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AHHOTAIINA

B pabote npenaraeTcs TeTpa-uKCclioBas HHTEPIPETAUs PEeIITUBUCTCKOTO COOTHOLIEHUST SHEPTUH
nokosl E = +mc?, ocHOBaHHas Ha NPeNCTaBIeHUH O YeTEHIPEXMEPHOM IIPOCTPAHCTBE-BPEMEHU KakK O
3HAKOBOY CTPYKType C 4YeThpbMd HanpasneHusamu X, Y, Z, T.

BmecTo equHCTBEHHOTO OMHAPHOTO 3HAKA + BBOAMTCS 3HAKOBHIN 4-KopTexX 0 = (0X, oY, 0Z, oT), roe
KaXpas KOMIIOHEHTa IpUHUMaeT 3HaueHue —1 unu +1. TeM caMbIM BO3HUKaeET 2* = 16 BO3MOXKHBIX
3HAKOBHIX KOH(GUTYypaLKi, THTEPIPETUPYEMBIX KaK TUIIEPOKTAHTHl Y€ TEIPEXMEPHOM CTPYKTYPHI.

[TpocTpaHCTBEeHHBIE ¥ BpeMeHHass KOOPAWHATEL TPXU 9TOM He pacCMaTPUBAIOTCS KaK ITOTHOCTHIO
CHMMETPHUYHbIEe KOMIIOHEHTH. TPy MPOCTPAHCTBEHHBIE KOOPAUHATH 00pa3yoT KyOn4ecKyto
CTPYKTYPY C BOCEMBIO ITPOCTPAHCTBEHHBIMU OKTAHTaMHU U IIECTHIO TPOTUBOIIOI0KHBIMU
ITPOCTPAHCTBEHHKIMH HAIIPABJIEHUSIMH, TOTTIa KaK BPEMS UMEET Ie0Ie3uYeCKy0 TPUPOOY U
oTIpefessieT HAlPaBIeHHOCTb OBUKEHUS.

[Toatomy 16-puyHas CTpyKTypa He 03HadaeT CyIleCTBOBaHUS LIeCTHAALIATA HE3aBUCUMBIX UJIN
IIPOCTPAHCTBEHHO Pa3HECEHHBIX BCENIEHHBIX. [ UTIEPOKTAHTH PACCMaTPUBAIOTCS KaK pPa3/IuuHbIe
3HAKOBBLIE COCTOSTHUS €OUHOM reOMeTPUYECKOM CTPYKTYPHI, CBsI3aHHbIe 00IIUM HadyasioM. B paMkax
TEOPHH TPAaBUTALIMK-BPEMEHH 3TO 00INee Hadyasio CBI3LIBAETCS C MaTepUHCKOM BceneHHOH, u3
KOTOPOM Hallla BceneHHas paccMaTpuBaeTCs KaK BHYTPEHHSIST 001aCTh BCEJIEHCKON YEPHOM IBIPHL.

[TpenpmaraeTcs rUmoTe3a, COrIacHO KOTOPOM IrpaBUTALIMS, IOHUMaeMast KaK TeoMeTPUYecKasi CBSI3b U
reofe3nyeckasi CTPYKTypa, MOKET CBSI3bIBaTh Pa3jInyHble 3HAKOBEIE CEKTOPA, TOTa KakK
371eKTPOMarHUTHOE B3auMOfeiicTBIEe He 0053aH0 001afaTh TOM &Ke MeKCEeKTOPHOM NOCTYIIHOCThI0. B
TAKOM CJIy4ae MaTepHs APYruX CEKTOPOB MOXKeT ObITh HeBUOUMA MJIST HAaC 9IEKTPOMArHuTHO, HO
IIPOSIBIISATLCS Yepe3 rpaBUTAIIUIO.

ITO MO3BOJISIET paCCMaTPUBATH HaGHIOJIaeMBIfI TEMHBIN FpaBI/ITI/Ip}/'IOH.II/II;I KOMIIOHEHT KaK BO3MOXKHO€



IIPOSIBJIEHNE MAaTePUU OPYTUX 3HAKOBHIX CEKTOPOB. PaboTa He yTBEPKIAET 9TO KAaK YCTAaHOBIIEHHBIN
busnyeckuil GakT: KOTMYECTBeHHAs IIPOBepPKa TpedyeT JabHEeHIero MoCTPOeH!s YPaBHEHUH
COIIOCTAaBJ/IeHUS C HAOIIOOEHUAMU.

KrnioyeBrie croBa: TeTpa-4uciia, TUIIEPOKTAHTh, 3HAaKOBas CTPYKTypa, MPOCTPaHCTBO-BPEMS,
ypaBHeHUe JWHINTENHA, ypaBHeHUe [[MpaKa, aHTUMaTepUs, TEMHasi MaTepUsi, TpaBUTallMOHHAS
reope3uyeckas, Kyouueckas cuMmmeTpusi, Z24, anredpa Knuddopaa.

1. BBEIEHUE

CoBpeMeHHas ¢u3KKa paclojiaraeT YCIeUIHEIMU TEOPUSIMU, OIIMCHIBAIOIIMMY Pa3IMYHbIE YPOBHU
¢u3nyeckor peanbHOCTH. OJHAKO BOIIPOC 0 €UHONW TeOMETPUYECKOM CTPYKType IIPOCTPaHCTRa,
BpeMEeHH, MaTEPUM U T'PABUTAIIMYU OCTAETCS OTKPBITHIM.

Ocob6oe MecCTo 3aHHMaeT PeNISITUBUCTCKas CBI3b MEXKIY Maccou u sHepruel E = mc?. B KBaHTOBO-
PEeNITHBUCTCKOM ONMCAHUM BO3HUKAET TaKXKe 3HaKOBasl CTPYKTypa, CBsi3aHHAs C
IIPOTUBOIIOIOKHBIMU BETBSIMU SHEPTUMU.

Hacrosiiast paboTa UCXOOUT U3 BOTIPOCA: eclii (u3udecKasi PeaJbHOCTh OMMUCHBAETCS
YeTHIPEXMEPHBIM ITPOCTPAHCTBOM-BpeMeHeM, moueMy GpyHmaMeHTaIbHas 3HaKOBask CTPYKTypa
MOJI2KHA OCTaBaThCsI OMHAPHOU?

OO6BIYHAs YKMCIOBAs MPsIMast UMeeT [Ba HaMpaBieHus: + U —. ECIU KaxkaoMy U3 YeTHIPEX
KOOPOWHATHBIX HampaBiaeHuu X, Y, Z, T IOCTaBUTL B COOTBETCTBHE IBa BO3MOXKHEIX 3HAKa, BOSHUKAET
MHOXeCTBO 24 = {—1,+1}%, cogepxkaiiee 2¢ = 16 31eMEHTOB.

HpennaraeMas{ KOHCTPYKIXA Ha3bkIBA€TCA TeTpa-‘-II/ICJ'IOBOI;I, IIOCKOJIBKY COCTOsIHHME OIIMCBHIBAETCS
YEeTHIPEMA 3HAKOBEIMH KOMIIOHEHTAMMU.

2. ACXOOHASA 'EOMETPUYECKAS{ ITPEOIIOCBIJIKA

2.1. YeThIpe KOOPAUHATHLIX HalIpaBJICHHUS

B npepnaraeMoy Mofeny IpOCTPaHCTBO-BpPEMS ONMChHIBaeTCs HanpasineHusaMu X, Y, Z, T. [lnsa
KaXI0y KOOPAUHATH 3ala€TCsI OpAEeHTalUs:

oX, oY, 0Z, oT € {-1,+1}.

CocTosiHUE UMeeT BUL:

o = (0X, ayY, oZ, oT).

Hanpuwmep: (+,+,+,+), (+,—,+,+), (+,+,—,-).

3HAKOBBIM KOPTEXK He CiefyeT IIOHMMAaTh KaK YeThlpe He3aBUCHUMBIX (pu3ndecKux npocrpancTsa. OH
SIBTISIETCS UHOEKCOM COCTOSTHUSI €QUHON YEeTHIPEXMEPHOMN CTPYKTYPHI.

2.2, lllecTHagaTh TUIIEPOKTAHTOB

ITonHOE MHOXXECTBO 3HAKOBLIX KOMOUHAIIMY UMeeT 16 37IeMeHTOB. DTH COCTOSHUSA 0003HAYAIOTCSI
Ho, roe 0 € Xa.



Ham HaGmiomaeMblil CEKTOP MOXKHO 0003HAYHUTh:
Ho = (+,+,+,4).

Ipyrue TUIIEPOKTAHTEI He 00513aHbl HAXOAUTHCS OT HETO Ha KaKOM-JIM00 IIPOCTPAHCTBEHHOM
paccTtosiHuM. MeXIy HUMU He BBOOUTCST OOBIYHAS MEeTpHKa PacCTOSTHUS. OHU SBISIOTCS Pa3THYHBIMU
CEeKTOpPaMHU eIMHON reOMeTPUYECKOM CTPYKTYPHI, CBI3aHHBIMU OOIITMM HadaioM.

3. IPOCTPAHCTBEHHAS{l 1 BPEMEHHA{ CTPYKTYPbI

3.1. Kybnueckasi CTpyKTypa IpPoCTpaHCTBa
Ecnu paccmatpusaTth TONBKO X, Y, Z, IIOJIy4aeMm:
(£,%,%).

9T0 gaet 2% = 8 MpoCTPaHCTBEHHBIX OKTAHTOB.

OTHOCHTEIHbHO BHIOPAHHOT'O IIPOCTPAHCTBEHHOI'0 OKTAHTa MMEIOTCS IIECTh MMPOTUBOIIOIOKHBIX
HaIlpaBIIEHUN:

X+, X—, Y+, Y-, Z+, Z—.
HWMeHHO 30ech BO3HUKAET YUCIIO 6:
3 X 2=60.

OHoO cBSI3aHO C KyOM4eCKOl CUMMeTpHeN TPEXMEPHOTO TPOCTPAHCTBA, a He C YHCJIOM
TUIIEPOKTAHTOB.

3.2. OcoObIH CTAaTyC BpeMeHH
BpemenHas KoopauHaTa T He CTaBUTCS B IIOJTHOCTBHI0 CHMMETPUUYHOE IToToXKeHue ¢ X, Y, Z.

B npeniaraemMoi Teopuy BpeMsi UMeeT Teofe3ndecKylo IPUPOAY U CBSI3aHO C HallpaBlIeHHEeM
nBuXKeHus. [103TOMy YeThIpe 3HAKOBbIe KOMIIOHEHTHI He 03HAYAIOT YETHpe Gpusandecku
9KBUBAJIEHTHHIE OCH.

HpOCTpaHCTBeHHLIe KOMIIOHEHTEI CI)OpMI/Ipy}OT Ky'6I/I‘-IeCKy1-O CTPYKTYDPY, TOrda KaK BpEMEHHAA
KOMIIOHEHTa CBA3aHa C HpPI‘{I/IHHOfI HAIIPABJIEHHOCTHRIO.

4. TETPA-YUCJIO KAK 3HAKOBOE COCTOAHHE

4.1. Onpepenenue

Ha mepBoM 3Tare mop TeTpa-4ucaoM TOHUMAaeTCs 3HaKOBOE COCTOSHUE:
o = (0X, oY, oZ, oT),

roe op € {—1,+1}.

Ero npocTpaHCTBO 3HAKOBHIX COCTOSTHUM HMEET MOIIHOCTE 24 = 106.



Heo0xomuMo pa3nmuyaTh 3HAKOBOE MHOXKECTBO X4 U ITOITHOIIEHHYIO anre0py TeTpa-uucen. [Tocneguss
TpeOyeT OTOENbHOTO ONpeeIeHUs Olepalluii CII0KeHUsI, YMHOKEHUS ¥ IPYTUX anreOpandecKux
OenCTBUI.

4.2. I'pynnoBasi CTPyKTypa
MHO0X€eCTBO 3HAaKOBBIX KOM6HHaLII/Iﬂ CBSA3adHO C rpynnoﬁ
22t =72 X 72 X 72 X Z>.

Kaxnmas KOMIIOHEHTa UMEET iBa COCTOSTHUS. JTa CTPYKTYypa 3alaéT KOMOMHATOPHYIO OCHOBY 16-
PUYHON KilacCH(UKAINH.

[Tpu aToM Z2* He clemyeT aBTOMaTHUYEeCKH OTOXOECTBIIATH ¢ anrebpoit Knmuddopaa unu ¢ nomaHou
anreOpoii TeTpa-unucesn. CBA3b MEXKAY ITUMU KOHCTPYKIUSIMU JOJIKHA OBITH TOCTPOEHA OTAENIHHO.

5. OT E = +mc? K TETPA-YHUCJIOBOM 3ATIUCH

5.1. buHapHasa CTpyKTypa
PengaTuBuCTCKOE COOTHOIIIEHUE OHEPIuH IIOKOMA 3aIlMCEIBAE€TCA KakK:
E = mc2.

B PaCHIMPpEHHBIX PEIATUBUCTCKUX U KBAHTOBEIX KOHTEKCTAaX BO3HUKAET 3HAKOBaA CTPYKTYPa,
KOTOPYIO KOHIEIITYaJIbHO MO2XKHO IIPEOCTABUTh KdK:

E = +mc2.

B HacTos1el paboTe OMHAPHBEIN 3HAK PaCCMaTpPUBAETCS KaK BO3MOXKHBIN YACTHBHIM ClTydait 6oree
00I1Ie} YeTHIPEXOCEBOM 3HAKOBOM CTPYKTYPHL.

5.2. TeTpa-uucioBoe pacuiupeHue

BBomuTCSl 3HAKOBBIM UHIEKC:

o = (0X, ayY, oZ, oT),

U CEMEeNCTBO COCTOSHUM:

Eo = 0 mc2.

3mech 0 He SIBISeTCS 00BIYHBIM CKansapoM. OH SIBISETCS WHIEKCOM 3HaKOBOW KOH(MUTYpaALIUH.
B pa3BépHyTOM 3amucu:

E(oX, oY, oZ, oT).

TakuM 06pa3oM, BMECTO [IByX BapHaHTOB BO3HUKAET 16 3HAKOBHIX COCTOSTHUH.

JTO He YTBEPXKIOEHNE O IMEeCTHAOIAaTH HE3aBUCUMBIX 3HAYEHNAX SHEPIrUH. Peusn I/IJIéT 0 paCIInpeHnn
KJ'IaCCI/I(l)I/IKaLII/II/I COCTOSIHHS 3a CUET qupréx 3HAKOBBIX KOOPOWHAT.



6. KOMBAHATOPHAA CTPYKTYPA

OTHOCUTENBHO (+,+,+,+) COCTOAHUS MOXKHO KJTaCCUPHUIIMPOBATH 110 YUCTTy U3MEHEHHBIX 3HAKOB.
Yucno cocTossHUM ¢ K ”3MeHEHHBIMM 3HaKaMu paBHO Cak:
CO+Cal+C2+C23+Ce*=1+4+6+4+1=16.

Yucio u3MeHEHHBIX 3HAKOB — KOJIMYECTBO COCTOSTHUI:

0—1
1—4
2—6
3—4
4—1

9Ta CTPYKTypa MMOKa3klBaeT, YTO 16-pPUYHOCTD BO3HUKAET HETIOCPENCTBEHHO U3 YETHIPEX OMHAPHBIX
OpUEeHTAalUM.

[Tpu 9TOM yKa3aHHbIE KJIACCH caMu 110 ce0e He SIBISI0TCS Kinaccudukanuuei yactul. Ux ¢pusuyeckui
CMEICTT TpebyeT OTHEeIbHOTO BHIBOMIA.

7. AHTUMATEPUA KAK YACTHBIU CJIVUAU

TeTpa-‘-II/ICJ'IOBaﬂ MO[IeJIb He IIPpedIiojiaraeT, 4To moboe OTpHUIIAaTEeJIbHOE 3HAYEeHHUe OTAENbHON
KOMIIOHEHTEI ABJISI€TCA aHTHMaTepHeﬂ.

[TonHOCTEIO IIPOTHUBOIIOJIOZKHAA KOH(l)I/IpraLII/IH HMeeT BU[:
(_I_I_I_)'

B pamKax npefyilaraeMoy MHTePIpeTally IPUBHIYHAS OyaIbHOCTh MaTEPUU U aHTUMAaTEPUN MOXKET
paccMaTprBaThCA KaK 4aCTHHIM caydail 6osee o01ield 3HaKOBOM CTPYKTyphl. OmHaKo pusndeckoe
OTOXMIECTBJIEHNE KOHKPETHOT'0 3HAaKOBOT'O COCTOSIHUS C aHTUMaTepuen TpebyeT OTOeIbHOT0
000CHOBaHUS.

8. TPABUTAIINA KAK ME2KCEKTOPHA4A
IT'EOMETPAYECKA4A CBA3b

8.1. I'paBuTanuA KaK reoge3ndyecKasi CTpPyKTypa

OJIHI/IM U3 NCXOOHBIX MOJIOKEeHUH MOJIEeJIn ABJIAE€TCA Pa3JINYEeHNEe I'DABUTALIUU U OOBIYHBIX CHIJL.

rpaBI/ITaLII/IH paCCMaTPUBAETCA KaK reOMeTPpru4YeCKasi CTPYKTYpPa4, CBA3aHHAA C re0e3n4eCKUM
OBUXKeHUeM. B TEeOPHH I'PABUTALIMN-BPEMEHH BPEeMA TPAKTYETCA KaK reofge3nvdeCkKasd JIMHUA ITadeHnd,
d I'PaBUTallid — KakK IIPOSABIIEHUE 3TON reoOMeTpHuH.

OTcioma BO3HUKAET BO3MOKHOCTE TOTO, UTO I'PABUTAIMOHHAA CBSA3b HE OTPDAHUYUBAETCA OOHUM



3HAKOBBEIM CEKTOPOM.

8.2. O6mas BepuIinHa
['UIepoOKTaHTH He SIBISIOTCS IIeCTHAAIATHIO yIal€HHBIMY IIPOCTPAHCTBAMH.
OHu cBsI3aHbI 001IMM HadyajioM — 00IIel BEPIIMHON reOMeTPUYECKOM CTPYKTYPHL.

B npepnenbHOM MHTEPIIPETAIIMY 3TUM OOLIMM HadyajiOM BBICTyIaeT BHELIHsIsT MaTepuHCKas
Bcenennas.

HOSTOMy MEZKCEKTOPHaA I'paBUTallMOHHAA CBsA3b HE Tpe6yeT BBEIEHHUA PAaCCTOAHUA MEXY
TUIIEPOKTaHTaMH.

9TO He CBs3b [IBYX 001aCTel Yyepe3 MPOMexkKyTOYHOE ITPOCTPAHCTBO. ITO CBSI3b IJIEMEHTOB €IUHOMN
CTPYKTYPH 4epe3 ob1iee Hayano 1 O0IIyI0 Teofie3nYeCKyi0 OpraHu3aliuio.

9. 3JIEKTPOMATHUTHAMA NOCTYIIHOCTDb A
MEXKCEKTOPHOE B3AMUMOJIEUCTBUE

B npeniaraemMoi MofieIu TpaBUTAIMS U 9JIEKTPOMarHeTU3M UMeIOT Pa3IUYHbIM CTaTyC.

OJIeKTPOMAarHuTHOe B3aUMOJEUCTBUE pPaCCMAaTPUBAETCS KaK CUJI0BOE B3aUMOMEUCTBIE BHYTPU
COOTBETCTBYIOIIEN (PU3NUECKOU CTPYKTYPHL.

[ToaTOoMy MaTepust PYroro 3HAaKOBOT'O CEKTOpPa MOXKET He 00/1afaTh 3JIEKTPOMArHUTHON
MOCTYIIHOCTBIO IJIST HAIIIETO CEKTOPa, MaXke ecCiiy e€ IPaBUTAIMOHHEIM BKJIaM JOCTYIIEH HAOMIOOEHHUIO.

B takom cnyyae:
9JIEKTPOMAarHUTHAas OOCTYIIHOCTh # IPaBUTAllMOHHAS OOCTYIIHOCT.

HeBuOuMOCTh APYTO¥ MaTEPUU B 37IEKTPOMArHUTHOM [Malla30He He 03HA4aeT €€ (pU3n4ecKoro
OTCYTCTBHUSI.

10. TEMHAS MATEPUA KAK TUTIOTETUYECKUH
MEKCEKTOPHBIA TPABUTAIIMOHHBINA 3ODEKT

HYCTB Ha6mo,uaeMaﬂ MaTepusd IIPUHAOJIEZKUT CEKTOPY:
Ho = (+,+,+,+).

[ pyrue 3HaK0BbIe KOH(QUTYyPaLUU MOTYT COAEpKAaTh MaTEPUI0, HEBULUMYIO [Jid HaC
3JIEKTPOMArHUTHO.

Ecmu T'PaBUTaAllMOHHAA reofge3nvdeCKasd CBA3bIBAET PA3JIMYHBIE CEKTOPA, TdKad MaTEepUusa MOZKET
BHOCHTD BKJIa[ B Ha6n1011aeMoe T'PaBUTAIMOHHOE II0JIEe.

B 9TOM crniy4ae TEMHBIM TPABUTUPYIOUINE KOMIIOHEHT MOXKHO HHTEPIIPETUPOBATH KaK BO3MOKHBIN
3GbGeKT MaTepuy OPYTUX 3HAKOBHIX CEKTOPOB.

9T0 siBnseTCsS GUINIECKON TUIIOTE30MH. [IJ1s1 mpeBpalleHus e€ B KOJIMYECTBEHHYI0 TEOPHIO



HeOGXOI[I/IMO BEIBECTH COOTBETCTBYIOIIIME YPABHEHN A II0JISA W IIOKA3aTh X COTrJlaCHue C HaGHIOJZ[eHI/IHMI/I.

10.1. ITouemy HeIb351 TOBOPHUTH O PACCTOSIHUHU [0 APYroro runepokKTaHTa

Ecyy runepoKTaHTH He SIBJISIOTCS IPOCTPAHCTBEHHO Pa3feI€HHBIMU 00/1acTsIMU, TEPMUH «COCETHUN
TUIIEPOKTAHT» [OJIKeH 0003Ha4YaTh TOJILKO 3HAKOBYIO OIM30CTh.

CoceqCTBO 0O3HAYAET Pa3Nuyrie KOHEYHHIM YKCJIOM 3HAKOBHIX TEPEKITIOUEHHH, a He
IPOCTPAHCTBEHHYIO OJIU30CTb.

11. IIOYEMY BO3HUKAET YHUCJIO HIECTH

[MTecTHapALuaTh TUTIEPOKTAHTOB HE CIeOyeT HalpSIMYI0 CBSI3bIBATh C HaO/II0gaeMbIM OTHOILIEHNEM
OOBIYHOM U TEMHOU MaTEpPUH.

HabmniomaeMoe poCTPaHCTBO KMEET TPY IIPOCTPAHCTBEHHBIE KOOPAUHATEL:
XY, Z.

Kaxmas nuMeeT nBa HallpaBIEeHUA:

X+, Y+, Z%.

[ToaToMy BO3HHMKAET IIECTh IPOCTPAHCTBEHHBIX HAllPABJIEHUM:

3x2=06.

BpeMH IIpu 3TOM HE JIOﬁaBJ'IHeTCF[ K HUM KaK ‘-IeTBépTaﬂ IIPOCTPAaHCTBEHHAsA OCh. OHo umeeT
reoge3nd4ecKui CTaTycC.

Orcioma Bo3HUKAET paboyasi TUIOTe3a: IeCTUKPaTHAs IPOCTPAHCTBEHHAS CTPYKTYPa MOXKET
y4acTBOBaTh B TOM, KAKUM 00pa30M MHOTOCEKTOPHAs YETHIPEXMEpHas reOMETPUS TPOSIBISETCS B
IOCTYIIHOM HabJTIomaTe 0 TPEXMEPHON KapTUHE.

KonuyecTBeHHas CBI3b C Ha6J'IIOJIaeMI>IM COOTHOIIIEHMEM BUOUMOM U TEMHOM MaTepHuu OOJIZKHa OBITD
BEIBENEHA OTOEJIbHO.

12. KOPPEJIAIINUA MATEPUMU B PA3HBIX CEKTOPAX

Ecnu pacmpefeneHus MaTepPUy Pa3IUYHbIX TUTIEPOKTAHTOB CBSI3aHEI 0011l TeOMeTpPHel, OHU MOTYT
OBITH HE He3aBUCHMBIMU.

[TycTs pi(X) — MIIOTHOCTh MAaTEPUHU B CEKTOPE i.

BMmecTo HE3aBUCUMBIX (YHKIIMN MOXKHO paCCMaTPUBATh:
pi = pil],

rae [] o6o3HavaeT 001yI0 Te0ne3uYecKyo CTPYKTYpY.
Torpa pacmpepeneHus MOTYT ObITh KOPPEIUPOBaHHL.

Pabouas rumore3a COCTOUT B TOM, UTO I'PaBUTAIIMOHHKIN (aKTOP CIIocoO6eH IPUBOIUTD K



CB0e0Opa3HOMY CTATMBAHUIO TPABUTUPYIOLIEN MATEePUN PA3TUYHBEIX CEKTOPOB BIOJIb O0IIEH
reofie3UnYecKOl CTPYKTYphl, GOPMUDYST KOPPeIUpOBaHHbIE TPOCTPAaHCTBEHHbIE PaCIIpee/IeHNs.

B TakoM cnydae HabI0gaeMoe rajio TEMHONM MaTepUU MOXKET OBITh TPABUTAIIMOHHO
KOPPeIUPOBaHHBEIM CJIEAOM MHOTOCEKTOPHOU CTPYKTYPHI.

13. TAJIAKTUYECKHUE T'AJIO KAK TECT MOIIEJIA

Ecnu runore3a BepHa, AOTOMHUTENbHBIN I'PaBUTALIMOHHBIN BKJIa[ AOJIXKEH MPOSBAATLCS B QUHAMUKE
BUOMMOHN MaTEpPHUH.

Heo6xogumo uccienoBaTh:

1. KpuBbIe BpallleHUs rajlaKTHK;

2. npoduIu rPpaBHTAIIHOHHOI O MOTEHIIHAJIA;

3. pacnpeneneHre rpaBUTalHOHHOI O INH3UPOBaHHUS;

4. KOppeJIsu0 BUTUMOH U HEBHIUMOH MaTEPHH;

5. MOBeIeHHe CHCTEeMbI IPH CTOJIKHOBEHHH I'a/IaKTHK U CKOIUICHHUH.

OCHOBHOMU IIPOBEPSIEMBIN BOIIPOC:

pacupepneneHre BUAUMOU MaTepUH < pacupeneeHre MeXKCeKTOPHOT0 TpaBUTAllMOHHOTO BK/Iaza.

Ecnu Mopens OpokaaeT KOHKPETHYI0 KOPPEIISINIo, €€ MOXKHO CPDAaBHUTH C HAOIIONEHUSIMH.

14. TPABUTAIIMOHHOE JINH3IUPOBAHUE

B npepnnaraemMoi Mofeny CliefyeT IIPOBEPUTE, SIBIITETCS JIX HabIogaeMast TeOMeTpUs TMH3UPOBAHUS
cyMMapHbIM 3 PeKToM MaTepuu HAIIEro CEKTOpa U TUIOTEeTUYECKOro BKIafia IPYTUX CEKTOPOB:

®obs = &0 + X 0.

3necs ®o — BKyag HaOmogaeMol MaTepuu, a 0 — rUNOTEeTHYECKUH BKJIa[ MaTEPUU APYTUX
3HAKOBBIX CEKTOPOB.

9TO0 He 3aBepHIéHHOG YpPpaBHEHNE TEOPUH, a CXeMa OJIsd OalbHEHIIero IIOCTPOEHUA MOJEIIN.

HeobGxomgumo onpenenuTh, KaKuM 06pa30M MekKCEeKTOPHBIY BKJIa BXOAUT B YpaBHEHUS
reofie3n4eCKuX U IpaBUTALIMOHHOTO TMH3UPOBAHUS.

15. CTOJIKHOBEHHS CKOIIJIEHUM I'AJIAKTUK

CTONKHOBEHUS CKOIJIEHUM TPEOCTaBIISIIOT 0COOBIN HHTEPEC.

Ecnu HeBUOUMEIY IPaBUTUPYIOIINY KOMIIOHEHT CBSI3aH C MaTepuel IPyruxX T’UInepoKTaHTOB,
HeoOX0OuMO OIpefeNiiTh ero MoBedeHNe IPU AUHAMUYEeCKOM B3auMOIeCTBAY KPYIIHBIX CUCTEM.

Bo3MoXKHH pa3nuyHble paboyue TUIOTe3H:



1. MeKCEKTOPHbBIH I'PABUTAIIHOHHBIA KOMIIOHEHT CJIeyeT 3a 00ObIYHOM MaTepHeH;
2. OH pearupyer NPeuMyIIeCTBeHHO Ha F€OMEeTPHIO I'PAaBUTAIHOHHOIO IOJIsT;

3. ero pacnpeaejieHHe OIpeaesIsieTCcss COOCTBEHHOH KOPPe/IsIMHOHHOH CTPYKTYPOH
THIIEPOKTAHTOB.

OTH BapUaHTH JAIOT pa3uuHbe HabMogaeMble MOCIeCTBUS U MOTYT OBITh IPEIMETOM
HOaTbHEHIero CpaBHEeHUs C JaHHBIMH.

16. HYJIEBOU BEKTOPHBIU BAJIAHC

TeTpa-uncioBast KOHCTPYKIMS CBsI3aHa C MPUHIMIIOM HYJIEBOTO BEKTOPHOTO OaaHca,
chopMyIUPOBaHHLIM B paMKax «ApudMeTuku AGCONI0Ta» U TEOPUU T'PaBUTALIUU-BPEMEHH.

Ecny runmepoKTaHTH SIBASIOTCS KOMIIOHEHTaMHU eIWHON CTPYKTYPHI, CyYMMapHOe COCTOSTHUE MOXKET
OBITH ITPECTABIEHO KaK:

2 Vo =0.

Homb mpu 9TOM TPaKTyeTCs He KaK OTCYTCTBHE COMEPIKaHUS, a KaK COCTOSIHHE TIOJTHOT'O0 B3aMMHOT0
pasaHca.

KonuuecTBeHHas peanu3allids TAKOTO IPUHIUIIA TPeOYEeT CTPOTroro onpeaesieHus onepaluu
CII0XKeHUS Hafl GU3n4ecKu HHTEPIPETHPYEMBIMU TETPA-UUCIOBEIMU COCTOSSHUSMHU.

17. AITEBGPA KJIU®®OPIA U TAJIbHEUIIAA
MATEMATHU3ALINA

YeThpéxMepHast CTPYKTypa eCTeCTBEHHEIM 00pa30M IPUBOMUT K BOIIPOCY O COOTBETCTBYIOIIEH
reoMeTpUYeCcKon anreodpe.

[Tpu 5TOM HEOOXOOUMO pa3IuYaTh:

Z>* — rpynny 3HAKOBBIX II€PEK/II0YEeHUN;

Clp,o — anrebpy Knmuddopmaa;

anrebpy TeTpa-4uces — elllé He IOTHOCThIO OMPEeneIEHHYI0 KOHCTPYKIIHIO.

Bo3MoxkHas nporpaMMa faibHenIed paboTsl COCTOUT B IOCTPOEHUU O0TOOPaKeHUS:

24> C]p,Lp,

IIPY KOTOPOM 3HAKOBHEIE COCTOSIHUA II0JTy4YaloT IIpefCcTaBlieHre B reoMeTpudecKon anredpe.

CnenyeT uccnenoBaTh, MOTYT I BO3HUKAIOIIKE CKaJIspPHBIE, BEKTOPHEIE, OMBEKTOPHEIE U IPYTHE
KOMITOHEHTHI TIOJTyYUTh (U3UUECKYI0 MHTEPIIPETaLHIO.

18. BUII KAK YACTHBIA CJIVUYAU UEPAPXUYECKOU



CIPYKTYPbI

B pamKax Teopuu rpaBUTalMU-BpeMeHM HaOmomaeMas: BceneHHast paccMaTpUBaeTCst Kak
BHYTPEHHSs 00/1aCTh BCEIEHCKOM YEPHOM IBIPH, BO3HUKIIEN B MaTeprHCKOM BceneHHOM.

9T0 mo3BossieT paccMaTpuBaTh BUJl He 00s13aTeIbHO KaK KOHEUHBIH 9JIEMEHT FeOMeTPHUUYEeCKOMN
Mepapxuu.

CxeMaTHYeCKH:
MatepuHckas Bcenennas —» BUJl — HaOmogaemast BcenenHas - ...

Ecu aHaJIOTMYHBIN TPUHIUI JeHUCTBYET Ha ClefyoiieM ypoBHe, BUIl MoXeT 0Ka3aThCs YaCTHHIM
ciny4yaeM 0Oojiee 0011ed CTPYKTYPHL.

TeTpa-uncioBast TeOMETPHUS B TAKOM CJIy4ae MOXKeT OBITh JIOKaIbHEIM 3JIeMeHTOM OoJiee o0Imed
vepapxXu4ecKoi OpraHu3aluu.

19. ITIPOBEPAEMBIE CJIEICTBUA U IITPOI'PAMMA
NCCIIEJOBAHUA

Ins mepexofa OT KOHLENITyaIbHOU MOJENHU K pU3nyecKoi Teopuu HeoOX0OUMO MOJTyYUTh
KOJIMYeCTBEHHbIE TIPefiCKa3aHusl.

OCHOBHEIE HAIIPpABJIEHU A :

1. KpPHBbI€ BPallIeHUs I'a/IAKTHK — II0OJITy4YeHHe (l)yHKIII/II/I JOIIOJITHUTEJIBHOI O
I'PaBHTAIITHOHHOTI O BKJIa[4;

2. rTpaBHTAIIHOHHOE THH3HPOBAaHHE — PaCUYeT BKJIajia IPYrHX CEKTOPOB;

3. KoppeJsinusi BATUMOH H HeBHIHMOH MaTepPHH — BHIBOJ 3aBHCHUMOCTH pdark =
F(pvisible);

4. CTOJIKHOBEHHSI CKOIUICHHH — HCCJ/IeIOBaHHEe MeXKCEeKTOPHOH THHAMHKH;

5. KOCMOJIOTHYeCKasl 3BOIIONHSI — onpe/ie/ieHrHe poiu 16-pHuYHOH CTPYKTYPhI B
dopMuUpOBaHHH KPYITHOMACHITAOHOH CTPYKTYPBI.

20. OTPAHUYEHUA MOJIEJIA

Ha HacrosiieM sTame He00XOAUMO Pa3/inyaTh YCTAHOBIEHHbIE MAaTeEMAaTUYECKHUE COOTHOILIEHUS U
busnvecKue TUI0TE3H.

Bo-nepsrix, E0 = omc? aBnsieTCs KOHIENTYalbHOU 3aliChi0 3HAKOBOT'O COCTOSIHUS, a He
3aBEPLIEHHBIM (U3UYECKUM YpPaBHEHUEM.

Bo-BTOpHIX, IONTHAs anredpa TeTpa-yucesl oKa He oImpefeseHa.

B-TpeTBI/IX, MG)KCGKTOpHI:II:I FpaBI/ITaI_II/IOHHHﬁ BKJIa[ IIOKa He BbhIBEJEH KOJIMYECTBEHHO U3 ypaBHeHI/Iﬁ
IoJIs.



B-‘-IeTBépTBIX, CBsI3b YHCJIa IIECTh C HaGJ’IIO)IaeMBIM OTHOIIIEHNEM BHUIUMOM U TEMHOU MaTepuun
TPGGYGT MaTeMaTH4YeCKOro 000CHOBAHMUS.

B-ITHIX, COOTBETCTBHE MOENHN TaHHBIM I'PAaBUTAIMOHHOTO JIMH3UPOBAHNAI, raJakKTU4eCKou
OUHAMUKHN U CTOJIKHOBEHMI CKOIIJIEHUU eH.Ié IIPpeaCTOUT YCTaHOBUTD.

Chyi OTrPpaHUYEHUA OIIPEenesIsaioT IIPOrpaMMy OalbHEUIero NCCcleqoBaHus.

21. OBCYXKIEHHUE

[Ipennaraemasi KOHCTPYKIUS CONEPKUT YeTHIpE YPOBHS.
[TepBhIli — MaTeMaTU4YeCKUU: YeThIpe OMHApHbIE OPUEeHTaluy [aioT 16 3HAKOBBIX COCTOSHUM.

BTopo# — reoMeTpuYeCcKUii: 3TU COCTOSHUS MHTEPIPETUPYIOTCS KaK T'UIIEPOKTAHTH eIUHON
YETHIPEXMEPHON CTPYKTYPHI, CBSI3aHHKIE 00IIMM HavasioM.

Tpetuit — puU3nNYEeCKUi: TpaBUTAIMS pacCMaTPUBaeTCs KaK reoMeTpuyecKas CBSI3b, a
371eKTPOMAarHUTHOE B3aMMOJeICTBHE UMEeET UHOU CTaTYC.

YeTBEPTHIM — KOCMOJIOTHYECKUH: MaTePUsl OPYTUX 3HAKOBEIX CEKTOPOB MOXKET JaBaTh
rPAaBUTAIMOHHBIN BKJIa[, HAOII0JaeMbll KaK TEMHbIM KOMIIOHEHT.

Takoe OCTpOeHUE MO3BOJISIET PACCMAaTPUBAThL TEMHYIO MaTepHUIO He 00sI3aTeIbHO KaK
CaMOCTOSITETbHYIO MOIIOTHUTENbHYIO CYIIHOCTD, @ KaK BO3MOXKHOE MTPOSIBIIEHNEe MHOTOCEKTOPHOM
TEOMETPHH.

OpHako ¢u3uyeckasi COCTOSITEIbHOCTh 9TOM MHTEPIPETALIUY ONPEeNIIeTCS He CaMOM KpaCHUBOH
reoOMeTPUYEeCKON KapTUHOM, a CIOCOOHOCTHIO MOJIENI NaTh KOJIMUYECTBEHHbIE IPeICKa3aHus U
IPOUTH HaOmogaTeNbHbIE IPOBEPKHU.

22. BAK/IIOYEHHUE

B paboTe mpenoxkeHa TeTpa-4YMCIOBasi HHTEPIIPETALUS PENIITUBUCTCKOT0 COOTHOIEHUus E = £mc?.
BmecTo equHCTBEHHOTO OMHAPHOTO 3HAKA BBEHOEH YETHIPEXKOMIIOHEHTHHIM 3HAKOBHIN MHOEKC:

0= (%,%,%,%),

oOpasymomuii 24 = 16 BO3MOKHBIX KOHQUTYPaIIUH.

9T KOH(MUTYpAIUU UHTEPIIPETUPYIOTCS KaK T'UIEePOKTAaHTH eAUHON YeTHIPEXMEPHOM
reoMeTpUYEeCKOoW CTPYKTYPH, & He KaK IIeCTHAAaTh MIPOCTPAHCTBEHHO Pa3HECEHHBIX BCEJIEHHBIX.

[TpocTpancTBeHHBIe KoopauHATH X,Y,Z 00pa3yioT KyOM4ecKyio CTPYKTYPY C BOCEMbIO OKTAHTaMHU U
IIeCThI0 IIPOTUBOIIOIOKHEIMY HalpaBlieHUusIMU. BpeMeHHas KoopauHaTa T uMeeT UHOH,
reofie3nYeCcKuil cTarTyc.

Takoe pa3nuyueHue M03BONSET CHOPMYINPOBATh TUIIOTE3Y O TOM, YTO I'PaBUATAIIMOHHAS
reofieanyecKkasi MOXKeT CBSI3bIBATh Pa3IMYHbIE 3HAKOBBIE CEKTOpA 00IIel CTPYKTYphl, TOTHA Kak
37IEKTPOMarHUTHOE B3auUMOMEeNCTBUE He 0053aH0 061agaTh TOM Ke MeKCEKTOPHOM TOCTYIHOCTHIO.

B pe3yJibTaTe MaTepPud OPYI'UX Tr’MII€POKTAHTOB ITIOTEHIXAJIbBHO MOXKET OBITD HEBUIMMOM I Hac



JJIEKTPOMATrHUTHO, HO ITPOABJIATECA YEPE3 T'PABUTAIIUIO.

Ha 9T0lf 0CHOBe TEMHBIN I'PaBUTHUPYIOMIKAY KOMIIOHEHT MOXKeT OBITh pACCMOTPEH KaK BO3MOXKHOE
IIPOSIBJIEHNE MHOTOCEKTOPHOY MaTEpPUU.

OCHOBHBIM Pe3yNIbTaTOM pPaboTH IBISETCS He 3asBI€HKEe O 3aBEPIIEHHON TEOPUM TEMHON MaTepuH, a
(bopMynIMpOBKa UCCIeN0BaTeNbCKOM TPOrPaMMBI:

6HHapHBIfI 3HakK — T-IeTBIpéXOCGBElf{ 3HAKOBada CTPYKTypa — 16 THUIIEPOKTAHTOB — MHOTOCEKTOPHAsA
T'DAaBUTALIMOHHAA IT'€eOMETPHA.

JlaanefImee pa3BUuTHE OOJIZKHO COCTOATE B CTPOT'OM OIIpeneIeHNnNn anre6pbl TeTpa-ducell,
IMOCTPOEHUHU COOTBETCTBYIOIINX ypaBHeHI/Iﬁ II0JIA U IIOJIYYE€HUHU KOJIMYECTBEHHEIX HpeJICKaBaHI/Ifl,
KOTOPEIE MOZKHO COIIOCTAaBHUTh C Ha6J'IIOJIeHI/I${MI/I.
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