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A. H. Ilan

Annoranus

Ha ocHoBe mepeMeHHOTO JefiCTBUS TPEIIaraeTcs TeOpUst CTPOEHU ST
MaTepUH, ITPOCTPAHCTBA U Mupa. V3 Heé ciienyioT ypaBHeHHS KBAHTO-
BOII MEeXaHUKU 1 Teopun OTHOCUTEJIBbHOCTH. 9.HeKTpI/ILIeCTBO, TATOTEHUE
M 9aCTHIBI OMUCHIBAIOTCS eTUHBIM oOpasoM. [lokazamo Kak Mup BO3-
HUKaET U3 BHEIIPOCTPAHCTBCHHOT'O IMIYyMa W PA3BUBACTCA JO HAJIIITYM-
HOT'O IIPOCTPAHCTBEHHOIO CTpoeHus. CKPBIBAIOMALCH 33 KaXKYyITUMCH
NyCTbIM IIDOCTPAHCTBOM CpP€/la uMeCT OI'POMHYIO IIJIOTHOCTDb U ABJISACT-
CsI TPUYMHON JIEKTPUIECKOTO W TPaBUTANMOHHOTO moseit. IIpegmota-
raercs HaJguune 6ECKOHEYHON e B3aNMOCBA3ZAHHBIX U YIIPABIAEMBIX
MupoB. ObbscageTcs crpoenne dacTutl. V3 970ro mpeacraBaeHust ce-
JIVIOT TEOPUU COBPEMEHHON (PU3UKH.

There are more things in heaven and earth, Horatio,

Than are dreamt of in your philosophy.
Ecmv mmozoe nwa nwebe u zemae, Topayuo,

Umo u He cHUAOCL 8aWUM MYOPELAM
Y. Hlexcnup, "amaem”.

BBeagenue. Mup namenennii

K xowniy 19 Beka B pu3uKe UCHOJB30BATUCEH, KPOMe a0COTIOTHOTO BpeMe-
HU, TPU OCHOBHBIX IOHATHS: TE€JI0, 10JIe U HPOCTPancTBO. Teja JIBUKYTCH B
IIPOCTPAHCTBE, CAYyZKAaT UCTOYHUKAMHA IOJIEH W depe3 HUX B3anMOJAeHCTBYIOT
C JApyruMm TejlaMu. Teﬂa " TI0JIA HaXOALATCA B IMIYCTOM HMPOCTPAaHCTBE, KOTO-
poe He MaTepUuaIbHO, HO HUMEEeT CBOHCTBA: ODECKOHEYHOCTH, TPH U3MEPEHUs U
paccrosiausi. Kpome Toro, Haunnas ¢ Jlekapra, mpeamnoaragochk, 9To B Mpo-
CTPaHCTBE nMeercs HeHabJtojgaeMas cpeja — 3bup |||, B KOTOpOM JI0JIZKHbI



MPOUCXOIUTD BCE SIBJIEHUS: TOJIST — BOJIHBI, & T — OCOOEHHOCTH CTPOSHUS
win JBuzkeHus (Hanpumep Buxpu). Bee wactn marepun 06Jaga0T SHEPIH-
eif, KoTopast CBs3aHa CO BPEMEHEM, KakK CIIOCOOHOCTH coBepIiaTh paboTy —
u3MeHdaTh cocrosuue. Cre0BaTe IbHO OHA €CTh XapPAKTePUCTHKA H3MEHEHWS.

K nagary 20 Beka OIBIT, a 3aTeM TEOpHsl, HAILIH HECOOTBETCTBUS U TPO-
THBOPEYNs B 9TOIl KapTUHE MUpA. DTO TMPHUBEJO K CO3TAHUIO JBYX HOBBIX
MEXaHUK: TEOPUH OTHOCUTETbHOCTH U KBaHTOBOI . B Hux npex-
Jie 4ETKUe MOHSTHS TeJI, BOJIH, MOJIell 1 MPOCTPAHCTBA CTAJU PACILIBIBATHCA,
nepecekaThess W B3aMMOJIEHCTBOBATL MexKay coboii. [Tonstue adpupa ObLI0
MPU3HAHO OMHUOOYHBIM, T. K. [0 TEOPHH IIPOTUBOPEUMIN ONBITY . On-
HAKO €r0 MBITATUCH U TO-TIPEKHEMY TBITAIOTCS BO3POIUTD.

[Ipojoskenue MOUBITOK BO3POJIUTDL 3PUpP CBA3AHO ¢ OCOOBIMHU U HEIPU-
BBIYHBIME XaPaKTEPUCTHKAME, KOTOPBIME HOBBIE MEXAHUKY HAIEJISLIH MYCTOE
MPOCTPAHCTBO. DTH XapaKTEPUCTHKU 0OJIee COOTBETCTBYIOT CPEJE, YeM IIy-
crore |6|. IlpuTsizkenue, nmpucyinee BceM TeJiaM, MOJIAM W SHEPrUsSM, MEHs-
er "mycrory", KOTOpas Temephb BINSAET HA JIBUKEHHE IPYTHX MaTepHii
"Tlycrora" upeacrasiasiercs: "duznueckum Bakyymom" |7| ¢ HeycrpanumbiMu
HYJIEBBIME KOJIEOAHUSIMUI, BUPTYATbHBIMH YACTHIIAME U BCILIECKAMHA SHEPTHH.

Mexanuku DifHINITeHA 1 KBAHTOBAS JIOCTATOYHO XOPOIIH JJIT OMMCAHUS
PE3yJIBTATOB OIBITOB U HAOJIIOIEHUIT, HO UX OCHOBAHUS IO CUX HOP OCTAIOTCSH
HesSICHBIME. BO MHOTOM 9TO CBSI3aHO ¢ HHJIYKTUBHBIM MYTEM Pa3sBUTHUsT (hU3H-
K — OT HAOJIIOeHNsT OOBIIEHHBIX SBJIEHUNH K TMPOCTBIM 3aKOHAM JIJI HUX U
JasIbHeiIee moc/ieI0BaTeIbHOE YCIO0KHEHNE 3aKOHOB (TeopHil) 1o Mepe pac-
MTUPEHUST ONMBITHBIX 3HAHUI, COMPOBOYKIAIOIIEECST POCTOM HX OTBJIEYEHHOCTH.
OtTByteuéHHbIe ODY/IUsS MO3HAHUS (CHMMETDHUE, IPYIIIbI, CJIOKHbBIE MPOCTPAH-
CTBA) MO3BOJIAIOT YBUJIETh KAK-Obl CBEPXY H3JaJi OOIIHe 3aKOHOMEPHOCTH,
HO HE JOCTATOTHO yTIyOISIOTCS B UX OCHOBBI. OIHAKO 3TH HESICHBIE OCHOBA-
HUSI OCTABJIAIOT B (DU3NIECKUX 3aKOHAX CBOU CJIEJIBI.

Bcé ecTh u3meHeHue.

K maganam mpuposibl, 6o/1ee IIiyOOKIM 4eM HCII0JIb3YeMble B COBPEMEHHOM
dbusnKe, MOKHO TPUATU UCXO U3 €€ OOMEITPUHATHIX TEOPUH, PUMEHSIIO-
IIUX U3BECTHBIE MOJEJbHBIE MPEJICTaBACHHS O BOJHOBON MPUPOJIE TEPEeHOca
cBeta 1 dacTuil. OObIYHO JIJIst 9TOrO IPUMEHSIIOT MOJEJH YIPYTrO CBA3aHHBIX
mMace (6e3MaccoBble BOJIHBI, OMUCHIBAIOININE B YaCTHOCTH 3J€KTPOMAIHUTHOE
W3JIyYeHre) U MAagTHUKOB (MACCHBHbIE BOJHBI JJIsl OITMCAHNST JBUKEHUST Ta-
CTHIT) . 'T. k. 06BEM BCex TeJi, CJOKEHHBIX U3 YACTHUIl, MHOTO MEHBIIE
obbéMa BeesreHHO#, TO OCHOBHON HAJI0 BRIOPATH PEIMIETKY YIPYTO CBABAHHBIX
MaCC ¢ BKPAILIEHUSMH U3 PEIIETOK MasiTHUKOB.



He pacmajmaromuxcss MacCUBHBIX YACTHUIL CYIIECTBYET 1Ba BHIA — JJIEK-
TpoHbI /03uTponbl (e~ /e™) u uporoust /anTunporonst (p*/p~). epsbie u3
Hux (e~ /e’), KaK MMeNe HAMMEHBINYI MAacCy M IIPOCTEIee CTPOeHHe
PacCMOTPUM B Ka4ecTBe HOCUTEseH PenéTKu.

[lepexos oT peméTkn Mace K perréTke MasTHUKOB JOJIKEH TPOUCXOTUTD
MO/l BJIUSTHEEM HEKOTOPOH OCHOBHOH YACTH 3J€KTPOHA/MO3UTPOHA (ero oc-
ool O, /OF), nepesonsnieii peniérounpie Macchl B MagTHUKH. JLjist 91010
KasK/IyI0 MacCy HaJIO Pa3/eJUuTh HA JBE YIPYTO CBI3aHHBIE YACTH, KOTOPHIE
0TOXKIeCTBIM € BBeAEHHBIME ocHOBaMu O, /OF | 4T06bI HE yBeJNYUBAThH YHC-
J0 cymuocreit. Oun qoKHB uMeTh "3apsaip" (He coBmajatorue ¢ e /e™),
obecrearBaTh B3auMOJIelcTBHEe (PACTYINee ¢ PACCTOSHEEM BOJIM3H THX OC-
HOB, HO yOBIBAIOIIEe BJAIH OT HUX) U ONPEJIEIATh JEKTPHIECKIEe CBOMCTBA
9JIEKTPOHA /TO3UTPOHA. [IpocTelinuii moTeHITHA TAKOTO B3aNMOIeHCTBHST 1a-
ér dynknusa Taycca U(r) = +U, exp{—r?/2r2}, rue U, — sueprus cpssu oc-
HOB, a 1", — pa3Mep O0OJACTH UX BJIHAHUS. B pPABHOBECHOM COCTOSIHUU pPe-
méTOUHBIX MasgTHUKOB O, u O COBMEIEHBI, & B BO3MYIIEHHOM Pa3/IeIEéHbI
BJIMSIHUEM OJIMHOYHON OCHOBBI 3/IEKTPOHA UJIU ITO3UTPOHA.

Oyukruio ['aycca oObIYHO TPUMEHSIOT JIjIs OIUCAHUS PABHOBECHOT'O pac-
peJeIeHs IOTHOCTH BEPOATHOCTH. [[03TOMY Oy YeHHBII MOTEHIHAJ Ha-
BOJMT Ha MBICJIb, YTO 0CHOBBI OF MMEIOT pa3MbITOEe CTPOCHHE, OLUCHIBACMOE
pacrpe/ieleHieM II0THOCTH BepoaTHOCTH p(r) ~ U(r) ux obHapyKeHus.

Cny4aitHOCTh HEKOTOPO#l BEJIMYUHBI HAJI0 TTOHHMATH KAK OY€Hb OBICTPOe
€€ n3MeHeHnne, Hepa3penmMoe B JIAHHOM MaciiiTade BpeMeHu. Y MeHbIas pa3-
pelllenre MOXKHO IEPEBECTH CJydaiiHoe m3MeHeHwe B ornpeaenéuuoe. T. e.
OCHOBHAS CYIIHOCTDH, KOTOPas OIPEJeIsieT CTPOCHHe MUPA, IMPEICTABIACTCH
U3MEHEeHUEeM, UMEIOIIUM BEeJUYUHY U JJINTEJLHOCTD. 3 0cHOBOIOIATAIONTIX
bU3nIeCKUX BEJIMYNH TAKOH XapaKTep MUMEIOT TeiCTBUe U IHEPTH, SBISIO-
AsICs CKOPOCTBIO JefiCTBUsI ¢ OOPATHBIM 3HAKOM.

Orcrosa ciiemyer, 9T0 n3MEHEHUE eCTh nepeMentoe jeiicraue. OHO MOXKET
OBITH PA3JIOZKEHO [0 XapPAKTEPHBIM BpEMEHAM U3MeHeHUH ([IOBTOPOB), T. €. 10
rapmonukam. st 1ro6oro uzmenenus 6oJjiee MeJJIEHHBIE CYyMMAapPHO COCTaB-
JISIIOT €r0 TIePEMEHHYI0 CPEIHION JIHHUIO, a Oojiee ObICTPhle — IITYM Ha HEM.
CiieioBaTe/IbHO OCHOBBI YACTHIL IPEICTABUMBI B BU/I€ TAPMOHUK JAefCTBUS C
IIIyMOM HA& HUX W aMILTUTYI0M, sBgmoteiica "3apsamom’ 3Ttux ocHOB.

MokHO TpuiiTH K MOM0OHBIM OCHOBAHUSM TPUPOIHI C JPYTOil CTOPOHHL.
B dusuke Bcé cymecrsyoniee (Bcé) ecth Marepus, J06ble 9acTH KOTOPOIt
00J1aJ1aI0T SHEprue, ABSIONeiics Mepoil crmocoOHOCTH BBIIOJHSATL PadOTY
— u3MeHsaTh cocrosiaue. [loaromy sHeprusi, Kak COJAEPKAIIASCIT BO BCEM Xa-



PAKTEePUCTUKA U3MEHEHUs, IePeHOCHT Ha HEero CBOI BCEOOITHOCTb. OTCioaa
BBITEKAET MPEeINoJIoKeHne, 9ro Beé ecrs navenenne. OHO UMeeT JBe COCTAB-
JstoIre (BeJIHYUHY, JUTHTEIBHOCT) U He CBOAUTCS K 9eMy-JH00 IPyroMmy.
3aMeHa OJIHON BEJIMYUHBI WU JIHTEJIbHOCTH Ha JIPYTYIO JIMIIb IEPEBOJIUT
OJTHO W3MeHeHUe B JIpYToe.

Y100BI CpAaBHUBATH M TEM CaMbIM MEPUTh U3MEHEHUe, HYKHBI ero o0pas-
1Bl U CIIoco0 cpaBHeHus ¢ HuMH — Mepa. Oauna obpaser OepéTcst 3a yCJIA0BHO
IIOCTOSTHHBIINT HYJIb BEJWYUHBI, JPYTOi — 3a €€ YCJOBHYIO €JUHUILY, TpeTui
— 3a obpasel JIUTEeTbHOCTH, CPABHEHHE ¢ KOTOPHIM JaéT BpeMms. [lepexo k
JIpYyruM o6pa3iaM, BO3MOXKHO He IOCTOSHHBIM OTHOCHTEIBHO IEPBBIX, MEHs-
eT u3MepeHHOe M3MeHEeHHe TMOJTHOCTHIO, HO OCTaBJIAET ero H3MEeHEHHEeM.

Bcé — macmrabno masapuanTtao. OHO He uMeeT B cebe KaKHX-JI10O BbI-
JIeJIEHHBIX BeJIUYIUH U AjauTenbHocTel. OmqHako, BIOpas 000t obpaser m3-
MeHeHHsT 3a Hadaa0 OTCYeTa (YCJIOBHBIN HYJIb), MOKHO YTBEP’KIATh, Y4TO OT-
HOCUTEJbHO Hero Bceé cocTOuT M3 cyMMapHO CHMMETPUYHBIX CTAITMOHAPHBIX
OBTOPOB. Hysb, aBidtomuiica ux cpeaneil JTUHAEH, CTAHOBATCS €IHHCTBEH-
HOH coxpaHdiolmeics BeJIMYnHON, KOTopasd olpee/der I1yCTOTHOCTb BCero —
OTHOCHTEIBLHOCTH MycToTh. HectannorapHocTh (TOXKe OTHOCHTENbHAS) BO3-
MOYKHA JIUIITH BPEMEHHO, KaK 4acTHBIH caydait. Ho u3 arux ciaydaes coctout
Bcé. D1o BbIpazkaer BceoOIIee mocTOgHCTBO ePEMEeH.

Beckoneunoe pasznoobpasue noBropos Beero y1o6HO U IPUBBIYHO OIMUCHI-
BaTh DECKOHETHBIM HAOOPOM TapMOHHUK BCeX YacTOT, aMILIuTya u da3z. T. K.
Bcé maciirabno nuBapuanTHO, TO HET OCOOBIX TAPMOHHMK CO CBOHCTBAMU, OT-
JIMYHBIMU OT JIpyruX. lpemcrasienue Beero ¢ momoinbio rapMOHUK HE €CTh
paznoxkenune Oypbe, KOTOpOe TPUMEHIMO TOJBKO K OJHON OIIpee/IéHHON TIe-
puoandYecKoil (pbyHKIMH BpeMeHH, BO3MOXKHO ¢ OECKOHEYHBIM B IIpejieJie Iie-
puonoMm. Tpebyercs GecKOHEUHOE MHOXKECTBO TapMOHHMK KayKJIO# TaCTOTHI.
(ITpu Apyrom mo/xo/e MOKHO HCIOJB30BATH TOJBKO OJHY TapMOHUKY JaH-
HOIl 9acTOTHI U PACCMATPUBATHL OECKOHEYHO CJIOXKHOE CTPOCHHE MCKAZKEeHUH
eé aMIUIUTY/IbI, HO 9TO MeHee yI00HO. )

B sr060it rapmonuke Beé mpepcraBieHo MOIHOCTHIO. HacToTa M aMILIn-
TyIa 3a1a10T € MaciTad. /Ipyrue rapMOHHKY ¢ MeHbIIEel 9acTOToi B cyMMe
COCTABJIAIOT €€ CPEeJHION JIMHUIO, & ¢ OOJIblell — IIyM KojiebaHuil, KoTopblii
B TEOPHUH BEPOSTHOCTHU ONMUCHIBAETCS MPOU3BEAEHNEM CIyIaifHON aMILTATY 5T
Ha oIpeje/IEHHOe KoJieDaHue.

O61ue BLIBOABI O CTPOEHUN MAaTEPHUN

OtHocuTeIbHO JI0OBIX TapMOHUK Bceé He mycto u mepemenno. Ho s
KazK/I0# TapMOHUKHU HaliéTcst HpoTuBOoa3Hasd el U UMeIoIas TakKue yKe aM-
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mIuTyny m dactory. [losromy cymma Bcex rapmMoHuMK paBHa my.io. Cremo-
BaTENbHO CyMMapHO BCE mycTo m TeM TOCTOSHHO, HO HPOSIBIASETCS depe3
JACTHYIO MEPEMEHYIUBYIO MOJHOTY. BCé — HUYTO, HO 9BJISETCA KAK HETITO.

JIrobag qacTh Beero mpoTuBONOIOZKHEA BCEMY OCTAJIbHOMY, T. K. HX CyMMa
ecTb mycTtoe Bcé — oHEM paBHBI mo BeaumuuHe. Jl1obag dacTh mMeerT HYJIb,
KoTopbiil ecTh Beé. CremoBaTenbHO 9acTh COMEPKUT IET0€ CO BCEMH €To
YACTIME, BKJIIOYasi ce0s1, BMECTe ¢ UX HPOILIBIM, HACTOAIUM U Oy Iy TIIIM.

DTa JIoruka OECKOHETHOCTElH, OTINYIHAA OT OOBIYHONW KOHEJIHOW JIOTUKH,
r7le 9acTh MEHBITe IeJI0oro. TakuMu Ke CBOWCTBAMU 00JIaaf0T B MaTeMa-
THKe OeCKOHEYHbIe HellPePhIBHbIe MHOXKECTBA. B HUX MOYKHO BBIJIEJTHUTH JIIO-
6oe KOHeYHOe WU GeCKOHETHOE YHUCIIO TIOIMHOKECTB, H30MOPMHBIX (TOXK/Ie-
CTBEHHBIX ) BeeMy MHOzKecTBY. Kazi0e u3 Hux uMeer cBou u3oMopdHbie cede
IO/IMHOYKECTBA, a 3HAYUT COJEPKUTCS B CBOe dactu. MoxKHO JeauTh HeCcKo-
HEYHOCTH HA OECKOHEUYHBIE YaCTH C COOCTBEHHBIMU OECKOHEYHBIMU YaCTIMH,
PaBHBIMU HAYAJbHON OECKOHEYHOCTH U CONEPKAITUMHA €é.

B sn1060it 6eckoneunoit abesieBoil rpyIie 1o CJI0XKEHHIO CyMMa BCeX dJIe-
MEHTOB I'DYIIIbl €CTh HYyJIb, COJAEPzKAINuii Bce djaemMeHThl. Bes Oeckonednast
rpynma CyMMapHO YMeIaeTcd B OXHOM 3jieMente. J[1000# ajeMeHT Takoii
TPYIIBI COIEPYKUT HYJIb, & C HUM BCe 3JIEMEHTHI, BKJO4Yasa cebsi. Hampumep
TAKUMHE SIBJISIOTCS TPYIIbl 9uces (IeJbIX, BEIEeCTBeHHBIX, KOMILIEKCHBIX U
Jp.), UMEIOIIHUX B ce0e HYJIb U CHMMETPUIHBIX OTHOCHTEJHHO HUX.

MHuOXKecTBO TAPMOHUK OTHON YacTOTHI 0Opa3yeT abeseBy IPYIILY 1O CJI0-
kernnio. OHa JByMepHa —/[Be aMIIUTY bl (MHOKUTEJIH TIepe cos wi u sin wi,
WM aMILTATY/a W HadadbHas (asa). DToil IpyIbl T0CTATOUHO JJIsl BbIpa-
JKeHWs YKA3aHHBIX BBIIIE CBOUCTB Bcero, HO HeIOCTATOYHO JJId €r0 TMOJHOTO
OMHCaHWsl, KOTOpOe TpelyeT ceMeiicTBa IPYII TapPMOHHK BCEX YACTOT, YZKe
HEe COCTABJIAIONIETO TPYIIILY.

T. k. GeckoHedHOE HEIPEPBIBHOE MHOXKECTBO MOYKHO pa3dbuTh Ha J1000e
YUCJI0 U30MOP(HBIX €My TOJMHOXKECTB, TO Beé paznoxumo Ha Jjiioboe KOJIu-
YeCTBO caMoro cebs. Beé Geckonedno jieimMo na ¢Bou 1moBTOPBI. Beé mycto,
HO 00JIaIaeT OECKOHEYHOH dHeprueii, Oyayun OeCKOHEYHBIM HabOPOM TapMo-
HUK BCEX YacTOT W aMILTUTYI. Takxke u Jrobas ero 4acTh, KaK COJlepKaIias
Bcé. Hacrb Baajeer 6eckoneunoii sueprueit Beero.

Bcé ecth HemposiBieHHOE COCTOsIHNE (HEsIBb, Xa0C), W3 KOTOPOTrO IPOSB-
JSI0TCs (POYKIAIOTCS) YaCTHBIE MUDEI (s1BB, KOCMOC). VIX Kon9ecTBo u pas-
HoobOpasue GeckoHeuHno. Hamr mup ecth onuH n3 O6€CKOHEYHOI'O MHOXKECTBA
MupoB. OH BpeMeHeH u mepeMeHeH. Ero cBoiicTBa JIOTHYeCKN HE BBIBOIUMBI
[OJTHOCTHIO U3 001IKUX cOOOpaKeHUil, XOTd U HEPA3PbIBHO CBA3aHbI C HUMH.



Harmr Mmup nosnaércst, 0OTTaIKUBasICh OT YACTHOTO OIIBITA HAIeH XKIU3HU B HEM.

TricadesieTHAS MYIPOCTh.

Mymapersl BBICKA3bIBAIN TOM00HBIE YTBEPKICHUS THICSUIETETHs] HA3a/I.
YKa3bIBaJI0Ch YTO CYINECTBYIONEEe OCHOBAHHO HA HECYIIECTBYIONEM M IIPeJl-
CTaBJIAETCH, B YACTHOCTH, 3BYKOM WJIHA CJIOBOM.

B Bubsnu (Bropas kuura Makkaseiickast) HAIMCAHO: BCE cOTBOpMI Bor
u3 nn4dero. B Epanresmme or Moanna: B Hauase 6b110 CiioBo, u C10B0 ObLIO
Bora, u Cioso 6610 Bor. (CoBO ecTh ymopsiioueHHbIil 3ByK — OJHOMEPHOE
kosiebanne, nian n3venenne. T. e. "cyiee ecth 3ByK" . )

B nucanugx I'epmeca Tpucmeruncra
Besikoe nBuzkenne mopozk1eHO HEIOIBUKHOCTBIO U B HEIIOJABHKHOCTH. ... Hu-
YTO CyIIee He IyCTO.... TOJIbKO HEObITHE IIYCTO U YyXKI0 CYIECTBOBAHUIO.
TBoper, coTBOPHI BeCh 3TOT MUp, He pykamu, HO CI0BOM.

EuHCTBO — HAYaI0 ¥ KOPEHb BCEX BEIIEl, ... HAYAJI0 He MPOUCXOIUT HU OT
Yero, HO TOJBKO U3 cebd .... EauHcTBO, KOTOPOE €CTh HAdaJo, COACPXKUT B
cebe Bce YHCIa, HO CAMO He COJIEPXKHUTCS HH B OJHOM; OHO HMOPOIMJIO BCE, HO
CaMO He POK/IEHO HUKAKUM MHDBIM YUCJIOM.

Bor TBopuT Beunocth, BednocTsh co31aéT MUp, MUD TBOPHUT BpeMsd, BpeMs
00yC/IOBIMBaET CTAHOBJICHUE.

JIBuzKeHne MHUpa OCYIIeCTBAsgeTCA B XKU3HU Beunoctn, ... Her HIYero mocro-
SIHHOT'0, YCTAHOBJICHHOT'0, HeNoABUKHOTO. [locTostncTBo BeunocTn npuzkercs,
U TOIBUKHOCTH BPEMEHH CTAHOBUTCS MTOCTOSHHOM.

To, aTo HaxXOAUTCsT BHU3Y, COOTBETCTBYET TOMY, UTO IpeObIBaeT BBEPXY; U TO,
9T0 TPeObIBAET BBEPXY, COOTBETCTBYET TOMY, UTO HAXOAUTCS BHU3Y.... Bee Be-
1y npou3ontin o OHOro mocpecTBOM EIMHOrO... OT 9TOi OJIHON CYIITHOCTH
Jepes mpuctocobieHue.

B Kubannone MPUBOAATCA 7 TePMEeTHUYECKUX TPUHITUIIOB:

1. Menrambnocru: Beé ecrs mbican (Beesrennast ects MbICaeHHBIH 06pa3 —
HAIIIe [IPEICTABICHHE O Heil).

2. CoorBercrBus: Kak BBEpXy, TaK U BHH3Y, KAK BHH3Y, TAK U BBEPXY.

3. Bubpanun: Huuro me mokouTcss — BCE JBUKETCs, BUOPUPYET.

4. IlongpuocTn: Beé nBoiicTBeHHO, BCE UMEET MOJIOCA..., TPOTUBOIOIOKHO-
CTH, COBIIAIONINE TI0 TPUPOJIEL, HO PA3IUIHBbIE B CTEIICHH.

5. Purma: Bcé BrITekaer u BTeKaeT, NOJHUMAETCSA U MAAeT — MAITHUKOBOE
KoJjieDaHne BO BCEM. PUTMBI KOMIIEHCHDPYIOTCS.

6. [Ipuunnsl u cieacTBud: Beskas NpudnHa UMeeT CJIeJICTBHE; BCIKOE CJIe]l-
CTBUE UMEET IIPUIUHY; BCE COBEPIIAETCA 0 3aKOHY; CIyYail ecTh UMsT 3aKOHA,
KOTODBIA HE NO3HAH;... HUYTO HE YCKOJIb3aeT OT 3aKOHA.



7. lona (IBOICTBEHHOCTh AKTUBHOTO M MACCUBHOrO Havau): 1o BO BeéM —
BCE MMeeT CBOM MYKCKOl MJIM YKEHCKHil IIPUHIIUI Ha BCEX YPOBHAX OBITHUS.
B Pursese (1700-1100 rr mo m.3.):
He 6b110 He-cymiero, u ne 6bLJIO CYIIEro TOTJA. ...
Hpimmano, He Koaebas Bo3myxa, mo cBoemy 3akoHy Heurto Omno. 11 He ObLIO
HUYETO JPYTroro, KpoMe Hero. ...
B "Manaykes Yuanurmian"
Aywm! Dot 3ByK — BCe 310. Bor ero paswscuenne: [Iporremmiee, HacTosee,
Oymaytee — Bce 3TO u ecTh 3ByK Aym. 1 To mpodee, 9T0 3a mpegesaMn TPEX
BpeMeH, — Toxke 3BYK AymM. V6o Bce 3To — Bpaxman. 9tor Arman — Bpaxman.
B "Cunaxa-cupaxanra nagixarn'
Henmenyembiit (A6cosior) ectb Camocymuii, Besnauanbubiii u Cosepiien-
HbIii, Eanubiii BHe MecTa 1 BpeMeHH, ... i conpucyias emy [Tlaktu (:keHcKoe,
SHEPIusi).... depe3 ero mysbCallii BO3BHUKAET amapa-MiakTh. ... [lyabcanus,
oOHapy:KeHre, OTKPBITHE, pa3apob/eHne, BHE3AMHOe BOSHUKHOBEHE — BOT
MATHKAYeCTBEHHAS anapa-maKkTH.
B 6yaausme B "Mynamaxbsamaka-kapuka'
Her uum npekparinenns, Hi BO3HUKHOBEHUSI, HU YHUITOKEHUSI, HH BEIHOCTH,
HU eIMHCTBEHHOCTH, HU MHOYKECTBEHHOCTH, HU NpuObITHsI, Hu yObITHsa. EcTh
TOJTBKO B3aMMO3aBUCUMOE MPOUCXOZKIEHNE. ...
B " dao-/I>-113un" 3a OCHOBY MUPO3JaHus npuHuMaercst lao (myTh
Kak JIBUYKEHUEe, H3MEeHEeHHe):
Jlao, koTopoe MOKeT ObITh BBIPAYKEHO CJIOBAME, HE €CTh MOCTOSHHOE JIa0. ...
... ObITHE W HEOBITHE TTOPOKIAIOT APYT APYTA, ... 3BYKHU, CAUBASIChH, IPUXOSIT
B FAPMOHMIO, ...
Hao — mycTo, HO, IeHCTBYs, OHO KaxKeTCs HeHCYePHaeMbIM.
B TaK onucbiBaercsa Jao:
Bouio nagaso. Boiio npegradasio 3roro Hadasta. BeLto moHa9a10 3Toro npe-
Hava/ja Hadasa. beiio 6biTue, ObL10 HeObITHE. BbLIo npennavyaso ObITud U
HeObITUs. BBLITO J0HAYAI0 3TOr0 mpeHadasia ObITHS U HeObITHS.

I'apmonuka geiictBue-sHeprus

Bo BBejieHNN npe//I0YKEHO OBTOPBI H3MEHEHUIl IIPe/ICTABIATh OECKOHEU-
HBIM MHOXKECTBOM TapMOHHK. YpaBHEHHe FADMOHUKHU U €r0 PeIIeHue ecTh
§=d?*s/dt? = —02s, s(t,p) = Scos(Qt + ¢) = ReSe!+¢),
Konebaunne s(t) xapakrepusyercs dacToToii 2 u ammiutymoit S. Havarn-



Hag daza p ecTb CABHUT KOJeOAHUS BO BpeMeHU. Tak JaBe TApMOHUKY C OJU-
HAKOBBIMU ) m S, HO PAa3HBIMU (O, ABJSIOTCS COBIAIAIONIUME KOJIeOaHUsI-
MH, KOTOpBI€ CABHHYTHI 1O (ase. B TakoM Ke COOTHOINEHNN HAXOMATCS JTBa
OJIMHAKOBBIX TeJja B Pa3HBbIX MecTaX mpocTpaHcTa. T. 0. HadagbHyio ¢azy
MOZKHO Ha3BaTh MECTO rapMOHUKH. BBegenne Mecta BO3MOXKHO JIUIIb HPH €r0
MeJIJIEHHOM U3MeHeHWn ¢ <K (), uHade ero MoHdATHE paciuibiBaercsd. [lepmor
PapMOHUKH CTAHOBUTCSI KBAHTOM BpeMeHU (HANMEHbIIee Da3pelieHue).

Emé nBe BemunHBI XapaKTePH3YIOT TAPMOHUKY KaK MEJI0e. JTO JIBUIKY-
mas eé BEyTpeHnss sueprus (2252 u mpeAcTaBasIONHil eé BoBHe MMITYJIhe )9,
Ho B ¢pusuke npunsaTo, aro 24 ecTb SHeprus KBaHTa OCHULISTOPA, YIACTBY-
1omas B ooMene. Ecyiu 1 119 rapMOHUKHY cIuTaTh 2.5 sHeprueit, To S J1071KHO
ObITH AMILIUTYIOU JIEHCTBUSA, & § — OTPULATE/IBHBIM JIeHCTBUEM, YTOObI €ro
CKOPOCTH € = § Oblita KoJteOJTioIeiicss SHeprueil 1 COOTBETCTBOBaJIa OOBIYHOM
CBSI3M SHEPIUu ¢ jeiicTBueM. T.0. HMITYJIhC TADMOHHUKY SIBJISIETCS €€ BHEITHei
SHEprueit, yaacTByIolieil Bo BHEITHUX B3auMoieiicTBuAX. QOpa3yeTcst rapMo-
muka "geifcrBue-sneprus" , cokparménno rsu (I'), a mepeMenHoe jeficTBre
CTAHOBUTCSI OCHOBOW BCEIr'O CYIIECTBYIOMIETO.

[Tocsie BbIteIeHNS JTFOOO# FACTOTHI JIHOB, €€ MOXKHO B34Th 3a €JIUHUILY
m3mepenus () = 1. DT1o gemaer Bpems Oe3pa3MepubiM t = () a SHEPTUU U
JIEHCTBHIO JIAET OJIMHAKOBBIE PA3MEPHOCTH.

s = S.cost+ Sgsint = Scos(t + ¢) = Regei(tﬂa)’ (1)

rae S, = Scosp, Sy = Ssin p.

CapunyThii Ha TOJI060pOTA TARH ecTh npornsorH (I1). B Mecre ¢ on
[peJICTaBlIeH Kak [J3H ¢ orpunaresibroil ammmurymoit (—S). C BBegeHu-
€M IPOTHUBOIIIHOB MHOYKECTBO MECT JEJUTCA HA COOCTBEHHO MPOCTPAHCTBO
|| < m/2 m mporuBo-ipocTpancTBo /2 < |¢| < 7w, B Kotopom ' n I B3a-
NMHO 3aMEHSIOTCSI. DTHU TMOHSITHS OTHOCUTE/bHBI JIJIS KazKJI0ro rjdua. Bee
[J9HBI ¢ MeCTaMHi, OTJIMYHBIMA OT €ro MecTa MeHee, 4eM Ha 7/2, BXOAIT B
ero npocrpanctBo. Ocrajabiblie — B IpoTUBO-nipocTpancTBo. Cymma ['+11 na-
ér nysieBoe kosiebanue. Ho camu I' u [1 npu TOM He ucUe3aioT, a CKPBIBAIOTCS,
COXpaHsisl CBOIO HEPTHIO.

IMTym u HAAIITyMHBIE TI9HBI

CrenyromuM TmaroM B U3ydeHHH Bcero sBiseTcs BHIOOD OECKOHETHOTO
MHOKECTBA TAPMOHUK OJIHON 4acTOThl, B3ATOH 3a emuauiy, ) = 1. Jlas aux



TapMOHUKH MEHBITUX 4acTOT () < 1 OMHUCHIBAIOT CPEIHION JTUHUIO, B3ATYIO 38
HA4aI0 0TCUéTa, 8 06abIHX () > 1 — HCcKaxKeHust KoaeOaHuil, KOTOpbIe HAI0
YIUTBIBATH 0CO0O0.

Konebanue mpecTaBuMo Kak CJaydaiiHast BeJIUIHHA (CJIYBeJT) ¢ BePOSITHO-
CTBIO €€ HaO/II0JeHNsI, PABHOI OTHOIIIEHHIO BPEMEHN IIPeObIBAHMS ITOH BeJIH-
YUHBI K mepuoay Koaebanus. Torma K cymme rapMoHEK ¢ §) > 1 mpuMeHnMa
IeHTpaJIbHas HpejeabHas Teopema JIsmyHoBa , COIJIACHO KOTOPOI pac-
npejeieHne BePOSITHOCTH OECKOHEUHOI CyMMBbI HE3aBUCHMBIX CJAYBEJ MOYTH
Bcerjia cxoJuTcs K pacrupesenenuio ['aycca. Vckaxkenus koJiebanuii cTano-
BATCS PABHOBECHBIMHU (DJIYKTYALIHIMH — IIIYM Ha BHIODAHHON YacTOTe.

Bennunna myma HeompezeleHa H HMeeT OecKOHeuHbIH paszopoc. Ho pac-
npejgesenue ['aycca OECKOHEYHO JIEJUMO . Torpa »ra GeckoHedHAs
HEOTPEIeTEHHOCTH 3aAMEeHSIeTCsT OECKOHETHBIM MHOYKECTBOM HE3aBUCHMBIX TITy-
MOB C JIIOOBIMU KOHeYHBIMHE juctiepcusymu. OnH U3 HUX eCTh HOCUTE/Ib HaTITe-
ro mupa. Jducnepcua (S?) sagaét macmrab myma. Eé we ¢ uem cpaBHUBaTD,
HO MOYKHO B34Th 32 eIMHHILY H3MepeHns aMILIuTy rasnos (S?)/2 = 1. T. o.
n3 beckoneunoro Beero Gepércsi 6eCKOHEYHO MaJiasi 4acThb, KOTOpast Jijisi HAC
ocTtaércst OeCKOHEYHOTT.

CranuoHapHBbIil CTyBeT JT0I7KeH TMeTh KAHOHUIECKOe PA3/I0KeHUe M0 Tap-
MOHUKaM . B mém ammmryap S, u S, rapMoHHK (1) €CTb CIyBeIbl
¢ HyJaeBbIMU cpegHuMH (S.) = (Ss5) = 0 U OJIMHAKOBBIMHE DPACHpe/IeTeHAsIMI
Taycca. U3 eaunmanoctn mucnepenn nryma caeayer (S?) = (S?) + (S2) =1,
i (S?) = (S?) = 1/2. Toraa nIOTHOCTL BEPOSTHOCTH B HIyMe

Pe(S., Sy) = (1/m)e™", §2=5%+ 52 (2)
[Mepexoss k pacupegenenuto P(S, @) upu S > 0, nojydnm
P*(S,¢) = (S/m)e™™, ol < (3)

D10 pacupejieseHne paBHOMEPHO 110 MeCTy . B HEM HET IPOCTPAHCTBEHHBIX
OTHOIIIEHU KpoMe OJHOMEPHOCTH.

3 opnomeproro (1wm) mryma n 6eCKOHEYHON JAeTMMOCTH DACIPEIeTeHHsI
[aycca cienyer pacupejeseHne 3M IIyMa, COCTOMIIEN0 U3 OJMHAKOBBIX CJIy-
Bea S5, j = 1,2,3 co cpequumu (S;) = 0 u qucnepcusamu <SJ2) =1,

Pe(S, ) =TT0, PE(Ss 0),  PE(S;,05) = (Sj/m)e™5.
3rech BBegensl BekTopsl S = {5}, ¢ = {p;}, S; =0, |¢;| < 7.

O 1HOTO HIyMa HEJIOCTATOYHO, YTOOBI 0OPA30BAJICI U CYIIECTBOBAJ CJIOXK-

HbI W yunopsilodeHHbli Mup. Mup — Ha/lyMHOe CTPOEHUEe, COCTOAIIEe U3



HAIIIYMHBIX TJ9HOB, CIIOCOOHBIX K OOBEIUHEHHIO B 00JIee CIOKHBIE MHOTO-
ypPOBHEBbIE W pa3BuBaiommecs crpoenus. OHE MOTYT HOSBATHCS U3 IIyMa,
€CJIN €r0 YPOBEHb TIOHU3UTCH, a He Bee (PJIIYKTYAIUN YCIeT K HEMY TTOJICTPO-
UThCS U COXPAHATCS KaK HAIMIYMHbIe [HbI. OHAKO caMo OO0 9TO BN
mpou3oiaAET. UToOB MUD MOSBUICH, COXPAHSICS U PA3BUBAJICS HEOOXOIUMO
BHEIITHEe YIPABJISIONIee BAUSHIE, KOTOPOe MOKET 00eCIednTh OeCKOHedHAs
nemb KUBbIX MUPOB (cM. "Marepust Mupa u nenb Mmupos").

Ecou penakcaiust BeJIMKa, TO CYIIECTBYET TOJBKO IIIyM, B KOTOPOM HE MO-
JKeT ObITH MUpa. Ecim peakcanyss MaJia, TO MPHU YMEHBIEHUH 1TyMa, 9acTh
duryKTyanuit cTaHOBATCS HAIIMIYMHBIME TI9HAMH. 1. K. aMIUTHTY/BI TJI9HOB
OTCYUTHIBAIOTCST B €IUHUIIAX YPOBHS IIyMa, TO 3TO BBITJISIUT KAK UX yBEJIH-
YeHHe — BbIJEJICHNE HAJILYMHON SHEPIUH MHPaA. DTO eCTh POkKaeHue (IposiB-
JIeHHe) Mupa U3 Myma (Xaoca, HesiBH, HeOBITHS U T. 1.). YBeJHYeHHe IIyMa
BBILJISIIUT KaK yMEHbBIIEHNe aMILIATY/I TJIHOB W TONJIOIIEHNE HA Iy MHOM
SHepruu Mupa. Mup morpyzkaercsa (Bosspamiaercs) B xaoc. Ciie10BaTeIbHO
MHUD He CO3/IaéTCsl, a MPOSBJSIETCA U3 MEePBOIIYMa-Xaoca.

Ecin mmerorcest TpéxMepabie onpegeaéHubiii rusn (1) u mym (2), 10 ux
COBMECTHO® DACIIpe/ie/leHue, MMeroTee CPeIHIe aMIIHTY (bl [idHa S,;, Sy u
JINCTIEPCHIO TITyMa, AT PACIpPE/IeJeHne Ha Iy MHOTO T9HA

3
P'(S.,8.) = [[ P/ (Sej. Ssj): P (Sej. Soj) = (1/m)e™%. (4)
=1
2,
L
Sei = S.; — Sej Sosj = Syj — S,; — HeHTpUpOBAHHLIE CIyBesbl (biyKTyamun).
YT00B HANTH TPOCTPAHCTBEHHOE PACTIPEIE/CHUE HAJI0 NePeHTH K mepe-
MeHHBIM S;, @, Kax nipu BeiBoze (3): Pj (S}, ¢;) = S;Pj (Se;, Ss;), te
Sej = Sjcospj, Sgj = Sjsin g, Sj2 = Sf.j + ng. BBongrca
@ = arctg(Ss;/Se;), ¢ = 05 — @5, S5 = S5 — 5j, (55) = Sjcos ;.
[TokazaTenb S5KCMOHEHTHI, OMYCKas 3HAYKH j, €CTh
—{..} = 5%cos? p — 255, cos p + 5% + S?sinp — 258, sin p + S% =
5%+ 5% —25(S.cos p + S, sin ) =
5%+ 5% — 255 (cos g cosp +singsing) = S? + 52 —28S cos p =
S2 4+ 52 — 258 +285(1 — cosp) = 52 4 45Ssin?(¢/2).
nm —{..} =S+ 5% - 25Scosp + S%cos?p — S%cos? p =
(S — (S))? + S?sin? p.

Buech S, = {S,}, Ss = {Ss;} — cayuaiinbie BEKTOPHL, Sj2 = Sfj + S
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HpOCTpa‘HCTB(‘/HIIOC pacupeneaenne HaJlllyMHBIX TJI9HOB
3
F
H P; (55, 45)5
=1

PI(S;. 65)= (S;/m) exp{—$;" — 48;8;sin’(¢;/2)}
= (S;/m) exp{—(S; — (S;))* — S} sin” @, },

rae S ={S5;},5; 2 0, ={¢;}, |¢;] < 7. 3mecs BolnmCcanbI ABA BUAA OAHOIO
paCTIpe/ie/IeHIs ¢ PA3HBIMHA CPeTHEME aMInTytamu S;, (S;) u pazuoii mmpn-
noit. [1lmprra 3aBucHT OT paccTosiHus ; 10 HeHTpa. Bommsn mero |¢;] < 1
U pacpejiesienne rayccoso ¢ mmpunoit 1/S;. Ilpu yjanenuu mupuna pacTér.
Pacnpeenenne ciauBaercs ¢ mymoMm upu (S;) ~ 1.

[Ipu GoJibIIONH HAJITYMHOCTH TJI9HOB Sj > 1 310 pacupe/iesieHue y3Koe,
T. K. S sin ¢; 6BIcTPO pacTéT ¢ p;. Mozkno 6pats |p;| < 1. Onyckas 3nadxn
J, 3aluieM oKa3aTe/lb SKCIOHEHTHI

52 4+ 458 sin?(p/2) = S% + 5552,

(S —(8))? 4 S?sin? p = S — 258 cos p + S? cos? ¢ + S%sin? p =

S2 4+ 82 — 285 +285(1 — cos¢) ~ S? + 5542, Toraa

3
. . . S; ° 5 .
P(S,0) =[] P/ (S5, P (S;¢5) = —JGXP{—SJZ - 99541 (5)

Jj=1

Pacnpenenenne HaaIIyMHBIX TI9HOB TOJBKO IO MECTY HAXOIUTCS IPH-
OIMKEHHBIM HHTEIPUPOBAHUEM (5) MO aMILTUTY/e, IPU KOTOPOM OCHOBHOM
BKJIaJ B HHTerpasa gaior S; ~ S;:

P@) =TIF ) Fl@)=heal-58)  ©

re |S;| > 1. T. k. mupuna pacupeseenus (7)'/? ~ 1/5;, ro émkocrs 1npo-
CTPAHCTBA IS TJIHOB ~ S; PACTET ¢ UX aMILIHTYIOM.

Ksanr jeiicrsus. OnHOMEPHBIH TJ9H ecTh onpejaeséanoe Kouebanue (1),
pasMbITOe eAMHUYHBIM 1yMoM (3). HeonpeaegéHHOCTb ero aMILIuTy/1bl
(5’2)1/2 = 1. Bepmuunl AByX pacnpeneeHuii pasauanMbl, €CJIN CPEIHAe aM-
ILTATYIB OTIHdatoTes Godee dem Ha AS = 2. OHH KBaHTYIOTCA ¢ KBAHTOM
2. Torya cpeHue 3HAYEHWS aMILIATY] KOJeOaHuil Ha (hOHE MIyMa COBIIaIA-
10T ¢ YPOBHSMH 3HEPIUU KBAHTOBOIO octuLiaropa S = 2n + 1 = (n + 1/2)A,
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rae n — neaoe ducao. T. o. mocrogunas [[1anka h ecTh yaBoeHHasl cpemgHe-
KBaIpaTHIHAA aMIINTYAa IryMa Hamrero Mupa h = 2. OgHako HepasJudn-
MOCTh OJIU3KUX M0 aMILIUTYAaM [I3HOB JUIb BHemrHsgA. OHU BIOJJIHE pa3Jin-
9UMEBI 10 CBOUM CPeIHUM 3HaUeHHIM.

IIpocTpancTBO 1 cpesa Mupa

CramumonapHsiil ITyM Ha, BEIOPAHHON OCHOBHOI dacToTe rapMoHuK ) = 1,
OIMCBIBAETCS IayCCOBBIM paciipejienenuem (2). B cumy GeCKOHEUHOI e 1uMo-
CTH OHO TIPEJICTABIMO MHOTOMEPHBIMHU KoJsilebanussMu. 1IX oHOMepHBIE YacTn
00pa3yioT u3Mepenus 1npocrpancTsa Mect. llyctb cocraBiisiioniee ux MHOZKe-
CTBO T'JIPHOB HA3BIBAETCH H3MEp.

OHako cTammoHAPHO TOJIHLKO BCE, a yirobble €ro 4acTh HeCTAIMOHADHBI.
HecranmuonapaocTh MyMa BeJIET K OTJIMIUIO €TI0 PACIIPe/iesIeHIsT OT TayccoBa
1, KaK CJeJICTBUe, K W3MEHEHWIO cpeTHuX BenmdwH. OOpa3yioTcs OTJINIHbIE
OT HYJs CpeJIHHe aMILTUTYIbl U KOPPEeJANNOHHBIE CBI3U MeXKIy U3MepaMH.
Ecyin BHYTpH KaKJ0r0 M3Mepa BbLAEAATH MPOTUBOIJIH JAHHOIO IJIHA, TO
MeXKJTy HUMU TaKzKe JOJKHBI ObITh Koppessamnuu. VIx nadop

(S5 S5 ), (S5 5510, (8555 8k), (Si 8;S5), (87 838, - (7)

r7ae SjF n S]H — aMILTATYIbI TI9HOB U MPOTUBOTIPHOB H3Mepa j. Habop koppe-
JIANEI 3aBUCAT OT UCKAYKEHNsI PABHOBECHOI'O pacipeesenus [aycca u nMmeer
OeCKOHEYHOEe MHOYKECTBO BapHaHTOB, CPEIN KOTOPBHIX HaI0 HAlTH COOTBET-
CTBYIOIINN HAIIEMY MEPY.

Ha mepecTpoiiky pacmpemesieHnsl MEHSIOIIEroCs MIyMa, BJIUsSeT CKOPOCTH
penakcanun ero aykTyanuii. Ecin oHa BeJHMKa, TO pacipeneeHne MOXKHO
CUUTAThb KBa3UCTallMOHAPHLIM I'ayCCOBBIM C IIepEeMEHHBIMU CpEJIHUMU. ECJH/I
peJaKcanus MaJjia, TO U3MEHeHHe PACIpeIeeHs OTCTAaET OT CPEIHEr0 YPOB-
Hs IIyMa U 9acTh (DJIYKTyalnii cTaporo myma coxpansgercs. OHH CTAHOBIATCS
HAIIIYMHBIME TI9HAMM, PA3MBITBHIMA HOBBIM YpOBHeM ImyMma. Ha Hux mepe-
HocATcsa Koppenanuu (7). HammyMuble TI9HB IMEIOT aMILIATYILI, He 0osee
HAYAILHOTO YPOBHS IIyMa, U PA3MEPHOCTH, ONPEAE/IsIeMYI0 HAJIUINeM HEPa3-
PYITaeMBIX IIIYMOM KOPPeJTATAil.

Koppensnuu MexK 1y risHaMu pa3HbIX B3MEPOB WU MEYKLY TJIIHOM U IIPO-
THBOIISHOM OJHOIO H3Mepa MMEIOT ONHY IPHYHHY U KAaIeCTBEHHO MOXOXKH.
VX MOXKHO B3sTh OJMHAKOBBIMH. Torma mpeamosaraercs, 9TO CYIIeCTBOBa-
HHE HAIIEero MPOCTPAHCTBEHHO OJHOPOJIHOIO TPEXMEPHOI'O MHPA ¢ CHMMET-
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pueil MexKIy TIPHAMHI U IPOTUBOIISHAMHU 00ECIIEUNBAIOT OJUHAKOBBIE CBS3H
IJISHOB Pa3HBIX U3MEPOB, KOTOPhIE MOI'YT HEPeKJII0UaThCs HA CBA3M TJPHA U
MPOTUBOTAHA OMHOTO m3Mepa. OHU NPeACTaBIIIOTCa KAaK HAJHIHE Y TIIHOB
JIByX CBODOJTHBIX CBA3€H JIJI COCIMHEHHUS ¢ TAKUMHU YK€ CBA3AME IJIIHOB JIPY-
IUX U3MEPOB WM HPOTUBOIJPHOB CBOEIO U3Mepa, Ille YIaCTBYIOT 00e CBSI3H.

Cry4JaiiHble aMILTATYIBI Sjr u SJH U3MEPOB j U3 paclpeiesIeHus () MOXKHO
3anmcaTh B BUJIe CyMMbI 11yMoOB. [Ipu 31OM napubie Koppessiun MexKy 1M
rasHamu [ BXOAAMIME B 3M I9H [ TOMKHE OBITH OOMEHAMHI AMILIATY/L,

COXPaHAKIMUMHU UX CYMMObI.

3
F =5 e sl = ©

i=1

K nuMm mobaBasiorcsa ypaBHEHUS I aMILIATYI 1M TJI9HOB B HPOTUBOTIHOB
OJIHOT'O u3Mepa, obeciiednBaroIue COXPaAHeHHEe CYMMbl aMILIUTY/L HPU TAPHBIX
obMeHax M yUUTHIBAIOIINE TaPHOCTH CBsi3ei

SJF :5’;+€j+9(77j+€j)555?, SJH = §F+€j —g(nj+0j)5jrSjn. (9)

31ech €; — obmmit 1715 IJI3HOB W TPOTUBOTRHOB eIMHNYHEIN TTyM N3Mepa j,
Nji — €JIUHUYHBIN IIyM oOMeHa aMILIHTYIaMH MeXK1y IJI3HaMU Pa3HBIX U3-
MepoB, 1); U 0; — eAMHUYHBIEe IIYMBl OOMeHa aMIIUTYIaMU MKy TJ9HOM U
MPOTUBOT/ISHOM OJTHOTO U3Mepa, ¢ — KOI(DMOUIUEHTHI CBI3U MEXKIY TIIHAMA
Pa3HbLIX U3MEPOB WM MEXKJLY TJIDHOM U MPOTHBOTIIHOM OJIHOI'O M3MEpa, KO-
TOphIe OEPYTCS OJANHAKOBBIMI.

[Ipu ocnabnenue nrymMa MepBBIMHU MPOSBAAIOTCA €Jab0 HAAIMTYMHBIE 1M
rasubl ') cozparomue 1M OpocTpaHCTBO TASHOB MaJIoi éMKOCTH. 3aTeM Ha
WX OCHOBE IPOABIAIOTCS 2M ri3ubl ['2 = gL'} g, 1M mapsl v; = F}gﬂjl-g n3Me-
poB j = 1,2 u ux 2m cymmbl vy vy. (Tocaesusis g-CBsi3b COAMHSET MOCIETHIT
u mepBbiii 1pHEL) OHE 06pa3yorT 2M IPOCTPAHCTBO IJIPHOB U JBa 1M MpO-
cTpaHCcTBa Hap ;. ajbHeiimee ociabseHue IIyMa BbI3BIBACT IIPOABJICHHE
1M map nuj = F}gﬂ}g u3Mmepos j = 1,2,3, 2m v, v, = F}gH}gF}CgH}Cg, 3M
vivaus, vigz = L1glligl gl Higlllg u T. 0. TIpogiBienus rI3HOB MOTYT TIPO-
JIOJIZKAThC U JIaJibIlie, 00pa3ys MUPbI OOJIbIINX Pa3MepHOCTEil.

[TpocTpancrBo Hamero Mupa uMeer Tpu udMeperus. OHO OTHOPOTHO, H30-
TPOIHO M 3aMKHYTO Ha cebe — MecTa @; = 7 coblnajaioT. [19ner 00pasy-
0T €ro MaTepuajbHbIE TOYKH, U3MePBhl — abCOMOTHBIE ocd. OTHOCUTETHHO
JIIOOOTO MecTa ero MOXKHO TTPeJICTABATH, KAK COCTOdAINee N3 COOCTBEHHO MPO-
CTPAHCTBA MUPA U 3€PKAJILHOIO €My IIPOCTPAHCTBA IPOTUBOMUPA, B KOTOPOM
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[JI9HBI U TPOTUBOTIIHI B3AUMHO 3aMeHeHbI. Mup TOJIBKO KazKeTcss OeCKOHeU-
HBIM 1pU HAOJIIOAEHUN W3 €10 MaJIOi 4acTh 338 MaJioe BpeMs.

CoxpaHéHHBIE (DJIYKTYAIMHA BBIAEJSIOTCS U3 ITyMa, KOTIa X aMILIATYIbI
0oJiee YeM BIIBOE IIPEBBIIIAIOT €r0 CPEJIHIOI aMILTUTYAY. BO3MOXKHO KaxK1oe
YMeHBIIeHHe IIIyMa B ~ 2 pa3a COIPOBOXKIaeTcs 00pa3oBaHueM HOBOM cTyIre-
HI HAINIYMHBIX TA9HOB M3 COXPAHEHHBIX (OJIYKTYAIMiA NpeablayInei. 31ech,
B oraudme OT nepsomyMa (2, 3), pIyKTyanuu mymMa HMEIT MeCTO M IIH-
puny ~ 1/S, te S ~ 2" — ux amMmauTyja, CyMMapHas 110 BCeM CTYIEHIM
HaJIMTyMHOCTH, 1 — YHUCJO CTYIIEHel.

[IpocTpaHcTBEHHAsST HEOMPEIEIEHHOCTh TI9HOB Ap ~ 2/S. OHu BHemiHe
He Pa3INIaloTcs, eCId PACCTOSHIe MeXKay ux mearpamu r < 2/S. B stom
cJydae CTYIEeHb DJIPHOB BMECTO MX YACTOKOJA COCTOUT U3 ILIATO, HAJ[ KOTO-
pbiM QIyKTYHpyeT Tekyiuii myM. [IpocTpancTBerHoe moCTOAHCTBO CTYIIEHH
BeﬂéT K eé HE3aMETHOCTU, a dHEPTUA MOXKET OTCUYUTBIBATHCA OT dHEepreTmye-
CKOI'O YPOBHS CTYIEHH. 3aMeTHBIME OCTAIOTCSA TOJHKO BO3BBIIIIEHHS HAJ HEH.
OTO TEKYIIHi MIyM C JIUCIIepCHeli, B3ATON 3a e IUHUIY AefiCTBUS, U HAIILYM-
HBIE TJI9HBI, 00Pa3YIoIe CTPOCHUE MUDA.

Jlns oneHku umcaa crymneHeil ociabaeHus myma Bo3bMEM paanyc Bee-
nennoit ~ 10?7 m. Paszmep risua ue Gosiee pajuyca snekrpona (< 10722 m

, em. "Hacruupt"). Eciu Beesennast 3aHEMaeT BCE TPOCTPAHCTBO MeCT,
TO Ha KazKIOH OCH MOKeT HoMecTHThea He Menee 10%° rmsmos. DTta ogmomep-
Hasl éMKOCTb IPOCTPAHCTBA, MPOIOPINOHAILHA aMILIATYAe Ta9Ha S B € IHHHU-
max myma (6). Torma S > 10% ~ 2103 gnu wmcno crymeneit HagmymMHOCTH
n 2 163 npu yABOEHUN aMILIATY/] OT CTYIeHN K cTymeHu. Keam ceffgac mrym
~ h = 10727 sprc, To mwiaTo umeer amiLanTyLy So = 10?2 spre.

Hamr mup paciosiozkeH Ha MOIIHOM, HO He3aMeTHOMH 11,1 Hac ocHoBe. DIyK-
TyallMH €ro IIyMa JaloT HyJeBble Kojaebanus "dusndeckoro Bakyyma' , Ham
KOTOPBIMHI BbIAEJJAIOTCA OTHOCHUTCJIBHO DEeIKHe YaCTHUIbI. STI/I Cb,)’[yKTyaHI/H/I
[POCTPAHCTBEHHO PA3JIMYNUMBI, B OTJINYHUE OT HEPBOIIYMa. XOTS YACTHUIIBI 3a-
METHO Pa3MBITHI IIyMOM (KBAHTOBasl HEOMPEJeTEHHOCTD), OHH HMEIT MpPO-
CTPaHCTBEHHOE PACIIOJIOKEHNe., DTa OCHOBA He3aMeTHa, TOTOMY 4TO (PU3MKa
He 3HaeT crocoba B3aUMOIEHCTBOBATL C HEH.

BzanmoneiicTBue T15HOB

Koppensmumonnas g-cBa3b (8, 9), 00beanmsist OJHOMEPHbIE TAIHBI B TPEX-
MepHBIe CO3/IaéT OCHOBY HAIero mpocTpaHcTBa. Ho aToro HepoctaTodno s
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CYIIECTBOBAHUS CJIOKHOTO Mupa. Tpebyercs B3auMoieiicTBre 3M IIIHOB, MTO3-
BOJIAOIIEE UM 00PA30BBIBATH BCE Gojiee KPYIHBIE COEJUHEHHSA. DTO JIEIAeT
B3aUMOJefICTBUE [JPHOB 4Yepes3 LUIyM — II-B3auMoJeicTBue.

[19n ecThb onpejiesiéHHOe Kosiebanue, HAXO/IAIIeecs B MIyMe U 3aBUCAIIEe
ot uero. IIpucyrcTBre Apyroro rasHa BOJU3M MEPBOTO MEHSET IIYM W TE€M
BJIMsIET HA TEepPBBIH T19H. OUpeIe/aonuMi TapaMeTpaMi TI9HA SIBISTIOTCS
ero Jacrora {2 1 aMILIATy 1a S, & MECTO (0 BhIPayKaeT OTHOIIEHUE K JPYIUM [Jl-
sHaM. CJieI0BATEIbHO BIMSHUE TyMa OMUCHIBAETCSA MPOU3BOIHBIMU 110 Bpe-
venn ) u S. Ho coxpanenne rusua tpebyer nocrosincrsa ) u S. TIpu ciabom
BJIMSIHUY BO3MYIIEHUS CPEJIbI, €r0 U3MEHEHHE MMePEHOCUTCH Ha MepeMenieHne
rHa () = ¢. Toraa B3auMOAEHCTBHE TIYHOB BHIPAKACTCS HX YCKOPEHHEM.

[Tpu 3agannoit yacrore ridHa 2 = 1, ero ycpejsHEHHOE BJIMSIHUE Olpe-
fensiercs cpeHeit ammmTynoft S u BbIpaskaerca gymkmmeit U(S). Ecan S
MOCTOSTHHO, TO CPeJia TIOCTOSTHHA U JIPYTOil TJI9H B HEll He MeHsIeTCst. YCKOpsi-
eT TJPH MepeMeHHoe BAusHue cpeibl. i r/i9Ha ¢ moCTOAHHBIM BO BpEMEeHU
pacIpeseIeHreM, 3TO CBOIUTCA K BAUAHMIO Tpagmenta U : ¢ = —0,U, nm
U + ¢?/2 nocrosuno. Cueposarenno dyukmus U(S) ectb norenuuan Bos-
JIeCTBUSL TJ9HA HA JPYTOi TJ9H Yepes3 IMIyM — II-IIOTEeHIHAL.

Ecyim nam mup obpazoBajcs w3 HAYaAbHOIO TIyMa MPU €ro OCJIadbJIeHun
¢ coxpanenueM (IYKTyaluil, To OH COCTOMT U3 OCHOBBI ¢ aMILTATYI0H Sy 1
BO3BBIMIAIONTUMUCS HAJ HEHl PA3IMIUMBIMU MeZK1y cOOO# JaCTSIMU TIIHOB C
ammarynamu S, © S = Sy + Sy, S = Sy + S,,. Ipu Sy > S, U(S) pasznara-
erca B pag U(S) = U(Sy) + UsS, + UssS2/2 + ..,
rne Us = dsU(S = Sp), Uss = d2U(S = Sy) — nponssogubre. Beibop U(.S)
3a navaso orcaéra U(Sy) = 0 maér

U(S) =U(S,) = UgSy + UssS?/2 = Uy (S,,) + Us(S,).
T.x. Uy/U; ~ S, /Sy <107, T0 gocTaTodno B3aTh

U(S) = U(S,) = UsS,. (10)

[TocJie BBeieHUsI HPOTUBOIIPHOB U YMEHBIIEHUS IPOCTPAHCTBA MECT BJIBOE
10 |o| < 7/2, avnumrysa S, CTAHOBHTCS JJIS MPOTHBOIIIHOB OTPUIATE b
HOIi, a norennuaJ (10) HewérubM 10 amuTyAe. Ero 3aBucuMocTs 0T MecTa

¥ HAXOJIUTC U3 pacipeeenus (), KOTOpoe MeHgeTcd Ha
O Py (S, %) = P (Sujs &5) = (SO/W) GXP{—52 — 93},
rae ¢; = Sop;. [ocae 3amensr ¢, Ha ¢ (Suj, qb]) Pl (Sujs )/ So nm

o 1 0 0
'S ¢) = HPF Suir03), B} (Sujn 05) = —exp{=57; = 43},
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riae S, = {Su; — Sui}, @ = {0; — &5}, &j = Sop;.
HpOCTpaHCTBeHHaH JaCThb paCHpeﬂeﬂeHHH 3AaIINChIBAETCA qepeB aMHﬂI/ITyﬂy
S OCHOBBI, a AMILIATYIHAA 9aCTh — 9ePe3 BO3BLIIICHUE S, HAJI Heil.

Ecim cpejiiue aMILTHTY/BI OJHOMEPHBIX dacTeil '] TpEXMepHbIX I/I9HOB

GepyTes onnHakossMu S,; = S, TO Pr(éu, d)) MEHSICTCS Ha PACIHpeae/IeHue
PY(S,, @) amminrynp S, = Sy + Syo + Sus:

PF(‘Sua &) - // Plr(gula él)P2F<§u2> ¢?2)P3F('So‘u - Sul - Su?a éd)dsuldSuZ

// exp{ ul u2 (Su - Sul - SuQ ) - ¢ }dS 1d5u27

re ¢? = ¢2 + 92 + ¢§. 31ech OCHOBHO BKJIaJ B HHTeTpas JAI0T Sy ~ S, #
Sua ~ Sy, TIe IKCIOHEHTA HaI/I6OJIbHIaH, a eé u3MeHeHue HauMenblnee. Torma

PY(S,, ) ~ m 2 exp{—(S, — Sr)? — ¢*},
rae Sp = 35, — CpesHss AMITHTYIA TPEXMEPHOTO TJIeHa, ¢ — PACCTOSHIE
oT ero 1enTpa. [IpocTpaHCTBEHHOE pacIpe ie/leHIe

0 . 00
PF(¢) = / PF(Sua d))dsu == 7('_2€_¢2/ 6_(Su_SF)2dSu.
o0 o
Temepb pacupeeienre TPEXMEPHOTO TI3HA

P"(Sy @) = 7 2exp{—(S, — Sr)? = 6*}, PU(¢) =7 2% (11)

[TpocTpaHCTBEHHOE pacupeie/eHne -MIOTEHIINAA O PEIeIAETCS €0 YCA0B-
HBIM CDeJIHUM JIJIs pacupeeaenus (11)

o
U@) = [ US)P (S $)dS,
0
T. X. ocHOBHO# BKJIaJI B HHTErpaJI JaioT S, ~ S, TO
° 2 oo 72
U($) ~ U(Sp)m2e / ~(Su=S0 8, = U (Sp)n 32",
— 00
Ucnonb3ys (10) morydum noTeHIma  BO3AEHCTBIS [I9HOB 4epes3 1y M

U(p) =me™, ¢ = Sop, m = 7 32UgSyp, |§| < /2. (12)
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Konebanus ra3HoB B3amMOJEHCTBYIOT TOJTHKO MECTHO, TP COBIAJCHUE
ux da3. Ho cam rapu cocrour u3 onpeneséHHbix Kosebanuil (1), pasmbi-
THIX TyMoM (3) 0 pacnpezesenus (11). IIpocTpancTBeHHOE pacipe/ieeHme
notennuasa (12) ¢BA3aHO ¢ 9THM DPAa3MBITHEM, T. €. OHPEIEJISeTCA IIYMOM.
CremoBaTenbHO II9HBI B3ANMOIEHCTBYIOT MTOCPeICTBOM ITyMa. /lelicTByer ke
MOTEHIIUAT He Ha IIIyM, a Ha ONpeJeéHHOe KoJebanue rsHa (IeHTp pacipe-
JIeJICHUS) W YCKODSIET ero.

Bnak Ug ompenensier kKadectBo Bosaeiicteus. Ecau Ug > 0, To T139H 0T-
TAJTKWBAET APYTOHl TI9H W NPUTITUBAET TPOTUBOTIIH, YTO COOTBETCTBYET Ha-
meMy yCTOWYHBOMY W Pa3BUBAIOMIEMYCS MHDY.

BzamvopeiicTre 1BYX TpéxMepHBIX T19HOB [y n ['y ¢ paBHBIME TT0 MOTY-
JII0 AMILTATYJIAMH ST PACCMOTPEHO B CHCTEMe OTCYETa, B KOTOPOil JBUKEHUE
cuMMeTpudHO. MecTa Id9HOB ¢ U 9 = — @1, ¢ = @1 — ¢o. [loTennuan p3an-
mogeficTrus (12), 3anncanuprii B equanmax 1, ectb U, rge U = e, Bepx-
HUI / HU2KHHH 3HAK OTMeYdaeT B3auMOAeHCTBUE TISH-TI9H / T A3H-IPOTUBOTJIIH.
HelicTByIoIye Ha [I9HBI yaeJbHble (HA eUHUILY AMILTATY/IbI) CAJIbI €CTh
fi = —fo = FdyU = £2¢U. Ypasuenue JBuzKeHnus b = 2f1 = +4¢U umeer
pemenne ¢ = 2(E T 2U ), tae E — ymesnbHas HOJTHAST SHEPIHS OTHOCHTE b
HOTO JIBUYKEHHS T[JI9HOB.

Orrankusanue TJ9H-TI9H. Eean 0 < E < 2, TO Ipu BCTPEYHOM JIBUKEHUAN
nMeeTCs OTpaykeHHe B TOYKe MOBOpOTa. JIBa ONMHAKOBBIX T/9HA HE MOTYT
OBITH B OJJHOM MecTe (COCTOsTHUM). DTO CBOHCTBO bepMuoHOB. OHO 06YCIOB-
JIEHO TI-OTTAJKHBAHUEM TIPH JTOCTATOYHO MO sHeprun F.

[Mpursxenne rasu-nporusorgu (I-magrink). Ecmm —2 < E < 0, To B
norennuajge U cymiecTByeT HeJquHeWHBIN Markuil magaTHuk. llpn £ 42 <1
u ¢? < 1 oH auHeeH ¢ = —4¢ ¢ YacTOTOH wr = 2 Wi wrp = 2m/2.

MaTtepus Mupa, nenb MUpPOB

['m3H w TpOTHBOIIYH II-B3aMMOJEfICTBIEM COETWHSAIOTCA B IIYIT — Ia-
py LI = [¥mlI?, MHoxecTBo KoTophix obpasyer ['Il-cpeny. Eé nonapusanusa
onpee/serca OTHOCHTeIbHBIM casurom 12 u [1° B myrme. Taxxke cyiiecTsy-
€T MHOYKeCTBO OJHOMECTHBIX Map Vj = F}gf}g U3MEpPOB J, CBA3AHHLIX KOP-
pesannonnbM B3anMogeiicTsreM (9). Dro neiirpuno (cm. "Hacrumst"). Onu
UMEIOT CPETHIO HYJIEBYIO aMILTUTY Iy U He YIAaCTBYIOT B II-B3aUMO/IeACTBUN.

T. 0. MmaTepus HaIIeTOo MHPa B OCHOBHOM COCTaBJIeHA M3 ITYTTIOB W Hell-
Tpuno. Eé mmorHocth p He Menee mioTHocTH ['Tl-cpemsl. Ona onenuBaercs
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gepes Maccy myrna (~ Maccesl meiirpuro 10737 xr — em. "Hactumms") n pac-
crosuue 7 Mexy Humu (He Gosiee pasmepa snektpona ~ 1072 m). Torga
p 2 10%%kr /M3, aro muoro Gostbiie mwiornocru aiep ~ 1017kr /m3. Thiornocts
BerecTBa Bo Beenennoii onenupaerca B ~ 1072%kr /M. Paznuna a 55 nopsi-
koB min 6osiee. Ho ['[I-cpena TOMBKO BO3BBIIAETCS HaJ BepXHel CTYIEHBIO
OCHOBaHHS, KOTOpas cama 6ojee deM Ha 49 mMopsakoB OOJIBIIE COBPEMEHHOIO
myma ~ h. Torjga Bcg m3BecTHast HayKe SHEPrUs-Macca HUYTOXKHO MaJjia Mo
CpPaBHEHUIO C YHEPTHeil e€ 0CHOBBI — pa3uuna npesbimaer 100 mopsakos. 1o
He cuuTast OECKOHEUYHYIO SHEPTHUIO MTyMa.

Llens mupos. [Ipeacrapiaenne Beero rapMoHrKaMu He UMeeT BbIAEJIEHHBIX
JacTOT. B KazKJI0M MHOXKeCTBe TapMOHUK JIF0OO0# 9acTOTHI, B3ATON 32 €IMHH-
ny € =1, rapMOHMKH OCTAJIBHBIX YACTOT IPEJICTABJIEHBI HJIU IIyMOM (Ipu
> 1) mwm memgennsiM m3Menennem (npu < 1). 1 kaxkmoe Takoe MHO-
JKECTBO TAPMOHHK JIPYTHX YaCTOT SIBJISETCS OCHOBOW JIJIST ONMUCAHUS KaKOTO-
Jibo mupa. Toraa uMmeeTcst CBI3b U B3aUMHOE BJIMSHIE MHPOB Pa3HBIX OCHOB-
HBIX 9acTOoT. Tak B MeJJIeHHOM U3MeHEeHHe XapaKTePUCTUK HAIlero MUPa, €CTh
BKJIQ/] BO3/IeHCTBU MejieHHbIX MUPOB € () < 1, a B 1IyMe CKPbITO BJIUSIHUE
obrcTpeix — ¢ €2 > 1. [MomobubiM 06pa3oM u HaAT MUD AEHCTBYeT HA JAPyrue
MHUPBI. DTa CBsI3b MPOUCXOIUT HA YPOBHE OTHOMECTHBIX IJIHOB U Uepe3 HUX
pacipocTpaHseTcs Ha BCe OCTaJbHbIe YPOBHH, BILIOTH JI0 TEJI.

Mupbl Ha Pa3sHBIX OCHOBHBIX YaCTOTAX IOJOOHDLI, HO HE TOXKJIECTBEHHDI.
Y HEX MOXKeT ObITh OJUHAKOBOH CKOPOCTH IBOIIONNN, U3MepsaeMast B MePUo-
JlaX CBOMX OCHOBHBIX YaCTOT, HO Pa3Has OTHOCHUTE/IbHAs CKOPOCTb. MUphI ¢
OOABINME FACTOTAME MEHSIOTCS OBICTPee MUPOB MeHbIHX JacToT. Criemyer
0ZKHJIATh, 9TO OHU OOJIee MPOJABUHYTHI B CBOEM pa3BUTUHU. TOr/1a B KarKyIIuX-
¢ CAYYaHBIMU H3MEHEHUSX CKPBIBAETCS BJIUsSHUE 0oJiee pa3BHTHIX MHPOB,
a MeJIJICHHbIe U3MEHEHHsI CBSI3BIBAIOT C MeHee pa3BUTBHIMU Mupamu. Cydaii-
HOCTD COJICPZKHUT HENO3HAHHYIO HEOOXOAUMOCTb.

[TTym He ecTh Oecropsi/ioK, XOTs MOMYMHSIETCS pacupeenennto [aycca,
[PpUMEHSIEeMOMY I ONHMCAHUA CJAYyYalHBIX BEJIUYUH B HU3IIEM PaBHOBEC-
HOM cocTOdgHME. OH TOJIBKO KarKeTcss DeCIOPSIOYHBIM HU3-3a HEJ0CTATOYHO-
CTH BPEMEHHOTO pa3pelieHus, He MO3BOJSIONIEr0 3aMeTUTh OBICTPBIE BJIHSI-
HUS MUPOB € OOJILIIMMU OCHOBHBIMU YaCTOTAMU.

Mup ectb Ha/AITyMHOE CTPOECHUE, COXPAHLIONIEE CBOIO HEPABHOBECHOCTD.
O/tHaKO HepaBHOBECHAsT 3AMKHYTas CUCTEMa, CO BpeMeHeM Hem30eKHO mepe-
XOJIUT B PABHOBECHOE COCTOSTHUE M OCTAETCS B HEM HABCET/IA. DTO IPOUCXOIUT
13-3a TOTO, YTO MO AepzKanne Gecropsa/iKa paBHOBECHSI U pestakcalus payK-
Tyaruit oupee/sioTcs OJHUM MeXaHU3MOM. dTo0bl MUD CYIIECTBOBAJI U He
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peTaKCHPOBAJ K PABHOBECHOMY IITYMY, OH JOJIKeH OBITh OTKPBITON CHCTEMOii
C BHEITHUM B3aUMOJIEHCTBUEM, MTO/IEPKUBAIOIIUM €r0 HaIIIyMHOCTb.

Takum cBoiicTBOM 00/1a7a10T KUBbIE CyIecTBa. Kro gake MOXKHO B34Th
3a uX ompejenenne: 2KKu3HbL ecTh CIOCOOHOCTH IIOCTOSHHO IIO/IIePKUBATDH
HEepaBHOBECHOE COCTOsSIHHE B paBHOBeCHOU cpeie. Ilpu aToM moHgTHE KU3-
HU PACIIAPIETCS B MO3BOJSIET HA3bIBATH KUBBIMHU HE TOJIBKO MOJIEKYJISPHBIE
opranu3Mmbl. Vcxosas w3 3TOro ompejiesieHust U JAPeBHUX cKasanwuii, e Bcee-
JIEHHAsI 4aCTO NPeICTaBJIsIeTcss B oOpase jepeBa, *KUBOTHOIO HJIN YeJI0BEKa,
(IMypyrmra u 1p.), MOYKHO TIPEJIIONAraTh, YTO HAI MUD SIBJISIETCS JKIBBIM.

Ecyim mam mMup ectb XKUBOE CYIIIECTBO, TO MOAOOHBIE €My MHUPBI Ha JIpY-
I'UX OCHOBHBIX YaCTOTaX TOxKe KUBble. OHU COCTABISIOT IOCIeI0BATEIbHOCTD
CBSI3aHHBIX B3aMMOJIEHICTBUEM »KHUBBIX MHPOB C Pa3HbIMH YPOBHSIMHU U CKO-
pocTsaMu pas3BuTHSA. bBoJiee ObICTPbHIE W MPOJABUHYTHIE MUPBI MOTYT BOCIIPH-
HUMaTh, OTCJEKUBATH U YIPABISITH KU3HbIO OOJiee MeIJeHHBIX MHUPOB, He
[I03BOJIsAS UM MOI'PY3UThCA B DecriopsAoqubril miyM. T. 0. J0J2KHA CYIIEeCTBO-
BaTh OeCKOHeUYHAas Ielb KUBLIX YVIPABIICMBIX MUPOB, B KOTOPOil HAIl MHUP
SIBJISIETCS OJIHUM U3 e€ 3BeHbeB. TOJIbKO Takasl KUBast U ylpaB/sieMas Ielb
B3aMMOCBS3aHHBIX U TOJ00HBIX MHPOB PA3HOTO YPOBHS Pa3BUTUSA CIOCOOHA
MMOCTOSTHHO TOJIAEPKUBATH HEPABHOBECHOE YIIOPSI0UYEHHOE COCTOSIHUE OT I0-
IPY2KeHUs B PABHOBECHBINH Xa0C. DTO IEIb BEUHON KU3HU.

ITongpuzaiug

Bossbrmatoninecss HaJI m1aTo OCHOBAHUSI W B3aWMOJIEHCTBYIOIIHE TIIHBI
CIOCOOHBI coequHAThed B cBa3anuyo ['II-cpemy. 13 MHOXKecTBa BOBMOXKHBIX
CTIOCODOB €€ TOCTPOEHHST HAJI0 BLIOPATH COOTBETCTBYIOIIMH HAIIEMY MEDY.
Taxum crpoenuem obaagaer I'Tl-cpena, B Koropoit 3M razunl [ u mporuso-
rpubl 112 ceazanbl B myrnbt 111 = T3mll®. B unx u-szaumoeiicteue (10)
CMEINAeT TIIHBI U MEHsIeT paccTosgHue MeKay nryrnamu. CaBur rji3Ha u mpo-
THBOI/I9HA B IIYTTIE OMPEIE/IsIeT MOJIAPU3ANUIO CPEIBI.

Kaxaplit t9H uMeT onpeeséHHOe MeCcTO TOJbKO B cpeaneM. Ero pac-
upejesenue (5, 6) pasmbiro 1o mecry ¢ aucuepcueii (¢%) = 1. B srom uyme
masioe pazieienue [° u T1° BHemHe He BBIJeJAsIeTCS, HO OHO €CTh KakK Cpe/i-
Hsisgt BeTmauHa. A OosIbIie 1 OBICTPBIe U3MEHEHUs! [ITyMa, [IPH YCPeIHEHNE 33
OTHOCHTEJILHO MeJJIEHHbIE BPeMeHa MepPeMeNeHuil T9HOB B3aUMHO YHUUTO-
JKAIOTCS U CTAHOBSITCS HE3aMETHBIMHU, He MeIlasi COCTABIATL I CPETHUX
BIIOJTHE OTIPEIEIEHHbBIE COOTHOIEHNS. beckoneuHast SHePTus MyMa sIBJISIeTCS

19



HEeOOXOTUMBIM YCJIOBHEM CYIIECTBOBAHUS KOHEUHON HMOJIAPU3AIME CPEJIBI.

Tounoe paccMoTpenus AMHAMUKI BO3MYIIEHUI B TAKOW Cpejie HeBO3MOK-
no. Hyzxubl ynpoménnbie crnocodbl. [Ipocreiinmii 1mo1xo/1 cOCTOUT B yuére
B3aUMOJIEHICTBUS TOJBKO C OJIMZKANIIUMU COCEIIMU U Pa3JiozKeHue I0 CTe-
neHu Bo3MylneHus. [loyduTs yaoBIeTBOpHTEIbLHBIE PE3YIbTaThl MOYKHO B
JIMHEHTHOM NMPHUOJIMKEHHH ¢ HEKOTOPBIMU HEJTUHEHHBIMHU T00aBKAMH.

Paccmorpum ogunoposanyio I'lTl-cpeiy, 3aHMMAIONIYI0 BCE IIPOCTPAHCTBO
MecT TPHOB. [lycTh OHA COCTOUT W3 IIYTITOB, COJEPZKAIIUX TJIHBI C OJH-
HAKOBBIMU CPEJHUMU aMILINTyAaMu. B HEBO3MYIIEHHOM COCTOSTHUM TJI9H U
IPOTHBOT/IPH B IIYTIe COBMEIIEHDI, & B BO3MYIIEHHOM — pa3ieseHbl. 3a ab-
COJIIOTHBIE KOOPJUHATHBIE OCH TPEXMEPHOIO MPOCTPAHCTBA O6epyTCsa U3Mephl
(8, 9), a nosyuennoe obbeaunenne cpszanubix [ Tl-magrHukoB, o6pasyoriee
MPOCTYIO pemniérky Kyba, ucrnoJib3yercs jidg onncanus ['TI-cpesbl.

B npocToit peméTke Kyba Myrinbl 3aHUMAIOT €10 BePHIUHbI. Bbijge/mM och
[ (IpOJOJIBHYIO), BIOJIb KOTOPOH [3HBI CMENIAIOTCsI IIPU B3aUMOJIeHCTBIN, 1
JIBe Tmonepevnbie ocu j, k. PacemarpuBaemsbrii mryri 111y moMmemaercs B Hada-
10 orcaéra. Ha nero peitcrByior 6 cocennux myrnos 11, (o aa na xax-
JI0ii OCH), HAXOJAIINXCSI HA PACCTOSHHM 7 OT €ro nenTpa. Homepa ux mect
7.k, 0l =0,%1. TTpoekiuu Ha OCh | MECT TJPHOB (b]rkl U IPOTHBOT/IIHOB gzﬁgd B
HIyTTe PACIOJIOKEHBl CAMMETPUIHO OTHOCUTEIBHO €ro nenTpa. VX pa3nocThb
§jkl = qb]kl c;s]f-%d < r ecTb NOJdpu3anus myrna. M3Menenue r npu B3auMo-
JIeCTBUH MOKET OBITHh YUTEHO KaK HeJHHeiHasd J00aBKa.

B nanbreiiiem onncanuu B3auMOJEHCTBHI MCIOIB3YIOTCA 0003HAUEHU S

Ur)=e"", f(r)=rU, f,(r) = (1 = 20U, f,,.(r) = (4r® —6r)U. (13)

V3MmeHeHVe TONSPU3ANUN ONPEeISIeTCsl MOTeHIHAIAME TI-BO3/IeHCTBHSI
(12) ma rmen UL = UL +U ., 1 nporusormea U = Ul +Ukl B 11Iy. Onn
cocTosT U3 BozjelicTeus coceseii no nape U = U}l u rupnos cocequux nap
Uba = Ul + UL Uy = Uy + Uiyl 3eck mepsbiit BepxHuit 3Ha90K OT-
MedaeT TJI9H MO, BO3/eiiCTBEEM, a BTOPO#l — BO3/eHCTBY IOTIHIA.

Iorenmnuan cut B mryrie Ul = —me ¢ onpenenser BosgeiicTBus Ha [I9H
fo=-0U} = —2mée ¢ ~ —2méE(1 — €2) u mpoTHBOrIIH fil= —fF D1m
cutbl passoxkensl 10 3. Ocraibable 6epyTCs JHHEHHBIMA.

HOTeHuHaﬂbl Uikl Ly u Ujy LIl — 6mskume mo BemauHe W pasHble IO 3HAKY:

Ui, = ]k:l a(€— fykl) jkz 1 (&) — &uoeU -Fr(f Eim = 0), 0 = 0/,

W= f wi (& +§,u) Ui (5) &deU} (& &m = 0),

U]kl Uykl + U - _2&1@185 gkl (f & = 0).

T. k. MecTo ru3Ha q/)F £/2, mo na nero geiicryer cuina —yr Uly = —20:Uj,,.
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3 cuMMeTpun pemréTKy U PACIOJIOKEHUs TISHOB B IMYTIE CJIeIyeT, YTO B
JIMHETHOM IPUOIMKEHIHN Ha MPOTHBOTIIH JeiicTByeT obpaTHas cuia. Torma
myrn 11 Bosefictsyer na cMemenue § cunoit & lir, rie

Fiy = 80U, (€ = iy = 0) (14)

ABjIdeTcd 48THO mo Kaxkaoit ocu: Fiy = F_jp, .. .

Tenepb MeHAIOIAA HOJAPU3AIUIO CUJIA ¢ y46TOM Y€THOCTH Fjjj; ecTb

f=—4mE(1 — &) + >0 SimFli,
ijz EiFir = [(§100 + E=100) Froo + (&o10 + Eo—10)Foro + (§oo1 + Eoo—1) Foor)-
[Tepexo/st K pa3HOCTHBIM HPOU3BOHBIM BIOJb KaxK/ 10t ocu @ = J, k, [
012 =61 —& 076 =061 — 0ié1p= (G —&) — (=€) =& + 6 — 2,
IIOJTY YUM
f=—4mg(1 = &) + [Fioo(5] + 2) + Fowo (07 + 2) + Foor (67 + 2)I¢.

Yrobsr HaiiT [ ucnoabp3yem moteHnuais (12). [ns monepednsix ocei

Ul = mexp{—r? — (§100 — £)*/4},

0cUlgo = m(&100 — &) exp{ =17 — (&0 — §)%/4}/2l¢100-0 =
—mé exp{—r? — £2/4}/2, Figo = —4m,[E exp{—r? — &*/4}]¢—o = —dme".
Takxke Fy1g = Flog. g mpoaoabHoil ocu

Usor = mexp{—[r + (§oo1 — £)/2]?},

OcUdgy = mlr + (o1 — &) /2] exp{—=[r + (o1 — §)/2]*}Hegp1=0 =
m(r — £/2) exp{—(r - £/2)%},

Foor = 8m0g[(r — £/2) exp{—(r — {/2)*}e=0 =
Sm[—1/2 + (r — £/2)? exp{—(r — £/2)*}eo = 4mm(2r> — 1)e™"".

Torma f = dm[—(1 — &%) — e™ (62 + 672 +4) + (2r2 — 1)e ™" (67 + 2)]¢.
Mensist o6o3navenns na w?, = 4m, U = e, f, = (1 — 2r*)U u BBOAS
A =winglU, ¢ = —winfr = (2r* — 1)¢?, momyanm

f=[=(wfn +4¢® = 2¢f) + wing? — (65 + o¢) + 767
Temepn YPaBHEHHUSI [OJISIPU3AIIU OJHOPO/HOM ['TI-cpebr
§ = [~wi — (67 + 6;) + ¢{6f + wind’lé,

W =wip 442 -2, A =wi U, =2 -1 U=e".
Bech wi — KBaJipar 4acToThl IUHEHHOro Ko/iebanus TI3Ha U TPOTHBOII3HA B
IIyTIIe ¢ YY48TOM BJIMSHUA COCEHUX Map, Wi = 411 — TO e Jis KoJaebanuii
B ['TI-masgTHuke. Munyc nepej; ¢ o3HadaeT oOpaTHBIN HOIePeYHbIH IIepeHoc
BO3MYIIEHU, & IJIIOC Iepe/] 012 — OPAMON NMPOAOJIBHBINA.

KagecTBerHoe pasiamdue HOIMEPEIHOrO M IMPOAOJIHLHOIO IEPEHOCOB Olpe-
JiesIsieTcss 0CODEHHOCTSIMU B3aMMOAeHCTBAH I'IPHOB M0 9TUM HAIPABJIEHUSIM.
Brosb pomoabHOI OCH COCeHIE TTYTTH PACIOI0KEHB Ha PACCTOSTHUE ~ T
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Mexkty HuMu. CMeIm@HHbLIH T30 OJHOTO W3 HUX MPUTATHBAET IPOTUBOTI3H
U OTTAJKHBAET TJ3H JPYroro MIyIma, co3jaBas B HEM CMeIeHue, 0 00H0e
CBOEMY, U IEPEIAET Tyl 9acTh cBoedt ageprun. OGpasyercs npsMoii TTepenoc.
Boab momepedHsIX oceit IPOeKIN CMeIeHHH TI3HOB Ha OCh I0JIAPH3aIlINn
COBMeIIleHbl. 3/1ech CMeIIEHHBIH IVI9H TaKzKe IPUTATUBAET NPOTHBOIJIH U OT-
TaJKWBaeT TAYH JAPYTOTO MIYTTIa, HO BEI3BIBACT IIPH 9TOM CMeIeHHe, 06paTHoe
CBOEMY. HaHpaBJIeHI/IH IoJidpu3danuun y COCEJAHHUX II0 IIOIEPpEeYHbIM OCAM I1ap
CTAHOBATCS NPOTUBONOJIOKHBIMEI, 4T0 jgaér ['Tl-cpege HamMeHbIIyio 3HEp-
ruto. [lonepeunoe uepegoBanne noJsipusaryn [ TI-cpeibl yauThIBagTCS N3Me-
HeHHeM 3HaKa Iepej c’:

§ = [—wp + (0] +0) + 0 + wing’lE,
Wi =wiyg —4c® —2c7, & = winU, ¢ = (2r* — 1)c”. (15)
Bimsgnne n3menenns h; paccTOSHUS ©° MEXKIY TIYyTTIAMA BIOJb OCeil
1 = 4, k,l HA TTOJIAPU3AINIO HAXOJAUTCS 3aMeHOl r Ha 1 + h;.

[Ipenmonaraemoe OTHOPOJIHOE W PABHOMEDHOe pacIpejiesieHre ITYTTOB B
cpesie COXpaHseTCs JUIIb IPU OTCYTCTBUU WX ToJigpusanuu. Hemoasuzkabie
MOJIIPU30BAHHBIE TIYTTIBI, BCAEICTBIE AUMOIHHOTO MI-B3anMojeicTust (10),
HAYUHAIOT ABUTATHCs. Ec/m paccrosiHue r MeXK/ly HUMU TaKOBO, YTO B3AMMO-
neficreue Menbineer ¢ r (npu r? > 1/2); To majefiuii capur uryrua oyer
PaCcTH W HAPYIIATh PABHOMEDHOCTD PACIpe/IeTeHI.

Tak mpu cxoxkell TOJApU3AINME COCETHUX NIYTTOB H CJIBHUTe BJOJb €0
HampaBaeHug 60jee OJIU3KUE YT CTAHYT COMUXKATHCS, a JaJbHUE — yIa-
Jisithes. COMMKeHne NpuBeIéT K BCTPeUe MIyITOB, UX [ePECeYeHn0 1 OOMeHy
MEeCTaMHU, TTOCJIe Tero ABUKeHne moiinéT B obparaom Hampasiaernnn. O6pa3y-
eTcsl MeJlJIeHHOe (OTHOCHTEJIbHO CKOPOCTH MW3MEHeHUs TOJISPU3AIN) HeJIH-
Heitnoe Kosiebanue nap myrnon. [logobHble Koedbanus KMEIOTCA ¥ BJIOJIb O-
MepevYHbIX oceil. B TOYHOM paccMOTpeHUH WX HEOOXOIUMO YIUTHIBATH.

[Ipu kavecTBEHHOM HCCICOBAHUN ITO yCJIOKHEHNE 00XOIUM yCDeTHEHU-
€M TI0 BpeMeHH, O0JIbIIeM epuo/ia Kojaebanuii nap myrmnos. Tak Kak OCHOBHOE
BpeMs B 9TOM KOJIeOaHUU TIYTTbI MPOBOJAST BOJU3U TOUYEK OBIBIIEr0 paBHO-
BecHs, TJie CKOPOCTb UX JIBUKEHUs] HAUMEHbINas, TO 3T TOYKHU AT OCHOB-
HOI BKJIQJ] B ycpeHeHne. Tor1a MOXKHO CUMTATh, YTO YKa3aHHBIE KOJeOaHUs
Kak-Obl OTCYTCTBYIOT, OCOOEHHO €c/ii BpeMmeHHOe paspelieHue HabJIIoeHus
HAMHOTO TPEBBIITAeT Mepuoabl Kojaebanuii. T. 0. K yCpeIHEHHUTO 10 TIyMY 0~
OaBJIsTeTCS yCPeIHEeHNE TI0 KOJIeOAHMAM PACCTOSTHUN MeYK Iy TIyTIaMHu.
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[Tpubamkenne CILIONIHON CpeIbl MOMYYaeTcs 3aMEeHONR pa3HOCTHBIX MPO-
MU3BOJIHBIX HA YACTHBIE [ HEIPEPbIBHON (PyHKINHU &

f = [—wfn + Wi €2 + 62(8]2 + 02) + ¢ OF)E, wfn = Wiy —4c® —2¢;. (16)

Yro0bl HalTH BEKTOPHOE ypaBHEHHE IMOJISpPU3AINU, HAA0 3aMEHUTDH ab-
COJIIOTHBIE OCH-M3MEDHI Ha COBIAMAIONINE ¢ HUMH YCJIOBHBIE OCH KOOD/IU-
HaT, KOTOpbIe 006pa3yioT cucreMy orcuéra. OT Heé MOKHO mepefiTh K J11000i
JIPYTOi, cTaBIlell Telepb OTHOCUTENBHON, cucTeMe orcuéta. I'll-cpema mpu
3TOM ocraérea abcosrorHol. Beeném BexkTop nonspusanuu § = {&;, &, &, }-
Bropeie mpoussoaubie 07 + 0 3aMeHHM Ha NONEPEUHYIO YACTh JAILIACHAHA
A; = —rotrot, a 97 — na npogoabnyo A; = grad div. Torga us (16) creyer

£+ w2€ = AL+ A+ wine?E. (17)

JleBpag JacTh YpaBHeHUd OIIUCBIBAET KoJIeOanus B miyrie, a 1nmpaBad — HUX IIe-
PEHOC U BJINAHHE HesmHeliHocTH. Pas3jiokuM ero Ha OTJieJIbHbIE YPDaBHEHUA

Kueitna-®oka-Topaona (ypKPOI) JIJIsl TIOTIEPETHBIX &, U MPOJIO0JIb-
HBIX &; noJteit £ = &, + &, CBA3aHHBIX TOJBKO HEJMHEHHOCTHIO

p 2 2 2 (2 _

€t,l + wmgt,l = Ct,lAst,l +wrné €t,lv ct = C. (18)

Boaubl nongpusanun

Jucnepcnonnoe ypapaeHue (JUCIyp) BOJH B PENIETKE BEIBOIUTCS U3 YPaB-
Henust (15) mocsie MOACTAHOBKY & B BUJIE TADMOHUKH
£(x,t) = Re[y exp{—iwt + iqx}|, rne q = {q;, gk, ¢} — BOIHOBOIL BeKTOP,
x = {j, k,l} — koopnuuara B HOMepax mryrnos. Torma u3 é: —w n
B2 = Exar + Exot — 26 = (€19 4 0719 — 2)€ = 2(cos q — 1)¢ = —4€ sin*(q/2)
CJIEIYIOT AUCIYD E-BOJH U BEKTOP rpynnoBoii ckopoctd dgw = V = {V;, Vj,, Vi }

Ww? = wfn + 402[Sin2(qj/2) + sinQ(qk/2)} + 4012 sin2(ql/2), (19)
2

wi=wig —4ct —2c}, Vi = (F/w)sing, Vi=(c]/w)sing.

N3 wero B mpubAnNzKeHUU CILIONIHON CpeJibl CJIeayeT

w? =wh + A+ ai) +iqt, Vie=Egr/w, Vi=dqlw (20)
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rae X = {J, k,l} Tenepnb HeMpepLIBHBIE KOOPAWHATHI B €IHHUIAX PACCTOSHUS
Mexk ity nryrinamvu. [locsie pasjiozxkenus: Ha OTJE/IbHbIE yPaBHEHUS JIJId MOIe-
pPeUHBIX &, U MPOJOJIBHBIX &; BOJH TOIYYUM

2 9 2 9 2 2 12 2
wip =W t G, Vi = cau/wn, Ve = ViV (21)

B1ech w?, onpeesndeT pacnpocTpanenue BoaH 1 coctogaue ['TI-cpepr:

Ecmm w?, = 0, To nputsxenne ['® u II° B myrne ypaBHOBEIIEHO MPUTS-
xkermnem cocejieil. Obpasyercst 6e3pa3/iMaHOe COCTOSHIE — IPAHKIIA PACIAIA
mryrma. Bes sHeprus BoTHBL 3aK/TI09eHA B TIEPEHOCE — BOJIHA, HE HUMEET MACCHI.
[Ipu 3TOM rpaHUTIHOE PACCTOSTHUE MEKIy IIyrmamu r = ry &~ 1.6.

Eciu w2, > 0 (r > rg), o npurszxenue ['® u [1° B mryrne npeobaagaer as
NPUTSIKEHIEM COCEIHHUX IYTHOB. acTh SHEPrur BOJIHBI OCTAETCs B IIYTIIE, &
ocTaJIbHOE TIepeaéTcs coceasam. BoHa 3aTyXaeT ¢ pacCTOSHUEM U SIBJISETCS
maccusnoit. ['TI-cpena mogobua teépaomy tey — ['TI-rBepb.

Eciu w?, < 0(r < rg), HO HEMHOTO, TO pa3pyllleHne HeKOTOPBIX IITYTTIOB 1
nocJjeayioniasd nepecrpoiika I'll-cpeapl yBemnauBaior r Jio g, jiejias IPaHuILy
pacnajia yCTORYUBON K MAJIOMY YMEHBIICHUIO PACCTOAHHUS MEXKJIY IIYTTIAMH.

Ecimm w?, < 0 3HAUATENIBHO, TO TPEOOIaIaeT MPUTAAKEHAE COCCIHUX MIYT-
noB. Jlioboe masioe Bo3MmyIleHue paspyiraer myribl. V3 rigHoB u nporusBo-
TIPHOB oOpasyercs moaobHas miaasme cpena — [ Il-mnasva. OHa He roguTcs
JIUTsT 0Opa30BaHUs B Hell yHOPSTOYeHHOTO MHUPA.

BesmaccoBoe 1o/1e omuchiBaeTcs ypasaenusaMu (15, 19) mpm w? = 0, Ko-
raa obpaszyercs GezpasiudHoe coctosdnue. [Ipw sToM HenuHeiliHast 10O6aBKa
wipé? B (15) upu m0boM noje obecrieunBaer npeod,iajanue pa3sHOHaPAB/ICH-
HOTO MPUTSYKEHUS TJI9HA U IPOTUBOTIIHA JAHHOTO TIYTA COCETHUMHU Ty TTIa-
MH, KOTOpoe yBenduBaeTcs ¢ pocrom . [lonsipuszarnus nryria ne nepeaaéres
cocejlgM, a pa3pyllaercs U 3aMeHAeTcs IPOTHBOINIOI0ZKHBIME JIBUKeHuAME [
u II3, 9To IPUBOIUT K OTCYTCTBUIO IPOJOJLHOIO pacpocTpaHeHns E-TOJIH.
Besmaccosoe 1noJie noJiipusanuu 0043aTe/IbHO 1OlePevHOe — PaclpoCTpaHs-
eTCsI B IJIOCKOCTH, TIEPIEHINKYISPHON €10 HAIIPABJICHUTO

£ = [*(67 + 0}) + win€’le, (22)
w? =42 [sing(qj/Q) + sinQ(qk/Q)], Vi =sin(g;x)/M.
Bnech M = w/c* monmMaeTca KaK Macca JBUZKYIIEXCS KBAHTOB, KOTOpas

csazpiBaer ckopocrts Vo= {V;, Vi } u umuyise ¢ = {¢;, qx } kBanTos.
CxopocTb 6e3MacCcoBOil BOJIHBI HE MOCTOSTHHA

c*(sin® g; + sin® g,
T (g;/2) + s (/)]
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Omna mensieTcs oT ¢ ipu ¢; = g, = 0 710 ¢/\/2 npu q; = g, = +7/2.
B npubnuzkenun CriontHoi cpepl u3 (22) caeyer BeKTOPHOE yPaBHEHHE
€ TIOCTOSHHOII CKOPOCTBIO BOJIH U JIUCITYP

£ =—rotrot & + wig€?€, divE =0, w=cq, V =c. (24)

DJIEKTPUIECKOoe MoJie

[Toste nongpusarun BOKpyT rjpHa npu w, = 0. [Iycrs B ['ll-cpene omun
myrn 3amenén Ha razu 2. Ero norennuansuoe none U, paznoxkenus (12)
JleficTByeT Ha OJIMKHWE K HeMY IMYyTHObl U CO3Ja€T B cpejie BOSMYIIEHHYIO
rsHOM 06/1acTh. Iloce mepexonnbIx Iporeccos Bosm3n 1'® obpasyerca mac-
cuBHOE £-TIoJie (CM. CJIefl. pa3fies) W MOCTOsHHOe pajuaibaoe moje E(R), rae
R — paccrosnue ot nentpa ['°. B npubamxennn cruomuoit cpeap £(R) Ha-
xomures w3 ypasuenns (24): grad div €, = dg[R™2dr(R*¢)] = 0. Ero yGuia-
fomee ¢ paccrosgauem R pemenue ects £(R) = e/ R?. Koneunsii BHyTpeHHuit
pajamyc mojs oOycJIaBINBaET er0 KOHETHYIO YHEPTHIO.

YpaBuenua Maxkcsesia

B npubnuzxenuun crjiomnoit cpe;pbl Jutst 6e3maccoBoro mnojist & JnHeiHas
qacrb ypasuenus (21) ectn & = —c?rotrot €. T. k. € Toxe noTepedHblil BeK-
TOp, TO €ro MOXKHO 3allUCaTh KaK POTOP BEKTOPHOH (yHKIUHM S = crot b.
Torma £ = crot b, b= —crot g, div b = 0. OtcyTcTBHE IPUYWH 718 BBe-
nenns b-3apsgna mo3BosasgeT 3anucarh divb = 0. [loxydennbie ypaBaenus

£=crotb, b= —crot¢, divé=divb=0
COBIAIAIOT C ypaBHeHUsMHU MakcBesuta B OTCYTCTBUE 3aPs/iOB U TOKOB.

Bapsamamu B ['Tl-cpenme aBasiioTcst OTIEIbHBIE TIIHBI WM TTPOTUBOTII-
uel ¢ noaeM £(R) = e/R% Dro mome KynoHa mo Teopeme O IWBEpreHIUEN
laycca-Octporpackoro mpuBoauT K ypaBHenuio div& = 4mp, rae p o6béM-
Has IJIOTHOCTD 3apsja. V13 ypaBuenus neupepbisHoctu p + div j = 0, 171e BBe-
JieHa MJIOTHOCTh TOKA j, CJeIyer divé’ =4drp = —4Andivj u f = —47j.

B smmeitHOM npub/vKeHUN ypaBHEHUS TOJEHl CKJIAIBIBAIOTCS B ypaBHe-
Hus MakcBesuta /1l HAOPSKEHHOCTU JIEKTPUIECKOTO TOJd €& W UHIYKITUN
MarHUTHOTO TIOJI b TpU HaJIW9Ine 3apsiIoB U TOKOB

€ =crotb —4rj, divé = 4d7p, b= —crot&, divb=0.

N3 3Tux ypaBHeHuil cjie/lyer eCTeCTBEHHOE YTBEPKICHIE O TOM, UTO
HANPSIKEHHOCTH 3JIEKTPUYECKOTO TOJIST €CTh TOJISIPU3AINs TTYTTIOB, BKIIOYa-
olas HOCTOsIHHOEe U Ge3maccoBoe (momepednoe) &-moJig. MarHuTHOe mOJe
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XapaKTepu3yeT UX M3MEHEHHe BO BPEMEHH U He SBJISETCS OCHOBOIOJIATA0-
UM, HECMOTPS Ha CBOE yH00CTBO B mpuMeHeHnsx. Ero mMoxkHO 6e3 yrmep-
0a /I CMBICTIA BBIBECTH W3 HA3BaHHS IOJIS, OCTABUB TOJHKO IIPUIAraTe/h-
HOe "sekTpudecKuit": s1eKTpHIecKoe moJe (SJEKTPOIOIe) | SIeKTPIHIecKast
BOJTHA (9JIEKTPOBOJIHA).

DIEKTPOBOJIHA €CTh Ge3MaccoBast (mornepeunas) E-BOJIHA € JIBYMs TPOTH-
BodazHBIMI YacTaMu. Eé nmmna Bosasl A > 4rg. Ecam 19 ~ 1072 M (ombIT-
ublil pasmep ajaekrpona |23|), To A > 410722 M, a uacrora menee 1030 Tu.
[pynmoBast CKOPOCTh 3JIEKTPOBOJIHBI (23 ) MEHSIETCS OT CKOPOCTH CBETA, ¢ JIJIsT
JUTHHHBIX BOJTH 110 ¢/2 npu A = 4ry. Ho mocsennee na ombiTe He 3amedaeT-
csl, T. K. TPEJIeJT CILIONIHON cpefsl (23), B KOTOpoM V = ¢, OXBATBIBAET BCe
HaOJII01aeMble BOJIHBI.

DJIEKTPOBOJTHA UMEET TIONePeTHOe YeDe0BAHNE HATIPABIEHN TOIAPU3a-
UK B OPTOTOHAIBHOM MOJIIO TLIOCKOCTH ¢ marom 7o < 10722 .

Bosmyinenne moasgpu3anai B 3JIEKTPOBOJIHE PACIIPOCTPAHACTCS Y€Pes3 Co-
cemane mryrnsl. LIyrmo, 70 KOTOPOro AOXOAWT BOJHA, CAM CTAHOBHTCS MCTOY-
HUKOM Bo3myIneHust. CyMMa BceX BTOPHYHBIX BOJIH OOpasyer (PpPOHT JeK-
TpoBoJiEbl. ClegoBaTeIbHO U3 mepenoca nosagpusanun [ Tl-cpeabr BeiTeKaeT
npuaun [ofirenca-Openets 1 51eKTPOMArHUTHBIX BOJIH.

HaarryMHBIE [I9HBI UMEIOT pactpe/enerue (11) ¢ mpocTpaHCTBEHHOM Tuc-
mepcuei (gz52> ~ 1, KoTopas maéT mymM noagpusanun 0§ ~ 1, HaMHOrO IpeBbI-
AN BeJTHIUHY 3JIeKTponoss. Ho 9ToT mrymHbIi GOH He3aMeTeH, IO-
CKOJIBKY MPOTHBOIOJIOKHBIE (DIYKTYAINH B3AUMHO YHIUTOYKAIOTCS YCPeTHe-
HUEM NPHU HAOJIIOAEHUN 338 BPeMeHa MHOT'O OOJIBINHE WX JINTEILHOCTEH.

Jl1s cymmecTBOBaHMS HAIIEro MHPa HEOOXOIMMO UMETh PACCTOSHHE MeK-
Iy TIYTHAMH 7" = T'g, 9T0 obeclednBaeT JIMIIb FeOMeTpHIecKoe ocyabJieHne
nosistpusanuu B npoctpanctse. B TTI-teepau (r > rq) moJie aBIseTcst MACCHB-
HBIM U OBICTPO 3aryXaer ¢ yjgaieHuem ot ucrodnuka. B I'Tl-azme (r < ro)
yCTOWYINBas MOJISIPU3AKA He BO3MOXKHA. [ paHUIa MeKIy HUMH €CTh Cpeaa
Hamrero mupa. OHa, KaK HOCHTEIb 3JIeKTPOIOJIs, [T0I00HA IHIOTeTHIeCKOMY
apupy lekapra. st Heé MOXKHO OCTAaBUTH 9TO HaszBaHue 3hup .

MaccuBHOe 110J1€e

BeamaccoBoe £-1ote (31€KTPOIIOIIE) CYIECTBYET, €CJIH PACCTOSHHE I° MeYK-
JIy TyTHaMu 00ecIednBaeT cylecTBoBanue sbupa r = 1q, wy(rg) = 0. [lpn-
CYTCTBHE JOHMOJHUATEIbHOTO Ti3Ha [ (mm I1%) mensger r. B coceanem mryrme
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OH TIPHUTSITHBAET ITPOTUBOLIIH M OTTAJIKHBAaET TRH. Ecian cura umx B3amMo-
JIeCTBUST YOBIBAET ¢ PACCTOSHUEM, TO HPUTSKEHNE CUIbHEe OTTAJKUBAHUS.
Bnkaiitme nyriobl CABUTAIOTCH K TJIRHY, pacTAruBas 3a coboit acpup u oo0-
pasys 001acThb paspeskeHus, B KOTOpOil 7 > rg, w2, > 0. W3-3a cummerpuu
cepsl £-1moJie B Heil MOXKET OBITH TOJIBKO PAJIHAJIBHBIM € JIOMOJTHATEIHHBIM
radHOM B HeHTpe. CTaTwka 3aja4ud TpeOyeT dToObI MOJIpU3aIus comeprKa-
Ja osie Kynona &, m cranumoHapHbie 110Jis KoJieOaHuil B IIyriax, MMeIne
nonepevynyio & u mpojoabuyio & vacru: £ = . + & + &

CymecTsoBanue moJei Boansn TavHa [2 3apucaT oT HATHYNSA X NCTOYHNI-
KOB. MCTOYHMK IOCTOAHHOIO TOJIA — CpeJHssd aMILIuTyIa riasua. s cra-
IIHOHAPHOTO TOJII — pacupeienenne myMa B riadHe (5H). OHO MoxKeT OBITDH
[PEJICTABICHO KAK C/ydaiiHbie MmepeMerieHuns aMILInTYIbl, nMeomnne "Bpa-
menne" BOKPYr IeHTpa rasHa u 'paauajabHOe HABHZKeHWe' , UTO BBI3BIBAET
M0T00HBIE TIOMEPETHOE U MPOI0/IbHOE ToJis. CrydaiiHbie BOJTHBI MOTIEPEYIHOTO
10Jid, Bpalasdch 1o cdepe BOKpYr 1, craHOBATCA cTallMOHAPHBIM HaOOPOM
CIAYYAHHBIX CTOAYMX BOJIH. IIpomosibHbIE BOJIHBI, JBUTrasgCh 110 Paauycy, He
SIBJISIIOTCSI TAKOBBIMU M HE BJIUSIIOT HA MEJIJIEHHBIE HAJIILYMHBIE ITPOIECCHI.

Eciu npeanosiarars, 9To Bece mnoJig nosaspusanuu ['TI-cpempr obycioBiie-
HbI HAJTUIUEM YACTUIl, UMEIOIINX B CBOEH OCHOBE T9HBI WJIH TPOTHBOTIIHEI,
TO OCTAIOTCS JBa BUJIA IOJEil: MOCTOSAHHOE &, M CTAIIMOHAPHBIX HOIMEPEYHBIX
kosebanuit & (¢ ammauryaoii ~ .), KaK MaCCHBHOe BOJWM3M IJI9HA, TAK U
6e3MaccoBoe BAAJIN OT HEro (MomepevHasi JIeKTPOBOJIHA).

¥Ypasraenne IlIpénunrepa

Korma rmsn [? gsmikercs, &-T0as8 BOKPYT HETO AOJKHBI MeHATHeA. T.
K. CKOPOCTH CJAYyYaifiHBIX IepeMeIeHuil aMIIITY/Ibl B IIIyMe IJIdHa OO0JIbIIIe
ero 9acTorsl {2 = 1, KoTopasg MHOI0 OOJIbIIIe CKOPOCTH cBeTa () > ¢, TO UpH
MI000M BUKenuu BOM3M ¥ Beerna yemesaeT obpazoBaThbes cdepudecKas
obsacTh ero Bausiaus. OHa JIeficTByeT B HaIIPaBJICHNE JTBUKEHUS HA MACCUB-
HOe &;-110JIe, OCTABIIEECs OT MPEIbIAYINErO MOM0KEeHUsT TI9HA, U, €CJANU UMe-
€TCs BOJIHOBOI ITaKeT, IepeMelaeT 1I0Jie ¢ TPYNIOBOi CKOPOCTBIO &;-BOJIHBI,
OCTaBJIsAsd TPUOJIU3UTENHHO CTAIMOHAPHBIM M paJluajbHbIM. /IBUKeHue da-
CTHIIBI COBIIAJIAET C MepeMelleHrneM JI000i TOUYKH STOr0 MOJs.

CmozemupyeM JUHAMUKY & -110JIS UCHOJIb3Ysl yPABHEHHE [IJIsI MEJJICHHO
MEHSTIOTIEHCsT BO BpeMeH! aMILTUTY bl (X, t) Kosebanuii moaspusarun & (X, t)
MIyTIIa B JIBUKYINENHCST ¢ YaCTHUIIEH CHCTeMe OTCIETa U OCTAB/IsIsT TPUOTHKEH-
HO JIMIIIH PaJIHaIbHOE OTHOCUTEHHO IVI9HA ITONEPEYHOE MOJIe

&i(x,t) = R6[¢(X t)eiiwm(x)L]'

Ecun upu srom npenebpedn 1), 10 & & —(2iwmi) + w2 e wmt Bes yuéra
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BTOPBIX TAPMOHUK B HeauHeitHoi actn (18) n muddepentupoBanus w,, (x)
[OJIy9aeTcs ypaBHeHne

—it) = A /2m 4 Wi [[*/2,  m = wn /. (25)

Baech m — Macca (KBaHTa) &-T0JIs, KOTOPask BMECTE € W,,, MEJJIEHHO MEHsI-
erca B nmpocrpancrse sosmsn 2. Vi3menenueM CKOPOCTH ¢ mpeHebperaercs.

Ecnn gacruma aBuzKeTcs OTHOCHTEIBHO KOOPAMHAT CO CKOPOCTHIO V., TO
¢ samensiercs va dyp = ) + V grad ¢. Ilpu majioft V BTOpBIM 4JI€HOM MOZKHO
npeHebpedb. CunTas YaCTUIY BOJHOBBIM IMAKETOM € 9aCTOTOH w,,, yCJIOBUE
IpeHeOpeKEeHnst eCTh wy, > V/L, tne L ~ 1/q — pa3mep makera, q ~ w,,/c
— ero BosHOBOIT BekTop. CrenoBareabHo (25) npumenumo mpu V < c.

3aMeHUB MepeMeHHYI0 B IPOCTPAHCTRBE MACCY HA HEKOTOPYIO MOCTOSAHHY O
m, nosayunM mesnnHeitnoe ypaprenue [1Ipémunrepa (yplll) |5 B o6braHOM A151
HepeJIdTUBUCTCKON KBaAaHTOBOI MeXaHUKe BUJE

—it) = AP/2m + win [P /2. (26)

B xBanrToBoii mexanuxe yplll onuceiBaer m3meHeHme BOJHOBOI (DyHK-
mun. 3/1eCh — AUHAMUKY aMILIATY/bI TOMEPEIHbIX Koiebanuit {-mojs B 61u-
Kaitmeit K radHy obsacTu. VX TOXK/IeCTBEHHOCTH BO3MOXKHA, €CJIH 9TO TO-
Jie COCTaBJSIeT OCHOBY JBHZKEHUS YACTHIBI. 10Taa BOJHOBas (DYHKIINS €CTh
KOMILTEKCHAsT aMILIUTYa MACCUBHBIX TTOMEPETHBIX KOJIEOAHUIT MOIIPU3AIIIT
IIYTIIOB BOKPYT TJI9HA, & MACCa JacTUIBl — WX XapakTepHas macca m. Ha-
npuMep HauboJIbINast Macca HolepedHbx -Kojebanuii m = max w,,(R)/c?,
JlocTAraeMas B OJMZKAUIIIX K [JI9HY IIYTHAX.

B zamucu ¢ = []e’® uepes momyab || u dpasy ® Bummo, uTO |1)| ecTh Be-
IECTBEHHAsT aMILTUTYAa MACCUBHBIX &-Kosebanuil, a ¢dpa3a BOIHOBON (HYyHK-
uu (JeficTBrue 9aCTHIbI) — UX OTHOCHTEIBHOE MeCTO.

T. o. BEyTpU TacTui AeificTBrUe MOJIA TA9HA TPUBOANUT K Tepexoy dhupa B
cocrograue I'II-TBep/n u BO3OYXK/IEHUIO TaM MACCUBHOTO MO MOJISAPU3ATIIH,
9TO JAa€T YacTUIAM Maccey.

[Toxorkee siBIEHME, KOT/Ia MACCa YaCTUIBI OTPEIEISeTCS BIUSIHUEM OKPY-
JKAIOIIEro eé 1o/isl, IMeeT MeCcTO B (PU3MKe TBEPJIOrO TeJia. JJIEKTPOH B KPU-
cTaJlie CBOUM TOJIEM TMOJISIPU3YET PEMIETKY KPUCTALIA U BO30yK/1aeT B Hell
kojiebanust. Obpasyercs KBazwdgacTuna — mosipon [lekapa , 9 pexTun-
Hag Macca KOTOPOTO MOYKeT 3HAUYUTETbHO MPEBBINATh MAaCCy JEKTPOHA.

[TorennuaibHas SHEPTUS B3aMMOAEHCTBYIONIUX dacTeil 1y 1 Yy OIS TT3-
na sxoaut B ypIIl yepes nesmneitnocrns 12 = (1 + o) = 3 + 20h12hy + 13,
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KOTOpas B YPaBHEHUH JJIS ) COCTOUT M3 CaMOICHCTBUA ~ 1%, B3aUMOIeii-
crBus ~ 2t12py u BozgeiicTeus ~ 3. Ecam 1) < 1y, TO 0CTA8TCA TOIBKO
BoseiicTBue B Buje norenuuana Uiy, U = —wig|ibs|?/2.

Jluneitnoe Bo3/eiicTBIE BHENTHETO MO/ HA YaCTHUILY COCTOUT U3 JBYX CTY-
neneii. CHavasa mose JeficTByeT Ha T3H (OCHOBY YACTHIIbI) U CJBUTAET €ro.
DTO JBMKEHHUE HepeadTCs OKPYKAIOIMEMY MACCHBHOMY TMOJIO U MpHobpeTa-
€T ero MHePIMIo — MACCa OJIsl CTAHOBUTCH Maccoit dactunsl. [lomnoe onuca-
HUE HTOTO TPOIEcca TpedyeT y4uéra JBHKEHUS [JIIHA-OCHOBBI BMECTE C MHO-
KECTBOM TJI9HOB U HNPOTUBOTIADHOB, M3 KOTOPBIX COCTAaBJIEHBI OKPYZKaloIue
ocuoBy mryrmbl. Y plll (26) auis MogeupyeT 9Ty CI0KHYIO THHAMUKY.

3a kBaHT {-Kostebanuii bepéres KoJlebaHue ¢ YIBOCHHONH aMITUTYION ITy-
Ma 1) = 2, uMemollee BHEIIHIO IHEPIuio Yw,, = hw,, upu h = 2. ITockojbKy
1| < 1, T0 ero sHeprus JOCTUTACTCS HE B OJHOM IIMYITe, & B BOJHOBOM Ia-
KeTe, OXBaThIBalOIIEM MHOXKECTBO HMIYI'TTOB — KBaHT KOJIJIEKTHBCH.

[Ipu ABUKEHUU YACTHUIBI TIEPEHOCUTCA BHYTPEHHSS YHEPTUsT MACCHBHBIX
&-xkomebanmii w2 ||, Eé pacupeaesenne mponopinuoHaIbHo || n noqauneno
YPaBHEHHIO HenpepbiBHOCTH, KoTopoe caepyer u3 yplll (26). [Ipu nHopmupos-
Ke Ha eauHuIly obpa3yercs: Kak-0bl 'BeposiTHOCTHOE pacupenenenne'. Ho va-
cTHIA HejleluMa — eé HeJIb3d HabJoaTh no actam. Teneps [¢)|? npejacras-
Jisiercst "'MJIOTHOCTBIO BEPOSITHOCTH OOHAPYZKeHUsI YACTHUIBI" | KaK IMPUHATO B
KBAaHTOBOI MeXaHUKe, a He pacHpe/eJeHueM BHYTPeHHeH SHepruu momneped-
HBIX MACCHUBHBIX {-KOJIeOaHMT BHYTPH HEE, KaK MOJIYUEHO 371eCh.

O606menue ypaBuenus I1Ipéauurepa

JIBuzKeHMe J9acTHIbl C JI0OOH CKOPOCTHIO MOYKHO CUUTAThH PACIPOCTPAHE-
HUEeM BOJHOBOTO TTakeTa (MM KBAHTA BOJIHbI) [OMEPETHONO OIS &;, KOTOPBIH
OepéTcs Kak HaOOp OJM3KHX 110 CIIEKTpY BoJiH. Hampasiienue noJisspu3anuu
3a1a8T TPOJOIBHYIO OCh [. IlakeT nBuzKeTcsT MOMEPEK 3TOH OCH B IIOCKOCTH
jk. TloJie 3amucbiBaercs B Bue Kojiebanus Ha cpejieii yacrore nakera w(q) ¢
MeJJICHHO MeHsomeics aMuTy 1ot & (x, t) = Re[(x, t)e'®] = e’ /2 + ke,
rae ¢ = —wt + gx — dasa, v = {j, k}, g = {g;, ¢»}, Kc 03HATAET KOMILITEKC-
Hoe compsikenue. Ecim ¢ npenebpeun, To 26, A~ —(2iw¢ + w?)et® + ke.

B npubnmkeHUN CILIONIHOMN Cpebl 28]2& = (9]2@0 + 2iq;0;0 — q]zw + Kc.
Tak xke jyis ocu k. B Hestmneiinoit 4acTu rapMOHUKHU HE YUUTHIBAIOTCH.
8¢5 = w%e&‘b + 3Y2*et® + .~ 3| )*Pe® + k.
Teneps B (16) —2iwy) — w? + wlh =
207 + O + 2i(q;0; + qk0k) — @G — 4] + 3win Y [*Y /8.
ITocne COKpAllleHNs], BCJIEJICTBUHE JTUCIYD (20), ocTaéres
—2iwy) = [*(0F + 0) + 2iw(V;0; + Vi)Y + 3wip [¥]*4/8,
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rae V = (¢?/w)q — BekTOp rpynmosoii ckopoctu (20). Beoag maccy nBHKy-
mefics gactuns M = w/c® u nanmacuan A = 05 + 0f, 3armmurem

—idpp = (A/2M + 3wy [P /8, dpp =)+ (Vgrad)p.  (27)

3/ech UMEIOTCsI IBa JBUZKEHHs: TaKeTa (9acTHUIlbl) KaK IEeJOro o CKOPO-
cteio V u BHyTpenHee. OOBIYHOE B JUHEITHOM TPHUOINKEHUN DACILIBIBAHIE
BOJTHOBOTO TIAKeTa CTaOMIM3UPYeTCsl HEJIUHEHHOCTHIO. DTO ypaBHEHUE TPHU
wm =0, M =q/c, V=q/M npuMeHIMO K ONUCAHUIO JIBUKEHUs (DOTOHOB.

U3 cpasrenus ypasaenuii (26) u (27) Buano, uro yplll onuckiBaer He J1Bu-
JKEHHe 9aCTUIbl, 8 BO3MOYKHOE [I€PEMEIIeHIe AMILTUTY bl OJIS MOJISIPU3AIUT
BHYTPH HEE, KOTOPOE JINIb P MPEeHeOPEKNMO MAIOH CKOPOCTH BOJIHOBOTO
MAKeTa MOYKHO TEePEHeCTH HA TACTHILY.

[ToxydeHHBIE PE3YJIBTATH OTJNYAIOTCS OT MIPUHATOTO B KBAHTOBOW MeXa-
HUKe TOJTKOBaHUs cBs3uW ypaBHenuit [lIpénunrepa n Kiaeitna-Poka-l'opaona,
upu koropoMm YpKODI' apiserca pessiruBucrckum obodbinenuem yplll, upu-
MeHsIeMbIM K BOsTHOBOH dyHkimn. Penstuucrckoe ypKPT' (22) ectb Tounoe
BellleCTBEHHOe YpaBHeHNe 1 BeKTopa nossapusanuu. ¥Yplll (26) ects ympo-
MEHHOe KOMILIEKCHOe yPaBHEHWe IS CKAJSIPHOM KOMIJIEKCHON aMILTHTY/IbI
sroit nonsgpusamuu. O6obmenunem Y plll na mo6wie ckopoctn V' < ¢ aBisieTcst
TaKzKe yIPOIEHHOe (H3-3a IperebperKenns ) ypapaenne (27).

Ecin Beectn B yplll o = Re(We'**), rne @, = —wyt + quX, u DOTEHIH-
aJbHY0 dHepruio U BO BHEIIHEM TOJie, TO BBIBOIUTCS MeJJIEHHBINH TUCITY]D
wy = Vqy + qi /2M + U, KOTOpBIil OIUCHIBAET CBsI3b YHEPIUH, UMIYJIbCA U
CKOpOCTH 4YacTHIb! (KBaHTa BOIHBL). B HéM @, ecThb asa aMnTyasl (/eit-
CTBHE YACTHIIBI), CTAIIHOHAPHOCTH KOTOPOH TIPU BAPbUPOBAHUY OTIPEJIESIET
JIBIPKEHUE TIAKeTa — MPUHINIT HAnMeHbInero jeiicrsus. Pa3a BOZHUKIA KaK
CJIeJICTBUE TIOJIEBON MPUPOIBI YACTHUI], BKIIOYas (POTOHBI M MCKJIIOYAs HE-
Tpuno. T. 0. 0OCHOBOII 11 UCIOIB30BAHNUS MPUHIIAIIA HAUMEHbBIIIEro 1efiCTBU
SABJIAETCS TOJIe TMOJAIPU3auu 3Pupa.

B conyrerpytomeit nakery (wacruie) cucreme orcuéra V = 0. Torma
q=0,w=wy,, M =mu (27) nepexogur B yplll (26) ¢ m = m. Macca uBu-
JKYTIEHCsT 9acTUIbl YMEHBIAeTCs 10 MAacChl MOKOsi. OHM CBSI3aHBI THCILY POM
w? =w2 + AP =w? /(1 =V?/c?), mm M? =m?/(1 —V?/c?).

T. K. Macca ecTb BHEMTHsId Heprusi (MMITYJIbC KostebaHusi), KoTopas 06-
PATHO MPOMOPIUOHATBHA TEUEHUIO BPEMEeHH, TO COOCTBEHHOE BPpeMs JTBHZKY-
merocs rejia t ~ 1/M. C apyroit croponbi, 4Tobbl BBECTH BpEMsi HAJI0 UMETh
obpazer JanTe/IbHOCTH, CPABHEHUE C KOTOPBIM U 1aéT ero. B BosiHOBOM Ta-
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KeTe TAKUM 0OPA3IOM SIBISETCs TMepuon Konebanuii T = 27 /w jyist ABHKY-
merocs resia u 1), = 27 /w,, s nokosiierocs. /Ijist 06oux Teji ux BpemeHa B
eIMHATIAX CBOMX TepuoaoB conagator t/T = t,,/T,,. Ho B obmux eananmax
onn paznmdatorca t = t, T/ Ty, = tpwy, /w = t, (1 — V2 /c2)1/2,

Bwmecte co BpeMeneM MeHsieTcs pa3Mmep L ABWxKyIerocd Tenaa. llpu Jro-
00it CKOPOCTH BHYTPH BOJHOBOTO MaKeTa MOMEIAeTCA OTHO U TOyKe UUCTIO
JUIMH BOJIH, KOTOPbIE IPOIOPIHMOHAIbHBL 1epuoay kKosebanuit. Torma L ~ ¢
win L)L, =T/T,, = (1 —-V?/c*)Y? tne L,, — pazmep NOKOAMETrocs Tea.

3aKOH CJI0YKEHWsT CKOPOCTEH Tesl ONpeaessieTcs TUCITYPOM U ero M3Me-
HEeHHeM IpH Hepexoje K ABHXKYIIehcs ¢ JacTuieil cucreme orcuéra. Ilycrnb
JacTuna 1 JBHKETCS CO CKOPOCTBIO U OTHOCHTEIbHO YACTHUIIBI 2, KOTOPAs
UMEeEeT CKOPOCTh 1 B mOKosieiics cucreme orcaéra 0. ducnyp ornocuresin-
HOTO JIBHZKEHUsT dacTunpl 1 ecth w? = w2 + c*¢?. Eé cropocts v = c?qy /w.
[Ipu mepexo/ie K TOKOSIIEHCst CucTeMe KOOPANHAT ITOT JUCIYP MEHSIeTCS Ha
(w+ qu)? = w2, + ¢, tne u = c*q/w, ¢ U ¢ = q1 + g2 — BOJHOBbIC BeK-
Topbl acTuil 2 u 1 B cucreme orcuéra 0. CymMMapHas CKOPOCTb YaCTHIHI 1
V =dw/dg = q/(w+ qu) = (u+v)/(1 + uv/c?).

CooTHOIeHNST JIsT MACChl, BDEMEHH, Pa3Mepa U CKOPOCTH, BHIBEIEHHBIE
371eCh U3 PACCMOTPEHHST MACCUBHBIX BOJTH MOJIPU3AINHT, COBIAIAIOT C TAKHMHI
JK€ COOTHOIICHUSMU MEXaHUKH TEOPHH OTHOCUTEJTHLHOCTH

Macca coepKUT JIMIITDb SHEPTHIO YaCTHUIIBI, OIPEIESIONIYIO €€ HHePIUIO.
OcHoBHast JKe SHEPrus (He cuuTasi GECKOHEUHOI SHEPIUU MIyMa) 3aKTI0IeHa
B Kojebanusax rmguHa: Q(=1) > w(= Mc?) > w,,(= mc?). Ho sra sueprus
0CTaéTCs HE3AMETHOI, T. K. BCe HAOIIOIEHIS CBSI3AHBI C [IBUKEHUEM YACTHIIL, a
YHCJIO TJPHOB IIPU B3AMMOJICHCTBAAX U IIPEBPAIICHUAX YACTUIL COXPAHICTCH.

JIBH2KeHMe JaCTUIIBI eCTh IepeMelieHne €€ rIHa BMeCTe ¢ OKPYKAIOIIUM
é-moeMm. OTaebHBIN [I9H, ABUTASICh MEXKY IIYTTaMd, IPUTITHBAET IPOTH-
BOIJI9H TIYyTTA U OTTAJIKUBAET ero ry9H. C IpOTUBOTI9HOM OH O0'beIMHAETCS
B HOBBII TIIYTT, a OCBOOOIUBITIUICS T/9H 3aMEHAET ero B JBUTAMONIENHCS da-
CTHIE U IOJJIEP:KUBACT YCJOBUS CYIIECTBOBaHUS MaccuBHOro &-mosisd. 1. o.
JIBUZKEHUE YACTHUIIBI €CTh IepeHoc Bo3MylneHus pupa. [Ipu aTom mryrisr,
KOTOPBIX JOCTUTAET BOJIHA, CAMH CTAHOBSITCS HCTOYHUKAMU &-TI0JIdA, & JBH-
JKeHWe BOJIHBI nojaunasiercs: npunnuny [oiirenca-Ppenes.

¥Ypasaenune /lupaka

[Mopoxkaéanble mymMoM Ta9Ha [° MaccHBHLIE BOJHBI & MOTYT JBHTAThL-
¢ BOKPYT HEro 110 cdgpepe MOCTOSHHOIO paJnyca B JII0OOM HampaBiaenun. Mx
JIBUKEHUE COCTOUT M3 4-X He3aBUCHUMBIX BpalleHuit £, — Mo JBYM OPTOIO-
HAJIHBIM HALPABICHUSM B IIPOTUBOIIOJIOXKHBIE CTOPOHBI & = Zi:l &n.
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Ot ypK®I' (16, 18) mag kaxmoro &, MoxKHO, creays Jupaxy , TIepeii-
TH K yPaBHEHUsIM 11€PBOro mopsaka. OcTaBjss JUIb PaJInaabHYI0 OTHOCHU-
tesapHo ['? gacth moas samumem ypK®I™ xak

A%, = —micPE,, A* = (02 — 07 — O — O}),
rae 7 = ct, mg =m? —m2%, m = w,/c?, m = wrp/?, £ = Zizlfg,
BBojsiTest KOMIUTEKCHBIE TlepeMentbie X = (1 — iA)mch, MO TINHSIIONITHAECST
ypasrennsm Ax = imeex, rae x = {x»}, & = {&.}. Oneparop A nmercs B
Buge A = a,0, + djaj + a0y + @;0;. Torna
A? = G202 + 202, + a0, + &%E)Qfl + (a-a; + dde)a;j + (arax + &k&T)Qazk-i-
(ara + aa,)0% + (ajay + ara;) 0%, + (aja + a1G;)05 + (aray + ayag) .-
Orciona a,(n = 7,j,k, 1) ectb marpunsr Iupaka
A2 22 a2 no

az = a; = a; = a; = —1, lapay] = ayay + aga, =0

B ypaBHEHMSIX
Ay = imeex, x=(1-— iA)mgcf, A=a,0. + a;0; + ar0y + 0,
T=ct,m{ =m* —mi& m=wy,/c, m, =wrn/c, & = ZEZ (28)

OO6brunoe npejcrapiaenue MaTpurl /lupaka, Bblesonee och [, €CTh

T 0 — _kk Il o dk _ ki ol

a;’ =ay =—a" = —a; =1, ai =a; =a; =af =1,
Tl gk __ ki _ It _ Tk il kr i

—ap =a;, = —a; =a; =1, a =-—a =a; =—a; = 1.

Octanpusie a?? = 0. B pa3sépryToM BUIe TOIYyYaIOTCS YPABHEHU

9rx1 + (05 — i0k) x4 + Oix3 = imecxu,

Orx2 + (0j + 10k) X3 + O xa = 1mecxe,

—0:-X3 + (0; —i0)x2 + Oix1 = imecxs,

—0:Xa + (05 + 10k) X1 + O1x2 = imecxa, (29)

xi = mee{& —i[0:6 + (05 — i0) & + D3]},

X2 = mec{& — i[0-& + (05 + 10k) &3 + 014l }

X3 = mec{&s +i[0:§3 — (0; — i0k)2 — 0},

Xa = mec{&s + i[04 — (0; + 00,61 — Di&al }-
OHI/I OIIKUCBbIBAIOT, B HEKOTOPOM HpI/I6JH/I)KeHI/II/I CTallMOHapHbIEe MaCCUBHbIE 110-
HepevHble BOHBI & BOKPYT rpHa. X qacTu &, MOXKHO 3a/1aBaTh O-PA3HOMY.
Hanpumep & u & cOOTBETCTBYIOT BpallleHUIO BOJIH BJOJL oceit j u k, a &3
u £, — oOpaTHOMY BpaIlleHHIO BIOJb ITHX oceil. Oupenensgomeil mepeMeH-

HOH 37eCh 9BJIAeTCd BHyTPEeHHEe IIOIIePETHOe 1MOJIe, a He BOIHOBAA (DYHKIMT
(KOMIIEKCHAST AMILIUTY 13 BOJIH 9TOTO 110JIs).
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T. K. TJ9H/TPOTUBOTIIH €CTh OCHOBA MO3UTPOHA,/3MeKTpoHa (cm. "Ya-
crunp"), a nose § BXOIUT B X CTPOeHHe, TO (28, 29) MOIEJIBHO OIMHCHIBAIOT
JIMHAMUKY KaKJ0# M3 9THX JaCTHUIL MO-OTAETHHOCTH, HO HE B AP JIEKTPOH-
no3uTpoH. 1o, uro B Teopun lupaka HOHUMAaeTCd KaK OTpHUIlaTebHasd
Macca (AaHTHYACTHUIA), €CTh YKa3aHHOe Bbile oOpaTHoe Bparnenne. CMeHa
3HAKA W MEHSIeT HAPABICHHUE JBUXKEHUS BOJHBI, COXPAHsIsS €€ SHEPrHio |w|
[OJIOYKUTEBHON, a He NepPeBOJAUT YaCTUIly B aHTUYACTHUIy W TeM Dojiee He
3aCTaB/IET e€ JBUTATHCS OOPATHO BO BPEMEHH.

OueBnsiHO, uTO ypaBHenus Iupaka ToxpecTBeHHB d9eThipéM YpKOT mis
&, COBIAMIAIOT M BBHIBOJIBI U3 HUX. DTO €Ié OJIMH JOBOJ, B MOJIb3Y YTBEPZKIe-
HUs, 9YTO JIBUYKEHNE YACTUI] ONpeJieIdeTcsd TMHAMUKON UX BHYTPEHHETO TMOJIs.

Criun rpna [, Beime 6blJI0 HOKa3aHO, YTO paclpeejenne nryMa Id-
Ha (D) mpeiCcTABUMO KaK CJIydailHble TepeMeIneHns aMILTHTY/Ibl, UMeOIIHe
BKJIa] OT "Bparmenuss' BOKPYT HeHTpa rydHA. 1[0 ero BIusSHIEM OKDYKaI0-
e T/I9H MIYTTBl CTAHOBSATCH ITePEHOCUMKAMU MOMEePEYHOTO CTAIHOHAPHOTO
noJs &, coctodiero u3 4-x dacreii &,. Bpaienune B mpocTpaHCcTBe MOI00HO
KOJIEDAHUIO MASITHUKA, B KOTOPOM PaJINyC BPAIIEHUsI I 3aMEHSIET IePHOJ, KO-
aebanug T = 27 /w, a ummyabe p — sHepruto F. B konebanun sHeprust KBaH-
TYeTCsl YMHOXKEHHON HA 9acTOTy YJABOEHHOW aMILIHTYI0i mryma hw, a fuw /2
ABJIeTCd HeyCTPaHUMON 3Heprueil. TouHO TakzKe BO BpalleHUH i CTAHOBUT-
csl KBAHTOM MOMeHTa Bpamienus J = rp, a Jo = h/2 = 1 — HeycTpanuMbIM
MOMEHTOM. DTO M €CTh CIIUH T/9HA S = Jj.

Toxe camoe TOJy4YaeTCss U JAPYTUM MyTEM. DHEPIUs/UMITYIhC XapaKTe-
pu3yer u3MeHeHNe BO BpeMeHH /ipocTpancTie. Toraa st COOTBETCTBYIOIIEr0
kosebanus £ ~ 1/T up ~ 1/r. Orciona s myma ET ~rp~ 1 =h/2 = s.

Crun e ecThb 1101001ue OpOUTAIBLHOI0 MOMEHTA € OIIPeIeTEHHBIMU BeJIHIH-
HOIt 1 TpoekIueit Ha och. OH UMeeT CAydaiiHyo TPUPOIY, HYJIEBYIO CPETHIOI
BEJINYUHY, KOHEUHYIO JUCIIEPCHIO W OnuchiBaeTcs 4-Msi hyHKIusaMu X, (1. e.
OMCIIMHOPOM, a He CIIUHOPOM, KAK IMPUHSITO B COBPEMEHHOM TOHUMAHUHU YPaB-
nenus /lupaka), win ypaBaenusmu Kieitna-@oka-I'opoHa jist OIMHAKOBBIX
o Tpupojie He3aBUCUMBIX &,. [Ipm sTOoM ypabHenume /lupaka ecTecTBeHHO
OMMCBIBAET TOJBKO OJIHY MPOCTEHINYI0 YacTHILY (J€KTPOH WJIH MO3UTPOH), a
He obe BMecTe.

[TTym ocHOBHOTO KOJIeOaHWs TI9HA €CTh NpHYnHA ciuHa 1/2 B 9acTHNax,
UMeroluxX cBoelt ocropoit razu [ (uam nporusorasu [1%). JIpyrue 3navenust
CIUHA — MPOW3BOJIHBIE OT Hero. Hamuune crimna 1/2 u c¢BoiicTBO GBITH bep-
MHOHOM HMEIOT OJIAH HCTOYHUK (IIIyM TJI9HA), HO PA3HbIE €0 MPOsIBIeHUs —
"Bpamenue" 1rymMa u OTTAJIKUBAHUE TJI9HOB.
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T. 0. POBeJIEHHOE B ITOM pasjiesie HCCICIO0BAHUE TMOKA3AI0, UTO JIBH-
JKEHHe YaCTHUI eCTh IIePEHOC BO3MYIIEHHsI, OCHOBY KOTOPOI'O COCTAaBJISIeT JIH-
HAMUKA BHYTPEHHErO TelePh KBA3U-CTAIMOHAPHOTO MOTIEPEYHOTO BOJTHOBOIO
110JIs, UMEIOIIEro MPUYUHY B IIyMe TJI9HA, TOUHee B OOINEM IIyMe HAIIero
mupa (KomebaHusx pU3NIECKOTO BaKyyMa).

YHacTurb!

OCHOBHBIMH 3JIEMEHTAMH HAIIIEr0 TPEXMEPHOTI'O MUPA SIBJIAIOTCS 3M TIIHBI
[, IT° i 1m napst v, Kotopbie coctapiienst w3 1M rasuos I, 1T}, coemunén-
HBIX OOMEHHBIME g-cBa3sMu (8, 9). CBoiicTBa 1M TJ9HOB 1 HUKHUX KBAPKOB
COBIAJAIOT, €CJIU 1[BeTa KBAPKOB OTOXK/JICCTBUTL C U3Mepa-
mu. Torja nuzknue kBapku d; ecTb IPOTUBOTIIHBL H}, HUZKHIE aHTHKBAPKHI
— TJPHBI Fjl», IBeTa KBAPKOB — m3Mephl J = 1,2, 3, OTBETCTBEHHBIE 3a Pa3-
MEpPHOCTH Halero npocrpancrsa. OHOMepHbIe KBAPKH HE CIIOCOOHBI UMETh
IPUIHCHIBAEMBIH UM CTIUH 1/2, T. K. JIJIT 9TOTO TPEOYIOTCS 2M WK 3M TIIHBI.
B aaponax KBapKW CBA3aHBI TJIIOOHAME TaK¥Ke, Kak Fjl- " H} CBSI-
3aHbl OOMeHHBIME g-CBst3smu (8, 9) B [, TTI° u v;. CiienoBaTesIbHO TII0OHDI
ecThb g-cBsa3u. Ho B obimeM cirydae oHM He KBAHTHI BOJIH. BoJiHa ecThb mepenoc
Jepe3 COCeIHHe TOYKHA. A B IIyMe MHOIOMEDHBIX ¢-CBsA3edl KarKIbIit Fj]. CBd-
3aH CO BCEMU Fil#j. 31ech HeT BOJH. VcKI0YeHneM SBISIOTCS 3M TI9HBL. B
HUX BCE F} OKa3bIBAIOTCs COCEAAMU, YTO [O3BOJIIET BBECTHU IIPEJICTABICHUE O
[JIFDOHAX KaK KBAHTAX BOJIH B 'mBeToBOM mpoctpancTBe' W3 TPEX TOYEK.
[mpu F% MOZKHO TTPEJICTABUTH UMEIOIUM JIBE CBOOOIHBIE g-CBA3M LIS B3a-
HMOAeﬁCTEHﬁ ¢ TJIPHAMU JPYTHX U3MePOB. Ecan cautaTh, 9TO BO B3aUMOIeii-
CTBHHU C IPOTUBOIIIHOM CBOEr0 H3Mepa YyYacTBYIOT 00€ CBSI3H, TO IIOJIYYIHUM
COOTBETCTBUE 1IPEJICTABJICHUIM O B3aUMOJEHCTBUAX OCPEICTBOM IJIIOOHOB.
OOMeHBl MeXK Ty F]l ul}l ; DA3HBIX U3MEPOB JAI0T 6 ABYXUBETHLIX [JIIOO-
HOB. OOMEHBI MEZK Iy F} u H} OJIHOTO M3Mepa JalT 3 OECIBETHBIX TJI0OHA.
OHaKO B KBAHTOBOI XpOMOJIMHAMEIKE ITPUHUMAIOTCS JUIIb JABa U3 HUX, YTO-
OBl 00IIIee YUCJI0 COPTOB IVIIOOHOB COBIAJIO C PA3MEPHOCTHIO MPUCOETUHEHHO-
ro upejcrasienus rpyunb SU(3), K koropoii ux upussibiBaior. Cunraercs,
4TO TpeTuil 6eCIBETHHINA IVTIOOH 3aBUCUAT OT JIBYX JPYIUX U HE JIOJKEeH HAOJIIO-
narbes Ha onbite. B ypasaenusx e (8, 9) Tpu oOMeHa 1); eCTh AefCTBYyOMIe
B Pa3HBIX U3Mepax He3aBUCHUMbBIE IIyMbl. OHHU BCe JIOJIZKHBI YIUThIBaThcs. He
BHJIHO NMPHYUH, YTOOBI OTKA3BIBATHCA OT TPETHEro OECIBETHOrO IJIIOOHA.
Avmurynpt [ u 113 Brpoe 6oabie ammautyn 't u IT', uto coBnagaer c
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COOTHOIIEHUEM 3aPA/I0B 3JIeKTPOHA B HUKHUX KBAPKOB. KcIu 3apsapl qacTuit
OLIPeJeIdI0TCd aMIUINTY/aM TA3HOB, TO DJEKTPOH €~ B CBOeidl OcHOBE O;
umeer nporusoryen O = T2, a nosurpon e — razu O = T3, Tipnb gaor
UM TOYKY IIPeObIBaHUS, a CTPOCHUE YACTHUIL OIPEJIEIAeTCA OKPYKAIOITUMHI UX
asopavu 17 u JIT w3 -moneit, HaIeasIFONUX TaCTHIII MACCOH.

B (8, 9) mpejcraBieHbl TOJIBKO JUHEHHBIE ¢-CBA3u. Ho TII0OHHbIE B3au-
MOJIefiCTBYS HeJIMHeiHbl 1 TpebyIoT yuéra Koppessiiuii (7) 6osee BHICOKOTO
mopsiaka. CremyonuMu uayT OOMeHbl MeXIy ¢-CBa3smvu. J[ns ux ydéra B
(8, 9) mobaBAAIOTCS TPOU3BEIEHUST TITYMOB

3 3
Sy =8 +ei+ 95 Y L+ 90 Y Tium) Sty Tijr = —Thiij-
i=1 k=1
Sj = S; 4+ gln (1 + gami6;) + 6;(1 = gurymy))S; ST (30)
S = S 4 s — glni(1 + ga765) + 0;(1 — gurym;)IST ST,

3aech Tk U T; — eIMHHYHBIE ITyMBI oOMeHa Mexkay g-cBazamu. [Ipu cuip-
HOHI HeJuHEeHHOCTU ¢, ~ ¢ CYLIECTBYeT BEPOATHOCTb CKOPOTEYHOI'O Pa3pblBa
g-CBsI3€il C UX MepPeKTIoYeHneM Ha JApyrue |M II3HbBI, UMEOIIe B 3TO BpeMs
U B 3TOM MeCTe TaKWe YKe BPEMEHHO Pa30pPBaHHBIE (-CBSI3M.

Onnomectubie maper v; = Ijgglli msmepos j = 1,2,3, u3-3a ux mporu-
Boa3HBIX KOJIeOAHU, SIBISIOTC Ge3aMILTUTYIHBIME (6e3 9JIeKTpo3apsiia)
1M codeTaHMsIMHU, HO ¢ BHyTpeHHeil sHeprueil Koaebannit. EauncTBeHHBIMEI
CXOJHBIMI C HUMH YaCTUIAME SIBJASIOTCS HEHTPUHO . 3areM K HUM J0-
GapiigroTcs 2M Vj, = F'}gH}gF}ggH,ﬁg, 3um 12 = TiglllgTigTIiTLgTT g u Gonee
JUTHHHBIE codeTanus. C pocTOM JJIMHBI Ieleil 00JIbIeeT BEPOITHOCTD UX pac-
1aJa U MeHbIIeeT UX YUCI0. MexK Iy HUMH JOJIZKHBI ObITH IePeX0Ibl Ha OCHO-
Be HEJMHEHHOr0 0OMEHa, ¢-CBA3IME, BeAYINHe K YCTaHOBICHUIO JeTAIbHOIO
pasuoBecusi. COCTAB/IEHHYIO U3 HEHTPUHO YACTH CPEJIbI HAIETO MUPA MOXKHO
wazBarh HeiiTp (N), a coBokynHoCTh 3bupa D u Heiirpa — sdueii (ON).

[Tapbl 1/19HOB pa3HbIX K3MEPOB, CBA3aHHBIE OJIHO §-CBA3bIO, UMEIOT Y/IBO-
€HHBIe aMILTUTYIAbI U JiBe cBOOOAHbBIE cBA3M. OHU MOXOKU HA AaHTHUKBAPKHU JJ
C JBOHHBIM 3apgIoM. DTO BePXHHE KBAPKH U; = gl“jl-HgFjl-_lg =djdj_, u
UX aHTUKBapPKH U; = gH}HgH}_lg = dj1dj_q.

[TonyuenHble codeTaHmsi OTHOMECTHBIX TJPHOB (KBapKOB) BMecTe ¢ (GoTo-
HAMU Y COCTAB/ISIIOT 1T€PBOE MOKOJIeHNe TaCTUIL:

dj =1L}, d;j =T, u; = gL'} 19119, @ = gllj,, 115 g, v; = Ilggll,

et =0+, Of =Tiglyglyg, O =liglligll3g, 7.
Onu campie JIErKue, COAEPZKAT HAUMEHBIIEE HYHUCJIO CBA3AHHBIX TJIFOOHAME
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KBAPKOB M He pacrnanaiorcd. OHU IEepBLIME BBLACIWINCL U3 CJIAOCIONIEro
myma. Cuia ux g-cBsizeil COOTBETCTBYET YPOBHIO MIyMa MPH WX POYKICHUU
" ABJIAETCS HamOOJIbINeH Cpejin OCTaJIbHBIX B3auMojeiicTpuii. [Toaromy, Kak
OKA3aHO B KBAHTOBOW XPOMOJMHAMHUKE, OHU IIPAKTHYECKH He ObIBAIOT CBO-
OOIHBIMHU, OOBEIUHAS KBADKA B 3AMKHYTBIE COCIUHEHUS.

Crenyiomue moKoJIeHns COCTABISIOT 0OJIee TAKEIbIe TACTHILL ¢ BHYTPEH-
HUM IIPOCTPAHCTBEHHBIM CTPOCHUEM. COFﬂaCHO JAaHHBIM O CTPOCHUHN YaCTHUIL

, BCE OHH BKJTIOYAIOT B cebd KBAPKHU, HO UMEIOT HAMHOTO OOJIbINNIE, YeM Y
mux, Macchl. CrieoBaTe/lbHO KBAPKH COCTABJISIOT UX OCHOBHI O, JOMOJIHEeH-
Hble PA3HBIMH OKPY2KeHUsAME (JBOpbI /1), TAOIUMH 4aCTHIAM MACCY.

Ocnopbl gactui. Homoxkurenpubiii ion umeer ociosy OF = ud = O},
COBIIAIAIONIYIO ¢ OCHOBOH HO3MTpOHA. Takue yKe OCHOBBI MMEIOT BCE II0JIO-
KHTeJIbHbIE YaCTHUIDI. OHI/I Pa3HATCA TOJBKO ABOPpaMH. OTpI/IL[aTeJIbeIe qa-
CTHIIBI UMEIOT OCHOBY 3jeKTpona O, u pasuble jBopbl. HellTpasbHbIil nnox
umeer ocHoBy O = uti + dd, cpomgmiyiocs x mape [3¢I1° — cpasanmble mo-
JIeM TOJIAPU3allAd TISH W HPOTUBOrIPH. Bee HefiTpaabHble YACTHIB MMEIOT
TaKue OCHOBbI U pa3HbIC JIBOPLI. CyHJ;eCTBOBaHI/Ie HaCTul 11oJAep2KuBaeTCA
pPeaKiIuAgdMn O6MeHa BHYTpHU ABOPOB. OHI/I €CTh JUHAaMHYECKNE 1 CTaTUCTHUYIC-
CKHe 00bEeKTBI, MMEIOIAe CI0XKHOEe CTPOCHHE.

[Iporon mmeer ocuoBy Of = uud = I'jgl'5gl3gT 1 gllig = Ofv = OF, ae
HEeHTPHHO V CYUTAeTCd 9acThbio ABopa. OHA CBOAUTCS K OCHOBE MO3UTPOHA,
CBSI3aHHOI ¢ HEHTPUHHONU YAaCTHIO JBOpA peakIusMHu oOMeHa. JTO OTpazKa-
€TCA B peakKuAX C y4aCTUEeM IIPOTOHA

pv=-eT2u, pv=mnet, pe =nv, n=pe v,
KOTOpBIE BCEraa colep:KaT HedTpuHo. IIpuanny yeToiduBOCTH IIPOTOHA HAI0
HCKATh B CTPOCHUH €0 IBOPA U PEAKIMAX BHYTPH HeEro.

Heiirpon nmeer ocaoBy O, = udd = v;; = I3¢II® u crpoenne, nogoGaoe
OPOTOHY MJIM AHTHIPOTOHY, HO 0OJIee CJIOKHOE . BuyTpu npopa mporo-
Ha/aHTUIIPOTOHA BOKPYT PACIIOJJIOKEHHON B IEHTPE MACCUBHOIT 00/1aCTH Bpa-
maerca [13/1® co cBoum Gostee ErkuM okpyzKeHueM (II0 CYTH 9TO BpalleHue
9JIEKTPOHA / TIO3UTPOHA [0 OKPanHe MPOTOHA /aHTUIIPOTOHA). [Tpu 9TOM BKIa1
B CIINH HEATPOHA BHOCHUT JIUIIL PACIOJIOXKEHHBIH €ro meHTpe TASH, YTO JAET
cuut 1/2 OTHOCHTEIBHO ITOTO HEHTPA.

I/I3 OIIBITOB cjaeayeT, 94TO HYKJIOHBI UMECIOT IMOXOzKHe IIPOCTPAaHCTBECH-
HBbIe paclpeseeHus TI0THOCTeH Macehl n 3apana. OHu yOBIBAIOT OT Cep-
meBuHBl pasMepoM ~ 1070 M 10 rpammmsr ~ 107 M, WTo MHOrO 60JB-
e paccTogHuil Mexkay myrnamu r ~ 10722 M. [Ipeanoo:KuTeIbHo 9TO ecTh
4acTh JIBOpa HYKJIOHOB. B nporone 3apsiji HaXOJUTCs HE TOJIBKO B €ro I1eH-

36



Tpe, a pacupeaenét mo o0bEMY Ha PACCTOSHUU OT MEHTPa MHOTO OOJIbIIE 7.
B meiiTpone umerorcs 06J1acT MOJIOZKHUTEILHOTO U OTPHUIATETBHOI0 3apsijIa.
SHAYUT OH COMEPKUT TJI9H U MPOTUBOIIIH. Ha 370 yKa3pIiBaeT TakzKe pacmal
HeHTPOHA HA MPOTOH, JEKTPOH U AHTUHEHTPUHO (HeHTPHHO).

VCI0BHOCTH TIOHATHS CIUHA YaCTUTHL. 1. K. B HeHTpe 3apsarKeHHBbIX -
OHOB PaCIIOIOKeHB! TA3HB 1 win npotusormeusl 112, To 77 1 7~ q01KHbI
uMeThb criuH 1/2; a He HyneBoil, Kak ceifuac npuasaTo. Cnna 0 OTHOCHTENIBHO
MEeHTPA YACTUIL MOXKET HMeTh HeHTPaJbHbLIH MHOH 7', €CAH COCTABIAIONINE
ero ocrosy ['® u I1? Bpamatorcs BoKpyT ob1ero neaTpa. [pu strom camvm '3
[1° umeror ciwa 1/2. DTH Ke pacCyKAeHU OTHOCATCA U K GO30HAM €1ab0ro
B3anmoseficteua W+, W=, Z° koropeim npunucan coun 1. CTosib ke nc-
KYCCTBEHHBIM $BJISI€TCS [TOHATHE eJMHUYHOr0 ciinHa gorona. /s Becex arux
YACTUIL TEJTbII CITUH BBOIUTCS, YTOOBI CJ1e/1aTh UX DO30HAMH — IePEeHOCUYNKa-
MH B3auMojieiicTBust. KBapku F} 1 HEHTPUHO V; He UMEIOT CIIUHA BCJIe/ICTBUE
cBoeit omHoMepHOCTH. TOMBKO 2M U 3M HEHTPUHO MOTYT WMETh CruH 1/2.

Crpoenne TIKEIBIX JACTHII.

Ecsin 3cup ecrb obnacres nepexoja or I'll-mnaszmbr k I'll-rBepiu, To ero
BO3HUKHOBEHHE M PA3BUTUE MOTYT ITPOUCXOAUTH CJEIYIONIIM 00pa3oM. Y Be-
JITYEHUE CPEJHEr0 PACCTOSHUS MEXKIY TJPHAMHU COIPOBOKIAECTCH OCJIa0JIe-
HHUEM UX B3aUMOJEHCTBHUS, KOTOPOE MOCTEIIeHHO CBOIUTCS TOJHKO K B3aUMO-
JeiicTBHIO ¢ OamKaimuMu coceqsgMu. HadmHaercs u 3aTeM IPOIOJIZKAETCS
coeJHeHNe TA3HOB U MPOTHBOTI3HOB B nryrnsl [Pmll?, KoTopbie, Ipu mocTa-
TOYHOM UX KOJIMYECTBE, CTAHOBATCH 3jieMeHTaMu 3pupa. [oubl, ocrasiime-
¢S BHE IITYTTOB, B3AUMOJICHCTBYIOT Yepe3 &-1ojie nossgpusanuu. bébinas nx
4acTh 00beuHsAeTC 3TUM HojeM B napbl [BEI13 (nornbl, gatomue Marepun
MAaccy), a OCTAJIbHBIE OCTAIOTCS CBOGOIHBIMU.

CBobOOIHBIE TAHBI CBOUM &-TIOJIEM MOJSPU3YIOT TOTTBI U MPUTATHBAIOT
ux, o0pasysd CBg3aHHbIE CTPOCHHST — JABOPbLI. 1. K. IPUTSKEHUE TJIHAMU
MEHBIIIEET C PACCTOAHHEM, TO JAJbHUM TOrTIaM Jerde MmoKuJIaTh JBOP, 9TO
OTPAHUYMBAET €ro pa3Mep cBepxy. JacThb JPYTruX IOTTOB, B3aUMOJIEHCTBYS
¢ HIYTTIaMH, IIepegaéT UM CBOIO mojspusaiuio. OHU MEHBIICIOT B pa3Mepe
U CaMH CTaHOBATCS myrnamu. llonsgpusamnus myrmoB pacTéT U BBI3LIBAET
uzjiydenue E-1oJid, HaOJI0JaeMoe KaK 3/IeKTPOBOJIHbI. FKcm BO JBOpe vuc-
JIO TIOTTIOB MaJIo, TO UX B3aMMOJIeiicTBIE ¢J1abeeT U HEeCIOCOOHO TPOTUBOCTO-
SITh TePexoaM B IIYTIBI, YTO OTPAHUYUBAET pa3Mep JiBopa cauzy. [loaTomy
JIOJIZKHO CYIIECTBOBATH HamboJIee YCTONIUBOE CTPOCHHE TJI9H-IOTTIBI, CBA3Y-
I0IIas HEKOTOPOe KOHETHOe YUC/IO ITOTTOB.

[Torn ne nabsiojiaercst Kak 4acTUIA, HOCKOJBLKY €ro pa3Mep CJAUIIKOM
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MaJ JJIs 00pa30BaHUS BOJHOBOTO IMAaKeTa, BO3BBIMIAIONIErOCS HAJ IITYMOM.
Toabko ecau ero paauyc mocruraer > 10719 M, on mpossuTca B Buae mosu-
Tpouus. HecmoTpst Ha ¢BOIO He3aMeTHOCTH Tort, noguuHgionuiics ypK®T,
IMeeT MAacCy, CO37aéT BOKDPYD cebd ImoJjie TAroTeHus (CM. CJiefl. pasjien) u
Yepe3 Hero CrocoOeH BAMSATH Ha OKPYZKAollee BellecTRBO.

[TpoTon ecTh yeTofIuBLIN cTpoil TIH-TIOTTTBE. Macca mpoToHa ecTh cyMMa
Macc nornoB. Pazmep norma o keH ObITh MHOTO 0OJIbIIE pa3Mepa JIeKTPOHA
(< 10722 m) u MuOrO Menbiie paguyca nporona (~ 3-10715 m). B ném Bokpyr
kazkjoro ['? m [T° mmeeTcs maccuBHOe £-ToJie, Jafommiee M Maccy 3JIeKTPOHA.
CrenoBarenbHO Macca norna ~ 2m.. [Iporon, kak HabJro1aemMast 4acTuIa,
CYIIIECTBYeT B BUJIe BOJHOBOTO TTaKeTa MAaCCHBHOTO &-TOJIS W MMeeT Maccy
~ 2000m,. B ném m10/2kHO OBITH TPUOJIN3UTEILHO ThICAYA HOIIOB.

HeflTpoH cOCTOMT W3 TPOTHBOTAIHA /TAIHA, BPAIIAIOIIErOCs] BO BHEITHEI
06J1acTH TPOTOHA/AHTUITPOTOHA BMECTE CO CBOMM MACCHBHBIM IMOJIEM U JI0-
OABJIAONINI TPOTOHY MAaccy ~ 2M,, HAPYIIasd ero YCTOINBOCTb.

[Tormel BOKPYT TI3HA pa3pyMIAIOTCA-CO3JAI0OTCS W3-3a B3aMMOJeHCTBHSA
MezK 1y cOOOft U ¢ IPUTATUBAIOIIUM T/I9HOM. BHYTpH yacTun odOpasyercs MHO-
JKECTBO TJ[9HOB U TMPOTUBOTIYHOB ¢ W3OBITKOM OJHOTO U3 HHUX, B KOTOPOM UX
00'beIMHEHUS B TIOTTIBI CYIIECTBYIOT JIUIIb OOJIBINYIO 9aCTh BPEMeHM.

BoapmuHCTBO II9HOB U TPOTUBOTIYHOB COOPAHBI B IITYTIIBI, MEHBITUHCTBO
ocTaéTress CBOOOTHBIMU, a OCTAJIbHBIE 00OpPA3yIOT MOTTHI. ZlcHO, 9TO TOJBKO
JACTh UX CBA3AHBI T/IPHAMU B HYKJIOHAX. [lormbr, ocTaBimmecs HecBI3aHHBIMH,
HMPOSIBJIAIOT Ce0st 1ojIeM TATrOTeHusT. MOXKHO TTPeIIIoI0KUTh, 9TO UMEHHO HMHI
obpa3zoBana TémMHasg Marepus Beesernnoii.

[Tormel, sBASIACH KOJEOJIONUMUCS (BPAITAIOIINMUCS ) JUIOISIMUA, MOTYT
B3auMoIeficTBOBaTh MexK Iy coboii. KauecTBo u cusia B3auMoIeicTBHS, yCpe -
HEHHOTO TI0 TIePUOIaM BPAIIeHUii, 3ABUCUT OT B3AUMHOTO PACIIOIOXKEHUS TOT-
OB, PACCTOSIHUSI MEXKJy HUMH, WX Pa3MepPOB, HEPUOI0B M OTHOCHTETBHBIX
da3 Bpanienuii. B ciy4yae npuTsKeHus MOTTHI CIIOCOOHBI CBA3BIBATHCA U 00-
DPa30BbIBATH CJIOYKHBIE COEIMHEHNUsI, MIOMO0OHO TOMY, KAaK aTOMBI COeIUMHSIOTCS
B MOJIEKYJIBI TIOCPEJICTBOM B3aMMOJEHCTBHs BHEITHUX 3JIeKTPOHOB. OTcroma
CTIeYeT, YTO TEMHAS MaTepHUs JTOJKHA UMETh CJIOXKHOE CTPOEHHeE.

Bce Tskéible gacTuipl SB/IsIOTCS CTposiMu TdH-TorTbl. OHE PaCIosio-
JKEHHBI BHE 00JIaCTH YCTOWYHBOCTH, B KOTOPOH HAXO/SITCS TOJBKO ITPOTOHBI,
I PACHaAIOTCA HA MEHDIINE MOJA00HBIe CTPON (YACTHIBI) U/ WJIH N3/IyIeHne
6e3MaccoBBIX E-BOJIH (9JIEKTPOBOJIHBI). BBOAUTH pasHOOOpasHble KBAPDKH U
LJII0OHBI HeT HeoOxoaumocTu. JloctaTouno 1M ria3HOB F}, IPOTHBOLIIHOB H}
1 OJMHAKOBBIX ¢-CBsi3efl Mexky HuMuU. Pasjimdus 9acTull CBA3aHbl CO CTPOE-
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HASMH JIBOPOB, COCTABIECHHBIX U3 MOIMOB. B0O30HBI ¢1a00T0 B3anMOIeHCTBHS
U ME30HbBI HE BBIJICJISIOTCH U3 JIPYTUX YACTHUIl, KPDOME CBOEr0 Y4acTHS B MOJ-
JIEPIKKe CYIecTBOBaHUS sijiepHoit Marepun. CTpoeHne MIOOHOB U TAOHOB HE
nMeeT KadeCTBEHHBIX OTJIUYMiIl OT CTPOEHUA aJPOHOB.

JIBOpPBI HYKJIOHOB CYIIECTBYIOT BMECTE C OCHOBAMH OT HX POXKJICHHS B
COOTBETCTBYIOIIee BpeMs pa3Butusa Bceerennoit. OHU JTOJXKHBI HECTH B cede
OTIEeYATOK Cpebl TOoro Bpemenu. Cefiuac OHU ABJISIOTCS HEPEXOHON 00.1a-
CTBIO OT OCHOBBI Yepe3 OCTATOK CPeJibl UX POXKJIEHHS K COBPEMEHHON cpejie
Bcestennoii, cKpbIBAIOIMIMHCS 38 KaXKYIIUMCS MTYCTHIM MPOCTPAHCTBOM.

[n3H ¥ DpOTHBOTISH JIUIIL YCJIOBHO MMEIOT OJHO MECTO, a II0 CYTH OHH
eCTh TJI9HBI PA3HECEHHBIE HA TIOJOBIUHY MPOCTPaHCTBA (moa1060poTa 1o dhase).
Ecjin cpejibl B 91X MecTax pa3Hble, TO B3aUMOJIEHCTBUE IIHOB C HUMU TOZKE
Oyaer pasubiM. Toraa n 9acTHUIbI, OCHOBAHHBIEC HA TAKUX TJPHAX MOTYT OBITDH
pasubpiMu. T. K. IPOTOH W AHTUITPOTOH OCHOBAHBI HA TJIIHE M ITPOTUBOTIIHE,
TO TOJTHOU CUMMETPHH MEKJy HUMH MOXKET M He ObITb.

B gactunmax ¢ aopamu paszimane hepMuoHoB U 06030HOB yca0BHO. CTpo-
ro pepMUOHAMU SBJILIOTCH TOJIBKO TJI9HBI BCJIEJCTBUE UX I-OTTAJIKUBAHUS
(12), He MO3BOJISIONIETO UM OBITH B OTHOM MecTe. Bo30HAME SIBJISIIOTCS TOJIBKO
KBAHTHI £-BOJIH, T. K. OHU CBODOJIHO MPOXOJAT OJIMH CKBO3b Jpyroil. Hactu-
IIBI, COJIEPKAIIUE T/IPHBI U -T10JIA, He MOTYT OBITh TOJILKO (hepMUOHAMHE HJIH
0030HAMHE, XOTs BO3MOXKHO IPeodIalaHue TOr0 WX MHOTI'O CBOMCTBA.

O nonie Xurrca. /I ero cymecTBoBaHus TpeOyeTcs OTPUIATEILHBIN KBAI-
par Maccol wfn < 0 u ero ouenb HGOJIBINON HEJUHEHHBIT POCT € YBEJIUUCHUEM
noist Xurrca. Oguako npu w?, < 0 adgup nepexogur B ['Tl-nyiaszmy, B KoTO-
poil HEBO3MOKHBI IOJISPU3AIUS U MacCuBHBIE &-1101. [[oaTOMy COMHUTE/IHEHO
KaK CYIIeCTBOBAHUE OIIPeaessseMbIX STHM IojeM 0o30H0B Xurrca u HamoOy-
[lonycToyna, TakK W CBSI3BIBAHHUS ¢ HUMH MaCC JaCTHIIL.

T. K. Bce HAOJIIOJaeMBble YaCTUIB! (KPOMe IJIIOOHOB 1 HEJiITPHHO) Mpe/IcTaB-
JIAIOT OO0 BOJTHOBBIE MTAKETHI, TO MACCHI YacTuIl B JBUKeHun M 1 nokoe m
OIIPEIEIIOTCS 9aCTOTAMM MOIIEPEIHBIX BOJH HoJsrgpu3amnun (20)

w=w2 +¢ . M=w/? m=uw,/c"
OHE 3aBUCAT OT PACCTOSHUS 7 MEXKIY HIYTTaMH H YacTOTHI JUHEHHBIX KO-
sgebanuit ['TI-magTHUKA Wr. DHEPIUs MOKOsI MACCUBHONM BOJIHBI W), €CTh M-
nyJibC¢ KOJebaHusd TrJPHA U MPOTUBOI/RHA B IIyTrHe ¢ YI6TOM BJIUSAHUA CO-

CeIHUX MIYTIOB, a w%l — €TI0 BHYTpEHHAdd SHEprud. Ona CKJIaJIbIBa€TCA M3

BHYTpPEeHHel sHeprum wiy Konebanus csoboanoro ['l-magarHuka u yMeHbIa-
IOIIET0 e€ BJINSHHS cocelleil, BRIpaykeHHOro B BHJe mepenoca. Ilpn Goabmrom

nepenoce Bcd sHeprud I'll-masgTHrKa MOXKeT YHOCUTHCH M3 HIyT1a, odpas3ys
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BOJIHY € HYJIeBOil Maccoil mokos. [Ipn MaoMm mepeHoce pacxoayercss TOJTBKO
qacTh 3TOU SHEPrUu, U BOJHA OCTAETCH MACCHBHOI.

B adupe paccrosinne Mexk 1y IIyrmamMm odecinednBaeT CyIecTBOBaHIE JIHIITh
6e3MaCCOBBIX HOMEPEYHBIX BOJIH MOIAPU3ANUT Wy, = 0 (371eKTpoBOoJH). B6/IH-
31 CBOOOJIHBIX TJIDHOB MX BJIHAHHE YBEJIUUHBACT I U CO3JAET CTAIMOHAPHOE
MAacCCHUBHOE TIONepedHoe &-ToJie, KOTOPOoe JeIaeT UX HOCHTEISIMH MACChl H
ompeeasieT ux ApuxKenue. CaegoBaTeIbHO BCS MACCA, MATEPUH 3aKI0IeHa B
MO3UTPOHAX 1 JEKTPOHAX — MX MOYKHO Ha3BaTh Maccaonbl. OHE HaO/I01a-
IOTCSI TOJIBKO CBOOOIHBIMH, & CBS3BIBASICh B MOTTIBI CTAHOBATCS HEBUINMBI.

3apsizKeHHbIE YaCTHUIBI COCTOAT U3 MAacCaoOHa B IEHTPE U VIePrKHBAEMBIX
UM TOTIOB — MAp MACCAOHOB PA3HBIX 3apsIoB, KOJEOIOMuUXcs (Bparako-
mUXcst) BOKpPYT o6rmero nenrpa. HesapsizkeHHbIe 9aCTHIBL SIBIASIOTCS CUIIBHO
CBSI3aHHBIMH YaCTHUIAMU MTPOTUBOIIOJIOKHBIX 3apsi/IoB. boJbIias 4acTh Mac-
Chl MaTepuy 3aKJI0YeHa B MOrnax (HyKJAOHBI W TéMHasg marepwusi). Macchr
BCeX YaCTHI] CBI3aHbI C MacCCOH MaCCAOHOB U BBIPAXKAIOTCI depe3 wrpp. 1ak
KaK wry €CTh HanOOIbINasl YacTOTa KoJIeOaHuil II9HOB B IIYTITaX, TO CBA3aH-
Hag ¢ Hell macca mpp = wrn/CQ TOKe HauboJblnag. Ho oHa HegocTHXKIMa
u3-3a orcyrcrBus myrnos Bae ['Tl-cpemsi. CaemoBarenbHO He T0J€e W OO30H
Xwurrca, a I'T[-MagTHUK 1 MaccaoHbl €CTh UCTOYHUK MACC BCEX YACTHII.

[Io cBOEMY CTPOEHHUIO IMOTTBI KAYeCTBEHHO IOXO0KH Ha ATOMbBI, HO B HUX HE
9JIEKTPOHBI BPAIIAIOTCS OKOJIO TSIKEJIOr0 d/Ipa, 8 MACCAOHBI — BOKPYT ODIIEro
meHTpa. M3-3a cBoeil ¢X0XKEeCTH aTOMBI U OBl CIIOCOOHBI B3AMMOIEHCTBO-
BaTh U B OJIArONPULATHBIX YCJIOBUSAX 00PA30BhIBATH YCTONYMBBIE COEIMHEHN.

Eciu ecTb MOJIeKyJia WM CJOKHBIE MOJEKYJIsIPHOE coelnHenne (BIIOTh
JI0 TeJ1), TO TAKOe B3auMOJIEHiCTBIE MOYKET PUBECTH K MOSBICHUIO CBA3AHHO-
ro ¢ HUM ero 1mojo0us, IOCTPOEHHOro U3 HornoB. [locyie oTphiBa OT MOJIEKY.I
9TO MOJ00KME HAYHET CAMOCTOSITEIbHOE CYIIECTBOBAHHE 00OPA3yeTCsT MPU3PaK
MOJIEKYJIAPHOTO coejuHenns. Bo3MoKHO u 0OpaTHOE JIBUXKEHHE — OT IPU-
3paka K 00pa30BaHHOMY IO €ro 00pa3Iily MOJEKYJISIPHOMY COeINHEHHUIO.

OneHnM OTHOIIIEHHE MAaCC U Pa3sMepPOB OPOUT aTOMOB U CBSI3AHHBIX ¢ HUMHU
normos. Magcca aToMa m, paBHA Macce ero giapa, a Iorma m; =~ 2m.. T. e.
My /Mg ~ 1073 — 107°. Paguycel opouT R Opu oJMHAKOBOM HepHoJe Bpallle-
Husi T’ cBsI3aHbl ¢ IpUBEAEHHEBIMU MaccamMu m (R = R,, m = m, Jyist atomMa u
R = R;, m = 2m, Jyisi Mormna) u HaxoJATCs W3 TeopeMbl Bupraia. Kunerwnde-
ckas sneprus K = mv?/2 = 2r*mR?/T? nponopiuonajibHa TOTeHIMAILHOL
~ (1/R), ato maér R* ~ 1/m um R, = 2'°R, ~ 5R, /4.

Munamuka 1m razaos I (KBapK#), X CBA3aHHBIX OOMEHHBIM B3aHMOIEi-
CTBHEM T1ap Fjl.gH]l (ueiirpuno) u myruos [3nll® ue onpenenserca E-nojem,
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a ompejienseT ero. /s HUX MOHATHE MACChl, KAK XapaKTEePUCTUKH TIOJS 1O~
JISIPUBAIAH, OTCYTCTBYET.

TOK/ICCTBEHHOCTD W pas/Jmdne 4acTui. JacTHIB COCTOSAT W3 TI3HOB 12
u/ua npoTuBorsHoB I1° B KadecTBe OCHOBBI, Jaroleil 4acTHIE MeCTO, H
OKPYZKafOMNX UX ABOPOB. TOXKIECTBEHHOCTH I'[PHOB CBSI3aHA C OJIMHAKOBHI-
MH ONpeJeTEHHBIME KOJEeOAHUSIMU, COCTABJISIONIUMA WX TIEHTP, & Pa3andne
— € Pa3HOCTBI0 UX MeCT. JIBOPBI 9acTUIl OMHOTO POJIA, PACIOJIOKEHHBIX B
OJIMHAKOBHIX 00acTsX 3dupa, ToxecTBerubl. OTaIU4Ns IBOPOB MOTYT IIO-
SBJISITHCS MPU JIBHYKeHUW dacTul] B 3upe. Ho T. K. CKOpOCTH mepecTpoii-
KU IIYMOM MACCHBHOTO &-T10Jist BOJIM3M TPHA BeTUKA (3HAYUTEIBHO OOJIbIIe
CKOPOCTH CBeTa), TO 3TH OTJIUYUS TPEHEOPERKUMO MAJbl — JBOPHI TOXK/IE-
crBernbl. CJie10BATEIbHO PA3JIMYHE YACTUIL MTPUOIUKEHHO CBI3aHO TOJIHBKO
C OJHOBPEMEHHON PA3HOCTHIO HX MECT — TOXKJIECTBEHHBbIE (Hepas3IHduMble)
JACTHUIBI B PA3HBIX TOYKAX TPOCTPAHCTBA-BPEMEHH, KAK MPUHITO B (hU3UKE.

[Iupamusa sHEPTHIT YaCTUIEI IMeeT deThipe cTynenn. Kaxknas 6osee HU3-
Kasg CTyIeHb 0Opa3yeT OCHOBY Jjist OoJiee BBHICOKON M uMeeT OOJIBIIVIO dHEP-
IUI0. DTO SHEPIUH NIyMa, CHUHA, MACCHl U JIBUKEHUS, U3 KOTOPHIX (PU3MKA
UMeeT Je0 ¢ AByMs nocsaenauvu. OCHOBAHUEM MUPAMUIBI ABJISETCA OECKO-
HedHas SHeprud myma B pacmpeesnennu razaa 2. Ilym comep:xut "Bpa-
menue' BOKPYT IEHTPa paclpeiesienus, Opeedioniee CluH 4acTuibl. Ero
SHEPTHsl CTAHOBUTCH IHepruell cnmua. Pa3peykeHne 3pupa, BbI3BAHHOE Ha-
XOJSIIUMCS B IIEHTPE YACTUIIBI TJIIHOM, CO3JAET YCJIOBUS JIJIsl CYIIECTBOBA-
HUsT MACCHBHOTO &-TIOJIA. A €aMO 3TO TOJI€ BHI3BIBAETCS yYKA3aHHBIM BBITIE
"spamenunem" . Tlpu pacmpocTpaneHnr MacCUBHOTO &-TIOJIS OJHA YACTH €r0
SHEPTHUH TepelaéTed OT yiKe BO30YXKIEHHOTO IIYTTa COCEJHUM IIyTTaM, a
JIpyras OCTaéTcsd B HEM W CTAHOBUTCS SHEPIHei-MacCcOil JacTHUIIBI, KOTOpas
MPOSIBJISIETCS KaK €€ WHePITHs.

AHHUTHISIUS 9JIEKTPOHA W MO3UTPOHA HE €CTh WX MpeBpaiieHue B ¢o-
TOHBI. [19H ¥ TPOTUBOTIYH TUX UACTHI], B 3aABUCUMOCTH OT YCJIOBHUil cO/n-
JKeHWs, 00beIMHAIOTC B IIYTT WX IO, 9TO COIPOBOXKIAETCS U3y IeHHEM
37eKTPOBOJH. B 06paTHOM Tpoliecce CUIBHOE JIEKTPOIOJEe PA3pPyIIaeT 3TU
coenuHenus, a pblaenupmmeca 12 u I1° 06pasyoT BoKpyTr cebs IBOPBHI Mac-
CUBHBIX &-110J1efl U CTAHOBSITCS JIEKTPOHOM U TO3UTPOHOM.
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Tarorenne

B pasmere "MaccuBroe mosie" mokazaHO, 9TO BHYTPH YACTHIL BOKPYT
MEHTPAJIBHOTO TJ9HA CYIIECTBYIOT CJIydaiiHble cTOsIne cepudecKue Iole-
pedHble BOJHBI PaJWaIbHBIX {-MOJIEll, UMEoIye MPUINHY B IIyMe TI9HA 1
JIAIOIIME JacTHIaM Maccy W crnuH. VX amminryga yObBaeT ¢ pacCTOsTHUEM
ot nenTpa raaua. Cormacuo pazzeny "Tloasgpuszamus'B TakKuX MOJIAX COCEI-
HUE YTl PaIralbHO KOJIEOJI0TCI U TOJIBKO B CPEHEM UMEIOT MOCTOSTHHOE
MeCTO IpeOBbIBaHUsI, OTpeie/isieMoe YCIOBHeM PaBHOBECHS.

[Iycts fr 1 fi1 0003HAYAIOT AMIIOJIBHBIE CHJIBI, KOTOPBIE JefCTBYIOT COOT-
BETCTBEHHO HA TJ3H M HPOTUBOLIAIH JAHHOIO IIYIHA CO CTOPOHbBI OJHOIO M3
cocenmHuX Mo paamycy mryrmos. Torga B oboznauenusx (13) fr = f.(ry — £/2),
fu = —fr(r1 + £/2), a nBuraromast ganusiii myri cuna f1 = (fr + fi)/2. lpn
£ < 11 1 pasnoxkenun cust B pai f1 = fr(r1)€61 /2, tae £ u & — nonsipusa-
UK JAHHOTO U cocenHero myrnos. C Apyroil CTOpOHBI Ha JTAHHBIH MIYIT CH-
J0it fo = f(r2)E€9 /2 meficTBYeT cocell, HAXOISAMIUNCST Ha PACCTOSHUU Ty OT
JIAHHOTO M MMEIOIUA nossipu3anuio &. PaBHOBECHE MEKy STUMH CHJIAMU
Jrr(r1)&1 = frr(12)&2 ONpeAEIAIOT MECTO JAHHOTO TIYTTA MEKIY COCETHUMH.

Ecyin mosisipusanuu coceHUX Iy TIIOB PABHBL £ = &, TO T = I'y = I, TAE T
— HEBO3MYIIEHHOE PACCTOSTHHEe MexK Iy myrnaMu. Eciu HeT, To 1151 yObIBato-
IIeil ¢ PACCTOSTHEEM CHJIBI T-B3aUMOIEHCTBIS 00pa3yeTcs CABUT A B CTOPOHY
Menblieit nosisipusanuu. [lpu h < ru & > &, kormary =r + h,ary =r — h,
YCJIOBHE PABHOBECHS €CTh

[frr(7) = frme(P)B]EL = [frr(7) + frrr (7)o, TAE froe(r) = dyo frr (1), W caBUT

f’rv‘(r)(slg _ 2frr(r) _ §2 - gl _ 62 + 51
fr’r"r'(r)f Rf’r'r“r'(r) 7 2 2

3sech 0; — pemérovyHas NPOM3BOAHAS B HAUpAaBAeHWHU MoJsipudanun. s
cepuueckoit cuvmerpun nosie £ ~ 1/R? u §,¢/6 = —2/R, tae R — paccro-
ssaue oT TeHTpa dacrunbl. Cxarme ['Tl-cpenbl cmamaer ¢ paccTOsTHHEM Kak
MOTEHIHA YJEKTPOIOJIA WK oS Tsarorenus. V3 coornomenwii (13) ciaemy-
et frr (1)) frrr(r) = —1r(2r% — 3)/[(2r* — 3)? — 12]. B acbupe r* =12 = 5/2,
frr (1) frrr(r) = 0,31 h = —0,6/R.

CymecTByolee BOKPYT TJA3HA MACCUBHOE {-110/1€, OTBETCTBEHHOE 33 Mac-
cy u cnuH, pajuaibHo ckumaer ['Tl-cpeny 3a cuér eé pacTsizKeHUs Hero-
CPEJICTBEHHO Y TI3HA. DTO CXKATHE He 3aBHCHT OT 3HAKA 3apsijia JacTUIisl. B
obsractu oyt Kystona cxkatme MOJIZKHO OBITH MHOTO MEHBIIIE PACTSIKEHWUS,

h=—

obeciiequBaoNIero cyecrsoBanue maccupioro E-noJisi. Ho ecsim MmHOXKecTBO
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3apAXKEHHBIX YACTHUIL YJIEKTPOHEHTPATbHO, TO BIAJH OT HErO 3JIeKTPOIOJIS
OTCYTCTBYIOT, & HOJISI C2KATHUS CKJIAIbBIBAIOTCS U MOTYT CTAHOBUTCS 3aMETHBI-
MU J1isT OOJIBIITOTO KOJWYecTBa JacTuil, obpasyonmx maccy tea. Cenosa-
TeJIbHO TSTOTEHNEe BBI3BAHO CTOSYINUM PaIHaTbHBIM {-TI0J1eM BOKPYT IJ/I9HA, a
e Maccoit. Ho sto £-moJsie m Macca, uMest OJHY NPHYUHY, OTHO3HAYHO CBA3a-
HBl. BOoT moueMy HpHHATO CUNTATH MACCYy NPUIHHON TATOTEHHS.

Ha 6osbiniom paccrosiaue oT HeHTpa HyKJIOHA (OCHOBHOTO HOCHTEJIs Mac-
ChI), HO €I1I¢é BHYTPH HEro, MacCHBHOe {-ToJte epexouT B 6esmaccoBoe. Torma
MPU JIBUKEHUN TeJI, COCTOSAIINX W3 HYKJOHOB, CKOPOCThH MEPECTPONKN TTOJIsT
cxkaTusg pHupa JTOMKHA B OCHOBHOM COBIQJIATh €O CKOPOCTBIO CBETa. DTO
VTBEPIKJICHHE COTJIACYETCsI ¢ ACTPOHOMUYECKUMHU HabmonenusiMu 38| rpasu-
TAIMOHHON BOJIHBI BMECTE C 3JIEKTPOBOJIHOIA.

Takumu ke cBoiicTBaMu, Kak y MoJig cxkatusg ddupa, od1agaer rpaBuTa-
s B Teopun DitHTTeina |3|. FIX MOKHO OTOXKIECTBHTD, €CJIN 33 TOTEHIHA
TATOTEHUA B34Th HAIPABJICHHBIH MO PAJIUYCy OT Tejaa BeKTOp h m3aMeHeHHs
PACCTOSHMS MEKIy HIYyTTaMu. Toraa Tarorenue ecTh cxkaTue 3pupa — 4acThb
ero gedopmanuu. DTO MOATBEPKIACT METPUIECKHUIl XapaKTep I'PaBUTAIUU
DitHimreiiHa n 26T eMy 0DOCHOBAHHUE.

DJIEKTPOBOJIHBI U 9aCTUIBI B TOJe TsiroTennsd. Ix ¢cBoboaHOE NBUKEHWE
OTHOCHUTEJILHO (pUpa eCcThb MepeHoc BO3MYIIEHHS E-T0JIs1, 3aBUCAIIII OT pac-
CTOSHUI MeXKIy TIyTTIaMu 1; = 1o + h; BIOJb oceit-uamepoB ¢ = j, k, . B cxka-
TOM pUpPe COCETHUM ITYTIaM HepegaéTcs DOIbINe SHEPTUH, YTO YBETUINBAET
CKOPOCTH TTEePEHOCA.

BekTop ckopocTH 371€KTPOBOJIHBI C MEHSIET CBOU BEJIMYHHY W HAIPABIIE-
HEe. BMmecTe co CKOpOCTBIO MeHdAeTcd JacToTa. B omHOMEepHOM ciydae
w(rg+ h) =c(ro+ h)g= (c+d.c-h)g=w(ro)[l + (d.c/c)h], c = c(rg).

T. k. dyc < 0, 10 ¢ 1 w B oste Tarorenust (h < 0) pacryTt.

JIBuzkeHne n CBOWCTBA YACTUILI, KAK [TAKETA MOIEPEYHBIX BOJIH, OIIPe/Ie-
nsotes ypasaennem (21) w? = w? + c2¢?, B koTopoMm uacTora Ko/ebanuii B
myrne (15) w?, = wi — 4¢? — 2¢7. B cxxarom TarorenneM 3dupe, mo cpas-
HEHHUIO € HECXKATBIM, YaCTOTHI W, ¥ W BMECTe ¢ MacCaMH YaCTHUILI B IO-
Koe m = w,,/c* u apmwkennn M = w/c? CTAHOBATCS MEHBINE, a CKOPOCThH
V = c*q/w n ornomenne mace M?/m? = w?/w? =1+ ?¢*/w?, — Goabie.
BekTop ckopoctu V MeHgeT CBOM BeJIWYUHY U HanpasjeHue. rak
TSTOTEHWE YBEJININBALT CKOPOCTH, & MACCHI YMEHbBIITAET.

T. x. yckopeHHe 3JeKTPOBOJIHBI WJIH YaCTUIIBI Hponopiuonaabuo grad h;,
TO h jgeficTByeT Kak BEeKTOPHBIN MOTEHIIMA OIS TATOTCHNS, UMEIONIUN TpH
cocrasjsitoniue h;. OH MeHsIeT METPUKHU KazKJIOH OCH, a 4epe3 HUX KPUBU3-
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Hy TPOCTPAHCTBA M METPHUKY BPEMeHH, ompenesemyio dactoroii w(h) Bos-
HOBOTO makera. Kcju He 3aMedarb 3pup, TO JABUKEHHE TEKTPOBOIHBLI TN
JACTUIBI TPOUCXOMUT KaK-ObI B KPHBOM IIyCTOM IIPOCTPAHCTBE-BPEMEHH.

OdeHb cHJIbHOE MOJIe TATOTEHUS 3HAYUTEJHHO YMEHBIIAET PACCTOAHHS
MEXKJTy IIIYTTIaMM, 9TO TPUBOIUT K (razoBomy nepexony dcbupa B I'll-miazmy.
B meit HeT mosis moasgpu3amym, caeI0BATEIbHO OTCYTCTBYIOT 3J€KTPOBOJIHBI
1 YaCTUIBL. DTa 001aCTh BBIIVISIUT KaK Y€pHast AbIpa. 1ormga MOXKHO IIpe-
MTOJIOYKUTD, UTO YEpPHBIE JbIPHI ecTh obaacTu ['TI-mmazver, obpa3oBapimiecs B
dupe MO IeHCTBHEM CHIIBHOTO TTOJIST TATOTEHUSI.

Onenka BeJMYUHBI OCHOBHOM YacTOTHI. 3a HAAMIYMHYIO SHEPIHUIO TIdHA
GepéTcsa oObIYHOE 3HaueHHe HepruH Kpapka ~ 107! OB, KoTopoe cunuta-
eTcs NOpsi/ika dHepruu mryma. Ho 1ryM BO3BBIIAETCS HAJL MJIATO OCHOBA-
HUS, KOTOpPoe Ha ~ 46 mopgiakoB ero MorirHee. Torjga W3 SHEPrUH TJDHA
hQ = 7-10715Q ~ 10* 3B cirenyeT onenka ocHOBHO# dacTOTH w ~ 100 T'm.

Ddup abcosoTen MOTOMY YTO HAXOAUTCS B aDCOJIOTHOM IIPOCTPAHCTBE
MecT radHOB. Ho HabmogaTenb winm mpuOOp MOTYT JABHIAThCS TOJIBKO € CO-
CTABJILAIOIIMMHI T€JIa YACTUIAMHU, KOTOPBIE SIBJISIIOTCS BO3MYIIEHUAMEU dPUpPA.
B compoBoxkpatomeit mx cucreMe OTCIETA T'PYMIOBAas CKOPOCTH MAaCCHBHOM
BOJTHBI BMECTE ¢ MMITYJIbCOM KBaHTa (BOJHOBBIM BEKTOPOM) CTAHOBSTCS HY-
JIEBBIMH, & 9aCcTOTa M MacCa YMEHBIIAIOTCA JI0 3HAYEHUN COCTOSHUS ITOKOS.
CKOpOCTH ¥ UMITYJIbCHl KBAHTOB JIPYTHX 4acTul] (KpoMe HeHTpuHO) u bo-
TOHOB OTCUHUTBHIBAIOTCA OT HYJs. T. €. CKOpOCTh 000t MaCCUBHON YaCTUIIBI
BCer/Ia, MeHbIIe MPeJIeJbHO CKOPOCTH IepeHoca (¢Bera), a CKopocTh (hOTOHA
pasaa eii. CiemoBaresbHO B JIFOOOH JBMKYINEHCS ¢ HAOIIOIATEIEM CHCTE-
Me OTCYETa CKOPOCTH CBeTa MOCTOSHHA M BCe (PU3UIECKUE MPOIECCHl IIPOTe-
KaIOT OJUHAKOBO — JIBUKEHHE OTHOCUTE/JIHLHO, KaK M YKa3aHO B MeXaHHUKE
Oitnmmreitra. Harr Mmup ecth Bosmytienne >pupa 1 MOTOMY OH OTHOCHTEJIEH.
ABcosrroTHOCTD 3upa CKPBITA 38 OTHOCUTEJIHLHOCTHIO MUPA.

Beenenmas (nam nabIionaeMslit MED) 00g3aTeAbHO COAECPIKAT MACCHBHBIC
YaCTHUIBI, OCHOBAHHbBIE Ha CBOOOJHBIX I/IdHAX. [Jo3TOMYy OHA 3aHHMaeT JIUIIb
JacTh Gupa, B KOTOPOUR UMEIOTCST 3TH IPHBI. Teopun npoucxoxpenus Bee-
JIEHHOH U3 TOYEYHOTO B3PBIBA COOTBETCTBYET MECTHBII BHIOPOC MHOXKECTBA
IJISHOB, KOTOpbie 00pa3oBaJiu paciupsiionieecs: B 3cupe odsako. Eciu B Ha-
qajie PACIIUPEHUs] PACCTOSHUE MEXK/Iy HHUMHU I° HE TPEBBIIIAI0 HAMHOTO UX
pasmep 7o (Hanpumep 7 < 10%7), To oHE He GBLIM CHOCOGHDI TIOJIIPU30BATD
BOKPYT cebdst 3pup Ha JTOCTATOYHO OOJIBINOE PACCTOSHUE, YTOOBI CO3IATD IIPH-
BBIYHOE JIJIsl HAC 3JIEKTPOTIOJIE IEKTPOHOB/TIO3UTPOHOB. OJTHAKO TI9HBI MOT-
JI pacTsHyTh 3pup BOmM3M cedst, nepesectu ero B ['II-rBep/ib ¢ MaccuBHbIMEI
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BOJTHAMY TTOJISTPU3ANAN U MTOTYYUTDb MPU STOM MACCY, COOTBETCTBYIONTYIO MAaC-
Ce 3JIEKTPOHA M. TaK B MOJXOMAINIMX YCIOBHUAX BO3HUK/JIU MACCAOHDLI, MMe-
o1e Maccy 6e3 JlaJibHero 3JeKTPOIOoJIsi. BOJBIMHHCTBO UX 00beTNHUIUCH
B mornel. B majbpHelimem cymma X Mace maja Maccy Bceesrennoit, BKarodas
SIBHBIE MACChl YaCTHUI ¥ CKPBITYIO Maccy TEMHOU MaTepuH.

[Tone Tarorenus: oTHOCUTENHHO. MacCUBHBIE Tea ABISIIOTCS BO3MYIIEHU-
aMu aDCOJIIOTHOTO 3UpPa, & MOoJIsd TATOTEHUs MOJACTPANBAIOTCS MO, UX JIBU-
JKEHUe C MOMOIIBIO 3JIEKTPOIOd. Bech 3TOT MPONecc OTHOCUTEIEH, ITO M03-
BOJISIET WCTOJIb30BATH TEOPUIO TPABUTAIMN JHHIITEHHA.

Heifirpuno abcosifoTHO, T. K. COCTOUT U3 Tap TIYHOB U MPOTUBOTI9HOB Oe3
yJyacTusd £-TIOJIST U He SBJIgeTCs BO3MYyIeHueM 3dupa. Ddueit abcoroTen Kak
cyMMa abcosiioTHbIX HelTpa u 3dupa. T. 0. HEUTPUHO ABJIETCH NPEJICTABY-
TesieM abCOJTIOTHO cpeJibl B HAIIEM OTHOCHTEILHOM MUPE.

Cruxum u ypoBHU MaTepuu

Cocrostnue cpesbl Harero Mupa (3up) 3aBUCAT OT PACCTOSHUN MEZKLy
MyImaMu U UX HOJdpu3anuu. B HeBO3MYNIEHHOM COCTOSHUU, KOTJIA IOJIs-
pu3anud NIYTIOB OTCYTCTBYET, TJI9HBI W MPOTHBOTYHBI B HUX COBMEIIEHHI.
Ux cymma dBiseTcd IMyMOM W He WMeeT CTPYKTYpHl. 3 obmenpuHSTHIX
cruxuii (OroHb, BOJA, BO3IYX, 3€MJis) 9TOMY OOJIBIINE BCETO COOTBETCTBYET
OeccTpYKTypHasl CTUXHUsI OTHs. B BO3MYIIEHHOM COCTOSIHMHM 3(DUP SIBJISIETCS
npomMezKyTounoit cpeqoit mexay ['Tl-mia3zmoil, KaK HOHM30BAHHBIM TA30M, H
['TI-tBepabio. Torma emy coorBercTByer ctuxust Boabl. Ocraércs ['I-mrazmy
u ['[I-TBepap OTOXKIECTBUTD CO CTUXUSIMU BO3AyXa U 3eMu. OKOHUIATEIbHOEe
cooTBeTcTBUE cocTogumil 3cdupa n cruxuii: [Ilym ecTh oroub, MOJSpU30BaH-
ublit 3pup — Boja, ['l-mazma — Bozayx, I'll-TBepib — 3emiis.

[ITymbr OBIBAIOT pasHBIMH. DTO Bceobmmii mrym Beero, HeompeaeaéHHOM
IyM Ha OCHOBHOMW e TMHUYHOI YacToTe (cymmvma Kosebanuii 60JIbIIX 9acToT),
ero OeckOHedYHOe pas30neHyne Ha He3aBHCUMBIE NMyMbl KOHEUHBIX JHCHEPCHil,
X U3MEHEeHHe BO BPEMEHW JI0 COBPEMEHHOTO IMyMa W IMyM CYMMBI TJI9HA U
HPOTUBOTJIPHA B iyruax. Kaz oMy u3 HuX MO2KHO 1IOCTaBUTH B COOTBETCTBHE
CBOIO 0COOYIO CTUXWIO OrHd. TakK yTBepzKaeTcd pasznoodpasue Orms.

[MTym e GecniopsjiovueH, a gBJISETCA MTPOBOJHUKOM B3aUMHBIX BJIMSTHU
HAIllero MHUpa U JPYTUX MUPOB. DTO MepeHocuTcd Ha cruxuio orag. [lym
SBJIIETCS OCHOBOU U3 KOTOPOH POYKIAIOTCA MUPHI U B KOTOPYIO OHU BO3Bpa-
maiorcs. Yepes3 oroub MoMIepKUBACTCS HAITYMHOCTh MHPOB, CBI3AHHBIX B
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eJMHYIO TEelb CYIECTBOBAHUS U KU3HHU. Uepe3 MyM OCYIIeCTBISETCS B3au-
MojieficTBIEe BHYTPH KazKJ 010 Mupa. CTuxust OrHsi €CTh OCHOBA MUPOB, HEOD-
XOJIMMOE YCJIOBHE UX CYIECTBOBAHUSA W PA3BUTHUS.

[IpoBenénnoe wuccsaemoBanue CTPOCHUs HAIEr0 MHUPA IO3BOJISET BbIJIE-
JINTh CeMb YPOBHEH MaTepuu, B KOTOPBIX KaXK/IbIH CJIeIY IO SBISEeTCS OC-
HOBOU U MPUYUHON HpeIblIyIIero:

1. TlnorHas Marepus (9acTHIb!): 3BE3/bI, MIAHETHI, HPEJAMETHI U TeJa M0-
CTPOEHBI U3 MOJIEKYJI, MOJIEKYJIbl — W3 aTOMOB, aTOMbI — U3 YACTHIL.
2. Tloste monstpuzarun 3pupa. OHO COCTOUT N3 MACCUBHOW YaCTHW BHYTPHU Ha-
cTuI 1 6€3MaCCOBOTO TEKTPOIIOJIS.
3. I[Tonte necdbopmarnu apupa: CoiicTBa OJIEH MOMIPH3ANUN 3aBUCIT OT pac-
CTOSTHUIT MEK/Ly HIYI'IaMi — MEeTPUKH (pupa, BKIYAs [10JI€ TITOTEHHS.
4. TTapsl TAPH-TIPOTHBOTPH, CBA3AHHBIE MOJEM MOJsIpU3AUy (TOITbI) W
B3aMMOJIEfiCTBHEM 1Yepe3 TryM (TITyTTIb).
5. [maubr (TpéxMepHble W OJHOMEPHbIE) — KUPIUYUKYA MATEPHH MHDA.
6. ['apMOHUKY B3SATOM 38 €IMHUILY OCHOBHON YaCcTOTHI, U3 KOTOPBIX CTPOUTCSI
MHOKECTBO MUPOB, BKJIIOYasi HAIIL MUP.
7. Beamacmrabroe u3menenne — Beé, koropoe Huuto (ITycrora, A6cosior,
Ennnoe, Hepbipazumoe, ...), obbenunsitoniee Geitne u HebbiTHE. B HEM BCe
MHUDPBI CBSA3aHBI B €JUHYIO CAMOYIIPABJIIEMYIO Iellb BeYHOH YKU3HH.

B 930TepuKe NPUHATHI CeMb YPOBHE(l cTpoenns desioseka [39):
. ®uszuyeckoe tesno(Crxyaa mapupa).
. Ddupusrit apoiinuk (JInura mapupa).
. Acrpanbnoe teno (Kama-oka. KuBoTHAs JIyIIa).
. MenTasibHOe Testo (HU3IMUit yM, paccy/IoK).
. Ilpuununoe Tesio (KapMUYecKoe, BBICIIHI yM).
. Testo 6nazkencrsa (Byaixu, mpocBeTieHne, JIyXOBHAS JTYIIA).

~1 O U i W N -

. Arva (Arman ecth Bpaxman — BedHast, Henm3MeHHas JlyXOBHAsI CYIIIHOCTb,
ocos3HAIMH AOCOTIOT, KOTOPBIN OTOXK IECTBIAETCS 31€Ch ¢ aDCOJTIOTHBIM ObI-
TrHeM — BpaxmanoMm).

Torna ToHKHE YPOBHH YeJIOBEKa IMOCTPOEHBI U3 MAaTEPUU TaKUX YPOBHEil:
1. IltoTHOE TEIO CTPOUTCS U3 YACTHUIL.
2. Ddupnoe Te10 — noJje nosgpusanuu myrnos. OHo obecrmednBaeT u onpe-
JleJIgeT TJIOTHBIE TeJIa.
3. AcrpasibHoe Tesio (kenanuii) — mnedopmaius sdupa. 2Kenanns npursru-
BaloT. TakxKe JieficTBYeT 10JIe TATOTEHHS.
4. MenTaapHOe TeJIO — NIYTTHI U TOTTIHI.
5. Ilpuynnnoe Te0 — rdHbI
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6. Tesro GazkeHCTBAa— TAPMOHUKN OCHOBHOW YACTOTHI.
7. Arma — Ge3macmrabHOe m3MeHenne, uan Beé, KoTopoe HU4TO.

SaKJI4YeHue

B dwusuke cymecrByer npegcrasienne o "reopum Bcero" Kak mesm, K
KOTOPOH HAJI0 CTPEMHUTHLCA depe3 0000IeHne u o0beJnHeHne yyKe HU3BeCT-
HBIX TEOPHil B3aNMOEHCTBHUIT 1 CTPOEHHsT MaTepnH (CyIeCTBOBAHUST TaCTHIL).
[Ipenmaraemas 3mech paboTa TakzKe CAeJaHa PAId STOH IEIU C HaIe:KI0i
Ha eé JIOCTH:KeHHe, HO IPYIuM IyTéM. BMecTo maabHeRIero orBaedeHus u
VCJIOXKHEHNST MAaTeMATUIeCKUX OPYIMil UCCIeIOBAHMIA, YIIOD CAeIaH Ha HONC-
Ke OTHOCHUTEIbHO MPOCTOT0 OCHOBAHUSA (DU3UKH.

Taxoit BEIOOP TpebyeT cOOTBETCTBYIONEro Ha3BaHus Teopun. OHO JTOJIK-
HO OBITH IIOXOKe Ha OOIMEIPUHATOe Ha3BaHWe 'Teopus Bcero" u oTaImvYaTh-
cs oT Hero. BeIparkeHme maHOPHS yIOBIETBOpsieT 3TUM TpeGoBanusaM. OHO
COCTaBIEHO W3 JABYX ApeBHerpedeckux cjos: 'man" — Bcé m "teopus" ot
KOTOPOTO B35Ta BTOPasl MOJOBUHA Ha3BaHUs. B MpOBEIEHHOM HCC/Ie10BAHUT
TOJIBKO HAYATO BXOZKJIEHWE B OOMIHPHYIO 06,1acTh 910t Teopun. OCHOBHI Ta-
HOPHH HPEIarafoTcs M UCCAEAYIOTCSI C IOMOIIBIO MPOCTEHIINX JOCTYIHBIX
Mojeseit ¥ HaJle:KI0i Ha UX JAJIbHERIyIo OoJ1ee MOJIHYIO pa3paboTKYy.

3a OCHOBY OIHCAHHS MATePUU MIPUHUMAETCS U3MeHEeHHe, IIPeICTaBIeHHOe
qepes3 nepeMeHHbie JefiCTBIe-BPeMsl i He NMEOIee XapaKTePHbIX MACIITabO0B.

Beamacmrrabroe n3menenne MOXKeT OBITH BBIPAXKEHO C HOMOIILIO HECKO-
HEYHOTO MHOYKECTBA MTPON3BOJIBHBIX 0€3MACIITA0HBIX TTOBTOPOB, B3SITHIX B BH-
Jle TApMOHUK, B KOTOPBIX 9HEPIHUsl SIBJISETCS CKOPOCTHIO m3MeHeHns. OHH 110-
JIVIMIN Ha3BaHME I'PH — TapMOHHKA IeHCTBHE-IHEPIHs, a MPOTHBO(a3HAsI
eft — uporuBorH. J[is HEX BBEJIEHO OTHOCHTEJIBLHOE MECTO — Hada/bHAs
daza kosiebanms. ['apMOHUKa CcTajia OCHOBHBIM 3JIEMEHTOM OINHMCAHUS MaTe-
pUU U 3aMEeHHU/Ia MATEPUATbHYIO TOUKY.

B orcyrcTBHE BBIIEIEHHBIX YACTOT I ONUCAHKS MAaTEPUU MOXKHO BbI-
OpaTh JI00YI0 M3 HUX, B3AB €€ YaCTOTY U IMEePHOJ, 38 € IUHUILI U3MepeHHs Ya-
CTOT U BpeMeHu. B MHO2kKeCTBE TaKUX rapMOHUK €JMHUIHON JacToThl () = 1
JIpyTUe TapMOHWKH MEHBITNX 9acToT () < 1 OMHCHIBAIOT CPEIHION JUHUIO,
a 60spimux () > 1 — myMm KosiebaHuit, KOTOPBIii CTAHOBUTCS OCHOBHBIM CO-
cTossHHEeM Mupa. Heonpeme i€ HHOCT BeJIMUMHBI IIIyMa, 3aMeHsaeTCss OeCKOHed-
HBIM MHOZKECTBOM HE3aBHCHMBIX IIYMOB C JIIOOBIMU KOHEYHBIMHU TUCIIEPCHSI-
MH, OJUH M3 KOTOPBIX €CTh HOCUTEIb HAIIEr0 MHUPA.
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YeroitunBas CTPYKTYpa MUPA MOCTPOEHA U3 HAITYMHBIX [9HOB, BOZHUK-
UX [P OCJAA0JIeHUH TIIyMa ¢ coXpaHeHueM ero ¢urykryanuii. Koppesanuu
MezKJly TIPeKie He3aBHCHMBIMH TITyMaMH Pa3HbIX U3MepeHuii (13Mephl) mpu-
BOJAT K CyHIECTBOBAHUIO TPEXMepHbIX (3M) rasuos [ u nporusormsmos 113,
cocTaBiennbx u3 oxmoMepunix (Im) I}, IT} kaxgoro msmepa j. Dusmbr I
TOZK/IeCTBeHHBI HUKHUM KBapkaM d;. KoppeasnuoHuble cBA31 MeXKILy H3Me-
pPaMu ¢ W3BECTHBI KAK TUIFOOHBHI.

Broaurcs mi-3anviosieiicTBre rI9HOB Yepe3 My M, BI3BAHHOE BO3MYIIEHU-
eM TIyMa OJHOTO TJ/I9HA OJU3KUM TpHCYyTcTBHEM JApyroro. OHO OMUCKIBAETCS
MOTEHITNAJIOM B3aUMOJIEHCTBUS U ONpe/iesieT YCKOPpeHne TIYHOB.

DT0 B3aUMOCHCTBIE COCJAUHAET II3HBI I IPOTUBOTISHEL B ITy bl I3 mill3,
koropsie 06pasyior ['TI-cpety. Otnocurenbusrii casur I'° u 13 B mryrne asis-
eTcsI oisipu3almeii 3Toit cpeabl. Kpome myrnos cyrmecTByeT MHOXKECTBO O/I-
HOMECTHBIX Tap V; = F} gﬁ}g U3MEPOB J, CBSI3AHHBIX KOPPEJIAIMOHHBIM B3a-
MOJIeiCTBIEM ¢. DTO OJTHOMEPHBIE HEHTPUHO, ITepecevdeHrne KOTOPBIX 00pa3yeT
2M 7 3m HelWTpuHO. OHM UMEIOT CPEIHIOI0 HYJIEBYIO aMIUTUTYIY U He ydacT-
ByIOT B ni-s3aumozeiicrsuu. Cpeja HAIEro Mupa COCTaBJIEHA, B OCHOBHOM,
U3 LUIYI'IOB U HeATPUHO.

[TpocTpancTBo Hamero Mupa ecTb 3M MPOCTPAHCTBO MecT riadHOB. OHO
OTPpaHMYEHHO, 3aMKHYTO Ha cebe M CO/IepKUT 3ePKaJIbHOe TPOCTPAHCTBO TPO-
THBOMWPA, B KOTOPOM TJI9HBI ¥ TPOTWBOTISHBI B3AUMHO 3aMeHeHbl. OHO nMe-
€T MaTepUaJILHOE OCHOBAHUE: TIIHBI 0OPA3YIOT €ro MaTepuaTbHble TOUKH, a
u3Mepbl — abCOJIIOTHBIE OCH.

Cpe/ia HAIIIETO MUPA COCTOUT U3 OCJIA0JIEHHOTO MTyMa, HAJIIIYMHOTO OCHO-
BaHUS U BO3BBIMIAIONIUXCA HAJ HUM dacTell HaMTyMHBIX Ta9HOB. [lym mpe-
craBiieH (bU3HICCKIM BaKyyMOM U uMeeT amiuiutyay h/2. Hamnrymuoe ocro-
BaHUE MUPA MPEBHIIAET BeIUINHY TIyMa Ha 49 mopsakos uiau Oosbime. Harmn
MHD PaACIOJIOKEH Ha MOIIHOI, HO He3aMeTHOI mist Hac ocHoBe. DayKTyarun
ero TIyMa JaoT HyJeBble Koaebanusa (hu3ndIeckoro BaKyyMa, Hal KOTOPBIMHA
BBIJIEISIOTCS OTHOCATETBHO Pe/IKHe JacTUIbl. 1TOOB OHM BO3BBIIIATINCH HAJT
ITYMOM HaJITyMHAas 9aCcTh aMILIATYBI TIYHOB JOJKHA OBITH HE MeHee TPEX
AMILTATY/L TITYMa.

Hapmmrymabie 9acTu OJJHOMEDHBIX TIJIPHOB (KBapK#) COOPaHBI B 3JEMEH-
Tel cpeabl u gactunbl. [lyrosr cocraBuaun TBépayto cpeay (I'TI-repin), a
HeCBA3aHHBIE TJI9HBI U TIPOTUBOTAIHBI — MaazMoobpasuyto (I'Tl-rrazva). Te-
pexo/iHas MeXK/Iy HUMU CPe/la eCTh OCHOBA HAIEero Mupa — pup.

Hamr mup 3anmmaer guib 4acTb 3buUpa, COAEPKAILYIO0 HECBI3aHHBIE B
HIYTIBI TJI9HBI ¥ HPOTUBOLPHBL. UépHbie npipbl coctosT u3 ['l-mia3mer, a
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BHYTPHU YacTui] mpucyrctsyeT ['II-TBepab.

[Tpeutoxkena mozenb ['II-cpesabl u Haiijensl eé ocHoBHBIE cBoficTBa. [lo-
JIYIeHBbI YPABHEHUS TTOISIPU3AINN U JUCTIEPCHOHHOE st €€ BoTH. OKa3a/10Ch,
YTO MOJIPU3AIU Y COCEJIHUX 10 MOMEPEYHBIM OCSIM IIYTTOB IPOTHBOIOJIOXK-
Ha 110 HAIIPABJIEHHUIO, & CAMHU Iyl KOJeOJII0TCS B IPOCTPAHCTBE U JIUIIL B
cpeJiieM UMeIOT MOCTOSHHOe MecTo. be3amaccoBble BOTHBI TOJApH3AIUANA 00sI-
3aTEJIbHO SABJISIOTCS TONEPEYHBIMMU.

DJIEKTPUIECKOE TMOJe €CTh TOJJISPU3ANUS TIYTTOB. DJIeKTPOMATHUTHBIE
BOJIHBI €CTh 0€3MacCOBBIE MTOMEPEIHBIE BOJTHBI TOJIAPU3ANAT IPUPA.

Boxpyr rar0B B ['ll-cpene cymmecTByeT moJie mModpu3aliui, BXOsdIee B
coctaB gactuil. OHO COCTOUT U3 JAeKTpomnos KyloHa u cTarnuoHapHOTO IO-
[EPEYHOI0 MACCUBHOIO 110Jid, JAIONIEero 4YacTuIlaM MacCy, CIIMH U TATOTEHHE.

[Mongpuzanus ['ll-cpeabl BHyTpH 4YacTHIl OUUCLIBACTCH YpPaBHEHHEM
Kaeitna-®oxka-l'opaona, n3 KOTOPOTO AJIs1 ABUKYIIENHCST YACTUILHI BHIBOISITCS
HesnHelHble ypaHenue Ipéaunrepa, ero odbo0IIeHe /10 JIOOBIX CKOPOCTEH
n ypasaenus Jupaka (pu IpyroM ux moHuMaHuu). BoHoBas (byHKINST CTh
aMILINTY/Ia Kojiebanuil nosigpusanuu myruos. Macca u jiBuzKeHue el UMeroT
BOJIHOBYIO NIPHPO/LY.

Crnua 9acTui UMeer CIyYailHyI TPUPOY, HYJIEBYIO CPEIHIOK BeJINYH-
HY, KOHEUHYIO JTUCIIEPCUIO W OMUChiBaeTcst 4-Msi GyHKuuaMu (GHCIMHOPOM,
a He CIIMHOPOM, KaK MPHHSTO B COBPEMEHHOM IOHMUMAaHUHU ypapHenus lupa-
ka). OH He MOMOGEH OPOUTATHLHOMY MOMEHTY € ONpPEICTEHHBIMU BEJTUUAHON
u npoekiueit Ha och. [Ipu 3rom ypaBuenue /[upaka OmuCHLIBAET TOJIBKO OJIHY
IPOCTERIIYIO YaCTUILy (3J€KTPOH W MO3UTPOH), a He 00e BMecTe.

Tpéxmepurle TasuE 12 1 mporuBorasuel 11° cocTaBAgIOT OCHOBBI MO3H-
TpoHa U daeKTpoHa. CBsI3aHHbIe KOpPEISIueil mapol F}gH} U3MEPOB ] €CThb
OJJHOMEpHBIE 3JIeKTPOHHBIe HeiiTpuHo. Ilapsl rosnoB u; = Fjl. 41 gl“jl._1 Pa3HBIX
HU3MePOB €CTb ABYMEDHBbIE BEPXHIE KBAPKH ;.

HacTumpl mepBoro MOKOJIEHHsI MOCTPOEHBI W3 TI3HOB (KpoMe (OTOHOB).
[To3uTpOHBI U 3JEKTPOHBI COJAEPKAT JIBOPBI U3 MOJEil MOJIApU3aIun.

Bce maccupmbie gacTHIBI, KPOMe HEHTPUHO, COIAEPKAT OCHOBBI H OKPY-
JKAIOIIHe MX JIBOPBI, KOTOPBIE COCTOAT M3 &-ToJiell MOJIspU3alluu IIyTTIOB,
HefiTpuHHON wacTu u mornos — nap 311 TI9HOB M HPOTHBOTISHOB, CB-
3aHHBIX £-TIOJIEM W JIAIONIAX YacTUIAM Maccy. [[oribl aBagI0TCS OCHOBHBIM
UCTOYHUKOM MacChl BceJIeHHOM, BKJIIOYast CKPHITYIO MAacCy TEMHOW MaTepUH.

[Tone Tdrorenus ecThb cjaaboe cxkarue 3pupa U SABJISACTCA TACTHIO MOJS
nedopmanuu ['II-cpeanst. Ero noreniiuan onuceBaeTcss H3MeHEHHEM PacCTOsI-
HUAS MKy myriuamMu. [IpuauHa TaroTeHnst COCTOUT B HAXOAAMEMCST BHY TPH
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YACTHI, HEOJHOPOTHOM, C(HEPUIECKOM, PAJIUATBLHOM, MOTEPEYHOM, MACCHUB-
HOM [10JIe ToJisipu3anun. [Ipu ABUKeHUN TeJl TATOTeHNe MePeCTPAnBACTCS CO
CKOPOCTBIO cBeTa. PacmpocTpanenne 3JeKTPOBOJH W JaCTHUI] B TIOJIE TITOTe-
HUs COOTBETCTBYET TeOPUU DUHINTeHHA.

Ddbup u Heiitp adbcooTHB. OHU HEH3BECTHBI HAM IIOTOMY, 4TO B3aUMO-
JIeRCTBYIOT ¢ HAMW M HAIUMW MPHOOpAMU He HANPIMYIO, a 4depe3 TOJsd U
qacTuiel. Mup gacruil, moseit u Tej1 OTHOCUTEIEH.

[Tokazano coorBercTBUE YeTHIPEX cTUXHUil Mupa u cocrosumii I'TI-cpespr.
Brieieno cemb ypoBHEi MaTepun, COBMAIAIONAX C YPOBHSIMHI CTPOEHUS Te-
JIOBEKA B JPEBHUX VUEHUAX U I30TEPHUKE.

HeobxomnMpiM yemoBueM CyIIeCTBOBAHUS W PA3BUTUS HAIIErO0 MUPA SB-
Jisiercst 6eCKOHEYHAs MElb B3aUMOICHCTBYIONINX KUBBIX MUPOB, HOJJIEPAKI-
BAIOIAsi €r0 HEPABHOBECHOE COCTOSTHHE.

Taxum 06pa3oM TeOpUU COBPEeMEHHON (DU3UKU MOTYT OBITH BBHIBEJIEHBI U3
IpeJICTaBIeHUsT BCET'O CYNIECTBYIONMEr0 B BH/Ie TIEPDEMEHHOTO JefiCTBHS.

DTa cTaThst €CTh WCIPABIEHHOE U JOTNOJHEHHOe n3nanue pabor [40].

BBenénuble o003HaUYeHUd

1M, 2m, 3mM — 1,2,.3-MepHBIE BeJIUYUHBI.

Bcé — Beé cymecTByolee (Marepus).

[ion (IM) — rapmonuka geficTBue-sHeprus.

' u T3 — onnomepnsiit (1m) u Tpéxmepubiit (3m) TIBHbL.

['TI-cpea coctout m3 myrmos [Pmll? uam rasHoB U TPOTHBOTIIHOB.

['TI-mnasma — Cpena HecBa3aHHBIX I3HOB [P 1 mporuBormsHos [1°. Ona
UMeeTCs B Y€PHBIX JIBIPaX.

[Il-teepas — I'Tl-cpega us myrnos [Pmll®, paccrosnne Mexay KoTo-
pbIMu 0DecrednBaeT PacIpOCTPAHEHNE MACCUBHBIX BOJH mojspu3anun. Ona
PaCIOJIOYKEeHa, BHYTPU UMEIOIINX MaCCy JTaCTHIL.

Jsop wacrunsl (/1) — OKpyzKeHHe eé OCHOBBI, JTAtoIIee eif Maccy.

Jlucnyp — aucnepcruoHHOe YPaBHEHHE.

I3Mep — MHOKECTBO [JIIHOB, COCTABJIAIONIMX OJHOMEDHbIE 4acTu (K3Me-
peHHsl TPOCTPAHCTBA MECT) MHOTOMEDHBIX KOJIeOaHWI.

Maccaonbl — MO3UTPOHBI M JIEKTPOHBI. B HUX 3aKJII0YeHa BCSI Macca Ha-
mero Mupa (BceseHHoi ).

MecTo rapmoHuKr — €€ HadaabHag ¢asa.
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Hoiitp (N) — 4acTh cpesl MHUpa, COCTABIEHHAs W3 OJHOMEDHBIX Map
Vijl-ggHjl- TJI9HOB F} " MPOTUBOTIHOB 1—[]1_ H3MepoB j (HeHTPHHO IBeTa j),
CBSI3aHHBIX JIBOHHBIM OOMEHHBIM B3auMOJEHCTBHEM ¢g (TUTIOOHBI).

OcCHOBbI 3apszKeHHBIX 4acTull; ocHoba nosurpona (Imsu %) mia moso-
JKUTEJILHBIX, UM OCHOBA 3JeKTpoHa (MpoTuBOrasH [1%) ny1st oTpunaTebHbIX.
HeiiTpanbHuble 9acTUIIBI ABASIOTCS COCTABHBIMU.

[Torn (3ET13) — rpéxmepubie rapu [P u nporusorysn 13, ceazannbie
oJieM Toagpu3anuu &.

[Tonspusanns — casur rizHa 1'° u mpotusorgsna [1° B myrme.

[IpoTuBOrI9H — TI3H, CABHHYTHIH HA MOJI0OOPOTA.

IT' u IT® — ommomepHbiii (1M) U TpéxMepHBIi (3M) TPOTHBOTISHEL.

Caysen — ciydaiiHast BeJMdnHa.

VpK®I'" — ypapuenne Kneiitna-Poka-I'opona.

Vplll — ypasuenwue [Ipémaunrepa.

[II-B3anmoseiicTue (1) — B3aUMOJEHCTBEE [JPHOB Yepes3 Iy M.

[[I-orennuran — MOTeHIHAT B3AUMOIEHCTBUS TIIHOB Yepe3 Iy M.

[MIyru (T3wll?) — TpéxmMepHble TJI3H U IPOTUBOIRH, CBI3AHHbIE B3aUMO-
JeficTBueM 4depes ILyM.

[TTym — paBHoBecHbIe (pyyKTyanuu Kojiedanuii rapMOHUKH.

DIEKTPOBOJIHA — JIEKTPUUIECKasl BOJHA (BMECTO 9JI€KTPOMATHUTHON BOJI-
HBI) — BOJIHA MOJIApHU3anun bupa.

DJIEKTPOIOE — JTEKTPUIECKOEe TOJIe — MOJe TOJApU3anun ypupa.

Ddup (9)- ocHOBHas cpena HAIEro MHpa, 00ECHeYHBAIOIIAs TEPEHOC
snexTposoaH. On cocront u3 mryrnos [Pmll?, paccTosHme MexKIy KOTOPBIME
obecrednBaeT pacHpocTpaHeHUe 0e3MacCOBBIX BOJTH MOJIPH3AINY, U3BECT-
HBIX KaK 3JeKTPOBOJIHBI.

Dueit (ON) — coBokynHOCTh 3bupa u HeHTPA.
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