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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 v1eMeHThl. Best GeckoHedHAST TPYyIIa CyMMAPHO YMENAeTCsl B OJHOM dJIe-
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.

MHuO)kKecTBO TapMOHUK OHON 9acTOTHI 00pa3yer abesieBy IPYIILY 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 MOJIMHOZKeCTB, TO Bcé pa3moknMo Ha J000e KOJINIeCTBO 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 DBubsinu, Bo BTOpoii kHurn MakkaBefCKoii, HAIIMCAHO: BCE COTBOPUJI
Bor u3 nuuero. B Esanrenne or NMoanna: B nagase 6b110 Ciaoso, u CroBo
onr10 y bora, m Cnoso 6s1110 Bor.

B mucanusx Iepmeca Tpucmerncra [8):

Bcesikoe aBuzkeHne OPOXKIEHO HEMOABUKHOCTHIO H B HETIOBUKHOCTH. ... Hu-
4TO cy1iee He 11yCTO.... TOﬂbKO He6bITI/I€ IIYCTO U 1y2KA0 CyHieCTBOBaHUIO.
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TBoper, cOTBOPHI Bech 3TOT MUp, He pykKamu, HO CIOBOM.
EauHCcTBO — HaYa 0 U KOpeHb BCEX Bellei, ... HA49aI0 He MPOUCXOIUT HU OT
4Yero, HO TOJBKO U3 cebd .... KanHcTBO, KOTOPOE €CTh HAavaJio, COACPKHUT B
cebe Bce 4YmcJIa, HO CAaMO He COJEPXKHUTCA HU B OJHOM; OHO HOPOJIHUIO BCE, HO
CaMo He POXK/I€HO HUKAKUM WHBIM YUCTIOM.
Bor tBopuTr Beunocts, BeunocTh co3maer Mup, MUP TBOPUT BpeMsl, BpeMs
00yCJ/IOBJIUBAET CTAHOBJICHUE.
JIBuzKeHne MuUpa OCYIIeCTB/igeTcd B 2Ku3Hu Beunoctu, ... Her auyero mocro-
STHHOTO, YCTaHOBJIEHHOTO, HenoiBUKHOTO. [TocTosgucTro BeunocTn aBuzkercs,
1 TOJBUZKHOCTh BPEMEHH CTAHOBUTCS TTOCTOAHHOM.
To, 9T0 HaxXOIUTCS BHU3Y, COOTBETCTBYET TOMY, UYTO IPEOBIBAET BBEPXY; U TO,
4TO 1PeObIBAET BBEPXY, COOTBETCTBYET TOMY, YTO HAXOJAUTCH BHU3Y.... Bce Be-
i ipoun3oniin 0T OaHOro mocpeacTBOM EauHOTO... 0T 3TOM OHON CYIHOCTH
qepes npucrnocobieHune.
B Kub6asuone |9, 10| npuBoasitcst 7 repMeTHIeCKUX TPUHIIATIOB:
1. MenranbHocTu: Beé ecTh MBICIb (BCETEHHAs] €CTh MbICIeHHbIH 06pa3 —
HAIIIe [PeJICTaB/IeHne O Heil).
2. CoorBercrBusi: Kak BBEpXy, Tak W BHU3Y, KAK BHU3Y, TAK U BBEPXY.
3. Bubpanuu: Huuro me mokouTcss — BCE JIBUKETCS, BUOPUPYET.
4. Ilongapuoctn: Beé aBoiicTBeHHO, BCE UMeeT MOJIOCA..., IPOTUBOIOIOXKHO-
CTH, COBIAIAIOININE IO TPUPOJIE, HO PA3IUIHbIe B CTENEHHU.
5. Putma: Beé BhITeKaeT u BTeKaeT, HOJHUMACTCSA U MAIaeT — MAagTHUKOBOE
KoJjiebaHue BO BCEM. PUTMbBI KOMIIEHCUDYIOTCS.
6. [Ipuuunnr u ciaepcrBus: Begkas npudnaa uMeer CJIeICTBHE; BCIKOE CJIe]I-
CTBHe UMeeT [IPUYUNHY; BCE COBEPIIAETC 10 3aKOHY; CIydail eCTh NMd 3aKOHA,
KOTODBIN He TO3HAH;... HUUYTO He YCKOIb3aeT OT 3aKOHA.
7. lona (IBOICTBEHHOCTh AKTUBHOTO M MACCHBHOrO Havau): 1o BO BeéM —
BCE MMeeT CBOM MY?KCKOl MJIM YKEHCKHil IIPUHIIUII HA BCEX YPOBHHAX ObITHUS.
B Pursege [11] (1700-1100 rr g0 m.3.):
He 6b110 He-cymiero, u ne 6bLJIO CYIIEro TOTJA. ...
Hpimmano, He Koaebas Bo3ayxa, mo cBoemy 3akoHy Heurto Omno. 11 He ObLIO
HUYETO JAPYToro, KpoMe Hero. ...
B "Manaykpst Ynauurman" [12]:
Aywm! Dot 3ByK — BCe 310. Bor ero paswscuenne: [Iporemee, HacTosee,
Oynaytee — Bce 310 u ecTh 3ByK Aym. U1 To mpodee, 9T0 3a mpeeaMu TPEX
BpeMeH, — Toxke 3BYK AywM. V6o Bce 310 — Bpaxman. 9ror Arman — Bpaxman.
B "Cumixa-cuixanra najgaxara” [13]:
Henmenyembiit (A6cosior) ectb Camocymuit, Besnavanbubiii 1 Cosepiien-



Hb1if, EAuHbIi BHEe MecTa U BpeMeHH, ... u conpucyias emy [laktu (:KeHcKoe,
SHEprusi).... epe3 ero mysbcallii BO3BHUKAET alapa-MiakTh. ... [lyabcanus,
obHapy KeHre, OTKPBITHE, Pa3apob/ieHne, BHE3AMHOE BO3SHUKHOBEHNE — BOT
MAITUKAYeCTBEeHHAS anapa-TIaKTH.

B 6yanusme B "Mynamaaxbsimaka-Kapuka'|[14]:
Her uu npekparienus, Hi BOSHUKHOBEHUs, HU YHUYTOKEHUS, HU BEIHOCTH,
HU €JIMHCTBEHHOCTH, H MHOXKECTBEHHOCTH, HU pubbiTus, au yooitusa. Ecrh
TOJIBKO B3aMMO3aBUCHMOE MPOUCXOZKIEHTE. ..

B "Hao-/I>-113un"{15] 3a ocHoBy Muposmanus npuauMaercs lao (myTh
KakK JIBUZKeHHe, H3MeHEeHHe):
ao, koTopoe MozKeT ObITh BBIPAXKEHO CJIOBAMU, HE €CTh MOCTOSHHOE JIA0. ...
... ObITHE M HEOBITHE TOPOKIAAIOT JAPYT JAPYTA, ... 3BYKH, CJAUBASIChH, IPUXO/ST
B TAPMOHHIO, ...
Jlao — mycTo, HO, MEHCTBYsI, OHO KaZKeTCSI HEMCIEPHAEMBIM.
B [16] Tak omucsiBaercs dao:
brL1o Havasio. Bel1o npeanadalio 3Toro HadaJsa. BeLI1o qoHAYAI0 3TOro Ipe-
Ha4da/la HavaJsia. Dblio ObiTue, ObL10 HeObiTHE. DbLI0 1pejHayaso Obirusd u
neObITHdA. BBLI0 JIoHAaYa 0 3TOro npegHadaia ObITud 1 HEObITHS.

l'apmonuka ageiictBue-sHeprus

Bo BBeiennn mnpey102£€H0 OBTOPHI U3MEHEHHIT TPEJCTABIATH OECKOHEY-
HBIM MHOXKECTBOM TapMOHUK. Y DABHEHHE FapPMOHUKH U €r0 PeleHne eCTh
§=d?’s/dt? = —02%s,  s(t,p) = Scos(Qt + ¢) = ReSelt+e),

Konebamnue s(t) xapakrepusyercs qactoroii 2 u ammiutyaoi S. Hagamn-
Hadg daza p ecTb CABHUT KOJeDaHUsS BO BpeMeHU. Tak JaBe TApMOHWKH C OJU-
HakOBbIMU () U S, HO PA3HBIMU (Y SIBJISIOTCS COBIAIAIONIMMEI KOJICOAHUSIMHU,
KOTOPBIE CABHHYTHI 1O (pa3e. B TakoM ke COOTHOIEHWH HAXOASITCS /B, O/~
HAKOBBIX T€JIa B PA3HBIX MECTAX MPOCTPAHCTBA. 1. 0. HAYAIbHYIO a3y MOK-
HO Ha3BaThb MECTO TapMOHUKHU. BBejieHHe MecTa BO3MOXKHO JIMIIDL IIPUA €ro
MeJIJIEHHOM HU3MeHeHun ¢ < (), nHade TMOHATHe MecTa paciibiBaeTcs. [lepu-
0/1 TADMOHHUKH CTAHOBUTCS KBAHTOM BPEMEHU.

Emg nBe BemauHbl XapakTepPU3yIOT TAPMOHUKY KaK IeJI0e. ITO IBUKY-
mas eé BHyTpenHas sueprus 2S% n mpencrapasionuii eé BOBHE MMITYJILC
QS. Ho QA ecrpb sHeprusg KBaHTa OCIUJLISATOPA, YIACTBYIOIIAs B OOMeEHe.
Eciom u nis rapmonuku cautarh (1S sHeprueit, To S M0KHO OBITH aMILTH-
TyI0# JeficTBUsI, a § — OTPUIATEIBHBIM JIeHCTBHEM, YTOOBI €r0 CKOPOCTD



e = § ObLIA KoJIeOJoIeiicss Heprueil 1 COOTBETCTBOBAJIA OOBLIYHON CBA3M
SHepruu ¢ jgeficTeueM. 1.0. UMITyJIBC TAPMOHUKHY SIBJISIETCSI €€ BHEIHEH dHep-
rueil, y9acTBYIOIIeH BO BHEITHUX B3anmo/ieiicTeusax. OQbpa3yercs rapMOHIKa
"neitcrBue-sueprust” , cokpaménno radH (L), a mepemeHHoe JeiicTBue cra-
HOBHUTCSI OCHOBOM BCETO CYIIECTBYIOMIETO.

[Toce BBIIEIeHHS JTIOO0H YACTOTHI IIHOB, €€ MOYKHO B34Th 34 €JIHHUILY
m3mepenus () = 1. 9ro gemaer Bpems Oe3pazmepHbim t = Ot a sHEpPTUE U
JIEHCTBUIO TAET OJUHAKOBBIE PA3MEPHOCTH.

s =28, cost+ Sysint = S cos(t + p) = ReSe' %), (1)

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

CaBunyTHIl Ha 10J000pPOTA TJ3H C MECTOM ¢ £+ T eCTh HPOTUBOLIIH
(II). B mecTe ¢ OH OpEJICTABICH KaK [J9H ¢ OTPUIATESBHON aMILTUTYI0H
(-S). C BBeIeHIEM TPOTUBOTIHOB MHOXKECTBO MECT JEJUTCS HA COOCTBEHHO
IPOCTPAHCTBO |p| < 7/2 1 3epKajbHOe IPOTHBO-IPpOCTPaHcTBO /2 < || <
T, B KOTOPpOM F n H B3aMMHO 3aMEHAIOTCHA. STI/I IIOHATHNA OTHOCHUTEJIbHDBI AJIA
KaKJ0T0 T'ZIDHA. BCG TJI3HBI C MECTaMU, OTJIMYHBIMHA OT €TI0 MeCTa MeHee, YeM
Ha 7 /2, BXOJST B €10 TpocTpancTBo. OCTalbHble — B IPOTHBO-MPOCTPAHCTBO.
Cymma I'+I1 naét nyneBoe konebanne. Ho camu [" m I mpu sTOM He ncuesaror,
a CKPBIBAIOTCS, COXPAHsisi CBOIO YHEPTHIO.

IMTym u HagIIyMHBIE T/IHBI

CrenyiomuM TaroM B U3ydeHHn Bceero sBiseTcs BBIOOD OECKOHEYHOTO
MHO>KECTBA TaApMOHUK OJHOI dYacToTrhl () = 1. J/[jisi HUX TapMOHUKH C
() < 1 onHUCHIBAIOT WX CPEIHIOI0 JIMHUIO, B3ATYIO 32 HAYa10 orcuéra, a c ) > 1
— UCKayKeHus KoJieDaHuil, KOTOpble HAJI0 YIUTHIBATH 0CO0O.

Konebanue npejicTaBuMO Kak CJIydaiiHas BeJUYrHA (CILyBeJ) ¢ BEpOsT-
HOCTBIO €€ HaDIIO/IeHNs], PABHON OTHOIIEHUIO BpeMeH! MPeObIBAHWS ITOH Be-
JmauHbl K nepuoiy kojebanus. Torma k cymme rapmonuk ¢ () > 1 npume-
HUMa MeHTpaTbHasI pejiefbHas TeopeMa Jlsmyrosa [17], cormacHo KoTOpOit
pacnpe/iesieHne BePOSITHOCTH DECKOHEUHOM CYMMBI HE3aBUCHMBIX CJIYBEJT CXO-
IuTCd K pacnpeenenuio ['aycca. Mckaxkenns KoaeOaHWit CTAHOBATCS PaBHO-
BeCHBIMU (DJIYKTYaIlUsIMHA — IIIyM Ha BBIODAHHO dacToTe.

Besmuuna nryma Heonpejesiena u umeer deckoneunbiit pazopoc. Ho pac-
upejesnenne [aycca Geckoneuno mequmo [18, 19]. Torma sra Geckoneunast



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
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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:
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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.

17



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-
ThIBAE€T BCE Ha6J'IIO,ZLaeMbI€ BOJIHBI.

[Tongpusanus umeeT MOMEPETHO-TOJIOCHOE CTPOEHNE — YepeIOBaHNe
HAIpPaBJEeHUN TOJAPU3AIAN B IJIOCKOCTH, OPTOTOHAJIBHON HANPABIEHUIO TIO-
Jasg. PaccTogHume Mekay TOJIOCAMH PAaBHO PACCTOAHUIO MeKAy dbUpoHAMU
ro < 10722 M. DT0 cTpoeHHe TePeHOCHTC Ha 3JICKTPOIIO/E U 3JeKTPOBO/IHEL.
[Tosie Kysiona ectb cymMMa POTHUBOIIOJIOXKHO HANIPABJIEHHBIX U TIOYTH PABHBIX
IO BeJIMYMHE paJHaJIbHBIX TOJIEH.

Haarrymubre rsHbl MeoT pactpe/enaenne (11) ¢ mpocTpancTBEHHOM Tuc-
nepcueit (¢2> ~ 1, KoTopas gaér mrym mosagpusamum 0 ~ 1, HAMHOTO
MPEBHIAMNN BeJUIUHY d71eKTponoss. Ho sror mrymubiit hon HezameTeH,
IIOCKOJIBKY IIPOTUBOIIOJIO2KHbIE CbJIyKTyaHI/II/I B3aUMHO YHUYTOXKAIOTCA yCPE /-
HEHHUEeM IIpu Ha6JHOZLeHHH 3a BpeMeHa MHOI'O 6OJIb]HI/I€ nx ZLJII/ITGJIBHOCTeﬁ.

Ham mup moxker cyiectBoBaTh ecam paccrosuus Mmexay [Tl-napamu
7 = T BBIJIEPKAHBI ¢ OTPOMHOI TOYHOCTHIO, OOECTIeTnBAIOIIEH JIUIITH TeOMeT-
pudeckoe ocyablenne nojagpusanuu B npocrpancrse. B T'Il-reepau (r > rg)
110JIe — MaCCHBHOE W OBICTPO 3aryXaer ¢ yjajeHuem or ucrodnuka. B I'TI-
miasme (r < rg) yecroidmBasi MOJSpHU3aIsl HEe BO3MOXKHA. [ paHUIA MeXKIy
HUMUW €CTh cpeja Haiero Mupa. OHa, KaK HOCUTE/Ib 3JIEKTPOIOJIA, MOI00HA
runoreTudeckomy 3bupy lekapra. i1 Heé MOKHO OCTaBUTH 3TO HA3BaHUE
acup 2, a eé 1eMeHTH Ha3BaTh 3pupoHLI >=13~II? npu r = 7.

Tpyamo nmpencTaBuTh BO3MOXKHOCTD IOCTOSIHHO TOJIEPYKUBATH B HAIIei
BCEJICHHOH Takue ocobble YCI0BUsA. Bojiee eCTeCTBEHHO MPEIIONI0KUTh, 9TO
3c¢dup ecTh 3-MepHadg MOBEPXHOCTh B 4-MEPHOI cpele, pa3iedionias
['[I-mnasmy m ['ll-TBepap. Takag moBepXHOCTH MOXKET BO3HUKATH, N3MEHSIT-
cs, COXpaHds CBOE KavecTBO, W MponagaTh. CpaBHeHUE ¢ IBOJONKEN Hameit
BCEJIEHHOI MPUBOJIUT K MIPEJINOJIOKEHHIO 0 (a30BOM mepexojie 4M cpesibl u3
IJIa3Mbl B TBEpPAb, KOTOprfI HaYMHaAETCsd OT TOYEYHOM 3aTpaBKH U IIPOAOJI-
KaeTCd yBeJIMIYCHUEM FpaHI/I“IHOfI IMOBEPXHOCTH. ,ZLJIH HeE ecTecTBEHHO UMETh
MEHSIONIYIOCS BO BpeMEHU KPUBHU3HY, KOTOpas MOYKeT ObITh IpejcTaBJIeHA
KOCMOJIOTHYECKOil TTOCTOsTHHO# [21] B ypaBHenusx rpapuranuu JifHITeina.

BosuunknoBenue apupa AOMKHO COMPOBOKIATHCA 00PA30BAHUEM He CBs-
3auubiX B ['TI-napsl rjpHoB u nporuBorduos. [Ipu ero pacuupenuu onu Oy-
JIyT B HEM PACHPOCTPAHATHCS, TPUOJU3UTEHHO COXPAHAS CBOE YUCI0. ITO
pacipocTpaHeHe MOYKHO 3aMETHTDh B OTJINYKE OT paciupenns s¢pupa. men-
HO OHO ONpeJIeJIIeT pa3Mep HAIero MUpa YACTHUIL U HoJieii (BceJaeHHoi ), Ko-
TOPBIIT He TpeBBITIaeT pa3Mepa ydpupa.
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MaccuBHoOe 110J1e

Beamaccoroe -nioste (31€KTPOIOIIE) CYIIECTBYET, €CJIN PACCTOSTHHE T° MeYK-
ay [ll-mapavmu obecnednBaer cymectBoBanue pupa r = ro, wy,(ro) = 0.
[IpucyTeTBre ponoaruTeasnoro rasua [P (wmm [1°) menger r. B cocemnem
3pUPOHE OH NPUTSTHUBAET MPOTHUBOIIIH M OTTAJKUBAET IIdH. Kcium cuna ux
B3aMMOeHCTBHs yObIBAET ¢ PACCTOSIHHEM, TO NPHTSKEHHE CHIbHEe OTTaJ-
KuBaHusA. bimzkaiimme 3(hupoHbl CABUTAIOTCSA K TIAIHY, PACTATHBAS 3a CO0Oi
3up 1 0Opasyd 06JacTh paspe:KeHus, B KOTOpoil r > rg, w2 > 0. U3 cum-
MeTpun cdepsl £-10Je B Heil MOXKeT OBITh TOJIBKO PaJIHAIbHBIM € JIOTOJTHH-
TeJIbHBIM IJISHOM B 1eHTpe. Crarnka 3aja4dnd Tpedyer 9ro0bl HOJISTPU3ALMST
cojiepxkadgia tojie Kysona &, n cramuoHapHble MoJs Kosiebanuii B 3pupoHax,
UMeIOIIHe Monepeunyio & n npoxoabuyio & vacru: £ = & + & + & .

CymecTBoBanue moJei Boau3Hu TavHa [ 3aBucaT oT HATHYNA UX HCTOYHNI-
KOB. MCTOYHUK IMOCTOSHHOTO TOJI — CPeIHsSA aMIIATyIa radHa. s cranu-
OHAPHOTO MOJIs — pactpeenenne myma B radHe (5). OHO mpeacTaBIeHo Kak
caydafiHble TepeMereHnst aMILIUTy,abl, uMetonue "Bpamenune’ BOKPYT 1eH-
Tpa ry3Ha u 'paguanbaoe aBuzKkeHne' | ITO BBIZBIBAET MOJ00HBIE TIOMEPETHOE
u 1poaostbHoe mosid. CiiydaiiHble BOJHBI IOIMEPEYHOr0 I0JIs, BPAIaACh II0
cpepe BokpyT I3, cranoBaTcs cTalmoHapHBIM HAOOPOM CAYYafiHBIX CTOSYUX
BOJIH. [Ipogo/ibHBIE BOTHBI, JBHTAsICh IO PAINAYCY, He SIBISIOTCSI TAKOBBIMH U
HE BJIMSIOT HA MEJIeHHbIE HAJIIIIYMHBIE IIPOIECCHI.

Ecan npeanosarars, 9To Bee nosig nossipu3anuu ['TI-cpemnr obycioBie-
HBI HAJIMIUEM YaCTHUIl, UMEIOIINX B CBOEH OCHOBE TI3HBI WJIM MPOTHBOTIIHEI,
TO OCTAIOTCA JIBa BHJIA HOJIEH: MOCTOSHHOE £, M CTAIIHOHAPHBIX MOIMEPEIHBIX
Kosebanuit &, Kak MacCHBHOE BOJH3M TI9HA, TaK U 0E3MacCOBOE BIAJIH OT
Hero (nomepevnasi 31eKTpoBoJiHa). OJHAKO He HCKJIOYEHO CYIIECTBOBAHHE
IPOAOJIBHOTO TOJA & OT APYTHX UCTOYHUKOB U MPHUNH.

Korma I'® apukercs, -0 BOKPYT TA9HA TEPECTAIOT OBITH CTAIIMOHAD-
HBIMHI M TOJIBKO paJuaabHBIME. VX IHHAMUKY YI00OHO pacCMaTpHBATDL B CB-
3aHHOH ¢ JacTuieil cucreme OTCYETa, HCIOAB3YS YPABHEHHE IJI MeIIeHHO
MEHSIOIIECs BO BpeMeH: aMILInTyAbl. OcTaBiisist NIPpUOJINAKEHHO JIMIID PaIH-
anbHoe noJie BBeeM & (X, 1) = Re[y)(x, t)e “n ™)), TIpenebperas ¥, mosyunm
& & — (20w + w2 ah)ewmt,

B nenuneiinoit yacru (20), 6e3 yuéra BTOPHIX TAPMOHUK (yCpeTHEHUE IO
nepuoay Kosebanuit), samumem &2 = [1|?/2. [Ipenebperag auddepenmupo-
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BAHUEM Wy, (X), 13 (20) BBIBemeM ypaBHEHUE JIIs AMILTATY/IbI
—ith = AY/2m + W2 [P /2, m = w, /P (28)

rae m — Macca &-monst. OHa, BMECTe € W,y,, MEeIJIEHHO MEHSIeTCS B MPOCTPAH-
cre BOmm3u 3. Mzmenenmem cKopocTH ¢ npeneOperaerca. B moxosimeiics
cucTeMe KOOpuHAT w 3aMeHseTcs Ha dp) = w + V grad vy, rie V — BekTOD
ckopoctH dacTtuibl. Ho mpu masom V' BTOpBIM 4WIeHOM MOXKHO MpeHeOpedb.

Ecin 3aMeHNTH MepeMeHHYI0 B IIPOCTPAHCTBE MACCy Ha HEKOTOPYIO IIO-
CTOSIHHYIO M, TO MOJIy9IuM HesauHefinoe ypasuenue [IIpéaunrepa (ypIII) [5]
B OOBIYTHOM /[JTsI HEPEISITUBUCTCKON KBAHTOBOH MEXaHUKE BUJIE

—it) = A /2m + W[ /2. (20)

B kBanTooii mexanuke yplll onucbiBaer namenenune BOJTHOBOM (pyHKITUY.
3/iech 3TO ypaBHEHNE JUHAMUKH aMILTHTY/IbI TOEPEeIHbIX KOaebanmit {-1mois
B Onmzkaitieit K ra9Hy obsactu. VX TOXKIECTBEHHOCTh BO3MOXKHA, €CJH 9TO
[0Jie COCTABJISIET OCHOBY JBHZKEHUs JACTHIIBL. 10T/1a BOTHOBasA (PYHKIINS
SABJIIETCS KOMILIEKCHOI aMILTATYA0! MACCUBHBIX TIOMEPEYHBIX KOJIeOAHUI 0~
Jisipu3anun 3QUPOHOB BOKPYT TJ/9HA, & MACCA YACTHUIBI — XapaKTepHOi
Maccoit m nojg 3tux Kojebanumii. B kadecTBe HEE MOKHO HAalpUMep B3ATh
HanGOJILIIYI0 MacCy HonepeuHbx -Kostebanuii m = max w,,(R)/c?, nocru-
raeMyio B OJIMzKafIIMX K IVIPHY 3PHUPOHAX.

B zamucu ¢ = |¢]e!® uepes momyab || u dasy ® Bumno, uro || ectnb
BellleCTBEHHAs aMILINTY/1a MacCUBHbBIX &-Kosiebanuil, a pa3a BOJIHOBOU (DyHK-
n (JeficTBrUe YaCTHIBI) — UX OTHOCHTEIHHOE MeCTO.

CunTasi 9acTUIly BOJTHOBBIM MAKETOM C YaCTOTOH W,,, YCAOBUE MAJIOCTH
V' samuiieM Kak wy,, > V/L, tne L ~ 1/q — pa3mep makera, ¢ = wy,/c —
ero BoJTHOBOM BeKTOp. Torma V' < ¢ ecTh OOBITHOE YCIOBHE TPUMEHUMOCTHU
yplI. Ho 31ech 0HO BBIBEJEHO JIPYTUM MYTEM.

T. 0. BHyTpU YacTHuIl feficTBre MO/ [JPHA TPUBOANT K (DA30BOMY Mepe-
xony adupa B cocrosgaue I'lI-rBepan 1 BO30YKAEHUIO TaM MACCUBHOTO OIS
MOTIePEeYHBIX KOJIe0aHUN TOJIdpU3allii, Jarlrero yactumaM maccy. [loxoxkee
sBJIEHUE, KOTJa MAacca YaCTHUIIBI OTPesiesideTcs BINSHUEM OKPYIKAIOIIEro eé
MOJIs, UMeeT MecTO B (bU3MKe TBEPIOTO Tesa. DJIEKTPOH B KPHUCTAJLIE CBO-
UM TI0JIEM MOJISIPU3YEeT PEmETKy KPUCTAIa U BO30YZK1aeT B Hell Koyie0aHus.
Obpasyercss kBasmuactuna — nosspon [lekapa [25], abdexrusras macca
KOTOPOTO MOYKeT 3HAUUTEJHbHO MPEBBIMIATh MACCY JEKTPOHA.
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IlorennuanabHasg 3HEeprug BxoauT B yplll gepes menumneiinocts. [IyceTn
aAMILTUTY/I2 ¢ UMeeT JBe 4acTu ¢ = 1 + 1. Torma 1? = 2 + 2¢h1hy + 13.
Henuneiinocrs B yplll st ¢ pasbusaercs Ha camojeiicTBue ~ 17, B3auMo-
JieiictBae ~ 211109 U BO3JElCTBUE ~ 2/15. Ecnu ¢y < 1), TO ocTaéTCs TOJBKO
BO3EliCTBIE B BHjC HOTeHIUana prentnero nos Uy, U = —w?|1s]?/2.

3a kBaHT {-KoJiebaumit 6epércs KoebaHne ¢ aMILTUTYI0H ¢ = 2 B e/iu-
HUNAX AMILIUTY/bI 1IIyMa, 4TOObl €0 BHEIIHHAS SHEprud ObLia Yw, = hw,
upu h = 2. [Tockonbky [1)| < 1, To ero sHeprus B onHOM 3hHpPOHE HE JTOCTH-
TraeTCd — KBaHT KOJIJIEKTHUBEH.

[Ipu nBUKEeHWM YaCTUIBI HEPEHOCUTCS BHYTPEHHSISI SHEPIUsl MaCCHBHBIX
&-komebanmii w2 ||, Eé pacupeaesenne mponopnuoHaIbio || n noqauneno
YPaBHEHHIO HenpepbiBHOCTH, KoTopoe caeayer u3 yplll (29). [Ipu nHopmupos-
Ke Ha enHuIly obpa3yercs Kak-0bl 'BeposiTHOCTHOE pacupenenenne'. Ho va-
cTHIA HejleuMa — eé HeJIb3d HabJIoaTh mo actam. Teneps [1|? npejicras-
Jisiercst "IJIOTHOCTBIO BEPOSITHOCTH OOHAPYZKeHUsI YACTHUIBL" , KaK IMPUHATO B
KBAaHTOBOI MeXaHWKe, a He paclIpeieeHieM BHYTpeHHell Hepruu moreped-
HbIX MACCUBHBIX {-KOJ1e0aHUil BHYTPU HEE, KAK HOJLY4YeHO 3/IeCh.

JIBuKeHMe 9acTHUIlBl eCTh MePEeMEIeHIe e€ TI9HA BMECTe C OKPYKAIOITHM
&-tosiem. OTaebHBIN TI9H, IBUTASICH MEZKTY 3(PUPOHAME, 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
JACTHUIE U MOAIeP:KUBACT YCIOBHUS /ISl CYIECTBOBAHMSA MACCHBHOIO &-TIOJIS.
T. 0. nBU>KEeHNE YACTUIILI €CTh MEPEHOC BO3MYIIEHUS.

JIBm>KeHne vacTUMbl C JIFOOO CKOPOCTBHIO MOXKHO CUUTAThH PACIIPO-
CTpaHeHHeM BOJIHOBOIO MakKeTa (WM KBAHTA BOJIHBI) MOIMEPETHOrO MMOJIst &,
KOTOPBI# Oepércd Kak Habop OJM3KHX IO cHeKTpy BoJiH. Hampapienue mo-
JISPU3AINK 33,1a€T MPOJOJAbHYIO OCh [. ITakeT aBHzKeTCs mMomepéK 3Toi ocu B
mwiockoctu jk. ITose 3amuceiBaercss B Bujie KojiebaHus Ha cpejHeill yacTore
nakera w(q) ¢ MeIJIeHHO MEHSIONIEeHCsT aMILTUTY 10 1)

&(x,t) = Re[h(x,1)e’] = e’ /2 + ke,

rae & = —wt+qx — daza, r = {j,k}, 9 = {¢;, @}, kc o3maTaeT KOMILTIEKC-
Hoe conpsizkenue. Torna mpenebperas 1) : 26 ~ —(2iwi) + w)e® + ke.

B tpub/inkeHun CILIONHON Cpe/ibl 28]25 = 8?1# + 2iq;0;0 — qu¢ + kc.

Tak ke g ocu k. B Heuneiinoit 4acTu rapMOHUKHN HE YUUTHIBAIOTCH.

8E3 = 3e3® + 3¢2¢f6iq’ + ... & 3| Pet® + ke

Tenepn B (18) —2iwy) — W + wih =

207 + 0F + 2i(q;05 + qrOk) — 47 — gl + 3w [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

—idpp = (A/2M + 32| /8),  dpp =1+ (Vgrad)y.  (30)

3/1ech UMEIOTCS IBA JIBUKEHUST: TAKeTa (YACTUIIBI) KAK MEJ0r0 ¢O CKOPOCTHIO
V u Bayrpentnee. OObI9HOE B JIMHEHHOM NPUOINKEHUH PACILIBIBAHUE BOJTHO-
BOT'O MAKETA CTAOUIN3UPYETCS MPHU YIETe HETUNHEHHOCTH. DTO YpaBHEHHE TIPH
wm =0, M =q/c, V=q/M npuMeHNMO K ONUCAHUIO JBUKeHUSA (DOTOHOB.

[TonydernHBIE PE3YIBTATH OTJIUYIAOTCSA OT IPUHATOTO B COBDEMEHHON KBaH-
TOBOI MeXaHHWKe TOJIKOBaHUS cBa3u ypasHeHuit [lIpéannrepa n Kireitna-Ooxka-
Topaona, npu koropom Y pK®I' gsiisiercs peisiTuBUCTCKUM 0000IIIEHUEM HEPe-
agrusucrckoro yplll, mpumensembiv K BotHOBOH dyHKIH. YpKOI' (24)
€CTb TOYHOE BEIECTBEHHOE YPaBHEHHUE JIJIsl BENECTBEHHOTO BEKTOPA TOJISIPH-
sanuu ddbupona. Ypll (29) ectb yIpomiéHHOe KOMILIEKCHOE YDaBHEHUe [Tt
CKAJSPHONW KOMIJIEKCHO! aMILTUTY/IBI 9TOH mosgpusanuu. PeagaTuBucTcKuM
obobmenuem YpIIl apisercs ypasuenne (30).

Broas ¢ = Re(We®), rae &y = —wyt +qyX, 3anuiiem Me | IeHHbI Juc-
oyp wy = Vqy + qi /2M + U, B KOTODHIii BBeJeHA MOTEHIHAIbHAS SHEPIHSI
U Bo BHemrHeM mosie. OH ONMHUCHIBAET CBA3b YHEPIUH, UMIYJIBCA U CKOPOCTH
wqacTunsl (KBanTa BOHBI). O, — dasa aMmanTy e (B KBAHTOBOH MeXaHHKe
9TO JIefiCTBHE YACTHUIIbL ), CTAIIMOHAPHOCTH KOTOPOH MPU BAPHUPOBAHUH OTIpe-
JleJIsieT JIBHYKeHHEe MaKeTa — HPUHIAI HauMeHbInero aeiictBusa. Paza
BO3HUKJIA KAK CJIE/ICTBUE MOJIEBON MPUPOJIBI TACTUIL, BKIOYAsT (DOTOHBI U WC-
KJovasg HeiiTpuHo. T. 0. OCHOBOHW /JId MCIIOTB30BAHUS NMPUHITUIIA HAMMEHb-
Iero JefcTBUs ABJIsIeTcs E-110J1e TOJApU3alun ddupa.

B conyreryiomeii nakery (wacruie) cucreme orcuéra Vo= 0. Torma
q=0,w=wp, M =m u ypasuenne (30) nepexomur B yplll (29) ¢ m = m.
Macca aBuzKyIIeiicss 9acTUIlbl YMEHBITAeTCA 0 MACCH TTOKOst. OHU CBA3aHBI
aucnypoM w? = w2 + ¢ = w2 /(1 —V?/c?), umm M? =m?/(1 —V?/c?).

T. K. Macca ecTb BHEMNTHsIs Heprusi (MMITYJIbC KostebaHusi), KoTopas 06-
PATHO MPOMOPIUOHATBHA TEUEHUIO BPEMEHH, TO COOCTBEHHOE BPeMs JTBUZKY-
merocs rea t ~ 1/M. C apyroil croponbi, 4To0bl BBECTH BPEMsl HAJI0 UMETh
obpazer JIuTe/IbHOCTH, CPABHEHUE C KOTOPBIM U MaéT ero. B BoJIHOBOM Tia-
KeTe TAKUM 00PA3IoM sIBJIsteTcsl epnojt Kojaebanuit T = 27w /w juist 1BHXKY-
merocst Tena u T, = 27 /w,, 1asg nokosiierocs. st 060ux TeJT UX BpeMeHa B
eIMHAUTAX CBOUX Hepuojnos cosmanaior t/T = t,,/T,,. Ho B obuux enununmax
onn pazsmaaiorcs t = £, T/ T, = tmwm /w =ty (1 — V2/c2)1/2,
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Bwmecte co BpemeneM Mengerca pasmep L aBuKyierocs Tena. [Ipu moboit
CKOPOCTH BHYTPHU BOJIHOBOI'O ITAKETA MOMEIAETCHd OJIHO U TOXKE YHUCJIO JIJINH
BOJIH, KOTOPBIE TPONOPIHOHAIBHBI epuoy kKojedanuii. Torna L ~ t wim
L)Ly, =T/T, =(1—-V?/c?)Y% rae L,, — pazmep HOKosIIerocs Tema.

3aKOH CJIOYKeHWs CKOPOCTell Tesa omnpejienseTcs TUCIIYPOM U ero M3Me-
HeHWeM NpU Hepexoje K JABUXKYIIelcd ¢ JacTuIeit cucreme orcuéta. llycThb
qacTuna 1 JABUXKETCS CO CKOPOCTBIO U OTHOCUTEJIbHO HYaCTHUIILI 2, KOTOpasd
uMeeT CKOPOCTb u B TOKogmeiicd cucreme orcuéra (. lucmyp orHocuTe /1b-
HOTO JBMzKeHns gacTunpl 1 ecth w? = w2, + ¢}, Eé ckopocts v = ¢?q; Jw.
[Ipm nmepexojie K mokosieiicss cucTeMe KOOPJAUHAT 9TOT JUCIYDP MeHseTCs Ha
(w+ ku)? = w2, + 2¢%, tae u = Aqa/w, @2 1 ¢ = q1 + @2 — BOJNHOBBIE BEK-
topel yactut, 2 u 1 B cucreme orcuéra 0. CymmapHas CKOPOCTHh YaCTHUILH 2
V =dw/dq = q/(wtqu) = [ +¢)w]/(1+qau/w) = (u+v)/(1+uv/c?).

DTHU COOTHOIIEHWS JIJIsT MACChl, BDEMEHH, Pa3Mepa U CKOPOCTH, BHIBEIEH-
Hble 37IeCh U3 PAaCCMOTPeHHs MACCUBHBIX BOJIH IMOJISIPU3AIUU, COBHAIAIOT C
TAKUMHE K€ COOTHOIIEHUSIMI MEXAHUKU TEOPUH OTHOCHUTETHHOCTH [2].

JIBu2KeHMe YaCTUllbl €CTh IIepeMelieHue €€ rJ9Ha BMECTe ¢ OKPY KAIOIIUM
&-tosiem. OTaeIbHBIN TI9H, ABUTASICH MEZK Ty 3(PUPOHAME, TTPUTITHBAET PO~
TUBOTIYH 3(PUPOHA U OTTAJTKHBAET ero radH. C MPOTUBOTIIHOM OH 00'be /INHSI-
eTCs B HOBBII 3(PUPOH, a 0CBOOOIMBIIKIICS II9H 3aMEHSeT ero B ABUIaOIIeiics
JACTHUIE U MOJIePKABAET YCIOBUS IS CYIIECTBOBAHWS MAaCCUBHOTO &-TIOJIS.
T. 0. fBU>KeHMe J4acTUIlbl €CTh NEPEHOC BO3MYIIEHNUS.

IIoJsie Tarorenuga

Yérnast gactb Ug moTeHIMAIA B3aUMOICHCTBUAA depe3 IIyM, HECMOTPS
Ha ¢Boio ciaabocts (Ug < U,), BBI3BIBAET OTTAIKUBAHUE JIIOOLIX [IIHOB U
CO3/Ia6T HEKOTOPOe JaBjeHHe B 3(Hee. A HEOMTHOPOIHOCTH PACIOJJIOKEHUSI
OT/IeJILHBIX 3JIEMEHTOB CO3/AI0T HEOMHOPOIHYIO 1ehOPMAITIIO ITON CPeJIb.

[Iyctb B 3bupe pacmosioxkeH JOMOJTHUTETbHBIR HGUPOH 99 (MIH HeHTpH-
HO). OH orrankuBaer Gunkaiinmue 3UPOHBI, KOTOPbIE MEPEIAIT OTTAIKH-
BaHue jajbiie. Paccrosinue ro mexkay pupoHaMu Mensiercss Ha ro+h, h < 0
— 3HUp CKUMAETCS 3a CUET PACTSKEHHSI B IEHTPe OTTaIKABaHuA. [1pu 3Tom
00BEM CzKaTUst MHOTO 00JIbIIIe 00bEMa pacTsykeHus:. VI3MeHeHne paccTOTHIS
sBJIgeTcd BeKTopoM h, HampaB/IeHHBIM 110 pajuycy oT obbekTa Biugnusd. 11o-
Je gedopmarum 3bupa onpeieseTcs CyMMOR (HHTErpaJIoM) STHX BEKTOPOB.

Taxum ke cBoOCTBOM 00J1aJaeT TOJIe TATOTEHUSI B TEOPHU DHINTEHHA
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[3]. Ix MOYKHO OTOXKJIECTBUTE, €CJIM 3a NOTEHIHAT 1oJist B3aTh h. Torma mo-
Jie TATOTeHus €CTh 4YacThb gedopmamnuu 3dupa. DTO NOATBEPKIAET
MEeTPUIECKHH XapaKTep rpaBuUTanun DHIITEiHA U JTaéT emy 0DOCHOBAHME.

DIEKTPOBOJIHBI 1 YACTUIBI B IIOJI€ TATOTEHus. VX cBoGOIHOE /1BH-
JKeHHe OTHOCUTEILHO 3(pUpa €CTh IepeHOC BO3MYIIEHN -0/, 3aBUCAIINAI
OT PaccTOSHU MeK 1y Apuponamu r; = 7o+h; BA0JIb oceii-uzmMepos ¢ = j, k, [.
B cxkarom acpupe cocenum 3cbuponam mnepeaérces 60Jbie SHEPIuu, YTo yBe-
JINYUBAET CKOPOCTH TEPEHOCA.

BekTop ¢KOpOCTH 3JIEKTPOBOJIHBI € MEHAET CBOW BEJIWYNUHY W HAIPaBJIe-
aue. BMecTe co CKOpOCTBIO MEeHeTCs 4aCTOTa 3J1eKTPOBOIHBL. B ogHoMepHOM
ciayuae w(ro+h) = c(ro+h)g = (c+d,c-h)qg = w(re)[1+ (d.c/c)h], c = c(ro).
T. k. d,c < 0, TO CKOPOCTb U HYACTOTA 3JIEKTPOBOJHBLI B IOJIE TATOTEHHS
(h < 0) pacTyT. DIeKTPOBOJHA YCKOPSIETCSI B CTOPOHY GOJIBIIErO MOJIs.

JIBuykeHne m CBOMCTBA YACTHUIBI, KAK ITAKETA TMOTEPEUHbIX BOJIH, ONpeJIe-
agoTea ypasaenueM (23) w? = w2 + c2¢?, B KOTOpOM YacToTa KoJjeGanuii
B scpupone (17) w?, = w2 — 4¢® — 2¢f. B cxarom Tarorennem sbupe, mo
CPABHEHHUIO C HECXKATBIM, YACTOThl W,, U W BMECTE C MaCCaMU YaCTHIbl B
I0KOE M = Wy, /c® u asmkenun M = w/c? cTaHOBATCS MEHbIIE a CKOPOCTh
V = %q/w w ornomenne macc M?/m?* = w? /w2, = 1+ *¢* /w2, — Goabe.
BekTop ckopoctu V MeHsgeT CBOU BeJIMYUHY M HAIPABJICHUE.

T. K. yCKOpeHHe 3JIeKTPOBOJIHLL UM YaCTHILI HPOIOPIHOHAIBLHO grad h;,
T0 h neiicTByeT Kax BEKTOD MOTEHIUAA OIS TATOTCHH, UMEIONIIl TPY ma-
pamerpa h;. OH MeHZeT METPHKHN KazKJ0i OCH, & 4epe3 HUX KPUBU3HY IIPO-
CTPAHCTBAa W MeTPHKY BpeMeHH, ompejessemyo dacroroii w(h) BoaroBoro
nakera. Ecian #e 3amedars 3¢up, TO ABUKEHUE 3JIEKTPOBOIHBI HIX JACTHIILI
IPOUCXOIUT KAK-Obl B KPUBOM IIyCTOM IIPOCTPAHCTBE-BPEMEHH.

VpaBHenus moJs TArorenud B 3gupe MoxknHo Hajitm. OIHAKO W3-3a €ro
ciaboctu (10) CKOPOCTD MmepeHoca MoJist TSATOTEHNsl 0 KpailHe Majia 10 CpaB-
HEHHIIO CO CKOPOCTBIO cBeta ¢ : 02/c* ~ Ug /U, ~ S, /Sy < 107,

Hedopmarnus spupa h umeer j1Be yactu, o0yc/JIOBJICHHDBIE JABYMS PHIH-
HaMu. OT0 hg, nopoxménnag 4érHoil yacToio Uy moTreHnuata B3anmMOeii-
cTBHs TA9HOB depe3 myM (10), i he, HeHHEHHO TOPOKIEHHAS TePEMEHHBIM
ssrektponosiem € (18). Ux coornomenue pst gacrur (em. "Cpena mupa')
hg < he <&:  hg/he ~Ug/U,, he/§ ~&/r. Manocts hg obyciaBiusa-
€T M3BECTHYIO CIabOCTh TATOTEHUS, KOTOPOE TOJBKO JIJIst OTPOMHOIO U 3JIeK-
TPOHEHTPATIHLHOIO MHOKECTBA YACTHIL CIIOCOOHO CO31aBATH 3aMETHBIE MOJI.

Cornacuo ypasuenusim (18) hg-110J1e BJIUSIET HA 9JEKTPOBOJHY ¥ MOXKET
nepenocuThesi BMecre ¢ Heit. Ho ono kpaiine masio. A HeJlMHEHOCTD TPUBO-
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JAT K 3aBHCHMOCTH TIEPEHOCHMOTO TOJIA OT MapaMeTpPOB IIePeHOCsINei ero
9JIEKTPOBOJIHBI, YTO 3aTPYAHIET IpeJcKa3aHue uTora 3Toro nepenoca. Toraa
HaOJIfoIaBIIasicst B onbiTax [26] "rpaBuTanonHas BOJHA, COMPOBOZKIAEMas
3JIEKTPOBOTHOMI" , €CTh HEOTJETUMOe OT 3T€KTPOBOIHBI /lg-HOJTE.

BeinecTBo siBIsieTcst 91eKTpOHERTPAJIBHBIM JIMIID JIJIT IPOCTPAHCTBEHHBIX
paspelnneruit MHOTO 60JbITe pa3zMepa aToMoB. Ha MeHBIX MacmiTabax Bee-
T'la CyHieCTBYIOT CHJIbHBIE II€epEMEHHBbIC 9JICKTPOIIOJIA. A TaM I'I€ HET YaCTHUIL
00s13aTeIbHO MPUCYTCTBYET PeTUKTOBOE m3yyueHne. OHU BIOJHE CIOCOOHBI
nepecrTpanBaTh CO CKOPOCTbhIO CBE€Ta TMOJIA TATOTEHUA ABUXKYIINXCA MacCC, 4TO
ABJIeTCI HeOOXOJUMBIM YCJIOBHEM JIJI BBIBOJA TEOPUU TPABUTAIUN DiH-
mreiHa. ['paBUTOHBI, KaK IePEHOCUYUKH 0/ TATOTEeHUs, HACTOJIbKO CIa0bI,
YTO UX MO2KHO HE€ YYUTbIBATD. B HUTOI'e OCTAETCd KBa3U-IIOCTOSHHOE 110JIe TH-
TOTEHUA MACCHUBHBIX Te€JI, KOTOPOE IpHU UX ABHZKCHUU HAJO IOAIIPAaBUTL Ha
HEJIMHEWHYIO epecTPOiiKy 3JIEKTPOTIOJIEM.

['paBuTanuonHoe 1moJjie ¥ Macca TeJ TPONOPIUOHAIBHBI YHCJIY YaCTHUI] B
Hux. OTciofa cieayeT MpOMOPIHUOHAIBHOCTh UHEPITMOHHON M TPABUTAIMOH-
HOI MacCcC, UJIM UX PABEHCTBO B COOTBETCTBYIOLIEH CUCTEME €JUHMUIL.

O"IeHb CHJIbHOE II0JI€ TATrOTeHHd BBLI3bIBaeT 3HAYUTEJIbHOE YMEHBLIICHHE
paccrosHua Mexy dpuponamu, Begyiiee K (azoBoMy mepexoy 3pupa B
['ll-mna3smy. B Heit HeT moyid moadgpusanuf, CAeJ0BATEIbHO OTCYTCTBYIOT
37EKTPOBOJHBI W YACTUIBI. DTa 0OJACTh BBIIVISAUT KaK 4dépHas abrpa. To-
2 MOYXKHO MPeIIoI0KATh, YTO YEPHBIE ABIPHI ecTh obnactu ['Il-mia3mer,
obpazoBasiiuecst B 3pupe 1o AeficTBUeM CHJIBHOIO MMOJId TATOTEHN.

YacTuipl

OCHOBHBIMU 3/IEMEHTAMU HAIIEI'0 TPEXMEPHOIO MUPA ABJIAIOTCS 3M IJIIHbI
['3, T u 1m mapsl v, KOTOpbIE COCTABJIEHB! U3 1M TI3HOB F}, Hjl, COeTNHEH-
HBIX OOMeHHBIME g-cBs3siMu (8, 9). CoiicTBa 1M T9HOB U HUKHUX KBAPKOB
|27, 28| coBnanator, ecu niBeTa KBapkoB |29, 30| 0TOXKAECTBATH ¢ H3MEPAMH.
Torga HuU>KHUe KBApPKH d; ecTb IPOTHBOTIIHBI Hjl-, HUKHUE AHTUKBApPKN
— I'JI3HbI F}, nBeTa KBapKOB — u3Mepbl j = 1,2, 3, OTBeTCTBEHHBIE 3a Pa3-
MEPHOCTH HAIIero IpPOCTPAHCTBA.

B azponax [31] ksapku ceasamsl rmoonamu [30] raxuke, kak '} i IT} cs-
3aHbl OOMeHHbIMHU g-CBa3amu (8, 9) B [®, [1* u v;. CienoBarebHO TJIFOOHBI
ecTb g-cBa3u. Ho, B o01miem ciryvyae, OHE He KBAHTHI BOJIH. BoTHA eCTh mepeHoc

Yepe3 COCeIHNe TOYKU. A B IITyMe MHOTOMEPHBIX g-CBsI3eil KarK IbIit F} CBS3aH
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cpas3y co BceMu F}#. 31ech HeT BOH. VICKII0UeHTeM ABISIOTCS 3M TI3HBL. B
HUX BCE F} OKAa3bIBAIOTCS COCESIMU, 9TO TTO3BOJIAET BBECTH MPEJCTABIEHHIE O
[JIFOOHAX KaK KBAaHTAX BOJIH B ''mBeTroBoM mpoctrpancTre'.

Avmmaryasr ' u [12 Brpoe 6ompmre avmantyn I'! u 11, uto coBmamaet ¢
COOTHOIITEHHEM 3aPsI/IOB 3JIeKTPOHA W HUKHUX KBapPKOB. Ecsin 3apsapl 4acTuiy
OIpeeAoTcs aMIUINTYIaMI [JI9HOB, TO 3JIEKTPOH ¢ B cBoeil ocuoBe O
umeer nporusoryan 112, a nosurpon et — rusn OF = 3. Tupubl jaor um
JIWTIB TOYKY NMPEOBIBAHNUsI, & CTPOEHNE TACTHIL ONIPEIESIETCA OKPY KAIOIITIHMI
ux aeopavu 17 w JIT w3 &-mogeit, HAEISIONMX JaCTUIIHT MACCOT.

1M mapsr v; = Fjl-ggﬂjl. u3MepoB j=1,2.3, u3-3a uX NpoTHUBOMhA3HBIX KOJe-
GaHuil, ABISIIOTCS Ge3aMILIATYIHBIME YacTUIAME (6e3 3aps/ia), HO ¢ BHY TPEH-
Heil sneprueit xonebanuii. K num nago podasurb 2M V), = F}gH}gF}CgH}Cg,
ViVk, 3M Vi3 = D1gIligT3gI N gTTg, v1vsvs, n Gostee JIMHHBIE COYETAHUSL.
Mek 1y HUME JIOJIZKHBI OBITH MEePeXo/ibl Ha OCHOBE OOMEHA ¢-CBA3SIMH, BELy-
e K YCTaHOBJEHUIO JeTAJbHOrO paBHOBecud. 1. K. ¢ POCTOM JJTUHBI TeTieit
pacTéT BEPOATHOCTDb UX paclialia, TO HauboJee yCTOHUMBBI OJHOMECTHBIC V;
U UX COYETAHHd VUV, V1VoV3. EIMHCTBEHHBIME YaCTUIAME, Ha KOTOPbIE OHU
HOXOKH, sABJIs0TCs HelTpuHOo [32]. Torga nepexogamm MexK/y HUMH MOLYT
ObITH HEfITpUHHBIE ocuLIsInn [33)].

| Bi€): Fjl MOZKHO TIPEJICTABUTDH UMEOIIUM JIBe CBOOOIHBIE g-CBA3MU IS B3a-
UMOJIEUCTBUHN ¢ TOYHAMY JIPYTUX W3MepoB. Eciu cautarh, 9T0 BO B3aWMO-
JIERCTBUU ¢ TMPOTUBOTIIHOM CBOETO U3MEPa YUACTBYIOT 00€ CBI3U, TO ITO
Oy/eT COOTBETCTBOBATH MPE/ICTABIEHUSIM O B3ANMOIEHCTBUASIX TTOCPEICTBOM
rIF0OHOB. [1apbl TI9HOB PAa3HBIX U3MEPOB, CBSI3AHHBIE O/THOM §-CBSI3bI0, UMEIOT
y/IBOEHHBIE aMIIJTUTYIBI U JIBE CBOOOTHBIE cBA3U. OHU MOXOXKH HA AHTUKBAPKHU
d; ¢ noitubiM 3apsiom. 1o Bepxame KBapKu u; = 't gI't g = djad;
U UX aHTHKBapKH U; = gH}HgH}_lg =dj1d;_.

[Tonydennble codeTanmsi OTHOMECTHBIX TJPHOB (KBapKOB) BMecTe ¢ GoTo-
HaMu 7y 00pa3yioT MepBOe MOKOJIEHNEe YaCTWUII;
dj =11}, d; =T}, u; = gL' 41915 9, 1 = gLl 19115 g, v; = Djggll},

et =0+, Of =Tiglyglyg, O, =Iigllgllzg, 7.
Onu camMble JIETKHe W He PACHaIAIOTCS.

Hefirpuao m OCHOBBI 3JI€KTPOHA COAEPZKAT HAWMEHbBIIEE YUC/I0 CBSI3aH-
HBIX TJIIOOHAMHU KBAPKOB. JTH ¢-CBSI3U MEPBBIMH BbIJIEIIIUCH U3 CJIAOEIOIIET0
myma. VX cuia cOOTBETCTBYeT YPOBHIO TIyMa MPU WX POYKICHUU U STBIISIET-
¢ HaubOJIbIIeH cpeu OCTAJIbHBIX B3auMojieicTBuii. [loaToMy, Kak moKa3zaHo
B KBAaHTOBOIl XpPOMOJIWHAMUKE, OHH MPAKTUIECKH He OBIBAIOT CBOOOTHBIMH,
0ObenHsis KBADKH B 3aMKHYTbhle coepuuenus. B (8, 9) sro mnpejcrabieHo
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MTapHBIMU KOPPEJTAUIME, JaiomuMu Juaeiinsle g-cBa3u. Ho 8 KX /I rmoon-
Hble B3aUMOJEHCTBHs HeJTMHEeHHb 1 Tpebyor yuéra koppessuii (7) Gosee
BBICOKOTO TIOPS/IKA.

CreyonuMu mo HopsIKy UIyT OOMEHBI MEXKIY §-CBA3dMU (TJII0OHA-
mu). st ux yuaéra B (8, 9) 106aBAsIOTCS TPOU3BEICHNUS TITYMOB

3 3
S, =5 +e;+45; ani(l + 0 Z TijktM)St s Tijkl = —This-

i=1 k=1
SE = SE &5+ glny(1+ gimi0;) + 0;(1 — gimym;)] ST ST, (31)
SP =5 +¢; — gln;(1 + 1730;) + 0;(1 — 17ym;)1S; S},

3mech Tijkl ¥ Tj — €IUHUYIHBIE Ty MBI obMeHa Mexky rirroonamu. [Ipu cuib-
HOIl HEJTMHEHHOCTH ¢y ~ ¢ CYIIECTBYeT O0JIbIIas BEPOITHOCTH CKOPOTEYHOIO
pa3phiBa ¢-CBsi3eil ¢ BO3MOXKHOCTBIO MX IEPEeKII0UeHHUsT Ha JIPYTHe KBapKH,
uMepumuue B 9TO BpeMd U B 9TOM MeCTe TaKue 2K€e BPDEMCHHO pPa30pBaHHbIE
g-CBSI3M.

Caeayrolnme MOKOJEHUs o0pa3yioT 0oJiee TsxKEJble YACTUIHI ¢ BHYT-
PEHHUM IPOCTPAHCTBEHHBIM cTpoeHueM. COIyiacHO JAaHHBIM O CTPOCHHUHU dYa-
crur [34], Bce oHE BKIIOYAIOT B cebsl KBAPKH, HO UMEIOT HAMHOIO GOJIBINNE,
YeM Yy HHX, MaCChbI. CﬂeﬂOBaTeﬂbHO KBapKu COCTaBJIAIOT TOJIbKO UX OCHOBY
O, KOTOpYI0 HEOOXOAMMO JONOJHHTH HX OKpYyzKeHueM (aBop, J1).

KBapxk-rioonnbie 0cHOBBI MOTYT ObITh JI000# junbl. Ho ¢ eé pocTrom
pacTéT BEepPOSATHOCTH Pa3pblBa OJIHON U3 ¢-CBdA3€il U paciaja OCHOBBI. B mep-
BOM HOKOJIEHUH TPEJICTABJICHBl YACTUIIBI ¢ HAUMEHBITUMH 3aMKHYTBIMHU OC-
HOBaMU, B KOTOPBIX CJIIYYailHble PA3PbIBBI CBA3€il BOCCTAHABIUBAIOTCS B TOU
»Ke ocHoBe. /Ipyrue ocHOBBI, uMerolne OOJIbIIHe JIJIUHBI, PACIIaIa0TCs.

Hefirpasbabrii mnoH mMeeT OCHOBY O?r = uu + dJ, CBOJAIIYIOCA K T1ape
'3, 113 u aBopHI, copepKaIme HelTpuHO. ETo cymecTBOBaHHe MOIePKIBa-
eTcsl peakIusAMH OOMeHa MeKJIy HUMHU C IepecKoKaMmu ¢-cBsaseif. OH ecTb
MUHAMAYECKUN U CTATUCTHYECKUI 00beKT B HEHTPUHHON YaCTH ero ABopa, K
KOTOPOIi e1é Ha 10 106aBuTh £-1BOP, Jaoliuil muoHy maccy. Takyio »Ke OCHO-
Ba umeeT HeiTpon O, = udd = v;;. Bosmoxno Bce HefiTpaabHble YaCTUILI
UMEIOT OJIMHAKOBBIE OCHOBBI M3 CBA3AHHBIX IIO/IpU3aIueil I/I9Ha U IPOTUBO-
rapHa [PEMTP( pacmo/osKeHHbIX Ha paCCTOAHAE OOJBIIEM PACCTOSHUA MEZKITY
9(bUPOHAMHE) U Pa3HbIe JBOPBI, ¢ KOTOPHIMHU CBSI3aHBI UX pazindust. [1omoxu-
Tenbublil Hon m umeer ocnoy OF = ud = OF, coBnaaionyio ¢ 0CHOBOIL
MO3UTPOHA. Takue »Ke OCHOBBI MMEIOT BCe IMOJIOXKUTEJbHbIE YacTuIbl. 11
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OHH PA3HATCA TOJIHKO ABopaMu. OTpHuIiaTeabHbI€ YaCTUIBI HMEIOT OCHOBY
ssekTpoHa O_ U pa3Hble JBOPHI.

ITpoTon umeer ocnosy O = uud = T1gTagT3g9T 19Tl g = Ofv. Ona cio-
JIITCA K OCHOBE IIO3UTPOHA, CBA3AHHON ¢ HEHTPUHHBIM JBOPOM peaKIHAMI
obMeHa. DTO OTpazKaeTcss B PEAKIHAX € y4acTHeM IIPOTOHA, KOTOpble 00s-
3aTeIBLHO CONepZKAT HedTpuHo: pr = et2u,pr = ne™,pe” = nv,n = pe v.
[Iporon we craruuen, a jguHaMudeH. llpudnny ero ycrofiumBOCTH HAIO HC-
KaTh B CTPOEHHUH JIBOPA U PEAKIMAX BHYTPH HETO.

Nmerorest aBa B3aMMOJIeHCTBAS T/9HA C OKPYIKAIOIIeH cpeloii: - moTeH-
muai (12), npuBoismuii K £-MOJTI0 W JAIONIHHA MACCY YaCTUIAM, a TaKiKe
cBs3BIBAIONMI Ty9HbI g-06MeH (31). Biausaue nepsoro mpeobaanaer B 3hu-
pe, a BToporo — B meiirpe. Ilpu g-obmene razna I'? ¢ neiirpuno v° = [3ggll?
(31) mosiBsisteTcsi BO3MOXKHOCTH CMEHBI HX MECT, YTO BBI3BIBAET CJIydailHble
nepeMeIeHnsd TJa3Ha B HEUTPe.

[Ipuwyuny pacnajia u Macc TAKEIBIX YACTHUIL CJIEJIyeT HCKATh B UX JIBOPAX.
Bo3MoKHO TOBTOpHBIE TPOXOXKICHUS TIIHOM OJHOTO U TOTO YK€ MeCTa MOy T
YBEJIMYUBATH PACCTOAHUE MEKJy I(PUPOHAMH JI0 HEKOTOPOI'O PaABHOBECHOI'O
3HAYCHUS M TEM MPUJIABATH YacTHUIE OOJIBITYIO, YeM y ITO3UTPOHA MACCy.

[nroonubIt g-00MEH TPOUCXOANT TPHU JOCTATOTHON JIJIsT HETO TJIOTHOCTH
qpcJIa HeHTPUHO B IPOCTPAaHCTBE. Eciu 9Ta MJI0THOCTDh YMEeHbIIAeTcs, TO OJ11-
JKafimas K II9HY W CBA3aHHAA ¢ HUM YacTh HefTpa coxpaHsieT HadabHbIE
IIOTHOCTH U ¢-00MeHbI. O0pa3yeTcs eIuHas CUCTeMa, KOTOpas MOKeT OBITh
ycroitanBoil. BiykaaHus r13Ha CTAHOBATCS OTPDAHMYEHHBIMH B HPOCTPAH-
ctBe. BO3MOXKHO TaK POXK/IAJIUCh MPOTOHBI W HEHTPOHBI MPH yMEHBITEHUN
IJIOTHOCTH YHCJIa HEUTPHUHO B PACIHINPAIONIEACT BCEJIEHHOM.

U3 ombiTo [35] cieyer, 9T0 HYKJIOHBI HMEIOT MOXOXKHE MPOCTPAHCTBEH-
HBIE paclpejeneHus IIOTHOCTeidl Macchl U 3apsiaa. OHU yOBIBAIOT OT cepi-
nesunbl pazmepoM ~ 10716 M g0 rpamnunr ~ 1071% M, 9T0 MHOrO GosbIIe
paccrosanil Mexay sduporamm r ~ 10722 M. TIpennoaoKUTeIBHO 3TO eCTh
JacTh JIBOpa HYKJIOHOB. B mpoToHe 3apsj He HaXOJIUTCd B €ro HeHTpe, a
pacipeseaét mo o0bEMy Ha PacCTOSHUs OT IeHTpa MHOro OoJbiiue r. B Heii-
TPOHE MMEIOTCS 00JIACTH MOJOKUTEILHOIO0 W OTPUIATEJIHHOTO 3apsijia. 3Ha-
YUT OH COAEPXKUT TJPH W IPOTUBOrAIH. Ha 9T0 yKaspiBaeT TakKe pacmajl
HeHATPOHA HA MPOTOH, SJEKTPOH U AHTHHEHTPUHO (HeHTPHHO).

Bce Taxkésble 4acTUIBI OMUCHIBAIOTCH MO CX€M€e OCHOBa-ABOP. Ix
OCHOBBI COCTABJIEHBl U3 [JI9HOB WJIM/U TMPOTUBOTIAIHOB. BBOIUTH TsKEBIE
KBapKH HeT HeoOXOauMocTH. JlocTaTouHO TPEX KBAPKOB (HUYKHUX) U UX aH-
TUKBApPKOB. Paz/jimuunst 4aCTuIl CBS3aHbl CO CTPOCHUsIME JIBOPOB. Bo3omnbI cJia-
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O0T0 B3aUMOJIEHCTBUS W ME30HBI He BBIJECISIOTCS W3 JPYTUX YACTHIL, KpOMe
CBOETO y4dacTusi B 00pa3oBanum sijiepHoit marepun. CTpoeHHe MIOOHOB U Ta-
OHOB HE MMeeT KAdYeCTBEHHBIX OTJINYUN OT CTPOEHUS aIPOHOB.

JIBOPBI HYKJIOHOB CYIIECTBYIOT BMeCTe C OCHOBAMH OT WX POYKJEHUS B
COOTBETCTBYIOIee BpeMsI Pa3BUTHUs BcesleHHON. OHHM JOJXKHBI HECTH B cebe
OTIEYATOK Cpelbl Toro BpeMeHu. Cefiyac OHU SABJISIOTCS TMEPEXOaHON 0071a-
CTHIO OT OCHOBBI Y€pe3 OCTATOK CPeIbl WX POXK/IEHUs K COBPEMEHHOil cpe-
Jte BCeJIeHHOM, cKpbiBatomuiica 3a "mycreim'" npocrpancreom. Heifirpunabie
JIBOPBI JAPYTUX TSKEJIBIX TACTUIL OTPEIETSIIOTCS YCIOBUSIME WX POYKICHUS B
COOTBETCTBYIONTUX PEAKITHIX.

130 m NpOTUBOIIH JIUIIH YCJIOBHO UMEIOT OJTHO MECTO, a TO0 CYTH OHU
€CTb T/IPHBI PA3HECEHHBIE HA TTOJOBUHY POCTPAHCTBA (1107060poTa 1o dhase).
Eciu cpempr B 9TUX MecTax pa3Hble, TO B3AUMOEHCTBHE TIIHOB C HUMH TOXKE
Oymer pasubiM. Tora U 9acTUIBI, OCHOBAHHBIE HA TAKWX TIIHAX MOTYT OBIThH
pasHbiMU. 1. K. TPOTOH W AHTUIIPOTOH OCHOBAHBI HA T/I9HE U TPOTUBOTIIHE,
TO TIOJTHOW CUMMETPHH MeXK/1y HUMHU MOYKeT W He OBbITb.

B yacrunax ¢ aBopamu pazanuue (epMUOHOB U GO30HOB yCJIOBHO.
Crporo ¢hepMHOHAME SIBJISIOTCS TOJTBKO TJ9HBI BCJIEICTBUE UX Y-OTTATKMBAHWSA
(12), He O3BOJIAIOIIETO UM OBITH B OMHOM MecTe. Bo3oHaMu SIBIISIIOTCS TOJTh-
KO KBAHTHI BOJIH, T. K. OHH CBOOOIHO IMPOXOAT OJWH CKBO3b Apyroi. Yactu-
IbI, CO/IepPIKAIIE TJI9HBI U -0, HEe MOTYT OBITh TOJIBKO (pepMHOHAMU WU
0030HAMU, XOTS BO3MOYKHO MPEoOIaIaHe TOTO WM WHOTO CBOWCTBA.

Cuun. OcHoBHOE KOIeb6aHNe ¢ eIMHUTHON YaCTOTON B PA3MbITOM TILyMOM
JIBYMECTHOM HJIH TPEXMECTHOM riaHe (5, 6) MOXKHO MpeJICTABATH KAK BPAIe-
HUe IIyMa cO CKOPOCTBIO ¢ = 1 B mpocTpaHcTBe MecT. C HUM CBsA3aH MOMEHT
Bpalenus J BOKPYT OCH, MPOXoJdineit depe3 ero meHTp. Ecaum ammauTyna
rapHa S, To paamyc Bpamenus ~ 1/S u J ~ Sp-(1/S) ~ 1 = h/2. Torna
PasMBITOE IIyMOM OCHOBHOE KOJIeOaHHUe T/9HA sIBJISETCS IPUINHON criuHa 1/2
BO BCEX 9YaCTHUIAX, KPOME OJHOMECTHBIX KBapKOB. /Ipyrume 3nadenust cnuHa
SBJISIFOTCSI TPOU3BOJIHBIME OT HEero. 1. 0. HaJudue CIrHa 1/2 1 ¢BOiCTBO OBITH
dhepMHOHOM MMeT pa3Hble TPUINHBHI.

Ounenka BeJIMYWHBI OCHOBHOI YACTOTHI. 3a HAJIIYMHYIO SHEPTHIO
riasHa 6epéTea 00bIYHOe 3HAUeHHe SHepruu Kpapka ~ 1071 9B, koropoe cun-
TaeTcs TOpsAKa dHepruu mrymMa. Ho mryM BO3BBITAETCS HAJL TLJIATO OCHO-
BaHUsA, KOTOpoe Ha ~ 46 mOpsaJKOB ero moiinHee. 1orja U3 SHEPTUH TIHA
hQ = 7107150 ~ 10* 3B caenyer oneHka 0CHOBHOMN YacTOTH w ~ 1090 I'm.

Ddup abCcoaIOTEH TOTOMY YTO HAXOJUTCA B aDCOTIOTHOM ITPOCTPAHCTBE
MecT rypHoB. Ho nabiojgaresib win npubop MOIYT JBUIATHCSH TOJBKO € CO-
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CTABAAIONIIMHI TeJIa YACTUIAMHU, KOTOPBIE SIBASIOTCS BO3MYIIEHUAMHI PUPA.
B conmpoBoxkgaroreit ux cucreMe OTCUETa I'PYIIOBasg CKOPOCTH MAaCCHBHOMN
BOJTHBI BMECTE ¢ MMITYJIbCOM KBaHTa (BOJHOBBIM BEKTOPOM) CTAHOBSTCS HY-
JIEBBIMH, & 9aCTOTa M MacCa YMEHBIIAIOTCA JI0 3HAYEHUH COCTOSHUS ITOKOS.
CKOpOCTH M HUMITYJIbChl KBAaHTOB JPYIUX YaCTHI[, BKJIIOYast POTOHLI H HC-
KJII0Uasd HEHTPUHO, OTCUUTHIBAIOTCA OT HYJIs. T. e. CKOPpOCTb YaCTHUIBI BCErIa
MeHbIIEe TPeIeIbHOI CKOPOCTH TepeHoca (CBera), a CKOpocTh (DOTOHA DaB-
Ha eii. CnegoBarebHO B JII000I ABHZKYyIIEiics ¢ HAOI0gaTeIeM CHCTEME OT-
cuéTa CKOPOCTh CBeTa MOCTOSTHHA M BCe (DU3MUYECKUE TPOIECCH MPOTEKAIOT
OJIMHAKOBO — JABHUXKEHUE OTHOCHUTEJIbHO. AOGCOJIOTHOCTH 3pupa CKpHITA
32 OTHOCHUTEJILHOCTBIO (DU3HUECKHUX CHUCTEM OTCUETA.

Ilosie TaroreHUsa OTHOCUTENBHO. MaccuBHbIE T€JIa SIBJSIIOTCS BO3MY-
IMEHUSIME aDCOJTIOTHOTO 3(HUpa, a MOoJId TATOTEHHS MOACTPANBAIOTCS O, UX
JIBUKEHNE C TIOMOIIBIO 3JIEKTPOMNOJIsA. Bech 9TOT MPOIECC OTHOCHTEIEH, ITO
[IO3BOJISIET UCHOIb30BATh TEOPHIO IT'PABUTAIIMH DWHIITERHA.

HeiiTpuao abCcoaOTHO, T. K. COCTOMT JIUIIb U3 HApP TJHOB U IPOTHU-
BOIJIHOB €3 ydacTus E-110J1d U He siBjisieTcsl Bo3MylieHueM 3dupa. Ddueit
abCcoJII0TEH KakK cymMMa abDCOJIIOTHBIX HelTpa u adupa. T. o. HEHTPUHO sAB-
JIIETCS TpeCTaBUTEeIeM abCOJTIOTHON Cpeibl B HAIITEM OTHOCHTEJIHHOM MUPE.

Cruxum 1 ypoBHU MaTepuun

Cocrostuue cpejipl Hatero Mupa (3pupa) 3aBHCHT OT PACCTOSTHUIT MerK-
Jy huponamu u uX HoJApU3ANAE. B HEBO3MYIIEHHOM COCTOSTHUM, KOTJA
noJigpu3anys 3GUPOHOB OTCYTCTBYET, TJIHBI H MPOTUBOTIIHBI B HUX COBMe-
meHbl. VX cymMMa, MpH pPaBHBIX CPeTHUX aMILTUTYIAX, SABISIETCS TIYMOM C
YJIBOEHHOU Jiucrepcueil, KOTopblil paciioyioyked B Mecre 3(OUPOHOB, UMEET UX
MPOCTPAHCTBEHHBIM Pa3Mep W BO3BBIMIAETCS HaAJ, OOIIMM TIYMOM MHPA. JTO
COCTOSIHUE HE UMeeT CTPYKTYPHhI KpoMme paszmepa. V3 olIenpuusaThbix cTuX i
(oronb, BoJIa, BO3/YX, 3eMJIs1) €My GOJIbIIe BCEI0 COOTBETCTBYET GeCCTPYKTYP-
Had CTUXHS OrHd. B BO3MYIEHHOM COCTOSHUE 3DUP ABJIAETCS TPOMEKYTOU-
Hoit cpeoit mex ity I'l-m1a3moii, kak noHu30BaHHbIM ra3oM, u I'lI-TBeppio.
Torga emy coorBercrByer cruxust Bogel. Ocraércsa ['Tl-mnazmy u I'Il-rBepan
OTOXKJIECTBUTH CO CTUXUSIMU BO3/IyXa U 3€MJIU.

OkoHYaTeIbHOE COOTBETCTBUE COCTOsAHUIT 3pupa U CTUXUIL:
[Ilym ectb oronb, moagpu3oBaHubiil 3pup — Boma, ['[I-mrazma — BO3IYX,
I'TI- TBepab — 3eMiId.
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[[Iymbl OBIBAIOT pa3sHBIMU. DTO Bceobmumii 1ryM Beero, meompeaenéHuoit
IIyM Ha OCHOBHOH eIMHUYHOI dacToTe (cymMma Kosebanuii 60JIbIIX 9acTor),
ero 6eckoHeyHOe pasz0bmeHne Ha HE3aBUCUMBbIE TIYMbl KOHEYHBIX JIUCIIEPCHIi,
X W3MEHEHHEe BO BPEMEHH JI0 COBPEMEHHOI'O IIIyMa M IIyM CYMMBI IJI9HA H
IPOTHBOTIHA B 3pupoHax. KaxK1oMy U3 HEX MOYKHO IIOCTABUTH B COOTBET-
CTBHE CBOIO OCOOYIO CTUXHUIO OTHs. Tak yTBep:KIaeTcs pa3sHOOOpa3ue OrHs.

Yuarém, 9To 1myM He 0ecropsiIovueH, a siB/IsIeTCs MPOBOJIHUKOM B3aUMHBIX
BJIMSHWIT HAIETO0 MUPA U JPYTAX MHUPOB. DTO MEPEHOCUTCS HA CTHUXUIO OT-
usi. [Ilym siByistercst 0CHOBO# U3 KOTOPOit POXKIAIOTCS MUPHI U B KOTOPYIO OHU
BO3BpaIAoTcs. Yepes oroub MoIepKUBaeTCd HAJIIIYMHOCTD MUPOB, CBA3aH-
HBIX B €JUHYIO IIelb CYNIECTBOBAHUS M XKM3HH. Yepe3 IMIyM OCyIIecTBIIsSeTCs
B3aMMO/IEHICTBHE BHYTPU KaZK/IOI'0 MUPA. DTO OCHOBOIOJIATAIONIEE 3HAYCHUE
IIIyMa MTePEeHOCUTCS HA CTUXWIO OrHs. Torga CTUXHMsS OTHS €CTh OCHOBA
MaTepuu ¥ MUPOB, HEOOXOIUMOE YCJIOBHE WX CYIIECTBOBAHUS U PA3BUTHSI.

[IpoBenénnoe ucciegoBaHue CTPOCHHS HAIErO0 MHUPa IO3BOJISAET BbIJIe-
JINTH CEMb YPOBHE MATEPHUHU, U3 KOTOPHIX KAaKJIBIH CJICIYIOMUH ABISIETCS
OCHOBOW U IPUYUHON LIpeAbLAYIIEro:

1. TlnorHas marepusi: 3BE3/bI, ILIAHETHI, MPEJIMETHI W TeJda MOCTPOEHBI W3
MOJIEKYJI, MOJIEKYJIbI — U3 ATOMOB, ATOMBI — W3 YACTHII.

2. llone monsgpusamuu 3¢dupa. OHO COCTOUT U3 MACCUBHOM YaCTU BHYTPH Ya-
cTHIl B 6e3MaccoOBOTO eKTPonoss. OHH ONpeesioT IJI0OTHYIO MaTEePHIO.
3. ITone necdbopmaruu apupa: CBoiicTBa TOJIEH MOIAPU3ANNN 3aBUCIT OT Pac-
CTOSTHUN MeK Ty 3DUPOHAME — METPUKH HPUPA, BKIIOUAS TMOJIE TATOTEHHUSI.
4. Ddupons: Paccrosane mexay apuporamMu 0OYCIOBIEHO UX B3aUMOJIEH-
CTBUEM Yepe3 IIIyM.

5. TpéxmepHbie rIdHb: DGUPOHBI €CTh Hapa TPEXMEPHBIX IV[PHOB U IIPOTH-
BOTI/IPHOB, C KOTOPBIX HAYMHAETCA HaIlle TPEXMEpPHOe MPOCTPAHCTBO.

6. Oxnomepubie T9HBE: TpéxXMepHbIe TAIHBI COOPAHBI U3 OJHOMEPHBIX /13-
HOB, CBSI3aHHBIX KOPPEISIITHOHHBIME (-CBA3SIMHU.

7. Men — Bcé, koropoe Huuto (Ilycrora, A6comor, Enunoe, HeBbipasumoe,
...), 00beIuHsIOIIee ObiTHe W HEObITHE. B HEM BCe MUPBI, BKJIIOYAsI HAIIL, CBSI-
3aHBI B €IMHYIO CAMOYIIPAB/ISIEMYIO Ielb BEYHOMN YKU3HU.

[Toxokue ypoBHE IPUHSATHL B 930TEPUKE U TEOCO(MDUH JIJIs OMUCAHUS CTPO-
enus 4eaoBeka [36]:

1. ®usnueckoe teno(Crxyraa mapupa).

2. Ddupnbiit apoitauk (JIuHra mapupa).

3. Acrpasnbnoe Teno (KaMa-oka. )KUBOTHASE JTyTIa).
4. MentajbHoe Te10 (HU3IUHA yM, PACCY/I0K).
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5. ITpu4unHuoe TeI0 (KAPMHYECKOE, BBICITHH yM).
6. Testo 6naxencrsa (Bynaxu, npocserienne, JyXoBHAas JIyIa).
7. Atma (Arman ecth Bpaxman — BedHasi, HeM3MeHHAsI JIyXOBHAsI CYIITHOCTh,
oco3HAIONNI AOCOTIOT, KOTOPBI 0OTOXK IECTBIISAETCS 3/1€Ch ¢ aDCOJTIOTHBIM ObI-
THeM — BpaxmanoMm).

Torna:
1. TlioTHOE TEIO CTPOUTCS U3 YACTHUIL.
2. DdupnHoe Teso — mose noagpusanun puponoB. OHO obecrednBaer u
onpeJiesisieT TIOTHBIE TeJIA.
3. ActpasibHoe Teno (kenanuit) — aedopmarus sdbupa. 2<enanus npuTArH-
BaloT. TakxKe JeficTByeT MoJe TATOTEHUs.
4. Menranbuoe Teno0 — 3duponsl. OHE 3312107 cxXeMy (MaTpuIly) s 110-
CTPOCHUL CJAEAYIOIIUX yPOBHEL.
5. ITpuuunnoe Tey10 — TPEXMepHbIEe TJIHBI, B3aUMOJEHCTBIE KOTOPBIX OTIpe-
JTeJIsieT CTPOEHMe U JIBUKEHIE MHUPA.
6. Teno GmaxKeHCTBa— OXHOMEpHBIE TIO9HBI, KAK OCHOBHBIE CTPOHTE/IbHBIE
KUPIUYUKA MUPA.
7. Arma— Bcé, koropoe HUYTO.

NTorn

B dwusuke cymecrByer mpegcrasienne o "reopum Bcero" Kak mmesam, K
KOTOPOH HAJI0 CTPEMUTHLCS depe3 0000IeHne u o0beJMHeHne yyKe HU3BeCT-
HBIX TEOPWil B3aNMOEHCTBIIT 1 CTPOEHNsT MaTepuH (CyIeCTBOBAHNST TaCTHIL).
[Ipenmaraemasa 3/ech paboTa TakzKe cleJlaHa PAIU STOU TMeTU ¢ HaJIeXKI0H
Ha e€ JIOCTUXKeHWe, HO JIPYTUM MyTéM. BMmecTo maabHeTero orsiedeHus u
YCJIOZKHEHUSI MATEMATHIeCKUX OPY/IHil UCC/IeI0BAHKIT, YIIOD C/Ae/IaH HA HOUC-
Ke OTHOCHUTEIbHO MPOCTOT0 OCHOBAHUA (DU3UKH.

Taxoit BbIOOP TpedOyeT COOTBETCTBYIONIEINO €My Ha3BaHWS MpejiiaraeMoit
31ech Teopun. OHO JI0:KHO OBITH ITOXOXKEe Ha, OOIIENPUHATOe Ha3BaHUe "Teo-
pus Bcero" u omIm4aThCst OT Hero. Takumu cBoiicTBaMu 0671a1a€T BBIpaZKe-
nue mapopuda. OHO COCTAB/IEHO U3 JABYX JpeBHerpedeckux cjiop: "man" —
Bcé m "Teopus" or KOTOpPOTO B3fATa BTOpasi IMOJOBMHA Ha3BaHus. B mpose-
JIEHHOM WCC/IeIOBAHUN TOJTBKO HAYATO BXOXK/IEHUE B OOMINPHYIO 00/1aCTh 3TOM
Teopuu. Ha ocHOBe mpocTeifinuX TOCTYITHBIX MOJeIel IpeITaraloTcs OCHOBBI
MAHOPUU C HAJIEXKI0H1 Ha WX JaJbHeHIyo 0ojiee TOJHYIO Pa3paboOTKY.

Hauano pabore mosaraer yTBepKaeHne 0 BCEODITHOCTU YHEPTUH, T0-
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HAMaeMOil KaK CKOPOCTh u3MeHeHus. II3MeHenne, mpecTaBIeHHOe depes Te-
peMeHHBIe AefCTBUe-IJIATEeIbHOCTh, TPUHUMAECTCH 38 OCHOBY BCEro CYIIETro.

CTaHI/IOHaprIe IMOBTOPHBI U3SMEHEHUA BbIPazKaTCAd Yepe3 TrapMOHUKU, IJId
KOTOPBIX BBejieHO MecTO. ['apMoHuMKa JieificTBHe-SHEeprud Ha3BaHa TOYH, a
IpoTHBO(ba3HAL eif — IIPOTUBOTAIH. ['apMOHUKA CTAHOBUTCS OCHOBHBIM 3JI€-
MEHTOM JIJIsI ONUCAHUS MATEPUU U 3aMeHsIeT MAaTePUAIbHYIO TOUKY.

Bceé cymecrsytomee (Beé) npeacrabieno B MHOXKECTBe TapMOHUK OJIHOI
qacTOThl Yepe3 WX CpejaHio Juauioo u mywm kosgebanwnii. IITym 6epércs 3a
OCHOBHOE COCTOSTHWE HAITero MUpA.

YceroituuBas CTPpYKTYpa MUPa IIOCTPOEHA M3 HAAIIYMHBIX T/I9HOB, BO3HH-
KaBIIUX IIPU OCJIabJIeHHH IIyMa ¢ cCOXpaHeHueM ero ¢gpaykryanuii. Koppes-
U MeXKJy NpexkK/e He3aBUCHUMBIMU NIYMAaMH Pa3HbIX W3MEPeHnil npuBesn
K CyIIeCTBOBAHMIO 3M TA9H0B ¥ 1 mporusormsnos [13, cocrapmenHbx n3 1
Fjl-, ]_[Jl- 7 map F}Hjl- KazKJ0ro m3mMepa j. [19HbI Fjl TOXK/IECTBEHHBI HUYKHUM
KBapKaM d;j. CBA31 MeK1y U3MePeHUAMHI U3BECTHBI KaK IVIIOOHDI.

BzaumogeiictBue ra3HOB depe3 IryM O0YCJIaBJIMBACT IHOSIBICHUE T10-
JIelt TOJIsIPUBAINH, BKJIIOYasi M3BECTHOE HJICKTPOIOJIE U HOJIE TITOTCHUS.

TpéxmepHoe MPOCTPAHCTBO HAINETO MHPA €CTh ITPOCTPAHCTBO MECT
r1PH0B. OHO OTpAHMYEHHO, 3AMKHYTO Ha cebe W mMeeT MaTepuaIbHOe OCHO-
Banue. Cpea HaIIero Mupa coCTOUT U3 0CJIa0JEeHHOTO ITyMa, Ha Iy MHOI'O
OCHOBAHHS U BO3BBIIIAIONIUXCA HAJ HUM YacTeil HAIIIYMHBIX IJI9HOB.

HamyMHbBIe 9aCTH OJHOMECTHBIX TJISHOB (KBAPKU) COOPAHBI B 3JIEMEHTHI
cpeansl u oTaeabHble dacTuibl. CBsa3anubie y-B3aumoeiicruem I'TI-mapsr
coctaBuu TBEPAYIO cpeay ['TI-TBepab, a HeCBA3aHHBIE — TJ1a3MO00pPa3HYIO
I'll-nna3ma. llepexomnag MexKIy HUMHU cpejla €CTh OCHOBA HAIlero MHPaA
acup (D). On cocrour u3 aduponos 3 — ['Tl-map. dpyrasi yactb cpejpl
cocrapjieHa u3 HeHTpUHO W HaszBaHa HeUTp (N). UIx coBoKynHocTh — 3(h-
Heit (DN). Bosmoxuo acpup ects 3m mosepxuocts B 4Mm I'Tl-cpene,
pazaensiomas B meit ['Tl-irazmy u ['TI-rBepan.

Tpéxmepubie cocrosguus ['II-mnasmer u ['I-TBepau npeacrapiensl B 3du-
pe peIKuMHu BKpamieHuaMu. Yépuoie abipbl coctodT u3 'll-mnasmer, a BHYT-
pu dactun npucytcTsyer ['II-TBepasn.

[Ipejioxkena Moje/b cpejibl Haiero Mupa. Halijienbl ypaBHeHUs JIMHA-
MHUKH €€ MMoJIdpu3anyuu U JUCIIEPpCHOHHOE. BOﬂHbI HMEIOT MOIIEPEYHYIO U IIPO-
JIOTbHYT0 cocTapisitoriiue. Ho mpooibHAs BOTHA HAMHOTO cjiabee momepet-
Hoit u3-3a 60Jiee €;1a06OI0 UCTOYHUKA BHYTPH YACTHIL K €l MOXKHO IpeHeOpedb.

DJIeKTPUUECKOE TOJIE CTh IOJAPU3ANUA HPUPOHOB.

Bokpyr rjipHoB B adupe cyiecrByer £-110J1€ HOJApU3aIun 3pUPoHOB, KO-
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TOpOe BXOJIUT B COCTaB YacTUIl. BOIU3M HUX pacHoIOKeHBI CTAIMOHAPHOE
nornepevyHoe MaCcCUBHOE §-TI0JIe, Jaoliee dacTuiiam maccy. Jlasee pacmojio-
JKEHO KYJIOHOBO 3JIEKTPOIOJIE.

Jlnsa aBuzKymeics 9acTUIbl JUHAMUKA [MOJISPU3AIUN ONUCHIBACTCA yPaB-
HeaneM Kureitna-@oxka-l'opaora. llocme mepexoma K aMIIATYTHOMY OIHCA-
HUIO OHO 3aMeHsieTcsl Ha HequHeiiHoe ypapuenue Illpénunrepa. BomroBas
dyHKIUIA ecTh aMILUIUTY 1A Kojiebanuii rjpHoB B apupone. Macca u jiBuze-
HUE TeJI UMEIOT MOJEBYIO PUPOJLY.

ITose TaroreHus sBIAETCA YACThIO MO gedopMaryn (MeTpuku) ¢bu-
pa. Ero norenmuan onmuceiBaeTcss H3MEHEHHEM PACCTOSHUS MEXKIYy dpUpoHa-
Mmu. [Tokazano pacmpocTpaHeHue 3J1eKTPOBOJIHBI U YACTHUIl B HEM. BOHDBI Ts-
FOTEHHS CYIIECTBYIOT, HO UX BJIMSHAE TTPeHeOpeKkuMo Mai0. OcTaérest TOJIBKO
BEKTOPHOE I0JIe TATOTEHUS T/, KOTOPOE TIPU UX JBUZKEHUU [ePEeCTPAnBACTC
€ TIOMOIIBIO JIEKTPOTIOJIA.

Tpéxmeprsie raausl I'® n mporusorasasl [12 cocTaBadioT 0OCHOBY HO3HTPO-
Ha M 3jeKTpoHa. [lapel onnoMepnbix rasnos I';11; ecTh amekTponnble Heii-
TpuHO. Bepxuue KBapKu u; COCTaB/eHbl U3 IIap IJHOB WJIU IIPOTHBOLIZHOB
Uj = Hjl—i-lgHjl—l‘

YacTuipl 1epBOro MOKOJIEHUsI IOCTPOEHBI W3 TIAYHOB (Kpome ¢o-
TOHOB). B ¢TpoeHHe HO3UTPOHA H JEKTPOHA BXOJAAT JBOPBI U3 E-MOJIei.

Bce maccuBHBIE YacTHIIBI, KPpOMe HERTPUHO, cOAepzKaT JIEFKHEe OCHOBBI
U OKPY2KAIOIHe UX MaCCHUBHBIE ABOPBI, KOTOPHIE COCTOAT W3 IOJEH IOJIsI-
pusanuu 3puponosB u HefiTpuHHOM YacTu. /[BOPHI HOJTOKUBYIIUX TPOTOHOB
COXPAHAIOT OTNEYATOK CPeJbl BCEJICHHOf, ObIBINE IpH UX POZKJICHUH.

Ha yposue risnoB mup abcosioren. OTHOCUTEILHOCTh HAYUHAECTCS HA
VPOBHE YacTHUIl, KOTOPble (KpOMe HeWTPHHO) BMeCTe ¢ OKDYKAMUMU UX
MOJISIMHU STBJIAIOTCS TIePeHOCUMbIME BO30Y:KneHusiMu 3bupa. Heiirpuno adco-
JIIOTHO. Ddup n HeHTp abCOTIOTHHI.

[Tokazano coorBeTcTBUE YeTHIPEX cTUXHUil Mupa u cocrosumii I'TI-cpespr.
Boigeneno ceMb ypoBHeill MaTepuH, KOTOPbIE COBIAJIAIOT C YPOBHAMHU CTpOE-
HUS Y€J0BEKa B JIpeBHE-UHINNCKUX YICHUSAX U COBPEMEHHON 930TE€PUKH.

HeobxoauMbIM yCca0BHEM CYIIECTBOBAHUSI W PA3BUTHUs SIBJIseTCs] ODECKO-
HEeYHad NeNb B3aUMOAENCTBYIOMINX YKUBBIX MUPOB.

Taxum 06pa3zom TeOpuu COBpeMeHHO (DU3NKU MOTYT ObITH BbIBEJICHBI U3
NPEJICTaBJAEHUS BCETO CYIIECTBYIONIErO B BUJIE IEPEMEHHOTO JICHCTBUA.

JlaHHbI} NPENPUHT SABJISETCS Tepen3IanueM npenpunta 37|, B KoTopsiit
ObL/IM BHECEHDbI UCITPABJICHUS, YJIYUIIEHUs] U JIOHOJIHEHUS.
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