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

BBenenne. Mup uzmenennii

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

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



K konmy 19 Beka B (pu3nKe HCIOTH30BAIUCH, KPOME a0COTIOTHOTO BpeMe-
HU, TPH OCHOBHBIX HMOHSITHSI: TEJO, TOJe U TPOCTPAHCTBO. Tena JBUXKYTCSA B
POCTPAHCTBE, CAYYKAT UCTOYHUKAMU MOJIEH W Jepe3 HUX B3aMMOJIEHCTBYIOT
¢ apyrumu TenaMu. Tefa U mMojist HAXOJAATCS B MyCTOM MPOCTPAHCTBE, KOTO-
poe He MaTepuaJbHO, HO UMeeT CBOHCTBA: 6ECKOHEYHOCTD, TPH U3MEPeHUsT U
paccrosiaus. Kpome Toro, HaunHas ¢ /lekapTa, mpeanoaaraiock, 9To B mMpo-
cTpaHCTBe mMeeTcs HeHabsonaemas cpefa — 3bup [1|, B KOTOpOM 10K HbI
POUCXONTD BCE SIBJIEHUS: TIOJIST — BOJIHBI, & TeJa — OCOOEHHOCTH CTPOEHHS
WM JBUKeHnst (Hanpumep Buxpu). Bee gactn marepun 06/1a7ai0T SHEPIH-
eif, KoTopasl CBsI3aHa CO BpPeMeHeM, KaK CIOCOOHOCTH COBEpINaTh paboTy —
U3MeHATH cocTosiane. CreoBaTeIbHO OHA €CTh XapaKTePUCTHKA HU3MEHeHMWs.

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

[Tponoskenue MONBITOK BO3POIUTH I(PUDP CBA3AHO ¢ OCOOBIMH U HEIPU-
BBIYHBIME XapaKTePUCTUKAMU, KOTOPBIMI HOBbIE MEXAHUKH HAIEJISIIN IIyCTOe
MPOCTPAHCTBO. DTH XapaKTEPUCTHKH 0OJiee COOTBETCTBYIOT Cpejie, 4eM IIy-
crore [6|. TIpuTszkenue, MpUCyInee BCEM TeJIaM, MOJSAM W SHEPTUSIM, MeHs-
er "mycrory", KOTOpasi Temepb BAUSET Ha JBHKEHHE JADYIHX Marepwii [3].
"TTycrora" upexncrapasiercs "dusnaeckum Bakyymom" [7] ¢ HeycTpannmbivu
HYJIEBBIMU KOJIEOAHUAMHI, BUPTYATbHBIMU YaCTHIIAMHI ¥ BCILIECKAMY SHEPTHU.

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

B dusuke Bcé cymecrsyomee (Beé) ecth MaTepusi, a Bce eé dactu 06-
JIAJIAIOT SHEPIUed, KOTOpas SIBJISIeTCsl MEPOH CIIOCOOHOCTH BBILIOJIHITD Pabo-



TY — HU3MEHATHh cocTosgHue. [[09ToMy 3HEprus, Kak coaeprKalasica BO BCEM
XapaKTepUCTUKA U3MEHEHHs, MePEHOCUT Ha HEero cBoio BceobinocTh. Tormaa
Bcé ects nm3menenne. OHO UMeeT JiBe COCTABJSIONINE (BeJIHYNHY, JTHTE T b-
HOCTb) M He CBOJUTCS K 4eMy-Tu00 Apyromy. 3aMeHa OJHON BeJUYUHbI WJIH
JJTATE/IBHOCTH Ha JIPYTYIO JIUIIb EPEBOJUT OJHO HU3MEHEHHE B JIPYToe.

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

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

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

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

Obmue metadu3dnyeckne BLIBOALI O CTPOEHNU MaTEPHUN

OrHocuTeibHO J1I00BIX TapMoHuK Beé me nycro u nepemenno. Ho mist



KayKJI0il TApMOHUKHN HaAETCsa TpoTuBoda3HasT eil 1 NUMeIONas TAKIe YKe aM-
mwintyay u dacrory. [Hosromy cymma Bcex rapmoHumk pasHa Hyso. Cremo-
BaTENbHO CyMMapHO BCE mycTo M TeM TOCTOSHHO, HO MPOSIBASETCS depe3
YaCTHYIO IepeMeH4YuByIo 1oJHOTY. BCE ecTh HEMYTO, HO ABJIAETCA KakK
HEeYTO.

Jliobast vacTh Beero mpoTuBoIoI0KHA BCEMY OCTAJIBHOMY, T. K. UX CyMMa,
ecthb 1mycroe Bcé — onu paBubl 110 Besjuvune. Jliobasg dactb umeer HYJIb,
KOTOpBIil ecTh Beé. CiretoBaTelbHO YaCTh COAEPKUT IHEJIOE CO BCEMU er0
JACTSIMU, BKIIOYast ce0s, BMECTe ¢ UX MPOILIbIM, HACTOAIIAM U Oy/IyTIIIM.

OTa JoruKa OECKOHEYHOCTEMH, OT/INYHAs OT OOBIYHON KOHETHOU JIOTH-
KH, TJIe 9aCTh MeHBIIe Mea0ro. TakKuMu Ke cBoiicTBaMH 00/1aJal0T B MaTe-
MaTuke OECKOHEYHbIE MHOXKECTBa. B HUX MOXKHO BbIJIEJIUTD JIF0O0€ KOHETHOE
i GECKOHEYHOe THCJI0 TOAMHOKECTB, H30MOPQHBIX (TOXKIECTBEHHBIX) BCe-
My MHOXKecTBY. Kaxkjoe u3 HUX uMeeT cBOM H30MOpdHBIE cebe ToIMHOKe-
CTBa, & 3HAYUT COJEPIKUTCA B CBOeH dacTu. MOXKHO e TUTh OGECKOHEYHOCTD
Ha OeCKOHEUHbIE YaCTH C COOCTBEHHBIMU OECKOHEUHBIMH YACTAME, PABHBIMH
HAYAIbHON OECKOHEYHOCTU U COJEPKAIMUME €€.

B s1060it GeckonewqHOl abesieBoii rpyrie mo CI0KeHHIO /YMHOKEHHIO CyM-
Ma,/TIPOM3BeIeHNE BCEX JIEMEHTOB IPYIIIBI €CTh HYJIb/eINHUIIA, COIepIKATIHe
Bce 3jieMeHTHl. Bes OeckonedHast rpyIia cyMMapHO YMEIIAeTcs B OJHOM 3Jie-
MeHTe. JI1060i 91eMEeHT TaKoil IPYIIBI COMEPKUT HYJIb/eJIUHUILY, a C HAMU
BCe JIEMEHTHI, BKIodas cebsa. Hampumep TakKuMu gBIASIOTCA TPYIIIBI YHCET
(IeJIBIX, BEIECTBEHHBIX, KOMIJIEKCHBIX | JID.), MMEIMuX B cebe Hy/Ib i/ HIn
eJINHUILYy ¢ CHMMETpUel OTHOCUTETHHO HUX.

MHuo0zKecTBO TrapMOHHUK OJIHO# 4acTOTHI 0Opa3yeT abesieBy IPyIILy IO CJIO-
xkenuto. OHa JBYMepHa —/Be aMITATY Ibl ( MHOKUTEJIH TIepe cos wi u sin wt,
W aMILTUTYIA ¥ HadadbHas (asa). DToil IpyIbl JOCTATOUHO JJIsl BHIPa-
JKeHWST yKa3aHHBIX BBINIE CBORCTB Beero, HO HEIOCTATOYHO Jjisl €r0 TOJHOTO
ONMCaHUs, KOTOPoe TpedyeT TPEXMEPHOro CeMeRCTBa IPYII TapMOHUK BCEX
YaCTOT, HEe COCTABJIAIONIETO I'PYIIILY.

T. k. beckoHEYHOE MHOXKECTBO MOXKHO pa30UTh Ha J1000e JUCI0 H30MOpPd-
HBIX €My HOJIMHOXKEeCTB, TO Bcé pazmokumo Ha J11060e KOJIUIeCTBO CBOUX KO-
nuii. Bc€ 6eCKOHEeYHO JeJIMMO Ha CBOM TMOBTOPHI. Beé nycro, Ho obJia-
JlaeT DeCKOHeYHO sHeprueil, Kak OeCKOHEeUYHbI HADOP FapMOHHUK BCEX YaCTOT
u amrinTysd. Jliobas ero 4actb, Kak cojep:kaias Bceé, Toxke umeer OeckKo-
Heunyio suepruio. Yactp Baageer 6eckoHeuHOI 3Heprueii Beero.

Bcé ecTh HEMPOSIBIIEHHOE COCTOsTHUE (HEsIBb, Xa0C), U3 KOTOPOTO MPOSIBJIsI-
10TCs (POZKIAIOTCS) YacTHbIe MUPBI (1Bb, KOcMOc). VX MHOZKeCTBO 1 pa3HO00-
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paszue Geckoneuno. Hamr Mmup ecTb oaui n3 6€CKOHETHOr0 MHOYKECTBA MUPOB.
On Bpemenen u nepemenes. Kro ocobbie CBOHCTBA JIOTUIECKH HE BBIBOMMBI
MOJTHOCTBIO U3 OOIIMX COOOpakeHuil, XOTSd U HEPA3PBIBHO CBA3aHLI C HUMH.
Hamr Mmup nosnaérces, OTTAIKIBAACH OT YACTHOTO ONBITA HAIIe!l YKU3HU B HEM.
TricadyeneTHsas MyapocTh. MymIpersl BRICKA3bIBAIN TOI00HBIE YTBEP-
JKJIEHUS ThICTYeTeTus Ha3ad. Y Ka3blBaJIOCh YTO CYIMIECTBYIONIEE OCHOBAHHO
HA HECYIIECTBYIOIIEM U IIPEJICTAB/ISIETCS, B 9aCTHOCTH, 3BYKOM HJIA CJIOBOM.
B Bubsun (Bropas xmmra Makkaseiickast) Hammcano: BCé coTBopm Bor
u3 anvero. B EBanresnne or Noanna: B nagase 6b110 Ciioso, u Cy10BO 66170 ¥
Bora, u Cioso 6110 Bor. (C10BO eCcTh ymopsiJloueHHbIi 3BYK — OJHOMEPHOE
kosebanue, win u3imenenue. T. e. "cymee ectb 3ByK" . )
B mucanusx Tepmeca Tpucmeruncra |8):
Besikoe qBuzkerme mopoIeHO HEMOIBUZKHOCTHIO U B HETIOIBUKHOCTH. ... Hu-
ITO CyIlee He MyCTO.... L0JIbKO HEOBITHE TTYCTO W IyKI0 CYNECTBOBAHUIO.
TBoper cOTBOPH Bech 3TOT MUpP, He pykamu, HO CIIOBOM.
EauHCTBO — HAYaJ 0 W KOPEHb BCeX BeIleid, ... HAYaJI0 He MPOUCXOIUT HU OT
4ero, HO TOJBLKO u3 cedd .... FEJauHCcTBO, KOTOPOE €cTh HAavaJo, COJAEPKUT B
cebe Bce 9mcJia, HO CaMO HE COAEPZKUTCS HU B OJHOM; OHO HOPOJMIO BCE, HO
CaMO He POXK/I€HO HUKAKUM WHBIM TUCJIOM.
Bbor tBopuTr Beunocts, BednocTh co3maer Mup, MUP TBOPHUT BpeMsl, BpeMs
00yCJIOBIUBAET CTAHOBJIEHUE.
JIBmzKeHnne MUpa OCYIIeCTBAsIETCA B XKU3HU Beunoctn, ... Her Huyero mocro-
SIHHOT'O, YCTAHOBJIEHHOT0, HeMOABUKHOTO. [locTostHcTBO Bewnoctn quzercs,
U TIOJ[BUZKHOCTH BPEMEHH CTAHOBUTCS TIOCTOSHHOI.
To, 910 HaxXOIUTCA BHHU3Y, COOTBETCTBYET TOMY, UYTO IPeOBIBaET BBEPXY; U TO,
YTO TPeObIBaeT BBEPXY, COOTBETCTBYET TOMY, UTO HaXOJAUTCd BHUZY.... Bee Be-
1 mpou3ontan oT OaHoro nocpeacTBoM EMHOTO... OT 3TOl 0HOM CyIHOCTH
qepes npuciocobsieHue.
B Kubaanone |9, 10| npuBoasitcst 7 repMeTHUECKUX TPUHITATIOB:
1. MenrasbpHocTu: Beé ecTh MBICIb (BCeJTE€HHAs] €CTh MbICJTeHHbIH 00pa3 —
Hallle TTPeJICTABJIEeHIe O Heif).
2. CooTBercTBHs: Kak BBepXy, TaK U BHU3Y, KAK BHHU3Y, TAK U BBEPXY.
3. Bubpanuu: Huuro He nokouTcs — BCE JIBUKETCS, BUOPUPYET.
4. Tlosgpuoctu: Beé nBoiCTBEHHO, BCE MMeEET MOJIIOCA..., TTPOTUBOIOI0ZKHO-
CTH, COBMAIAIOIINE TI0 TTPUPOJIE, HO PA3IUIHBIE B CTEIEHH.
5. Putma: Bcé BbITeKaeT W BTeKaeT, HOJHUMAETCs U MaJaeT — MAadgTHUKOBOE
KoJiebaHue BO BCEM. PUTMBI KOMIIEHCHPYIOTCS.
6. [Ipuuunbl u ciejpcrsus: Beskas npuunna uMeer CjiejICTBUE; BCIKOE CJIejl-



CTBHUE UMeeT MIPUIUHY; BCE COBEPIIAETCA MO 3aKOHY; CIyUail ecTh UMs 3aKOHA,
KOTODBII HE MO3HAH;... HUYTO HE YCKOIb3aeT OT 3aKOHA.
7. Mona (aBoiicTBEHHOCTH AKTHBHOTO M MACCHBHOTO Hadas): [Tosr BO BeEM —
BCE MMeeT CBO# MY2KCKOl MJIM »KEHCKHil IIPUHITUAII Ha BCEX YPOBHAX OBITHUSI.
B Pursege [11] (1700-1100 rr g0 m.3.):
He 6b110 He-cymiero, u He OBLJIO CYIIErO TOTIA. ...
Jleimmasio, ve Kosebs1st Bo3ayxa, mo csoemy 3akony Heuro Ogno. 1 we 6b110
HAYEro APyroro, KpoMe Hero. ...
B "Manaykpsa Yinauurman" [12]:
Aym! DToT 3BYyK — Bee 310. BoT ero paswscuenne: [Iporremee, HacTosmIIEE,
Oyayimee — Bce 3TO U ecTh 3BYK AyMm. M To mpodee, 9T0 3a mpemeaMu TpEX
BpemeH, — Toxke 3BYyK Aym. 1160 Bce 3To — Bpaxman. 9tor Arman — Bpaxmas.
B "Cugnxa-cugyxanra nagaxaru” [13]:
Henmenyewmbiit (A6coaror) ects Camocymiumii, Besnavanpbubiii u Cosepiien-
Hblii, E1uHbIi BHEe MecTa U BpeMeHH, ... i conpucyinas emy [laktu (:KeHCKoe,
SHEprusi).... depe3 ero myabCallid BOSHUKAET alapa-MiakTh. ... [lyabcanus,
obHapyzKeHne, OTKPBITHE, Pa3Apod/eHrne, BHE3AIHOE BOSHUKHOBEHUE — BOT
IATHKAIECTBEHHAS anapa-TIakTH.
B 6yaamsme B "Mynamaaxpsamaka-kapuka'|[14]:
Her nu npekpamnienus, HI BOSHUKHOBEHHS, HU YHUUTOXKEHUs, HU BEIHOCTH,
HU €JMHCTBEHHOCTH, HU MHOYKECTBEHHOCTH, HU IIPUOBITUS, HU YOBITHS. ECThb
TOJIBKO B3aMMO3aBUCUMOE IIPOUCXOXKICHHE. ...
B "Hao-/I>-113un"|15] 3a ocHoBy muposmanus npunuMaercs /lao (myTh
KaK JIBUZKEeHWe, H3MeHeHNe):
J1ao, Koropoe MOXKeT OBITH BBIPAXKEHO CJIOBAMHU, HE €CThb IMOCTOSHHOE 0. ...
... ObITHE U HEOBITHE TTOPOXKAAIOT JAPYT JAPYTa, ... 3BYKH, CJAUBALACH, IPUXOIAT
B FapMOHHIO, ...
Jlao — 1mmycTo, HO, MEeHCTBYsI, OHO KAZKeTCS HEUCIEPHACMBIM.
B [16] Tak omucsiBaercs [lao:
BrL1o Havasto. BeL1o npeanadalio 3Toro HadaJja. BeLIo JoHAYaI0 3TOro Ipe-
HayaJjia HadaJja. BeLio ObiTHe, ObLIO HeObITHE. BbLI0 npegHava o ObITHS K
HeObITUs. BBLTO q0oHAYAIO 3TOr0 npeaHadaia ObLITHS U HeOBITHS.

l'apmoHuka geiicTBue-aHeprus

Bo BBegenun mpeaozkeHo MOBTOPHI U3MEHEHHI MIpeICTaBAITh OeCKOHeY-
HBIM MHOYKECTBOM TapMOHHUK. Y paBHeHUE TADMOHUKH U €T0 PEIIeHne eCTh



§=d?s/dt* = —02s, s(t,p) = Scos(Qt + ¢) = ReSe!+¢),

Konebaunue s(t) xapakrepusyercs dactoroii {0 u ammiurynoit S. Haganb-
Hag aza @ ecThb caBUr KoJeOaHUd BO BpeMeHHU. TaK JiBe TADMOHUKH C OJIH-
HaKOBBIMU ) U .S, HO PA3HBIMU (O ABJLIOTCS COBIIAJAIONTIME KOJICOAHUSIMH,
KOTOPBIE CIBUHYTHI 110 (pa3e. B TakoM :Ke COOTHOIIEHUH HAXOAATCS JIBa, OJIH-
HAKOBBIX Te€JIa B PA3HBIX MecTaxX mpocTpancTsa. T. 0. HadaIbHYIO a3y MOK-
HO HA3BaTh MECTO FapMOHUKN. BejgeHune mecra BO3MOXKHO JIUIIH [PU €10
Me/IJIEHHOM m3MeHeHnn ¢ < (), nHade TOHsITHE MecTa paciuibiBaercsd. [lepu-
0/T TADMOHWKH CTAHOBUTCS KBAHTOM BPEMEHU.

Emgé nBe BeTmIwHbl XapaKTepU3YIOT TAPDMOHUKY KakK IeJioe. DTO TBUKY-
mad eé BHyTpenHas sneprug 225? u npejicrapigionuii eé BopHe UMIyIbe 5.
Ho B dpusuke npunsaTo, aro 2h ectb SHEPIrus KBAHTA OCIU/LISITOPA, YIACTBY-
formast B oOmene. Kcju u iy1st rapMOHUKY canTaTh (1S sHeprueit, 7o S M0/12KHO
OBITH AMILTUTY/I0N JIEHCTBUSA, a § — OTPUIATE/IHHBIM JIEHCTBHEM, YTOOBI €ro
CKOPOCTBH € = § ObLiIa KoJIeOJIioIeiicss SHeprueil 1 cOOTBeTCTBOBAJIA, OOBIYHOM
CBSI3M dHEPruu ¢ jeiictsueM. T.0. HMIYJILC TADMOHUKHY SIBJISIETCSI €€ BHEITHeH
SHEepruell, ydaacTByiomieil Bo BHeNHUX B3anuMoeiicTeusx. Obpasyercst rapmo-
Huka "eiicrBue-sneprus , cokpaménuo razH (I'), a nepemenuoe neiicTaie
CTAHOBUTCS OCHOBOI BCErO CYIIECTBYIONIETO.

[Tocse BBIIe/IEHHS JTIOOOH YACTOTHI II9HOB, €€ MOYKHO B34Thb 34 €JIMHHUILY
u3Mepenus ) = 1. Dto genaer BpeMd Oe3pa3MepHbIM t = () a dHEPIuu H
JEeHCTBHIO TAET OJTMHAKOBBIE PA3MEPHOCTH.

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

rae S. = Scos,S; = S'sin .

CasunyThlii Ha 1mO000POTA TJIH ¢ MECTOM ¢ + 7T ecTh HPOTUBOTAIH
(TI). B mecTe ¢ OH UpeACTaBIeH KaK IJI3H C OTPUIATENBHON aMILTATYI0MH
(-S). C BBe/IeHHEM TPOTUBOTIIHOB MHOZKECTBO MECT JEJUTCS HA COOCTBEHHO
IPOCTPAHCTBO |p| < 7/2 u 3epKajbHOE MTPOTUBO-TIPOCTPAHCTBO 7/2 < || <
7, B Koropom I u I1 B3auMHO 3aMeHSAIOTCS. DTH MOHSITUS OTHOCUTETbHBI JIJ1sT
KazKJ0T'0 I'I2HA. BCG TJI2HbI C MECTaMU, OTJIMYHBIMHA OT €I'0 MeCTa MeHee, YeM
Ha 7 /2, BXOAST B €10 IpocTpancTBO. OCTaabHble — B IPOTHBO-POCTPAHCTBO.
Cymma I'+11 naér nyneBoe kosnebanue. Ho camu [" u I mpu aToMm He ncuesaror,
a CKPBIBAIOTCsI, COXPAHsIsS CBOIO YHEPTHUIO.



IHIym n HaAIIyMHBIE T3HbI

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

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

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

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

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

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

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



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

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

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

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

3
g2
PY(S.,S,) = HPJ’F(Scjv Ssi); PJ'F(Scjv Ssj) = (1/m)e % (4)
j=1

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

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

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

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

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

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

= (S —(S))? + S?sin? §.

o



IIpocTpaHcTBEHHOE pacipeaeJaeHne HAAITYMHBIX IT9HOB

3
HP]F i 95);

PF(Sj,45) = (S/m) exp{=8;" — 45,8, sin%(3;/2)}
= (S;/m) exp{—(S; — (S;))* — 5} sin” ¢;},

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

IIpu Goabuioii HAAIITYMHOCTH TI9HOB 5j > 1 3To pacmpejienenne
yakoe, T. K. S;sin ¢, 6picTpo pactér ¢ p;. Momno 6pars |@;] < 1. Onyckas
SHAYKH j, 3AMUINEM MOKA3ATENb SKCTIOHEHTHI
5% 4+ 455 sin%(¢/2) = 52 + S5¢2,

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

3
P(S,0) =[] P/ (S5, P (S;¢5) = —JGXP{—SJ2 - 8963 (5)
j=1

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

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

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

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

ITpocTpaHcTBO M cpeaa Mupa

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

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

(SFST). (STSM). (STSTSE). (STSIST). (SESPS). ... ()

e S]-F u S]H — aMIUINTY/IbI TJIPHOB U ITPOTHUBOTIIHOB U3Mepa j. Habop koppe-
JIAUil 3aBUCHT OT UCKAXKEHWs PABHOBECHOE pactpejesenue l'aycca u mmeer
OecKoHedYHOe MHOYKECTBO BAPHAHTOB, CPEJH KOTOPBIX HAJI0 HAHTH COOTBET-
CTBYIOIIHI HAIIIEMY MUPY.

Ha mepecrpoiiky pacupejesieHusi MEHIONEerocs nyMa BJIuser CKOPOCTb
pesrakcanuu ero dguykryamnuii. Eciim ona Besmka, TO pacipejiesienne MOKHO
CYUTATDH KBA3UCTAIMOHAPHBIM T'ayCCOBLIM € MEPEMEHHLIMU cpejuuMu. HKem
pesakcalus MaJja, TO U3MEHEHHe PACIPeIeIeHIA OTCTAET OT CPEIHEro YPOB-
He TIIyMa ¥ 9acTh (PJIYKTyalnii cTaporo myma coxpansercsd. OHU CTAHOBATCS
HAIIIIYMHBIMA TJ9HAME, PA3MbITBIMU HOBBIM ypoBHEM miyma. Ha wux mepe-
HOCATCs Koppessinuu (7). HammymHble TI9HB HMEIOT aMILIHTY/Ibl, He (oJee
HAYaJIbHOTO YPOBHS MIYMa, U PA3MEPHOCTD, ONPEILISTeMYI0 HATHINEeM Hepas3-
PYIIAEMBIX [IYMOM KOPPEJISIIHA.

Koppensiuy MezK 1y TI9HaAMA Pa3HbIX ©3MEPOB WX MEeZK Iy TJIIHOM U IIPO-
THBOTJPHOM OJJHOTO U3MePa MMEIOT OJHY HPUYMHY U KAUeCTBEHHO MOXOXKHU.
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X MOKHO B35Th OJMHAKOBBIMHU. TOrIa Hmperosaraercs, 9To CyMIeCTBOBA-
HEe HAIIero HPOCTPAHCTBEHHO OJHOPOIHOIO TPEXMEPHOIO MHPA C CHUMMeT-
pueif MeyKy TA3HAMHU U MPOTHBOT/IBHAMHI 00ECIednBaIOT OJHHAKOBLIC CBA3N
[JISHOB PA3HBIX H3MEpOB, KOTOPLIE MOIYT IEPeKII0YaThCa Ha CBA3M IJI9HA U
IPOTHBOTAHA OJHOrO u3Mepa. OHU NPeJCTaBIAIOTCA KaK HATUYUe Y TI9HOB
JIBYX CBOOOJHBIX CBSI3EH JIA COCIMHCHUA ¢ TAKAMHE YKe CBA3AME IJI9HOB JAPY-
I'MX U3MEPOB WK IIPOTHBOIVIIHOB CBOETO M3Mepa, IJe YIacTBYIOT 00e CBA3M.

Coyuaitasie ammanTyaer Sj u S} u3MepoB j 3 pacupeeenus (5) MOK-
HO 3allucaTh B BUJE CyMMbI HIyMOB. [Ipu 9TOM NapHble KOPPEIANN MeyKI1y
omuomepubiME (1M) rmsmamu ') Bxopsgmuvu B Tpéxmepnbrit (3m) rosm [P
JIOJIZKHBL OBITH OOMEHAMH aMILIATYI, COXPAHSIONIUMEA UX CYMMBL.

3
S]F = SJF + €j + gS]F ZT]ﬂSIF, Nji = —MNij- (8)
=1
K num jobaBigrorcss ypaBHeHUs JIIsi aMILIATY L 1M TJI9HOB U HPOTUBOI/ISHOB
OJIHOTO U3Mepa, 00eCIIeYNBAIONNE COXPAHEHHE CyMMbBI aMILJIUTY/T TP HAPHBIX
obMeHax u V4UTbIBalOIKEe IIapHOCTDb cBd3eil

Sy =5 +e+ 9 +0,)S; 5], S =35"+e;—g(n; +6,)S] 5] (9)

3aecp €; — obuuit J1d IJI9HOB U IIPOTUBOLJISHOB eIMHUYHBLY IIIyM U3Mepa j,
Nji — CIUHUYIHBIN IMIyM oOMeHa aMILIHTYIaMH MeXK1y LI3HaMU Pa3HBIX U3-
MepoB, 1); U ¢; — eIUHUYHBIC MIYMbl OOMeHa aMILIUTYJIAMH MeZKIy TISHOM
U TTPOTUBOTAIHOM OJIHOTO U3Mepa, ¢ — KOIDPUITMEHTHI CBA3U MEYK/1y T/I9Ha-
MH Pa3HbIX U3MEPOB WU MEXKJy TJIPHOM U HPOTHBOTJIHOM OJIHOI'O U3MEpa,
KOTOpBIE OepyTcs OJMHAKOBBIMU.

[Ipu ocnabnenue nrymMa TMepBBIMHU MPOSBAAIOTCA cJ1ab0 HAANMTYMHBIE 1M
rasubl 'Y coznaromue 1M OpocTpaHCTBO TASHOB MaJoil éMKOCTH. 3aTeM Ha
MX OCHOBE posiBIsAioTCs 2M ripubl 12 = ['glhg, 1v maper v; = Fjl-gl_[}g n3-
MepoB j = 1,2 u ux 2M cymmbl vivp. (371€ch U Jasee TOCTeTHsIS ¢-CBS3b
COeIMHSACT TOCAeTHUIl U 1mepBblil TaHbL.) OHE 00pa3yoT 2M MPOCTPAHCTBO
LJ3HOB U JBa 1M mpocrpancTsa nap v;. Janbreiinee ocab/ienne myMa Bbl-
spiBaeT mpogienne Im map v; = [gllig mmepos j = 1,2,3, 2M vjuy,
Vi, = F}gH}gH,%gH}Cg, 3M vy 1av3, V193 = 11 gIl gTsgll Hi gT1Lg u GoJtee jijimu-
HBIX COYETAHWi. JTOT IIPOIECC MOYKET MPOI0/KATHCI U JAJbINe, 00pa3ys
MHPBI OOJIBITTUX PA3MEPHOCTEI.

ITpocTpancTBO HaIero Mupa nMmeeT Tpu u3Mepennsd. OHO OTHOPOTHO,
H30TPOIIHO U 3aMKHYTO Ha cebe — MecTa (; = 7 coBlagaioT. I 13HbI 00pa-
3YIOT €r0 MaTepHUabHbIE TOYKHU, U3MEPBI — a0COMI0THBIE OCH. OTHOCUTETHHO
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JII0O60TO MecTa ero MOXKHO TPEeICTaBUTh, KaK COCTOsINee U3 COOCTBEHHO MPO-
CTPAHCTBA MUPA U 3€PKAJILHOIO €My ITPOCTPAHCTBA POTHBOMUPA, B KOTOPOM
IJI9HBI U TTPOTUBOT/PHBI B3AaUMHO 3aMeHeHbl. MUpP TOJIBKO KazKeTcs OeCKOoHed-
HBIM IIpH HAOJIIOACHUU U3 €r0 MaJIOil 4acTu 3a MaJjoe BpeMs.

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

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

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

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

Koppensininonnast g-csi3b (8, 9), o6beinHsisi OMHOMEPHBIE TIIHBI B TPEX-
MepHBIEe CO3JIaéT OCHOBY HAIlero MpocTpancTBa. Ho 9Toro Hepoctarouno st
CYIIECTBOBAHUS CJIOKHOTO Mupa. Tpebyercss B3amMmoeiicTBre MexKIy 3M IJI-
SHAMMU, O3BOJISIONIEe UM 00Pa30BBIBATH BCE 00/1ee KPYITHBIE COEUHEHUST. DTO
JleTaeT B3auMOJCHCTBHE TJI9HOB 9€pe3 Iy M.

[men ecth onpenenénnoe Koaebanue, HAXOAANEECH B IMyMe U 3aBHCAIICE
ot Hero. IlpucyrcrBue apyroro riasua BOJIM3W MEPBOrO MEHSET IIYM U TEM
BJIUsIET HA MepBBIi r19H. OUpenessoNMi MTapaMeTPaMU TIIHA SABJISIOTCS
ero yacrora ) u aMiuTy1a S, a MECTO  BbIPAXKAET OTHOIIECHHE K JIPYTUM
rioHam. CIle10BATebHO BAMSHEE LIYMa ONUCHIBACTCS IPOM3BOLHBIMU ) 1
S. Ho coxpanenne risua tpebyer nocrosaersa ) u S. Ipn caabom BinsHIE
BO3MYIIEHUsI CPEJIbl, UX W3MEeHeHHe MOXKHO IIePEHeCTH Ha TepeMelieHne II9Ha
Q) = (. Torna B3aNMOEHCTBHE II3HOB BHIPAKAETCS HX YCKOPEHHEM.

[Tpu 3amanuoil yacTore TadHa ) = 1, €ro ycpegHEHHOe BIUSIHHE OIpe-
nenserca cpeaneit ammmaTynoft S u Bepazkaerca dynxmueii U(S). Ecam S
MOCTOSTHHO, TO CPe/la NOCTOSHHA U APYTO II9H B HEll He MEHAeTCs. YCKOpaeT
[JI9H [IepeMeHHOe BJIUSHUE CPeJibl. /s BO3IeiiCTBYIOIEro riasHa ¢ MOCTOSH-
HBIM BO BPEMEHH paCIpeleJleHHeM, 9TO CBOJIUTCS K BIMAHUIO rpaauenta U:
¢ = —0,U, mm U + ¢?/2 nocrosuno. Crrenosarensno dynknusa U(S) ects
IMMOTEHIIUAJ BO3AEHCTBUS I'I9HA HA APYTOil II3H Yepes IIyM.

Ecymm mam mup obpazoBajcs U3 HAYaAbHOIO IIyMa IPU €ro OCJIadbJIeHun
¢ coxpanenneM (GJIyKTyaluii, TO OH COCTOUT U3 OCHOBBI C aMILINTYI0H Sy 1
BO3BBHIIAIONUMUCS HAJ Hefl pa3TuIuMbIME MeXKIy CO0O0# YacTsSMU TIIHOB
ammaTynamu Sy : S = So+S,, S = So+S,. lIpu Sy > S, U(S) pasnaraercs
B P U(g) = U(SQ) + Usgu + Usggi/Q—l— Cee
rne Us = dsU(S = Sp), Uss = dZU(S = Sp) — npomssonubre. Beibop U(.S))
3a Hadaso orcuéra U(Sy) = 0 maér

U(S) = U(S,) = UsS, + UssS2/2 = Uy(8.) + Ua(8.), U, > Us,  (10)

rie Masocts Ug/U., cesizana ¢ Manoctbio S,/ So.

ITocie BBeieHUsI HPOTHBOIIIHOB U COOTBETCTBYIOIIENO0 YMEHbIIEHHS IIPO-
cTpaHCTBa MecT BaBoe 110 |¢| < /2, ammamTyaa S, CTAHOBATCH 171 TPOTHBO-
IJI3HOB orpunareabnoil. Teneps nmorennuas cocrouT us neyérnoit U, = UsS,
n uérnoit Ug = U55§5/2 o amMIIuTyam dacreii. Kro 3aBucumocts 0T MecTta,
¥ HAXOJIUTCA W3 pacipejieeHust Ta3Ha (5), KOTOpOe MeHsIeTcsT Ha
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PY(S;,45) = P} (Sujs ¢5) = (So/m) exp{=57; — 67},
rae ¢; = Sog;. Hoce samensr ¢; a ¢; : PJ(Sy;, ¢;) = P (Suj, ;) /So miu

3
o ° ° o ° 1 o °
i=1

rae Su - {Su] - Suj}u d) = {gbj - gbj}a ¢j = SO@J"
[IpocTpancTBeHHAsT YACTh paCIpejieeHNsT 3aMUChIBACTC depe3 aMILTATYILY
Sy OCHOBBI, & AMILTUTY/IHAS 9aCTh — 4Yepe3 BO3BBIMIECHUE S, HA[ Heil.
Cpe/iHUE aMILTATY/IBI TJI9HOB F]l GepyTCs OMHAKOBBIME S, = Sy, & PT(S,, ¢)

Mengercs Ha pacupegenenue Pl (S, (/5) AMILIUTYIBL Sy = Sy1 + Suz + Sus:
PU(Su ) = [ [ PESu1s00) P (S b2)PE(S, = Sus = Suadu)dSuadSia

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

rie ¢ = ¢? + @3 + 3. OCHOBHOU BKJIaJ B HHTErpaj JAOT S, ~ S, W

Suz ~ Sy, T/Ie SKCIIOHEeHTa HAuOOoJIbINAs, a €€ u3MeHeHrne HanuMeHbIee. Torma
r N o =2 2 192

P (Sua¢) ""ZT eXp{—(Su—Sp) _¢ }7 R

rae St = 35, — CpeIHaAd aMILINTyAa 3M TJeHa, ¢ — PACCTOAHHE OT €ro

nenTpa. IIpocrpancTBeHHOE pacipe e/ eHne

° °

P'(¢) = / PT (S0, $)dS, = n~2e— / S-SR g

o0

Temeps pacnpesesieEne TPEXMEPHOTO TAIHA
PY(S,, @) = 2exp{—(Sy — Sr)2 — ¢2}, P(p) =7 2. (11

IIpocTpaHCTBeHHOE pacIpeie/eHne ITOTCHITNAIA BO3IeHCTBAS Yepes Iy M
onpeJeseTcsa IPOCTPAHCTBeHHON 3aBUCHMOCTLIO CpeIHel aMILIATY/IbI TI9HA,
T. €. ero YCJIOBHBIM CpeTHUM Jist pacipesenenus (11)

U($) = (U(S.)]d) = / T U(S.)PT (S, $)dS

T. K. OCHOBHOIt BKJIaI B HHTErpaJ gawot S, ~ Sp, TO

U(p) ~ U(Sr)ﬂ'72€7(£2 / e~ (5u=Sr%gg, = U(SF)W*?’/%*‘E’Q.

—00
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Ucnosnbays (10) mosyunM moTeHmMan BO3AeliCTBUS TA9HOB Yepes IIyM
U(g) = Uy(®) + Ua(9), Uy(¢) = ve™, Us(d) = Ge™, = Spp,  (12)
e ¥ = Y. Su, G = GuS%, Yo = 7 %Us, G, = n%2Uss/2, |§| < 7/2.
Konebanust rjpuoB B3auMoeificTBYIOT TOJIBKO MECTHO, IIPU COBIAJICHUE
ux ¢a3. Ho cam risu coctont u3 onpeneséHHbx Kosebanuii (1), pasMbIThix
mymoM (3) 1o pacupenenenus (11). IIpocTpancTBeHHOE pacipe/iejieHue Io-
Teruaa (12) ¢BsI3aHO ¢ STUM PAa3MBITHEM, T. €. onpeessiercs mrymom. Cie-
JOBATENIBHO TI3HBI B3aNMOAEICTBYIOT IIOCPEACTBOM mryma. leiicTByer
JKe TIOTeHIUAJ He Ha IIyM, & Ha OupejeséHHoe Kotebanue rapHa (1eHTp pac-
IPeJIeJIeHNsT ), U YCKOPsIeT ero. B KBaHTOBOIT MeXaHHKe TaKoe B3auMOJeficTBIe
OTMUCHIBAaETCA KaK O6MeH BUPDTYaJbHBIMU YaCTUIIaMU.
3HAKH IIOCTOSHHBIX BO3eHCTBHA 7, G, OpeNeIsioT ero KauecTso. Ecin
Yo > 0, TO TI3H OTTAIKHMBAETCS OT TIYHA U NPUTATUBACTCA TPOTUBOIIIHOM.
Ecim G, > 0, 10 JyitoOble II9HBI U MPOTHBOIIIHBI OTTAJKUBAIOTCA. Takne
3HaKH COOTBETCTBYIOT HAIEMY YCTOMYNBOMY W Pa3BUBAIOIIEMYCS MUDPY.
PaccmorpuM omHOMEPHOE Y-B3aMMOIEHCTBUE TPEXMEPHBIX TI3HOB
['® ¢ paBHBIME 110 MOJY/TIO aMILTUTYyAaMu Sp. B nasibHeiimeM omucanum B3a-
UMOJEHCTBUN UCTIOIB3YIOTCA CeIYIHe 0003HATCHHS

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

BzaumopeiictBue aByx rasHoB [} u ['s.

Jlast ux onucaHusi BEIOpaHa CHCTEMA OTCIETA, B KOTOPOU JBUZKEHUE CHM-
MeTpudHo. MecTa I/I9HOB ¢1 U ¢g = — @1, ¢ = Pp1—@o. [loTentmasn B3anmoeii-
crust (12), 3anucanHblil B equHunax 7y, ectb +U, roe U = e, Bepxnnii
(HMzKHUI) 3HAK OTMEYaeT B3aMMOJEHCTBHe TIIH-TIH (TJI9H-TPOTHBOTIIH).
HelicTByIomre HA TIIHBI YACHUJIbI — VieJIbHbE (HA €IWHUILY AMILIATY/IbI)
cuibl fi = —fo = FdyU = £2¢U. YpaBHeHHe 1BUKEHUSI
¢ =2f1 = F2d,U = £4¢U. .

T.x 6 = dyl(9)?/2, 10 (9)2/2 £ 2U = B, (§)* = 2B F 20),
rie E — yaespHas MOgHAS SHEPTHA OTHOCUTEJNIBHOTO JBUZKEHUS TJ9HOB.

OrrankuBanme ra9H-rAdH. Ecn 0 < F < 2, To Ipu BCTPEYHOM [IBH-
JKEHUH MMEeTCsl OTPakKeHWe B TOYKe MOBOPOTA. JIBa OMHAKOBBIX T/9HA HE
MOTYT OBITH B OZHOM MecTe (cOocTosHHE). DTO cBoicTBO depmuonos. OHoO
00YCJIOBIEHO 7Y-OTTAJKUBAHUEM TIPH JTOCTATOYHO MaJjIoi sHeprun E.

IIpursxkenue razu-nporusoradu ([l-mastauk). Ecan —2 < E < 0,
TO B moTeHIuaste U cymiecTByeT HeJnHEeHHBIH MATKII MagaTHUK. [lpn F/ + 2 < 1
u ¢? < 1 on Juneen gb = —4¢ ¢ 4acToTol Wy = 2 NN Wy = 2172,
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BzaumopeiicrBue aByx I'lI-masgTHUKOB
[Tyctb umeercst aBe napsl riagu-uporusorads ['111; u ['91ly ¢ paBabiMET 110
MOAYJIIO aMIIJINTyAaMH TI3HOB. B paccMaTpuBaeMOM JJId HUX OAHOMEPHOM
apuzkenun ux Mecta ¢, ¢ oY ¢l Beogarca pasmocTu MecT B napax
& = ¢f — ol & = ¢ — ¢l u paccTogHMe r MexKLy HeHTpaMu Iap.
elicTBytonue Ha TI3HBI yACHIB B efuauiax 27 (12) samuceiBaiorcst B
coorBercTBEe ¢ 0603HadeHHsIMH (13)
fi = —f(¢7 —o1') + f(¢h — ¢3) — f(d1 — ¢3),
fi = (o = @) = f(& — @) + f(o — ¢3),
fo = —[(d1 = &) + (&1 — ¢h) — f(d — 63),
o= F(o0 — 0y) — f(o1 — o5) + f(¢s — ¢).
VpaBHeHUsI JBHKEHUS B €IUHATIAX 277 = w3/2 :
G=f—fA'=—fl&)+flr+ & -&)/2) — flr+ (& +&)/2)
— f(&) + f(r— (& +&2)/2) — fr— (& —&)/2),
S=f = L= r+(&—8&)/2)+ [(r— (& +&)/2) — f(&)
—fr+ (& +&)/2) + flr— (& —&)/2) = f(&),
27”—f1 +f1 f2 f2 = —f(&) + fr+ (& —&)/2)
—fr+ (& +&)/2) + f(&) — flr = (& +&)/2) + f(r — (& — &)/2)
+f(r+ (& —&)/2) = fir— (& +&)/2) + [(&) — fr+ (& +&)/2)
+ fr—(& —&)/2) — f(&) =
=2[f(r+(&—&)/2) = f(r+(&+&)/2) = f(r—(&+&)/2)+ f(r—(&—-&)/2)].
IIpu |£| < r yacuasl paznaraiorea B paj o crenenam £ o &2, enonpsys
0603HaquHH f = f(/r)’ fr = f'f’(r)7 f'l"’/’ = f?"?"(/r.) us (13) u fT’TT‘ = drfrr(/r)7
y.paBHeHI/IH ABHUZKCHUA 3alIUCBIBAIOTCA KaK
él = _2(51 _gf) +f?’(£1 _£2) +frrr(£1 _52)3/24_ f?"<§1 +£2> - frrr(gl +£2>3/24
= —2(61— &) = 2o & — frrr(§ +36760+ 36165 +65 — 6 + 3676, — 36,65 +&3) /24
= —2(& - &) = 2f;& — frrr (36762 + £3) /12,
& =—2(& — &) — 2f:& — [ (386 + £0) /12,
P = frr(&1 — &)? /4 — for(& + &)*/4 = — [rn&i&o.
Torna
&= =2(& — &) — 2frbs — frr (36762 + £3) /12,
§o = —2(& — &) — 2f:& — [rr(366 +67) /12, 7 = —frr&ia.
T. K. 7" MEHAETCd BO BTOPOM l'[pI/I6JH/I)KeHI/II/I7 TO €0 UISBMEHCHUEM B YPAaBHCHUAX
Jist &1 m &9 npeHedperaioch ¢ CaMOIo HavaJIa.
ITepBoe mpubnurkenne (IuHEHHOE)
B smnefiHoM npuO/IMzKeHUN ypaBHEHUE [IBUKCHU

£ = =26 — 2f,&, &= =26 —2f.&, F=0.
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B mepemennpix &+ = (§1 £ &) momydaem coOCTBeHHbIC KOTeOaHus
§o= =26 —2f:5 F (25 +2£:61) = —2(1 £ f) (& £ &) = —2(1 £ f,)&
¢ cobereennbMu yacTotamu wr = 2(1 & f,) B eununax "“’3 /2, tae f, onuch-
BaeT BiaugHue cocemueil mapel. T. K. f. < 0, To wy < w_.

Ecsin mapsl konebmores B daze & ~ & ur? > 1/2, T0 yacuaa MeHbIeer
¢ paccrognueM. Ilapa npurdruBaer OJMMKHUNE K Heil II3H Apyroit mapbl H
OTTAJKUBAET JAJbHUN, HO cjlabee — Hapbl MPUTITHBAIOTCS.

Ecyim konebanusa nporuBodas3ubl £ ~ —&, TO Naphl OTTAJTKUBAIOTCS.

Bropoe npubiaukenue (HeauHeiHOE)

B nesmmneiinoM mpubIHKEHUN HAXOIUTCS U3MEHEHUE DACCTOSHUS MEKITY
['TI-mapamu

T= _frr€1£2 = _frr(gi - 63)/47 (14)

IJe ClipaBa CTOAT perieHus 1mepBoro npubsmkenud. [lojgcrasigsa codcTBeH-
Hble TApMOHUKH B BUJE 4 = a4 cos Py, Oy = wit + ¢4, momyunm

&2 —& =a%cos? Py —a’cos? P = a%(1+cos2P)/2—a’(1+cos2d_)/2
(2 2 2 2

= (at —a’ + a7 cos2®; —a” cos2P_)/2.

Bes yuéra Bropbix rapMOHHK ([OCJI€ YCPEJHEHHUs 3a HepUoi KojieOaHuii)
yacmjaa meaiieHHoro B3aumonaeiictsua I'II-map ects

fT = _frr<a3- - CLQ_)/8 (15)

U3 (13) f,r = 2r(2r® — 3)U mensier 3Hak mpu 7% = 7§ = 3/2.

Ecom TTI-maps koseGamorest mporusodasuo a2 > a2, ro f > 0 mpu r > g
(orrankuBamme map) u f < 0 upu r < 7o (IpUTAKEHHE TAD). 79 — TOYKA
HeyCTOHYHBOro paBHoBecust. Ecin onn kosebimores codasuo a? < a?, 1o rq
— TOYKA YCTOWIUBOTO PABHOBECHS.

Matepus Mupa, Henb MAPOB

['19HBI W TPOTHBOTAIHBI Y-B3anMoieiicTBueM coequHdaAoTceda B ['II-maps
34113 | koropuie obpaszyior I'Il-cpemy. Ornocurenbusiii casur ' u I1° B na-
pe onpejesger mojigpusanuio 3ol cpegapl. Kpome I'I-nap cymecrsyer Muo-
JKECTBO OJHOMECTHBIX Tap v; = H;jgH ;g usmMepos j, CBA3aHHBIX KOppPeJIsIi-
oHHBIM B3auMo/eiictereM (9). dro meitrpuno (cm. "Hacrumnpt"). O nmeror
CPEHIOI HYJIeBYIO aMILIUTYAY U He YIACTBYIOT B 7Y-B3aUMOJEHCTBUN.

T. 0. MaTepuga HaIIero Mupa B OCHOBHOM cocTaBieHa u3 ['II-map u meii-
Tpuno. Ké mmorHocts p #e menee mwiorHocTu ['Tl-cpemsi. Ona onenuBaercs
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gepes Maccy ['Il-mapor (~ macewt meiitpuno 10737 ke — em. "Hactumns") un
paccroginue T Mexly numMu (He Gosiee pasmepa ssexkrpona ~ 10722 m). Torga
p 2 10%%kr /M3, uro muoro Gosbiie miornocru aiep ~ 1017kr /m3. Thiornocts
BelllecTBa BO BeesleHHoit onennpaercd B ~ 10720kr /M3, Paznuna na 55 nopsi-
koB min 6osiee. Ho ['[I-cpena TOMBKO BO3BBIIIAETCS HaJ BepXHel CTYIEHBIO
OCHOBaHMSsI, KOTOpas cama 6oJiee deM Ha 49 OPSIKOB OOJIBIIE COBPEMEHHOTO
myma ~ h. Torga Bcg m3BecTHast HayKe SHEPrUsd-Macca HUYTOXKHO MaJjia 1o
CpaBHEHUIO C SHEPTHei e€ 0OCHOBBI — pasuuna npepbimaer 100 mopsakos. 1o
He cuuTast OECKOHEUYHYIO SHEPTHUIO MTyMa.

Ilens mupoB. IlpeacraBienne Beero rapMOHIKAME He HMeeT BEBIJIEJIEH-
HBIX YacTOT. B KayK/IOM MHOYKeCTBe TapMOHUK JI000H YacTOTHI, B3ATOM 3a
equauily () = 1, TapMOHUKHU OCTAJbHBIX YaCTOT HPEJACTABJIEHBI WK IIIyMOM
(mpum ©Q > 1) mwmm memzenneivM m3Menenuem (mpu 2 < 1). U xaxzgoe ta-
KO€ MHOYKECTBO TaPMOHHK JIPYTUX YACTOT SIBJSETCS OCHOBO JIIst OTIMCAHUS
KaKoro-ambo mMupa. Toraa mMmeeTcs CBA3b U B3aWMHOE BJIHSHEE MUPOB Pas-
HBIX OCHOBHBIX JacTOT. Tak B MeJIIEHHOM H3MeHeHre XapaKTepUCTUK HAIIeTo
MHPA eCTh BKJIA/] BO3AeHCTBUN Me/IjIeHHBIX MUPOB ¢ () < 1, a B ryme CKPbITO
Biugnmne ObicTpbix — ¢ {2 > 1. [lomobubiM 0Opa3oM u HAII MuUp AefiCTByeT
HA JIPYTHEe MHUPBI. DTA CBA3b MPOUCXOIUT HA YPOBHE OHOMECTHBIX [JI9HOB U
Yepe3 HUX PAcIpOCTpaHseTcs Ha BCe OCTAJIbHbIE YPOBHU, BIJIOTH JO TeJ.

Mwupsl Ha pa3HBIX OCHOBHBIX YacTOTAaX MOJOOHBI, HO HE TOYKIECTBEHHBHI.
Y HUX MOXKET OBITH OJUHAKOBOW CKOPOCTH IBOTIONUH, U3MepsIeMasi B TepPUo-
JlaX CBOMX OCHOBHBIX YaCTOT, HO Pa3Has OTHOCHTE/IbHAs CKOPOCTb. MUphl ¢
OOABITNME TACTOTAME MEHSIOTCS OBICTPee MUPOB MeHbITHX JacToT. Criemyer
0KU/IaTh, 9YTO OHU O0Jiee TPOJBUHYTHI B CBOEM pa3BUTHH. 10T/1a B KayKyIIHX-
cs CJOyYalHBIMYU M3MeHEeHUSX CKPBIBAeTCs BJIWsSHHE 0oJiee PA3BUTHIX MUPOB,
a MeJJIeHHble M3MEHEeHHs CBA3BIBAIOT ¢ MeHee Pa3BUTHIMU Mupamu. Ciaydaii-
HOCTDb COJICPZKHUT HENO3HAHHYIO HEOOXOAUMOCTb.

IITym He ecTh Decmopdaa0K, XOTH MOAUUHACTCSA pacupejenienuo Layc-
ca, IPUMEHIeMOMY /I OMUCAHUS CJIYYailHBIX BEJTMYNH B HU3IIEM PaBHOBEC-
HOM cOCTOsAHHH. OH TOJBKO KayKeTcs OeCIOpPAIOYHBIM H3-33 HEJOCTATOTHO-
CTH BPEMEHHOTO pa3peleHus, He MO3BOJISIONIET0 3aMETUTh ObICTPBIE BJIHS-
HUsI MUPOB ¢ OOJIBITUMEI OCHOBHBIMEU 9aCTOTAMU.

Mup ectb Ha/NTYMHOE CTPOECHUE, COXPAHLIONIEE CBOIO HEPABHOBECHOCTD.
O/1HaKO HepaBHOBECHAsT 3AMKHYTas CUCTEMa, CO BpeMeHeM Hem30eKHO mepe-
XOJUT B PABHOBECHOE COCTOSTHUE H OCTAETCS B HEM HABCET/Ia. DTO TPOUCXOIUT
n3-3a TOTO, 9TO MOJJIepzKaHie DecropsIKa PABHOBECUS U peJaKkcarus pJIyK-
Tyaruit oupeje/sdioTcs OJHUM MeXaHU3MOM. dTo0bl MUD CYIIECTBOBAJI U He
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peTakKCHPOBAJ K PABHOBECHOMY IITyMY, OH JOJIKeH OBITh OTKPBITON CHCTEMOi
C BHEITHUM B3aUMOJIEHCTBUEM, MTO/IEPXKUBAIOIIUM €r0 HaIIIyMHOCTD.

Takum cBoiicTBOM 00/1a7a10T KUBbIE CyIecTBa. Kro gake MOXKHO B34Th
3a ux ompejeserne: 2Ku3Hb ecTb CIIOCOOHOCTD IIOCTOSHHO IIOJIIEPKUBATDH
HepaBHOBECHOE COCTOsIHHE B paBHOBeCHOU cpene. Ilpu aToM moHgTHe KU3-
HU PACIIAPIETCS W MO3BOJSIET HA3bIBATH KUBBIMHU HE TOJIBKO MOJIEKYJISPHBIE
opranu3Mbl. IIcxo/1s1 13 3TOT0 OlLpe/ie/IeHns U JPEBHUX CKAa3aHUi, I'/1e BCeJIeH-
Hasl 9acTo MPeJICTaBasIeTcd B 0bpa3e jepeBa, »KUBOTHOT'O WM JIazKe Ye0BeKa
(Mypyrra w ap.), MOYKHO MPEANOJIAraTh, YTO HAIl MUP SIBJISETCS YKUBBIM.

Ecyin mam mMup ectb KUBOE CYIIIECTBO, TO MOAOOHBIE €My MHUPBI Ha JIpY-
I'UX OCHOBHBIX YaCTOTaX TOXKe KUBble. OHU COCTABISIOT IOCIeI0BATEIbHOCTD
CBSI3aHHBIX B3aMMOJIEHICTBUEM »KHUBBIX MHPOB C Pa3HbIMH YPOBHSIMU M CKO-
pocTsaMu pas3BuTHSA. BoJiee ObICTPHIE W HMPOJABUHYTHIE MUPBI MOTYT BOCIIPH-
HUMaTh, OTCJEKUBATH U YIPABISITH KU3HbIO O0Jiee MeIJeHHBIX MHUPOB, He
[I03BOJIsISE UM MOI'PY3UThCA B DecriopsA0oqubril miyM. T. 0. J0J2KHA CYIIecTBO-
BaTh OECKOHEeYHAad IEeNb >KUBBIX YIPABJIIEMbIX MHPOB, B KOTOPOIl HAII
MUD SBJIETCsS OJAHUM U3 €€ 3BeHbeB. TOJIbKO Takasi »KUBas U yIpaB/iseMast
Ielh B3aMMOCBA3AHHBIX M MOJ00HBIX MHUPOB Pa3HOIO YPOBHS Pa3BUTHUS CIIO-
coOHa TTOCTOSTHHO TIO/JIePYKNBATH HEPABHOBECHOE YIOPSIOYEHHOE COCTOSIHHE
OT TOTPYZKE€HUA B PAaBHOBECHBIH Xa0oC. DTO IMEMb BEYHON >KW3HU.

ITongpuzanug

3M TJI9HBI U TPOTUBOTIIHBI Y-B3auMo/ieiicTBueM coeaunsaiorces B ['TI-napor
34113, cmocobrbIe 06pa3oBBIBaTh yeToitansyio I'll-cpey. B Heit y-B3anmMoeiicTBHe
CMeTIaeT TAIHBI Map W MeHseT paccTosgHue Mexkay napamu. CIBUT T/I9HA U
HPOTUBOT/IFHA B LIAPE OILPeJIe/IsdeT HOJIPU3AIUI0 CPE/Ibl.

Kazkplit s uMer onpeieieHHOE MeCTO TOJIBKO B cpeaneM. [iro pac-
npegiesienne (5, 6) pasmbiTo 110 MecTy ¢ aucnepcueit (¢?) = 1. B sTom uryme
Majioe pasgeienue I'® u [1° BHemne ne BbLIe/geTCd, HO OHO eCThb KakK Cpe/-
Hsist BeTmauHa. A OosIbIie u OBICTPBIe U3MEHEHUs MIyMa, [IPH yCpeTHeHne 33
OTHOCUTCJIbHO MedJICHHbIE BpEMEHaA HepeMemeHHﬁ IJIJHOB B3aMMHO YHUYTO-
KAalOTCAd U CTaHOBATCA HE3aMETHBIMH, HE€ Melllad COCTaBJATL JAJIdAd CPpeaHUX
BIIOJTHE OIIPEJICJIEHHBIE COOTHOIIeHUS. beckoneunas sHeprus 1myMa, aBIseTcs
HEOOXOJUMBIM YCJIOBUEM CYIECTBOBAHNUS KOHEUHON MOJISIPU3AIUU CPEJIBL.

Tounoe paccMOTpeHHsT THHAMUKY BO3MYIIEHUH B TAKOW cpejle HEBO3MOMK-
Ho. HyzKHBI ynpoménnbsie mpuOInKEHubIe TOAX0IbI. OTHIM U3 HUX SIBJISETCS
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YUIET B3aUMOIEIHCTBUS TOJNBKO C OJMMKAUIIIMHU COCEIIMU U PA3JIOKEHUE IO
cremeHn Bo3MyIneHusi. 1[0y IuTh yI0BAETBOPUTE/IbHBIE PE3YIbTATHI MOXKHO
B JINHEHHOM TIPUOIMKEHUN C HEKOTOPBIMU HEJTUHEHHBIME JTOTOTHEHUSIMI.

Pacemorpum oprOopomnyio I'll-cpemy, 3aHUMAIONIYIO BCE IMPOCTPAHCTBO
MecT T/9HOB. llyerh oma coctout m3 ['ll-map, comepzkammX TASHBI C OU-
HAKOBBIMHU CPEIHUME aMILIATYIaMH. B HEBO3ZMYIIEHHOM COCTOSHUU TJIH H
MPOTUBOI/I9H B TIape COBMEINEHBI, & B BO3MYIIEHHOM — pa3jeseHbl. 3a ab-
COJIFOTHBIE KOOPJAMHATHBIE OCH TPEXMEDPHOTO MPOCTPAHCTBA, OEPYTCST N3MEPHI
(8, 9), a mosyuenHoe oObeanHeHne csizanubix [ TI-MagTHIKOB, o6pasyoliee
IPOCTYIO PEHIETKY KybOa, ucnob3yercs i onucanus ['TI-cpembl.

B mpoctoit pemérke ky6a I'II-mapbl 3anuMaior ero Bepiiunbl. Beiaemum
ochb | (IPOJOIBHYIO), BAOJIb KOTOPOH IJIIHBI CMEIAIOTCS HPU B3aMMOJEii-
CTBUU, U JBe nonepevunsie ocu j, k. PaccmarpuBaemad napa 'l momeraercs
B HauaJo orcuéra. Ha neé sosaeitcrsytor 6 cocennux nap 'l (mo nBe Ha
KasKJI0# OCH), HAXOJAIINXCsT HA PACCTOSTHUE 1 OT eé 1eHTpa. Homepa ux Mect
j,k,1 = 0,%1. IIpoexmun ma och | MECT [ISHOB ¢l W TPOTHBOTISHOB @y, B
['TI-nape pacioJiokeHbl CHMMETPUYHO OTHOCUTE/IBHO €€ 1enTpa. VX pasnocrb
(momspmsanmst) g = @iy — Py <K 1. Vsmenenne 7 mpu BsamMoseiicTBim
nMeeT 2-it nopsaok Mangoct (14) u yureno kKak HesmHeRHas 100aBKa.

V3menenune Moisipu3aliuu ONpeJIe/isseTcs MOTeHIHAIAMU Y-BO3AeficTBUS
(12) ma roon U = Uy + Ujy, n nporusormen U™ = Ug' + Ujy, B I'lly. Onnm
COCTOAT U3 Bo3eiicTBHs cocesielt o mape Ul = Ul u rasmor coceanux nap
UL, = Ul + UL, UL, = ULy + ULll. Bnech nepsbiii Bepxuuii 3Ha40K

J J J J J J
OTMedaeT TA3H, HAXOAAIUNACS 0 BO3AeHCTBAEM, & BTOPOH — BO3AefCTBYIO-

M.
o _¢2
[Torennuan B3aumoneiicteusa B I'II-mape UOF = —ve ¢ ompenenser CUIbI
r_ r _ -2 2 M _ _ 4T
Ha rau fi = —0: UL = —27y&e % ~ —27¢(1—€?) m nporusorman fil = — [T
Onn pasznoxenst 10 £3. OcTanbHble CHIB OepyTCa JHHEHHBIMIL
HOTeHuHaﬂm U -FFZ n U LIl — Gimskue no BeMuUWEE W pasHble IO 3HAKY:

Uk:l = ]k:l (f fykl) ]kl (f) - fjk18£ FF(§ §jkl = 0) 8& = 8/857

JFM = f w (€ + fgkl) (f) fyklaﬁ im (& &m =0),
]kl U]kl Ujkl — 25]’6186 gkl (f g]kl = 0)
T. k. mecTo rapHa ¢F = £/2, 1o Ha HEro gelicrByer cuna —0y U, k= 28§Ujrk,l.

N3 cummerpun peméTku n pacnonozxkenus r3uos B ['Tl-mape ciemyer, uro B
JIMHETHOM TTPUOJIMYKEHUT Ha MPOTHUBOT/IFH JeiicTByeT obpaTHas cuia. Toraa
cuia posjeficrsud napol [l na cmemenne § ecTb &x ik, Tae

Fj = 803U (€ = & = 0) (16)
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ABJIgeTCd Y€THOHN 1o Kaxkaoit ocn: iy = F_qp, .. ..

TeHepb MeHdIad IOJAPU3aluio CuJjia C yqéTOM qéTHOCTI/I F]kl €CThb
f=—4vE(1 = &) + 32 & Fims
ijl EimFir = [(§100 + €-100) Froo + (§o10 + &o—10) For0 + (€oo1 + &oo—1) Foo1]-
[lepexoas K pasHOCTHBIM HPOU3BOIHBIM BJIOJIb KaxK 10t ocu i = j, k, |
012 =& — & 076 = 0il1ja — 0o = (& — &) — (&) =&+ 60— 2,
TTOJTY YU M
f= =461 — &%) + [F100(07 + 2) + Fou0(0; + 2) + Foor (07 + 2)]€.

Yrobsr HaitTu Fjj; ncnoap3yem morernuaist (12). [as monepednsix oceit
Uloo = vexp{—r? — (&0 — £)?/4},
0cUtgy = (€100 — &) exp{—1? — (100 — £)*/4}/2|¢100=0
= —y€exp{—r?—£2/4}/2, Figo = —4v0[€ exp{—1?—E&*/4}|e—0 = —dye ",
Takxe Fyg = Floo. st nponosibHO ocu
Usor = v exp{—[r + (&o1 — £)/2]?},

OcUsr = [r + (oo — &) /2] exp{—[r + (o1 — €)/2]*}Heoo1=0
=(r—¢&/2)exp{—(r—§/2)*},  Foo = 8ve[(r —&/2) exp{—(r —£/2)*}He=o
— 89[=1/2+ (r — £/2)] exp{—(r — £/2)} ez — 4321 — e

Tenepn f = 4y[—(1 — €2) — e (62 4+ 67 +4) + (2r — 1)e™" (62 + 2)I¢.
Mensa obosnatenns na w? = 4y, U = e, f, = (1 —2r*)U u3 (13) u BBOAA
2= w,QyU, it = —wﬁfr = (2r% — 1)c?, noayunm
f=[= (w3 +4c = 2¢) + wi€® — (67 + 07) + otI¢.

Haiiném Biugnue usmenenus paccroguus h mexy ['lI-mapamu npoaoib-
HOIT OCH HA MOIApU3auio. /{1 9T0ro BMecTo paBeHctsa oo = Foo_1 = ¢2(r)
HANO0 B3ATb Foor1 = ¢ (r+hyiiye) ~ ¢ (r)+d, i (r)hii /2. Torna B Boipaxerun
qutst cuatbl f cnaraemoe (€oo1 + &oo—1) Foor MeHsiercs Ha
€001 Fo01 + Eoo—1F00-1 = (Eoor + Eoo—1)c7 (r) + drcf (1) (§oo1h1 2 + Eoo—1h—1/2)-
3yech mepBas CKOOKa HPUBOJMT K IOJYUEHHOH BbIlne dgopmyre f = ..., a
BTOpas, YUUTHIBAs MIAIKOCTD h, IpeobpasyeTcsa B PasHOCTHBIE IPOU3BOIHBIE:
oo1h1 /2 + Eoo—1h—1/2 = [€o01(h1 + ho) + Eoo—1(h—1 + ho)]/2
= [oo1h1 + &oo—1h—1 + ho(§oo1 + &oo-1)]/2
— ({8 +2)(¢h) + h(5F +2)€] /2 = [3F(h) + ho2E + 4€h) /2. h = h.

D10 BRIpazkenue, yMHoxkennoe va d,cl(r) nobasnsercsa K cuie f.

Bausuue £-noJist nonsgpusanuu Ha paccrosune Mexkay I'lI-napamu Bbrauc-
asiercst w3 planmogeiicrpus ['Tl-masitaukos (14) # = — f,,.£1& (B enuHuIaxX
27). OHo cocrouT U3 ABYX OJMHAKOBBIX, HO HPOTUBOHOJIOKHBIX YCKODEHHUIT
nap. CaegoBaTebHO cMemtenne a BbigenaerHoit mapsol ['Tly npu Bo3meiicTBum

cocetux nap Haxomurcs us d = f-&(&oo1 — E00-1)/2 = [rrl0i€ = frr01€2/2, a
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u3Menenue paccrosung mexay ['Il-mapamu h = §;a mogInHEeHO ypaBHEHUIO
h = [rr02E% /2, uitn B OGBIYHBIX €IUHUIIAX: h = w%fw(slég/él = —d,c}(r)6,£%/4.
_ Tenepn ypasuennsa nongpusanun u nedopmanun I'-cpenpr

£ = [—wj — (07 4 0}) + c70f + w2E|E + dn P [07(Eh) + hoPE + 4ER] /2,
h=—d262e2 /4, W= W2 +4c® = 2¢f, & = w2, ¢f = (2r* — 1)

31mech wi — KBAJpAT YACTOTHI JUHEHHOTO KOJMEOAHNS TISHA W MPOTHBOTIIHA B
['TI-nape ¢ y4éToM BIUSHUS COCEJHUX 11ap, wi = 27y — TO XKe J1d KoJjieOaHuit
B ['TI-masTauKe. Munyc mepes ¢ o3HadaeT OOPATHEIH MOMEePEeYHbIH TTepPeHoC
BO3MYICHH, a IJIIOC IIepes cl2 — IPAMON IPOOJIbHBIN.

KaugecTBennoe pasiudue HOIEPEIHOrO M MPOJOJIHHOIO IEPEHOCOB OIpe-
JIeJIgeTcss 0COOEHHOCTIMH B3aUMOJICHCTBH TISHOB 10 STHM HAIPABJICHHSIM.
Bos1b 11poj1osibnoit ocu cocejraue ['I-1tapbi paciioiozkeHbl Ha paccTosiHue ~ 1
mvexky HuMu. CMen@HHbIil TI9H OHON U3 HUX IMPUTATHBAET MPOTUBOIIIH U
OTTAJKUBAET TJIdH JPYToil mapbl, cO3/aBas B Hell cMellenue, 1o 100H0e CBO-
eMy, U IepejgaéT TyJa 4acTh cBoeil sHepruu. OOpasyercs MpAMOU IepeHoc.
BioJib nonepedHbix oceit MpOEKIHH CMEIIeHUH II9HOB Ha OCh MOJIspU3aIIN
COBMEMIAIOTCS. 3JeCh CMEIEHHBIM TI9H TaKzKe MPHUTSITUBACT NPOTHBOTIIH U
OTTAJKUBAET IJI9H JIPYTOil TApbl, HO BLI3BIBAET IIPU ITOM CMeIeHne, 00paTHOe
cBoeMy. Hampapiienus moJisipu3anuu y COCEIHUX TI0 TONEPEYHBIM OCAM Tap
CTAHOBSATCS MPOTHUBONOJIOXKHBIME, 4TO AaéT ['Il-cpejie HamMmeHbIIyIO dHEP-
ruto. Ilonepeuno-nosiécHas nongpu3anus I'II-cpeabr yanteiBaercs ns-
MeHeHTeM 3HaKa Iepef c2:

:
P

[—w?, + (67 + 07) + 67 + W2E2)E + docf (67 (Eh) + ho7E + 4Eh) /2,
= —d, (]2 /4, Wi = Wl — 4 = 2¢], = WU, f = (2rP = 1)F. (17)

IIpubanrkeHne CIIONIHOM Cpeabl MOIYyYaeTcsd 3aMEHON pa3HOCTHBIX
IPOU3BOIHBIX HA YaCTHBIE JIJI HEIIPEPBIBHBIX BYHKIWM &, h

€ = [~wl, + w2 + (07 + 0F) + LOFIE + d [0 (ER) + hOFE + 4€R) /2,
h=—d. 2P, W2 = wi —4c* —2¢]. (18)

Yr0o0bI HAlIT BEKTOPHOE ypaBHeHUe nmojgpu3anun ipu h = 0, 3ame-
HUM aOCOJTIOTHBIE OCU-U3MEPHI Ha COBMAIAIONINE ¢ HUMHU YCJIOBHBIE OCH KOOP-
JIMHAT, KOTOPBIe 00pa3yIioT cucrteMmy orcuéra. OT Heé MOXKHO MepeiTu K Jiroboit
JIPYTOi, cTaBIell Temepb OTHOCUTENBHON, cucTeMe orcuéTta. I'll-cpema mpu
3TOM ocraérest abcosornoil. Beeném Bekrop nosspusannn § = {&;, &, &, }-
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Broprie mpomssoambie 05 + 0F 3aMeHEM Ha MOMEPETHYIO YaCTD JAILIACHANA
A; = —rotrot, a 97 — na npogoabuyio A; = grad div. Torga us (18) caeyer

§+wié = AL+ A€ +wIEE (19)

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

ét,l + Wznst,z = C?,lAst,l + Wigzéu' (20)

Boaubl nongpusanun

Jducnepcuontoe ypaBHenmne (JUCIypP) BOJH B PEMIETKE BBIBOIUTCS
u3 JIMHeHON yacTu ypasHeHust (17) mocjie mojcTaHOBKH & B BUJE TAPMOHU-
ku £(x,t) = Re[y exp{—iwt + iqx}], tne 9 = {q;, ¢k, @} — BOIHOBOIT BeKTOP,
x = {j,k,l} — xoopnuuara B Homepax ['Tl-map. Torma u3 £ = —w2,

02 = Gyt + Gt — 26 = (9 + 719 — 2)¢ = 2(cos g — 1) = —4¢ sin(q/2)
CJIEYIOT AUCIYD E-BOJH U BEKTOP rpynnosoiil ckopoctd dgw = V = {V;, Vi, Vi }

w? = wy, +4c’[sin®(g;/2) + sin® (g /2)] + 4c] sin®(q1/2), (21)
w2 :wi —4c® —2¢], Vi = (Jw)singx, Vi=(c/w)sing.

N3 Hero B mpubJIMYKEHUH CIJIONIHOMN Cpebl Cjejyer

2 2 20,2 | 2 2 2 2 2
Wi =wp, + (G a) Fag, Vie=cga/w, Vi=dgajo o (22)
rae x = {j,k,l} Tenepnb HenpepbiBHbIC KOODJAMHATHI B €JIMHUIAX DPACCTOSI-
nug Mexay ['ll-napamu. [locsie paznoxkenus Ha OTAeAbHbIE YPABHEHUSA JIJIS
HOMEepPedHbIX &, U MPOJOJBHBIX &; BOJIH TMOJTYIUM

Wf,z = wy, + Cf,z(lf,h Vi = Cf,th,l/wt,z, ¢ =c. (23)
w2, onpejeisieT pacupocTpaHenue BOH 1 cocrosnue I TI-cpebi:

Eciu w2, > 0, 10 B BosHE npuTsxenne 12 u 12 suyrpu [Tl-mapwr mpe-
obnaiaeT HaJ MPUTSIKEHUEM COCeTHUX mMap. JacTh IHePIUU BOJHBI OCTAaéTC
B TIape, a OCTaJbHOE MepelaéTcs cocenaM. BomHa 3aTyxaeT ¢ paccTOIHUEeM U
apysiercs maccusnoii. ['TI-cpesa nojgodbua Tépiomy Tesiy — I'II-TBepab.
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2 = 0, To mpurskenue [° w I1° B mape ypaBHOBEIIEHO TPUTS-

xkermem cocegeii. Obpasyercs 6e3pa3/imdaHOe COCTOSTHIE — TPAHUIA PACIaIa
napbl. Best sHeprug BOJIHBI 3aK/II09E€HA B IEPEHOCE — BOJHA HE UMEET MaCChI.
Venopue w?, = 0 naér rpanudHoe paccrognue mexkiy I'Il-mapamu ro ~ 1.6.

Ecm w?, < 0, HO HEMHOT0, TO pa3pylIeHrne HeKOTopuix I'Il-map u mocre-
ayiommas nepectpoiika ['II-cpeabl yBeWInBaIOT r, jAejas TPAHAILY PacIaia
YCTORYUBOH K MAJIOMy YMEHBIIEHUIO PACCTOsiHUsT Mexkay napamu. O6pasy-
€TCs OTHOCHTEJIHHO HEDOJIBIIOe KOJUIECTBO CBOOO/HBIX TIJIIHOB M IIPOTHBO-
[JIHOB, KOTOPBIE CTAHOBSITCST OCHOBAMW 3JIeMeHTapHbIX dacTull (cm. "Hacru-
1b1" ). OTKJIOHEHHE 7o — 1 OTPeIEJISIeT IIOTHOCT YHCIIa YACTHUIL BO BCEJEHHOM.
T. k. ona MHOro MenbIne mwioTaoctu I'lI-cpensr, To rg — r <K 1.

Eciu w? < 0, To npeobanaer npursxenue cocequux I'Il-nap. JIoGoe
MaJjioe Bo3mytenue pazpymaer ['Tl-nmapol. I3 rapnoB u npoTuBOrI3HOB 00-
pasyercs momobras maasme cpega — I'Il-mmazma. Ona He TroguTest A71st 00-
pa30BaHUA B Hell YHOPSI0IEHHOTO MHUPA.

BesmaccoBasi BoJIHA onuChIBaeTca ypapHenuamu (17, 21) upm w?, = 0:

m

Ecmm w

& = [*(67 + 67) + w2€&,  wi = 4c%[sin?(g;/2) + sin®(qu/2))],
& = (76} +wEh&,  wi = 4c}sin®(q/2), (24)
Vik = sin(g;r) /My, Vi = sin(q)/M,.

—~

Bnech My = wi/c* u My = w;/ 012 MOHUMAIOTCS KaK MAcChl JIBUKYIIIXCS KBaH-
TOB COOTBETCTBYIOIINX BOJIH, HMEIOIIUX 9aCTOThI Wy, U w;. OHU CBIA3BIBAIOT
ckopoct V' = {V;, Vi, Vi} n umuynscet ¢ = {q;, gk, ¢} kBaHTOB.

CkopocTu BOJIH He IMOCTOSIHHBI

c(sin? g; + sin® g
4[sin2(qj/2) + sinZ(qk/Q)] ’

VP=VI+ V2= V, = ¢ cos(q/2). (25)

Onn MeHAIOTCA OT ¢ WK ¢ upu ¢; = g = 0 wm ¢ = 0 1o ¢/V2 mmu ¢;/v/2
npu ¢ = q = +7/2 wm ¢ = +m/2.
B nipubanzkennu crioniHoii cpebt u3 (20, 24) cieyoT BeKTOPHbBIE ypaB-
HEHUsA € TMOCTOSHHBIMH CKOPOCTAMU BOJIH M JIUCITYP
ét = —c*rotrot &, + w3§2£t, divg, =0, wy =cq, Vi =c, (26)
éz = 012 graddiv§, + szQEz, rotrot§; =0, wy = aq, Vi = .
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DJIeKTpUIecKoe MoJie

ITone moagpu3amum BOKPYT TrAdHA npu w,, = 0. [lycts B ['Tl-cpene
nocepeauae Mexkay 1'll-mapaMn HaxoamTed mOHOJHHTeNbHBIH rasH 3. Ero
norennuaapHoe moste U, pasnoxenns (12) mefictByer Ha OJIHKHEE K HeMY
napbl U CO3/JaéT B Cpelie BO3MYHICHHYIO riadHOM obsiactb. [locie mepexoj-
HBIX TporeccoB BOm3u '3 obpasyercsa maccupHoe &-mojie (CM. CJiefl. pas-
JeJ1) W TOCTOsSIHHOe pajuanbHoe nose {(R), rne R — paccrosiHue OT IeH-
tpa [, B npubmuzxenun cronnoi cpeabl &(R) HaXoquTcs U3 ypaBHeHHs
(26): grad div &, = dr[R?dr(R?*¢)] = 0. Ero y6piBatomee ¢ paccrosamem R
pemenne ecrb E(R) = e/R?. Koneunplii BHYyTpeHHUIT pajuyc 10/ 00yc/iaB-
JIMBAET €r0 KOHEYHYIO YHEPrUio.

YpaBuenua Maxkcsesia

B npubmuzkeHny CUIOMHO Cpesibl 1Tt 6€3MacCOBOr0 NOMEPEYHOTO MO

&€ = £, nuueiinag gacTh ypasaenus (26) ectb £ = —c?rotrot £, T. k. € Toxke
HOIEPEYHBIH BEKTOP, TO €r0 MOXKHO 3alIICATH KaK POTOP BEKTOPHON (hyHKIMN
& = crotb. Torma £ = crotb, b = —crot§, divb = 0. Orcyrcrsue

NPUYNH /15 BBeAeHus b-3apsiaa nossossier 3amnucath divb = 0. [Tonyuennas
cucreMa ypaBHeHni

E =croth, b= —crot§, divE=divb=0
COBIaIaeT ¢ ypaBHeHHsMH MakcBe/l1a B OTCYTCTBHE 3apSI0B M TOKOB.

Bapsiiamu B I'Tl-cpejie siBIsIIOTCS OTJeIbHBIE TAIHBI W TPOTHBOIIIHbI
¢ nonem &(R) = e/ R%. 1o none Kynona 1o Teopeme o juseprenmun Laycca-
OcTtporpa ickoro mpuBOAUT K ypasHeHwto div € = 4mp, rae p oObEMHAST TLIOT-
HOCTH 3apsiia. 13 ypaBnenus HempepsiBHOCTH p + divj = 0, rae BBemeHa
IIOTHOCTH TOKA, j, CJIEIyeT divé =dnp=—4ndivjn &€ = —4nj.

B Jinneitnom npub/inzKeHun ypaBHEHUS MOJIEH CKIA/BIBAIOTCS B ypaBHE-
Hust MakcBeJuia it HAIPSKEHHOCTH 3JIEKTPUYECKOrO 1ot & W WHYKIIUH
MarHUTHOTO T0Jist b pu HaJn4dne 3apsijioB U TOKOB

E =crotb —4rj, div& = 4np, b= —crotg, divb=0.

Vtak HAaNPAKEHHOCTD YJIEKTPUIECKOrO MOJS MOXKHO OTOXKIECTBUTD
¢ yvactbio nojgpusanuu ['Tl-nap, Bk/IO4aOIel 1OCTOSHHOE U LOLEPEeYHOe
oe3macconoe &-mosig. MaruuTHoOe 1moJie XapaKTepu3yeT X u3MeHeHne BO Bpe-
MEHH W HE SBJISIeTCsI OCHOBOTOJIArAIOIINM, HECMOTPSI Ha, CBOE y106CTBO B IIPH-
MeHeHHusX. Ero MoxKHO 0e3 yirepba [Jisi CMBIC/IA BBIBECTH W3 HA3BAHUSA IIO-
JIsI, OCTABUB TOJBKO MpHIaraTeabHoe "snekTpudeckuii": sekrpuaeckoe moe
(3J1eKTpOMOIIE) U 3JIeKTPHUECKast BOJTHA (3JIEKTPOBOJIHA). BOIpoc o mpogo/ib-
HOI gacTu &-110JIsI PACCMOTPEH B CJIEIYIONEM pas/ierie.
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DJIeKTPOBOJIHA eCTh Oe3MaccoBasd monepedHas E-BoHa. OHa COAEPKUT
JBe mnporuBodasubie cocrapisionue. e juHa BogiHBI A > 4 B eQMHUIAX
paccroguuii ry Mexk iy napamu. Ecian rg ~ 10722 M (onbrTHbIi pasmep 3/ek-
Tpona [20]), To A > 4-1072% M, a yactora Bosnbl Menee 1030 ['n. Eé rpynnosas
CKOPOCTH (25) MeHsIeTCsl OT CKOPOCTH CBETa ¢ JIsl TTMHHBIX BOJIH JI0 ¢/2 TpH
A = 4. Ho mpejent crutommnoit cpejipl (25), B KOTOPOM OHA TIOCTOSIHHA, OXBa-
THIBAET BCE HADJIIO[AEMbIe BOJHBI.

[Tongpusanus umeeT MOMEPETHO-TOJIOCHOE CTPOEHUE — YepeIOBaHNe
HaPaBICHUNH MOJSPUBAINHA B TIJIOCKOCTH, OPTOTOHAILHONW HAIPABICHUIO TTO-
Jd. Paccrosinme MexXy IOJI0OCAMH PABHO PACCTOSHUIO MKy dDUpOHAMEI
ro < 10722 M. DTO cTpOEHUE MEPEHOCHTCS Ha 3JEKTPOBOJIHEL.

Bozmymienue nosiipusaliu B 3JIEKTPOBOJIHE PACIIPOCTPAHAETCS HOCJIE10-
BaresbHo Mexay coceanumu ['Il-napavu. I'Tl-mapa, mo koropoit poxoant
BOJTHA, CAMa CTAHOBUTCSI UCTOYHWKOM BO3MYyTIneHusi. CyMMa BCEX BTOPUIHBIX
BOJIH 0Opa3yeT (ppoHT 371eKTPoBOJIHBL. Cle10BaTe/IbHO U3 MEePEHOCa HOJISPH-
3anuu ['lI-cpenpr BoiTekaeT mpuHmun I'ioiirenca-@penesisa 1 3JeKTPO-
MarHUTHBIX BOJIH.

Ha iy MHBIE [I9HBI HMEIOT Dacupe/iesleHne (11) ¢ mpocTpaHCTBEHHO THC-
nepcueii (¢?) ~ 1, koropas jaér mrym mojgpusamum 0 ~ 1, HAMHOTO
IPEBBIIIAIONINHE BeIUIUHY djeKTponosid. Ho sTor mymubiit ¢hon Hesamerew,
IIOCKOJILKY ITPOTUBOIOIOKHBIE (DIYKTYAIIUU B3AUMHO YHHYTOXKAIOTCS yCPe -
HeHUeM MPH HAOTIOAEHUN 38 BpeMeHa MHOTO OOJIBIINE UX JJIUTeIbHOCTE.

Ham mup moxer cymectBoBaTh ecim paccroguus mexay [Tl-napamu
7 = T BBIJIEP’KAHBI ¢ OIPOMHOIT TOYHOCTHIO, 0OECTIETNBAOIIE JIUIITH TEOMET-
pudeckoe ocyabJenne nojgpusanuu B npocrpancrse. B T'Il-reepau (r > ro)
[I0JIe — MACCHBHOE W OBICTPO 3aTyXaeT ¢ yaaJeHueM oT ucrounuxa. B I'TI-
mwiasme (r < rg) yeTOWYMBasi MOJApU3AIMs He BO3ZMOXKHA. ['paHUIA MeXK Iy
HUMU €CTh cpeja Haimero Mupa. OHa, KAaK HOCUTE/Ib 3JIEKTPOIOJIA, MOI00Ha
runorerudeckoMy 3pupy lekapra. /I1g Heé MOKHO OCTABUTDH 3TO HA3BAHUE
adpup D, a ed TeMeHTH Ha3BaTh 3UPOHLBI 35— 3YII® mpu r = 7.

TpynHo HpescTaBUTh BO3MOMKHOCTD MOCTOAHHO IOJJIEPKUBATH B HaIeit
BCEJICHHOI TaKue ocoOble VCI0BUdA. Bojiee ecTecTBEHHO NMPEIoOKUTh, 9TO
3c¢dup ecTh 3-MepHad MOBEPXHOCTh B 4-MEPHOU cpeze, pa3/e/dionias
['Tl-mrazmy u ['TI-rBepan. Takasg noBepXHOCTH MOYXKET BO3HUKATH, H3MEHST-
csI, COXpaHgs CBOE KauecTBo, W mponagarh. CpaBHEHUE ¢ IBOJIIOINE HaTmei
BCEJICHHOU IIPUBOJUT K IIPEIIOJIOKEHUIO 0 (pa30BOM mepexoje 4M cpejibl U3
IJIa3MBI B TBEP/Ib, KOTOPBLI HAUMHAETCS OT TOYEUHOH 3aTPaBKH U IIPOIOJI-
JKAeTCsl yBEJIMYEHUEM TPAHUYHON 1oBepxHOCTH. [ljisi HEé ecTecTBEHHO UMETH
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MEHSIIONIYIOCS BO BPEeMEHH KPHUBHU3HY, KOTOpas MOXKET OBITh IpeAcTaBIeHa
KOCMOJIOPHYECKON MOCTOsTHHOI [21] B ypaBHeHHSAX rpaBuTanuu DifHIITeiiHa.

Bosuuknopenne adupa J0KHO CONMPOBOXKIATHCS 00pa3oBaHueM He CBSI-
3aHHbIX B ['II-napsl ripHoB u npotuBorasHoB. [Ipu ero pacuupenuu onu Oy-
JIYT B HEM pacCHpOCTPAHATHCS, TPUOJIU3UTEIHLHO COXPAHSS CBOE YUCI0. DTO
pacpocTpaHeHne MOKHO 3aMeTHTDb B OTJINYHE OT paciupennsd s¢pupa. Vmen-
HO OHO ONpe/IeJIsieT pa3Mep HAIero MUpPa YacTHll U 1oseii (BceJeHHoi), Ko-
TOPBIl HE TIPeBBIIITAeT pasmMepa ddupa.

MaccuBHOe 110J1e

Besmaccosoe -ioste (31€KTPOIIOIIE) CYIECTBYET, €CJIH PACCTOSHHE " MeZK-
ay T'Tl-mapamu obecrnednBaer cymiectBoBanue apupa r = 1o, wy,(rg) = 0.
[IpucyTcTBHE TOMOJHATEBLHOTO TAvHA 12 (wm H3) MeHsier r. B cocennem
3UpPoHe OH NPUTATHBACT IMPOTUBOIPH M OTTAJKUBAaET IrIdH. Ecau cuma ux
B3aUMOJEeHCTBUsI YOBIBAET ¢ PACCTOSIHUEM, TO NPHUTSKEHUEe CHIbHee OTTaJ-
kuBaHus. Bimkaiinime 3(pUPOHBI CABUTAIOTCS K TI9HY, PACTITHBASA 38 COOOM
aup u o6paszys 06s1acTh paspe:KeHus, B KOTopoit r > rg, w2 > 0. 13 cum-
MeTpun cdepsl £-110J€ B Heil MOXKeT ObITh TOJBKO PaJiMaJIbHBIM € JIOIOJHH-
TeJIbHBIM TIPHOM B IeHTpe. CTaTuka 3aja4dnd TpebyeT 4TOObI MOJISTPU3AIMST
cozepzkaJia moje Kynona &, u cTalmoHapHble Mo KoJebanuii B apupoHax,
UMeoIIKe Monepeunyio & u nupogobuyio & vacru: & = & + & + &.

CymecTBoBanue moJei Boausn razHa I3 3aBucaT oT HATMYNS X HCTOYHNI-
KOB. VICTOYHUK MOCTOSTHHOTO TIOJIT — CPEIHSIsT aMIInTyaa radHa. Jaa cra-
[IMOHAPHOIO MOJIsT — pachpejenenue niyma B radHe (5). OHO MOXKeT OBITH
IpeJICTAaBIeHO KaK CIydaiiHble ImepeMelneHns aMILIATYIbl, nMeomue "Bpa-
menne" BOKPYD IeHTpa riadHa u "pajuajbHOe JABHUzKeHre' , 9TO BBI3bIBAET
10/100HBIE TIOMEPETHOE U MPOI0/IbHOE oI, Crydaiiibie BOTHBI MOTEPEIHOTO
moJIsA, Bpamasdch 1o cdepe BOKpYT [, cTAaHOBATCS CTAIMOHAPHBLIM HAOOPOM
CJAYYAHHBIX CTOAYMX BOJIH. IIpojoJsibHbIe BOJIHBI, JIBUTrasgCh 110 pajuycy, He
SIBJISTIOTCSI TAKOBBIMHU M HE BJIUSIOT Ha MeJJIeHHBIE HAIIIYMHBIE ITPOIECCHI.

Ecimm upejnosiararb, 4ro Bee moJid nossipusaiiuu I'I-cpejibr 0byciiosiie-
HbI HAJTUYIUEM YACTUIl, UMEIOIINX B CBOEH OCHOBE TJ9HBI WJIN TPOTHBOTIIHEI,
TO OCTAIOTCA JIBA BUJIA TOJIEH: MOCTOSHHOE . W CTAIMOHAPHBIX MOMEPETHBIX
KoJsiebanuii & (¢ aMmaIuTyaoit ~ &), Kak MacCUBHOe BOIM3M [J[PHA, TaK U Oe3-
MAacCoBOe BJIATHN OT Hero (MomepevHast 3JIeKTPOBOIHA). OHAKO He HCKITIOYEHO
CYIIECTBOBAHUE TPOJOJLHOTO MO & OT APYTUX UCTOUYHUKOB U MPUUNH.
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Vpasuenune IlIpénunrepa

Korma rasn [ gsuzkercs, £,-11019 BOKPYT HETO HEPECTAIOT OBITH CTAIHNO-
HAPHBIMH ¥ TOJHKO paauaabHbiMu. OTHAKO CKOPOCTD CJIYUIAWHBIX TepeMerre-
HUl aMILTHTY/BI B IIIyMe T/9Ha O0JIbIle ero 4acToThl {2 = 1, KOTOpasd MHOTO
Gospre ckopocTu csera ) > c. IlosTomy npu moboM capure I Bokpyr
HEro BCErJia yCIeBaeT o0pa30BaThcd cdepudeckoe moJe ero Baugaus. OHO
JIeCTBYeT B HALPABJICHUE JIBUYKEHHUS HA MACCUBHOE &;-110Jie, OCTABIIEECS OT
MPEIBIAYINErO MOJOKEHNS T9HA, U MEPEMEIAEeT ero ¢ IPYIIOBOil CKOPOCTHIO
&4~BOJIHBI, OCTaBJIsIS TPUOJIU3UTETHHO CTAIMOHAPHBIM U PaanaJIbHBIM. J[BH-
JKeHVe JaCTHIIBl IO CYTH COBIIQJIaeT ¢ TepeMelleHneM JI000i TOIKOH ITOTO
TOJIS.

CmozemupyeM JuHAMUKY & -110JI UCHOJIb3Ysl yPABHEHHE [IJIsI MEJJICHHO
MEHSIOIIEHCsT BO BpeMeHH aMILTUTY bl (X, t) konebanuit moagpusamun [ 'T1-
mapbl B ABIKYIIENHCS C 9acTUIeil CucTeMe OTCUETa U OCTaBJIsAS MPUOINKEHHO
JIUITH PaIHATbHOE OTHOCHTEIBHO IPHA nonepeunoe nose & (x, t) = Re[(x, t)e ],
Ecimm mipu 3ToM mperebpeds ¥, 10 & ~ —(2iwmth + w2 h)e “mt. Bes yuéra
BTOPBIX TapMOHUK B HejuHedHo# gactu (20) u nuddepennupoBanus wy,(X)
[OJIy9aeTcs ypaBHeHne

—ii/}:Aw/Qm—i—wi\w]Qw/Z m = wpy/c, (27)

rjie m — macca &-nosisi. OHa, BMECTE C Wy, MEIJIEHHO MEHSETCsI B MPOCTPaH-
cree BOsm3n '3, VI3MeHeHeM CKOPOCTH ¢ TpeHeOperaeTcs.

Ec/m wacTuma JBUKeTCs OTHOCHTENBHO CHCTeMBI KOODJHHAT €O CKOPO-
cTbi0 V, T0 1) 3aMensiercs Ha dyip = 1) + V grad ¢, HO 1pu MaJgoM V BTOPBIM
YIEHOM MOXKHO IpeHeOpednb. CunTas YacTUILy BOJTHOBLIM MAKETOM C YaCTOTOM
W, ITO YCJIOBHE €CTh Wy, > V/L, rie L ~ 1/q — pa3mep nakera, q = wy,/c
— ero BotHOBOI BekTOp. Torma V' < ¢ — ycioBme npumennmoctn (27).

3aMeHUB EPEMEHHYIO B IPOCTPAHCTBE MaCCy Ha HEKOTOPYIO MOCTOSHHY IO
m, nosryunM HesinHeitroe ypasaenue [pénunarepa (ypIII) [5] B o6branom aist
HEPEJIATUBUCTCKON KBAHTOBOW MEXaHUKE BUJIE

—ith = A /2 + W2 2 (28)

B xBanToBoit mexanuke yplll onucbiBaeT n3MeHeHue BOTHOBON (DYHKITHH.
3/1ech 3TO ypaBHEHNE JIUHAMUKHI aMILTUTY/IbI TOMEePEeIHbIX KOaebanmit {-11ois
B Ojimzkaiiiieit kK rjauy obsactu. VX T0XKIECTBEHHOCTH BO3MOYKHA, €CJIH 3TO
[I0JIe COCTaBJIET OCHOBY JBHZKEHUs JaCTHUIIBL. 10T/1a BOTHOBaA (PYHKIINSA
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€CTh KOMILIEKCHAST AMILTATY/Ia MACCUBHBIX MTOMEPETHBIX KOJICOAHWI TOISIPH-
31U 3PUPOHOB BOKPYT IJI9HA, 8 MACCA YACTHUIIBI — UX XapaKTepHas Macca
m. HanpuMep MOXKHO B34Th HAMOOJBITYIO MAacCy MONEPEYHBIX &-KO/1e0anmii
m = maxw,,(R)/c*, nocruraemyio B 6amzKaiimux K THy 3dUpOHaX.

B zamucu ¢ = |¢]e!® uyepes momyab || u dasy ® Bumno, uro || ecrnb
BellleCTBEHHAs aMILTUTYIa MAaCCUBHBIX &-KostebaHuii, a ¢pra3a BOTHOBON (PYHK-
uu (JeficTBrUe 9aCTHIBI) — UX OTHOCHTEJIBHOE MECTO.

T. 0. BHYyTpPU YaCTHII JeliCTBHE M0JIsI TI9HA TPHBOIUT K (DA30BOMY Mepe-
xojty 3cupa B cocrostuue ['TI-TBepin n BO3OYKIEHUIO TaM MaCCUBHOTO OISt
MOMEPETHBIX KOJeOAHNH OISIpU3aInH, JIalolero dactunam maccey. [loxoxee
SIBJICHHE, KOTJIA MacCa YaCTHUIIB OTPEIesIeTCsl BIUIHIEM OKPYZKAIOMEero eé
[OJIsl, UMeeT MeCTO B (pu3UKe TBEDJOrO Teja. DJIEKTPOH B KPUCTAJLIE CBO-
UM TOJIEM MOJIIPU3YET PEIIETKY KPUCTALIA U BO3OYKIAET B Hell KoJebaHus.
O6pasyercst kBasmuactuna — nosspon [lekapa [25], abdextusras macca
KOTOPOT'0 MOZKET 3HAYUTEJbHO MPEBBIIATh MACCY JIEKTPOHA.

[TorennuanbHast SHEPIUsT B3AUMOJCHCTBYIONIUX YacCTe 1)) U 1y OIS TI3-
na pxoaut B yplll uepes nesuneiinoctsb ¥? = (Y1 + 19)? = Y% + 24hyahy + 3,
KOTOpas B ypaBHEHWH Jis 1); COCTOUT U3 camojeficTsus ~ 3 B3anmoseii-
crBust ~ 211y u BozgelicTBUs ~ 3. Ecim 1) < 1Py, TO ocTadTes TOABKO
Bo3jeiicTBue B Buje norennuana Uy, U = —w?[y*/2.

Jluneitnoe Bo3aeiicTBIE BHENTHETO TIOJIST HA YaCTHILY COCTOUT U3 JIBYX CTY-
nereil. CHauama mose JeiicTByeT Ha TI3H (OCHOBY YACTHILI) U CJBUTAET €TO.
DTO JBUKEHHUE HEePeIabTCst OKPYKAIOIEMY MACCHBHOMY IOJIIO U puodpera-
€T ero MHEPIMI0 — Macca MOJIsd CTAHOBUTCS Maccoil yacTuib. [ToiHoe onuca-
HHUE 3TOT0 IIporecca TpedbyeT yuéra JBUKEHHS T/I9HA-OCHOBBI BMECTE C MHO-
JKECTBOM TJ9HOB ¥ HPOTHBOIJIPHOB, U3 KOTOPBIX COCTABJIEHBI OKPYIKAIOIIHE
ocHoBy 3duponsl. YplII (28) suib MOAETUPYET ITY CJIOKHYIO JTUHAMUKY.

3a kBaHT {-KoJiebaumit Gepércst koyiebaHne ¢ aMILITUTYI0i ¢ = 2 B eju-
HUIAX aMILTATY/AbBI [IIyMa, 9TOObI €ro BHEIIHSAsS 3HepPrus ObLia Yw, = hw,,
upu h = 2. I[Tockobky [1)| < 1, T0 ero sHeprus B 01HOM 3hHUPOHE HE JTOCTH-
raeTcs — KBaHT KOJICKTHBEH.

[Ipu ABUKEHUU YACTHUIBI TIEPEHOCUTCS BHYTPEHHSIS SHEPTUsT MACCHBHBIX
E-xonebanuii w2 |1|*. Eé pacupeiesienue mponopuuonaibio 1% u nojunneno
yPaBHEHHIO HelpepbiBHOCTH, KoTopoe caeayet u3 yplll (28). Ipu HopMupos-
Ke Ha enHuIy obpa3yercs Kak-0bl 'BeposiTHOCTHOE pactpesenenne'. Ho va-
cTHIA HeJleluMa — eé He/lb3d HabJIo1aTh no actaM. Teneps [¢|? npexcras-
JsieTcst "MJIOTHOCTBIO BEPOSITHOCTH OOHAPYZKEHUsI YACTHUIEL" , KAK IMPUHATO B
KBAHTOBOI MeXaHUKe, a He paclpejie/IeHueM BHYTPEHHEH SHEepPIruu 1nomneped-
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HBIX MACCUBHBIX £-KOJIeOAHUl BHYTPH Heé, KaK IIOIYYeHO 316Ch.
O606menue ypaBuenus IIIpéauurepa
JIBuzkeHue J9acTHIbl C JIF00OH CKOPOCTHIO MOYKHO CUUTATH PACIPOCTPAHE-
HUEeM BOJHOBOTO TTakeTa (M KBAHTA BOJIHbI) [OMEPETHONO OIS &, KOTOPBIH
OepéTcs Kak HaOOp OJM3KHX 110 CIIEKTpY BoJiH. Hampasiienue noJisspu3anuu
3a0a8T MPOJOILHYIO 0Ch [. IlakeT nBHzKeTCs MOmepEK 3TOH OCH B IIOCKOCTH
jk. Tloste 3anmuchiBaercst B Bujie Kojebanust Ha cpeaueii yacrore nakera w(q) ¢
MeJIeHHO Mengiomefica ammmTynoit & (x,t) = Re[)(x,t)e'®] = e'® /2 + ke,
rae & = —wt+qx — dbaza, x = {j,k}, 9 = {¢j, @}, kc o3mavaer KommIeKC-
HOe compskerne. Torna mperebperas ) : 26 & —(2iw¢ + w?)e'® + ke.
B npubnunkeHUn CILIONIHOMN cpebl 26?5 = 8?@/1 + 2iq;0;7 — qf@/z + ke.
Tak ke jgjist ocu k. B mHesimueiinoit 9actu rapMOHUKH HE YUUTHIBAIOTCS.
8E3 = 3e3® 4 32 el® + ...~ 3|Y|2pe'® + ke.
Teneps B (18) —2iwh — w2 + w2 =
(07 + 0F + 2i(q;0; + axk) — 4F — qiJe + W3 ||*p/8.
[locte coxpamtenns, BeseacTere uctyp (22), octaéres
—2iwip = [¢*(0F + 0F) + 2iw(V;0; + Vi)Y + 3wi[¥[*y/8,
rie V = (¢?/w)q — BexkTop rpynnoroii ckopocru (22). Beoag maccy jBuKy-
meficst wactnnbt M = w/c® u nanmacuan A = 95 + 0, 3armmmrem

idyp = (AJ2M + 32|80, dp =+ (Vgrad)y.  (29)

3/ech UMEIOTCSI JIBA JBUZKEHUs: TaKeTa (YaCTHUIbI) KaK IEJOro o CKOPO-
cteio V u BaHyTperHee. OObIIHOE B JUHEITHOM MPHUOINZKEHUN DACILIBIBAHNE
BOJTHOBOTO TIAKeTa CTaOMIM3UPYyeTCsl HEJUHEHHOCTHIO. DTO ypaBHEHUE TPH
wm =0, M =q/c, V=q/M npumeHnMO K ONUCAHUIO JBUKEeHUA (HDOTOHOB.

U3 cpasuenus ypasuenwuit (28) u (29) Buano, uto yplll onucsiBaer ne JaBu-
JKeHWe JaCTHUIIbI, & BO3MOYKHOE MTepeMeTeHre aMILTUTY/IbI OIS MOJISPU3AIuT
5dUpPOHOB BHYTPU HEE, KOTOPOE JIUIIb IIPH IPEeHEeOPeKMMO MaJioii CKOPOCTH
BOJTHOBOTO MAKETA MOXKHO TIEPEHECTH HA YACTHILY.

[ToxydenHBIE pe3YABTATH OTJIUYIAIOTCSA OT IPUHATOTO B COBDEMEHHON KBaH-
TOBO# MeXaHHKe TOJIKOBaHUS cBa3u ypasHeHuit [lIpéannarepa n Kieitna-Ooxka-
[lopmona, mpu koropoMm ¥YpK®I' aBisieTcst pesiTHBUCTCKUM 0000IIIEHHEM Hepe-
sgiaruucTckoro yplll, npumensiemMbiM K BOJIHOBOM dyHnkiuu. PejsgiruBuct-
ckoe ypK®T' (24) ecTh TOUHOE BEIECTBEHHOE yDaBHEHHE JJisI BEleCTBEHHO-
ro BekTopa noJsipusaun ddupona. Yplll (28) ecth ynporiéHroe KOMILIEKC-
HOe YpaBHEeHNe JIJIs CKAJISPHOU KOMILJIEKCHON aMILTATYIBI 9TOH MOITPU3AIAN.
O6o6mmenuem YplIl na mo6bie ckopoctn V' < ¢ sBIsieTCs TaK>Ke HEPeJIsITH-
BUCTCKOE (M3-3a UPEeHEOPEKeHNUsT w) ypasuenue (29).
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Brons ¢ = Re(We®), rae &y = —wyt + quX, 3anAmem MeICHHBIH TuC-
nyp wy = Vqy + qi /2M + U, B KOTODHIii BBeJeHA MOTEHIHAIbHAS SHEPIHSI
U Bo Buemaem mojie. OH ONMHUCHIBAET CBSI3b SHEPTHH, UMIYJIHCA U CKOPOCTH
qacTunpl (KBaHTa BOJHBL). Py ecTb dasza aMmauTyasl (B KBAHTOBOH Mexa-
HUKE 9TO JIeWCTBIE YACTHIH), CTAIMOHAPHOCTD KOTOPOii U BAPHHPOBAHUN
onpeJieisieT JBUKeHre TTakeTa — IIPUHIAI HauMeHbInero jaevicrBus. Pa-
3a BO3HUKJIA KAK CJIEJICTBUE MMOJIEBOM MPUPOIBI YaCTHIl, BKIIOYast (pOTOHBI U
UCKTI049as HeRTpuHO. T. 0. OCHOBO /151 HCIIOTH30BAHNS TPUHITATIA HAMMEHb-
eTo JIeHCTBUS SBJISIETCS TOJIe ToIspu3anun dpupa.

B comyrceryomeii nakery (wacruie) cucreme orcuéra Vo= 0. Torma
q=0, w=wy, M =m u ypasuenune (29) nepexoaur B yplll (28) ¢ m = m.
Macca aBuzKyrieiicss 9aCTUIbl YMEHBIIAETCS 0 MACChl TTOKOst. OHU CBSI3aHbBI
nucypoM w? = w2 + ¢ = w2 /(1 —V?/c?), um M? =m?/(1 —V?/c?).

T. K. Macca ecTb BHEINTHsIA SHeprusi (MMIYJIbC KostebaHusi), KoTopas 06-
PATHO MPONOPIIHOHAIBHA TEUYCHHIO BPEMEHHU, TO COOCTBEHHOE BPEMs JIBUKY-
merocs tena t ~ 1/M. C npyroit ¢cTOpoHBI, 9TOOBI BBECTH BpeMsi HAJIO TMETH
obpazer JJIuTe/IbHOCTH, CPABHEHUE ¢ KOTOPbIM 1 jaéT ero. B BosiHOBOM 11a-
KeTe TaKuM 00PA3IOM sIBJIsteTcsl epuost Kojebanuit T = 27w /w juist 1BUXKY-
merocst Tena u T, = 27 /w,, nas nokosiierocs. st 060ux TesI nX BpeMeHa B
eIMHUTIAX CBOMX Mepuojios copnagator t/T = t,,/T,,. Ho B obimux exuauax
onn pazmuaaiorcs t = t, T/ T, = tpwm/w = t,(1 — V?2/2)1/2,

Bwmecte co BpemeneM Mengerca pasmep L aBuKyierocs Tena. [Ipu moboit
CKOPOCTH BHYTPH BOJIHOBOTO TAKETa MOMEIIAETCS OHO W TOYKe UHCJIO JJTHH
BOJIH, KOTOPBIE TPONOPIHOHAIBHBI epuoy kKojedanuii. Torna L ~ t wim
L)Ly, =T/T, =(1—-V?/c3)'% rae L,, — pazmep HOKogIIerocs Tena.

BaKoH CJI0YKEeHUsI CKOPOCTeil TeJ ONpeessieTcs JUCIYPOM U ero m3Me-
HEHWEM TIPU Tepexojie K JABUKYIIeiicsa ¢ JacTurei cucreme orcuéra. Ilycts
qacTur@a 1 JBUKETCS CO CKOPOCTBIO ¥ OTHOCHUTEJILHO YACTUIBI 2, KOTOPAas
UMeeT CKOPOCTh U B TOKosImeiicss cucreme orcuéra 0. ucmyp orHOCHTEH-
HOTO JBUzKeHHd gacTunsl 1 ecth w? = w2, + ¢}, Eé ckopocts v = ¢?q; Jw.
[Ipu mepexojie K MOKOSAIIEHCST CHCTEMe KOOPAUHAT STOT JUCIYDP MEHAETCS Ha
(w+ ku)? = w2, + 2¢%, tne u = Aqu/w, @2 1 ¢ = q1 + @2 — BOJHOBBIE BEK-
Topel yactut 2 u 1 B cucreme orcuéra 0. CymmapHas CKOPOCTH YaCTHUILH 2
V =dw/dq = q/(wtqu) = [ +q)w]/(1+qau/w) = (u+v)/(1+uv/c?).

CooTHOIIEHUST J7IsT MACChl, BDEMEHU, Pa3Mepa W CKOPOCTH, BHIBEIEHHBIE
371eCh U3 PACCMOTPEHUS MACCUBHBIX BOJIH TOJISPU3AINT, COBIAIAIOT ¢ TAKUMA
YK€ COOTHOIIECHUSIMU MEXaHUKU T€OPUU OTHOCHTEJIBLHOCTH [2].

Macca comepKuT JIMIh SHEPIUIO YaCTHUIBI, OIPEJIE/ISIONYI0 €€ NHEPIHUIO.
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OcHoBHast JKe SHeprus (He cuuTast GECKOHEUHOI SHEPIUU IMIyMa) 3aKTI0IeHa
B kosebanusx ripna: Q(= 1) > w(= Mc?) > w,,(= mc?). Ho sra sueprus
0CTaéTCsa HE3AMETHOI, T. K. BCe HAOIIOIEHIS CBSI3AHBI C [IBUKEHUEM YACTHIIL, a
YUCJIO T/I9HOB MIPU B3aMMO/JIEHCTBUAX U IPEBPAIIEHUIX YACTHUI] COXPAHAETCS.
JIBUKeHe YaCTHIIBI eCTh MepeMeleHre e€ TI9HA BMecTe ¢ OKPYKAIOITHM
&-nosieM. OTOETbHBINA TI3H, IBUTASICH MEXKTY 3MUPOHAME, TPUTIATHBAET TPO-
TUBOTH 3(DUPOHA U OTTAJTKHBAET ero riadH. C NPOTUBOTIIHOM OH 00'be IHHSI-
eTcs B HOBBII 3pupoH, a 0CBOOOIMBIIUIICS TJI9H 3aMEHSIET ero B JABUTAIONIEHCs
YACTHUIE U TMOIEP’KUBAET YCIOBHUS JIJTsT CYIIECTBOBAHWSA MACCUBHOTO &-TIOJISI.
T. o. ABU>KeHMEe YACTHUIBI €CThb IIepPeHOC Bo3myuieHus ddupa. [Ipn
TOM 3(DUPOHBI, KOTOPHIX JOCTUTAET BOJIHA, CAMU CTAHOBATCS UCTOTHUKAMU
&-1100181, @ JIBUKEHHE YacTUIllbl MouuHsIeTcs npunnuiy ['roiirenca-Ppenesisi.
¥Ypasaenune /lupaka
[Topok n€HHBIE TITYyMOM TI9HA MACCUBHBIE BOJHBI £ MOTYT JBUTATHCSA BO-
kpyr ['® o cepe mocrogHROrO pagmyca B IH060M HarpabIeHHn. VX n1Bu:Ke-
HUEe COCTOWUT W3 4-X He3aBUCUMBIX BpalleHui &, — Mo JIBYM OPTOTOHAJIHHBIM
HALPABJICHUAM B IIPOTUBOILOJIOZAHbIE CTOPOHBL § = 1 &y
Or ypasuenuii Kieitna-®oka-Topnona (18, 20) st KaxKa0ro &, MOXK-
HO TIepeiTH K ypPaBHEHHUAM TEPBOTO MOPSIKA MO TpeioyKeHHoMy Jlupakom
obpasiy [26]. Ocrapisg Jumb paJuajbHylo OTHOCHTEe bHO [ 4acTh moss
sarmimenm ypK®I B Buge A%, = —mZc*En, A2 = (92 — 9% — 0F — 9}),rme
T =ct, mg =m? — m3/§2, m=wn/c?, m, =w,/c? &= Zizl £,
BBojsiTCsl KOMILIEKCHBIE TlepeMenHbie X = (1 — iA)mgcf, MO TIAHSAONTHECS
ypasHeHnaM Ay = imeex, tae X = {xn}, & = {&,}. Oneparop A umercst B
BUJIC A= a;0; + a;0; + a0 + @;0,. Torma
A? = Q202+ 207 + G20}, + ROR + (G, + G;00) 02, + (Gt + Gry) 0,
+ (ara; + @1a;) 0% + (aay, + ara;)03, + (G500 + aay)035 + (aray + aiar)Of.
Orcona a,(n = 7,7, k,l) ectb maTpurer Jupaka
—a2 = af = aj, = aj = —1, [apae] = apaq + aga, =0
B yPaBHEHUAX

Ay = imeex, x=(1— z'fl)mgcﬁ, A=a.0, + a;0; + a0y + 4,0,

_ 2 _ 2 22 _ 2 _ 2 2 _ 2
T=ct,m; =m —mvf,m—wm/c,mv—wv/c,f—g . (30)
Oo6branoe npeacraBaenne MaTpurl /lupaka,Bbiesioniee och [, ecTh

T _ 7] — o kk T gk kil

a’ =ay = —a;" =—a; =1, af =a; =a; =af =1,
Tl Jk _ ki _ it _ Tk __ gl kT _ lj _

—ap =a, =—a; =a; =1, a"=-—a; =a" =—a; =1L
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Octanpnsie ab? = 0. B pa3sépryToM BUIe TOIyYaIOTCS YPABHEHU

Orx1 + (05 — 10k) x4 + O1xs = imecxa,
0:X2 + (0j + i0k) X3 + Orxa = imecxo,
X3 + (0 — i0k) X2 + Oix1 = imecys,
— Orxa + (0 + 10k) X1 + Orx2 = imecxa, (31)
x1 = mec{&y —i[0:&1 + (05 — 1064 + D163l },
X2 = mec{&s — i[0;& + (0; + 10k)Es + 01€4]
X3 = mec{&s +i[0:63 — (0; — i0k)E2 — 0]
Xa = mecl{&s +14[0:64 — (0; + i0k) &1 — 01&2)

}
2
}7

}

OHU ONHUCHIBAIOT, B HEKOTOPOM MPHOINKEHIH CTAINOHAPHBIE MACCUBHBIE TT0-
nepevnble BOJIHBI & BOKPYT rpHa. X qactu &, MOXKHO 3a/1aBaTh TO-PA3HOMY.
Hanpumep & u & coOTBeTCTBYIOT BpallleHUIO BOJIH BJIOJbL oceil j u k, a &3
n £, — obpaTHOMY BpAIEHUIO BIOJIb ITHX oceil. Oupenensdomeil mepeMeH-
HOIl 3/1ECh SBJISIETCS BHYTPEHHEE MOIEPEedHOe 1M0Jie, & He BOJHOBAs (pyHKIUs
(KOMILTEKCHAST AMILTATY 12 BOJIH 9TOTO TOJIS).

T. K. TJ9H/TPOTHBOTIH €CTh OCHOBA MO3UTPOHA/31eKTpoHa (cm. "Ya-
crunp"), a mose & BXOAUT B uX cTpoenue, To (30, 31) MOIETBHO OMUCHIBAIOT
JMHAMUKY KayKJI0W W3 ITUX JACTHUIL MO-OTJAETbHOCTH, HO HE B Iape 3JeKTPOH-
no3uTpon. To, uto B Teopun Iupaka [26] moHmMaeTcst Kak OTpUIATEIHHASL
Macca (aHTHYACTHUIA), €CTh yKa3aHHOe Bbie oOparHoe Bparienne. CMmeHa
3HAKa W MeHSeT HAlpaBJIeHHe BUKEHUs BOJHbI, COXpaHsisd eé SHePruio |w|
MOJIOYKUTENbHON, a He MepeBOJUT YacTUILy B aHTUYACTHUILy U TeM Oojee He
3acTaBJsdeT e€ TBUTaThcd 0OPATHO BO BPEMeEHH.

OueBuHO, 9TO ypaBHeHus JIupaka TOXKIECTBEHHBI YeTBHIPEM ypaBHEHU-
am Kneitna-®oka-T'oprona ast &,. CoBnagarOT 1 BHIBOALI U3 HAX. DTO EIé
O/INH JOBOJ B TOJIB3Y YTBEP:K/IEHUsI, ITO JBUIKEHUE UYACTHIL OTPEIe/IAeTCs
JIMHAMUKON WX BHYTPEHHErO MOJIs.

Cnun rozna [, Boime G110 MOKa3aHO, 9TO paclpeie]eHre IyMa B I/
sHe (H) mpejcTAaBUMO Kak CJyJYailHble TIepeMeleHus aMIUTUTYIbl, HMEIOTHe
BKJIaJ OT "Bparmienus' BOKPyT HneHTpa rypHa. [log ero BiusiHueM OKpYKaio-
e RH [T-napsl ¢TaHOBATCS MEPEHOCUMKAME MOTIEPETHOTO CTAIHOHAPHO-
ro noJs &, cocrosinero u3 4-x gacreit &,. Bpalenne B npocTpaHCcTBE MOJ00HO
KOJIEDAHUIO MAagTHHUKA, B KOTOPOM PAJINyC BPAIIEHU I 3aMeHsIeT TepHoJ, KO-
aebanust T' = 27 /w, a umiyase p — suepruto F. B konebanun sneprus KBaH-
TYeTCsi YMHOXKEHHO Ha 9acToTy YABOEHHOM aMIiuryoi myma Aw, a hw /2
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SIBJISIETCST HeycTpaHuMoit sHeprueii. TouHo TakzKe BO BpallleHUU f CTAHOBUT-
csl KBaHTOM MoOMeHTa Bpamienust J = rp, a Jy = h/2 = 1 — Heycrpanumbim
MOMEHTOM. JTO U €CTh CIUH TJI9HA S = Jj.

Toxke caMoe TMOJYYAeTCs U JAPYTUM MyTEéM. DHEPTUs/UMITYIhC XapaKTe-
pu3yer u3MeHeHue BO BpeMeHH /pocTpancTse. Toraa Iisi COOTBETCTBYIOIIETO
kosebanust £ ~ 1/T up ~ 1/r. Orciona ans myma ET ~rp~1=h/2 = s.

Cuus He ecTh 101061e OPOUTATLHOIO MOMEHTA, C OIPeISIEHHBIMU BE I~
HOIT 1 TpoekIueil Ha och. OH NMeeT CIydYailHy0 TPUPOILY, HYJIEBYIO CPeTHIOI
BEJINUNHY, KOHEYHYIO JUCTIEPCHIO U ONMUChIBaeTCs 4-Ms byHKIMAMI X, (Onc-
MUHOPOM, a He CIIHHOPOM B ypaBHeHud Jupaka), Wjim mpolie — ypaBHeHUsSIMU
Kneitna-®oxka-l'opaona a1st 0JMHAKOBBIX IO MIPHPOJIE He3aBUCUMBIX &,. [Ipn
ToM ypasHeHue /lupaka ecrecTBEHHO OIHMCHIBAET TOJILKO OJIHY IIPOCTEHIIYIO
qacTuily (3JeKTPOH HJIM HO3UTPOH), a He 0be BMecTe.

CrietoBaTeIbHO Pa3MBITOE TIIYMOM OCHOBHOE KOJIeOaHWe T9HA SABJISTETCS
IPUYHHON cimHa 1/2 B 9acTUIAX, HMEIONUX CBOell OCHOBOM 3M TI9H I3 (wm
[1%). Ipyrue 3HaYeHns CIHHA — NPOU3BOAHBIE OT Hero. Hamuuue cnuna 1/2 n
CBOCTBO ObITH (GPEPMHUOHOM UMEIOT OJIMH UCTOYHMK (IIyM [J9HA), HO Pa3HbIe
ero npospaeHns — ""Bpamtenne’ myMa u OTTAaJKHBAHUE TI9HOB.

T. o. nmpoBejéHHOE B 3TOM pasjese UCCIeI0BaHUE MOKa3as0, 4TO JIBU-
JKeHUe YaCTHUIl €CTh MePeHOC BO3MYIIEHHs, OCHOBY KOTOPOT'O COCTABJIAET JIH-
HAMHUKa BHYTPEHHEro Tellepb KBa3U-CTAIMOHAPHOIO IOIIEPEIHOr0 BOJHOBOIO
OJIsI, UMEIOIIero MPUYMHY B IIyMe TJ9HA, TOUHee B OOIIeM IIIyMe HAIIero
mupa (KosebaHusx (hU3NIecKoro Bakyyma).

YacTuipl

OCHOBHBIMU 3/IEMEHTAMU HAIIEI'0 TPEXMEPHOIO MUPA ABJIAIOTCS 3M IJIIHbI
['3, TT? u 1m mapsl v, KOTOpbIE COCTABJIEHb! U3 1M TI3HOB F}, Hjl, COeTNHEH-
HBIX OOMeHHBIME g-cBs3siMu (8, 9). CoiicTBa 1M T9HOB U HUKHUX KBAPKOB
|28, 29| coBnanator, ecu nBeta KBapkoB |30, 31| 0TOXKAECTBATH ¢ H3MEPAMH.
Torga HuU>KHUe KBApPKH d; ecTb IPOTHBOTIIHBI Hjl-, HUKHUE AHTUKBApPKN
— I'JI3HbI F}, nBeTa KBapKOB — usMepbl j = 1,2, 3, OTBeTCTBEHHBIE 3a Pa3-
MepHOCTH Hariero npocrpancrsa. OHOMEpHBIe KBAPDKH HE CHOCOOHBI HMETD
IPUIHCHIBAEMBIH UM cTiuH 1/2, T. K. 71T 5TOTO TPeOYIOTCs 2M WM 3M TIHBI.

B anpomax [32] kapku cBs3ans! rmoonamu [31] raxzke, kak I'} u 11} cBs-
3aHbl 0OMeHHBIME g-cBazamu (8, 9) B I, II° u v;. CiieioBareibHO TIIIOOHBI

ecTb g-cBsa3u. Ho B obImem caydae oHM He KBAHTHI BOJTH. BoTHa ecTh mepenoc
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qepe3 COCelHre TOUYKHA. A B IIyMe MHOMOMEDPHBIX g-CBs3ell KarKIbIit F} CBd-
3aH CO BCeMU Fil#j. 3aech Her BoJiH. Vckioyennem siBiigiorcd 3M rausl. B
HUX BCe F} OKa3bIBAIOTCH COCEISIMH, YTO TO3BOJISIET BBECTH TIPEJICTABIEHUE O
IVII0OHAX KaK KBaHTaX BOJH B "IIBETOBOM HpOCTpaHCTBe' U3 TPEX TOYEK.

DI RYE Fjl- MOXKHO IIPEJICTABUTH UMEIOIIUM JIBe CBOOOIHDBIE g-CBA3HU LI B3a-
UMOJIEHCTBUH € TIPHAMU JIPYTUX U3MepoB. Ecm cauTaTh, 9TO BO B3amMOIeii-
CTBHH C IIPOTHUBOIJIIHOM CBOEIO M3Mepa y4acTBYIOT 00€ CBs3M, TO IOJIYUIUM
COOTBETCTBHE TIPEJICTABIEHUAM O B3AUMOIEHCTBHSIX TOCPEACTBOM IJIIOOHOB.

OOMeHBI MeXK Ty Fjl n I‘% j PA3HBIX M3MEPOB [AIOT 6 JABYXIIBETHBIX TJTFOO-
HoB. OOMEHbBI MeXK Ty F} u Hjl. OJTHOTO M3Mepa JIaloT 3 OeclHBeTHBIX IJII0OHA.
OnHako B KBAaHTOBOI XpOMOIMHAMEIKE ITPUHUMAIOTCS JUIIb ABa U3 HUX, ITO-
Obl 00I1Iee YUCJIO COPTOB IVIIOOHOB COBIIAJIO C PA3MEPHOCTHIO IPUCOEUHEHHO-
ro npejcrasaenns rpynnbl SU(3), K KOTOpoii ux npusssbBaior. Canraercs,
9TO TpeTuit OeCIBETHBIH IIFOOH 3aBUCHUT OT JIBYX JAPYTIUX U He J0JKeH HAOJIIO-
JIaThes Ha onbiTe. B ypaBaenusax xe (8, 9) tpu o6MeHa 1); €CTh JefCTBYOITe
B Pa3HBIX H3Mepax He3aBHCHMBIE TIyMbl. OHHU BCe JIOJIKHBI YIUThIBaThcs. He
BHUJIHO HPUYUH, 9TOObI OTKA3bIBATHCA OT TPEThero 6€CIiBeTHOrO IJII0OHA.

Avmmuryasr ' u IT2 Brpoe Gompnre avmamntys I'! u T, uto coBnamaet ¢
COOTHOIIIEHUEM 3aPsI/IOB JIEKTPOHA U HUXKHUX KBAPKOB. Kc/m 3apstapl 4acTuiy
OIIpeJIeNIAIOTCS AMILIUTY/IAMH TJ9HOB, TO 3JEKTPOH e~ B cBoeil ocHoBe O
nMeeT mpoTHBOrIRH 113 a mosurpon e — rmsn OF = 3. Tisubl gaor um
JINTIIH TOYKY NMPeObIBAHUA, a CTPOEHHUE JACTHI] OIPEILIIeTC OKPY KAIOIIUMI
ux gagopamu 17 u [T u3 §-noseii, HAJEISIOMUX 9aCTUIBI MACCOI.

AHHUTUIATNA 37€KTPOHA U TO3UTPOHA HE eCTh MX IIpeBpaliieHne B (o-
TOHBI. [JI9H U IPOTHUBOTI®H STUX YACTHUIL, B 3aBUCUMOCTH OT YCJIOBUI cOTUKe-
HUA, O0BEIUHAIOTCS B 3(DUPOH HJIH HEHTPAIBLHYIO YACTHUILY, YTO COIIPOBOK 1A~
eTCsl U3JIyUeHneM 3JeKTPOBOJIH. B obpaTHOM Ipoliecce CHIbLHOE 3JIEKTPOIOIe
paspymaet 3pupoH, a suigeausnmecd 12 u I1? 06pasyior BOKpyT cebs ABOPLI
MaCCHUBHBIX £-T10JIeHT ¥ CTAHOBSTCH JIEKTPOHOM M ITO3UTPOHOM.

B (8, 9) mpe/crabiiensl TOJbKO JuHeliHbe g-cBa3u. Ho B KX/I rroonHbie
B3aMMOJIeiCTBHS HEJMHEHHBI U TpeOYIOT yuéra Koppessnuii (7) Gosee BbICO-
Koro nopsiyika. ClaeayonuMu uiyT OOMeHbI MEXK/Iy ¢-CBA3AMU (IJII00HA-
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mu). st ux yuaéra B (8, 9) 106aBASIIOTCS TPOU3BEICHNUS TITYMOB

3 3
S, =5 +¢;+4gS; ani(l + gn Z Tiikie)St s Tijkl = —Thi,ij-

i—1 k=1
S; =S5} +ej+ gy (1 + ga7i0;) + 0;(1 — gu7ym;)1S; S5, (32)
Sit = S} + 5 — gln (1 + gami0;) + 0;(1 = gam;)1S; S5,

37€eCh Tijp U T; — eIUHAYHBIE NIyMBI 00MeHa MexK Ty rmooHamn. [Ipw cnib-
HOI HEJIMHEHHOCTH ¢, ~ ¢ CYIIeCTBYeT BEPOATHOCTH CKOPOTEYHOT'O Pa3pbiBa
g-CBsI3€ll ¢ UX TepeKJII0UeHneM Ha JIpyrue KBapKd, UMEIOIie B 3TO BpeMs U
B 9TOM MeCTe TaKue »Ke BpeMeHHO Pa30pBAaHHbBIE §-CBS3U.

OpHOMeCTHBIE HAPBL Vj = F}ggl_[} u3MepoB j=1,2,3, u3-3a uxX IPOTUBO-
dazmbix Kosebanmit, aagoTCs OezaMmnTy M (6e3 3apsaga) 1m codera-
HUSMU, HO C BHYTPEHHEl sueprueii Kojgedannii. EIMHCTBEHHBIMU YacTHIIAMH,
Ha KOTOPbIE OHU MTOXOXKH, ABJsTIOTCs HeWTpuHO [33]. K HuMm nobasiasgorcs 2m
Vil = Fjl-gH}gF}CgH}Cg, 3um v = TigllgliglliTiglilg u 6onee nmuaEBIE COUE-
tanusi. C pocTOM JJIMHBI Hereil PacTéT BEPOSITHOCTD X PACIa/Id U MEHbIIEeT
ux 4ucjgo. Mexmay HUMH JOJZKHBI OBITH MEPEXOJbl HAa OCHOBE HEJIUHEHHOIO
oOMeHa ¢-CBSI3sMM, BeIyIne K YCTAHOBJIEHUIO JIeTAIbHOTO paBHOBecus. Co-
CTaBJIEHHYIO U3 HEUTPUHO YaCTh CPeJIbl HAIIIeIr0 MUPa MOXKHO HAa3BaTh HEMTP
(N). CoBokynHocts bupa u neiirpa — acdueit (IN).

[Tapwl II9HOB PA3HBIX U3MEPOB, CBA3AHHBIE OJHOI §-CBS3bIO, HMEIOT YIBO-
eHHBIe AMILTHTY/IBI U fBe cBOGOAHbIe cBsa3u. OHM TIOXOKH HA aHTHKBAPKH d;
¢ JBOIHBIM 3apsAJ0M. DTO BepXHUe KBAapKH u; = gF}HgF]l;lg = Jjﬂcfj,l
U UX aHTHKBapKH U; = gH}HgH;flg = dji1d;_q.

[TosyueHHble cOYeTAHUS OJHOMECTHBIX TJ9HOB (KBApKOB) BMecTe ¢ (oTo-
HaAMU 7y 00pa3yioT mepBOe MOKOJIEHNE YaCTHIL:

d; = H}, d; = F}, u; = gFJI-HgFjl-_lg, u; = gH}HgH}_lg, vj = F}ggH;—,

et =0+, Of =Tiglygl39, O = Miglligllag, 7.

OHu camble JIETKWe, COIEPXKAT HAUMEHBIEe YHUCJIO CBA3AHHBIX TJIFOOHAMHU
KBapKOB M He pacnanaiorcd. OHU TepBBIMU BBIIETUIUCH U3 CJIAOEIONEero
myma. Cuna ux g-cBsizeil COOTBETCTBYET YPOBHIO MIyMa MPHU WX POKICHUU
U ABJIETCs HamOOJIbIIel cpejin OocTaJbHbIX B3auMojeicTpuil. [Toaromy, Kak
MMOKA3aHO B KBAHTOBOH XPOMOJMHAMUKE, OHH MMPAKTUYECKU He ObIBAIOT CBO-
00HBIMH, 00BEINHAST KBAPKU B 3aMKHYTHIE COEJIMHEHUSA.

Crenyiomme nokoJeHnd 006pa3yoT 6ojee TAXKETbIe YACTUIBI ¢ BHYT-
PEHHUM MPOCTPAHCTBEHHBIM cTpoeHueM. COINIacHO JAHHBIM O CTPOEHWW Ya-
crur 34|, Bce o BKIIOYAIOT B cebst KBAPKH, HO UMEIOT HAMHOI'O DOJIbIIHE,
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yeM y HUX, Macchl. CaenoBaTebHO KBAPKH COCTABILIOT uX ocHOBY O, m0-
HOJIHEHHY IO OKpYyzKeHneM (ABop, 1), KoTopoe cOCTOUT U3 MOJSPU30BAHHBIX
5(UPOHOB € YBEJMYEHHBIM, 0 CPABHEHUIO ¢ 3PUPOM, paccrosHuem (1 > ro)
MeXKJTy HUMHU ¥ HeHTPUHHOU YacTU Pa3sHON 00BEMHOM ILIOTHOCTH.

IonoxurenpHbIH THOH 71 mMeer ocaoBy OF = ud = O, comazaro-
VIO ¢ OCHOBOI MO3UTPOHA. Takue »Ke OCHOBBI UMEIOT BCe MOJIOXKUTEIbHBIE
gactunbl. OHU Pa3HATCS TOJIBKO gBopamu. OTpuUIATEe/IbHbIE YaCTHUIIBI
uMeroT OCHOBY ajiekTpoHa O u pasusle aBopel. HeffTpanbHblil IHOH uMeeT
ocroBy 0% = uti+ dd, ceopsmmytocst k mape T3¢TT? (Tmom w mpoTHROTI9H, pac-
IOJIOYKEHHBIE HA PACCTOsSHUE OOJIbIIEM PACCTOSHULA T MKy dMDUPOHAMHU H
CBsI3aHHBIE TIOJIEM TIOJIIpU3aIin ). Bo3MOKHO Bee HEATpPAIbHBIE YaCTUIBI
UMEIOT 110JI0OHBIE OCHOBBI U Pa3Hble JIBOPbI, ¢ KOTOPbIMH CBS3aHbl UX Pa3JiH-
qusi. CyImecTBOBaHNE YACTHIL MOJIEPKIUBAETCS PeakusMu OOMeHa BHYTPH
JBOPOB ¢ TiepeckokaMu g-cBsa3eit (9). OHU ecTh AMHAMUYECKHE W CTATHCTH-
JecKrue 00beKThl, UMEIOIIHe CJIOKHOE CTPOEHHE.

YCI/I0BHOCTb HOHSATHUSA CHMHA YacTULbI. 1. K. B IEHTPe 3apAzKeHHBIX
MOHOB PACIOJOZKeHbI [I3Hb! [ uau nporusorasnb [12, To 7+ u m~ nosKHbL
uMeTh e 1/2, a He HyneBoii, Kak ceifuac npuasaTo. Cnna 0 OTHOCHTENIBHO
MEeATPA YACTUIIL MOYKET WMeTh HeHTPaJbHbLIH MHOH 7°, €C/U COCTABIAIONINE
ero ocroBy ['® u II? o6pamaitorcsa BOoKpyT ero nenTpa. llpu stom camu I u
[1% umeror criua 1/2. DTH Ke pacCyKAEHHSA OTHOCATCA U K GO30HAM C1a60ro
p3anmoseiicteua W+, W=, Z° koropeim npunucan coun 1. CToib ke nc-
KYCCTBEHHBIM $BJISICTCS MOHITHE €UHUYHOTO ciuHa gorona. /g Bcex arux
YACTUIL TEJTBIT CITUH BBOJUTCS, YTOOBI CJ1e/1aTh UX DO30HAMH — TIEPEeHOCUYNKa-
MH B3auMojieiicTBusa. KBapku Fjl- U HefITpUHO V; He UMEIOT CIIUHA BCJIe/ICTBUe
uX oHOMepHOCTH. TOJBKO 2M U 3M HEHTPUHO MOTYT UMETh CruH 1/2.

IIporon mveer ocnoBy O = uud = [iglygligligllig = Ofv = OF,
rjie HEeTPUHO IV CYMTAETCS YaCThi0 HeHTpUHHOrO jBopa. OHA CBOAUTCS K
OCHOBE ITO3UTPOHA, CBA3aHHOW C HEHTPUHHON YaCTHIO JBOpPA peaKkIuaMu 00-
MeHa. DTO OTPArKaeTCd B PEAKIHUAX € yYaCTHeM IIPOTOHA pr = e 2u, py =
net,pe” = nv,n = pe” v, KOTOPBIE BCETIa COIEPKAT HEHTPUHO.

Heiitpon umeer ocuoBy O,, = udd = v;; = I'*¢IT? u crpoenne, nogo6Hoe
IPOTOHY WJIM AHTHIPOTOHY, HO Oosiee caoxkuoe |35]. Buyrpu mBopa BOKpyr
MaCCHBHOTO MeHTpa, cofepzxatiero 12, Bpamaerca I13. TIpm atom BKIajg B
CIUH HEWTPOHA BHOCUT JIUIIb PACHOJIOKEHHBI €ro HMeHTpe TJdH, 9TO JaéT
cruH 1/2 OTHOCHTENBHO 9TOTO TEHTPA.

NmeroTes aBa B3anMOJAeHCTBHS III9HA C OKPYZKAIOIIEH cpeloii: Yy-MoTeHral
(12), upuBogsiiuii K £-HOJIO U JAIOMKI MACCy YaCTHIAM, a TAKZKE CBSI3bl-
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BaIONUH TI9HBI g-00MeH (32). Biusuuwe mepsoro mpeobaajgaer B dupe, a
Broporo — B Hefirpe. [lpu nesneiinom g-oGmene razua [ ¢ wefirpuno (32)
MTOSTBJISIETCST BO3MOYKHOCTH CMEHBI UX MECT, 9TO JIOJIZKHO BBI3BIBATH CJIy4aii-
Hble IepeMeleHus I/dHa B HelTpe.

[niooHHbIR g-00MeH IMPOMCXOIUT HPHU JAOCTATOYHON JIJId HEro IJIOTHOCTH
YucJIa HeHTPUHO B TPOCTPAHCTBE. Ecn 3Ta MI0THOCTh YMEHbIIAeTCsT, TO OJ1H-
JKafiimast K rJI9HY M CBI3aHHAs C HUM 4acTh HefiTpa coxpaHsieT HadaJbHbIE
IJTIOTHOCTH 1 g-0oOMeHbl. OOpa3yercs enHas CUCTEMA, KOTOPAs MOXKET ObITh
ycToiunBoil. BiiysKjanus riasHa CTAHOBATCS OTPAHUYEHHBIMU B TPOCTPAH-
cTBe. BO3MOXKHO TaK pOXKIAJHUCH HMPOTOHBI U HEHTPOHBI HPH YMEHbIICHUH
IJIOTHOCTH YHCJIa HEUTPUHO B PACHIAPAIONIEUCT BCETCHHOM.

U3 onbitos [35] cieayer, 9T0 HYKJIOHBI HMEIOT MOXOXKHE MPOCTPAHCTBEH-
HBIE pachpeeneHns II0THOCTel Macchl U 3apsaa. OHU yOBIBAIOT OT Cep-
mesuHBl pazmepoM ~ 10716 M g0 rpamunnr ~ 1071% M, 9T0 MHOTrO GosbINE
paccTognuit Mexky sbupoHaMu 1 ~ 10722 M. [IpeamnonoKuTebHO ITO eCTh
JacTh JBOpa HYKJIOHOB. B mpoToHe 3apsj He HaXOIUTCSI B €ro HeHTpe, a
pacupejiesien 1mo o0beMy Ha PacCTOsIHUS OT IEeHTPpa MHOIO DoJibiiue 1. B neii-
TPOHE MMEITCSA 00JaCTH MOJOKATEILHOIO M OTPUIATEIHHOTO 3apsaga. JHa-
9UT OH COAEPXKUT TJPH W TPOTUBOIIIH. Ha 3T0 ykKaspiBaeT TakKe pacral
HeHTPOHA HA MPOTOH, JEKTPOH U AHTUHEHTPUHO (HeHTPHHO).

JBOpPBI HYKJOHOB CYIIECTBYIOT BMECTE C OCHOBAMHU OT MX POXKICHUS B
COOTBETCTBYIOIIEE BpeMsI pa3BUTHUs BeeaeHHO. OHU TOJIXKHBI HECTH B cede
OTIIeYaTOK cpeabl Toro Bpemenu. Celvac OHH ABASIOTCS MEPEXOAHON 0bJia-
CTHIO OT OCHOBBI Yepe3 OCTATOK CPebl WX POXKJIEHUsS K COBPEMEHHOI cpe-
Jle BCeJIeHHOI, cKpbiBatomuiica 3a "mycreiM" mpocrpancrBoM. HeifrpunabIe
JIBOPBI JIPYTHX TAXKEIBIX YACTHUIL OIIPEICTIIOTCA YCJIOBUIMU UX POXKJICHHUS B
COOTBETCTBYIOIIMNX peakiugaX. [[puauny Macc TIKEIbIX JaCTHUI U UX PACIaga
cJieJIlyeT UCKaTh B UX JBOPaX.

Bce Taxxkéabie 4acTUIbl ONMCHIBAIOTCS MO CXEeMe OCHOBa-aBOP. Mx
OCHOBBI COCTaBJEHBI U3 3M II9HOB F? WA /¥ TPOTUBOTIIHOB Hf Bpogutn
pa3Hoobpa3Hble KBAPKH U TJIIOOHBI HET HeoOxoauMocTH. JlocraTodno 1M rias-
HOB F}, IIPOTHBOTIYHOB H} 7 OJIMHAKOBBIX §-CBA3EH MeKy HUMU. Pazmudans
JaCTHIL CBSI3aHbI CO CTPOCHUSIMHU JIBOPOB. B0O30HBI €jiaboro B3aumMoeficTBus
U ME30HBI He BBIJIEIAITCS U3 JIPYTUX YaCTHUIl, KpOMe CBOEro y4acTud B 00-
pasoBanun siaepHoit Marepun. CTpoeHNe MIOOHOB U TAOHOB HE MMeEeT Kade-
CTBEHHBIX OTJIMYUI OT CTPOEHHUS aIPOHOB.

[n3H ¥ DpOTHBOTISH JIUIIL YCJIOBHO MMEIOT OJHO MECTO, a IO CYTH OHH
€CTb TJIPHBI PA3HECEHHBIE HA IIOJIOBUHY IPOCTPAHCTBA (11071000poTa 1o dhase).
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Eciu cpenbl B 9TUX MecTax pa3Hble, TO B3aUMOJIEHCTBHE TIIHOB ¢ HUMH TOXKe
Oyner pasubiM. TOrma n 9aCTUIBI, OCHOBAHHBIEC HA TAKWX TIYHAX MOTYT ObIThH
pasebpiMu. T. K. TPOTOH W AHTHIIPOTOH OCHOBAHBI HA TJI9HE U TPOTHBOT/IIHE,
TO HOJIHOW CUMMETPHH MEKJy HUMHU MOXKET M He ObITb.

B gactunax ¢ apopamun pazanydue (pepMuoHOB 1 6030HOB YCJIOBHO.
Ctporo ¢pepMUOHAMHE SIBISIOTCSI TOJIBKO TIHBI BCJISJICTBUE UX Y-OTTAIKABAHNSA
(12), He MO3BOJISIONIETO UM OBITH B OJTHOM MecTe. Bo30HAME SIBJISIIOTCS TOJIBKO
KBaHTHI £-BOJIH, T. K. OHU CBODOJIHO MPOXOJSAT OJWH CKBO3b JApyroi. Hacru-
IIBI, COJIEPYKAIINE TJIHBI U {-TIOJISA, HE MOTYT OBITH TOJILKO (hepMUOHAMY MJIH
0030HAMHE, XOTS BO3MOXKHO IPeodIalaHne TOro WJIH MHOI'O CBOMCTBA.

O mone Xwurrca. /[ns ero cymecrBoBanus TpeOyeTcss OTpHIIATEIbHBIH
KBajipar Macchl w2, < 0 u ero oueHb GOJILIIONE HeJMHeiHbIH POCT ¢ yBe/uye-
nuem nojs Xurrca. Ognako npu w?, < 0 acpup nepexogur B ['Tl-miazmy, B
KOTOPO# HEBO3MOKHBI TOJISIPU3aIiist U MaccuBHbIE {-11071s1. [loaTOMYy cOMHU-
TEeJIbHO KaK CYIIECTBOBAHHE OIIPeessseMbIX ITUM I10JieM 0030HOB XUITCA H
Ham6y-T'onacroyna, Tak U CBA3bIBAHUA ¢ HIMH MacC YaCTHIIL,

Maccsol gacTu, (KpoMme IJII00HOB, KOTOPbIE He SIBJISIOTCS YaCTUIIAMU, U
HeATPUHO) B nBUzKeHHH N ¥ MOKOe 1M ONMPEeIsIIoTCs 9aCTOTaMH HOTeped-
HBIX BOJIH nojspusammn (22) w? = w2, + ?¢* : M = w/c*, m = wy,/c*. Oun
3aBUCAT OT PACCTOSAHUS 7 MEXKIY PUPOHAMH U YACTOTHI JHHEHHBIX KoJeba-
uuit I'lI-MaaTHUKS W,. DHEPIUsd MOKOA MACCHBHON BOJHBI Wy, €CTh UMIIYJIbC
KosebaHusl radHa U nporuBorgdHa B ['Il-mape ¢ yuéroMm BaMSHUS cOCeTHUX
nap, a w2, — ero BHyrpennss sueprud. OHa CK/IabIBaeTCsd U3 BHyTpeHHeil
SHEepPTUHN w?y koJiebanus ¢Bobonoro ['I-MagTHUKA U yMEHBIIAIONEro eé BJIu-
sAHUg cocejiell, BBIPaXKeHHOI'0 B BUJIe NepeHoca. [Ipu 60/bioM mepenoce Bes
sneprug 'll-masgTnuka MoxkeT ynocutbes u3 ['II-mapel, o6pa3ys BoJIHY ¢ Hy-
JIeBOI Maccoit mokos. IIlpu MaioMm mepernoce pacxoayercsd TOJTBKO 9acTh 3TOH
SHEPIUU, U BOJIHA OCTACTCS MACCUBHOM.

B sdupe (cpena marrero mupa) paccrosiaue Mexay 3pupoHamu obecre-
YHUBAET CYNIECTBOBAHUE JIUIIL OE3MACCOBBIX BOJIH MOJSPU3AIUA W, = 0, 10-
IepevHas 4acTh KOTOPBIX sBJIeTCs 3JeKTPOBOIHON. BHYyTpr MaccHBHBIX 4a-
CTHII BJIMSIHAE UX OCHOBBI (TJI9H WJIM MPOTHBOIJIIH) YBEJIUUUBAET I U CO3AAET
CTAIMOHAPHOE MACCUBHOE IONEpeYHOe £-110J1€, KOTOPOEe OlpeJiesister JIBUZKe-
HHe JacTull. Bce Macchl OKOs CBA3aHbl ¢ 9aCTOTOH W, 1 BHIPAXKaIOTCA depes
neé. T. k. w, ecTh HanbosbIas vacroTa Kosebanuil rpzuos B ['1l-napax, To
cBs3aHHAs ¢ Hero "Maccam., = w,/c? Toxe Hambosbmag. Ho oHa HEmOCTH-
JKuMa m3-3a orcyteTBus nap Bue ['Il-cpeapt. T. o. He moJsie u 6030H Xurrca,
a 'I-MagITHUK €CTh MCTOYHUK MACC BCEX YACTHUIL KPOME HEHTPHHO.
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Hunamuka raaaos u [Tl-map (KBapku, HeWTPUHO U 3DUPOHBI) He OMpejIe-
JISIETCSI TIOJIEM TIOJISIPU3AINAN, a Olpejesiser ero. /s HUX HeT CMBICIA BBO-
JINTH TIOHSITHE MACCHI, KaK Mepbl nHeprun. Ho M0oxKHO, X0Ts 1 Heobs3aTe/IbHO,
BBOJIUTH MAcCy, KaK UCTOYHUK IOJS TATOTCHHS.

To>k1eCTBEHHOCTh U PA3JIUYNE YACTHUIL. TacTUIIBI COCTOAT U3 IIPHOB
[® (ocHOBA), JAIOIEX YACTHIE MECTO, H OKPYZKAIONUX UX JBOPOB. TOXKIe-
CTBEHHOCTD IJIPHOB CBsI3aHA C OJMHAKOBBIME OIPEIeIEHHBIMU KOJIeOAHUSIMH,
COCTABJISIIONIAMI WX TEHTP, & Pa3judue — € PA3HOCTHIO WX MeCT. J[BOpHI
YACTHIL OJTHOTO POJIA, PACTIOJOKEHHBIX B OJIMHAKOBBIX 001acTaX 3hupa, ToxK-
JecTBeHHbl. OTJIHYHS JBOPOB MOTYT HOABASTHCA NPH JIBUXKEHUU YACTHIL B
apupe. Ho T. K. cKOpOCTH mepecTpPORKH IIYMOM MACCHBHOIO &-TIOJIsT BOJIM3H
[JPHA BeJMKA (3HAYUTESHHO OOJIbIIE CKOPOCTH CBETA), TO ITU OTJIHYUST MAJIbI
— JBOPBI MOYTH TOXKTeCTBeHHBI. CJe0BaTe/IbHO Pa3/Invdne IaCTUIl IPuoO/Im-
JKEHHO CBSI3aHO TOJIBKO C OHOBPEMEHHON PA3HOCTHIO MX MECT — TOXKIECTBEH-
Hble (HEpa3JMYUMble) YACTHUIBI B PA3HBIX TOYKAX MPOCTPAHCTBA-BPEMEHH,
KakK HIpUHAITO B (PUBKKE.

ToXX1eCTBEHHOCTh U PAa3JInUUe MOXO0XKUX O0BEKTOB BBOJIUTCS I10-
JIOOHO TOXKJAECTBEHHOCTU W PA3JIHIUI0 YacTHUIl. B Takux 0ObeKTaxX MOXKHO
BBIJIE/INTH OJINHAKOBOE sI/IPO, & UX PA3IUYUs TIEPEHEeCTH HA CBOWCTBA, OT/IN-
YJalouecs KadeCTBEHHO U KOoJImdecTBeHHO. KadecTBa cTaHOBSATCS H3MepeHHsI-
MH B IPOCTPAHCTBE CBOMCTB, a KOJUYECTBA OTMEYAIOTCS HA OCSX JAHHBIX
KauecTB. BBIIEINB HEKOTOpPOE CpelHee KOJIUIECTBO BO3BMEM €ro 3a HOJb.
Kpaiinue xosmmyectBa 0603Ha4nM, Haupumep, Kak +1 win +6eCKOHEYHOCTD,
B 3aBUCHMOCTH OT BBIOOpA CHCTEMBI €JWHUI. BeCKOHeYHOCTH MOYKHO 3aMe-
HUTDH OJTHON OECKOHEYHO YAAJEHHOW TOYKON U IepeHecTH 9TY 3aMeHy Ha KO-
HEYHYIO OCh, OTOXKIECTBJsAS TOYKH +1, 94TO 0oOpa3yeT 3aMKHYTOE 110 KPyTIy
u3Mepenue. Temepb 3aMKHYTOCTh W HE3aMKHYTOCTb HU3MEpEHUH HPOCTpaH-
CTBa CBOWCTB CTAHOBSITCS YCJOBHBIMU U OTHOCHTEIbHBIMI.

IMupamuga sHEepruit YacTUIBI UMeEET YeThIPe CTYIEHH. JTO SHEPTUH
IIyMa, CIIMHA, MACChl U JBUKCHHS, U3 KOTOPBIX (PU3UKA UMEET JIeJI0 C JBYMS
nocsaegauMu. OCHOBaHUEM IUPAMU/IBI ABJIeTCs OeCKOHeYHAsT SHEPIUus IIyMa
B pacupejesennu rizHa 2. B mym sxoaut "Bparenne” BOKPYT IeHTpa pac-
HpeJIeIeHIsT, OIIPEJIeJISION(ee CIIMH YaCTUIbl. K10 3Heprusi CTaHOBUTCS dHED-
rueit cnuna. Paspekenne 3¢hupa, BI3BAHHOE HAXOAANUMCS B IIEHTPE TaCTHU-
Il TJA9HOM, CO3MAET YCJIOBUS JJIsi CYIIECTBOBAHUS MACCUBHOTO &-mosst. A
CaMo 3TO II0JIe BBI3BIBAETCS YKa3aHHBIM 'BpaimenneM" . DHeprus KoJjedaHuit
IJI9HA M IIPOTUBOIIYHA B (PUpPOHE CTAHOBUTCS SHEPrUeH-MacCOd YaCTHIIBI,
KOTOPas MPOSIBJISIETCS KAK €€ WHEePIHS.
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Kaxmas O6osiee HU3KAsT dHEPreTHIeCKasi CTYIEeHb 0Opa3yeT OCHOBY s
OoJiee BBICOKOI M uMeeT OOJIbInyIo suepruio. Ho Hanmpamyio Jijis 4dejioBeKa
JAOCTYIIHa TOJIBKO 3HEPrud ABUZKCHHUA, BKJIIOYad IHEPIruid XUMHYICCKUX CBA-
3eit. MaJiag 9acTh 9HEPrUM MACChl CTaJIa UCIOJIb30BATLCS IIOCTIE OBJIAICHUSA
TeXHUKOU SIepHBIX TePeX00B. JHEPrus CIIMHA MMOKA HeJIOCTYITHA.

Tarorenune

YérHag gacth Ug moTeHNHAIAa B3aUMOIEHCTBIS TI9HOB depes myM (10)
BBI3BIBACT UX OTTAJKHBAHHE U CO3JIAET HAIPAXKEHHE B Cpejie HAIIero MHPA.
A HEOZHOPOTHOCTH PACIIOIOKEHHST STeMEHTOB JehopMuDYIOT cpey (3dup).

[Iycts B 3cupe pacnosioxken Kakoi-1udO HEHTPAIbHBIE OObEKT U3 4Ya-
crun. On orTajskuBaet O/mkaiinme 3UPOHBI, KOTOPHIE TePeTal0T OTTAIKN-
BaHue Jiajblie. Paccrosuue rg Mexk 1y 3pupoHaMu MeHsercd Ha ro+h, h < 0
— 3dHup C:KUMaETCs 3a CUCT PacTsKeHHs B IEHTpe OTTaJKuBanus. 1Ilpu aTom
0 00BEMY 001aCTh C:KATUsI MHOTO DOJIbIIE 00/1aCTH pacTszKeHus. lI3Menenue
paccTosinug ecTh BeKTOP h, HanpaB/eHHbI 110 PaJIUyCy OT 00'beKTa BJIMSHU.
[Toste necdbopmanym 3pupa onpeaeasiercsa CyMMO 3THX BEKTOPOB.

Takum ke cBoiicTBOM 00J1aJlaeT 10Jie TATOTCHHSA B TEOPHHU DHINTEHHA
[3]. Ix MOXKHO OTOXKIECTBUTH, €CJIM 33 MOTEHIWAN MOJs B3sITh H3MEHEHHe
paccrognusa Mexay puponamu h. Torna mose TaroreHus ecTh YacTh
agedopMmamnuu 3pupa. 10 NOATBEPKTACT METPHIECKHI XapaKTep I'DaBH-
Tanuu JUHITERHA U JaéT eMy 0OOCHOBaHUE.

DIEeKTPOBOJIHBI I YaCTUIILI B MoJie TaroTeHud. VIx coboaHoe 1Bu-
JKeHUue OTHOCHTEJLHO pHUpPa €CTh IePeHOC BOSMYIIEHUA E-T10Js, 3aBUCATINHA
OT paccToSHut MeK 1y apuponamu r; = 7o+h; BI0JIb oceii-uzmMepos ¢ = j, k, [.
B cxxarom acupe cocesinum 3cbuponam mepeiaércs 00bliie SHEPIuu, YTo yBe-
JINYUBAET CKOPOCTH MEPEHOCA.

BeKTOp CKOPOCTH 3JIEKTPOBOJIHBI C ME€HAET CBOM BEJIMYUHY 1 HallpaBJIE-
HEe. BMmecTe co CKOpOCTBIO MeHdAeTcsd JacToTa. B omHOMEepHOM ciydae
w(ro+h) =c(ro+h)g= (c+d.c-h)g=w(re)[l+ (d.c/c)h], c = c(ro).

T. k. d.¢c < 0, TO CKOPOCTH U YACTOTA HJIEKTPOBOJHBI B HOJIE TATOTCHUS
(h < 0) pacTyr. DIeKTPOBOIHA YCKOPSIETCSI B CTOPOHY GOJIBIIErO MOJIS.

JIBu:keHne u CBOIICTBA YACTHUIIHI, KAK ITaKeTa MOTePeuHbIX BOJIH, OTPe/Ie-
asiores ypasaeHneM (23) w? = w? + ¢?¢%, B KoTOpOM "wacTOTa KOJMeGaHMIt
B s¢upone (17) w2 = w? — 4¢? — 2¢7. B cxarom Tarorenuem sdbupe, 1o

v
CpaBHEHUIO C HECXKATBIM, YaCTOTHI W,, U W BMECTE ¢ MacCaMi YaCTHUILI B I10-
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Koe M = w,,/c® u apukenun M = w/c® CTAHOBATCA MEHBIIE, a CKOPOCTh
V = ?q/w u ornomenne macc M?/m?* = w? /w2, = 1+ ¢? /w2, — Goabe.
BekTop ckopoctu V MeHSIET CBOM BEJUYHUHY U HAIIPABJICHUE.

T. K. ycKOpeHHe 3J1eKTPOBOJIHBI MJIH YaCTHUIBI IPOIOPIUOHAIBHO grad h;,
T0 h geiicTByeT Kak BEKTOP IIOTEHIMAA [T0JI TATOTEHUs, UMEIOIIHI TPH ma-
pamerpa h;. OH MeHgeT MeTPUKHU KaxKJI0# OCH, a depe3 HUX KPUBHU3HY IIPO-
CTPAHCTBA M METPHKY BpeMeHH, ompejessemyio dacroroii w(h) BoaroBoro
IIaKeTa. EC.HI/I HE 3aMedaThb SCI)I/Ip7 TO ABUZKEHHUE 3JIEKTPOBOJIHBI UJIA YaCTHUILBI
MPOUCXOJ/IUT KaK-Obl B KPUBOM TIYCTOM ITPOCTPAHCTBE-BPEMEHHU.

VpaBHeHHUs IOJI TATOTeHUd B dpupe MoyKHO Haiitu. OJHAKO U3-3a €ro
ciaboctu (10) cKOPOCTD mepeHoca MmoJisk TATOTEeHUs o KpailHe MaJia Mo CPaB-
HEHHUIO €O CKOPOCTBIO cBera ¢ : 02/c? ~ Ug /U, ~ S, /Sy S 107,

Jedopmanusg acdupa h nmeer nBe gacTu, 00yCca0BIEHHBIE JBYMS MPUUIN-
Hamu. 910 hg, mopoxaérnas uérHoit vacTbio Ug MoTeHIMANa B3anMOIeii-
cTBud T19HOB depe3 myM (10), u he, HeMHEHHO TOPOXKIEHHAA TePEMEHHBIM
ssekTpornosieM € (18). Ux coornomenue fist dactui (em. "Cpema mupa')
hg < he < &:  hg/he ~Ug/U,, he/E ~ &/r. Manocts hg obyciasiusa-
€T W3BECTHYIO CJIa0OCTh TATOTEHUS, KOTOPOE TOJBKO JJII OPOMHOTO U JJIEK-
TPOHEHTPATHLHOIO MHOYKECTBA YaCTHIL CIIOCOOHO CO3/[aBaTh 3aMETHBIE MOJIS.

Cornacuo ypasuenusiM (18) hg-1i0/ie BJAUSET Ha 9JEKTPOBOJHY U MOZKeT
[IepEeHOCUThCA BMecTe ¢ Heil. Ho oHO KpaiiHe Maao. A HeJIMHEHHOCTH IPUBO-
JUT K 3aBUCHMOCTH IEPEHOCHMOrO IMOJI OT MAPAMETPOB MEPEeHOCINeH ero
9JIEKTPOBOJIHBI, YTO 3aTPY/IHSIET HpeICKa3aHue UTora TOro nepenoca. Toraa
HabJrfoaBIIasicst B onbiTax [27| "rpaBuTaliionHas BOJIHA, COMPOBOZKIAEMas
3JIEKTPOBOJIHOI" , €CTh HEOT/EINMOE OT JI€KTPOBOJIHBL Ng-TI0JIe.

BerecTBo siBisteTcs 1eKTPOHERTPAIBHBIM JIAIID JIJIS IPOCTPAHCTBEHHBIX
paspelnenuii MHOTO DOJbIIe pasMepa aromMoB. Ha MeHbmux macirrabax Bee-
T'la CyIeCTBYIOT CHUJIbHBIE II€pEMEHHBIC 9JICKTPOIIOJIA. A TaM I'I€ HET YaCTHUIL
00s13aTe/IbHO PUCYTCTBYET PEIUKTOBOE u3jayderue. OHU BIOJHE CIOCOOHBI
[epecTpanBaTh IPHOIH3UTE]IBHO CO CKOPOCTBIO CBETA MOJIs TArOTEHHUS JIBH-
JKYIIUXCS Mace, 9YTO SABJISETCS HeOOXOIUMBIM YCJIOBHEM JIJI BHIBOJIA TEOPUU
rpaBuTanuyu DiHITeHA. ['PABUTOHBI, KaK IEPEHOCYUKH IOJsI TITOTEHUSI,
HaCTOJIBKO Cﬂa6b1, 9TO0 UX MOXKHO HE€ y4YUTbIBATb. B UTOr'e OCTAETCS KBa3U-
IIOCTOAHHOE IT0JIEe TATrOTeHUud MaCCUBHBIX TE€JI, KOTOPOE€ IIPpU UX ABUZKCHHUH Ha-
JIO TIO/IITPABUThH HA HEJIWHEHHYIO MEPECTPONKY 3JIEKTPOTIOIEM.

['paBUTAIHOHHOE II0JIE M MACCA TeJ IPOIOPIMOHAJBHBI YHCIY YaCTHUI] B
Hux. OTciona ciaegayer nponopuHOHAILHOCTh HHEPIUOHHON U IPABUTAIIMOH-
HOI Macc, WJd UX PaBEHCTBO B COOTBETCTBYIOIIEl cucTeMeE €JIMHUII.
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OdeHb CHUIBHOE TIOJI€ TATOTEHHST BBI3BIBAET 3HAUNUTETHHOE yMEHDLIICHHE
paccrosinug MexkJy dpuponamu, Begyiiee K HazoBoMy Iepexojy dpupa B
['Tl-mnasmy. B Heit Her moJig moJsipu3aliuu, CJe0BaTeIbHO OTCYTCTBYIOT
9JIEKTPOBOJIHBI U YACTHUIBI. DTa 00JIACTH BBIIVISAIUT KaK dépHasd JpIpa. 1o-
1A MOXKHO HPeIHoI0KATh, YTO YEPHBbIE ABIPHI ecTh obnactu ['Il-mia3mer,
obpa3zoBapiuecsa B pupe Mo AeficTBHEM CHILHOTO MO/ TIATOTEHUS.

Onenka BeJIMYUHBI OCHOBHOI YaCTOTHI. 3a HAJIIYMHYK) YHEPIHUIO
rasHa 6epéTea 0ObBIYHOe 3HAUCHHe SHePruu KBapka ~ 1071 OB, KoTopoe cun-
TaeTCcs TOpsAKa dHeprum mymMa. Ho 1ryM BO3BBITTAETCS HAJL TLIATO OCHO-
BaHusdA, KOTOpoe Ha ~ 46 HmOpsAJKOB ero MmoimHee. Torja M3 SHEPrUH TIdHA
hQ = 7107150 ~ 10% 3B caeayeT oneHKa OCHOBHON 4acTOTH w ~ 1090 T'm.

Ddup abCOTIOTEH IOTOMY UTO HAXOIUTCH B aDCOJIOTHOM IIPOCTPAHCTBE
MecT THOB. Ho Hab/omaTes b wjin npudop MOT'YT JBUTATHCA TOJBKO G CO-
CTABALIONIMMHI TEJIa YACTUIIAMHU, KOTOPHIE SIBJISIOTCS BO3MYIIEHUAMEI PUpa.
B conpoBoxkaolieii ux cucreMe OTCUYETa I'PYIIOBad CKOPOCTH MAaCCHBHOMN
BOJTHBI BMECTE ¢ MMILYJIbCOM KBAHTa (BOJHOBBIM BEKTOPOM) CTAHOBSITCS HY-
JIEBBIME, & YACTOTA M MACCA YMEHbBIIAIOTCs JI0 3HAYEHUN COCTOSHUS TOKOS.
CKOpOCTH M HMITYJIbChI KBAaHTOB JAPYIUX YACTHI[, BKJIHOYAs (POTOHBI H HUC-
KJIFO9as HEHTPUHO, OTCUATHIBAIOTCSA OT HyJ/Is1. 1. €. CKOPOCTh JaCTHUIbI BCEraa
MeHbIIIE TIPeJIeIbHOI CKOPOCTH epeHoca (cBeTa), a CKOpocTh (bOTOHA PaBHA
eit. CJie1oBaTE/ILHO B JIIOOOM ABUKYIIEHCS ¢ HADIIOJaTe/IeM CHCTEMEe OTCUIETA
CKOPOCTh CBETa MOCTOSHHA U BCe (PU3HUECKHE IPOIECCH MPOTEKAT OIuHA-
KOBO — JIBH2KeHUe OTHOcHTe/1bHO. Halt Mup ecth Bo3MymHieHue 3¢upa un
MOTOMY OH OTHOCHUTeeH. ADCOMIOTHOCTH 3PUPa CKPHITA 33 OTHOCUTETHHO-
CTBIO MEDA.

ITose Tarorenunsa oTHOCHUTENABHO. MacCHBHbBIE TeJa SBISIOTCI BO3MY-
IEHUSIME aDCOJIIOTHOTO 3(PUpa, a MOoJId TATOTEHHS MOACTPANBAIOTCS MO UX
JIBIZKEHUE C IOMOIIBIO 3JIEKTPOIO/Isi. Bech 3T0T mponecc OTHOCHTEIEH, UTO
MIO3BOJISIET UCIOIb30BATH TEOPHUIO TPABUTAIMN JUHITEHHA.

HeiiTpuao abcoaioTHO, T. K. COCTOMT JIUIIb U3 AP TJPHOB U IPOTHU-
BOIVIPHOB 6e3 y4uacTud £-10J U He sBJIdeTcsd Bo3MmyleHueM ahupa. Ddueii
abCcoJII0TeH KakK cymMMa abCOJIIOTHBIX HelTpa u >dwupa. 1. o. HeiTpuHO AB-
JISIETCSI TIPeJICTaBuTE/IeM abCOIOTHON CPejibl B HAIIIEM OTHOCUTEJILHOM MUDE.
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Cruxun u ypoBHIU MaTepuun

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

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

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

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

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

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

[Toxokue ypOBHM IPUHATHL B 930TEPUKE U TEOCOMUH JIJIsT OMUCAHUAS CTPO-
enus 4eaoBeka [36]:
. ®usnaeckoe teno(Crxyra mapupa).
. Ddupwusrit apoiinuk (JInura mapupa).
. Actpanbhoe teno (Kama-0Ka. JKHBOTHAsS JIyTIA).
. MenTasibHOe Tes10 (HU3IMUi yM, PacCyIoK).
. Ilpuanunoe tesio (KapMuveckoe, BbICIIUI yM).
. Testo 6nazkencrBa (Byaaxu, mpocBerienne, JyXOBHASI JIyIIa).
. Arma (Arman ecth Bpaxman — BedHast, Hem3MeHHAsT Iy XOBHAsST CYIIIHOCTb,
oco3HAIONIUI AOCOTIOT, KOTOPBI OTOXK IECTBIIAETCS 3/1€Ch ¢ ADCOJTIOTHBIM ObI-
TiHeM — BpaxmanoMm).

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

] O U = W N =

NTorn

Hawuasio pabore nosaraer yTBepk/ieHre 0 BCEOOIITHOCTU IHEPTHUU, 110-
HIMAaEMOil KaK CKOPOCTh M3MeHeHus1. II3MeHenne, mpeacTaBiIeHHoe depes Te-
peMeHHbIE efiCTBHe-IJINTeJTbHOCTD, IPHHAMAETCS 33, OCHOBY BCErO CYIIETro.

CramponapHble IIOBTOPBI K3MEHEHUs BBIPAKAIOTCS Yepe3 TAPMOHUKH, JIJIsT
KOTOPBIX BBEIEHO MECTO. ['apMOHMKa IeiicTBHe-3HEeprusl Ha3BaHa TJ9H, a
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IpoTUBOa3HAL eif — IIPOTUBOTAIH. ['apMOHUKA CTAHOBUTCSI OCHOBHBIM 3.JI€-
MEHTOM JIjIsI OIUCAHUSI MATEPUN U 3aMeHsSeT MATEePUAIbHYI0 TOYKY.

Bceé cymecrsytonee (Beé) npeacrabieHo B MHOKeCTBe TAPMOHHK OJIHOI
YacTOTHl Yepe3 UX CPEJHIO JUHHUIO U IryM Kojebanumii. IITym Oepércs 3a
OCHOBHOE COCTOSIHUE HAIIEro MHPA.

YeroitunBas CTPYKTYpa MUpa IOCTPOEHA W3 HAIIIYMHBIX T/I9HOB, BO3HH-
KaBIIUX 1pu ocjabjieHnn myMa ¢ coxpanenuneM ero dpuykryanuii. Koppessi-
Uit MEeKIy MPerKIe He3aBHCHMBIMU IyMaMH PAa3HBIX H3MEPEHHil MpUBEJIH
K CyIlecTBOoBaHuIo TpéxmepHbix (3m) rasuos '3 u nporusormsnos I13, co-
crapirennbix u3 1m '}, I kaxioro msmepenus j. Dismnr ') ToxaecTsenmor
HIZKHEM KBapkaM d;. CBA31 MezK/ly U3MepaMU U3BeCTHBI KaK IVIIOOHBI.

BzaumoneiicTBue radHOB Yepe3 MHIyM 00yC/IABIUBAET IOSB/ICHUE 110~
Jielt TIO/ISIPU3AIAN, BKJIIOYasi M3BECTHOE 3IEKTPOINOJe W MOJIE TITOTEHUS.

ITpocTpaHCcTBO HaAIIETO MUPA €CTh 3M MPOCTPAHCTBO MeCT TIHOB. OHO
OTPaHUYEHHO, 3AMKHYTO Ha cebe M MMeeT MaTepuajbHoe ocHoBanue. Cpema
HAIIer0 MHUPAa COCTOUT U3 OCAaOJEHHOr0 MIyMa, HaIIIYMHOIO OCHOBAHUS H
BO3BBIIIAIOMINXCA HAJ HUM 4acTeil Ha Iy MHBIX [JDHOB.

Hanmymabre wactu 1M rasHOB (KBApKH) COODAHBI B 9JIEMEHTHI CDeJIbl U
otyiesibHbie gacTuiibl. CBs3annbie y-slanmogeiicreuem ['II-mapsl cocrasu-
s TBépayio cpeay I'II-TtBepab, a mecs3annbie — 1asmoobpasuyio I'II-
maa3sma. [lepexonnas MexKIy HUMH Cpejla eCTh OCHOBA HaIlero Mupa 3up
(). Ou cocrout u3 adpuponos 3 — I'll-nap. JIpyras 4acTh Cpejibl COCTABIE-
Ha u3 HefirpuHO U Ha3BaHa HEHTP (V). Ux coBokynHocTh — 3cbHER (DN).
[Ipepnonaraercs, uro acpup ectb 3m moBepxHOCcTh B 4M I'II-cpene, pas-
nendiomad B Heit ['ll-mrasmy u I'lI-TBepap.

Tpéxmepnbie cocrosaus ['II-mnasmer u I'II-TBepau mpeacrapiensl B 3du-
pe peIKuMHU BKpamieHuaMu. Yépusie abipbl cocToaT u3 ['lI-mna3mer, a BHyT-
pu yactun npucyrcrsyer ['TI-rBep/b.

[Ipesmoxkena mMomenb cpeabl Hamero Mupa. HailileHbl ypaBHEHUs JIWHA-
MHKH €€ MOJIIpU3aIUuu U JUCIIePCUOHHOe. BOJIHBI HMEIOT MOIEepedHyIo | Ipo-
JIONBHYIO cocTaBgomue. Ho npomgosibuble BOJIHBI HAMHOTO cjiabee Mmomeped-
HBIX H3-3a 0oJee ¢/1aboro UCTOUYHUKA BHYTPU YACTHUI[ U UMH MOXKHO IIpeHe-
Opedb.

DJIEKTPUYECKOE TI0JIE eCTh NOJIApU3anusa IPUPOHOB. DJIEKTPOMATHUT-
HbIE BOJIHBI eCTh 0€3MAaCCOBbIe TTOTIePETHBIE BOJHBI MOJIAPU3AIIE DUPa.

Bokpyr riasnos B adupe cymectByeT £-110J1€ MO pUu3aIui 3pUPOHOB, KO-
TOpPOE BXOJUT B COCTAB YACTHUIL. JTO CTAIMOHAPHOE MOIEPEeIHOe MACCUBHOE
é-moJie, JA0MIee 9acTUAM MACCy U KYJIOHOBO 3JIEKTPOIIOJIE.
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[Tonsgpuzanus onuckiBaeTca ypaBuenueM Kieitna-Poxka-['opmrona, n3 Ko-
TOPOTO JIJIsl JIBUKYIIEHCS YaCTUIIBI BBIBOIATCS HeJinHelHbie ypaBuenue [TTpé-
JMHTepa, ero 06obIenne 10 JOBIX CKOpocTeil n ypasHeHusi /lupaka (mpu
JapyroM mnoHuManun). BosnHoBasg (yHKUmMs ecTb aMILTUTY/Ia KOJeOaHwmii
IJIPHOB B 3pupone. Macca u JIBUKEHHE TeJI UMEIOT HOJIEBYIO IPUPOLY.

Tpéxmepusle ra3ubl [? u npotuBorasuer 11° cOCTABIAIOT OCHOBEI MO3H-
TpoHa u djaeKTpoHa. CBsI3aHHBIE KOPPEJSIeil napbl Fjl-gl_[jl- (KBapK-TJIIO0H-
AHTHKBAPK) W3MEPOB j eCTh 1M 3JIeKTpOHHbIe HelTpuHO. [Taper rasuoB (Ipo-
THBOTJYHOB) U, = Fjl-HgFJl-fl Pa3HBIX U3MEPOB €CTh 2M BePXHHEe KBaPKHU ;.

YacTuipl 1epBoro NOKOJEHUs TOCTPOEHBI W3 TAPHOB (Kpome ¢ho-
TOHOB). B ¢TpoeHHe MO3UTPOHA M ITEKTPOHA BXOJAT JBOPBI U3 E-MOJIEH.

Bce maccuBHble HacTHIlbl, KPOMe HEATPUHO, COAEPKAT JIEPKHEe OCHOBBI
1 OKPYZKAIOIHe WX MaCCHUBHbIE ABOPBI, KOTOPBIE COCTOSIT W3 TOJEH MOJIs-
pusanuu 3puponos u HefiTpUHHON YacTh. [[BOPHI JOJTOKUBYIIUX TTPOTOHOB
COXPAHSIOT OTIEYATOK CPeJbl BCeIeHHOf, ObIBIIeH pH UX POXKJICHUH.

ITonie TaroTeHus sBISETCS YACThIO TOJst gecbopMaruu (MeTpuku) hu-
pa. Ero norennuaJi onuchbiBaeTCsl MU3MEHEHUEM PaCCTOsSTHUS MeXK/y dDupoHa-
mu. [Tokazano pacrpocrpanenue 3JIeKTPOBOIH U 4acTHIl B HEM. BosHbl Tdr0-
TEeHUsT CYIIECTBYIOT, HO WX BJHsHIE TpeHeOpeknmMo Majo. OCTaéres TOJIBKO
BEKTOPHOE I10JIe TATOTEHHUs TeJI, KOTOPOe IIPU UX JIBUZKEHUH [1ePpeCTPAnBACTCS
€ TIOMOIIBIO JIEKTPOIOJIS.

D¢dup u meiiTp adbcomoTHb. Mup YacTuil, mojaeit m TeJ OTHOCUTEISH.

[Tokazano coorBercTBUE YeTHIPEX cTuxuit Mupa u cocrosuumii I'TI-cpespr.
Brigeneno ceMb ypoBHeil MaTepun, KOTOPbIE COBIAIAIOT C YPOBHAMHU CTPOE-
HUS Y€JI0BEKa B JIpeBHE-UHIUNCKUX YICHUSAX U COBPEMEHHON 330TE€PUKH.

HeobxoauMbIM yca0oBHEM CYIIECTBOBAHUS W PA3BUTHUS sIBJseTCss OECKO-
HeYHad elb B3auMOAENCTBYIOMINX >KUBLIX MUPOB.

Taxum 06pa3zom TeoOpuu COBpeMeHHOH (PU3NKU MOTYT ObITh BbIBEJICHBI U3
MPEJICTABIEHNS BCETO CYNIECTBYIONIErO B BUJIE TIEPEMEHHOTO JIefCTBHS.

DTa cTaThsd — HOBOE JOMOJHEHHOE H3aHue pabor [37].
[Toura: panory@bk.ru.
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