nepementbie X = (1 — iA)mecg, nogaunsommecs
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ypasHeHnsaM Ay = imeex, tae X = {xn}, &€ = {&.}. Oneparop A umercst B
BUJIC A= a;0; + a;0; + a0 + @;0,. Torga

A? = @292 + af@fj axOpy, + a70) + (arlj + 450:)02; + (Aray + arar)02,

-+ ( ara; + alaT)aTl + (aj&k + &k&J)c“)]?k + (&jfbl + dldj)afl + (&kdl + dldwa]%l
Orcrona a,(n = 7,7, k,l) ectb maTpunsr Jupaka

—a2 = af = aj, = aj = —1, [apae] = apaq + aga, =0

B YpaBHEHUSIX

Ay = imeex, x=(1-— z'fl)mgcé, A=a,0. + a;0; + a0 + 4,0,

2 2 242 2 2 ¢2 2
T=ct,mg=m —mwﬁ,m:wm/c,mwzwv/c,fzg & (31)
Oo6branoe npejcrasiaenne Marpurl /upaka,Bblesioniee ocb [, ecTh

aTT _ Cljj — akk _ ll _ 1’ aTZ _ a]:k — akj _ GZ-T —_ 1
J
Tl _ gk _ kj _ lT ; Tk __ kT _ lj _

Ocranprble al? = (0. B paBBepHyTOM BHJIE IIOJIy4YalOTCd YPaBHEHU

O-x1 + (95 — 10k) X4 + Orx3 = imecxi,
0:X2 + (0; + i0k) X3 + Orxa = imecxo,

— Orxa + (07 — i0k) X2 + Orx1 = imgcxs,
— Orxa + (95 +10k) X1 + Oix2 = imecxa, (32)
X1 = mec{& —i[0:& + (0 — i0k) €4 + 0i&3]},

X2 = mec{& — i[0;& + (95 + 10)&s + 01l

X3 = mec{&3 +i[0:83 — (05 — i0k)62 — 0i&]},
X4 = mec{ &y +i[0:64 — (0; +10k)61 — 0] }-

OHM ONUCHIBAIOT, B HEKOTOPOM IIPUOIMZKEHIH CTAIIMOHAPHBIE MACCHBHbIE M0
HepevHble BOJIHBI & BOKPYT rJpHa. X yactu &, MOXKHO 3a/1aBaTh 10-PA3HOMY.
Hanpumep & u & cOOTBETCTBYIOT BpAIEHUIO BOJH BJOJL oceit j u k, a &3
u £ — oDpaTHOMY BpAIEHUIO BJOJb 3THX oceil. Oupejensioneil mepeMeH-
HOIf 3/1eCh SBJIsIeTCSl BHYTPEeHHee MOIIepeuHoe T10J1e, & He BOJHOBasg (DyHKIHI
(KOMILTEKCHAST AMILIATY 14 BOJIH 9TOTO TOJIs).

T. K. DJ9H/IPOTUBOIJPH €CTh OCHOBA MO3UTPOHA,/31eKTpoHa (cMm. "Ya-
crunp"), a nose § BXOAUT B UX cTpoeHue, T0 (31, 32) MOIEIBHO OMHCHIBAIOT
JIMHAMUKY KazKJIOf M3 3TUX YaCTHIL M0-OT/IeJIbHOCTH, HO HE B IAPE JIEKTPOH-
no3uTpoH. To, uto B Teopun lupaka [26] moHmMaeTcst Kak OTpUIaTe bHAL
Macca (AaHTHYACTHUIA), €CTh yKa3aHHOe Bbile oOpaTHoe Bparmenne. CMeHa
3HAKA W MEHSIeT HAILPABJICHUE JIBUZKEHUS BOJIHBI, COXPAHssl €€ SHEPIUio |w|
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MOJIOXKATEIBHON, & He MEePEeBOJIUT YACTHUIY B aHTHUYACTHUILY W TeM Dojee He
3aCTAB/ISIET €€ JBUTATHCS OOPATHO BO BPEMEHH.

OueBuHO, 9T0 ypaBHenusi JIupaka TOXKJIECTBEHHBI 4-X WJIEHHBIM yPaB-
nenuam Kireitna-Poka-l'opaona s &,. CoBIagaloT U BBIBOJbLI U3 HUX. DTO
emné OJMH JOBOJ B HOJIb3Y YTBEPKJICHUs, YTO IBUKEHHE YACTHIL OIPeIeIs-
eTcsl TUHAMHUKON MX BHYTPEHHErO IOJIs.

Cnun razna ['?. Boime GbLI0 TOKA3aHO, UTO paclpeieaeHne IyMa B I-
sHe (5) mpejCcTaBUMO Kak CJydaifHbie TepeMereHns aMIUIUTYIbl, HMeOTIHe
BKJIa] OT "Bparmenust” BOKPYT HeHTpa rydHA. 1[0 ero BIusHIEM OKPYKaI0o-
e ravu I'l-napsl craHoBATCS MepeHOCUYUKAME TIONEPEYHOr0 CTAIMOHAPHO-
ro moJjs &;, cocTosIero u3 4-x gacreii &,. Bpalenue B IpocTpaHCTBe MOI00HO
KOJIEDAHUIO MASITHUKA, B KOTOPOM PaJINyC BPAIIEHUSI I 3aMEHSIET TePHOJ, KO-
nebanug T = 27 /w, a ummyabe p — sHepruto . B konebanun sHeprust KBaH-
TYeTcsl YMHOXKEHHOH HA 9acTOTy YABOEHHOW aMILIHTYIOi mryma hw, a fuw /2
sABJIgeTCS HeycTpaHuMoit sueprueii. ToduHo TakzKe BO BpallleHUU /i CTAHOBUT-
csl KBAaHTOM MoOMeHTa Bpamenust J = rp, a Jy = h/2 = 1 — meycrpanumbim
MOMEHTOM. DTO U €CTh CIHH IJ9HA S = Jj.

Toxke camoe TOJydYaeTCs U JAPYTAM MyTEM. DHEPTHst/UMITYIhC XapaKTe-
pu3yer u3MeHeHWe BO BpeMeHH /ipocTpancTie. Toraa st COOTBETCTBYIOIIETO
koiebamus £ ~ 1/T u p ~ 1/r. Orciona miag myma ET ~rp ~1=h/2 = s.

CruH He ecTh 1Mo001e OpOUTATLHOIO MOMEHTA € OIIPEIeTIEHHBIMU BEeJIHIH-
HOIt 1 Tpoekmueit Ha och. OH nMeeT CAydYaitHyo TPUPOIY, HYJIEBYIO CPETHIOI
BEJINYNHY, KOHEYHYIO JUCIEPCHIO U ONUChIBaeTcs 4-Ma GyHKIusaMu X, (6uc-
IMHOPOM, a He CIIHHOPOM B ypaBHeHun J{npaka), niim mpoie — ypaBHeHHsIMI
Kieitna-®oxka-l'opiona /i 0JJMHAKOBBIX IO MPUPO/Ie He3aBUCUMBIX &,. [Ipn
9TOM ypaBHeHue /Iupaka ecTeCTBEHHO ONMCBHIBAECT TOJBKO OJIHY IIPOCTEHIIYIO
qacTuily (3JEKTPOH WU TO3UTPOH), a He 0be BMecTe.

CiietoBaTeIbHO PA3MbITOE TIIyMOM OCHOBHOE KOJieOaHWMe T/9HA ABJISeTCS
npuunHoii ciuna 1/2 B wacTunax, UMerOIUX cBoeil ocHoBoit 3m razu [P (wn
[13). JIpyrue 3HadeHus ClMHA — IPOU3BO/HbIE OT Hero. Hammuue cinna 1/2 u
CBOMCTBO GBITH (hePMHUOHOM UMEIOT OJIMH UCTOYHMK (IIYM TJIHA), HO pa3HbIe
ero mposiBIeHns — "Bpamenne” myMa U OTTAJKHBAHHE TIHOB.

T. 0. npoBeséHHOE B 3TOM pazjese UCC/IeNI0BAHNE MOKA3aJ0, 9TO JIBU-
JKeHWe YaCTHUI] €CTh MePEHOC BO3MYIIEHUs, OCHOBY KOTOPOTO COCTAaBJIAET -
HAMUKA BHYTPEHHETO Teleph KBA3U-CTAIMOHAPHOTO MOTIEPEYIHOTO BOJHOBOTO
[I0JIsI, UMEIOINEro IPUYMHY B IIyMe TJI9HA, TOYHee B OOIIeM IIIyMe HaIlero
mupa (KonebaHusx pU3NUIECKOTO BAKyyMa).
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YacTuisl

OCHOBHBIMU 3JTEMEHTAMU HAIIETO TPEXMEPHOTO MUPA SIBJISTIOTCST 3M TJI9HBI
%, II? u 1M maps! vj, KOTOpbIe cocTaBaens u3 v rasuos I}, 111, coenunén-
HBIX 0OMeHHBIME g-cBst3siMu (8, 9). CBoiicTBa 1M [I9HOB U HIZKHIX KBAPKOB
|28, 29| coBnamator, ecam nBera kBapkos [30, 31| oroxaecrBuTh ¢ M3Mepa-
mu. Torna HU>KHHME KBAPKH d; eCTh POTHBOTI9HBI Hjl., HUZKHUE aHTUKBaP-
KU — TJI9HBI Fjl-, nBeTa KBApPKOB — m3Mephl j = 1,2, 3, OTBETCTBEHHBIE 3
Pa3MepHOCTHU HAIlero MpocTpaHcTBa. 13-3a cBoeit oqHOMEPHOCTH KBapKH He
COCOGHBI UMETh TPUMUCHIBAEMBI UM criuH 1/2; T. K. Jjist 9T0r0 Tpebyrorces
2M WJIM 3M TJIDHBI.

B azponax [32] ksapku ceasamsl rmoonamu [31] raxske, kax '} u IT; cBs-
3aHbl OOMeHHBIMI g-cBsa3amu (8, 9) B [®, IT° n v;. CegoBaresbHO TJIFOOHBI
ecTb g-cBa3u. Ho, B 001miem ciryvyae, OHE He KBAaHTHI BOJH. BoTHA ecTh epeHoc
Yepe3 coceIHue TOYKU. A B IIyMe MHOTOMEPHBIX g-CBSI3eil KarK IbIit F} CBsI3aH
cpas3y co BceMu F}#. 31ech HeT BOH. VICKII0OUeHTeM SABISIOTCS 3M TI3HBL. B
HUX BCE F} OKa3bIBAIOTCS COCEAAMU, YTO MIO3BOJILIET BBECTH IIPEJICTABICHUE O
[JIFOOHAX KaK KBAHTAX BOJIH B 'BeToBOM mpocTtpancTBe' W3 TPEX TOUYEK.

OOMeHBI MeZK Ty Fjl u ngﬁj DPA3HBIX U3MePOB JAf0T 6 ABYXIBETHBIX TITIO0-
HoB. OOMEHbBI MeXK Iy F} u Hjl. OJTHOTO M3Mepa JITaloT 3 OecHBeTHBIX IJII0OHA.
OtHaKO B KBAHTOBOI XPOMOJIWHAMUKE MPUHUMAIOTCS JIUIIH JIBA U3 HUX, UTO-
Obl 00I1Iee YUCJIO COPTOB IVIIOOHOB COBIAJIO C PA3MEPHOCTHIO IPUCOETNHEHHO-
ro npejcrasaenns rpynnbl SU(3), K KOTOpoii ux npuss3bBator. Cuanraercs,
970 TpeTuii GecuBeTHBIN TUIIOOH He JIOJIXKeH HabI01aThes Ha onbiTe. B ypas-
HeHIAX ke (8, 9) Tpu oOMeHa 7); ecTh AeifiCTBYOIINEe B PA3HBIX H3Mepax He3a-
BHCHMBIe TIYMBI. OHI Bce MOJKHBI YIUTHIBAThcA. He BUIHO NpUYInH, YTOOBI
OTKa3bIBATHC OT TPETHEr0 DECIIBETHOI'O IVIIOOHA.

Avmmaryasr ' u IT2 Brpoe Gompnre avmantys I'! u T, uto coBnamaet ¢
COOTHOTITEHNEM 3aPsIJI0B 3JTEKTPOHA U HUKHUX KBAPKOB. KC/Ii 3apsiapl 9acTuIl
OTPeJIeNIAIOTCS AMILIUTY/IAMH TJ9HOB, TO 3JEKTPOH e~ B cBoeil ocHoBe O
nMeeT mpoTuBOrIRH 113 a mosurpon e — rmsn OF = 3. Tnsubl gaor um
JIMIIb TOYKY NPEObIBAHUsI, & CTPOCHUE YACTHIL OLPEIE/ISIETCS OKPY XKAIOITUMHI
ux agopamu 17 u /I u3 -moeii, HAJEISIOMAX 9aCTHIBI MACCOI.

AHHUTUIAINAS 3JIEKTPOHA U MO3UTPOHA HE eCTh WX IpeBpalieHne B ¢ho-
TOHBI. [ 719H U TPOTWBOTI9H ITUX YACTUII, B 3aBUCUMOCTHU OT YCJIOBUI COMMKe-
HUsl, OOBEIUHSIOTCA B 3PUPOH WM HEUTPAJIBHYIO YaCTHUILY, YTO COITPOBOK A~
eTcs U3JIyUeHneM IeKTPOBOTH. B 06paTHOM mporiecce CHIBHOE JEKTPOTIO e
paspymaet 3pupoH, a suigeausnmecd 1'° u I1? 06pasyioT BOKpyT cebs ABOPLI
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MAaCCHBHBIX £-TIOJIEH M CTAHOBATCS JTEKTPOHOM M MO3UTPOHOM.

1M maper v; = F}gg]_[]l u3MepoB j=1,2.3, u3-3a ux nporuBoda3zHbIX KOJe-
GaHWil, ABISIOTCS Ge3aMILTATYAHBIME YacTHIAME (663 3apsi/ia), HO ¢ BHY TPEH-
Helt sHeprueit kosebanuit. K HUM HaJ0 100aBUTDH 2M Vjj, = Flgl_[lgfkgﬂkg7
ViV, 3M 193 = D19l glaglIs03gl13g, vivavs, u Golee IyIMHHBIE COYETAHUSI.
Mexk 1y HUMU JOJIZKHBI OBITH TePeXoJbl Ha OCHOBe OOMEHA §-CBA3SIMU, BeJTy-
Iue K yCTAHOBJICHUIO JeTAJIbHOIO paBHoBecus. T. K. ¢ pOCTOM JJIMHBI 1ierei
pacTér BepOATHOCTL UX pacliaja, TO Haubojiee yCTOHYMBLI OJHOMECTHBIC Vj
U UX COUCTAHWdAd VU, V1VV3. EIMHCTBEHHBIMI JacTUIAMU, Ha KOTOPbIE OHI
HOXOKH, ABJIs0TC HelrpuHo [33]. Torga nepexogamu MexKy HUMH MOLYT
ObITH HefiTpuHEble ocnmLIsanun [34]. OaHoMecTHBIE V; He MOTYT HMETH CIIHH.

[mpu Fjl- MOKHO IIPEJICTaBUTh UMEIOIMM JIB€ CBOOO/IHBIE -CBSI3U JIJIsl B3a-
UMOJIEHCTBUI ¢ TyPHAMEU JPYyTIUX U3MEpoB. Kcin cuuTarhb, 94TO BO B3aUMO-
JIEHCTBUY C MPOTUBOTJIPHOM CBOETO M3Mepa y4acTBYIOT 00€ CBI3U, TO 3TO
Oy/eT COOTBETCTBOBATH MPEJ/ICTABIECHUIM O B3aUMOJEHCTBUAX TTOCPEICTBOM
rTI0OHOB. [1apbl TI9HOB pa3HBIX H3MEPOB, CBI3aHHBIE OJTHO §-CBS3bIO, UMEIOT
Y/IBOCHHBIE AMILJIUTY/IbI U JIBe CBOOOHbIE ¢Bsi3u. OHU MOXOXKN HA AHTUKBAPKHU
d C ABOIHBIM 3aPAI0M. DTO BepXHIe KBAPKM U; = gF]HgF] 19 = d]Hd] 1
U UX aHTHKBADKH U; = gl_[ngijlg = djp1d;_.

[TosnyuenHble coueTaHus OTHOMECTHBIX TJ9HOB (KBapKOB) BMecTe ¢ (oTo-
HaMU Yy 00pa3yoT mepBOe MOKOJIEHNE YaCTHIL:

d; =11}, dj = Fl u; = gT's HgFJ 1g7 uj gHjl-HgHj1 19 l/j = I‘l-ggH]l-7
et = OF 4+, OF =Tlglighly, "0, = MigMiglilg, 7.
Onu camblie JIETKHE W HE PACHIAIAIOTCS.

HeiitpuHO U OCHOBBI 3JI€KTPOHA COJEPXKAT HAWMeHbIIee YHUCIO CBI3aH-
HBIX TTIOOHAMHU KBaPKOB. DTH §-CBS3W MEePBBIMH BBIJIEIIINCH U3 CIAOEIONIET0
mryma. VX cuia cooTBETCTBYeT YPOBHIO TIYMa MPU UX POKICHUU U SIBIISIET-
cst HanboJIbIIIeil cpeu ocTabHbIX B3auMojieiicTuii. [Tosromy, Kak mokazaHo
B KBAHTOBON XPOMOJMHAMUKE, OHH ITPAKTUYECKU HE OBIBAIOT CBOOOIHLIMH,
oObeinHsAs KBAPDKH B 3aMKHYThle coepuHenus. B (8, 9) 3To mpeacraBieHo
MMApHBIMH KOPPEJAUIMH, JaiomuMu JuHelinble g-cBa3u. Ho 8 KX /I ritoon-
Hble B3aUMOJIEHCTBUsI HEJTMHEHHBI U TpeOyioT yuéra koppessmuii (7) Gonee
BBICOKOTI'O TTOPSJIKA.

CreayonuMu mo HopsiIKy HIyT OOMEHBI MEXKIY §-CBA3AMU (TJII0OHA~
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mu). st ux yuaéra B (8, 9) 106aBASIIOTCS TPOU3BEICHNUS TITYMOB

3 3
S; = 5] +¢;+gS; ani(l + a1 Z Tig ki) Si > Tiht = —Thiij-
i=1 k=1

Sh = 5? +ej+ glni(L+ gim0;) + 0;(1 — gi7ym)] S5 S5 (33)
St =5 +e;— gln(1 + g1750;) + 0;(1 — g17ymy)] S5 S},

31ech Tij U T; — €JUHUYHDbIe IIyMbl oOMeHa Mexk/Jy riroonamu. [Ipu cuip-
HOIl HETUHEHHOCTH g1 ~ ¢ CYIIECTBYeT BEPOATHOCTH CKOPOTETHOTO PAa3PhIBA
g-CBs3eil ¢ UX HEPEKJII0UEHUEM Ha JIPyrue KBapKH, UMEIOIue B 3TO BpeMs U
B 9TOM MeCTe TaKHe K€ BPEMEHHO Pa30pBaHHbIE -CBSA3MU.

Cienyiomine MOKOJEHUSA 00pa3yoT 0oJiee TAXKEIbIe YaCTHIHI C BHYT-
PEHHUM IMIPOCTPAHCTBEHHBIM cTpoeHueM. COIVIacHO JAHHBIM O CTPOEHWH Ya-
crur [35], Bce OHE BKIIOYAIOT B cebsl KBAPKH, HO UMEIOT HAMHOIO GOJIBINNE,
qeM y HuX, mMacchl. CjegoBaTe/IbHO KBAPKH COCTAB/ISOT ux ocHoBy O, 710-
HOJIHEHHY IO OKpYy:KeHueM (ABop, 1), KoTopoe COCTOUT U3 MOJSPU30BAHHBIX
5(UPOHOB € YBEJIMYEHHBIM, 0 CPaBHEHUIO ¢ 3PUPOM, paccrosauem (1 > ro)
MEeXKJIY HUMHU ¥ HeHTPUHHOU YacTU Pa3sHON 00BEMHOM ILJIOTHOCTH.

KBapk-1iit00HHBIE OCHOBBI MOTYT OBITH J1I000# fuHB. Ho ¢ mx poctom
pacTér BEpPOSATHOCTH Pa3pblBa OJIHON U3 g-CBsdA3€il U paclaja OCHOBbL. B 1ep-
BOM MOKOJIEHUH TPEJICTABJICHBl YACTUIIBI C HAUMEHBITUMH 3aMKHYTBHIMU OC-
HOBaMHU, B KOTOPBIX CJy4aiiHbie pa3pbiBbl CBA3€il BOCCTAHABIUBAIOTCS B HUX
:)ke. [Ipyrue ocHOBBI, nMerorue OOJIBIITE JIUHBI, PACTaIAIOTCS.

Ionoxurenpabii mon 7+ mveer ocaoBy OF = ud = OF, copmanaromyto
€ OCHOBOII MO3UTPOHA. TaKkne yKe OCHOBBI UMEIOT BCe IMOJIOYXKUTEJIbHbIE Ya-
ctunbl. OHU Pa3HATCS TOABKO ABOpamMu. OTPUIATETbHBIE YACTUIIBI UMe-
10T OCHOBY 3/1eKTpoHa O u pasHble ABOpbl. HeffTpasbHBI IHOH HMeeT OCHO-
By 00 = uii+dd, ceopamyiocs x nape I'> —I13. BosmoxkHO Bee HeliTpaIbHbIE
9aCTHUObI NUMEIOT OJNHAKOBBIe OCHOBBI U3 CBS3aHHBIX MTOJIIpU3aIieil IdHa u
nporusorasHa I'3EI13, pacmoozKeHHBIX Ha PACCTOSHEE GOIBITEM PACCTOAHUS
MexKTy 3(pUpOHaMU, U pa3Hble JIBOPbI, C KOTOPBIMU CBA3AHbI UX PA3IUUML.
CymiecTBoBaHMe YaCTUI TTO/IEPKUBALTCS PEAKIUAME 00MEHA BHYTPH [BO-
POB ¢ Tepeckokamu g-cBsizeii (9). OHU ecTb JUHAMUYECKHE U CTATHCTUICCKIe
00bEeKTBI, UMEIOIIHeE CJIOKHOE CTPOEHUE.

YCI0BHOCTD IMOHATUA CIIMHA YACTHUIBI. 1. K. B IIEHTPe 3apsazKeHHBIX
IHMOHOB PACIOJIOZKeHbI II3Hb! [ wiu nporusorasne [12, To 7+ u 7~ nosKHbL
uMeTh ciuH 1/2, a He HyneBoil, Kak ceifuac npuasaTo. Cnina 0 OTHOCHTENTBHO
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OEeHTpa YacTHUIbI MOXKET UMETh HeﬁTpaﬂbeIfI II1UOH 71'0, €CJIN COCTaBJIAIOIIINE

ero ocuosy ['® u II3 obpamaiorcs BOKpYT ero nenTpa. Ilpu srom camu I3 u
13 umeror criun 1/2. DTu ke paccyzjIeHus OTHOCATCA U K GO30HAM C1aboro
p3anmogeitctsua W, W=, Z° xoropwim mpummcan coma 1. Ctors e me-
KYCCTBEHHBIM SABJISICTCS IMOHATHE ¢UHUYHOrO ciiuHa ¢gporona. 1 Becex 9Tux
YACTHUIL TEeJbIH CIIMH BBOAUTCS, UTOOBI ¢eaTh UX O030HAMH — IEPEeHOCUH-
KaMu B3anmojeiicTBus. OTHOMECTHBIE KBAPKU F} 1 HEHITPHHO V; He UMEIOT
CIIIHA BCJIEACTBUE UX OJHOMEDPHOCTH. TO/bKO 2M U 3M HeHTPUHO Vj, U Vi3
MOTYT UMeTh criuH 1/2.

ITporon mveer ocroBy O = uud = I'1gl'agl'sgI"1 gl g = OFv. Ona cBo-
JIATCS K OCHOBE IO3UTPOHA, CBI3aHHON ¢ HEHTPUHHON YaCTbIO JIBOPA peak-
UsIMA OOMEHa. JTO OTPAKALTCS B PEAKIUSIX C yIACTHEM MPOTOHA, KOTOPbHIE
00sI3aTeIHLHO COepKaT HeTpuHO: pr = e 2u, prv = ne™, pe” = nv,n = pe” v.
[Iporon He craTuveH, a quaamMutded. [[puanny ero ycToifanBOCTH HAI0 UCKATD
B CTPOCHHH JIBOPA U PEAKIHAX BHYTPU HETO.

Heiitpon umeer ocuoBy O,, = udd = v;; = I'*¢IT® u crpoenne, nogo6H0e
HPOTOHY /aHTHIIPOTOHY, HO Oojiee CJI0KHOe. BHYyTpH JBOpa BOKPYI MacCHB-
HOrO 1HeHTpa, copepxkainero '3/, spamaerca [13/T3. Tlpu srom BKJIaJ B
CIIUH HefTPOHA BHOCWUT JIWINh PACHOJOKEHHBIN ero MmeHTpe TI9H, 9TO JaéT
crnuH 1/2 OTHOCHTENBHO 9TOTO IEHTPA.

NmeroTes aBa B3anMOIEHCTBUS T/A9HA ¢ OKPYZKAIONIel cpeloi: Y- MOTeH-
muan (12), npuBoigamuii K £-MOJMI0 W JAIONHHA MACCY YACTUIAM, a TaKIKe
cBsi3bIBAIOMM 9Bl g-06MeH (33). Bausane nepsoro npeobaagaer B 3cdu-
pe, a BTOporo — B meiitpe. Ilpu g-obmene raama I ¢ neiirpuno v° = [P ggll?
(33) mosiBJISI€TCST BOBMOYKHOCTH CMEHbI X MECT, YTO JIOJIZKHO BBI3BIBATD CJIy-
JalHbIe TIEPEMEIeHnd TI9Ha B HEUTpe.

[Ipruuny Mace TAXKEIBIX YaCTUIL U UX PacIajia CJIeayeT UCKaTh B UX JIBO-
pax. Bo3aMoxKHO MOBTOPHBIE MPOXOXK/IEHUS T/IIHOM OJHOTO M TOTO YKE MeCcTa
YBEJIUYINBAKOT PACCTOSHIE MEXK/Ty 3(DUPOHAMHE 10 HEKOTOPOTO PABHOBECHOTO
3HAYCHHS U TeM IIPUIAIOT YacTUIe OOJBIILYIO, 9eM Y MO3UTPOHA MAacCy.

[niooHubIit g-00MeH IMPOUCXOIUT HPHU JAOCTATOYHON JIJId HEro IJIOTHOCTH
YucJIa HeTPUHO B TPOCTPaHCTBE. Ecin 3Ta MI0THOCTDh YMEHbIIAeTCsT, TO OJ1H-
JKaMIas K [JPHY M CBsI3aHHAS C HAM YaCTh HEHTPa COXPAHSET HAYAIbHDBIE
IIOTHOCTH B ¢-00MeHbl. O0pa3yercs eqmHas CHCTeMa, KOTOpast MOYKeT OBITh
ycroitanBoit. BiyKaaHus r19Ha CTAHOBATCS OTPDAHWYEHHBIMH B MPOCTPAH-
cTBe. BO3MOXKHO TaK pOXKIAJHUCH HMPOTOHBI U HEHTPOHBI HPH YMEHbIICHUH
IJIOTHOCTH YHCJIa HEUTPUHO B PACHINPAIONIEUCT BCEICHHOM.

U3 onbitos [36] cieyer, 9T0 HYKJIOHBI HMEIOT HOXOXKHE MPOCTPAHCTBEH-
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HBIE paclpejeneHus IIOTHOCTeil Macchl U 3apsiaa. OHU yOBIBAIOT OT Cepi-
nesunbl pazmepoM ~ 10716 M o rpamuunr ~ 1071% M, 9T0 MHOrO Gosbime
paccrosanil Mexay sduporamm r ~ 10722 M. TIpennoaoKuTeIbHO 3TO eCTh
JacTh JIBOpa HYKJIOHOB. B mpoToHe 3apsj He HAXOIUTCd B €ro HeHTpe, a
pacipeseaét mo oobEMy Ha PacCTOSHUs OT IeHTpa MHOro OoJbiiue r. B neii-
TPOHE MMEIOTCS 00JACTH MOJOKUTEILHOIO U OTPUIATEJIHHOTO 3apsijia. 3Ha-
YUT OH COJAEPZKHUT IJI9H U HPOTUBOTJRH. Ha 310 ykasbiBaeT TakKe pacnajl
HeHATPOHA HA MPOTOH, 3JEKTPOH U AHTHHEHTPUHO (HeHTPHHO).

Bce Taxéable 4acTUIIBI OMUCHIBAIOTCH MO CX€M€e OCHOBA-IBOP. x
OCHOBBI COCTaBJEHBI U3 3M TIJHOB F? WU /¥ TPOTUBOTIIHOB Hf Bpomutn
pa3zHooOpa3Hble KBAPKH U TJIIOOHBI HET HeoOxoauMmocTH. JlocraTouno 1M ras-
HOB F}, IPOTUBOT/IIHOB H} U OJIMHAKOBBIX g-CBsA3€H Mexk 1y HumMu. Pazjimuns
YACTUIL CBI3aHBI CO CTPOCHUAMU JIBOPOB. BO30HBI €/Ia00r0 B3aUMO/IEHCTBHA
U ME30HBI He BBIJICJIAIOTCA U3 JIPYTUX YaCTHI], KPOME CBOEr0 y4acTus B 00-
pasoBaHuu siaepHoit Marepuu. CTpoeHre MIOOHOB U TAOHOB He MMeeT Kade-
CTBEHHBIX OTJIMYUH OT CTPOEHHS aIPOHOB.

JIBOpPBI HYKJOHOB CyIIECTBYIOT BMECTE C OCHOBAMU OT MX POXKJEHUMI B
COOTBETCTBYIOIEe BpeMs Pa3BUTHs BCeseHHOM. OHUM MOJIZKHBI HECTH B cebe
OTIeYATOK Cpebl Toro Bpemenu. Cefi1ac OHM ABJISIOTCS HNEPeXOoHO#H 00.1a-
CTBHIO OT OCHOBBI 4epe3 OCTATOK CPeJibl UX POXKJIEHHS K COBPEMEHHOH cpe-
Jle BCeJIeHHOM, cKpbiBatomuiica 3a "mycreiM" mpocrpancTBoM. HefiTrpuHHBIE
JIBOPBI IPYTHX TAXKEIBIX YACTHUIL OMPEIETSTIOTCI YCIOBUSIMU UX POXKICHHUS B
COOTBETCTBYIOIIUX PEAKITAAX.

[npH v npOTHBOTIH JIUITH YCJIOBHO MMEIOT OJIHO MECTO, a 10 CYTH OHH
€CTh TJI9HBI PA3HECEHHBIE HA TTOJOBUHY MPOCTPAHCTBA (mo1060poTa 1o dhasze).
Ecyim cpesibl B 9TUX MecTax pa3Hble, TO B3aUMOJIEHCTBHE IIIHOB ¢ HUMH TOXKE
Oyaetr pa3ubiM. Torma u 9acTHIbl, OCHOBAHHBIE HA TAKUX TJHAX MOTYT OBITDH
paszubiMu. T. K. IPOTOH W aHTUIIPOTOH OCHOBAHBI Ha IJ[9HE U IIPOTUBOI/IIHE,
TO TOJHONW CUMMETPHH MEYKJIy HHMH MOYKET W He OBbITb.

B gacrunax ¢ asopamn pazianuue (pepMuOHOB 1 GO30HOB YCJIOBHO.
Ctporo ¢pepMUOHAME ABJSIOTCA TOJBKO [IIHBI BCJASJICTBUE HX Y-OTTAJIKABAHNA
(12), He MO3BOJIAIONIETO UM OBITH B OTHOM MecTe. BO30HAME SIBJISTIOTCS TOJIBKO
KBaHThI £-BOJIH, T. K. OHU CBODOJIHO MPOXOJSAT OJMH CKBO3b Jpyroi. Yacru-
IIbI, COJIEPIKAIINE T/A3HBI U {-TI0JISA, HE MOTYT OBITh TOJILKO (hepMUOHAMY WJIH
0030HaMM, XOTsI BO3MOYKHO MPeodIa aHne TOro Wil WHOrO CBOMCTRA.

O mone Xwurrca. /lng ero cymecrBoBanus TpeOyeTcss OTPHIIATEIbHBIH
KBaJjIpaT Macchl w2 < 0 1 ero oueHb OOJBIIOH HeIMHEHHBIH POCT ¢ yBe/Iu-

m

uenuem nojs Xurrca. Ouuako npu w2, < 0 scup nepexoaur B TTl-masmy,
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B KOTOpOil HEBO3MOXKHBI TOJISIpU3anusa U MaccuBHble &-mogs. [lostomy co-
MHUTEJHLHO KaK CYIIECTBOBAHUE ONPEIE/IIeMbIX 3TUM I10j1eM 0030HOB XHUrCa
n Hamby-T'oncroyHa, Tak u CBsI3bIBaHUSI ¢ HUMH MAacCC YaCTHUIL.
EcrecTBeHHBIME NpHYMHAMHI MAaCC YACTHI] ABILAIOTCS YBEJIUIECHHOE pac-
CTOSTHUE MeK]y (PUPOHAMHU BHYTPH HHX M YaCTOTa JUHEHHBIX KOJeOaHmii
I'll-maaTnuka w,. Tak sHeprus IoKog MaCCHBHOH BOJIHBI mc? = w,, ecTb
UMILYJIbC Kojiebanud r3Ha u nporuBoraua B ['Tl-mape ¢ yuérom Biausinus
COCeJIHUX Tap, a w2, — ero BHyTpenHss sneprus. OHa CKJIaJIbIBACTCS U3 BHYT-
peHHelt dHepTuH wz koJsiebanus cpodoanoro I'll-mMagTHrKa 1 yMEHBITAIONEro
€€ BIMSHUSA coceiell, BBIPaXKeHHOTo B BHe nepenoca. [Ipu Gosbiom nepeno-
ce Bes saeprusd ['I-magruuka Mmoxer ynocuTbed u3 ['-maper, oOpas3yst BoTHY
¢ HyJIeBOil Maccoil nokos. lIpu MajoM nepenoce pacxojyercs TOJbKO 4acTb
9TOil IHEPTHUH, U BOJHA OCTaéTCsd MaccuBHOI. e Maccewl yacTu onpeaes-
I0TCS MaCCUBHBIM £-TT0JIEM, OKPYZKAIONIUM WX OCHOBBI, TO BCE OHU CBS3aHBI C
JacToTOll w, U BbIpazKaloTcd 4depes Heé. T. K. w, ecTb HauboJIbIIAg JACTOTA
kosebaunit rpHoB B ['Il-napax, To cBA3anHasd ¢ HEIO Macca My = W,/ c? ToKe
nauboJsibitag. Ho ona Hejoctuzkuma us-3a orcyrcrbus mnap sue ['TI-cpejibr.

IIosie Tarorenuga

Yérnast gactb Ug moTeHIMAIa B3aUMOICHCTBUAA depe3 IIyM, HECMOTPS
Ha c¢Boio ciaabocts (Ug < U,), BBI3BIBAET OTTAAKUBAHUE JIIOOLIX [IIHOB K
CO3/1a6T HEKOTOPOe JaBjeHne B 3QHee. A HEOMTHOPOIHOCTH PACIOJJIOKEHUSI
OT/IeJILHBIX 3JIEMEHTOB CO3AI0T HEOMHOPOIHYIO 1ehOPMAITIIO ITON CPeJIb.

[Iyctb B 3dbupe pacoozKeH JOMOTHATETbHBIH 3(DUPOH 3¢ (MM HEHTPHHO
WIH APYTOil HeWTpaibHbll 06beKkT). OH oTTaTKUBaeT GunKaiiinrme 3hUpPOHHI,
KOTODBIE TIePeJaioT OTTAJKUBaHUE JaJibiie. Paccrosuue rg mexiy 3hupo-
Hamu MeHsgercd Ha ro + h, h < 0 — 3dup ckumaercd 3a CYET PaCTAKEHHUST
B IeHTpe oTTajkuBanud. [Ipu 3ToM 00bEM 001aCTH CXKATUST MHOTO OOJIBIIIE
obbéMa obstacTu pacTsxKeHus. V3MeneHue paccrosHus ecTb BeKTOp h, Ha-
IpaBJIeHHBIH 10 pajauycy oT obbekTa Biausaus. [lome medopmanum sdpupa
OlIPEEIISIeTCs CyMMOM (MHTErPajioM) 9THX BEKTOPOB.

Taxkum ke cBOHCTBOM 00J1a/1aeT TOJe TATOTEHHs] B TEOPHH DHHIITEHHA
[3]. Ix MOKHO OTOXKIECTBATH, €Cin 3a noTeHImaI nost B3saTh h. Torma mo-
Jie TATOTEHHUHA €CTh 4YacTb aedopmanum 3dupa. ITO HOIATBEPKIAET
MeTPUUYECKHH XapaKTep IpaBUTAIMKM DUHINTEHHA U JaéT eMy 00OCHOBaHUE.

DJIeKTPOBOJIHBI U YACTHUIIbI B II0JI€ TaToTeHud. VX cBoboaHOE 1BH-
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JKeHIEe OTHOCUTEIBHO 3PUpa eCTh TMepeHOC BOZMYIIEHUs E-TI0sI, 3aBUCSIIINIH
OT PACCTOSIHUN MeK, 1y 3dpupoHamu r; = ro+h; B/1oJb oceii-uamepos ¢ = 7j, k, [.
B cxkatom acpupe cocenum 3cbuponam mepeaérces 60bIne SHEPIUun, YTO yBe-
JITYUBAET CKOPOCTHU IIEPEHOCA.

BekTop ¢cKOpOCTH 3JIEKTPOBOJIHBI C MEHSIET CBOH BEJIUYHHY U HAIIPABJIE-
are. BmecTe co CKOpOCTBIO MeHdAeTcs JacToTa. B ogHoMepHOM caydae
w(ro+h) =c(ro+h)qg= (c+d.c-h)g=w(ry)[l + (d.c/c)h], c = c(ro).

T. x. d.c < 0, TO CKOPOCTb W YACTOTA JEKTPOBOJHBLI B MOJE TATOTCHHUS
(h < 0) pacTyT. DIeKTPOBOIHA YCKOPSIETCST B CTOPOHY GOJIBITIETO MOJIS.

JIBurKeHue u CBOMNCTBA YACTHIBI, KAK MAKETa MOTEPEIHBIX BOJIH, OIPe/Ie-
asoTes ypasuenueM (23) w? = w2 + c*¢?, B KOTOPOM 9acToTa KoaeGanmit
B supone (17) wy, = w2 — 4¢® — 2¢f. B cxarom rarorennem sbupe, 1mo
CPaBHEHWIO C HECKATHIM, YACTOTHI Wy, W W BMECTE ¢ MACCAMM YACTHIIHI B TIO-
Koe M = Wy,/c® u apmwxenun M = w/c? cTaHOBATCS MeHbIE, a CKOPOCTh
V = ?q/w u ornomenue Macc M?/m? = w?/w? =1+ 2¢?/w?, — Gosblue.
BekTop ckopoctun V MeHsIeT CBOU BeJIMYUHY U HAIPABJICHHUE.

T. K. yckopeHue 3jIeKTPOBOJIHBL WJIH YACTHUIIH TPOIOPIMOHabuo grad h;,
To h geficTByer Kak BeKTOP MOTEHIUAJIA TOJIST TATOTEHUSI, UMEIOIIUI TPH Ta-
pamerpa h;. OH MeHsIeT MeTPUKH KaKIO0# OCH, a depe3 HUX KPUBU3HY IIPO-
CTPAHCTBAa M MeTPHKY BpeMeHH, ompejesseMyo dacroroii w(h) BoaroBoro
naketa. Eciu e 3amedars 3bup, TO IBUKEHHE JEKTPOBOIHBI HJIA 9aCTHIIHI
MPOUCXOUT KAK-ObI B KPUBOM MYCTOM TIPOCTPAHCTBE-BPEMEHN.

YpaBHeHusl 10Jisg TAroTeHusd B 3pupe MoxkHO HaiiTu. OnHAKO W3-3a €ro
ciaboctu (10) CKOPOCTH MepeHoca MoJist TSATOTeHNsT 0 KpailHe Majia Mo CpaB-
HEHUIO CO CKOPOCTBIO cBeta ¢ : 02/c* ~ Ug /U, ~ S,/Sy < 107,

Hedopmarnusg spupa h umeer jaBe gacTu, 0o0ycJIOBJICHHBIE IBYMS NPHIH-
HaMu. DT0 hg, mopoxkmaénnas 46THOH dacThio Ug MOTEHIHATA B3AUMO/IEii-
crBust 0B Yepes myM (10), u he, HeauHeiiHO HOPOXKAGHHAS IEPEMEHHBIM
ssrektponosiem € (18). Ux coorromenue pst gacrur (em. "Cpena mupa')
hg < he <&:  hg/he ~Ug/U,, he/§ ~E/r. Manocts hg obyciaBiusa-
€T M3BECTHYIO CJADOCTh TATOTEHUs, KOTOPOE TOJBKO JJIsi O'POMHOTO U JIEK-
TPOHERTPATHLHOIO MHOYKECTBA YACTHIL CIIOCOOHO CO3/IaBATh 3aMETHBIE MOJIS.

Cornacto ypasuenusim (18) hg-110Jie BJusieT Ha 3JEKTPOBOJIHY M MOXKeT
epeHOCuThCs BMecTe ¢ Heil. Ho oHo kpailine maio. A HeJTMHEHOCTH TPUBO-
JIAT K 3aBUCUMOCTH TIEPEHOCHMOTO TMOJIS OT MapaMeTpPOB MEPEHOCAIIEH ero
9JIEKTPOBOJIHBI, YTO 3aTPY/AHSIET IpejiCKa3aHne UTora Toro nepenoca. Toraa
HabJo1aBIIasicst B onbiTax [27| "TpaBUTAllMOHHAS BOJIHA, COMPOBOXKIaeMast
3JIEKTPOBOJIHOR" | €CTb HEOTJeJMMOe OT 3JIEKTPOBOJIHBL fg-110J1€.
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BertiecTBo sgiBIsI€TCST 31€KTPOHEATPATBHBIM JIUIID JIJI TPOCTPAHCTBEHHBIX
pasperternit Mmuoro 6osbie pazmepa aroMmoB. Ha Menbiux macirrabax Bce-
T'da CYHIeCTBYIOT CHJIbHBIE IIepEMEeHHBIC 3JICKTPOIIOJIA. A TaM T'I€ HET YaCTHIL
00s3aTeTbHO MPUCYTCTBYET PETUKTOBOe m3yydeHue. OHU BIOJTHE CIOCOOHBI
[epeCcTPauBaTh ITPUOJTU3UTEIHLHO CO CKOPOCTBIO CBETA IOJIA TATOTEHUs JIBH-
JKYIIUXCI MacC, 9TO SBAAETCA HEOOXOIUMBIM YCJIOBUEM JIJII BHIBOJA TEOPUH
rpaBuTanuu JitHinTeliHa. [ paBUTOHBI, KaK MEPEHOCUYUKH TOJIsI TATOTEHUS,
HaCTOJIBKO Cﬂa6b1, YTO UX MOXKHO HE€ Yy4YUTBIBATD. B UTOTe OCTAETCI KBa3U-
TTOCTOAHHOE TTOJIEe TATOTEHUA MAaCCUBHBIX TEJI, KOTOPOE PN UX JABUXKECHUU Ha-
JIO TIOJIIPABUTh Ha HEJUHEHHYIO MEPECTPOUKY 3JIEKTPOIIOJIEM.

['paBuTarumonHoe 1oJie U MACCa TeJ MPOIMOPIHOHAIBHBI YHCJIY YaCTHUI] B
nux. OTCIofa cJielyer nponopHuOHAIbHOCTh WHEPIMOHHO U IPaBUTAIMOH-
HOII Macc, WM UX PABEHCTBO B COOTBETCTBYIOIIEN CUCTEME €JUHMUIL.

Oqub CHUJIbHOE TI0JI€ TATOTeHUd BBLISBIBACT 3HAYUTEJIHbHOE YMEHBIITEHUE
paccrodHusa Mexk1ay dpuponamu, Begyinee K (a3oBoMy Iepexoiy pupa B
['ll-mna3smy. B Heit HeT moJid MOAApU3AIUH, CAEJ0OBATEIBHO OTCYTCTBYIOT
9JEKTPOBOJIHBL U YACTUIBI. DTa 00JIACTH BBIIVISIMT KaK 4dépHas Jbipa. To-
/18 MOXKHO HPE/INOJIOKHTD, 9YTO YEPHBIE ABIPHI ecTh obaactu ['TI-mnasmbr,
obpasoBasiiuecst B 3pupe 1o AeficTBHeM CUJIBHOTO MOJIA TATOTEHU.

OneHka BeJMYMHBI OCHOBHOI YAaCTOTHI. 3a HAJAMIYMHYIO SHEPTHUIO
I3Ha GepéTes obbIYHOe 3HaUYeHNe 3Hepruu Kpapka ~ 107! 9B, koropoe cuu-
TaeTcs MOpsaKa dHepruu IrymMa. Ho IIym Bo3BBIMIAETCA HAJ, ILIATO OCHO-
BaHus, KOTopoe Ha ~ 46 mopsajkoB ero moiinHee. 1orja U3 SHEPruM rdHA
hQ = 7-10716Q ~ 10* OB caexyer omenka ocHOBHOIH gacToTH w ~ 10 T'm.

Ddup abCcoIOTEH IOTOMY YTO HAXOJIUTCA B aDCOTIOTHOM IIPOCTPAHCTBE
MecT riadHoB. Ho mHabsiogarenb wim mpudOOp MOTYT ABHIAThCA TOJIBKO € CO-
CTABJAIONIIMHI TeJIa YACTUIAMHU, KOTOPBIE SIBISIOTCSI BO3MYIIEHUAMHI PUPA.
B comnpoBoxkgatomieit ux cucreme 0TCYETA I'PYMIIOBAasT CKOPOCTH MAaCCHUBHOM
BOJIHBI BMeECTe C UMITYJIbCOM KBaHTAQ (BOﬂHOBbIM BeKTOpOM) CTaHOBATCA HY-
JIEBBIMH, & 9aCTOTa M MacCa YMEHBIIAIOTCA JI0 3HAYEHUN COCTOSHUS ITOKOS.
CKOpOCTH M HUMITYJIbChl KBAaHTOB JPYIUX YaCTHI[, BKJIIOYast POTOHBI H HC-
KJII0Uasd HEHTPUHO, OTCUUTHIBAIOTCA OT HYJIs. T. e. CKOPpOCTb YaCTHUIIbI BCErIa
MeHbIIe TPeJIeIbHOI CKOPOCTH TepeHoca (CBera), a CKOpocTh (DOTOHA DAB-
Ha eii. CnegoBarebHO B JII000I ABHZKYyIIeiics ¢ HAOI0IaTeIeM CHCTEME OT-
Cc4IéTa CKOPOCTh CBETA MOCTOSTHHA W BCe (DU3MUUECKWE MPOIECCHl MPOTEKAIOT
OJIMHAKOBO — JABHUXKEHUE OTHOCHUTEJIbHO. AOCOJIOTHOCTH pupa CKphITA
3a OTHOCHUTEJILHOCTBIO (DUBUYECKHUX CHUCTEM OTCUETA.

Ilosrte TaroreHUsa OTHOCUTENBHO. MaccuBHble T€JIa sIBJSIIOTCS BO3MY-
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MIEHUSIME a0COTIOTHOTO 3PUpa, a Mo TATOTEHUs MOACTPAUBAIOTCS O, UX
JIBIZKEHUE C TOMOIIBIO 3JIEKTPOIO/Isi. Bech 3TOT mponecc OTHOCUTEIEH, ITO
MIO3BOJISIET UCIO/Ib30BATH TEOPHUIO TPABUTAIMN JUHITTEHHA.

Heiirpuao abcoaioTHO, T. K. COCTOUT JIUIIb U3 Map TJIHOB U HPOTHU-
BOIVIPHOB 6e3 y4uacTusd £-10J U He sBJIdeTcs Bo3MylneHueM apupa. Ddueii
abCcoJII0TeH KaK cyMMa abCOJIIOTHBIX HelTpa u >dwupa. 1. o. HeiTpuHO AB-
JISIETCSI TIPeJICTaBUTE/IeM abCOIOTHOM CPeibl B HAIIIEM OTHOCUTEILHOM MUDE.

Ctuxunm n ypoBHU MaTepuun

Cocrosinue cpenbl Halero Mupa (3Gup) 3aBHCHT OT PACCTOSHU MEKITY
adpupoHaMu U UX NOJIpU3aIuu. B HeBO3MYIIEHHOM COCTOSHUU, KOTJA OIS~
pusaius 3PUPOHOB OTCYTCTBYET, TJIIHBI U TPOTUBOTJPHLI B HUX COBMEIIE-
HBI. VX cymMMa gBJIseTcsd MTyMOM W He UMeeT CTPYKTYpPhI. 113 obmenpuHaThIX
cruxuii (OroHb, BOJA, BO3AYX, 3€MJis) 9TOMY OOJIbIINE BCETO COOTBETCTBYET
OeccTpYKTypHas CTUXUS OTHA. B BO3MYIIEHHOM cocTosHUU dDUP ABJIdeTCS
npomMezKyTounoit cpeoit mexay ['Tl-mia3zmoil, Kak MOHM30BAHHBIM T'a30M, U
['TI-tBepabio. Torma emy coorBercrByer ctuxus Boabl. Ocraércs ['-mra3zmy
u ['[I-TBepap OTOXKIECTBUTD CO CTUXUAMU BO3/AyXa U 3eMau. OKOHUIATEIbHOEe
cooTBeTCcTBHE cocTogHU 3cdupa u cruxuii: [llym ectb oroub, noJsipu-
30BaHHBIN 3up — Boma, ['ll-mnazma — Bo3ayx, I'II- TBepabL — 3emis.

[IIymbr OBIBAIOT pasHBIMU. DTO Bceobmumii mym Beero, HeompeaeaéHHOM
IIyM Ha OCHOBHOH e TMHUYHOI dacToTe (cymmMa Kosebanuii 6GJIbIIX 9acTor),
ero 6eckoHedHoe paszbueHne Ha HE3aBUCUMBIE TTYMbl KOHEYHBIX JIUCIIEPCHIi,
X W3MeHeHHe BO BPeMeHU JI0 COBPEMEHHOTO IIyMa M IMyM CYMMBI TJI9HA U
MPOTUBOT/I9HA B 3buponax. KaxkaoMmy U3 HIX MOXKHO TTOCTABUTH B COOTBET-
CTBUE CBOIO 0COOYIO cTUXUIO OrHgd. Tak yrBepKiaercd pa3sHooOpa3ue OrH4d.

[Mlym ©we GecnopsyiovueH, a gBJISETCA MPOBOJHUKOM B3aUMHBIX BJIMSTHUIT
HAIEro MUpa W JAPYTUX MHUPOB. DTO MEPEHOCUTCs HA cTuxwuio oras. [Ilym
SABJISIETCS OCHOBOM M3 KOTOPOM POKIAIOTCSI MUPBl U B KOTOPYIO OHH BO3Bpa-
maroTcesd. Yepe3 oroHb NojaepKuBaeTcs HAJIIIYMHOCTh MHPOB, CBI3aHHBIX B
€JIMHYIO 1Iellb CYIIECTBOBAHUS U YKU3HU. Jepe3 HIyM OCyIIeCTBJISeTCs B3au-
MojieficTBre BHYTPU KaxJ0ro Mupa. CTUXUA OTHA €CTh OCHOBA MUPOB,
HEOOXOIMMOE YCJIOBUE UX CYIIECTBOBAHUSA U PA3BUTHS.

[IpoBeénHOe uccaejoBaHNEe CTPOEHHS HAIEr0 MHPa IO3BOJISET Bbljle-
JINTh CEMb yPOBHEU MaTepuu, B KOTOPBIX KazKIbIil CJIeIYIOMUI ABIsIeTCs
OCHOBOW W NPUYUHON TpeAbIAYIIero:
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1. Ilnotnast matepusi: 3BE3/bI, TJIAHETHI, TTPEIMETH U TeJia MOCTPOEHBI U3
MOJIEKYJI, MOJIEKYJIbI — U3 ATOMOB, ATOMbBI — M3 YACTHII.
2. Tloste monstpuzarun 3pupa. OHO COCTOUT N3 MACCUBHOW YaCTH BHYTPHU Ha-
cTun u 6€3MaccoBOTO TEKTPOnoJisd. OHU ONPEe/IAIOT IOTHYIO MATEPHIO.
3. [loste nedbopmaruu apupa: CBolicTBa 1OJICH MOJAPH3ANUN 3aBUCIT OT pac-
CTOSHUN MeKIy PUPOHAME — METPUKH (DUpa, BKIIOYA IMOIe TATOTEHUS.
4. dduponsr: Merpuka 3pupa 00yCI0BI€HA UX B3AUMOICHCTBHEM dePe3 IILy M.
5. Tpéxmepubrie T3HB: DHUPOHBI €CTH apa TPEXMEPHBIX TJ9HOB U MPOTHU-
BOTJI9HOB, C KOTOPBIX HAYMHAETCS HAIIE TPEXMEPHOEe TPOCTPAHCTBO.
6. OgroMmepHble TIIHBE: T'péXMepHbIe TAIHBI COOPAHBI U3 OJHOMEPHBIX T3-
HOB, CBSI3AHHBIX KOPPEISIIHOHHBIME §-CBSI3SIMH.
7. Men — Bcé, koropoe nuuto (Ilycrora, A6comor, Exunoe, HeBbipazumoe,
...), 00beuHsOIIee ObiTHe 1 HeObITHE. B HEM BCe MUDBI, BK/IIOYAsI HAIIL, CBS-
3aHBI B €JIMHYI0 CAMOYTIPABISEMYIO IEIb BETHON JKU3HMU.

[ToxoxKue ypoOBHM IIPUHSTHL B 930TEPHKE U TeOCOMUH JIJIs OMUCAHUAS CTPO-
enusi YeaoBeka [37):
. @usnuaeckoe reao(Crxyra mapupa).
. Ddupusrit apoiinuk (JInura mapupa).
. Acrpamnnbnoe teno (Kama-oka. »KuBoTHas JIyma).
. MenTasibHOe Tes1o (HU3IMUit yM, paccy/IoK).
. IlpuunnrnOoe Testo (KapMUYecKoe, BHICIIHN yM).
. Teso 6nazkencrsa (Byaixu, mpocBeTieHne, JIyXOBHAS JTYIIA).

~1 O U i W N =

. Arva (Arman ecth Bpaxman — BedHast, Hem3MeHHas JlyXOBHAsI CYIIHOCTb,
oco3HAMMMI AOCOTIOT, KOTOPBIN OTOXK IECTBISAETCS 31€Ch ¢ aDCOJTIOTHBIM ObI-
TrHeM — BpaxmanoMm).

Torma:
1. IL1oTHOE TEIO CTPOUTCS U3 YACTHUIL.
2. DdupHoe Teso — mose noasgpusanun dpuponos. OHO obecrnednBaer u
OTIPEeIE/ISIeT TLJIOTHBIE TEIA.
3. ActpasibHoe Teso (xkenanuii) — nedopmaitus sdupa. 2Kenanng npuTari-
BaioT. TakxKe JeficTByeT MoJIe TATOTEHHS.
4. Mentanbuoe Teno — 3huponsl. OHI 33Ja10T cxXemy (MAaTpHILY) JJIs T0-
CTPOCHUL CJAEAYIOUIUX yPOBHEl.
5. Ilpuuunnoe TeI0 — TPEXMepHbBIE T3HbI, B3aUMOJEHCTBIE KOTOPBIX OIIpe-
JIeIIeT CTPOEHNE U JIBUYKEHNE MUPA.
6. Teno GmaKeHCTBa— OXHOMEpHBIE TI9HBI, KAK OCHOBHBIE CTPOHTE/IbHBIE
KHPIUYAKHA MHUPA.
7. Arma— Bcé, koropoe HUYTO.
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NTorn

B dwusuke cymecrByer mpeacrasienne o "rteopunm Bcero" Kak Ienm, K
KOTOPOH HAJ0 CTPEMHUThCS depe3 00o0IeHne u o0beJIMHeHne yKe HU3BeCT-
HBIX TEOPHl B3aUMOJIeHCTBUIT U CTPOEHNsI MaTepuH (CyIeCTBOBAHUST TACTHIL).
[Ipeaaraemast 3/1ech paboTa TaKKe CIAEJIaHA PAIU ITOH MEIU C HAIEXKI0H
HA eé JOCTUXKEeHWe, HO JPYTUM MyTéM. BMecTo naabHeHIero oTBaIedeHus u
YCJIOKHEHUST MATEMATUIEeCKUX OPY/IHil UCC/IeI0OBAHNIT, YIIOD C/e/IaH Ha MOWC-
K€ OTHOCHUTEJBHO IIPOCTOrO OCHOBAHUS (DUBUKH.

Taxoit BEIOOP TpeOyeT COOTBETCTBYIONMIEIO €My Ha3BaHHs IpeiaraeMoit
34ech Teopud. OHO JI0JKHO ObITh 1IOX02Ke Ha, 00LIeIpUuHsaTOe HasBaHue "reo-
pust Bcero" um oryimuarbest or Hero. Takumu cBoiicTBaMu 00/1a12€T BBIpaKe-
nre maHopuda. OHO COCTaBJIEHO U3 JIBYX JpeBHErpedecknx cjaop: "man'" —
Bcé u "Teopus" oT KOTOpOro B3siTa BTOpas IIOJOBHHA Ha3BaHWA. B mpose-
JIEHHOM HCCJIEIOBAaHUU TOJIBKO HAYATO BXOXKJICHHIE B ODIMIUPHYIO 00/1aCTh TOf
Teopun. Ha ocHOBe TPOCTEHIINX TOCTYIHBIX MOJEIEH MpeIIaraloTcss OCHOBBI
[AHOPHU C HAJEKION Ha UX JaJbHelyo 6ojee MOaHYI0 pa3padoTKYy.

Hawaso pabore nosaraer yTBepk/eHre O BCEOOIITHOCTU IHEPTHUU, I10-
HUMaeMOil KaK CKOPOCTb u3MeHeHusd. VI3MeHenue, mpe/icTaBJIeHHOe depes Ie-
PEMEeHHbBIE JIeHCTBHE-JINTEIbHOCTD, TPUHUMAETCS 3a OCHOBY BCEIO CYIIEro.

CranuonapHble TOBTOPBI K3MEHEHUs BHIPAKAIOTCS Yepe3 TAPMOHUKH, JIIsT
KOTOPBIX BBEJIEHO MECTO. ['apMoHHMKA jeficTBue-3HEeprusi HA3BaHa TJ9H, a
nporuBoda3Has eif — IPOTUBOTAIH. [ApMOHNKA CTAHOBUTCSA OCHOBHBIM 316~
MEHTOM JIJIsI ONMCAHUST MATEPUH U 3aMeHseT MaTepUaIbHYI0 TOUYKY.

Bceé cymectsytomee (Beé) mpeacraBieHo B MHOKECTBE TAPMOHUK OJIHOI
YaCTOTHI Yepe3 UX CPEJIHIO JUHHIO U IIyM Kojebanumii. IITym Oepércst 3a
OCHOBHOE COCTOSTHWE HAIIEro MUPA.

YeroitanBast CTPYKTYpa MUPa TOCTPOEHA M3 HAJIIYMHBIX [9HOB, BO3HU-
KaBIUX Mpu ocaabjeHnn mymMa ¢ coxpanenneM ero dpaykryannii. Koppessi-
U MeXKIY MpexKIe He3aBUCHMBIMU IIyMaMU PA3HBIX U3MEPEHHil IMPUBEJIH
K CYIecTBOBaHUIO 3M IdHOB ['® 1 nporusorasnos [13, cocrapienubx us 1m
F]l, H} u uap F}H} KaxKJIoro usmMepa j. [anbl Fjl TOZK/IECTBEHHBl HUYKHUM
kBapKaM d;. UBSA3H MeK1y N3MepeHHAMH U3BeCTHBI KaK IJIIOOHBI.

B3aumopeiicTBue radHOB Yepe3 IIyM 00yC/IABINBAET TOSBICHUE 10~
JIel MONIIpU3alii, BKJII0Yasd U3BECTHOE JIEKTPOIIOJIE U I0JIe TATOTCHU.

TpéxmepHoe MPOCTPAHCTBO HAIIETrO0 MHUPA €CTh IIPOCTPAHCTBO MECT
raHoB. OHO OTpaHUYeHHO, 3AMKHYTO Ha cebe U mMeeT MaTephuaIbHOe OCHO-
Banue. Cpea HaIIEro MUpa COCTOUT U3 0CJIa0JAEHHOTO 1Ty Ma, HaJIIIIy MHOT'O
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OCHOBAHHS U BO3BBINIAIONINXCA HAJ HUM YacTeil HAAIMTYMHBIX TIIHOB.

HanrryMHBIe 9aCTH OHOMECTHBIX IJI9HOB (KBAPKH) COODAHBI B 3JIEMEHTHI
cpensl u oThebHbe dacTuibl. CBsa3anubie y-B3anmoeiicteuem I'TI-mapsr
coctauu TBEP IO cpeay I'II-TBepab, a HecBA3aHHbBIE — I1JIA3MOOOPA3HYIO
I'll-nna3ma. llepexomHad MexKIy HUMH cpejla eCTh OCHOBa HaIlero MHPa
acup (D). On cocrour u3 aduponos 3 — [Tl-nmap. [dpyras yactb cpejbl
cocrapieHa u3 HefitpuHo W HaszBana HEHTp (N). Ux coBokynnocts — 3-
Heit (ON). Bosmoxuo acbup ects 3m mosepxuocts B 4Mm I'Tl-cpene,
pazaensiomas B weit ['Tl-mrazmy u ['TI-rBepan.

Tpéxmepnsie cocrosaus ['II-mnasmer u I'II-TBepau npecrapiensl B 3du-
pe peIKuMHu BKpamieHuaMu. Yépusie abpbl cocTtosaT u3 'll-mna3mer, a BHYT-
pu yactun npucyrcrsyer ['TI-rBep/b.

[Ipesmoxkena Momenb Cpebl Hamrero Mupa. HailileHbl ypaBHEHUs JIWHA-
MUKW €€ TMOJISIPU3AINN U JUCTIEPCHOHHOe. BOJHBI HMEIOT MOTIEPEYHY IO U TTPO-
JIONBbHYIO cocTapisionue. Ho npomonbaasg BostHa HaMHOTO ciaabee mnomeped-
Hoit u3-3a 6oJiee €1a060OT0 UCTOYHUKA BHYTPH YACTHIL K €l MOXKHO IpeHeOpedb.

DJIeKTPUUIECKOE TOJIE €CTh 1OJIAPU3alUA IPUPOHOB.

Boxkpyr risHoB B adupe cyiecTByeT £-11071€ Mo pu3aium 3OUPOHOB, KO-
TOPOE BXOJMUT B COCTaB YacTHUIl. BOJW3U HUX PACIOJIOKEHBI CTAIMOHAPHOE
norepevHoe MacCUBHOE &-1I0JIe, Jaolnee JacTuIaM Maccy. Jdasee paciolio-
JKEHO KYJIOHOBO 3JIEKTPOIIOJIE.

JIns AUy IIeiicss 9acTUIbl INHAMUKA MOJSIPU3AINN ONMKUCHIBACTCA YPaB-
nenneMm Kieitna-®oka-l'opjgona, 13 KOTOPOro BHIBOAATCH HEJUHEHHbIE YDaB-
Henusi /lupaka (pw ApyroM WX MOHWMAHWN) W AMILIHTY/IHOE HEJIWHEHHOe
ypasuenue Illpénunrepa BMecte ¢ ypaBHeHHEM, 0O0OOIIAIONIUM €ro J0 JIio-
ObIx ckopocteil. BosnoBasg (byHKIIHS €CTh aMILIATY/Ia KOJIeOaHHH TI9HOB
B 3dupone. Macca u ABHKEeHHE TeJl UMEIOT MOJEBYIO MPHPOIY.

Tpéxmepunie razunt [P u nporusorasust [12 cocTaBasioT 0OCHOBY HOZHTPO-
Ha u 31exTpoHa. Ilaper oxnomepnbix rasuos I';II; ecth snekTponnbie Heii-
TpuHO. BepxHue KBapKu u; coCcTaB/eHbl U3 Iap IJI9HOB HJIU IPOTUBOI/IIHOB
u; = H;HQH;_I.

YacTuipl 1epBOro NOKOJEeHUs TOCTPOEHBI W3 TAPHOB (Kpome ¢ho-
TOHOB). B ¢TpoeHme HO3UTPOHA M JEKTPOHA BXOJSAT JBOPBI U3 E-10JIEH.

Bce maccuBHble YacTHIBI, KPOMe HEHTPHHO, COMEPKAT JIETKHE OCHOBBI
U OKPY’KAIOIHe WX MaCCUBHBIE ABOPBI, KOTOPBIE COCTOSIT W3 TOJIEH TOJIs-
pusanuu 3puponoB u HefiTpuHHON YacTh. IBOPHI JOJTOKUBYIIUX ITPOTOHOB
COXPAHSIOT OTIEYATOK CPebl BCeIeHHO, ObIBIIeH IpH UX POXKICHUH.

Ha yposae rapnoB mup abcostoren. OTHOCHTEJIbHOCTh HAYUHAETCS HA,
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YPOBHE YaCTHUIl, KOTOpble (KpoMe HeHTPHHO) BMECTe ¢ OKDYKAIIMUMU UX
MTOJISIMU SIBJIAIOTCS TIEPEHOCUMBIME BO30Y K j1eHusimu 3dupa. Heiirpuno abco-
JIIOTHO. Ddup 1 HeHTp abCOTIOTHHI.

ITone TaroreHus sBIAETCA YACThIO O gedopMaruu (MeTpuku) 3bu-
pa. Ero norenmuan onmuceiBaeTcss H3MEHEHHEM PACCTOSHUS MEXKIYy dpUpoHa-
Mmu. [Tokazano pacnpocTpanenue 3JIEKTPOBOJIH U YacTHI] B HEM. BoHbI TATO-
TeHHsI CYIIEeCTBYIOT, HO UX BJHsiHHE IpeHeOpeknuMo Majo. OcTaéTess TOMBKO
BEKTOPHOE I0JI€ TATOTEHNS TeJI, KOTOPOe ITPU UX JIBUKEHWH TepecTpanBaeTcs
¢ TIOMOIIHIO SJIEKTPOIOJISI.

IToka3zaHO COOTBETCTBHE YETHIPEX CTUXUM MuUpa U cocTtosHuil I'1I-cpenpr.
Boraeneno ceMb ypoBHEHl MaTepHH, KOTOPbIE COBIAIAIOT C YPOBHSIIMHU CTpPOE-
HUSI 9eJI0BeKa B JIPEBHE-UHUACKUX YYEHUIX U COBPEMEHHON 930TEPUKH.

HeobxomumbiM yCJIOBHEM CYITIECTBOBAHUSI W Pa3BUTHUs sIBIsieTCd OECKO-
HeYHas IelMb B3auMOAENCTBYIOMINX >KUBLIX MUPOB.

Taxum 06pa3oM TEOpUU COBpEMEHHOMH (PU3UKU MOTYT OBITH BBIBE/ICHBI U3
IIpe/ICTAaBJIEHUS BCETO CYIIECTBYIONMEro B BUJIE IEPEMEHHOIO JIeHCTBH.
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