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JIutie cBOE CKpBIBAET JEHb,
[lona mokpbLIa MpadYHa HOYb,
B3omra Ha ropsr 9opHa TEHD,
JIy4u oT HAC CKJIOHWJIMCH MIPOYb.
OTkpbutack 6e371Ha 3BE3, TOTHA;
3Be3maM Yncia HeT, Oe3/IHe THA.

ITecumaka Kak B MOPCKHX BOJIHAX,
Kak Maja nckpa B BEIHOM JIbJIE,
Kak B cubHOM BUXpe TOHKON TIpax,
B cBupemnom, Kak mnepo, orue,

Tak s, B ceit 6e3aHe yriry0OsieH,
Tepsitochb, MBICIbMHU yTOMJIEH!

M. JIomonocos (1743)
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IIpeauciosne

Oxpyxaiomas Hac dusndeckas Peasvrocmsb, nHade HA3bIBA-
emas Buewmnum Mupom, nana nHaMm B (popme MPOCTPAHCTBA U Bpe-
MEHHU, a OCHOBHAs ECTECTBEHHAs CHUJIA, C KOTOPOH 4eJIOBEK BbI-
HYXKJIEH CYUTATHCHA U LMOJAYUHATHCH B CBOEU J1€ATEJbHOCTU, — ITO
TPABUTAIINS.

IlousTus mpoCTPAHCTBA U BPEMEHU SBIIAIOTC (DYHIAMEHTAb-
HBIMU HOHATUAME B HayKe U ¢dpustocopun. CyliecTrBoBaHre 9€10Be-
Ka B OKpyxKarineMm Buemnem Mupe HEOOBICHUMBIM 00pa30M CO-
MPSKEHO C MPOCTPAHCTBEHHOM U BPEMEHHON (hopMaMu mpeacTaB-
snennst Peanbroctu. Ctpykrypa PeanbrocTu, e€ oOmmmpHOCTh — ra-
JIAKTUKHU, 3BE3/Ibl, IIJIAHETHI — CBA3aHbI C TPABUTAIMOHHBIM B3au-
MozeficrBueM 00bekToB PeasibHOCTH.

JBanmaTeii BeK ycTynus MecTo Hadaay XXI Beka, m BIosHe
YMECTHO 337aTh BOIPOC: B I8M IIPeJCTaBAeHAsS O IPOCTPAHCTBeE,
BPEMEHH W I'DABUTAIMU CYIIECTBEHHO OTJIMYAIOTCS OT BO33DEHUN
HA& IPOCTPAHCTBO, BPEMs U I'PABUTAIUIO B JIDYTUX CTOJETHSX !

Hamo ckazarnb, aTo ecau B XIX Beke 0COOBIX pa3ndwil B Ipe -
CTaBJIEHUSX O MPOCTPAHCTBE, BPEMEHU U IPABUTALAU 110 CPABHEe-

'IpescraBiennus 0 TeX WM MHBIX CYIIHOCTSAX, XapaKTepPHbIE /I TOH WiIu
MHOH HCTOPHYECKOU SMOXU CYINEeCTBOBAHUA Pa3yMHBIX CYIIECTB, BCEI'O JIHIIL
OJIMH WX BO3MOKHBIX 8GPUAHMOE NPeIcmassenull, Ka>KIbli 13 KOTOPBIX MO-
2KeT CyIIeCTBOBATH HE3ABUCUMO OT APYTHX U COBCEM He 00sA3aTeIbHO OBITH pe-
3yJILTATOM BOJIIONMH BO33PEHUH «IPEeABIAYINUX> J0X. [[0HATHE CMEHBI SI0X,
9BOJIIONUY, CMEHEI BO33DEeHU B X0/le Pa3BUTH: YeJIOBEIECKON MUBHIH3ANUN —
9TO pe3yJbrar juHeifHoro BocupusaTusa Mupa cobsituit. Mup 6osee coxHO
YCTpO€eH, U JTUHEeHHBIH B3IVIA] CAUIIKOM IPHMUATHBEH U IPy0 A TOrO, ITOOBI
C ero HOMOIIbIO IOHATh CTPYKTYPy Peasibnocru, crpoenue Bruemuero Mupa.
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uuio ¢ XVIII Bekom mer, T0 B Bek XX-if Ha 9TU CYIIHOCTU CTAJIA
CMOTPETh COBCEM MHBIMU IJIA3AMU.

Bo-miepBbix, MeTpuKa MPOCTPAHCTBA MOTJIA ObITH HE TOJIBKO
HEEeBKJIMJIOBOM, HO U MEHSIThbCs CO BpeMmeneM. Bosee Toro, tomo-
JIOTHsT TIPOCTPAHCTBA, T.e. ero ¢popMa MOIJa ObITh CaMOil pa3HO-
06pa3Hoit U MMETh KaK KOHEUHBIH, TaK U GECKOHEUHLIH 06BheM>.

Bo-BTopbIX, BeJUYUHA JJTUTEIHHOCTH SBJIEHUs, HE BOCIPUHU-
MaJtach OOJbIle Kak Heknit abcomior, a (PAaKTUIEeCKH MTOCTYIHPO-
BaJIaCh €€ 3aBUCHMOCTH OT CKOPOCTH CHCTEMBI OTCYETA, B KOTO-
poit HaxomuTCsA cybserm, HAOMIOJAOMNN 38 U3YIAEMbIM SBJICH-
em. Kpome TOro, 4T0 mMpUHOMNWAJIBLHO BAXKHO, W HA, 9TO yKa3aJjl
Brepsbie Anpu [lyankape, [Ba IPUYUHHO HECBSI3aHHBIE COOBITHS
A u B Moriin ObITh i Pa3HBIX HAOJIIOJAOIIMX CyObEKTOB Kak
OJ/IHOBPEMEHHbBIMHU, TAK U HEOAHOBpeMenHbiMu. [Ipudem B mocse/-
HEM ciiydae Kak A MOTIo okasarhcs B mporuioMm B, tak u B B
mporyom A.

Haxkomer, 6marogaps jgoruky Kypry I'énerio 6bu1 obocHOBaH
dusnyveckuii IpUHIUT pAOOTHI MAUHBI BPEMEHH, T.€. yCTPOHCTBA,
BO3BPAIIAIOIIEr0 CyObEKT B ero COOCTBEHHOE MPOIILIOE.

B-tperbux, l'epman MunkoBckuit 00beInHAET IPOCTPAHCTBO U
BpeMS B €IUHYIO CYIITHOCTH — Mup cobvimuti, KOTOPBI MO32Ke CTaJ
HMEHOBATHCA NPOCmpPaHcmeom-epemerem. Onaako B XX Beke Tak
U HE PEIUIN, PeaibHO JIU TMPOCTPAHCTBO-BPEMS !

B-derBepThix, DUHINTEHH 0mosclecmensem 2pasumayuot-
HOE NoAe ¢ MeMPUKOT TETLIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHI" .
Hekoropsre ero mnocnemoBarenu, nanpumvep CHHr, CTATH OTOXK-
JIECTBJISITH IPABUTAIMIO € KPUBU3HON MPOCTPAHCTBA-BPEMEHHU.
Ho Bpsisi sim 910 HPABOMEPHO, IOCKOJIbBKY B HCKPUBIEHHOM
MPOCTPAHCTBE-BPEMEHN BO3MOXKHO KaK NPUMAHCEHUE TACTHUI], TAK
n ommanakusarue. Ho XX Bek mpaKTHIECKW HUYIEro He CKa3aJs O
cymuocTu aaturpasutanun. CKopee 3TO CBS3aHO C TEM, YTO B Ue-
JIOBEYECKOI MPAKTUKE AaHTUTPABUTAIIUS HUKOUM 00pa3oM cebsi He

2Bosee TOT0, KOHEWHOCTh W/ BECKOHETHOCTh 00beMa MPOCTPAHCTRA MO-
2KeT 3aBUCUTh, KaK moka3as A.Jl. 3e1pMaHOB, OT CHCTEMBI OTCYETa, B KOTOPOLt
HAXOQUTCs HAOJIIOAATEIb.

3Teopus rpaBuTanuy DifHmTelina GhlTa HA3BAHA UM ob6wed meopuel om-
HOCUMEALHOCTNY.
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[IPOsiBUJIA.

JlBannmaTelii BEK HAYAJICSI C PACCTABAHUA C MPU3PAUHON CYII-
HOCTBIO, COCTABJISIONIEH OCHOBY MUPA U HA3BIBAEMON sdupom, HO,
3aKaHIYNBASACh, OCTABUJI UCCIEIOBATEIEIH C He MEeHee TPU3PATHBIMU
MHUPOBBIMHU CYITHOCTAMU — MEMHOU MaeEPUet 1 MEMHOT IHEP2U-
eti.

Haxkomner, Bo BTOpoO#i MOJIOBHHE MPOILIOrO BeKa (PU3NKHU 3a-
FOBOPUJIA O HEOOXOIUMOCTH IIPUBJICICHASA B (DU3NIECKHE TEOPUU
CO3HAHUA, T.€. TOTO, OT YETO B JIPYTUX MPOCBENIEHHBIX CTOJIETH-
X CTApaTeIbHO M30ABJISINCH, XOTS BO BCE BPEMEHA TO U JIEJIO
03ByYHBaIaCh MBICTH KaHTa 0 cyObeKTHBHOCTH BPEMEHH U IIPO-
CTPaHCTBA.

Ipennoxkennas Iseperrom B 1957 rogy uHTEpIpeTanys KBaH-
TOBOII MEXaHWKW TOBOPUT O BeTBJeHWH PeanbHOCTH, KOTOpOE B
KayKJI0# BETBM JAET pas3Hble 3HAUYEHUs IJjIs HabIomaeMoit (usn-
qecKOil Beqmmunnbl. [Ipy 9TOM HE OnMH HAOIIOAATENb HE 3AMEYAET
JIAHHOTO BETBJIEHUE, U IIO3TOMY CJIEJyeT FOBOPUTH O BETBJICHUU
CO3HAHUSA.

Bynem nagesarbces, uro XXI BeK TacT OTBET Ha BOMPOC O CBA3N
co3Hanusa M Bceemennoit, xorsa myis Kanra OBLIO OY€BHIHBIM, UTO
peabHO CYMIECTBYIOMINM SABJISIETCS TaKOU MUD, IaCThI0 KOTOPOTO
MBI siBrigeMcs [122, ¢.187].

[Touemy u BO BCEM HETPEMEHHO
Mre oxora cebe 00bICHUTh

W ocenneit BoABI mepeMeny,

1 ocokn xeje3Hyio HATH?

I". [Ilnanukos



BBenenue

Bemu, maxonsmuecs BHE HAC, SBJEHWS, MPOUCXOIAIINE BO-
Kpyr HAC HE3aBUCUMO OT HAIIMX MBICJIeH U KejlaHUil, — BCE 3TO
Brewmnuti Mup, KOTOPBIit OKPY2KaeT HAC U B KOTOPOM MBI 2KUBEM.

Hayxa XX Beka yBepser Hac, 9T0 Mup caenaH U3 3jIeMeHTap-
HpIx yactur’. OHu 06pas3yioT ATOMBI, ATOMbI CK/Ia IBIBAIOTCH B MO-
JIEKYJIBI, U3 MOJIEKYJI COCTOSIT BEIIH, & BEIH ObIBAIOT KECTKUMU U
TBEPBIME, KaK OeToHHAsA creHa. U Helb3st MpOOUTHCSA CKBO3Db ITY
CTEHY, eCJIN CUIHHO Pa30ekaThCsd W HaJeTeTh Ha Heé, TOTOMY UTO
OHa peanbHaA, a He BO CHe, HEe HA SKPaHe KMHO WJIN HE MOPOXKIEHA
C TIOMOIIBI0 KOMIIBIOTEPHBIX TEXHOJIOTHMN.

Bce nronm mnayku yOexaennt, uro Buemmmemy Mupy mer mena
1o Hamero 91, aro on, Buermauit Mup, cymectByer cam 1mo cebe,
HE3ABUCHMO OT HAINWX KEJAHUI; OH CAMOJOCTATOYEH, U B CHILY
TOIO PeaneH.

Jymarh Tak, KaK TOJbKO 9TO OIHCAHO, — 3HAYUT OBITH pe-
aJIMCTOM, CTOATH HA PeasibHOM II04YBe M OT/IaBaThb cebe OT4ér B
TIIETHOCTH OOJIBIIUHCTBA HAMUX (DAHTAZUNA W YMOHACTPOEHWIA.
Boutee Toro, r00bIe TOMBITKY TOIBEPTHYTH COMHEHUIO HAPUCOBAH-
HyI0 KapTuHy Mupa, nomobubie, CKaxKeM, aHTPOITHOMY MPUHIIAILY,
paccMaTpUBaIOTCs KAK HAWBHDBIE W UIEATUCTHIECKUE.

Jmsa peanmucra ckasammoe Bbime o Buermaem Mwupe ectb uc-
muna. Ei0 oBrageBaeT KaXKIbIil Y€JI0BEK B MPOIECCE CBOETO 00-

4B xoume XX Bexa MecTo 3JIEMEHTAPHBIX YaCTHUIL], BOCIIPUHUMAEMBIX 00-
pa3HO KaK 3TaKue CryCTKH, ITapUKU, 3aHAIu cmpyHs. 1lo cyTu mena 3To Bce
Te K€ JIEMEHTAPHBIE YACTHIIBI, HO C 0CO0OH, CTPpyHHOU opranu3aruei.
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0.1. BCEJIEHHAS, BPEMS 1 IIPOCTPAHCTBO 21

pa30BaHMs, ¥ HE 3HAET ITOTO pas3Be MajaeHbKuil pedbéHok. McTun-
HOCTb HAPHUCOBAHHOI KapTunbl Baemnero Mupa onupaercs Ha Ha-
1y ybeorcdennocms, 9T0 Mup yCTpoeH UMEHHO mak, U HUKAK WHA-
qe.

Mpbr 6udum, 9TO BEIU BHE HAC 3QHUMAIOT TO WA WHOE MECTMO
B OKPYZKAIOIEeM HAC MHUpEe. ITOT OKpyKarommit Hac Mup pasme-
[AETCS B NPOCMPAHCMEGE.

Tem e MeHee, BCEria €CTh CMBICT «Pa30eXKaThbCs B MBICIAX>
W BOCIAPUTH HAJ HAPUCOBAHHOU KJIACCUYECKON KApTUHON peaJib-
moro Mupa u BHOBb 337IaThCsT BOIPOCAMH €0 YCTPOHCTBA.

0.1. Bcenennas, BpeMs 1 HIPOCTPAHCTBO

Becw Brerauit Mup gacro HasbBaor Beesennot (the Universe).
Bosbmas CoBerckas Duiukioneaus coobiiaer, 4ro Beenennas —
«3TO BECH CYIIECTBYIONNH MATEPUATbHBIN MUP, O€3TrPAHUIHBIN BO
BPEMEHN W MPOCTPAHCTBE W ODECKOHEYHO Pa3HOOOPa3HBIH 1o Bhop-
MaM, KOTOpbIE TPUHUMAET MaTepUsi B MPOIECCE CBOETO PA3BUTHS.
Bcenennas cymecrByeT 00beKTUBHO, HE3aBUCUMO OT CO3HAHUS de-
JioBeka, eé mnosnamoiero» (B. Ambapuymsan, BCY). Beenennas,
u3ydaeMasi aCTPOHOMUEH, — 9acTh MaTEPUATHLHOIO MUPA, KOTOPas
JIOCTYIIHA MCCIEJOBAHUIO ACTPOHOMUYECKUMU CPEJACTBAMU, COOT-
BETCTBYIONMIMMU JOCTUIHYTOMY YPOBHIO PAa3BUTHs HayKu (MHOIZA
9Ty 4acTh Bcenennoil Ha3piBaloT MeraraaakTHKOIN).

OueBngHO, 9TO coBpeMenHas Teopus Bcenennoit, reopus Mu-
pa dbenomenos (hakToB, Beleii) JOIKHA COAEPKATh IPEXKIE BCE-
ro ¢opMaTbHble TPUHIIUITBI OPTAHU3ANNN IyBCTBEHHO BOCIPUHU-
MaeMoro Mupa (PeHOMEHOB: BpeMsi U IPOCTPAHCTBO.

OHAKO JI0 celt TOPhI CYNTHOCTD BPEMEHHU He YIaBAIOCh 00bsIC-
HUTDH C MOMOINBIO Pa3yMa, HECMOTPs HA TO 9TO HAYYHBIE TEOPUH
CTAHOBWJIACH BCE DOJIEE CJIOKHBIME U U30IIPEHHBIMHY.

Mpbr onaraem, JeJio B TOM, 9TO XOTsI TEOPHH CTAHOBUJIUCH BCE
6oJ1ee CIIOKHBIMU MATEMATHIECKHU, OHU OCTABAJIACH TPOCTHIMU OT-
HOCUTEIHLHO WX WHTEPIPETAIINN: KaXK IbIH pa3 BLIONPAIOCh HAOO-
Jlee POCToe OObLSICHEHNE WX MHOYKECTBa BO3MOXKHBIX. MHade ro-
BOPsI, HAyKa HEYCTAHHO CJIEIOBAJIA CBOEMY KJIACCHYECKOMY MOCTY-



22 Bsepenune

J1aTy, Ha3blBaeMoMy se3suem OKxkama.

0.2. IlocTokKamMoBcKas HayKa

Mpwamun Oxkama — «He ymHOXKA# CyIIHOCTEH CBEPX HEOOXOIW-
MOr0O» — OKa3aJjl OJIarOTBOPHOE BJIMSHNE HA CTAHOBJIEHWE W PA3BU-
THe Kjaccuieckoit mayku. Ho yxke Bo BTOpOi#l monoure XX Be-
Ka MOCTYJIMPOBAHUE MPOCTOTHI Ajs omucanuii Mupa denomenos
cranoButTcs noxoxkum Ha 3asapienue [[lapukosa u3 GysirakoBcko-
ro «Cabaunero cepamnas: «He cornacen st ¢ 9HrebCcOM, HAMYIPUIT
oH. Bcé mpoime: B34Tb BCE, Ja U MOACIUTH!»

YT0o0BI OCO3HATH, YTO COBPEMEHHAS HAYKA HESBHO HAYMHAET
OTKa3bIBATHCA OT mpuHINNA OKKaMa, JOCTATOYHO BCIIOMHUTh, 9TO
TEOpHus CYMEePCTPYH CTOJb CJOXKHA M A0CTPAKTHA, 9TO JOCTYITHA
JUIS BOCIIPUATHS JIUIID JIJTs T€X, KTO JieT 5-7 YCUJIEHHO U HAIpPsi-
2KEHHO M3ydaJl CaMble YMY/IPEHHbIE U A0CTPAKTHBIE PAa3esbl Ma-
remaruku u dusuku. Bosiee TOoro, Teopust CynepcrpyH npakrude-
CKU IKCNepuMerHmarvho Henposepaema. Ho Benp mpoBepka Teo-
PUT TIOCPECTBOM IKCIEPUMEHTA €CTh OCHOBHOE TIOJIOZKEHNE KJIacC-
cudeckoil Hayku! 3aMeTuM JOMOJHUTETHLHO K ITOMY, UYTO TEOPHUs
CYIePCTPYH JAJIEKO HE €IMHCTBEHHAs TAKAs TEOPHS.

[naBHBIM 11T MHOTUX TAKWX TEOPUH SBISETCS TO, YTO B OC-
HOBAHWM, KAK y2Ke TOBOPHUJIOCDH, JIEXKAT TIOJIOKEHN S, KOTOPbIE CJie-
JIyeT OTHECTU K paccyio4HbiM B nonnManuu Kaxra, T.e. HUKOUM
00pa3oM He MOy YaeMble MOCPEICTBOM TyBCTBEHHOTO CO3EPIAHNUS,
qepe3 OTIBIT.

0.3. Jloruka m BpeMmd

Tlonatue «Mup cobbiTuii», KOTOpOe OBLTO BBEIEHO B HayKy lep-
manoMm MunkoBckum B 1908 rozy, mO3BOIMIIO HAKOHEI-TO Me-
radusnky Bocmapurth, momobuo L'ocrogy Bory, mam Bcenemmoit,
MpeaCTaBUTh €€ B (hOpMe MPOCTPAHCTBA-BPEMEHU W YBHUIETH €€
BHEBPEMEHBE.
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IIpocTpancTBo-BpeMs, comepzkaiiee B cebe TEeJUKOM W IPO-
[LJI0€, U HACTOsIIee, u Oy1yIee, MPeICTaIO [IePEe]] Y€JIOBEKOM KaK
eIMHast BeUHAs CYNIHOCTDH, PA3Hbie OOJIACTH KOTOPOTO CYTh KYCKH
TOTO, YTO YEIOBEK MOHUMAeT 1o Vcropueil CBOeil MuBUIN3AIINAN.
Ho me TonbKO muBMIM3aIMuU, & TAKKE W TOTO, 4TO €if MpeIre-
CTBOBAJIO, ¥ TOTO, UTO 3a Heil mocaeayer: n poxaeHne BeemenHoii,
raJIAKTUK ¥ 3BE3/], U UX Pa3PyIleHue, u CMEPTh BceseHHoii.

DToit MEPTBOI BEYHOM CYITHOCTH KAK HEJIb3sl KCTATH OTBEYAeT
KJIACCHYECKAS MATEMATUKA C €€ He3bIOJIEMBbIMUA BEYHBIMU UCTUHA~
vu. PakT, yTBepKIa€MbIii B MATEMATHIECKON Teopeme, TOKA3aH-
ot 1 stuBapst 1970 roma, wucTwHeH 6cezda, T.€. HE TOJIBKO MOCIE
TOTO, KaK OBbIJIO Hal/IEHO /T0KA3aTeJbCTBO TEOPEMbI, HO JaXKe [0
TOro, KakK ObLia HaiigeHa GOPpMYIUPOBKA 3TOH TEOPEMBI.

DTO rOBOPUT O TOM, YTO, BO-TIEPBBIX, COZHAHNE YEJIOBEKA CIIO-
COOHO OBITH KakK BO BpEMEHH (MBICJHUTb, TBOPUTH, OCO3HABATH),
HO W, BO-BTODBIX, ObITh BHE BpeMenu (B hopMe MaTeMaTuIecKux
ucrut, B GOpMe HPOCTPAHCTBA-BPEMEHN ).

IlepBoe — obmien3BecTHBINH (PAKT, CAMOPA3YMEIOMUNCT U 11
YUYBHOIO M I JOMPaOOTHUIIBI C HAYAABHBIM 0OpazosanueM®. Ho
pas (Kjaccuueckas) maremMaruka’ OTHOCHTCH K BHEBPEMEHHOI,
Beunoit popme (ObITHSA) CO3HAHUS, TO CYIIECTBYET JIU BPEMEHHOMH
Crocod HayvHOrO HMCCJIEeJI0BAHMUS, CYNIIECTBYET JIM BPDEMEHHAS Ma-
TeMaTuKa?

Bpemenndss maremaruka, CI€I0BATEHHO, €CTh MATEMATHKA
HEKJIACCUYIECKAs, M NCTUHBI B Hell He JOJI2KHBI ObITH BeIHBbIME. Bo-
Jiee TOro, MOCKOJIbKY OHA $IBJISIETCsl MATEMAaTHUKOW, He CBA3aHHOM
¢ Boxecrsennbiv B30opom [71, ¢.308-310] na pacupocruparoiieecs
CIe-TO TaM, BHU3Y, BEYHOE TTPOCTPAHCTBO-BPEMsI, TO OHA JIOJIKHA
ObITH GedHee KITACCHUECKON MaTeMaTHKH (HO He npowje), T.e. He
BCE METO/IbI OCO3HAHWS UCTUHBI € TOJKHBI OBITH JOCTYITHBHI.

Maremaruka, B KOTOPOil (pakT MpW3HAETCH UCTUHHBIM JIUIITH
[I0CJIe TOrO, KaK ObLJIO BBINOJHEHO MOCTPOEHME, MOKa3bIBAIOIIEE,
KaK 3TOT (DAKT JOCTUTAETCs, — ITO MATEMATHKA KOHCTPYKTUBHAS,

5Buarogaps crapanmsaM MuHOBpasHAYKH HAYAIBHOE OGPA30BAHHE CKOPO
Oy/1yT HA3bIBATh BBHICIIUM.

S maTemaTHKa, U JIOTHKA HCCIEAOBATEINS, H TO, ITO MBI CIUTAEM HAYYHbLM
cr10cobOM PACCYZKIAEHUS — BCE ITO SBJISAETCH KAGCCUMECKUM, [BY3HATHBIM.
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nn, B OOITNIEM ciIydae, MaTeMaTHKa HHTyuInorucTckas. [Toka mo-
crpoenus Her, HeT u (pakTa. IlocTpoerue — 310 aaropurm, noula2o-
604 KOHCTPYKIINSI, UTOTOM KOTOPOW SIBJISIETCS WHTEPECYIONINil HAC
dakr. Takum 00pa30M, yTBEPKIEHNE TEOPEMBI, €I HE JOKA3AH-
Hoit 1o 1 auBapsa 1970 roza mMOCpeaCcTBOM JEMOHCTPAIMH HEO00X0-
JIIMOTO TTOCTPOEHHsI, HE MOYKET CINTATHCSI UCTHHHBIM /10 1 aHBaps
1970 roma, mockombKy 1m0 1 suBaps 1970 roma He ObLIO CaeTaHO
Heobxoumoe nocrpoenue [26, c.10-11]. Bpemennoit xapakrep ra-
KOW MAaTEeMATHUKU OYEBUIEH.

I/IHTyI/IH,I/IOHI/ICTCKaﬂ MaTeMaTUuKa O6H3&Ha CBOUM IIPOUCXOXK-
JIEHUeM HaTNpaBJIEHWIO, HOCAIIEMY HA3BAHUE UHMYULUOHUSM, TIO-
SIBUBINIEMYCS B HayKe B Hadase X X Beka Osraromapst paboram Bpay-
spa u lefitunra [26].

NHaTynnpuonncTcKasi MaTeMaTHKa OTBEPraeT TEOPEMBI CyIIle-
cTBOBaHUs (IIPOCTPAHCTBO-BPEMsI €CTNb; BCE CPa3y U IEIUKOM),
KOTOPBIMU CTOJIb HACBHIIMIEHA KJIACCHYECKAS MATEMATHKA, U, KaK
CJIe/ICTBHE, MHTYUIIMOHUCTCKAS JIOTUKA OTKA3BIBAETCS OT 3aKOHA,
HACKJIIOIEHHOrO Tperhero. [losromy ona GeaHee mo cpeicrBam, HO
Oorade MO WHTEPIPETAINH, TOJIYIAEMBIX C €€ TIOMOIIbIO (DAKTOB.

Hesno B oM, 4r0 st unrepuperauun dpaxra (yrBepKIeHus)
KJIACCUYECKON MaTEeMATHKH, JOCTATOYHO OOPATHUTHLCS K TEOPHH
MHOXKeCTB. TeopeTnko-MHOKeCTBeHHAsT Beelennas — 9T0O MpUBBIY-
Hasi HAM COBDEMEHHasl KOCMOJIOTHsI ¥ KBAHTOBAsI MEXaHUKA B KO-
MEHTTAreHTCKON MHTEPIIPETAIIH, IJIe HET MeCTa HEOJHOZHATHOCTH
¥ MHOTOBAPMAHTHOCTH OKpyzKatoimiero Hac Buemnero Mupa. Ha-
MPOTUB, IJIS WHTEPIPETAINA WHTYHUITHOHUCTCKAX (DAKTOB HEJb-
351 00pAIATHCS K TEOPUH MHOYKECTB, TPUXOIUTCS OOPATUTHCT K
Teopur TONOCOB [30], BHyTpeHHHI MUDP OOBEKTOB KOTOPOH MHTY-
UIUOHUCTUYEH, U 9TO MPUBOIUT K MHOTOBAPUAHTHOMY OIMUCAHUIO
Bremmero Mupa. Bceemennas tepsier OIHO3HAYHBIN XapakTep U
npejcraer nepes BoxkecTBeHHBIM B30pOM B GECUUCIEHHOM YUCTIE
BapuaHTOB (BeTreit) [66, 71]. B pe3ynbrare, MBI TPUXOANM K MHO-
TOMUPOBOI KBaHTOBOM KocMosornu leBurTa m KBaHTOBOI Mexa-
HFKE B 9BEPETTOBCKOi mHTepnperanuu (cM. § 15.9 u [209]).

KOJH) CKOpPO B I/IHTyI/IHHOHI/ICTCKOﬁ MaTe€MaTHKe TO, 9TO HE I0-
ka3aHo (nmocrpoeno) 1o 1 suBaps 1970 roga, TOro u HeT, TO MPUH-
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I[IUI COOTBETCTBUS MATEMATHKH PEATbHOCTH 3aCTABISET 3a1aThCs
BOIIPOCOM: MMEJIOCH Jin BO Bceenenuoit To, 910 HE OBLIO yCTAHOB-
sero 10 1 suBaps 1970 roma? Cremyst JIOrWKe pacCyKIeHWH WH-
TYUIIMOHUCTA, HAIO 3asABUTDH, UTO HET, HE UMEJIOCh.

I'py6o roBopsi, ecu g 3akpbLl ra3a, To Buemnuit Mup uc-
4ge3, ero Her. KOHEYHO, TaKOe BBICKA3BIBAHUE — 3TO BCErO JIUIIIH
ApKuil 00pa3, HAPABIEHHBIN HA OMPOBEPXKEHUE HAIIETO 3asBjIe-
ausa. OcraBuM cTOIb 3 HEKTHOE, HO MAJIOCOAEPKATEIHHOE OIPO-
BEPXKEHUE B CTOPOHE U TOMBITAEMCS Pa300pPAThCs CO CJEYIONUM
BoripocoM. Bompoc Takos: Obin sin Baerrauit Mup 10 mosiBiaeHust
moneit? Ocranercst i Buermanit Mup mocje Toro, Kak BIPYT de-
JIOBEYECTBO MCUYE3HET?

Yrobbl ycomHuThCA B orBere «la, Obwi, cymecrBoBaji!» Ha
MEPBBIN BOMPOC, MOCTAPAEMCsT YOIUTh YNTATENIS B MTPABUILHOCTH
otBeta «/la, Mup ncdesneT» Ha BTOPOI BOIPOC.

Bremanit Mup, cKakeT IpPOCBEIEHHDIN YATATEb, — 9TO 00Db-
ekTuBHast ¢usndeckas PeanbHOCTh. JIpyrumu cioBamu, €ro cy-
IIECTBOBAHUE HE 3aBUCUT OT ZKEJIaHWH JIOJEH, OH CyIIeCTByeT ’
6e3 mojeit. Ho MHTYHIIHOHUCT cpa3y CKAaXKeT, YTO ITO yTBEPKIe-
HUEe He uMeeT 4ETKO OYEePUYEHHOTO 3HAYEHHUs, OHO MeTa(pU3UIHO,
MOCKOJIBKY «ECJIU «CYIIECTBOBATbY HE O3HAYAET «ObITh [MOCTPOEH-
HBIM», TO OHO JOJI?KHO UMETh KAaK0e-TO MeTa(hu3ndecKoe 3Hade-
uues [26, c¢.10]. A meradusuxa — gea0 TEMHOE, BCE TOJIBKO 3a-
MyTHIBAET, U K HEll 00pAIa0TCsA TOT/IA, KOT/Ia HEYEro CKa3arh 10
CYIIECTBY.

0.4. Bmaenmuit Mup u co3nanme

XopoIro, — CKazKeT MPOCBEIEHHBIA IATATETb, — OCTABUM CMBICTT
CITOBa  «CYIIECTBOBAThb» st (puaocodoB, HO OTMETHTE, UTO
CJIOBO «(bI/I3I/IKa>> TOYHO YKa3bIBAa€T HaA HEYTO O6"beKTI/IBHO—
MaTepUAbHOE.

D10 JEHCTBUTEILHO TAK, HO CJEAYET OTMETHTD, YTO TPATUIIH
coBpemenHoi uszukn, 3ajoxkennbe 300-400 jleT TOMy HA3I, W3-
TOHSIOT YeJIOBEKa, ero Co3HaHme, ero BocnpusaTne Buemnero Mu-
pa, 13 3aKOHOB U IIPUHIUIIOB, Ha OCHOBE KOTOPBIX CTPOUTCA HAYKA
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dusuka. I xoTss KBAaHTOBas MEXaHUKa HEOIHOKPATHO HAMEKAJIA,
9TO HAJAO Obl YIUTHIBATH CO3HAHUE IIPU AHAJIN3E CYyTH BeIei, 3TO
0CTaBaJjIOCh HA ypoBHE (HUI0COMCTBOBAHUS, XOTsI ObI TTOTOMY YTO
HET POPMau308aHH020 ONPedeseHus U NOHUMAHUA, ITO TAKOE CO-
3HAHUE.

Onnako ¢dusuka mcae3aer BMecTe ¢ co3HauueM. JleficTBurenn-
HO, KaXXJIbIil 4ejioBeK 3HaeT, uTo Buermunit Mup ocraercsi, XoTs
oH ymmpaer, — Mup ocraercsd aisa KuByimx. Ho ecan mcde3ner
PA30M BCE 4YeJIOBEYeCTBO, TO HET HUKAKHX JIOKA3ATEJIbCTB TOTO,
aro Mup ocranercs cymecTBoBaTh 0e3 yogeit. I mokaszareabcrs
9TOrO yTBEp:KIEHUs ObITh HE MOYKET MO TOW MPOCTOW MpUYMHE,
9TO WX HEKOMY OyIeT MPOBEPUTH, T.€. MOATBEPAUTH. [[0BOI, 9TO
Mup 6yner HabOIIOAATHCS Opy2uM COSHAHUEM, T.€. dPY2uMU PA3YM-
HBIMU CYIIIeCTBAMH, BPSA A MOXKET PACCMATPUBATHLCA KAK CKOJIb-
HUOYy/Ib CEPbE3HBIHN, MOCKOIbKY, ONATh-TAKH, /s HCIE3HYBIIETO
JesioBevecTBa HeT Kak Buernero Mupa, Tak u ApyTuX CYIIECTB.

B romoBy mpuxoanT KpamosibHas MBICTL, 9T0 Buermauit Mup,
Bceenennas cymecrsyer Bmecre ¢ CO3HAHMEM, & 3HAYUT, HE MOI-
Jla TIOSIBUTHCST do CO3HaHUS. BceseHHast MOPOXKIAETCS CO3HAHM-
€M B TOM CMBICJIe, UTO CTPYKTYPa OKPYHCeHUs HOCUTETeH CO3HA-
HUSL KOPPEAUPYEMCHA CO CTeMAMU (MAesIME) TIPEICTABICHHUSI O CYIIl-
HOCTH 3TOIO OKPYKEHHsl, CYIIECTBYIOIIMMU B UX CO3HAHUU (CM.
. 17). 1 B cuity 910ro 1pocTpancTBo u BpeMs He HPOCcTo (hOPMbI
cymectBoBauust Mupa, O ¢dopmbl Boctpustus Mwupa. dpyruvu
CJIOBaMu, TTPOCTPAHCTBO W BPEMS — UMEHHO TO, O UéM TOBOPHUJI
KanT; oHU CyOBbEKTHBHBIE YCJOBHUS IYBCTBEHHOCTH, TOJ, KOTODBI-
MU €IMHCTBEHHO BO3MOXKHBI [[JIsi HAC BHEITHWE HATJISITHBIE TIPeJl-
crasienud [99, ¢.54,57].

lonvm mpous 3Ty Kpamosbayio Mbicab. Ho Ha yMm npuxomut
Apyras.

[Ipencrasum, aTo 3BoIONKSA BeemenHo mpoxoauT B Temie 1q.
Tem1t — 3T0 YUCII0 HOBBIX CTPYKTYPHBIX JeTaJIeil B €IUHUILY BPeMe-
nu. Yenosek no3naer Beenenmnyio, T.e. oco3naer eé meranu. Iloka
eIé, Ha ce200HA FeJIOBEYECKOTO ObITHsI, BeesmenHast nMeet Maccy
€Il He OCO3HAHHBIX Y€JIOBEYECTBOM JETAJEN U TTOPOXKIAET HOBBIE.
Ho nomyctum, aTo Temn T 9BOIONUHT TO3HAOIINX BO3MOKHOCTEN
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gesoBeka cyiecrBenno npesbicut Tp. Torga B Kakoi-T0 MOMEHT
X Bcenennasi He CMOXKET TPEIbABUTH YEJIOBEKY HOBBIX JI€TAJIEH.
IToznanne 3akordeno? CMBICT CYIIECTBOBAHWS UeIOBEKA KaK MO-
3HAIOINEro, J0O03HATEIHHOTO CYIECTBA HEYeM Jlajiee TOANUTHI-
BaTh?!

MoxkHO, KOHEYHO, 3asdBUTH, UTO BceleHHas CKOJIATICHPYET,
T.e. MOTUOHET 10 ITOrO MOMEHTa X, HO BPS JAOMYyCTHMO TaK Y-
MaTbh, TOCKOJBbKY 3TO O3HAYAJIO ObI, 9TO BpeMs OTBeAEHHOE Bce-
serHoil KoHCTpyKTOpPOM Ha €€ BpeMeHHGe CyIeCTBOBAHUE MaXKo-
pUPYeTCsi TeMIOM JI0003HATEIbHOCTH CIyYaifHO BO3HUKIIEH Oy-
KALIKH, UMEHYEMO 4€JI0BEKOM.

Ocraercs 3a7yMaTbCs O TPABOMEPHOCTH COBPEMEHHOM KapTH-
HBI 9BOJIIONUE BCEeJIEHHON OT «TOYKU» JO HEOObATHBIX KOCMUYE-
CKUX TPOCTOPOB. A TouHee, 0 MPABUIHLHOCTU TMPENCTABICHUS O
ToM, uT0 Beenennas aumnetino, nocaedosamenvro, CTaus 3a CTa-
nueit, COCTOSTHYE 33 COCTOSTHUEM TTPOXOIUT PA3BUTHUE B HEKOM yHU-
BEPCATLHOM KOCMHUYECKOM BPEMEHH t.

He mammuectByer jiu Beenennast Bea menmkom u cpasy? Omy-
CTHUM BOIIPOC «a TJI€ OHA, pa3MeIneHa’s U OTMETHUM, YTO IPU TAKOM
MOJIXO/IE MBI JIOJIKHBI IPUHSTH, YTO €CIU «J1a, HAJTUIECTBYET », TO
B TAKOM CJIydae OHa, BcesieHHAsS, HAJIMYECTBYET CPa3y BMECTE C
OCO3HAIOIUMHE €€ JIIoabMu!

Ho ecnu 6cé yxke manmmdgecTByer, TO 9TO Ke, JIOAA HUYErO B
TOM HAJMYECTBOBAHUM YK€ HE MOIYT HOMEHSATH?

MpbI BCe XOPOITIO 3HAEM, KAK 9aCTO OTAEIbHBIM JIIOISIM yIAeTCs
c/IeNiaTh BCE Tak, KAK UM XOTEJI0Ch. DTO BCErO JIUIIb PEeATU3AIUs
CBOOOIBI 9€JIOBEYECKOIO BBIOOPA, MJIYIIEr0 HAIEPEKOpP HeoOXOIn-
MOCTHU. 3HAYUT, JIFOAW MOTYT BHOCUTH W3MEHEHUs] B HAJIUYECTBY-
onryio Beenennyio? Ho ona ke yxke mana u Hensmenna/!?

Boixon, oqun: Beesiennas ¢ BHECEHHBIMU M3MEHEHHSIMU — ITO
dpyeaa, me Hawa BCETIEHHAS.

Cite1oBaTeIbHO, HAJTMYECTBYIOIIUX, TO3BOMM Ce0e BHIPA3UTH-
cst 6oJtee CHIIbHO — 3apaHee TOTOBBIX K UCIOIb30BAHUIO BCEJIEHHBIX
JIOJIPKHO OBITH MHOTO, DECKOHEYHO MHOTO. /[J1sT 9hero ucmoib30Ba-
uusi? OTBeT: JJI9 WCIOIB30BAHUS JIIOAHMU, BOTIJIOMIAIONINX CBOU
uaen, cBou (paHTaA3UN.
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WNuawe rosopsi, Beemennasa cymecrByer B GpopMe MHOKECTBA
BAPUAHTOB PA3JINYHBIX BCEJIEHHDbIX, Beesrenuas muozosapuanmmal

Cuwnraercs, 9To peanbHblii Buemuwnit Mup mosiBuics 3a107-
rO 0 TOSIBJIEHWSI YEJIOBEKA, IBOJIIONUOHUPYET 110 OMPeIeIEHHBIM
€CTECTBEHHBIM 3aKOHAM W HUKOUM OOpPA30M HE MOYKET CyIIEeCTBEH-
HO TIO/IBEPIHYThCsl U3MEHEHUIM TI0 BoJie Jroseil. Jlroau moryT, Ko-
HEYHO, BO3JeHCTBOBAaTL Ha MUpP 4Yepe3 MarepuabHYIO JIeaTeb-
HOCTB, U TOJIBKO depe3 Heé. Mbicu Jtiofeit crnocoOHbI pa3derarbest
J10 JIIOOBIX (paHTa3mMii, HO JAJIEKO HE BCEe M3 HUX CIIOCOOHBI K BOIIJIO-
meHnio B hOpMe MATEPHATbHBIX, PEATbHBIX BEIEHl B pPeabHOM
Mupe.

Ho cHoBa x04ercs HAOMHUTD, YTO €CJIU YeJIOBEYECTBO PA30OM
UCYe3HET, TO OECCMBICJIEHHO TOBOPUTH, YTO peasibHblil BHemiHuit
Mup ocTaercs u MPOJOIKAET CYIIECTBOBATH KaK HU B UeM HE ObI-
BaJj0. 17151 MCYe3HYBINEro YeI0BeUeCTBA YKe HU%e20 HE CYIIeCTBY-
er! Brpouem, Takke, Kak ¥ He CyNIECTBOBAJIO!

Takum ob6pazom, HACTONBKO JU OOBEKTHBEH HA CAMOM J€Jie
peasibubiii Baemnnit Mup?

Ha stor Bompoc wmago orBetuth Tak: «U ma, w Hers. «/las,
MOCKOJIbKY Mup CTpOUTCS U3 TOTO, YTO BHE cCO3HaHuUs. «Hers, mo-
ckosbKy Mup cymecTByer BmecTe ¢ co3nanuem. M3 gero crpouTtcs
Mup? Orserum ciaosamu ekcuupa («Bypsi»): «Mbl caenanbt u3
BEIECTBA TOrO K€, 9TO HAIIU CHBI».



Yactp 1

Kiaccuuyeckasa Teopud



Buemuuit Mup cyiecTByer, eCiiu OH COOTBETCTBYET
HAIIHAM MBICJISIM.

Tak ke Kak IpW CMepPTH MHUP HE U3MEHSETCS, HO Tpe-
KpalllaeTcs.

JI. Burreumreiin.



I'maBa 1

IIpocTpancTBo, BpeMd
11 IIPOCTPAHCTBO-BpPEMSsI

[Mpunumun Okkama B KakKOH-TO Mepe IOATBEPXKAET MbICJIb
Beiitcona [10, ¢.19], uTO, BOBMOXKHO, B <«KYJIBTYPHOW SBOJIOINH
JefficTByeT 4TO-TO Bpoje 3aKona I'psmemal, coracHO KOTOpOMY
MPUMUATHUBHBIE WX OYIyT BCE/IA BHITECHATH CJIOKHBIEY. YCIIOXK-
HEHMe 9ero ObI TO HY OBLIO €CTh JOIMYIIEeHHE OOTBIIEr0 KOJTHIECTBA
9JIEMEHTOB B «3TOM 4€ro Obl TO HU ObL10» (usu GOJIbIIero Koiude-
CTBA CBsI3€il «3TOro 4ero Obl TO HU OBLIO» C MHBIMU «TEMHU 9€ro Obl
TO HU ObLIO» ). BoJbIlee KOJUYIECTBO 37IEMEHTOB TPEOYeT UX pPas-
MEUWEHUSA — TAK TIOSBJISIETCS MOHATHE MPOCTPAHCTBA. IIpukocHO-
BEHHE K MOEMY TEJIy B TAKOM-TO MECTE€ BCEra TOJILKO «KPYILJIOro»
MeHee CJI0KHO, YeM JOILYIIEHHE CMEHD, KPYIJIOro Ha OCTPOe — JIBa
BApUAHTA B OJHOM MECTE CJIOXKHee, yeM oiuH Bapuant. CMeHa —
9TO 8pems. YCIOKHEHNE B KyJIbTYPHOI PEBOJIONNN COBEPINAETCS
MTOCPEICTBOM HOBBIX MBICJIEH, T.€. TIOCPEICTBOM CO3HAHUS, KOTO-
pPO€ OCO3HAET «IIPUMUTHBHOCTH WJIEW» U YCJIOXKHSET €€.

Takum oOpa3zom, COBHAHUIO MbI OOSI3aHBI JEHCTBUEM «IIPUHIIH-

13akon I'pamrema: «Menee meHHas U3 ABYX BHJOB BAJIIOThI LUPKYJIHPYET
boJiee cBODOOJIHO BILIOTH 10 IIOJTHOTO BBITECHEHUS OOJiee IEHHOM, IIOCKOJIBKY
[OCJIE(HSIST TE3ABPUDPYETCS>.

31
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118 yCJI0KEeHUA» B «KYJIbTYPHOU 3BOJIIONUNAY, U OHO IIPeJIoNpeeid-
€T CyIIeCTBOBAHME [IPOCTPAHCTBA U BPEMEHU M, TEM CaMbIM, Ooiee
CJIO’KHOM WX KOMOWHAIIMHU — MPOCTPAHCTBA-BPEMEHH.

1.1. IIpocrpaHcTBO

Cuenmanbraasg teopust orHocurenproct (CTO) nokaszana orHo-
CUTEJIBHOCTH TOrO, YTO IIOHMMAJIOCH 110, 1npocrpancrsoMm. Wury-
UTWBHO TPOCTPAHCTBO — 9TO BCE TO, UTO CYIIECTBYET B JAHHBIN
MOMEHT Bpemenu, T.e. B Hacrosmem. nadge roBopsi, BC€ TO, 4TO
onuoBpemenuo. Ho ogHOBpeMeHHOCTh OTHOCHTEIBHA. 10, 9TO /i
OJTHOT'O HAOJII0IATE s OMJHOBPEMEHHO, COBCEM HE 00sI3aHO OBITH Ta-
KOBBIM J1tst Apyroro. Kazamochk 6bI, CTPOMHOE U TOYHO OIMUCAHHOE
MOHSATHE TTPOCTPAHCTBA PACIAIAETCS. .

Ho denoBek He MOXKeT BUIETH, onrymarsb Buerrauit Mup, mup
dbeHOMEHOB MHaYe KaK PACIOJIOXKEHHBIN, JIeXKAIWi B MPOCTPaH-
crBe. O6bekTuBHO, B cooreercrBuu co CTO, mpocrpancTBo — 310
duknusa; cydObeKTUBHO, B BocnpudaTun Bremnero Mupa co3Hanm-
€M, OHO peajibHO. UTO 3TO: JIOTMYECKOe MPOTUBOPEYHe WJIN HEIIO-
CTaTOK, CBSI3AHHBIN C BHIOOPOM JIOTUKHU?

1.1.1. BaemHnii Mup — co3HaHue — MPOCTPAaH-
CTBO

Ciienoit 1e10BeK, K KOTOPOMY MPUKACAIOTCS, IYYBCTBYET, 9TO OJTHO
MPUKOCHOBEHUE OBIJIO «TaM», & APYroe — «37eCh», MepBoe ObLIO
«JANbIIe» OT TOJIOBBI, TJe COCPEaOTOUYeHO ero 91, Bropoe — «b6im-
xke». Tem cambIM cremoii 4esioBek B ero no3unanuu Brewmnezo Mu-
pa® pasiiMyaerT Mecma NPUKOCHOBEHHS U CJIOBO «MECTO» KaK pas
¥ O3HAYAET CIENU(UIECKOe PA3TNINe MEXKIY ABYMs MTPUKOCHOBE-
HUSIMU.

ITo Mepe ajeHus KU3HA CJIETIOMY TpebyeTcss BCE DOJbINE pas3-
HBLE Mecm [T pa3HbIX eewjets u3ene. COBOKYMHOCTH 3a/1eHCTBO-
BAHHBIX MECT CTPEMUTEJbHO HApacraer u 3amnosnsger Bremnuii
Mup.

2 [lys corennoro Buemmuit Mup geficTBHTEILHO BHEIHMTH!
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To, 9TO 3amOJHEHO BEIaMU, U CAMH BEId, KOTOPHIE UMEIOT
MECMO B ITOM <«TO», TPEOYIOT IJisd yHOPs/IOYEHUs] KU3HU, U B
YACTHOCTH, JJIS HAXOXKIEHUS TIOHUMAHUS B 00ULEHUYU C IPYTUMU
JIIOJIbMHU, CA06a, KOTOPOE M O3HAYAET 3TO «TO».

U cnoBo 3T0, KaK MBI 3HAEM, — NPOCMPAHCNEO.

Hpocmpaucmeo — 9Mo Mo, 4Mo MOHCHO “EM-TO 3a-
noaAHumd.

Crenoit 4eo0BeK, HAOMPASICh JKUIHEHHOTO OITBITA, OCO3HAET CY-
[IIECTBOBAHNE IPYTUX JIIOJEH ¥ MPU3HAET 38 HUMU [IPABO HA HE3a-
BHCHMOE CYIIIeCTBOBAaHUE H, OOJI€e TOTrO, HAJIEISIeT WX CIIOCOOHO-
CTHI0O UMETh TAKOE YK€ MPEJICTABIIEHUE O MPOCTPAHCTBE, KOTOPHIM
pacmosiaraer OH caM. B pe3y/ibrare MOAB/ISeTCs MOHATHE O0bEK-
THBHOTO (M aBCOJIIOTHOTO), T.e. HE3ABMCHMOIO OT BOJIM M JKeJa-
U 91 KaK70r0 OTIEHHOTO UeIOBEeKa, MPOCMpPaAHCMEa, B KOTO-
POM KaxKJIOMY YeJIOBEKY MPEOCTABICHO MECTNO 0N PA3ZMEUEHUS
€ro camMoro W ero Berieif, O CyIeCTBOBAHUU KOTOPBIX OH 3HAET.
Jpyrumu caoBaMu, POXKIAAETCH MbICIb, 9TO

IIpocmpancmeo daem mecmo sew,am.

IousaTus «OanxKes, «TATBIIE> — ITO UCXOTHBIE TIOHATHUS, C IO~
MOIIBI0 KOTOPBIX OMPEIESIETCS MON0A02UA TIPOCTPAHCTBA. BoJtee
TOrO, IIOCKOJIbKY I omdeasto cebs OT APYyroro «s», T.e. KaxK/bli
eJIOBEK M3 CBOETO OMBITa 3HAET, ITO €ro TeJO MMeeT 2PaHulb, B
MPOCTPAHCTBE, B KOTOPHIE HE BTOPTAETCS UYXKOE «si», & HA SI3BIKE
TOTIOJIOTHH 3TO 3BYYUT KAaK YCJIOBHE CYIIECTBOBAHUSI OKPECTHO-
cTu JaHHOro 91, HE cozepIKalieit IPyroro «s», TO TOMOJOTHS PO-
CTPAHCTBA, KAK MUHUMYM, YIOBJIETBOPIET AKCHOME OTIAEJUMOCTH
Ti. B nefictBuTeIbHOCTH CJIEAyeT MOCTYJIMPOBATL OOJIee CHUIbHOE
yCJIOBHME OTIEJIMMOCTH — HAJNYHE HermepeceKaloIuXcsi OKPeCTHO-
creit (u 91, u ayxkoe «s» UMeeM OTIe/bHbIE Tesa). VHaue roBops,
CTIeIyeT MPEJIoIaraTh, YT0 MPOCTPAHCTBO OBIamaer raycdopdo-
60l omdeaumocmoio (akcuoma Ts).

Ob6parum BHEMAaHME, 9TO, JIJisi TOIO 9TOObI BOBHUKJIO HOHSTHE
005éMma BEIH, CIETIOMY HYKHO TPOTATh BEIH, 3PAYUil Ke Bemn
BUIUT OOBEMHBIMU. Bripodem, BO3MOKHO, CJIEMON CMOXKeT 000ii-
THCH U 0€3 OCT3aHUS.
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1.1.2. Cosmanne — Bmemnunii Mup — npo-
CTPaHCTBO

Mbi orucasyu moHsITHE TPOCTPAHCTBA, CIUTAs, YTO UCXOTHBIM (DaK-
TOM SIBJISIETCST CYIIIECTBOBAHNE CUTHAJIOB M3BHE (MPUKOCHOBEHNUS K
Temy ciaenoro). Jpyruvu ciosamu, Mup usene® Tiepputen B Ha-
meM nocTpoernn. BepHo jin 9107 BhITh MOXKeT, cienoit crnocoben
nopodums Mup u3BHE, UCXO/ISI TOJBKO OT OCO3HAHUS CBOETO CYIIe-
crBoBanus? JIjisi 3T0ro HAJIO TPUHATH, 9TO €CTh dpy2ue, KOTOPbIE
TakzKe 00/1a/1a10T camoco3HanueM. lajee Hy2KHO y2Ke peraTrh 3a-
A9y pasmew,eHus dTX dpyeus BHe 5. A pa3mernenne — 3T0 BbIze-
JIEHWE MECTAa, T.€. TOJYIOK K TTOPOXKIEHUIO TIOHATHS MTPOCTPAHCTBA.

1.2. Bpewmsa

ZKW3HEHHBII OMBIT CJIEMOr0 Y€JI0BEKA TOBOPUT €MY, 4TO TIPUKOCHO-
BEHUsI K OMIHOMY W TOMY YK€ MeCmy €20 MeAd MOTYT MOBTOPATHCS
U TIOBTOPHOI'O IPUKOCHOBEHUs YACTO NPUXOAUThes acdams! Oxu-
TaHNe JAumCEA, M 3TO JAIéHIe 0603HaTaeTCs? CI0BOM 6pema.

OHako, eciid MPEKPAIAOTCSA OIILYIIEHNs, TO UCYE3HET MPO-
CTPAHCTBO W OCTAHETCs] TOJIBKO OXKUJIAHUE, OCTAHETCS BPEMs, W
5710 BpeMs ecTb (6u1y2Kaatoiee) co3Hanue. 910 KPACOUHO OIUCAHO
y Cranuciasa Jlema B pacckase «YCJIOBHBINH pedJiekcs.

Crout OTMETUTH, 9YTO CKOJIBKO-HUOY/Ib pa3pab0TaHHON Teopun
BpEMEHU B coBpeMeHHOi Hayke HeT. Teopusi HproroHa nuinb BBeta
TO, 9TO HAZBIBAETCH JAUMEALHOCMbI0? | TOABIIAONIeica B ypaBHe-
HUAX B KQ9ECTBE BPEMEHHOIT MepEMEHHOI ¢, & TeOpus OTHOCUTEIb-
HOCTH YTOYHWJIA, YTO MPHU MOCTYJIATE HENPEBLIIIEHUs] CKOPOCTH

3TepMI/IH «Mup u3BHE» HE IJVIQJ0K C TOYKH 3PEHUS JIUTEPATYPHOTO sA3bIKA,
HO OH IOJYEPKHUBAET AKCHOMATHYIHOCTH MEPBUYHOCTH BHEIIHETO MATEPHAJb-
HOro Mupa, KOTOpBI#i BO3JEHCTBYeT Ha CJIENOr0 U36H€, CHIHAJIU3UPYST €My
TE€M CAMBIM O CBOEM CYIIECTBOBAHUM.

Ipomenypa «o6o3HAMEHH> — STO TPOIEAYPa A6CTPATHPOBAHMST; IPH a0-
CTParupoBaHuy sIGJIOKO, IPYINA U JP. CTAHOBATCS NA000M. Pa3Hble 0XKUAAHUS
CTAHOBSATCH 8PEMEHEM.

SHbIOTOH yTOYHSAET: ATHTENbHOCTD, WIH IPOI0JIXKHATEIbHOCTD, CYIECTBO-
Banust Bewei [134, ¢.32].
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CBETA MATEPUATLHBIMU TEJAMH JJTUTETHHOCTh CTAHOBUTCS 3aBU-
CHUMOI OT JIBUXKEeHHsI PUOOPA, U3MEPSIOIIEr0 Ty JJIUTETbHOCTD
(umu zod epemenu). TIpu 3TOM, €CTECTBEHHO, BBLISICHUIACH OTHO-
CUTEJIbHOCTD TOTO, YTO HA3BIBAIN OTHOBPEMEHHOCTHIO.

Teopust Bpemenu KosbipeBa, cTOMb HONyaspHAas CPeId HIIMy-
X YMOB, HE SBJISIETCS MaTEeMATUIECKOM, XOTs eff OTYACTH MOXK-
HO IpHUAATh (GOpMAabHBINA BU/I.

Kakune mpuHIUOBI CIeayeT MOJOXKUTH B OCHOBY HOBOM (hop-
MaJIbHOM Teopuu BpemeHu! Bpsim jin CTOUT HE MCIOJIL30BATH TO,
9TO JAyMaJii ¥ POBOPUJIU O BpeMeHu Jydrinue ymbl. Koib a1u mMbic-
JIA HE UMEJIH MATEMATHIEeCKOr0 O(DOPMIIEHUsI, CJIYeT UCKATH Cpe-
1 pumocodoB.

«BpewMst ecTh CyO'bEKTHBHOE YCIOBUE MO3HAHMS M IOHUMAHUS, U
IIO3HAaHHWE BpEMEHHU — 3TO BBIABJICHHUE PDA3JIMIHBIX ypOBHeﬁ Cy6’b-

€KTHUBHbBIX yCJIOBI/Ifl IIO3HAHUA, YTO SABJIACTCA 3aﬂaqeﬁ TpaHCHeH-
JneHTanbHoit dunocoduns (B.M. Monuyanos, [130]).

Ho xomy cnemoBarn? MozkeT, KOMy-TO W ITOKAXKeTCsT CTPAH-
HBIM, HO B3T/isAabl KaHTa Ha BpeMs Hanbosee TIyOOKH U JOMYyCKa-
10T u3oMmpenHyio ¢popmanu3anuio. [Togemy dbopmanusanms 101K-
Ha ObITH m3ompenuoit? da moromy, uro Bpems y Kanra — 310 1O,
KaK 9esIoBeK cozepraetT Mup heHOMEHOB. 3HAYUT, €CJIU JTOMYCTUTH
CYIIIECTBOBAHUE THUIMIOTETUIECKOTO HEYEIOBEKA, TO CJIEIYET IOIY-
CTUTH uHnoe cozepranne Mupa dpenomenos. [Tosromy Teopuro HAIO0
CTPOUTD TaK, YTOOBI B Hell, KPOME YeJIOBEKA C er0 BpeMeHeM, ObLI0
BO3MOKHO MHOE CYILIECTBO C «MHBIM Bpemenem». Ho B Takom ciy-
qaeM Mup mooicem co3epuamsvca 6 pas3HvlT 8GPUGHMAT T, CIIETO0-
BaTeJbHO, CTAHOBUTHCSA MHO208apuarmuoim! He Oymem yBrekaTh-
Csl TIONCKOM WHBIX CYIIECTB-HEYETIOBEKOB, a COCPEIOTOYNM BHUMA-
HUE Ha PA3IAIHBIX TMuUnex codepuanus paxkros B Mupe.

1.2.1. Bpewmg kak akT co3epiiaHug. Popmaam3a-
nug co3epiianud (pakToB

Bpewms, cormacuo Kanty, ecth cosepuanue. Brermmuuit Mup M
MOZKHO TPEJCTABIATH KaK COBOKYTTHOCTH (aTOMHBIX) CbaKTOB, KaK
9TO BU/EI0Ch BuTrenuireiiny, uin Kak COBOKYIMHOCTb (QTOMHBIX)
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cOOBITHI, ecim 00pPAaTUTHCA K MUHKOBCKOMY:
M=A{zy,z,..}.

Ho B obmiem cirydae me ciieayer paccmarpuBarh M Kak KAHTOPOBO
MHOXKeCTBO; M — 910 Kareropus (cum. § A.1). Beemem HEKOTODYIO
kateropuio L = {{A,(B,(C, ...}, obbexTb® KOTOPOIt — 3TO pas-
JIMYHBIE «CyObEeKTHBHBIE yCIOBHA MO3HAHUA M IIOHUMAHUA> (DaK-
TOB, WA PA3JIMYHBIE BOBMOKHBIE UMb CO3EPUAHUA. B TAKOM CIIy-
4Jae, Co3epIanme ecTb MOpdu3mM

x: LA —> M, (1.1)

KOTOPBIA B TEOPHUM KaTErOpHWil O3HAYAeT yTBEPXKIECHUE «T — ITO
006001EéHHbIH 37emedT Mupa (gpakTos-cobbituii M>». IIpu sTom uc-
IOJIb3yeTCsi 0003HATEHUE

T Epp M.

B cayuae, korma (A = 1, roe 1 — TepMUHAIBHBIN O0BEKT, T — 2.0~
6anbHbLT dNEMEHM, T.€. FTIEMEHT, U3 KOTOPHIX COCTOST MHOYKECTBA
KanTopa.

Mup M — 310 abcomorubiit 4-mepubiit Mup cobbrruit Mun-
KOBCKOTO. B HeMm mporrsioe, HacTosiee u Oyayiiee 00unakoso pe-
aavmv. B Mupe M Her BpeMeHu, HET U3MeHEeHHit, HeT IBUKEHUS.
Bemu B HéM npebbiBaioT 6me eépemenu. Bpems B Mup M npes-
HOcuTCs u3BHE, npu cozepuanuu (akros [66, § 9.5]. naue roso-
psi, Mopdusmbt Buza (1.1) HO3BOJLIOT HPOCMATPUBATD, CO3EPLATH
darTel! ITO CKONBKEHHUE, TPOCMOTD (PAKTOB, 06IACTENl U BCETO
Mupa ¢dakToB.

KomnkperHoe co3eprianne, T.e. KOHKPETHBIH MOP(MU3M — ITO eIrie
U CO3EpLAONIMIT allIapar, CO3epIaioliee yCTPORCTBO, TaKoe, KAK,
HAMpPUMEpP, MO3T 4YejioBeKa. CTPYKTypa 3TOTO YCTPONCTBA, TOJIHK-
HA MaKCHMaJIbHO OTBEYATh BO3MOYKHOCTSIM, TTPEA0CTABISEMBIM 3~
JIAHHBIM TUTIOM co3epranus & : LA — M, KOTOPbI MbI CBA3BIBAEM
¢ BbIOOpOM J10Kyca [ A.

6CumBon £ — mepsas 6ykBa B c1oBe locus, KOTOpOe IIepeBOIITCA KAK MECTO,
cuTyauusd.
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1.2.2. Bpemsa Kak aKT CO3MIAHNS

Co3Hanue, U3BECTHOE HAaM, — 9TO CO3HAHMA PA3HBIX WHIMBUJIOB.
OTO pa3INYHbIE CO3HAHNUS; OHU HE TOXKIECTBEHHBI, U B CUJIY STOTO
00/1aTaI0T PA3INIHBIM BAIEHNEM TOTO, KaK KaK yCcTpoeH Buentauii
Mup. Bosee Toro, maze ecau oHn 00J1aaI0T OIHOM 1 TOIt XKe nuaeeit
A, onn BugaT ee Bo Buemuem Mupe mo-pasHomy.

Nuausuap HaxonsaTes Bo Buermnem Mupe, ux co3nanust (KBaH-
TOBO) CKOPPEAUPOGAHDL C UX OKPYKEHUEM, T.¢. ¢ Buenraum Mupowm,
HA3bIBAEMBIM 9acTO [Ipupomoii. IT0 03HATAET, ITO JII00AS MBICIb,
nzess, KOToOpas OCO3HAETCsI, HEM30EXKHO OTPAXKAECTCSA HA CTPYKTYpe
Buemmnero Mupa, crpykrype okpyzxkaroreit IIpupoabr.

Peanmuzamus «umens A pa3HbIMU COZHAHUSME — 9TO JIBE pa3-
HbIE KBAaHTOBbIE KOppensnuu, kacamomuecs [Ipuponpr. Ouu BbI-
HY2KJEHBI OBbITH N0CALJI08AMENDHLMU, €CJIA HAIIPABJIEHLI Ha, OIHY
U Ty K€ 6ewb, a 3HAYUT, POKIAETCS TO, 9TO Mbl Ha3blBaeM ¢hu-
auueckum obsexmuenvim epemernem. ClieToBATEIHLHO, CO3HAHUS
poXkIa0T PeasbHOCTh BO BpeMeHu (CM. TTOApOOHOCTH B III. 17).

Bewmp, ckoppepoBaHHas ¢ CO3HAHUEM, — 3TO 6eUb 0AA HAC,
OHA OCHAIIAETCS CTPYKTY PO, ABJISAMOIIEHCcs peajiu3anneii nueu A.
JlBa MHIUBHU/YyAJbHBIX CO3HAHHS MOIYT HMETh Pa3HbIE peasin3a-
nuu uaen A, mo3ToMy JinbO BE Pa3HbBIE PEANU3AIUU NOCACO06a-
MeAbHO Koppesupytom ¢ A, U 3TO HA3BIBAETCA GpeMeHeM, JTHO0
peain3anyy, OCTAETCA CKa3aTh, 00HO8PEMEHH DL, U BElllb IPUodpe-
TaeT ABa JUKA, — 3TO 8eMBAEHUE, BEIb C PA3HBIMHU JINKAMU, TBE
pasuvie 6ewt 045 Hac. OHU OTHOCATCS K PA3HBIM, T.€. HapaJljieib-
HBIM BCEJIEHHBIM-DEATHHOCTSIM.

Ho, ckopee Bcero, mmeer mecto u 1O u aApyroe. Bruemunit Mup
COCTOUT M3 PA3HBIX BCEJIEHHBIX-PEATHHOCTEH, N B KaXKI0H peasb-
HOCTH €CTh BPEMs, ACCOIMUPOBAHHOE C COBOKYIHOCTBHIO WHIWBU-
NyaJIbHBIX CO3HAHUN, COZUTAOIINX W HAOIIOJAIINX 3Ty DPEAsb-
HOCTb.

Bersnenne, mpuBomsiee K MHOTOJUKOCTH Bellel, K mapaJi-
JIETBHBIM BCEJIEHHBIM-PEATbHOCTSAM, JOJZKHO IMPOABUTHCI B Ma-
TemMaTndeckoM omnucanuu Buemrnero Mupa. 9Ta yBepeHHOCTH OC-
HOBBIBAETCSl HA, TOM, UYTO MAaTEMATHKa HE pa3 JIEeMOHCTPUPOBAJIA,
U 9TO OTMEYAJ MHOIHE BBIIAIONIUECS YMBbI, CBOE YMEHUE YIUBU-
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TeJbHO TOYHO OIUCHIBATH PEATbHBIN BeIecTBeHHbI Mup.
Kak pa3 310 u mposABIgETCS B TOM, UTO pPelieHre ypPaBHEHUS
IIpéauurepa A1 OTHOTO HAYAJIHLHOTO JTAHHOTO UMEET BUJT

=" crtn, (1.2)
k=1

e |cx|? ecTh aMIIIETYIA BePOATHOCTH OOHAPYKUThH CHCTEMY TIPH
M3MEpPEHuu B COCTOsTHUE 1. JJoMuHUPYIOMasa B (PU3UKe KOITEHTa-
TeHCKast WHTEPITPETAINsT KBAHTOBOM MEXAHUKW MOBOPUT O KOJIJIATI-
ce BOJTHOBO# (byHKIIHU )

> ekt = Py,

k=1

TPAKTYEMOTO KaK MPUHITAT PEatu3atut TOTHKO OJHOTO COCTOSTHUS
u3 OECKOHEUHOTO YHUCJIA TOTEHIIUAIBHO BO3MOYXKHBIX COCTOSTHUM 1.

B sBepeTToBCKO#l MHTEpIpeTanuy KBAHTOBOH MEXAHUKH TOBO-
PUTCS O 6EMBACHUY EUWU U COZHAHUA: PEATTHIYIOTCA BCE COCTOs-
HEAA V), HO KaXKJI0€ B CBOEH BCEJEHHONW CO CBOHM CIOCOOOM OCO-
SHAHUS.

Be3oTHOCUTEIBHO K 3TUM JIBYM WHTEPIIPETAIUAM KBaHTOBOM
mexanuku, B dopmyse (1.2) orpazkeHbl MapajuiebHbIE BO3MOXK-
HOCTH (JIMKK) JJIsl CyIIECTBOBAHMS BELIM.

Crenyer yTOYHUTE TMOHATHE KBAHTOBOW KOPPEISIIIUN, UCITOIb-
30BaHHOE BBINIE. DTO COBPEMEHHAs TEPMUHOJIOTHUS JIJIsT MOHSITHSI,
KOTOPOE BO3HUKJIO OJIaroaps 3asBJICHAI0 O HEMOJTHOTE KBAHTOBOI
MEXAHUKE U U3BECTHOMY KaK Mapaokc dinmreitna-IIogonsckoro-
Poszena (SITP-napauokc). Ceituac cyiiecrBanue KBAHTOBO KOppe-
JISIITAYL SIBJISIETCST OOIIENPU3HAHHBIM (PaKTOM, HO BIIEPBBIE O HEOD-
XOIMMOCTH TIPU3HATH JAJIbHOAEHCTBYOMMI (MTHOBEHHBIH) Hecu-
20601 cr1ocod B3aumoeiicTeus yacrull 3aropopuit A.Jl. Anekcan-
apoB. OH mmcam: «CBA3b YACTHIL, OTPAYKAEMAS B HAJUIAKA y HHAX
obuieit (Bosnosoit — A.I.) dyHKuuM HE ecTb, KOHEYHO, MeXaHuYe-
CKasl CBSI3b MOCPEICTBOM BEPEBOK WJIM CHJT; 3TO €CTh 0cobas (op-
Ma CBSI3U B 3aBUCUMOCTH OT ycaoBuii. Ho MMeHHO B3auMHast CBS3b,
BbIparkaemas HajaudueM o0Imei (PyHKIMT 1, eCTh IJIaBHAS OCHOBA
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BCEX YCIIEXOB KBAHTOBOI TEOpHUM CHUCTEM M3 MHOruX dactuil. Q-
HA M3 BaXKHEHIINX 0CODEHHOCTEHl KBAHTOBON MEXaHWKH COCTOUT
UMEHHO B TOM, YTO OHA OTKPBHLIA HOBYIO (DOPMY B3AUMHON CBSI-
31 SIBJICHUH B aTOMHOI o0jacTu. ITornMarnme 3Toit 0COOEHHOCTH B
CBETE yUEHUs JUAJEKTHIECKOTO MATEepUaIn3Ma O BCEOOIIei CBA3U
SABJEHUN WMeeT pelraoliee 3HadeHne /I MOHUMAaHuad KBAHTOBO
MexaHuku» [2].

K sTomy yTBepkKIeHWIO OCTAETCS TOJBKO JO0ABUTH, YUTO B
XXI Beke mj1s0 MHOTHX (PU3UKOB CTAHOBUTCS SICHBIM, UTO KBAHTO-
BOIT MeXaHWKe, BOMPEKN BO33PEHUIM €€ co3aTesell, TOABIACTHRI
HE TOJBbKO SBJIEHHUS B ATOMHON 00J1aCTH, HO ¥ MaKpOODTaCTsIX.

1.2.3. Cosranue u Bcesiennag

Cosnanue mensier Beenennyio. YemoBek npuiyMbiBaeT KOMGpOPT-
HBbIfl BADUAHT KW3HU, U BcejeHHas mepecTpamBaercs MO, 3TOT
Bapuant. Owywas (orpaxas) ror HOBbLi BapuantT BHewnero
Mupa u oco3naBasi CBO& NMpHUCYTCTBHE B 3TOM Mupe [72], Yemo-
BEK MPHUIYMbIBAET HAYUHYIO TEOPHUIO, OOBLSICHSIONIYIO TPEICTaB-
mnit mpex auM Bremanit Mup. Kakoe-to Bpems cucrema «Brer-
auit Mup — YenoBek» naxomurcst B paBHoBecuu. QIHAKO HACTY-
[IaeT MOMEHT, KOI/Ia peain30BaHHblil Bapuant Bueninero Mupa ne
yCTpanBaeT dejoBeka: OH cTaj HekoMmbopTHoii. Beenenmas BHOBDL
MEHSIETCsI, CTapble HaydYHbIE TEOPUH BbIOPACHIBAIOTCS (MU JOTIOJI-
HSIOTCsI ), IPHU/LyMBIBAIOTCS HOBbIE Hay4HbIe Teopuu. Ul Tak jaJee.
Emé menasno, B 1980-e rozpl, canranocs, uro Beenennas cocro-
UT U3 BEMIECTBA U W3JIy9YEeHUs; HO CErOJHs BEIECTBY W WM3JIyde-
a0 otaano 4-6%, a BCé ocranbHOE — TEMHBIE SHEPTHS U MATEPHS.
[IpuxonnTcs HayKe BHOBD B3SITHCS 3 JIEJI0, XOTS COBCEM HEIABHO
Ka3aJ0Ch, YTO BCE BO BcesieHHOIl MOHATO M pa3bsCHEHO, 3a WC-
KJIIOYEHUEM MEJIKUX JIeTaieil. DTH JeTalu CYyTh CKPBITOE YKEJTaHUe
YeJioBeKa repeycrpouTh Beenennyio mnoyuobuee [79].

1.2.4. MHWcropuvecKue 3MOXU

B xakoit ¢dpopme [UeoBEK MpPUIYMBIBAET KOMQOPTHBIN BapUaHT
xu3nu?! B dopme, KOTOpas ecTh CKOPPEINPOBAHHBIN PE3YJIHTAT



40 I'masa 1. IIPOCTPAHCTBO, BPEMSI,..

3aMBICTIOB-UeH, aHTa3uil MHOKECTBA HWHINBUIYAJTbHBIX CO3HA-
HUM, TIPEICTABIEHHBIX B «MHPY» 1 3TO (POpMa, pa3 OHA Pe3yIbTaT
COTJIACOBAHHBIX MBICIEH-MIel, JOKHA OBITH TOCTATOYHO YCTOM-
YUBOI ¥ CTAI[MOHAPHON, T.e. C1ab0 M3MEHSEMOI, 3aMOPOKEHHOI!,
a TaK>Ke MeJOCTHOM.

Bo Bcrymenuun x cBoeit pabore mo mopdosoruu ['ére murmer:
«JImss onmcaHWs KOMILIEKCA OBITHS KAKOrO-THOO PeabHOrO Cy-
IIECTBA HEMEII, UCIOJIb3YeT MOHITHE remTaibr. B 91oM BbIpaxKe-
HUU OH aDCTPArupyercss OT M3MEHUYWBOTO, OH MPEIIOJIaraeT, aTo
HEYTO B3aUMOCBSI3aHHOE SIBJISIETCS OMPEIEeIEHHBIM, 3aKOHIEHHBIM
U B CBOEM Xapakrepe (ukcmpoBaHHBIM». 1107 peanbHBIM CyIie-
ctBoM ['ére moHMMAaeT He TOJBKO PACTEHUS U YKUBOTHBIX, HO H,
HAIpPUMEP, TOPOJ, CTUXOTBOpeHue, Hapoa. HauBuayaabHbie co-
3HAHUs [TOPOXKIAIOT yCTOWYIuBbIE (POPMBI CBOEro ObITHS, I10100-
uble rermrranbraM ['ére. Ha30BéM 3Tu crammoHapHbie yCTORYNBBIE
BOpPMBI OBITHST UCTNOPULECKUMU INOLAMU.

Mup cymecrByer B ¢dOpMe HCTOPUIECKUX IMOX. Karxkmgast uc-
TOpPUYECKAs IMOXA — ITO COBOKYIIHOCTH OBITYMOMIUX cpeau (IIOKO-
Jienuii(s)) sozeit npeacrasienuii o Buemuem Mupe; 310 coorBer-
CTBYIOIIME 9TUM IIPEJCTABJIEHUSAM HAyKa, KYJIbTYPa U HUCKYCCTBO.
DTO THUIIBI BOOPYKEHMUsI, OJIEKA, MOJA, TPAHCIOPT U T.]I.

Hcmopuueckas 3n0xa — 3TO «3aMOPOKEHHOE» TI€JI0CTHOE (BeU-
Hoe) ObrtTue Jrojeil. VI3MeHeHus: B XKU3HU IPAKTUYECKH OTCYTCTBY-
0T Ha TPOTSKEHWH BCErO CYIIECTBOBAHUS, TOYHEE, BCEro Jijie-
HUs d10xu. AHajoru HabIIOJATCS HA 3eMie — 3TO, HAIPUMED,
ePBOOBITHO-OOIIMHHBIE TTUBUIU3AIMKA B JeCaX AMA30HKH.

Ecrb smoxa AnTuuHOCTH, €cTh 310Xa BO3poxkKieHwus, 3110xa
Mymxkuna, smoxa «XX Bek» (mocse mepBoii MUPOBOIl BOWHBI U JI0
Wurepuera) u ap.

Bce ucropudeckue 3MOXK cyusecmeyrom, OHU He CMEHSIOT O/l
Ha JPYTyI0, OHU ABJSIOTCA 00pasyamu (narrepusi) PeasbHocTH.
Ix onuceiBanmu pa3nble yaenbie: 310 remraabrhl ['éTe u [Ilnenre-
Pa, KyJIbTYPHO-UCTOPUYECKHE TUIIbl JIAHMIEBCKOrO, [IUBUJIN3AIIH
Toiu6u. OHM MOTYT BCTyNaTh BO B3aMMOIEHCTBUE TUMA KBAHTO-
BOit nHTEPdEPEHITNH, U PE3YIHTAT UX B3AUMOIEHCTBUS MOXKET OCO-
3HABATHCSA KaK IBOJIIONNS HEKOTOPOH OOBHEKTUBHO CyIIECTBYIOIEH
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peanbHOCTH, BOCIIPUHUMAEMON M OMUCHIBAEMOU JTIOAbMH KaK CMe-
HA UCTOPUYECKUX SI0X B UX 38MHOM CYIIECTBOBAHUU (DA3BUTUM).
B aTOM cityduae MBI IMeeM JIeJT0 C TIPOSTBIIEHUEM N0CALJ08AMEAbHOT
KOPPEJIAIAN PA3HBIX WHAWBU/IYAJBHBIX CO3HAHUN C OKPYZKEHUEM,
KOTOPYIO MBI Ha3biBaeM BpemeHeMm. Camo pa3HooOpas3me pasjimt-
HBIX HCTOPUYIECKHUX 30X — 3TO PE3YIbTAT 8€MEAeHUA KOPPETATIAN
Pa3HBIX WHIMBUIYAJTbHBIX CO3HAHUN C OKPYKEHUEM.

1.2.5. MHcropudueckue mocCJaeg0BaATEILHOCTHI

Mpr mpebbiBaeM B WILTIO3UH, 9TO COZHAHWE — 3TO TOJBKO TOTIAr0O-
BbI€ aKThl, aKTbI MBIIIJICHUA 1 OCO3HAHUA. TaKOQ opeacTaB/JICHUuEe
O CO3HAHWHU — CJEJICTBHE TOTO, ITO MbI IpeObIBAEM BO BPEMEHH,
KOTOPOe eCTh JIMIh pean3anus Co3HaHus B (hopMe MOCTeI0Ba-
rerpbHOCTH. HO, KAK MBI TOBOPHJIM, CO3HAHNE MOYKET PEATN30BbI-
BAThCS W KaK MHOr00Opasue MmapajijielbHO CYIIECTBYIOIMIX (hOpM
(ucropuveckux 310x). JefiCTBUTENLHO, MbI IIPUBBIYHO YTBEPK 1~
€M, «9TO YeJIOBEK CIIOCOOEH 0C03HA6GMb OJHOBPEMEHHO TOJIHKO
4T0-TO OfHO». HO «CaMO IOHATHE <«4Yero-To OJHOIO» JJAJEKO He
SICHO: CKOJIBKO siBjieHuil (MM Beleil) HPUCYTCTBYIOT B MOEM CO-
3HAHUU, KOIJIA s CJIYIIAl0 OPKECTPOBYIO MY3BIKY, CMOTPIO OaJier,
BeIly MAIuHy u T.1.» «llojlararo, 9To JIF0au COOOIIAIOT O €IUHIY-
HOCTH CO3HAHWs TJIABHBIM 00pa30M MOTOMY, UTO 3TOrO TPeOyIoT
dunocodekue nocrynarbl Hamell KyJbTypbl (MCTOPUYIECKON 3110
xu — A.I'): Mbl Bce ymMeeM OPUBOAMUTH 3TH IOCTYJIATHL B COOTBET-
CTBUE C HAIIed ICUXUYECKON KUBHBIO U OILyCKaTh BCE TO, YTO UM
He coorBercryer» (Haiicep, [131, ¢.121,122]).

OH M3 5TUX MOCTYIATOB — 3TO MAPAIUTMA IBOJONNA. DBO-
JIIOIIMOHUPYET, COTJIacHO Hayke XX Beka, aDCOIOTHO BCE: U 3eMJIs
(ot mbLIEBOrO OOJIaKa, 10 MJIaHeThl), 1 Beenennas (0T CUHIYISIPHO-
cru 4yepe3 Bosbmioii B3pbis 70 Hamux aHeil), u xKu3Hb Ha 3emie
(OT KUPHBIX IIEHOK B TEIUIbIX JIY?KaX J0 MHOIOKJIETOYHBIX Opra-
HHU3MOB), U yesoBek (o1 06e3paubt 10 Homo Sapiens). Ycomuurbes
B HAJIMYUUN JIOKOMOTHUBA 3BOJIIOIUU — 3HAYUT BBICTYIUTH TPOTUBHO
HaIlel KyJabType.

CkazanHOe COBCEM He O3HAYAeT, YTO HayKa XX BeKa OImbaeT-
Cd. STa HayKa OMUCBIBACT PE3yJIbTaT B3aI/IMO,Z[eI‘/JICTBI/IH MHOZKeCTBa
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HUCTOPUYIECKUX SIOX, MPEICTABIISIONMNE COOOH aunetdno ynopado-
YEHHYI PEaNbHOCTID, COCTOSIIYIO U3 LOCJIEN0BATENbHOCTH (KyC-
KOB) MCTOPUYECKUX 3MOX. B 3TOM JIeHTe, B KOTOPO# MBI JCUGEM,
BCE BOCIIPUHUMAETCS BO BPEMEHU W, €CTECTBEHHO, OMUCHIBACTCSH
Kak 3Bosonys. Ho psaoM ects Apyrue JIEHTHI ¢ WHON SBOJTIONMEH
U eCThb, ObITh MOYKET, HEJIMHEHHO yIOPsiIOYeHHbIE PEaTbHOCTH.

JIMHeHHO yIOPSIIOYeHHYI0 PeaThbHOCTh MOYXKHO ObLIO ObI Ha-
3BATh UCMOPUMECKOT nocaedosamensbrocmsvlo. B rtakoMm Ha3Ba-
Huu orpaxkaercd (dakr cMmenbl (Locjaen0BarebHOCTD!) dparmen-
TOB PA3HBIX UCTOPUIECKUX ITIOX.

Ucropuueckas mocjie10BaTeIbHOCTh €CTh CyMMa HWCTOpHYe-
CKHUX 3M0X; OHA MOA00HA (DYHKINW, PA3JIOKEHHOH B psm Pypbe
no rapmonukam (cM. dbopmyy (17.39)).

B numeiino ymopsimoYeHHON peasbHOCTH «TedéTs Bpems. Ero
MPOsIBJIEHWEM MbI CYMTAEM CTAPEHWEe Halrero opranumsma. Harma
2KW3HDb BO3HUKAET B YPEBE JKEHIIWHbBI, 3 3aKAHYUBAETCH B CTAPO-
cru. JlanHOE 0OCTOSATEIHCTBO CIYNTACTCS HEN30EKHOCTHIO, JTEMOH-
CTpUPYIONIEil 00bEKTUBHOCTH BPEMEHH, T.€. er0 HE3aBUCUMOCTD OT
BOJIN JIIOJEM.

Ho srerko MoOXkHO TIpeicTaBuTh, OJIArOAApPsS PA3BUTHIO HAIEH
HAyKU ¥ POOOTOTEXHUKU, UCTOPUIECKYIO SMOXY, T/1€ KIU3Hb HAUW-
Haercs B popMe B3POCTOH 0COOH, TOABJISIONIEHCS HA CBET B X0O/I€
«CaMOCOOPKU», a 3AKAHIMBAETCsH «CaMOPA300PKO» IPAKTUIECKH
HEU3MEHUBIIIETOCS OPTAaHU3MA 0 MPUYUHE «YCTAJOCTH OT YKU3-
Hu». MbI Oyaem uMeTh MUBUIN3AIMIO, ObITHE CYOhEKTOB KOTOPOM
He 3HaeT (PU3UIECKOTO CTAPEHUS U, CJIEJOBATEIHHO, HEIIOABIACTHO
BPEMEHH.

fApnsierca mu ckasannoe ganracrukoii? Beirs moxker. Ho Bo
BCAKOM CJIydae 3TO yKe udes, KOTopas MOXKeT ObITb pearn30Ba-
HA COBOKYITHOCTBHIO WHIWBUIYAJIHHBIX CO3HAHUII M MPEICTATH KaK
JINHEWHO YIOPsiTOYeHHAsS PEabHOCTH, T.€. MCTOPWIECKAs MOC/IEe-
JI0BATEIbHOCTD, PABHO BCEIEHHAS-PEATBHOCTbD.

1.2.6. Pa3znaBoenme maTtepuu U CO3HAHUSA

Mmuorosimkoe ObITHE BeIel, MPUBOILAINEE K PACIaAPAJIICINBaA-
HUWIO MHUpa Belleil, K IMOSIBJEHUIO MapaslJIeTbHBIX BCEJIEHHbBIX-
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peasibHOCTEll M OTpazkénHoe B ¢dbopme (1.2) pemenusi ypaBHeHUs
ITpéununrepa, — 310 AUaANEKTUYECKUI IpoUece pa3jBoeHus (uu-
Bepreniyn) HopM JBUKEHUS MATEPUM B TEPMUHOJOIMU JIUAJIEK-
THYECKOTO MATEPHAIN3Ma, O KOTOPOM 3arOBOPHJI BIEPBbIE JH-
resibC 1 noapobHo uccnenosan B.M. Kexpos [103].

OJHAKO KaxKjasd MnapaJsilejibHas HCTOPUYECKAs] PeabHOCTD
(=BcesieHHAA-PEATIBHOCTD ), MPEICTaBIsIeMas BOJHOBOH (hyHKIIM-
eit 1y, oco3naercs. B 3BepeTTOBCKOI MHTEpIpeTAINY KBAHTOBON
MEXaHUKH I'OBOPUTCA HE TOJBKO O BETBJI€EHHH MHPa, HO 1 O BETB-
JIEHWH CO3HaHusA. VIHade ToBOpsi, K BETBHU-PEATBHOCTH 1)) IPUBSI-
3aHa BETBb CO3HAHUAI. B KJIaCCHYIECKON JIOTHKE 3TO OTBEYAET o-
HO3HAYHOMY BBIOOPY d1eMenTa 1), € U B MHOXKECTBE BCEJEHHBIX-
peasibHOCTER

U= {11[}15 "'71/}]67 }

Ho oco3nanme mi060ro ¢axra, COOBITHSI, OCOZHAHHE BCEJIEHHOMN-
PEATbHOCTH )}, 3aBUCUT OT CYOBEKMUBHOIL YCAOSUT TOSHAHUA U
NOHUMAHUA, OT YPOBHS 00PA30BAHUS, OT TPAJAUIINH KYJIbTYPbHI, KO-
r7a OYeBUIHOE MOXKET He 3aMevIaThCH.

«HedéTKoCTb «CO-ObITHS» TOPOXKIALTCH COBOKYIIHOCTHIO YaCT-

HBIX Pa3yMOB, KOTOpbI€ He CIIOCOOHBI OTHHAKOBBIM 00Pa30M «CO-

6I)ITB>> — OAUHAKOBO BOCIPDUHHMATH OAHO M TO K€ GBITI/Ie?...))
(Bopobbes, [15, c.38]).

Broxs nosromy HAOOP TUTIOB 0CO3HAHUA
{tAIB,LC, ...},

MBI MOYKE€M BBECTH HEOIHO3HAYUHBIN BBHIOOD dJIEMEHTa 1), U3 MHO-
KecTBa ¥V, yIUTHIBAIONIUN THITHI OCO3HAHUSI:

Ui €AV, Y €Y, Y € V...

Taxkas nporeaypa Ha3bIBAETCs BBeIeHNEM OOOOIIIEHHOTO SJIEMEHTA
U BeJET K MHTYUIUOHUCTCKOH soruke [66]. Ha s3pixke B. M. Ken-
POBa, MbI JOJIZKHbI TOBOPUTH O PA3JBOCHUM CO3HAHUSA, & GOpMYJILy

"o BocupmaTHA GBHITHS BEIIH AJIs HAC OHA IPEIBAPUTENHHO OKA3AIaCh
HEOJMHAKOBBIM 00PA30M Peasin30BaHHON YaCTHBIMU PAa3yMaMu BeUibio B cebe.
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(1.2) nepenucarb B BUE:

D(LA) = crr(LA),
k=1

$(B) = erhi((B),
k=1

1.2.7. MmuoroBapuaHTHas UCTOPUI

JIuHefiHO yHOPSJIOYEHHBIX 3BOJIOIUOHUPYIONINX —PealbHOCTelH
MHOKECTBO; OHU HE COBCEM He3aBUCUMBbI. OHM MOT'YT UMETh CK.Ael-
xu [116], T.e. «obmme MecTas. «OBmme MecTay B MPOIIIOM HAIel
PeabHOCTH NPOSABJISIIOTCS B TOM, 9TO HCTOPUIECKHE (DAKTHI HEOI-
HO3HAYHBI, MHOIOJINKM, MHOIOBapUaHTHBL. Bor noyemy mis jiro6o-
ro UCTOPUUECKOTO (haKTa OOHAPYKUBAIOTCS MCKJIIOYAIONINE JIPYT
JIpyra JOKYMEHTBI, COBEPIIIEHHO TOJIMHHBIE W TpaBIuBbie. Ipy-
CUMU CJIOBAMHU, UCTOPUKK HUKOTJA HE CMOTYT JOKOIATHCS JI0 WC-
THHBI B IPEJICTABUTH HAM a0COTIOTHO MPABIUBBIA U JOCTOBEPHDII
yuebnuk «Bcemuphoii ucropuu» [62, 66].

VuebunkoB BecemupHoii ncTopun u JI000r0 TOCYIAPCTBA, BEJIH-
KO€ MHOYKECTBO TIPOJAETCS B Mara3unax. VICTOPUKY YBEPEHBI, YTO
OHU C KazKIbIM PA30M OTPAarKaIOT MPOIILIOe BCE Oojiee 00HEKTUBHO,
NPaBIUBO, CBOJIS K MUHUMYMY Pa3HOUYTEHHsS U cybbekTusu3M. Ho
IPY BHUMATEJIBHOM YTEHWHU, NIPU PA3MBIILICHUN HAJ, NPOYHTAH-
HOM, Henm30e2KHO BO3HMKHYT BOLPOCHI, Ha KOTOPbIE HE TAK JIEIKO
MOIYAC OTBETUTD ¥, 6OJI€E TOTO, TPH TIONCKE OTBETA PA3PYIIAETCs
Ka3aJI0Ch Obl CTPONHAS W JIOTHYHO BOCCO3JAHHAS MCTOPHYECKAs
KAPTUHA TPOIILIOTO.

VcTopuk Cy10pOKHO HAMMHAET UCKATH HY KHBIH, TIOITBEPXK 14~
IOIIMi BbI3BABIIEE COMHEHUE MCTOPUIECKOE COOBITHE JOKYMEHT B
apX¥WBaX H... HAXOAUT JOKYMEHT, TIPOTUBOPEUAIINI TOMY, UTO OH
xoTes 661 000CHOBATE. [To¥eMy 9TO MPOMCXOIUT, OMMCAHO B KHUTAX
aBropa [62, 66].
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1.3. IIpocTrpaHCcTBO-BpeMsd

OCHOBHBIM OOBEKTOM HCCIEIOBAHUs ODIIEH TEOPUU OTHOCUTETh-
HOCTH DHHIITENHA ABIgeTCd 4-MEePHOE TICEBIIOPUMAHOBO MHOT000-
pasue, OObeIMHSAIONIEE B €/IMHOE II€JI0€ IIPOCTPAHCTBO U BPEMS U
NMEeHyeMOe B CHJIy 3TOTO NPOCMPAHCMEOM-BPEMEHEM.

Enwroe mpocTpaHCTBO-BpeMsi BBEIEHO B HAYKY HE DWHINTEl-
voMm, He Ilyanmkape, a I'epmanom MwunrkoBckum. Ho mHamo cka-
3aThb, YT0 MMHKOBCKHII TepBOHAYAIBHO roBopu 0 Mupe cobbI-
tuit. TepMuUH <«IPOCTPAHCTBO-BPEMsi» KAa3aJCd HA 3ape Pa3Bu-
tusi OTO ovenb yradnbiM, XOTs COOCTBEHHOE BpeMsi HaOJIIOIa-
TeJIsl TIJI0X0 COTJIACOBBIBAJIOCH CO BPEMEHEM, YIIOMUHAEMBIM B Tep-
MUHE «IIPOCTPAHCTBO-BpeMsi». B pe3ysbprare ceroHst mosiBIsSIOTCS
HECKOJIBKO CTPaHHbIe (DPa3bl, TAKUE KAK «IIPOCTPAHCTBO-BPEMS —
9TO OOBEKT BHEBPEMEHHO#», «IIPOCTPAHCTBO-BPEMSI JIUIIIEHO BpPe-
menu» [71, c.13].

1.3.1. Mup cobsiTuit MUHKOBCKOTO

21 cenrsiopsa 1908 r. Burmarormumiicss mMaremarnk Lepman MuHKOB-
CKHUIi IPKO, TIPOCTO, UBSAIIHO U 6€3 KAKUX-THOO CTOXKHBIX MATEMa-
THIECKUX (POPMYJT MOSICHUT HAYTHOMY MHUPY CYIITHOCTD CIIEITHAATb-
HOI TeOpHUHU OTHOCUTEIbHOCTH, IIOCTPOEHHOI yenmusamu [lyankape,
Jlopenna n Ditnmreiina [125].

Brouto 3aasmeno, uro okpyKaromnmit Hac Mup ects abCcoI0T-
noe Héuro, aBisiomeecs cuMOMO30M TPOCTPAHCTBA, W BPEMEHH.
Camu ke TIPOCTPAHCTBO U BPEMsi OTHOCUTETbHBI; OHU JIAIIEL (HOpP-
MbI, TIPOSIBJICHNUsI, T€HHU, MPOEKINH eIuHOro abcomorHoro Héuro,

HA3BaHHOI'O II032Ke npocmpchmGOM-8p€M€H6M8.

«CueHoil neficTBUs PEAJIbHOCTH sIBJIS€TCs He TPEXMEpPHOE €B-
KJIUAO0BO TPOCTPAHCTBO, a YETHIPEXMEPHBIH MHD, B KOTOPOM
HEePa3pBIBHO CBSI3aHBI BMECTe IIPOCTPAHCTBO U BpeMs. OmHAKO
ryiy0OKa MPOMACTh, OTAEJSIONIAs UHTYUTUBHYIO CYIIHOCTE TIPO-
CTPAHCTBA OT MHTYUTHUBHO CYIITHOCTH BpeMEHH B HAIIIEM OIIBITE,

8BumuMo, MUHKOBCKHEI HEpBEIM BB TEPMHH <IPOCTPAHCTBO-BPEM».
ITo xpaiineit mepe, B paGore [126] om mucan <«Raum-Zeitpunktes (Tou-
Ka [IPOCTPAHCTBa-BpeMenn ), «Raum-Zeit-Vektor» (IpocTpaHCTBEHHO-BpEMEH-
HOW BEKTOD).
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M HUYTO M3 5TOTO0 KAYECTBEHHOTO DA3JINTIHs HE BXOJUT B 00b-
eKTHBHBII MWD, KOTOPBIA yAaJ0Ch BBIKPUCTAJIN30BBIBATE (hu-
3WKE W3 HEMOCPEJCTBEHHOTO ONBITA. DTO YeTHIPEXMEPHBIH KOH-
THHYYM, KOTOPBIH He SIBJSETCS HU <BPEMEHEM», HU <IIPOCTPAH-
cTBOM>». TOJIBKO CO3HAHUE, KOTOPOE CXBATHIBAET YACTH HTOTO MHA-
pa, HCUBITHIBACT 060COBIEHHBI KYCOK, KOTOPBI €My IPUXOUT-
Csl BCTPETHTh U OCTABUTH MO33W CeOS KaK MCTOPHIO, T.€. KaK
IPOTECC, KOTOPBIN TIPOTEKAET BO BPEMEHU W MMEET MECTO B IIPO-
crparcrees (I'. Beiinb, 1923 ., [304, c.218]).

Baxwo ormeruth, uTO MUHKOBCKWiIT Cpa3y 3aMeTHs, dYTO
260MEMPUA  NPOCMPAHCNBA-BPEMEHY, — IMO  2E0MEMPUA  “e-
MoPETMEPH020 NCe8doesKAUIOBE NPOCTNPAHCINEA.

OObeauHeHne BpeMeHN U MPOCTPAHCTBA, B €IUHOE TPOCTPAH-
cTBO-BpeMsi, ocymiecrBiaennoe [epmanom MUHKOBCKUM U HA3BAH-
Hoe uM Mupom (cobvimuii), IOPOAKUIIO MILIIO3HIO, YTO TaiiHa BPe-
MEHH PACKPBITA U F€OMETPUS IIPOCTPAHCTBA-BPEMEHU — TO IPEK-
Jie BCETO TE€OMETPUsT BPEMEHH.

Kak w3BecTHO, mccienys Takoil 00bEKT KaK MPOCTPAHCTBO-
BpeMsi, HE yIAaeTCs MOHATH CYI[HOCTh BPEMEHHU IO TOH MPOCTOH
HPUYHMHE, 9TO UCCIIeI0BATEIb, MOJEIUPYs Ha (DOHE IPOCTPAHCTBA-
BpeMeHU (pu3MYecKue sIBJIEHUS, BBIHYKIEH OOpainarbcsd K J0-
MOJTHATEILHOMY TOHATHIO cobcmeennoe epems. PaKTHIECKH ITO
03HAUAET, UTO, MBITASICh TEOMETPU3UPOBATH COOCTBEHHOE BPEMS I,
MBI BBIHYXK/IEHBI BBECTH namoe u3dmeperue. Ho HeTpyaHo co-
00pa3uTh, YTO BCKOPE HAM IMPUJIETCSA BBECTHU IIECTOE M3MEpPEHUEe
u 1. 1. VlHade roBopsi, pacKpbIiTHe TaifHbl BpEMEHU CBeIeTcs K ab-
CYPAHOMY YBEIUYIEHUIO padMepHocTH Mwupa coObITHii.

CireoBaTeIbHO, OCTAETCS MPENOIOKATEH, 910 Mup cobbiTuii
(upocrpancrBo-Bpemst) — 310 06beKT 8Hespemernot. Mup cobbi-
Tuit (IPOCTPAHCTBO-BPEMsI) JIUIIEH BPEMEHW W SABJISETCS MTPOCTO
BMecTUIUIIeM cobvmutl (Bemeit B cebe), oHO abcoarommo. Byayau
BHEBPEMEHHOI CyIHOCTbIO, Mup cobbituii (mpocrpancTBo-Bpemsi)
OKAa3bIBAETCS BHE KJIACCUYECKOW (DU3WKHU, CTAHOBSCH OJaroaps
MUHKOBCKOMY TIOHATHEM HOBOIl, PEIATUBUCTCKON (DU3HUKH.

Buespemennoit xapakrep Mupa coObITHii, T.e. IPOCTPAHCTBA~
BpeMeHW Hanbojiee sSPKO BBIPAXKEH B TEOPUH  aOCOAOMHO20
npocmpancmea-epemenu. COTIIACHO 3TOH TEOpHUH, COOBITHS TIPO-
IIIJIOr0, HACTOSINEro M Oy/yIIero OAMHAKOBO pPeajibHbI U BCE BMe-
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CT€ COCTABJISIIOT TO, 9TO0 MWHKOBCKHUII HA3Bal YeThIPEXMEPHBIM
MupowMm cobbITwHii.

1.3.2. AOGCOJIOTHOCTHh ITPOCTPAHCTBA-BPEMEHU

Abcoatommocms IPOCTPAHCTBA-BPEMEHH IIOHUMAETC KaK ero ca-
MOJIOCTATOYHOCTh, BHEBPEMEHHOCTb, BEYHOCTH, KAK IMOJHEHIIast
HE3aBUCUMOCTE OT Yero ObI TO HU OBLIO.

Teopust abCOMIOTHOTO MPOCTPAHCTBA-BPEMEHHM O3HAYAET, UTO
«BO BCEJEHHOW maHO BCE: [yig HEE HEeT MPOIIIOro u OymayIie-
ro, OHa — BEYHOE HACTOsINee; e HeT MPEIEIOB HH B MPOCTPAH-
crBe, HH BO BpemeHu. IlepemMeHbl IMPOUCXOAAT B WHIUBHLYAJIb-
HOCTSIX W COOTBETCTBYIOT WX TMEPEMEINEHUI0 MO MUPOBBIM ITIy-
TAM B Y€THIPEXMEPHOM, BETHOM 1 OeCIIpeaeIbHOM MHOTOOOPA3HH »
(T1. 0. Yenenckuit [158, ¢.204]).

JlagHOCTH Cpa3y BCEro MpoCTPaHCTBa-BpeMmeHu, Bcero Mupa
COOBITHI ITO3BOJIIET TOBOPUTH O TOM, 4YTO OyayIee, KOJb OHO
y?Ke eCThb, MOXKHO TIPEICKA3bIBATh, W Teopus auddepeHImaib-
HBIX yPABHEHWII — OWH W3 WHCTPYMEHTOB TAKOTO MPEICKA3AHUS

(§ 2.2.1).

«OOBbEKTUBHBIM MUP, IPOCTPAHCTBO-BPEMSI TOJIBKO CYIIECTBYET,
a He MPOUCXOJUT; KaK IleJIoe OHO He nMeeT uctopuu. ToabKo me-
pes B3IVISIJIOM CO3HAHUS, MOAHUMAIOMIErOCd M0 Moed MHpPOBOH
JIMHUAMN, CEYUCHHUE 3TOTO MUDA «0XKHUBaCT» U JBUXKETCA MUMO KaK
NPOCTPAHCTBEHHBIM 06pa3, moaBepraeMsulii BpeMeHHOMY IIpeod-
pasosanuio» (I'. Beiius [20, ¢.106]).

1.3.3. PeajabHOCTh MPOCTPAHCTBA-BPEMEHU

Obsexmuerocms Mupa, OkpyKaiomero Moé 71, moHuMaercs Kak
M0, 9TO BHE MEHs, BHE MOEr0 0CO3HAHUs (hAKTA IMPUCYTCTBUSA MO-
ero A B Mupe, Bo Bcenenmoii, He3aBHCHMO OT TOTO, ITO 3TO S BOC-
npuaumaio Mup, cymecrBytor Ben B Mupe, OTJIu9HbIE OT MEHS,
MOETO CO3HAHMS, MOETO Tejla, MOUX MBICIEl 1 XKeJTaHuit.

W 10 9TO 7 TOJKEH CINTATHCSA C TEM, 9TO €CTh BEIllX BHE MEHS,
HE3ABUCSIIME OT MEHS U MOTYIIE TPUHECTU MHE BPEJ, WU TIOJIb-
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3y nmoa4dac BOIPEKHW MOHUM MBICIIAM H )Ke.HaHI/IHMQ, €CTb TO, 4YTO

HAa3bIBAETCH PEAABHOCTIbIO Bellleil BHE MeHsdd, eCTb peasvhuiti Mup.

Teopust OTHOCUTENIHFHOCTH B W3JIOXKEHUU MUHKOBCKOTO CBSI3a-
Jla TIPOCTPAHCTBO W BpeMs B eaumHOe 1esioe. U, xors kjaccude-
cKasi MeTaU3NKa CINTAET PEATbHBIMA U MIPOCTPAHCTBO, U BPEMS,
OHA HEe CIEMUT OObABIATH CTOJb YK€ PeaTbHbIM OObeIuHEHHOe
MIPOCTPAHCTBO-BpeMs, KoTopoe camM MuHKoBCcKmit Ha3biBasT Mupom
cobvimudi.

Ieno B ToMm, 4ro Hamie obvidennoe Bocupusitug Mupa coObi-
it MUHKOBCKOIO DPeajibHbIM CYUTAECT JIMIIL TO, YTO JIEKHUT B
OKpYIKamoIeM Hac npocmpancmee. Boiee Toro, 310 00bIIEHHOE
BOCIIPUSATHE HAXOIWUT OMOPY B 3HAHUSAX, BO BCEX WHCTUTYTAX CH-
cTeMbl 00PA30BaHUsI, OCHOBAHHON HA CTEPEOTUIIAX APUCTOTETIEBO-
HbIoToHOBCKOH (usuku'’. IlosToMy HallemMy CO3HAHUIO IIPETUT
MBICJTb O PeaTbHOCTH abCcOMIOTHOTO Mupa cobbiThii, 06 00bEKTUB-
HOCTH, PEAJIFHOCTH MTPOCTPAHCTBA-BPEMEHH.

DroMy CrIOCOOCTBYET CKYJHOCTD JIOBOJOB, UMEIOIIUXCS B PAC-
TIOPSIPKEHNN UCCIIeOBATENell U TpenofaBaTeieil, B MOJIb3y peajb-
noctu Mupa cobbrtuii MUHKOBCKOTO.

CyiecTByor, Mo CyTH [€Jia, YeThIpe apryMeHTa B TMOJb-
3y yTBEpkKIeHUsS 00 00BbEKTHUBHOCTH, PEAJHHOCTH MPOCTPAHCTBA~
BPEMEHH, T.€. O TAKOM K€ CYIIIECTBOBAHWH TPOCTPAHCTBA-BPEMEHH,
KaK BeIlH, KOTOpoe MOI00HO TOMY, KAK CYIIECTBYET BeIllb, HAa3bl-
BaeMasl CTOJIOM U HA KOTOPOM IHIITYTCs ITH CTPOKH.

[Mepedncaum 9T apryMeHThI:

1. Peaavrocms Mupa cobvmutl kax caedcmeue omHoCumens-
nocmu odnospemennocmy (Ilyankape, Munkosckuii) (puc. 1.1).

JIubo mpocTpaHCTBO-BpeMs ecmb NEJUKOM CPa3y W B 3TOM
cMbIcsie abCOTIOTHO, OO0 abCoTIOTHA OHOBpeMeHHOCTh. Ho mpe-

°C Mupom BO CHE MBI HE CYNTAEMCH, €70 BBI30BBI HAM HE CTPAIIHBL. 1 MBI
YaCTO 3TO OCO3HAEM IIPSIMO BO BPEMsI CHA, KOT/IA CTAJIKHBAEMCS C OMACHOCTHIO
WJIM C HEXKEJIAEMBIM.

Y cxarogennem He ABIAIOTCH bu3MIecKHe (BaKyIbTeThl YHEBEPCHTETOB,
rae TeOpusaA OTHOCUTEJBbHOCTHU IIPEIIOAHOCUTCA BCEr'O JIUIb KAaK Ha6op CucTeM
OTCYIETA CO CBOMMU HHAMBHU,IyAJIbHBIMHA BDEMEHHON I MPOCTPAHCTBEHHBIMH KO-
OPAMHATAMU.
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a) b)

Puc. 1.1: IpocrpancrBo Kak COBOKYHHOCTH OJHOBPEMEHHBIX COBBITHI.
a) IIpocmpancmeo-epema Lanruses-Horomorna. B MOMEET abCOMIOTHOTO Bpe-
M€HH ¢ IPOCTPAHCTBO ABHXAKYIIErocs Tesa Sy, HAXOIUTCS B €THHOM MOKOSIIIEM-
¢t abCOJIFOTHOM LIPOCTPAHCTBE S, T.€. B TOM ke npocrpaucrse. Cobsitue C
HAXOAUTCA B OyAylieM; OHO eme <He HACTynmios. b) ITpocmpancmeo-epems
Mumnkosckozo. B MOMEHT BpeMeHHU ¢ MPOCTPAHCTBO JBUXKYIIErOCsS Sy, JIHUIIb
YaCTUYHO HAXOAUTCS B IMOKOSNIEMCS HPOCTPAHCTBE S, YaCTUYIHO B OyIyIeM
[OKOSIINIErocss IpocTpaHcTBe S (0 BpeMeHH t), a 4aCTUYHO B MPOIIJIOM II0-
KOSIIIETOCA IPOCTPAHCTBA S 1o Bpemenu t. 110 Bpemenu ' BCE mpOCTPaHCTBO
JIBHKYINErocs Teja Sy, HAXOJUTCS B OJHOM MOMEHTE BpeMeHH (OJHOBDEMEH-
BOoCTb). CobbrTe C' HaxOgUTCH B OyAyIeM HOKOSINErocs IPOCTPAHCTBA S, HO
B HACTOSIIEM IIPOCTPAHCTBA JABUXKYIIETOC TeJa Sy; OHO At Sy, yXKe «HACTY-
mui0». Ce0BATeILHO, TO UTO C TOYKH 3PEHUST TEOPUH TTPOCTPAHCTBA U Bpe-
venu Hreiorona eme me npunagmexxur PeaspHocTu — cobbrtue C, IOCKONBKY
€ro eIe HeT, C TOYKH 3PEHUs TEOPHH MPOCTPAHCTBA U BpeMeHr MUHKOBCKOTO
JIEZKWUT B HACTOAIIEM ABUIXKYIIETOCH TejId, W 3HAYUT, OHO €CMb, OHO PEAJILHO.

obpazoBanus JIOpeHIa U IKCIEPUMEHTHI TOBOPAT 00 OTHOCUTEIb-
HOCTH OJHOBPEMEHHOCTH.

2. Peaavrocmos Mupa cobvmutl kax caedcmeue acummempui
60 epemenu u 6 npocmpancmee (Puopenckuii, [159]).

Haubomee Beckoe J0Ka3aTeNbCTBO PEATbHOCTH IIPOCTPAHCTBA-
BPEMEHH JIEXKUT B yKa3aHuy Ha (PaKT CyHIeCTBOBAHUSA B IIPUPOJE
acuMMeTpnu u HeobpaTumoctn [159].

Peanbno cymiecrByiomas acuMmerpus BO BPEMEHU U B IPO-
CTPaHCTBE, O KOTOpOi#t roBopuT DIOPEHCKMiI, 03HAYAET OTCYT-
CTBHUE CUMMETDUY B MPOCTPAHCTBE-BPEMEHY, paBHO B Mupe coObI-
Tt MUHKOBCKOTO, KOTOpasd JeJIaeT BO3MOXKHOMN CJIEIYIOIINE Ba
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Ipeodpa3OBAHUSI:
t——t nw x——x, Y-y 22—z (1.3)

IIpu sToM Takue mpeobpazoBaHus JOJKHBI COXPAHITH CBETOBBIE
KOHYCBI.

O6imas rpynma JIopeniia cofepKuT JuCKpeTHbie Ipeodpa3oBa-
aus (1.3). Ho crout Ham HAYATh TOBOPUTH O CBA3HON HEMPEPHIB-
HOI TpymIe W CYUTATh, YTO MPOCTPAHCTBEHHO-BDEMEHHAS ACHM-
MeTpUs J0JKHA ObITH HEIPEPHIBHO MEHSATOMIENCS TOATPY IO 00-
et Tpy bt JIopeHra, To ocraercs TOIBKO OJHA TaKas MOArPyIl-
na:

(t,x,y,2) = 7(t,2,y,2), —1<7<+1. (1.4)

31ech T — 3TO BpeMsi, CBSI3aHHOE C CO3HAHUEM YeJIOBEKA, T.€. Ha-
CTOSAIIEe, UCTUHHOE BPeMs. ITO 0DECIeYnBAET IJIABHOE ODparie-
HHE BO «BPEMEHU», ACCOIUUPOBAHHOM C YETBEPTHIM H3MEpPEHHEM
t 6e3Bpementoro Mupa MuHKOBCKOTO, U OJTHOBPEMEHHYIO C STUM
CMeHy JIeBoit pyku Ha upasyio. Ho jgocruraercs 3ro 4epes BbIpOK-
nenwve mpeobpasoBanus pu 7 = 0. [Ipu BEIPOXKIEHUT TTPOUCXOIUAT
CKJIEiKa BCEX COOBITHUI B OHO COOBITHE, YTO BPSJ I TPUEMJIIEMO.
CaenoBarenbuo, Mup MuHKOBCKOTO HE JOMyCKAaeT Mpeodpa3oBa-
aus (1.4), o 4ém u rosopuis Piopenckuii.

3. Pearvrocms Mupa cobomutdl Kok NpoasAeHUE UHEPUUL MEN
(Petkov, [276]).

«Ecim MmupoBasi TpyOKa JaCTHUIBI SIBJISETCS PEATbHBIM YeThI-
PEXMEPHBIM O0OBEKTOM, M3 ITOrO CJIEAYET, 9TO OHA OyaeT mpOoTH-
BUTHCA €€ nedpopmarnuu. Tak Kak MEPOBas TPyOKa yCKOPATOIIEHCsT
yacruupl gedopMupoBanHas (He reoe3uvecKast ), COIPOTUBIIEHHE,
KOTOPOE OKa3bIBAET HACTHIA, €€ YCKOPEHUIO, [MO-BUIUMOMY, BO3-
HUKAET U3 YeThIPEXMEPHOTO HAPSKEHHsI, KOTOPOE MOSBJISETCS B
n1eOPMUPOBAHHON MUPOBON TPYOKE YACTUIBI. JTO HANPSIKEHUE,
KOTOPOE BBI3BIBAETCS CMEIEHUSMU COCTABHBIX 3JIEMEHTOB YCKOPSI-
IOIIENCs 9aCTHUIIBL OT TIOJOKEHUN PABHOBECHUs], YBEJIMYUBAECT BO3-
BPAIIAONLYO CUJTY, KOTOPAsl MbITAETCH BEPHYTH BCE 3JIEMEHThI 00~
PaTHO HA UX HPEKHUE [HEYCKOPEHHDIE| MOIOKEHHT. <. .. >

MOKHO TPWBECTH IOBOJ, UTO MEXAHU3M WHEPIIUU, PACCMOT-
PEHHBIN B 9TO# T/IaBe, MOYXKET ObITh C TAKUM K€ YCIEXOM OIMUCAH
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Puc. 1.2: Acummerpus B mpocTpancTse (1eBas PyKa U IpaBasg PyKH) U aCHM-
MeTpus BO BpeMeHH (HeOOpaTmMOCTh). Heo6paruMoCTh pOXKAAETCS B CHILy
TOro, uro npu jaBuKeHur oT O K A BO BpeMeHH ¢ MBI U3 MAJbIX obsacTeil
nonagaeM Bo Bce Gombinue (Ilenpoys), a npu apuxkenunu B k O BO BpeMmeHH ¢
n3 GOJIBITUX B MeHbInHe. XOTs Opu O0PAIIeHNN BPEMEHH, T.e. IPU ABUIKEHUE
BO BpEMEHHU —t TAKKe HJIeM OT MEHBIMUX K BOJBITNM 00JIaCTIM.

Ha OOBIYHOM TPEXMEPHOM si3bike. D10 BepHO. Hacrosiiwmit Bompoc,
O/IHAKO, B TOM, CYIIIECTBYET JIi UHEPIU B TPEXMEPHOM Mupe. Mbr
He OTBETHJIN 37eCh Ha ITOT Bompoc. To, ¥To MbI TTOKA3aH, 3aKITIO-
9aeTCsi B TOM, YTO, €CJIU IMPOCTPAHCTBO-BPEMS PEATbHO, WHEPIIUS
JIOJIKHA CyecTBOBATh. OIHUM U3 MPOABJICHUH 9€THIPEXMEPHOCTH
Mupa Oyner CyliecTBOBAHHE WHEPIUU ITOCPEICTBOM MEXAHW3MA,
KOTODbIii Oyser TeM MeXaHu3MOM, 4TO 3/1eCh ObLl uzyden» [276,
p.271-272].

4. Peaavnocms Mupa cobomudl Kakx npossienue 2pasumaiui.

B camom jeste, ecim mpoOCTPAHCTBEHHO-BPEMEHHON KOHTHHY-
YM — 3TO BBIMBICEJ, T.€. IPOCTPAHCTBO-BPEMSI BCErO JIAIIb ILJION
BOOOpakeHust, yI0OHDBIN HHCTPYMEHT MO3HAHUS, TOLIA YTO SABJIS-
eTCsl IPUYUHOI IpaBuTanuu, eciu ue ero uckpussienue? (Fayxman,
[24, ¢.183]).

5. Peasvrocme Mupa cobwmut sxcnepumenmanvroll daxm
(Kosbipes, [104]).

Nmeercs B Buay 3assienue uspecrHoro acrponoma H.A. Ko-
3bIPEBA, YTO €My C I[IOMOIIbIO CO3/AHHON annaparypbl y/IaJI0Ch
MOJIyYUTh CUTHAJIBI W3 TOTO MECTA, T/I€ B JAHHBIH MOMEHT HAXO-
JIUTCS 3BE371a, & TAKKe €Ile U3 IBYX MecT: 1) MecTo, rie oHa ObLia
B IIPOIILJIOM, KOT/Ia ObLI UCITYIEH CBET, JOCTUTIIHN 3eMJIUd B MO-



52 I'masa 1. IIPOCTPAHCTBO, BPEMSI,..

MmeHT HabsozeHus (MECTO BUAUMOrO u300pazKeHusi C TOYHOCTHIO
10 pedpakuuu), u 2) TO Mecro, rie Oyaer HAXOAUTHCsH 3Be3/a B
TOT MOMEHT, KOTJ[a €€ JOCTUT Obl CBETOBON CUTHAJ, TIOCIAHHBIN C
Bemnu B MoMmeHT HabmoneHus [87, ¢.160-166].

Oxrcnepumentsl H.A. Ko3bipeBa ObLIM MOBTOPEHBI UCCJIEI0BA-
rensgmu u3 Wucturyra maremarnkn CO PAH (r. HoBocubupcek)
[86, 111, 112], [87, ¢.160-166]. Ouu yrBepKuanu, 4ro GbLIU 06-
HAPY?KEHbI MIHOBEHHDIE BO3JAEHCTBUS OT 3BE3J, KOTJA T€ HAXO-
JIUJIUCh Ha CBETOBOM KOHYCE TIPOILJIOrO W OyIyLIero, B BEPIIUHE
KOTODbIX HAXOJAMJIaCh almaparypa HadJogaress. Hade roBops,
KOTJIa 3B€3/Ia W anmnaparypa ObLIn pas3eeHbl HyIeBbIM HHTEePBa-
aom ds? = 0. Kpome Toro, curnaj (hUKCHPOBAJICH OT MCTHHHOIO
HOJIOXKEHMSI 3BE3/1bI.

Kaxk Bugum, aprymentoB neMuoro. Ilpuuem He Bce u3 Hux yoe-
JIUTEJILHBL 71 KaXKI0r0 (bu3uKa.

1.3.4. /IBoiicTBeHHBIII XapaKTep NPOCTPAaHCTBA-
BpeM€EHU

B kHure [66] orMedasics JBOWCTBEHHBIN XapaKTep MPOCTPAHCTBA-
BPEMEHU: C OJHON CTOPOHBI KaXKIasi €ro TOYKA — ITO CyOCTaHIHsI-
0b6bekT, 0 9éM mucaa MUHKOBCKHUil, a C APyroi CTOPOHBI, TOU-
KH — 9TO 3j1eMeHTapHbIe coObITHsA. Ho cOOBbITHS, HAIIpUMED HCTOPH-
JecKue COOBITHS, Belllb KPaiiHe PaCIIbIBUATAs, HEONPEICTEHHA,
MHOTOJIuKast. JIUK COOBITHS — €CTh MPOSIBJIEHNE HEKOTOPO COBO-
KY[OHOCTH WHIMBH/YAJbHBIX CO3HAHUI. MHOroMKOCTh (MHOrOBa~
puanTHOCTH) Mupa — 310 coObITHIIHOE NPOSBIIEHHE MHOrOOOpa3us
UH/UBU/YATbHBIX CO3HAHUI — CyOBEKTOB pa3yMa.

N3BecTHast B KJIACCHMYECKOW MATEMaTHUKE YHCIOBAS XapaKTe-
PUCTHUKA MHOTOJIMKOCTH COOBITHS — 9TO €r0 BEpOATHOCTH. V3yde-
HUE CBA3U COOBITHHHOrO MO/X0/Ia, BEPOITHOCTH, Beleli (Marepun)
U CO3HAHUs MpeJMeT HOBOM HAYKU 96€HMOA02UL, PAZBUBAEMOI
0O.}O. BopobbéBbiM 1 ero yuenukamu [22, 117].

NunuBuayabHble CO3HAHNWS KBAHTOBO CBSI3aHBI C OECUMCIIEH-
HBIM MHOXKECTBOM JIMKOB BEIEi, YTO OTPAYKAETCS B CYIIECTBOBA~
HAW MHOXKECTBA JIMHEHHO YTHOPAIOYEHHBIX IBOIOMUOHUDYOIIUX
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peaslbHOCTEeH, T.e. MHOXKECTBA PA3JIUIHBIX ITPOCTPAHCTB-BPEMEH.
Bor (coBoKynHOCTb WMHAMBU/YaJIbHBIX CO3HAHWI) LOPOAMJ He
onma Mwup, a MHOKecTBO [71, .310].

BepogTrHocTh cOOBITHS — 3TO HE TOJBKO YHCIO YIAIHBIX HC-
XOJIOB B CEpUU UCIIBITAHWIT, HO, CKOPEe, YUCJO MUPOB, B KOTOPBIX
cobblTre HAOJIIONAETCH.

ITockonbKy MHOTOBapWaHTHOCTH Mwupa coObITHii, T.€. CyIIe-
CTBOBAHUE MHOXKECTBA IBEPETTOBCKUX MHPOB, — BEIlb, MTOHUMa-
emMasi C TPYJIOM, TO CODBITHS 9ACTO HAIEIAIOTCH arpuOyTOM CIIy-
vaiinoctn. Crnyvaitnocts, o Ieresio, — 910 Hermo3nanHnas HeoOXo-
JITMOCTD, ¥ TIO3TOMY BCE MCXO/IbI UCTIBITAHUS PEATUIYIOTCS C HEM3-
0eXKHOCTBIO, HO B Pa3HBIX Mupax. Ho mo3HaHwe Apyrux MUpPOB
JIOCTOBEPHO [IJIsi CO3HAHUS JIUIb B CIy9ae WX HENOCPEICTBEHHO-
ro cosepuanusg-nabmoaenus. [Ipunnunuanpbuoe orpaHuyeHne Ha
BO3MOXKHOCTb CO3€pLaHus-HabI0AeHus APYruX (LapaJiiebHbiX)
MUPOB MPUBOJIUT K TOMY, YTO MBI KOHCTATUPYEM CJIYIAHNHOCTD WIC-
XOJIOB WCIIBITAHUS.

1.4. TI'paBuranus

Ilox epasumayueti mMeeTcss BBUIY CBONCTBO TeNl TPUTATHBATH
JPYT JpyTa.

Heioron mucam: «Ilom ciooBoM «mpuTsKeHHE» s Pa3yMero
371eCh BOODIIE KaKoe ObI TO HU OBLIO CTPEMJIEHNE TEJT K B3ANMHOMY
COJTMKEHUIO, TIPOUCXOIUT JIX ITO CTPEMJIEHUE OT JEHCTBUS CAMUX
TeJI, KOTOPhIE WJIM CTAPAIOTCH NPUOIU3UTHCS APYT K APYTY, WA
KOTOPbIE MPUBOJAT JPYT JIPYra B ABUKEHUE IMOCPEICTBOM HCITYC-
KaeMoro 3dupa, uim 3TO CTPEMJIEHUE BbI3bIBAETCH 3(DUPOM HJIU
BO3yXOM, UJIA BOOOIIE KAKOK-THO0 CPEIOI0, MATEPUATHHOI UJIN
HEMATEPHUAJIHHOIO, 3aCTABJISIONIEH TOrPYKEHHBIE B HEE TeJIa, MPH-
BOJMTD IPYT Apyra B apuxkenues [134, c.244]. [Tpuuuny «csoiicTs
CUJIbI TSTOTEHWS $ JI0 CUX [OP He MO BBIBECTU U3 sIBJICHWIA, TH-
[OTE3 2Ke si He U3MbIILIAI0. Bee ke, 9TO HE BBIBOAUTCS U3 fABJIE-
HUH, JOJI’KHO HA3BIBATHCS 2UNOME3010, TUTIOTE3aM Ke MeTad3n-
qecKuM, (HU3NIECKUM, MEXAQHUIECKUM, CKPBITHIM CBONCTBAM, HE
MEeCTO B IKCIEpUMeHTAJbHON dumocoduu. B takoit dumocodun
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MPE/JIOKEHNS BHIBOAATCH M3 SBJICHUI W 00OOIIAIOTCS ITOMOIIUIO
naBezierus. Tak ObLIM U3y9€HbI HEIIPOHUIIAEMOCTD, IIOABUKHOCTH
¥ HATIOP TeJI, 3aKOHBI IBUKEHUS 1 TATOTeHue. JIoBOTBLHO TOTO, UTO
TATOTEHNE Ha CAMOM Jiejle CYIIECTBYET M JefiCTBYeT COTVIACHO M3-
JIOXKEHHBIM HAMW 3aKOHAM, U BITOJIHE JJOCTATOYHO [IJIsi O0bsICHEHWS
BCEX JIBMKeHHIT HeGeCHBIX Tes 1 Mops» [134, ¢.662].

M.B. JIoMOHOCOB B CBOE BpeMsI HE MOT COTJIACUTHCS C TEOPH-
eii rpaBuTanmuu HbioTOHA, MOCKOJBKY HE MOT COTJIACUTHCS, HUTO
OJTHO TeJIO JeHCTBYeT Ha JIPYyroe Ha PACCTOSHHM 0e3 KaKnx-snbo
MPOMEXKYTOYHBIX areHToB. OH TOBOPHUI O TOM, 4TO IPUIUHON TPO-
SIBJICHUS TMPUTSIKEHUS SBJISETCH <«TATOTUTEIbHAS MaTEPUsy», Ha-
nosHsomas Beenennyo. BaanMopaeiicTBue 9acTHIl 3TO MaTepun
¢ TejlaMu U BbI3bIBAET 3(deKT Tarorenus: apyr K Apyry. B 1782 r.
ZK. Jlecaxx mpeamnosioxuii, B 00IIEeM-TO pa3BUBas MbICJIb JIOMOHO-
COBa, YTO BCIO BCEJIEHHYIO 3AIOJHAIOT OECYMCJIEHHbIE OY€Hb Ma-
Jible «MUPOBbIe» dacTuilbl. OHU JBUNAIOTCS XAOTUYECKU BO BCEX
HAIIPABJIEHUAX C OYEHDb OOJIBIINMH CKOPOCTSIMU U IIPHU COYJIAPEHUN
C TeJIaMU TIePeIAIOT UM CBOI mMIyabe. Tesa aABASIOTCS APYT I8
JAPYTa 3KPAHOM OT ITHUX YACTHIl U PA3HUIA TIEePeJAHHBIX UMY b
COB CO3/IA€T CHUJIy TSTOTEHWS ITUX TeJ.

OO61ast Teopust OTHOCUTEIHLHOCTH TPAKTYET TPABUTAINI0 KaK
KPWBU3HY TPOCTPAHCTBA-BpeMenn. [loTeHnmabl rpaBuTaImOHHO-
TO TIOJIsl, & UX JEeCATDh, — 3TO METPUKA MPOCTPAHCTBA-BPEMEHH, UJIH,
Ha s3bIKe 1 GePeHIuaAIbHON TeOMETPHUH, TIePBasd KBAIPATHIHAS
dopma, ¢ IOMOIIBI0 KOTOPOH MU3MEPSIOTCs JAJIUHbI MUPOBBIX JIH-
Huil, wiomaau u oobeMbl obsiacreil, (BHyTpPeHHsis) KPUBU3HA.

OTO paer o6bscCHEeHHE IPUPOIE TPABATALUY ([IPUTIIKEHUIO),
TOBOPs, YTO MbI HAOJIIOJAEM CUAY NPUMANCEHUSA, TTOCKOJIBKY TEJIO
OKa3bIBAETCH B TOYKE IPOCTPAHCTBA-BPEMEHU C HEHYJIEBON KpPH-
Bu3HOM. KpuBusna mpocTrpancTBa-BpeMEHN W €CTh TPUYUHA T'pa-

puTarmm' .

H BnpoueM, Mak-BHTTH cunTal, 9TO CKa3aTh, <ITO TATOTEHHE €CTh IIPOSIB-
JIEHVWE KPHBU3HBI YETHIPEXMEPHOIO F€OMETPHUIECKOI0 MHOT000PA3Us, 9TO 3HA-
9UT O0O'bACHUTH HEKOTOPYIO TaifHy ¢ MOMONIBIO 3ara/iKi U IPUAATH dU3nde-
CKO€ 3HAYMEHUE OQHON N3 MATEeMATHIECKUX (DYHKIHI, IOIE3HON IPU ONUCAHIHI
dusuueckoii curyarun» [120, ¢.24]. VHade roBops, KpUBHU3HA, 110 €0 MHEHHUIO,
KaK U II0JIe, HAIPUMED IPABUATAIKOHHOE, — 9TO He 00Jiee IeM BCIOMOIATEIbHOE



1.5. AHTUI'PABUTALIUS 55

1.5. AHTHUrpaBuTaIugd

ITon anmuepasumayued MMeeTcss BBUIY CBOMCTBO T€J OTTAIKH-
BaTh APYT aApyra. Hawe rOBOpsi, siBJI€HWE OTIAJEHUS OIHOIO Te-
Jga ot apyroro. llpuyuem 310 OTTA/NKMBAHWE HUKOWMM OOpPa30M HE
00s13aHO HAJIMYUIO Y ITUX TeJI OJHOMMEHHOTO JJIEKTPUIECKOTO 3a-
pana.

Hunanektwdeckuii B3risia Ha Ilpupomy tpebyer cymrecTBoBa-
HUsI AHTUTPABUTAIMU HAPABHE C TPABUTAIMEH, IIOCKOIBKY ITO /IBA
[IPOTUBOCTOSAMINX [IOJIIOCA, ABE IPOTUBOIOIO)KHOCTH. VI XOT9 B Ha~
mreit TpaKTUYIeCKON AedaTeJbHOCTH, B HAallleil TTOBCETHEBHOCTHU, B
HAIel ICTOPUIECKON IMTOXe HET MECT, /IJI AHTUTPABUTAIINHN, OHA
JIOJIKHA MPUCYTCTBOBATH BO Brermuem Mupe. U eé caenyer obna-
PyKUBaTh.

Kocmosorngeckasi aHTUTDABUTAINS, CBI3AHHAS C KOCMOJIOTH-
9eCKOH TMMOCTOSHHOM, crtocobcTByeT ToMy, uTo Beenennas siBiisier-
cs NPOCMPaHCMEeHHO 60AbwWol. XOTsS HE COBCEM MTOHATHO, TOYEMY
ona croJib Gosibimasi. ObIas Teopusi OTHOCUTEIBHOCTH MPEICKa-
3BIBAET TAKYKE AHTUTPABUTAINI0 B Ma.A0m. HO €8 cMBbICT HesiceH,
KaK HE sICHO, HACKOJIbKO CXOXKU AHTUT'DABUTAINS B «MAJIOM» U B
«DOJTBIITOM ».

1.6. Kpususna

OO61ast Teopusi OTHOCUTEIBHOCTH CO3JaBaJIaCh JUHIITEHHOM KakK
TEOPUS TPABUTALIUY, T.€. IPUTHAKEHUs. | DaBUTAIIUS, KAK €My Ka-
3aJ10Ch, TTPOSIBJIAETCS KaK KPUBU3HA MPOCTpaHCTBA-BpeMenu. Ilo-
CKOJIBKY HHUKTO He HabJIIONAJ MaJal0IUX BBEPX BEIIei, TO BOMPOC,
MOKET JIM KPUBU3HA MPOSBUTHCSA KAK OTTAJIKHBAHUE, KAK-TO BBI-
najan u3 BHUMaHUA. Bce cuibl mecaemoBareneil Obuim HApaBJIe-
HBI HA TPODJIEMBI MA20MEULeT MAMEPUL, U XOT CaM DIHIITEHH,
BBO/Isi KOCMOJIOTMYECKYIO IIOCTOSHHYO, BBEJI B TEOPUIO aHTHIDAa-
BUTAIMIO HA DOJBINOM paccTosiHnu, a I'mianbepr [236] m Baysp
[188] oOHapy KUK €€ HA MAJIBIX PACCTOSHUSX, BCE ITH CTPAHHBIE,
HENPUBBLIYHBIE TIPOSBIEHUS KPUBU3HBI HE CINTATUCH XaPAKTEPHBI-

cpeacTBo npwm Bbraucaenusx [120, ¢.25].
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MU JIJIst ODIel Teopur OTHOCUTETHLHOCTH U MOITOMY HE BKIIIOYa-
JIICH B yI€OHUKH.

O6napykenue mémHolt sHepzuu, T.e. AHTHTATOTEIONEH Ma-
TEPUHU, TOBOPUT HAM O TOM, 9TO ODINAsi TEOPHs OTHOCHUTETHHO-
CTU HE €CTb TeOPHs TOJBKO TATOTEIONIedl MATEepUH, a €CTh TeO-
pusi IPOCTPAHCTBA, BPEMEHU U Marepuu. Marepusi uckpusJjisier
MPOCTPAHCTBO-BPEMSI, ¥ KPUBU3HA MPOSBIIIETCA TO KAK MPUTSIIKE-
HUE, TO KaK OTTaJKuBaHue. Il 3T0 OMo3HAETCS 10 3HAKY KPUBU3HbI

Puaan Ric(u) = Rijpu'u®, roe v — 4-ckpocts matepun'?.

1.7. Speculatio

1. Akagemux B.J. BeprHaickuii cBA3LIBAS KU3HbB C OCOOBIM
COCTOSIHHEM IIPOCTPAHCTBA-BPEMEHH:

«IIpomeccsl, cozparomue >KuBOe, €CTECTBEHHOE TEJI0, HeoDpaTH-
MBI BO BpeMeHU. BO3MOXXHO, 9TO 3TO OKaKeTCs CJI€ICTBHEM OCO-
60oro coCTOAHUSA IPOCTPAHCTBA-BPEMEHH, HMEIOINero cybcTpar,
OTBedAOIWUil HeeBKJIUAOBOH reomerpmus (B.M.Bepranckwnii,
1991, [16, c.176]).

PeanpHOCTh TpOCTpaHCTBa-BpeMeHUn Kak Mwupa c TiceBji0eB-
KJINIOBOM reoMeTpueil CBsi3aHa ¢ TeM, 4To obmasd rpynmna Jlo-
PEHIIa 3alpeIaer HelpepbiBHbIE 00PAIIEHNS BPEMEHN U 3€PKaJIb-
HbIE OTPayKeHust 0e3 BbIPOKJIEHUN. DTO U €CTh 0C000e COCTOsTHUE
MPOCTpaHCTBa-BpeMenun 1o Bepuajackomy. PeamrbHOCTH — 3TO TO,
9TO poKIaercsa co3HaHueMm (Jozeit). Mbl HE MOXKEM MOMEHSATH
HeMpepBhIBHO MpaBoe Ha JieBoe. TakoBa PeanbHOCTH, CO3MaHHAT
HaMH, IO3TOMY U CO3/IaHHAs HAMHU IICEBIOEBKINI0BA PeasbHOCTH
(IpocTpaHCcTBO-BpeMsi) PeasibHa.

Ocoboe cocTosiHME TPOCTPAHCTBA-BPEMEHN: UTO MO TUM CJIe-
ayer noHuMarh?! HeobpaTuMocTh — 3TO KOHCTATAIMST ACHMMET-
puu. nade roBops, T0, YTO MOHUMAETCs O] COCTOAHUEM IIPOCT-
PAHCTBa-BpPEMEHU, MOJIKHO COIEPYKATh, HAMPHUMEDP, HEKOTOPOEe
HECUMMETPUIHOE OTHOIIEHUE MEXKy COOBITUSIMHU TMPOCTPAHCTBA~
BPEMEHH.

2Ty AK. O6 uctounukax anturpaputanuu // MaremaTudecKue cTpyK-
Typsl 1 Mogesauposanue. 2017. Ne 3 (43). C. 5-11
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ITepexon K HECUMMETPUIHOMY OTHOIIEHUIO, KOTOPBIH [Jisl de-
JIOBEKA €CTECTBEHEH, IOCKOIBKY OH Y€TKO 3HAET, YTO MPOILIOe HE
BO3BPAIIIAETCST, MOXKET O0bSICHIATHCS CJIEIYIONAM 00Pa30M.

Mup cOOBITHIT CTAHOBUTCST HECUMMETPUIHBIM CPA3y MOCJE TO-
ro, Kak B HeM nosBisiercd Habmromarens — detoBek. B cuy camoii
opraum3arun Habmomarens Kak oObeKTa, He cnocobHozo ompa-
3umo 6 cebe Bech Mup coObITHI yeaukom, OH BocipuHIMaeT Mup
C TEMU WJIM MHBIMU OrpanudenusiMu. st 4ejoBeka 3T0 Orpanu-
YeHUe CBOAUTCS K MOHSATHIO BPEMEHU, KOTOPOE «TEUYET TOJBKO OT
MPOIIJIOTO K Oy/IyIiemMy ».

2. Kaxercs, B OIHON W3 KHUT DHTENHCA OBLIA BBHICKA3AHA
MBICJIb, 9TO €CJIM 9€JI0BEK MOJONUIET K «PDAHUIIE> TPOCTPAHCTBA U
CZIeJIAeT Tar BOBHE, TO JOCTPOSTCS HOBBbIE KyOOMETPHI MPOCTPAH-
crBa. U Tak KaxkIblii pa3, KOraa IOAX0IAT K «TPAHUIE» TPOCTPAH-
cTBa.

Heuro nonobuoe waxomum y Baprunu: « 4 nymaro, 9To He cie-
JIyeT TIPeJICTAaBIATh cebe OeckoHeuHyio BceejeHmym TakuMm 0Opa-
30M, YTO BOKDPYT HAC TaJaKTHKA 3a TAJAKTUKON DPACIpeIeIeHbI
6ostee niin MeHEe pAaBHOMEPHO 6€3 KOHIA B OECKOHETHOM 3-MEePHOM
npocrpanctse. g mymaro, aro IIpuposa KBaHTOBaHa HE TOIHLKO B
MaJIOM, HO U B OOJIBIIOM: BBITEKAIOIIAS U3 COBPEMEHHOW TeOpuH
3aMKHYTOCTh, KOHEYHOCTH SIBJIAIOTCSA aTpubyTamu He BcegeHmHoi
KaK IeJI0T0, a JIWIIb OTAEJIbHBIX 9acTeil 3TOro 1eIoro. Boime Mbr
BUJIETH, 9TO MPOTAKEHHOCTH MPETEPIeBA0T Pa3pbIBbI Ha PyOe-
Ke p (KHHEMATUYECKUI MPABUTALMOHHBIA PaJMyC JIEKTPOHA), T
(ks1accuueckuil paauyc 31eKTpoHa) u R (pajuyc Hamero KocMmu-
YECKOrO CKOIJICHUs ). DTa METaraJakKTUIecKas CUCTEMa KOHEUHA
U 3aMKHYTa, OHA SIBJITETCS KOCMOJIOTHIECKUM «aTOMOM»>. OCHOB-
Hast OITMOKa OyprKya3HbIX yUYEHBIX B 9TOM BOIPOCE 3aKJIIOYAETCS B
TOM, 9TO OHU OTOXKJIECTBJISIIOT 3Ty KOHEUHYO dacTuily Beenennoit
¢ Oeckomeunoit Bcemennoit, momobHo TOMy, KaK B JPEBHHE Bpe-
MEHA HAIla IJIAHETa OTOXKJIECTBJIsiIach ¢ MupoM. MHe kaxercs
BO3MOKHBIM, 9TO MPOCTPAHCTBO HE CYIIECTBYET B «TOTOBOI», CTa~
TUYECKOU «(OopMe» W BHE HAIEHl CHCTEMbBI; MOXKET ObITh, YTO U
BHE HAIIIETO KOCMUYECKOrO CKOILJIEHNST TPOCTPAHCTBO TeHEPUPYeT-
Csl OCJIEIOBATENBHO, CKAYK000pa3Ho, Gecupenesbuos [9, ¢.86].



I'maBa 2

Kaaccnueckada joruka
N KJAaCCHYeCcKNil aHaJns

Ilens m060# HayKW — MOTydIeHUE UCMUHHGLE 3HAHAN 00 00Db-
eKkTe uccaenoBaHusd. TOJbKO MCTUHHbIE 3HAHUSA TAPAHTHPYIOT, B
CIy9ae WX WUCIOIH30BAHNUS, TOCTUYKEHNE MTPAKTUIECKN 3HAYUMOTO
pesyabraTa. [lonck MCTUHHBIX 3HAHUN BEIETCH KAK MOCPEICTBOM
9KCIIEPUMEHTA, ONbiIMa, TaK U ITOCPEICTBOM YMOIPUIMEALHOLL T0-
cmpoerud.

I pa3IuYHBIX MCTOPUYECKHUX SIMOX HUEJIOBEYECKOTO ObITHS
[IPU TIPOBEIEHUN UCCIEIOBAHUS XaPAKTEPHBIM SIBIISIETCS OTIAHUE
MPEIIOYTEHNS TO YMO3PHUTEIbHBIM KOHCTPYKIMSAM, TO KCIEPH-
MeHTa bHbIM fAeficTBusiM. Ho fist 110001t 9110X¥ BayKHBIM ABJISAETCHA
MPOSICHEHHE BOMTPOCA: B KAKOI Mepe ucmuMHo TO 3HAHNE, KOTOPOe
JI0OBITO B XOZIe TTPOBEJEHHOTO MCCJIEIOBAHIS !

[Ipousnecs cjI0BO «HCTUHHO», HCCJIEIOBATENDL IIPEAKJIE BCETO
JTOJIKEH 3a[yMaThCsT HaJ, €r0 COMEPYKAHNEM U OTPEIETUTHCS C €r0
CMBICJIOM.

Jlozuka, noruvyeckue 3aKOHbI, [0 MHEHUIO 3HAMEHUTOI'O JIOTHKA
Dpere, HAMPABIEHBI HA PACKPHITHE COMEPKAHUS CIIOBA, UCTNUHHO.
st 9TOTrO JIOTMKA TIpe/jIaraeT WCCJIeIOBATENI0 HAbop donycmu-
ML CPEJICTB PACCYKIEHNUsI, KOTOPBIE IIPEJOXPAHSIOT HAC OT OIIU-

58
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6ok i 3abmmy K aenuit [127, ¢.19].

Jlobast HaydHast KHUTA, CTAThs U T.J[. U3JI02KEHbI, HAITMCAHBL B
COOTBETCTBUM C TE€M, UYTO B HAYIHOM COOOIIECTRE TOHNMAETCS TIOT,
CTPOTUM HAYYHOM M3JIOYKEHWEM IpeJjIaraeMoil TeOpHuu, MmoJrydeH-
HBIX BBIBOJIOB, JIOCTUTHYTBIX pe3ynbTaToB. CoBpeMeHHbIH (u3nk
HCIOJIB3YET B HAYYHOM MOUCKE, MIPU MOJIYIEHUN ¥ U3JIOXKEHUH Pe-
3YJBTATOB KJIACCHIECKYIO d6y3nauwnyto aozuky. OH He uzydaer eé
CIENUAJBHO, MOJJ0OHO TOMY, KAK 3TO IPOUCXOAUT IPHU 00yUEHUH
IOPUCTOB, HO OBJIAJIEBAET €I0 B XOJIe TTOJIYUIeHWsT 00pa30BaHMs de-
pe3 uTeHne y4eOHWKOB M CTaTeil, KOTOpbIE CIIy’KaT JIJisi HEro 00-
PA3yOM TIPOBEJICHUS NPABUAbHBLE paccyrcdenutd. Camu 0OpasIbl
ot cpopmuposannt B kKoure X VII u 8 nagame XVIII Beka.

2.1. Kiaccuuyeckad JIorukKa

CoBpemenHas HAyKa OCHOBBIBAETCSI HA TOM, YTO BBICKA3BIBAEMbBIE
B XOJIe HAYYHOIO aHAJM3a YTBEPXK/ICHUS ¢ HEOOXOAUMOCTHIO JoKa-
av8aromes. JlokazareabCTBa MPeACTaBiIsdioT cOO0H TEKCThI, KOTO-
pble THITYTCS B CTPOTOM COOTBETCTBUU C TPUHSATHIME KAGCCUYE-
CRUMU A02UY%ECKUMU npasusamu (3akonamu). [IpaBuia s1u ycra-
HOBWJIMCH HA MOMEHT HAYAJA MOXU KIACCHYECKON HAYKU U ObLIH
copmynupoBanbr Apucrorenem, JIelbauneM U IPYrUMEA JIOTHKA-
MU.

B wamm guu busuk, nsnaras BHITOTHEHHYIO padOTy Ha Oyma-
re, MOIYAC HE 3ayMbIBAETCS HAJI T€M, UTO OH CTPOrO COOJII0IAeT
9TH npaBwmia. /Jisi HEro OYEBMIHBIM SIBJISIETCS MTPABUIIO, COTJIAC-
HO KOTOPOMY <«IIPOTHBOPEYAINUE OIHO APYrOMY YTBEpP:KICHUs He
MOr'YT ObITh UCTUHHBIMUA OTHOCHUTEIHLHO OJTHOTO M TOIO XK€ IPe/i-
Me€Ta B OJJHO U TO K€ BpeMdA U B OJJHOM U TOM 2Ke CMbICﬂe»l. HO
BEIIb 3TO MEpBOHAYANIbHASA (DOPMYJUPOBKA TAK HA3BIBAEMOTO 3a-
Kona npomusopevus Apucrorens [127, ¢.32].

1970 camo coboit pasyMeromIeecs s HAC JOTHIECKOE TIOTOKEHHE COBCEM
He 6BLI0 TAKOBBIM B 3TIOXY AHTHIHOCTHU. B IIATOHOBCKOM AMAIOTe «DBTHIEM>
ONICAHO, K&K JBA 6paTa NOGeKJIAI0T B CIIOPE CBOUX ONIOHEHTOB, Yy TBEPXK A,
9TO OTBET <HET» HE MCKJIOIAET OTBETA «Jay. «Pa3Be MOYTEHHOE HE €CTh BCe-
r/1a HOYTEHHOE, a HU3K0e — Hu3Koe? — cnpamubaer ux COKparT. «DTO Kak MHE
Hpasurcsy, — orBedaer Juonucomop» [127, ¢.32].
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WNuatwe roBopst, camo coOO Pa3yMEOIUMCs SIBJSIETCS ITOJI0-
JKEHMe, 9TO HAYIHbIE BLICKA3BIBAHUS HE JTOJIKHBI IPOTHBOPEYUTH
apyr apyry. Bosee Toro, cTOIb ¥Ke eCTECTBEHHBIM CUMTAELTCS TTOJIO-
JKeHne, UTO YyCTAHOBJIEHHOE, JOKA3aHHOe yTBEp:KIeHne A TMOJIHO-
CTHIO UCKJII0UAET UCTHHHOCTH YTBEPIKICHUS He-A. DTo yiKe 3aKoH
UCKAMOUEHHO20 MPEMbE20, PASPEIIAIONINN BECTH TOKA3ATETHCTBA
«OT MPOTHUBHOTO.

Taxum 06pa3oM, JIErKO BUJIETDH, 9TO BCE T€ PACCY 2K/ IEHUST, KOTO-
PBIMHU HAIOJHEHB! YIeOHUKYN (DU3NKW, CTATHU W MOHOrpadUH, BCe
OHM CTPOr'O COOTBETCTBYIOT 3aKOHAM KJIACCUYECKOW apUCTOTEJIEB-
ckoit toruku. [TocKOIbKY CyIIEeCTBYIOT U dpy2ue JTOTUKY, HE MeHee
crporue u (popMATU30BAHHBIE, YEM KJIACCHIECKasi, TO 3TO O3HAYA-
€T, 9TO PE3YJIBTAThI, IOJYyYEeHHBIE B X0/I€ TPAMIIMOHHbIX (pusude-
CKUX TEOPETUYECKUX BBIKJIAIOK U TPAJUIIMOHHBIX WHTEPIIPETAIIAN
9KCIIEPUMEHTAJIbHBIX TAHHBIX, ABJISIOTCA TaJIEKO HE TOJHBIMH U
OTHIOAL He mcuepnbBaommu. OT9acTun HA 9TO HAMEKAET KBaH-

TOBad MEXaHHKa, JIOTHKa KOTOpOfI HE ABJIAeTCA KﬂaCCH‘{eCKOfIQ.

2.2. Kunaccudeckoe nuddepeHImaabHOoe
NCYUCJIEHUE

Qusuka mHembicauMma 6e3 nuddepenuanbubix ypaBHeHuii. Teo-
pust nuddepeHuanibHbIX YPABHEHU — OCHOBA TEOPETUIECKOTrO
uHCTpyMenTapus coBpemenuoit dusuku. [lossuica stor macTpy-
MeHT mo3HaHus Buermnero Mwupa mo obmapomoBanust HbroToHOM
CBOWX 3aKOHOB (PMBUKH, HO MOJYIHJ JIOTHYIECKOe ODOCHOBAHHE
cBoeil (Kiaccudeckoit) ncrnunaocTy auib B XIX Beke.
Tpamunmonto cunTaercs, 9To auddepeHmaaIbHOe ypaBHe-
HU€ — 3TO yCJIOBHE, KOTOPOMY JIOJ2KHA Y/IOBJIETBOPATH CKOPOCTH
(uim ycKkopeHue) U3MEeHSIOWENCs BeJUIUHbL, OLUCHIBAIOIE B0~
gronyio (usuueckoit cucrembl. Ho mpu BHUMATETBHOM U3y YeHUN
BOIIPOCA, PACKPBIBAETCH OoJtee TiiyboKas CyIHOCTH Crocoba u3y-

2ZLaBHO 3aMeYeHO, UYTO KJIACCHIeCKHAHN ABYXIeJIeBOH IKCIePUMEHT He ONH-
CBIBAeTCS B PaMKaxX KJACCHYECKOH JIOTHKH, YTO U MOCJIYXKUJIO IOBOJOM I
co3manust 0cobo# KBaHTOBOI soruku [72].
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vennsa Bmermero Mupa ¢ momorbio gudGepeHnnaabHbIX ypaB-
HEeHUN.

2.2.1. nddepennuaibHoe ypaBHEHHUE:
4TO OHO O3HAYAET?

ITycrpb cocrosinne pu3mveckoil CUCTEMBI B MOMEHT BPEMEHHU ¢ OIlH-
coBaercst dynxkupedi f(t) € IR". Ecrh n Kakas-To CBSI3b MEXKILY
cocrostTHueM (DU3MIECKONH CHCTEMBI B Pa3Hble MOMEHTHI BPEMEHH,
ckaxkeM, B MOMeHTbI ¢ u ¢t + h (h > 0)7 OubIT Kj1accu4eckoil Hay-
KM TOBOPHT, 9TO 3TO MOYKET OBITh IIPUIAHHO-CJIEJICTBEHHAS CBA3b.
Cuumaemcs, 9T0 3HAHUE COCTOSTHUE B MOMEHT ¢ npedonpedessem
cocrognue B MOMeHT ¢+ h. MaremMarudecku 3T0 JOJIZKHO 03HAYATH
BO3MOXKHOCTE @viuucaenud f(t+ h) ¢ momornsio f(t).

B Takom ciry4dae, eciii Mbl CTOUM Ha TIO3ULUX 0emMepMUHUIMA,
TO JIOJ2KHBI UMETh ypaBHEHUE

ft+h) =F(th, f(1)), (2.1)

KOTOpOE IIPU CTPEMJIEHUU K IIPOCTOTE MOXKET CBOJIUTHCA K ypPaB-
HEHUIO

fE+h) = f(t)+ A(t, h). (2.2)

Eciu ke upe/uionaraem il 6epoamuocmmoe npedckasanue 6y-
0yue2o CUCTEMBI, TO JOJPKHBI UMETh yPABHEHHUE JIJIST BHIYHACICHUS
BepositHocTd P(t,t + h) mepexoma U3 COCTOAHUS CHCTEMbBI B MO-
MEHT ¢ K COCTOSTHHIO CHCTEMbI B MOMeHT t + h, T.e.

P(t,t+h) = A(t, h). (2.3)

B nerepmunucrckom ciyuae, npeanodaras, uro A(t,h) = a(t)h +
o(h), o(h)/h — 0 mpu h — 0, nomyaaem BMecTO ypaBHeHus (2.2)
TO, 9TO HA3BIBALTCSH QUPPEPEHUUAADHIM YDAEHEHUEM:

df .
a(t) = a(t). (2.4)
Cawmo xe ypasHerue (2.2) NepenuchBaeTCsa B BUIE:
fe+h)=f(1)+ ﬁ(t)h + o(h). (2.5)

dt
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DTOT caydail MPOJUKTOBAH KJIACCUIECKON TPAKTOBKOM Oeckoney-
1O Maa0l BesauduHbl o(h) B MaTEMaTUYeCKOM aHaJu3e, KOTOpasi
CBSI3BIBAETCS ¢ mMMeHeM dpaniy3ckoro maremarnka Kormm. Ilo
onpesenennio, o(h) ectb GeckoHewHO MaJsasi ipu b — 0 Gosiee BbI-
COKOTO TIOpSiZIKa, 9eM i, ecam Jis Beakoro € > (0 Haiimercss Takoe
§ > 0, gro Kak To1bKO |h| < §, T0 |o(h)/h| < €. D10 OnpeaenEHNE,
9Ta (ppasa B COOTBETCTBUM C NPUHIMIAMU MATEMATHKHU, BBOIA-
meil Becerna ayist pas3 eCTeCTBEHHOIO si3bIKA (POPMYAbHYI 3AIUCH
HA A3BIKE CUMGBOA06, TPEICTABIACTCs (hOpMYJIOit
o(h)

dp, == = 0.

[TonsTHEe GECKOHETHO MAJIONH BETMYAHBI, OCHOBAHHOE HA, A3BIKE
€ — 0, npeoxkennoe Komu, He ABISETCS €IMHCTBEHHO BO3MOXK-
HOM.

B XVII-XVIII Bekax MHOrO paccyzKIaJjm MO-TIOBOAY TOTO, YTO
CJIe/lyeT MMOHUMATD 1O, GECKOHETHO MaJIOi BequvuHOl. Bouio sc-
HO, 9TO OHA «HE €CTh HyJh, HO BEIET Ce6s B M3BECTHBIX CIIyda-
sIX, KaK OOBIKHOBEHHBI Hynby [169, c.13]. Jlonurans (1696) mpu
OTepUPOBAHUY C DECKOHEYHO MAJION BeIMYnHON h mpenebperast ee
KBa,IPATOM.

[TosToMy BO3MOXKHA TaKas TPAKTOBKA TIPU ONPEIEJEHAN MTPO-
u3BoHOI df /dt: npunuMaetcs, ato o(h) = h? = 0, XoTs pu 3TOM

h #£ 0.
B rakom ciydae, Takxke mmeeMm audepeHnaabHoe ypaBHe-
HUE of
—(t) = alt 2.
(1) = al0), (26)
HO ypaBHenue (2.5) npumer y»Ke WHOW BHI:
_ df 2 _
ft+h)=f(t)+ E(t)h, h*=0. (2.7)

D10 yKe Heksaccudeckoe upexacrasiedne Gyukuuu f(t), 6azupy-
fomeecst, Kak Oyzer nokasaxo B dactu 11 (§ 18.5.3), Ha wHTYWIM-
OHHUCTCKOM JIOTHKE, JJI KOTOPOI He JeHCTBYeT JIOTHIECKAN 3aKOH
UCKJIFOYEHHOIO TPETHETO.
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Bonee Toro, nannHas TpakToOBKa OECKOHEYHO MAJIONH BETMIHHDI
HECOBMECTHMA, ¢ OOBIYHBLIM IIOHHMAHUEM h KakK JeHCTBATEIHLHOrO
YHCJIa, HO JOMYCTUMA, €CJIU PACHIMPUATH MHOMXKECTBO KJIACCHYIEC-
CKUX JeHCTBATEIbHBIX dnces IR 3a cuer mobaBiieHust beckoHewHo
MAABLT wucen co cBoiicTBoM h? = 0.

Ho B m060oM ciydae, KIacCHIECKOM W HEKJIACCHIECKOM, Tud-
depeHnmaIbLHOE YPABHEHNE — 9TO OJWH U3 CAMBIX €CTECTBEHHBIX
U TPATUIUOHHBIX CIOCOOOB MPOrHO3a, OyayIIEero cocTosinus -
3UYECKOIl CHCTEMBI TIO HACTOSAIIEMY ee cocTosHuio. Pa3uuma — B
Kauecmee Tpeackazanusa. Hekiaccuyeckue mpecKa3anust Oosee
I0JIHbIE, HoJiee BoraTble, OHH MHO208GPUGHIMHDL!

To, uro muddepenimanbroe ypaBaeHne — 310 3hdEKTUBHBIH
MHCTPYMEHT IpeJICKa3aHust OyIyIero, eCTb CJIE/ICTBHE PeasbHO-
cmu Mupa cobbrruit MUHKOBCKOTO, B KOTOPOM OYIyIIee yatce Ci-
wecmeyem, U TOITOMY MOKET OBITH omrcano. Bompoc: HACKOIbKO
TOYHBIM MOXKET OBbITH TO Onucanue B Hacrosdiem? Buaumo, 31ech
OymeT CcKa3bIBATHCS TO, HACKOIBLKO DJIM3KO Oy/ylee K HACTOSIIEe-

MY.

2.2.2. onyctumsbie TpaeKtopun auddepeHnn-
AJbHBIX ypaBHEHUI

ITockombKy Oymyinee cucTeMbl, TaK yzK ycrpoeH Hamt Mup, nems-
BECTHO, TO, pacmosiaras nuddepeHnalibHbIM ypaBHEHNEM, Hali-
JIEHHBIM I U3Y4YaeMOU CHUCTEMbBI, Mbl HAJEEMCs, U4TO OHO JACT
Ham Oyayee xz(t + h) cucremsl o ee Hacrosuiemy x(t).

BazkHO Ji1 IpK 9TOM 3HATD IPOMEXKYTOUHBIE COCTOSAHMA CHCTE-
MBI 2(8), t < § < t+ h? B kiaccudeckoM quddepeHnnanbHOM e
YUCJIEHUU TIPOIEypa perterns audHepeHuaaibLHOr0 ypaBHEHUs
IPH TIPEINOTIOKEHHN 2440K0CTNAY N3y9aeMbIX (DYyHKIMM, yIOBJIe-
rBopaAomuX AuddepeHnatbHOMy yPABHEHHUIO, JaeT HaM Hempe-
peiBEy®0 Tpaekropuio T(t,t + h) = {x(s), t < s < t+ h}, aBro-
MATUYECKHU TPEJOCTAB/IASA HAM OMUCAHUE BCEX MPOMEIKYTOUHBIX
cocrosHuiil cucrembl. IIpu 9TOM, U 3TO OUEHD BAXKHO, TPAEKTOPUS
T(t,t+ h) asisgercs TIaAKOil, T.e. HE UMeeT 3a3YOpuH, HU B OJHON
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rouke. Tem caMbiM 0DeCednBaeTCs OJHOZHAYHOCTD MIPHU MPEJICKa-
sanuu Oyaywero (IIumenos, [141]).

[TockosbKy 3BOJIIOIMST CHCTEMbBI PAa3BOPAYMBAETCS B IIPOCT-
PAHCTBe-BPEMEHU, TO JKEJIAHWE WMETb OJHO3ZHAYHO MPEeJCKa3ye-
Moe OyayIree CuCTeMbI OOECIIEINBACTCSA TEM, UTO C CAMOTO HAYAJIA,
MPOCTPAHCTBO-BPEMST PACCMATPUBAETCS KaK 2aadkoe MH02000pa-
3ue.

Ho eciin rimaikocTb IpocTpaHcTBa-BPEMEHH HEOJHO3HAYHA, T.€.
MOTYT CYIIECTBOBATH Pa3HbIe, MPUHIMNHUAIBHO PA3IUIHBIE TJIAI-
KOCTH, KOTOPbBI€ IJIIKYI0 TPAEKTOPUIO B OJIHOW TJIAIKOCTH HE Jie-
JIAIOT TJIAJKON B APYTO#i, TO OMHO u TOXke auddepeHnraabHoe
yPABHEHHE HE JAeT OJHO3HAYHOIO MPEJICKA3AHUS COCTOSHUS IS
Oymaytnero. Pazee 4To [OMyCTUTH, 9TO TPAEKTOPUS, SBIISIONIAs-
Csl HEIJIAJKON B Hawietd MIaJKOCTH, & 3HAYUT, HE UMEIOIIAs [IPaBa,
CUUTAThCSA pernierneM Hawezo nuddepeHInaIbHOTO ypaBHEHN I,
HE MOXKeT ObITh TpaeKTopueil nawwux cucreM. BoipucoBbiBaeTcs
CTPAHHAST CUTYAIUsT HATUYIUS UHBIX, TEHEBBIX, TAPAJIETbHBIX MU-
pOB.

Ecan e pazpemnth TpaekTopusMm guddepeHnuaibHoro
ypaBHEHHsSI OBbITh HEIVIAJAKHUMH, T.€. PACCMATPHUBATHL OOOOIIEH-
HbIE TPAEKTOPUH, ITepexo/is (pakTuIecKu oT anddepeHInaIbHbIX
YPABHEHUIT K MHTErPAJIbHBIM, TO CTAJKUBAEMCS C CUTYalysi MHO-
ropapnanTHoro Oyayiero (ITnvenos, [141]). CrouT s BOCTONE-
30BaThCs ITONH BO3MOMKHOCTBHIO, BOIIPOC CJIOXKHBINA, HO TO, HTO
Ha 4-MepHOM HpocTpaHncTBe-BpeMenn, romeomopduom R, cye-
CTBYIOT NPUHIUIIHATILHO PA3HBIE MIAIKUE CTPYKTYPhI, — HAY IHbIH
dakT, orkpbiThiii Maremarukoil B 1980-e roupr (cM. rui. 4).

2.3. Speculatio

1. Hayunoe mo3nanmne OCHOBBIBAETCA HA JIoruKe. JIornka — 3To
pa3pernieHHble, CTPOrO OTOBOPEHHbBIE TTPABUIIA, TIOCTPOEHNUS CYKIe-
HUH U BBIBOJA OJHUX CYXKJICHUU U3 APYTHUX.

3HaHWE 3aKOHOB JIOTUKHU CIIOCOOCTBYET COBEPIIEHCTBOBAHUIO
WHTEJ/IJIEKTA, YKA3bIBAET €My IIYTH K MCTHHE W MPEIOXPAHSIET €ro
OT OIIHOOK.
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YyscTBa He 06MaHBIBAIOT, a obMaHbIBaeT cyxiaenue (I'ére, [28,
c.151]).

2. «CoBceM HeZABHO, BILIOTH J0 KOHIA JEBSITHAJLATOIO Be-
Ka, MAaTeMATHIECKHE TEOPUH OOBITHO CTPOUIUCH HHTYUTHBHO WJIH
akcuoMarmdecku. JlpyruMu cjoBaMu, OHA OCHOBBIBAJIACH JTHOO HA
MHTYUTHBHBIX UJIEAX — UJEIX, TOUEPITHYTHIX U3 PEATbHOCTH, — OT-
HOCHTE/ILHO OCHOBHBIX MOHATHI TEOPHUH, JTUOO Ha CBONCTBAX ITHUX
MTOHATHM, BHIPAXKEHHBIX CUCTEMAMHU aKCHOM.

OHAKO MCTOPUYECKOE Pa3BUTHE IIOKA3aJI0, YTO YUCTO UHTY-
WTUBHOE IOHHMAaHHE TAKUX I[OHSTHI HEJOCTATOYHO KAaK OCHOBA
reopwmii» (Pacésa, Cukopcknit, [142, ¢.171]).

B nmaugane XX Beka joruk Burrenmreitn mucagi:

2.0121. Jloruka TpakTyeT KaXKIyI0 BO3MOXKHOCTb, 1 BCE BOZMOXK-
HOCTH CYTb e€ (PAKTHL.

Unm B apyrom nepesoge [17, c.5]:

2.0121. Jlorudeckoe He MOXKeT OBITH TOJBKO BO3MOXKHBIM. JIo-
THKa UMEET JIeJI0 C JII000H BO3MOXKHOCTBIO, a ee PaKThI CyTh BCE

BO3MO>XXHOCTH.

Ecmn yuects, uTo B KoHme XX BeKa PyXHYJIa KOHCTPYKIIAS
07, HA3BAHMEM <«KJACCHYecKas JOTHKa»>, I B 3TOM e XX BeKe
CO3/TAHO BEJIMKOE MHOXKECTBO WHBIX JIOTUK, TO BO3HUKAET BOIIPOC,
KAKOBA Ta JIOTHKA, YbU (DAKTHI CYyTh BCE BO3MOXKHOCTH?

U kakve BO3MOXKHOCTH HE CIIOCODHA TPAKTOBATH KJIACCHIECKAs
JIOTUKA, HA KOTOPOH OCHOBBIBAETCS MATEMATHIECCKUN armapar o0-
meit TeOpUM OTHOCUTEIHHOCTH !

3Kapuenko A.C. Jloruka na py6emxe Toicsaueserus. (MnrepHer-crarbs).



I'maBa 3

I'paBuTanmmoHHoe moJie
I IPOCTPAHCTBO-BpeMd

B 1915 romy, 6maromaps ycuauam Jinmreiina u ['uinbepra,
ObLTa CO37aHa PEIATHBUACTCKAS TEOPHUsS T'DABUTAINHU, HA3BAHHAA
SitatnreiiHoM o0bwed meopuels omnocumesvhocmy (OTO). Ha-
3BaHue, KaK BIEPBble pa3bacHUJ coBerckuil ¢usumk B.A. ®ok
[161], ObLIO HEyJAYHBIM U MCKAXKAJIO UCTUHHOE COJEPIKAHUE TEO-
pun. B macrosimee spemst OTO uzmaraercss Kak Te€OPUsi UCKPUB-
JIEHHBIX JIOPEHIIEBBIX MHOT000Opa3uil, MOIUNHSIOMINXCS YPaBHEHN-
AM DUHIITEHHA.

OTO onuchBaeT TPABUTAIIUIO KaK CBOMCTBO MPOCTPAHCTBEH-
HO-BpeMeHHO# (OpMBI pecTaBienns PeaabHOCTH.

3.1. UckpusBJjieHHOe ICEBJOPUMAHOBO
NpPOCTPAHCTBO-BpeMs

ITpocmpancmeo-epema — 3TO 4-MepHOE TJIAAKOE MHOrOOOpa3me
M*, ocHaIeHHOE JIOPEHTEBOH METPHKOIL' gy

L Marunckue 6yKBbI B KadMecTBe HEACKCOB mpoberaior anadenns 0,1,2,3, rpe-
geckue — 1,2,3.

66
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Hanwawme nopemnneBoit MeTpuku, T.e. MCEBIOPHUMAHOBONH MeT-
puKu curHarypel < + — —— >, O3HAYAET, YTO B OOIIEM ciydae
MIPOCTPAHCTBO-BPEMSA — ITO UCKPUBAEHHOE TICEBIOPUMAHOBO MHO-
roobpasue. KpruBu3Ha OMMCHIBAETCS € MOMOIIBIO TEH30Pa KPUBHI3-
bl Pumana-Kpucroddens:

ory, ~—~— or,
orl  dam

Ry = LTI, — ol

rie F; & — KO3 OUIIEHTH ITHEHHO CBA3HOCTH, Ha3bIBAEMBIE CHM-
Bostamu Kpucrodpdensa 2-ro pona, u BeITUCAIEMbBIE B ODIIEH TEO-
PUU OTHOCUTEIHHOCTHU 10 (hOPMYIIe:

- 1 .. (0g;s Ogks 0g;
}k:29zs(gj + gk._ gjk>.

oxk oxJ oxs

UckpuBieHHOCTh TPOCTPAHCTBA-BPEMEHU TOHUMAETCH KAaK HAJIU-
ane Toukn x € M*, nns xoropoir

OUWHINTEH OTOXKJIECTBIISIJT TPABHTAIMOHHOE ITOJIE C METPUKO ¢,
Cunr [149, ¢.102] — ¢ HeHYIEBBIM TEH30POM KPHBU3HBI.

3.2. YpaBHeHUsS TPABUTAIMOHHOTO TOJIS

Cawmoit BayXHO#M ¥ TJIABHOM TTaBOil 0OIEeil TeOpUr OTHOCHTEIHLHO-
CTH SBJISIOTCS YPasHeHUA DUHwmeliHa, KOTOPbIE 4acTO HAa3bIBAIOT
YPABHEHHUSIMH IPABUTALMOHHOIO IIOJIS.

OTU ypaBHEHHs MMEHT MHOXKECTBO CaMbIX Pa3JIMYHbLIX Pelle-
auil. I ecm mia oTaenabHO B3ATOrO (ChepruecKu-CuMMETPHY-
HOT0) Tejla Takoe perneHue (GakKTUUECKH €IUHCTBEHHO, i Bce-
JIHHOHM B II€JIOM TEOpHs IIPeJjaraeT MHOXKECTBO PEIleHMil, BbI-
00p MeK Iy KOTOPBIMU CIEJIaTh 10CTATOYHO TPy aHO. OuyeHn yacro,
usydas Beenennyio B pamkax OTO, uccienoBarens 6eper To KOc-
MOJIOTHYIECKOE PEeIeHne, KOTOPOe eMy TPeICTaBIseTCs Hanboiee
mogxonsmuM. Kak npaBusio, BLIOOP pEIeHus CBS3aH ¢ BHIDOPOM
HAYAJbHBIX M TPDAHUYHBIX YCJIOBHH, C MPEINOJOKEHUSIMH O TEX
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WU WHBIX CUMMETPHUSX, a MOIYaC apryMEHTOM B MOJIb3y BbIOOpA
ABJISIETCs ITpocToTa pernerus. HeompenenenHOCTh ¢ BRIOOPOM pe-
mennst, umeroriast mecto B OTO, kak cjemyer npusHaTh, TOBOPUT
o nenpedckazyemocmu OTO kak Teopuu.

3.2.1. VYpaBHeHus DiiHuiTeiiHa

Co3gaBasi PeNSITUBUCTCKYI0 TEOPWIO TPABUTAIMKM KAk 0000IIe-
HUE CHeNUaJTbHON TeOPUH OTHOCUTEIHHOCTH U TEOPUU I'PABUTAIINN
Heiorona, DitHmTeitH HUKAK HE MOr HANTH BUI ypaBHEHUU rpa-
BUTAIMOHHOIO IMOJIsA. Y DABHEHUsI, K KOTOPHIM OH IIPUIIIEJ, UMEJIN
BU/IL:

IJIe > — KOHCTaHTa. B cilydae IycToro mpocTpaHcTBa OHH CBOIU-
JINCh K ypaBHEHWsAM R;, = 0 W B TaKOM BHIE TTO3BOJUIA DiiH-

mTeliHy HalTH O0bICHEHWE CMEIeHuIo nepurenus MepKypus u
BBIYHMCIATH TIPABAJIBHOE 3HAYeHne cMmemennst, pasaoe 43" 3a 100
JIer.

B s10 Bpemst D#HOITEHH MOCTOSHHO HepenucbiBaics ¢ ['uib-
OepToM, OHM 008 WCKAJIM BUJ YPABHEHWH IPABUTAIIMOHHOTO TOJIS,
u ycrnex JiHImTEiHA ¢ 00bsCHEHNEM CMelenns nepureaus Mep-
Kypus, BUIAMO, 0CO00 CTUMYJIMPOBAJ aKTUBHOCTH |'mibbepra u
TOT MEPBBIM HAIE MPABUJIBHYIO (POPMY MCKOMBIX yPABHEHUN:

1 G
R, — ing = CTTik (3-2)

OUHIIITEHH, 03HAKOMHUBIITUCHL C TMHUChMOM ['mianbepTa, B KOTOPOM
ObLIN TPABUJILHO HATTUCAHBI YPABHEHHS, IEPBBIM UX O0OHAPOIOBAI.

3.2.2. Moandukanug ypaBHeHnii DifHINITEiHA

Tenzop Ditnmreiina G; = R — (1/2)gixR w TeH30p sHepruu-
ummyabea T y10BIeTBOPSIOT COOTBETCTBEHHO TOXKIECTBY

ViG* =0
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U «3aKOHY COXPaHEHUs»
vaik =0.

IMockonbky Merpuka ¢*F koBapuanTHO Hocrosuua, T.€. Vig'* = 0,
TO ypapHenus itnimreiina (3.2) j01mycKaiorT MOIUMUKAIIIO BUIA:

1 8rG
Rip — SgiwR+ Agiy, = :TTik (3.3)

rae A — MOCTOSTHHOE YMCJIO, Ha3BaHHOE DWHIMTEHHOM KOCMOA02U-
weckolh nocmoAHHOU.
Vpasuenus (3.3) ¢ T;, = 0 nepenuiiem B BUE:

R. 1 'R—% 2A702+A704 ) Aiczl )
T Ikt = T “8rG "8G ) T 8xG 7|

(3.4)

YpaBuenus (3.4) roBopur, 4TO LOJIE ¢;; CO3IAETCH MaTepueil ¢
TEH30pOM 3HEPTUU-UMITYIHCA WICATHHON KUIKOCTH

(Th)ir = (pa + PA) Uit — PAGiks

rue
A B Act
PA=TorGg PAT R
C YPaBHEHHEM COCTOSHHS
pp+pa =0. (3.5)

VI3 ypaBHEHHS COCTOSHHUSA CJEIYET, YTO MOCKOJIbKY JOJZKHO OBITDH
pa >0, 1o A < 0. Ho roraa ppy < 0.

3.2.3. Cuayuaii ciaboro mosad
Beps cuen ypasuenwii (3.3), naiiiem

“Rtan =Y,
C
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Ucnosnb3ys manHoe cooTHOleHUE, NepenuiieM ypaBHenus (3.3) B
BUJIE:

Rix — Agir, = 8:74(; <Tik - ;gikT> . (3.6)
Paccmorpum ciaboe mome g;x = ik + hik, vae b, — BO3MyIIe-
Hue MeTpuku MUHKOBCKOTO 7);;. EKciaum mpeneOpedsb BapualusiMu
mosist h;; BO BpeMeHH, IMIPOU3BEICHUSIMHI €r0 IPOU3BOTHBIX U MIPH-
HATh, 9TO goo = 1 +2U/c?, T0 Ryp MOXKHO 3amucaTh depe3 MoTeH-
mnan U xax Rog = (1/2)Ahgy = AU/c?. Tonaras, uTo mone co-
3/Ia€TCs UICATBHON XKUJKOCThIO U |p| < p, umeeMm Toy ~ —T =~ p.
Torzna 00-kommoHeHTa ypaBHeHwuit (3.6) maer

AU = 4nGp — Ac?. (3.7)

Hns A = 0 sro ypaBhenme nepexoaur B ypaBHenue Ilyaccona
JIJIS TPABUTAITMOHHOTO TTIOTEHITNAIA Teopuu rpasuTannn HeoToHa.
CiieioBaresIbHO, TEOPHUS TPABUTALIUYN DHHIITEHHA IepexoauT (pu
¢ — 00) B Teopuio rpaButaiuu HbooToHa.

3.2.4. Teopema Kaprana

OUHINITEH UCKAJI yPABHEHUS MPABUTAIMOHHOIO TOJIs, UCXO/Is U3
[IPE/IIIOJIOKEHNUSI, 9TO OHU HABJISIOTCH TEH30DHBIMUA M UMEIOT CJie-
AyIOMN#N BUI:

G = 5T, (3.8)
rae T — Ten30p sHePrUE-UMIY/ILCA MATEPUH, CO3IAIONIe TPABH-
TAIMOHHOE TI0JIe, KOTOPBII JOJKEH YIOBJIETBOPSATH TEH30PHOMY
000DIEHNTIO 3aKOHY COXPAHEHUSI:

ViT* = 0. (3.9)

Heo6xoaumo 66110 HadiTu B, TeH3opa G*F, KOTOpBIH HA3BIBAIOT
menaopom dUunwmetina. Bua atoro Tensopa Ob1 Haiimen ['mib-
6eprom. Muoro mo3xe i Kaprad, ucxo/ist U3 TOr0, 9T0O U3 ypas-
Heuuit nong (3.8) u u3 (3.9) BbITEKAET TOXKIAECTBO

ViG* =0,
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nokazan [201, 202], 4To 3TOMy TOXKIECTBY YIOBJIETBOPAET TOJILKO
TEH30D BHUA

G™* = const - |R™* — iglk(R —2A)|.

3.3. IIpmHIUNO >KBUBAJEHTHOCTH DiiH-
HITEHA

Ipunyun 2K6uU6aAERTHOCTIU, CDOPMYIUPOBAHHBIN DIHIITEHHOM,
[JIACUT:

[IpebbiBanMe B yCJIOBHSX MPOCTPAHCTBA, B KOTOPOM
TPABUTAIMOHHOE TI0JIE TIOCTOSHHO U YCKOPEHUE CBOOO -
HOTO TAJeHUsS PABHO ¢, SKBUBAJIEHTHO MPEOBIBAHUIO
B PaBHOMEDHO YCKODEHHOW cuCTeMe OTCYeTa, JBUKY-
IeiicsT ¢ YCKOPEHWeM ¢ B TTPOCTPAHCTBE, CBOOOTHOM OT
TPaBUTAIIMOHHBIX CHUJI.

Orciofa cieyer, 94T0 eciid 9eJIOBEK HAXOJAUTCH B CTOMIIEM
nudre, TO OH HAXOAUTCS TOJ, BO3JEHCTBHEM ITOJISI TPABUTAIIUH C
YyCKOpeHueM CBOOOAHOTO TajeHus g. Ecnn Bapyr audT HadtnHaer
CBODOIHO MANATH, T.€. JBUTAThCA YCKOPEHHO C YCKOPEHWEM ¢ IO
HAMPABJIEHUIO K IOBEPXHOCTU 3E€MJId, TO B JUMTE HA YeTOBEKa
HAYUHAET JIEHCTBOBATH CUJIA B HAIIPABIEHUU IIPOTUBOIOJIOXKHOM
HAMPABJIEHNIO TaJeHus audra ¢ yckopernueMm ¢. CremoBaTesbHO,
BHYTDHU I TA TTEPECTAET ONIYIIATHCS TIOJI€ TPABUTAIN W HACTY-
[1aeT HEBECOMOCTb.

MaremaTnueckn HAXOXKIEHUE npobH020 Tea B MOJE TPABUTA-
UM O3HAYAET, 9TO MUPOBag JMHUA 3TOro Tesa L(s) : xt = xi(s)
VIOBIIETBOPSIET YPABHEHUIO T€0/IE3NIECKUX

RO : dzd dxk
—_— =TI _— .1
ds2 ij:(L(S)) ds ds (3 0)

Hesecomoe nBukenme tena B judTe B OOINEH TEOPUH OTHOCH-

TEJIbHOCTH TPAJIUIIMOHHO OMUCHIBAETCA KaK IEePexojl K TaKOH JIo-
-/

KaJIbHON KapTe ', B KOTOPOH B OTAENBHO B3ATOU TOUYKE X
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IPOCTPAHCTBAa-BPEMEHN
I (z0) = 0. (3.11)

IIpu s3tom cumraercs, aro B PeambHOCTH TOYKA () COOTBETCTBY-
€T HEKOTOPOMY JOCTATOYHO MAJIOMY OObEMY MPOCTPAHCTBA, PAC-
CMATPUBAEMOMY Ha JIOCTATOYHO MaJoM orpeske Bpemenu. Cieno-
BareIbHO, ypaHenue (3.10) mepenuchBaeTcs B HOBOM JIOKATLHOM
KapTe B BHJIE

R

ds?
YTO O3HAYAET MPEOLIBAHUE B TOKOE MJIM B COCTOSIHUY MPSIMOJTIHEH-
HOI'O ¥ PABHOMEPHOI'O /IBUXKEHUS, T.€. BHE CHJI I'DABUTAIUH.

Wcropuueckn Takoe MOSICHEHUE BCEX yCTpPAWBAJIO, TeM Oosee,

YTO MOXKHO JIOKa3aTh HedTo Oosibinee (cM. [143, ¢.428-430]), yem
pasencrso (3.11): naiijercs rakas JOKaJbHAas Kapra, B KOTOPOI
HA BCell MUPOBOI JIMHUU TTPOOHOTO TEJIA

(zo) =0, (3.12)

I (L (s) =0, (3.13)

T.e. BJIOJIb MUPOBOI JIMHUE MPOOHOIO TeJd OTHOCUTEIHHO CHCTe-
Mbl OTCY€TA, CBA3aHHOU C JIOKAJbHON KapToit mi/, ucyesaer Cuja
rpapuTanuu. lHade roBOpsi, CIJIa TPABUTAIINN HEHTPATU3YETCS HA
OTHOCHTEJILHO JI0JITOE BPEMsI, XOTsI TIPU ITOM PA3ZMEPHI JIudTa NMe-
0T MaTeMaTHIECKH Hy1eBOit 00béM. Ho 6obIero B KimaccmaecKoit
PUMAaHOBOI T€OMETPUHU TOJIYIUTh HEBO3MOXKHO.

3.4. Cdepuueckn-cuMMeTPUIHOE PelTe-
Hue IIBapimunbaa-Kortiaepa

VYpapuenus Diinmreiina (3.3) 3amucbiBaeMm s BaKyyMma, T.e. C
HYAEEbLM TEH30POM SHEPIUU-UMILYJIbCA:

1
Ri, — igik(R —2M) =0, (3.14)

KOTOpBbIE CBOJATCA K YPABHEHUAM

Rix = Agir. (3.15)
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Paccvorpum caydait, Korga rpaBHTAIMOHHOE IOJE 00IaJaeT
[IEHTPATBHON cuMMeTpueil u co3maercs CHEepUuIecKuM TeIoOM C
Maccoit M. IleHTpanabHas CUMMETPHUS TOJS O3HAYAET, UYTO MET-
pPUKa TPOCTPAHCTBA-BPEMEHU MOYKET OBITH B3sTA B BUJE

ds? = e’ 2 — 2D dr? — 12(dh? + sin? 0 - dp?).

OrMeruM, 94TO TAKON BUJ METPUKHU HE OIPEJIETSeT eIle BhIOopa
BPEMEHHON KOOPAUHATHI O[THOZHAYHBIM 00Pa30M: JTaHHAS METPHUKA
MOXKET eIrie ObITh TOABEPTHYTA JIFO0OMY TTPE0OPA30OBAHMIO BUIA t =
h(t"), ne comepxkaiemy 7.

HO,ZLCT&BJIHH 9TO BbIpazKeHue MIJjisd METPpUKH B YPpaBHEHUA
(3.15), monmygaem:

ro 1
—e (” + 742) +3-A=0, (3.16)

r 2
- (3.17)
1 A A
oV R — —_ A =
+2e <>\ + 5 5 ) 0,
1 N 1
7)\ _
A=0. (3.19)

3mech mrpux o3nadaer audGepeHupoBaHue mo r, a TOYKa —
muddepennuposanue 1o t.

VYpasuenwe (3.17), kak n3sectHo [149, ¢.235], sBasercs ciex-
creueM ypasHeHwuit (3.16),(3.18), (3.19). ITosromy B majbHeiiem
ypasuenue (3.17) onyckaewm.

N3 ypasuenus (3.19) caexyer, uro A(r,t) = A(r), m.e. A He
3aBUCUAT OT KOOPJAUHATDI T.

Cknanpeas ypaprernus (3.16), (3.19), moaywgaem v/ + X = 0,
re. v+ A = f(t), tne f(t) — npomsBonbHas DYHKIMS, 3aBUCS-
masi TOJIbKO OT KOOpAWHATHI ¢. B cujly TOro 4To Mbl OCTABUJIM
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3a cOBOIi eme BO3MOKHOCTD IIPOU3BOILHOIO Pe0OPA30BaHU BPe-
menu Buga t = h(t'), KOTOpOe SKBUBATECHTHO NMPUOABJIEHUIO K U
MPOM3BOJILHON (DYHKIMK BpeMeHH, TO ¢ ero momornbio f(t) Bce-
rIa MOYKHO OOpaTuTh B Hyih. ITak, He OrpaHNYMBas OOIIHOCTH,
MOXKHO CYHUTATH, 9T0 A + v = (.

VYpasuenue (3.18) sierko unrerpupyercs. I[lonygaem, 4ro

C Ar?
Ve =14 - - —. 3.20
e e +r 3 ( )

[MoncTaBisas 9TH 3HAYEHNS JJIS \ U U B BbIpazkeHne mjist ds?,
LIOJIy YaeM, 4TO

2 2 -1
d52:<1—A§+f>dt2—<1—A;+f> dr?—

—r%(df? + sin? 0 - dp?). (3.21)

Ory Merpuky OyzeM Ha3biBaTh pemierreM lIBaprimmibaa-
Korepa BakyyMHbBIX ypaBHeHUil DifHInTEHHA.

Kak BuanM, rpaBUTanioHHoe mMojie Ha GECKOHEYHOCTH I = 00
ncyezaer. Cunras, 4To /st Oosbmux r 00-ypaBHenue DiHIITEHA
nepexoauT B ypasHenue (3.7), HAXOUAUM, YTO

2GM
C=-rg=——3—
c
Takum  obpasom, rpaputanuonHoe moje IIlIBaprrmiasaa-
Kortnepa® umeer BuI

2
d$2 = (1 - ng - AT) dtQ - ;ﬂd’lj—
T 7”g r

3

—r2(dh?* + sin? 0 - dp?).

2Kapa [Isapumunss samesn pemrenne B 1916 1. qua coygas A = 0. Kor-
Tyiep 0600mmr 310 pemenus miast A # 0 B 1922 romy.
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3.5. IIpobsema 3HEPrUU-MMITYJIbBCA T'pa-
BUTAIMOHHOTO I10JId

Ob611ast Teopusi OTHOCUTEIBHOCTU CO3JAET POOIIEMbL C yTBED/IUB-
muMcst K XX BEKy TMPeACTaBIeHreM O (DYHIAMEHTAIFHOCTH 3aK0-
HOB COXpDaHEHWS SHEPIuHU B onucanun ¢usndeckoin PeasbrocTH.
Bonee Toro, reopus He maeT oOIMIEIPUIHAHHOTO CIIOCO0A BHIUMUCIE-
HUs SHEPIUU-UMITYJIbCA IPABUTAIIMOHHOTO MOJIS.

3.5.1. OTcyTcTBUEe 3aKOHOB COXPaHEHUHA 3DHEP-
r’mi U MMIyJbCAa MaTepuu B OOIeil Teo-
pul OTHOCUTEJBHOCTH

ToxnectsBo A
ViT* =0 (3.23)

4aCTO HA3BIBAIOT 3aKOHOM cOXpaHeHud suepruu-umiryabca 8 OTO.
HaszpaHwe 5T0 MPHUIIIIO W3 CMEIWATLHONR TEOPUH OTHOCUTEILHOCTH,
rae ypaBHenue (3.23) wMeer Buj

8Tilc B

o (3.24)

Ybeaumcsi, 9T0 B CIIydae CHEMUATIbHON OTHOCHTETLHOCTH, TOXK 16~
crBa (3.24) BeayT K 3aKOHY COXPAHEHUs 4-UMILYJIbCA.

IIycts ) — obacTh B mpoCTpaHCTBE-BpeMeHu MUWHKOBCKOTO,
orpanndentas apyms runepiiiockoctamu 1’ = 29, 29 = 9. Tpu-
MeM, 4TO Ha HPOCTPAHCTBEHHO! Geckoneunoctu T = (.

Torna
or™* 4 ik
¢ {a0=a§}u{a0=aB}
nJjin
/ T*dS) = / T*dS) = / TOd®z = (const)".

z0=2x9 z0=xf R3
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Onpenenss 4-uMIyabC Kak

i _ i0 13
Pi= / TOd3s,
R3

B CHJIy TIPEIBIAYIIAX DABEHCTB MMEEM 3aKOH COXPAHEHWS 4-MM-
yJIbCa

P = (const)".
OMHAKO B WCKPWBJIEHHOM TPOCTPAHCTBE-BPEMEHW TOXKIECTBA
(3.23) umeror BU:

ik 1 9y —g7"*)
VT = k
V=g ox
IMepBoe caraemoe MpUBEJIO ObI K 3aKOHY COXPAHEHUSI, HO MEIIaer
BTOPOE CJIaraeMoe.
CretoBaTenbHO, 6 UCKPUBAEHHOM NPOCMPAHCMEE-EPEMEHU
OTO, eoobwe 2060ps, He GHNOAHAIOMCS 3GKOHbL COLPAHEHUS
anepauu U umnyavea mamepuy [18; ¢.156].

+ T8, TF = 0. (3.25)

3.5.2. IlceBmOoTeH30p YIHEPIrUU-UMIIYJIHCA I'PABU-
TAIfMOHHOTO II0JIK

Oanaxo 8 OTO cymecTByior Boipaszkenue t*% | ne apnsromeecs Ten-
30POM, a MPEICTABIAIONIEee OO0 TaK HA3BIBAEMBIH IICEBIOTEH30D,
6s1arogapsi KOTOPOMY CIIPABE/JIMBO TOXKIECTBO:

) . )
W[Fg(rk +t"F)] = 0. (3.26)
Bripaxkenue t'* mazpBaroT NCe60OMEHIOPOM IHEP2UU-UMNYADLCG

2PAaBUMAYUOHHO20 TLOASA.

Haunnas ¢ DitHmTeitna, mceBaIoTeH30phl HCIOJIb30BAINCH C IIe-
JIBIO PEIUTH TPODJIeMy HECOXpPAaHEHWsS YHEPTrUU-UMITYJIbCA B TPa-
BUTAIIMOHHOM T10JIe. BhITo HaieHO MHOXKECTBO PA3HBIX (POPMYIT
JIJ1s1 t**. Ho IIOCKOJIbKY ik HEKOBapPUAHTEH OTHOCUTEJIBbHO 3aMEHbL
KOOpAauHaT, TO HEe CTOUT YAUBJAATHCA, 9YTO UCIIOJIb30BaHUE IICEB10-
TEH30pOB YACTO TMPUBOINIIO K BEChMa HEJIENbIM (PU3NIECKUM pe-
3yJabTaTaM. CTO.HB HEIpUuATHaA IJId d)I/I3I/IKOB CUTyalnud TOJIyYujIa
HA3BAHUE TPOOAEMBL FHEDPZUU-UMNYADCE 2DABUTNAUUOHHOZ0 TLOASM.
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3.5.3. Hepazpermumocts HOpoOJAEMBbI 3IHEPTUU-
nmnyiabca B OTO

11 yI0BJIETBOPUTEILHOIO PENIeHUs IPOOIeMbl SHEPIUHA HYKHO,
9TOOBI CYIIIECTBOBAJ «KOMILJIEKC SHEPTUU-UMITYIHCAY

T = V=g (T} +17), (3.27)

rie tf — KOMILJIEKC SHEePTUU-UMITYIbCa IPABUTAIIMOHHOIO IO/, UC-
4qe3aloluil B IpeJiesie CrenuaabHOi TeOpU OTHOCUTEIbHOCTH, JIJ1d
KOTOPOI'O BBIIIOJIHEHDI YCJIOBUS:

I. Bestmuuna Tf ectb adPUHHAST TEH30PHAS IJIOTHOCTH, 3aBH-
CAMAs ajaredpandecKku OT TEPEMEHHBIX TPABUTAIMOHHOTO OIS U
WX TIPOU3BO/IHBIX U YIOBJIETBOPSIONIAS JUBUPTEHIINATHLHOMY 3aK0-
HYy

oTk

oxk

II. /I 3aMKHYTBIX CHCTEM B IPOCTPAHCTBE-BPEMEHH, HMEO-

IEM IUIOCKYIO HA IIPOCTPAHCTBEHHON OECKOHEYHOCTU ACUMIITOTH-
Ky, T/ie, CJIeJIOBATEIbHO, MOXKHO HMCIOJIb30BaTh AaCUMITOTHUYECKH
IPAMOYTOJIbHBIE KOOPJAUHATHI, BEJININHbI

P, = / T3

R3

[IOCTOAHHBI BO BpEMEHH U [peodpasyiorcs KakK KOBapH-
QHTHBIE KOMTIOHEHTHI CBOOOIHOTO BEKTOPa IMPU  JIUHEHHBIX
MIPOCTPAHCTBEHHO-BPEMEHHBIX MTPEOOPA3OBAHUSIX.

DTO CBOWCTBO BeChbMa CYIIECTBEHHO [IJIsi MHTEPIIPETAINU BEK-
TOpa KaK BEKTOpa IIOJIHOI'O UMILYJIbCA-3HEPIUU.

[II. Bermumna TY mpeoGpasyercs kak 4-MepHAs BEKTODHAS
[JIOTHOCTH OTHOCHTEIHHO MPYIIIIBI YUCTO MPOCTPAHCTBEHHDIX IIPe-
obpaszoBanwmit

7%= (2t 22, 2%), 70 =2°.
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910 mocJesHee CBOKCTBO HEOOXOAUMO JIJIsL TOrO, YTOOLI KOJIHU-
9eCTBO SHEPIUU, COAEPIKAIIEECT B KOHEIHOM obbeme V' mpocTpan-
CTBa, UMEHHO

Ey = / Todx, (3.28)
14

HE 3aBUCEJIO OT BBIOOPA MPOCTPAHCTBEHHBIX KOOPINHAT, HCIOIL3Y-
eMbIX IpH Bbruucaenun uuarerpasia (3.28). Takum o6pa3oM, CBOIi-
crBo III ecTh yciioBHe JOKAIN3yeMOCTH SHEPTUH B TPABUTAITAOH-
HOM IIOJIE.

Mésnep mokasau [123, ¢.38], «4T0 yIOBIETBOPUTEIHLHOE PeIlie-
HUE TPOOJEMBI SHEPTHU BO3MOXKHO TOJBKO B TOM CJIydae, €CJIu
yPaBHEHUSI IPABUTAIMOHHOIO MOJS JOMYCKAIT BBIBOJ W3 Bapw-
AIMOHHOTO IIPUHIIMIA, B KOTOPOM JIArPAHZKEBA IJIOTHOCTH L =
V/—gL obnanaer ciemyiommMn CBOMCTBAMA:

a) £ 3aBucur ajarebpandecku OT ePEMEHHbIX IPABUTAIIMOHHO-
IO II0JId U UX IEPBBbIX IPOU3BOJHBIX, IIPUYEM ABJIAETCH OJHOPO/I-
HOIl KBaJpaTuIHON (PYHKIHEH ITOCTETHUX;

6) £ ecTb UCTUHHAS CKAJIAPHAS [JIOTHOCTH OTHOCUTEJIHHO PO~
M3BOJILHBIX MMPeoOPa30BaHMI IPOCTPAHCTBA-BPEMEHU .

OTHUM IBYM YCJIOBHAM HEBO3MOXKHO YIAOBIETBOPHUTH, €CJIN B Ka-
YEeCTBE TEPEeMEHHBIX T'PABUTAIMOHHOTO MOJs OPATh KOMIIOHEHTHI
METPUYECKOro Tenszopa g;r [123, c.38].

Mémnrep mpeayioXKua oTkazarbes or ocHoBHOM uaen OTO, uro
IrPaBUTAIMOHHOE TIOJIE€ OMACHIBAETCS METPUKON %, M PEIIATH MTPO-
6J1eMy SHEPTrUH-MMILYIbCA TPABATAIMOHHOrO MO/ B PAMKAX mem-
padnot meopuu epasumayuy, (cm. r1.13).

3.6. IllpuumHHadg CTPYKTypa IPOCTPaH-
CTBa-BpPEMEHU
HpeﬂCT&BJ‘IeHI/Ie O MPpUYUHHO-CJICACTBEHHBIX CBA3AX, ITPpEACTaBJIC-

Hue O (byH,ELaMeHTaJIbHOCTI/I IPUHITUIIA TPUIYUHHOCTHU ABJIACTCA O~
HHUM U3 OCHOBOIIOJIaralOIuX IIPUHITUIIOB KJIACCUYIECKO (1)I/I3I/IKI/I.
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B Teopun OTHOCHTEIBHOCTH IPUIMHHOCTD TOSIBJISIETCS TIOCPE/I-
cTBOM Hajenenns Mupa coObITHiT TOPEHITEBOH METPHUKOIi, C TOMO-
IO KOTOPOI MUPOBBIE JIMHUW PA3EISIOTCS HA KJIACCHI BPEMEHM-
MOIOOHBIX, MPUIMHHBIX, U30TPOMHBIX U MPOCTPAHCTBEHHOIOL00-
HBIX KPUBBIX. B 3aBUCHMOCTH OT TOrO, KAKWE KPUBBIE COETUHSIIOT
JIBa CODBITHsI, TOBOPSIT O TOM, B KAKOM MPUIUHHO-CJICICTBEHHOM
OTHOIIEHUU HAXOATCS ITHU COOBITHUS.

3.6.1. Kuaaccudukanmsa OPUYUHHBIX CTPYKTYP
MPOCTPAaHCTBAa-BpEMEHN

st m3ydenusi NPUIUHHBIX CBOWCTB MPOCTPAHCTBA-BPEMEHHU Obl-
JIA BBEJEHbI IOHSATUS XPOHOJOIHMYECKOrO, HPUYMHHOTO M T.[I.
MPOCTPAHCTB-BpeMEH [12].

Ilycts M — C'°°-riagkoe CBsA3HOE TAPAKOMIIAKTHOE XayCI0p-
$OBO MHOTOOOpa3ME.

Jopenuesoti mempuxrotl ua wmuHOroodpasum M Ha3bIBaeTCH
[IaJIKoe CUMMeTpudHoe TensopHoe nose tuna (0, 2), 3aganH0e Ha
M rax, uTo B Kaxkgoit Touke p € M rensop g : M, x M, — IR
IpeJicTaBIsieT cOOOW HEBBIPOKIEHHOE CKAJISPHOE TTPOU3BEIEHNE C
CATHATYypO# < + — -+ — > .

ITapa < M, g > Ha3bIBaeTCH AOPEHUEBBLM MHO2000PA3UEM.

Henynesoit Bekrop v € TM Ha3biBaeTcs 8pemeHunodobHvim
(COOTBETCTBEHHO MIPUUUHHBIM, H30TPOIHBIM, TPOCTPAHCTBEHHOIIO-
1mo6HbIM), ecu g(v,v) > 0 (coorBercrBenno > 0,= 0,< 0). Co-
OTBETCTBYIOIIME HA3BAHUS COXPAHSIOTCS U JIJIsi BEKTOPHBIX TOJEH

na M.

Jlopenneso muOroobpasue < M, g > Ha3BIBAIOT 0PUEHMUPYE-
MM 60 epemery (TTOCPEICTBOM 1ot X ), €CJi CYIIECTBYET BpPe-
MeHuIomo0HOe BeKTopHOoe ojie X : M — T M, omnpenenentoe Ha
BCEM MHOTOOOpAa3uH.

Bpemvennasi opueHTAIUs TOPOXKIAET CIACAYIONIYIO KJIACCU(DH-
KaIlmio TPUINHHBIX BEKTOPOB v € M, : KacaTeabHBI BEKTOpP v
HA3bIBAETCS HANPABJIEHHBIM B Oymylee (COOTBETCTBEHHO B IIPO-
mtoe), ecnu g(X,,v) > 0 (coorBercrBenno g(X,,v) < 0).
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Onpenenenne 3.1. IIpocmparncmeom-epemenem < M, g > Ha-
3piBaeTcs cBs3noe C'°-riasikoe xaycaopdoBo MHOroobpasue pas-
MEpPHOCTH HE MEHBIIE TBYX CO CUETHBIM DA3MCOM, JIOPEHIIEBOIT MeT-
PUKO# CUTHATYPBI < + — - -+ — > U BPEMEHHOI OpPHUEHTAIINEIL.

I'mankas kpuBast Ha < M, g > Ha3bIBaeTCs 6pemeHunodood-
10U (COOTBETCTBEHHO NPUNUHHOLU, USOMPONHOT, NPOCTPAHCTNEEH-
H1ON0006HOT), eciu B KaxKJI0M TOUKe 3TOi KPUBOIi €6 KacaresbHbIil
BEKTOD $BJISETCH BPEMEHUIIOAOOHBIM (COOTBETCTBEHHO LIPUYMH-
HBIM, U30TPOIMHBIM, MTPOCTPAHCTBEHHOMOMO0HBIM). [iagKkas Kpu-
Bas HalpasjeHa B Oy/yiee (IPOIILIOE), €Cu B KaXKI0H TOYKe €€
KacareJIbHbIN BEKTOD Halpas/eH B Oymyinee (IIPOIILIOe).

Mmnoxectso U, Ha3bIBAETCA 6bINYKAOU OKPECTIHOCMBIO TOTKN
P, eI Jo0bIe ABe TOUKN n3 Uy MOYKHO COeAUHHUTH eINHCTBEHHBIM
reofIe3WIeCKIM ceTMeHTOM B < M, g >, nemmkoM nexkantuM B U,.

Bemyknasa oxkpectHOCTh U, Ha3bIBACTCA 6WNYKAOU HOPMANAD-
HOT OKpecmHocmbIO, eciu Jjis i jioboit Touku g € U,, MHOKe-
crBo U, BJigeTcs BbILYKJIOH OKPECTHOCTBIO TO4YKH ¢. Tak 2Ke, Kak
U B CIydyae PUMaHOBA MHOr00Opaswsi, JJisl JIF0OOW TOYKHU JIOPEH-
1I€Ba, MHOTOOOPA3MUS CYIIECTBYET BBIMYKJIAs HOPMAJIbHAS OKPECT-
HOCTH (M. [167], [232]).

Henpepoisuas kpusas L : (a,b) — M, (a,b) C IR na3biBaercs
HANPABAECHHOT 68 OYdywee NpuvurHotl Kpueot, eciau Ijis JHboro
to € (a,b) cymecrByer € > 0 u BblLyKJasd HOPMaJbHAs OKPECT-
noctb U, Touku p = L(to) Takas, uro L(tg—e,to+¢) C Uy, n nia
BCeX t1,to 1 tg — € < t1 < to < ty + €, HANAETCA TIaAKaAsT HATIPAB-
nennas B Oymymee npwaninasa kpusad v B (Up, gju, ), naymmas u3
L(tl) B L(tg)

AHaJIOrMYHO OIpe/ieIeTCs HApaB/IeHHas B Oy1yliee BpeMeHu-
oM00HAsA KPUBAS.

Bsomuwm caemxyiomnine 0003HAYEHNST:

1) p < ¢, ecaiu cylnecTByeT HalpaBjeHHasd B Oyiylnee Bpeme-
HunozobHas (HenpepbiBHAsL) KpUBas, UAYIIasd U3 P B ¢,

2) p < g, ecqiu ubO p = s, MO0 CyIIECTBYET HAIPABJIEHHAS B
Oymylnee MpUYMHHAA KPUBasd, UAYIIAL U3 P B ¢

3) xponosveuseckoe bydyusee TOUKU P : I;r ={seM:p<s};



3.6. IPMYMTHHAA CTPYKTVYPA ITPOCTPAHCTBA-BPEMEHU 81

4) wpomnonozuneckoe npousnoetoukup : [ = {s € M : s < p};
5) npuwunnoe 6ydyuwee Tourn p: JF ={s € M :p < s};
6) npunumnroe npownoe rouku p: J, = {s € M :s < p}.

Jlasiee mpuBeméM KIACCH(DPUKAIINIO POCTPAHCTB-BPEMEH, a0~
Y10 TIPEICTABJIEHNe 00 WX MPUIUHHON CTPYKTYPE.

Omnpenenenne 3.2. IIpocTpaHCTBO-BpeMsl HA3BIBAETCS:

— IPOHONORUMECKUM, €CTTH OHO HE CONEPIKAT HU OJHON 3aMKHY-
TOI BpeMeHUnouo00HON Kpusoii (1. e. p & I; ,Vp € M);

— MPUNUHHBLM, €CIIA HE CONEPIKUT 3AMKHYTHIX MPUIMHHBIX
KpUBBIX (T. €. HET TOYEK P, ¢, TAKUX, 9T0: p # ¢,p < ¢ < p);

XPOHOJIOTUYIECKOe

MIPUYHUHHOE

pa3nunvaroniee

CHJIBHO IIPUYUHHOE

YCTORYMBO NPUYHHHOE

IPAYUHHO IIPOCTOC

rJ100AJIbHO THIIEPOOTIHIECKOE

Puc. 3.1: Ouarpamma ycropmit mprauEnOCTH.

— PA3AUMGIOULUM, €CITU [IJIST PA3HBIX TOYEK P, ¢ PA3TWIHBI MHO-
wectsa LF, IT u, coorserctsenwo, I, I, T. e. u3 moGoro u3 pa-
Tt T — T c g
Beucrs [ = [, I = I cjenyer: p = g;
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— CUABHO NPUNUHHBLM, €CTTH KaxKjas ero Todka p obiagaer
JIOCTATOYHO MaJIbIMH OKpecTHOCTAMHU U, O ClelylomuMu CBOH-
CTBOM: JT106as MPUYWHHAs KPWBas, Bhrxoadmas w3 Uy, HUKOTIa B
He€ He BO3BPAIIAETCH;

— YCmoUNUBO NPUNUHHBLM, €CITH METPHUKA § UMeeT OKPECTHOCTD
Ug B CP-ronojorun TaKyio, 4ro Hu ¢, Hu J06as MeTpuKa g’ € U,y
HE JOMyCKAIOT TJIAJKUX BPEMEHUTOMTOOHBIX 3AMKHYTHIX KPUBBIX;

— NPUYUHHO NPOCMBLM, €CITH OHO PABTUIAIONIEE ¥ MHOXKECTBA
J;} J, 3amknyTbl B M jyis Beex rouek p € M;

— 240004510 2UNEPOONUNECKUM, €CITN OHO CHJIBHO IIPUIUHHO U
JUTs JTIOOBIX TO4Y€eK P, ¢ € M MHOXKeCTBO J;r N J, KOMIAKTHO.

SlcHO, UTO OMHY U3 YCIIOBHI ABIAIOTCS 0OJIee CUILHBIMY, & IPY-
rue 6osiee ciabbivmu. CBSI3UM MEXK/Ty BBIIIE ONMPEIETEHHBIMU YCJIO-
BUSIMU OIPUIMHHOCTU MOYKHO BBIPA3UTH Auarpammoii (cm. puc.3.1).

3.6.2. JlopenneBa (pyHKIUS PACCTOAHUSI

Beeném Teneph MOHATHS JIOPEHIEBOH JIMHBI JIJIsT TPUIHHHBIX
KPHUBBIX U JIOPEHIEBA PACCTOSAHUS MEXK/Ly TOUKAMHE.

ITycts p,q € M,p < q. Obozraumm vepe3 §2,, TPOCTPAHCTBO
myTeit, 00pa30BaHHOE BCEMU HANPABJICHHBIMU B Oy/Iyllee TpUInH-
wbiMu Kpusbimu L : [0, 1] — M, coeauusomumu p ¢ ¢, TO €cThb
st koropbix L(0) = p, L(1) = ¢. Beibepem pasbuenue orpeska
0,1, 0 =ty < t1 < -+ < t,, = 1 Tak, arober kpusasa L[t;,t;11]
ObLIa TVIAAKOM st Kaxkaoro 1 = 0...n — 1.

Jlopenuesa dauna xpusot L : [0,1] — M onpenensiercs dbop-
MYJION:

i+1

S0 = 5,0 = [ ol Lo

=0 t;
rae L(t)— xacaresbHblil BEKTOp K KPUBOii L.

Jopenuyesa Pynryua paccmosnus d = d(g) : M x M —
R U {co} B npocrpancrse-Bpemenu < M, g > 3amaérces 0o ciie-
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AYIOLIeMy IPaBUIY:

[ sup{sy(L): L € Qp}, ecmqeJf,
d(p’q)_{ 0, ecm q & J

Bamernm, uro dyuruus d(p,q) B HEKOTOPBIX CIYUASIX MOMKET
MPUHUMATH U OECKOHEYHbIE 3HAYEHMUS.

Teopema 3.1.  Ilycmv < M, g,d > — pasaunarouwee npocmpan-
cmeo-epema u < M,g,d > — npouseosbHoe NPocmpaHcmeo-epe-
ma. Eeau | coxpansem aopenyeso paccmosnue, m.e.

d(p,q) = d(f(p), f(q)), (3.29)

mo f ecmv 24a0Kas% U3OMEMPUS, M. €.

gp(dfp(u)7 dfp(v)) = gf(p) (dfp(u)v dfp(v))
(e, [249]). .

Omnpenenenne 3.3. T'omeomopdnsm ABYX JTOPEHIIEBBIX MHOTO-
obpazmit f :< M,g > — < M, g > Oymem Ha3bIBATb TPOHOAO2UYE-
CKUM, €CITH JIJIsT BCEX TOUEK p,q € M cupaBeminBO COOTHOIIEHUE:

p<q = f(p) < f(9),

WUJIN, 9YTO SKBHUBAJIEHTHO,

d(p,q) > 0 <= d(f(p), f(q)) >0, Vp,q € M,

rae d — nopenresa GyHKINA PACCTOARNA B MPOCTPAHCTBE-BPeMeHn
< M, g >, ad - nopennepa dbyHKIMA PACCTOSHHSA B IPOCTPAHCTBE-
Bpemenn < M,g > .

Teopema 3.2. ITycmv < M,g > u< M’ g’ > — deéa pasaunaro-
wux npocmpancmea-epemenu u f 2 M — M’ — xponosozuseckud
2omeomoppusm. Tozda [ aeasemca 2aadkum KOHPOPMHOIM TPe-
obpasosaruem [258]. n
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3.6.3. Teopema PomanoBa

ITycrs L : [a,b) — M — kpuBas Ha MHOrooGpasuu M. Touka p €
M Ha3bIBaeTCss KOHUEB80U mMoukol kpusolt L, cOOTBETCTBYIOIIEH
3HavyeHuio napamerpa t = b, ecau limy_,_o L(t) = p.

Ecmu L : [a,b) — M — unanpasnennas B Gymyinee (coorBer-
CTBEHHO B IIPOILIOE) NPUYMHHASA KPUBAs C KOHIIEBOH TOYKOW P,
COOTBETCTBYIONIEH ¢ = b, TO p HA3BIBAETCH KOHUEBOU MOYKOU 6
6ydyusem (COOTBETCTBEHHO B TIPOIILIOM) KPUBOH L.

[Mpuuynaaas KpuBas HA3BIBAECTCSH HENPOIOANHCAEMOTE 6 bYydywiee
(COOTBETCTBEHHO 6 NPOW.L0E), €CM y HEE HET KOHIEBON TOYKM B
OyayrieM (COOTBETCTBEHHO B IIPOIILIOM ).

[IpuuunHy0 KpUBYIO OyIeM Ha3bIBATH HENPOAOAHCAEMOT, ECIIU
OHA HEMPOJIO/IKaeMa HU B TIPOITLIOe, HUA B Oy/IyIIee.

OHpe,HeJH/IM HECKOJIbKO BUIOB ABAEHUA 3aXx6a4MA TTPUINHHBIX
KPUBBIX.

Henpognomxkaemas nmpuununast kpusast L : (a,b) — M Ha3sbI-
BACTCA 34T6a4eHHOT KOMITAKTHBIM MHOKECTBOM K, €CJIU IIEJIMKOM
COIEPXKUTCST B HEM.

Byaem roBopuTh, 9T0 HENpoJonKaeMas B OyIyIiee TpUInHHASA
kpusad L : [a,b) = M saxeauena 6 bydyusem KOMIAKTHBIM MHO-
xkecrBoM K, ecan cymecrByer uuciio tg < b takoe, uro L(t) € K
s BeeX to < t < b.

AHaNOrm4YHO onpeensgeTcd ABJIEHUE 3aXBATa B IIPOILIOM.

Ecsiu B mpocTpancTBe-BpeMEHN MOXKET PeaTIM30BbIBATHCS OINH
73 BBIIMIEONMCAHHBIX BUJOB 3aXBara, OyZeM TOBOPUTH, 9TO
[IPOCTPAHCTBO-BPEMsi JONYCKALM AGAEHUE 3ATE6GMA TIPUIMHHBIX
KPWBBIX.

OHpe,HeJII/IM SABJICHUE KOHEUHOT HeJOCTNUNCUMOCTIU.

Onpenenenne 3.4. Ilycrs < M, g > — npocTpaHCTBO-BPEMs .
Bynem rosopurb, 4ro Touka ¢ € M xonewno nedocmusicuma
NPUYUHHBLMU KPUBHLMU, BHIXOISIINMA U3 TOYKH P, €CJIN JIHODYIO
OKpecTHOCTDL Uy TOUKN ¢ MOXKHO TOCTHYh TPUINHHBIMIA KPUBBIMH,
BBIXOJSAIIMMHI U3 TOYKH P, HO B TO YK€ BPEMs JJjIs JII00O0r0 UuCIa
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N > 0 cymecTByeT OKpecTHOCTh U, TOUKH ¢ TakKas, 9TO JIOPEH-
neBa JIAHA JAI000# HPUYMHHOM KpHBOH Ly, HadumHaiome#ca B
D W 3aKaHYMBAIOIIeiica BHYTPH OokpecTHOCTH Ugy, GOIBITIE UMCIa
N : S(LpU) > N.

Ormerum, 9TO ONpesie/IéHHAs BbINIE KOHEYHAS HETOCTUXKHU-
MOCTh TOYKH ¢ NPUYUHHBIMUA KPUBBIMU, BBIXOASAIIUMHU U3 TOUKH
P, MOXKET OBbITh KOHEWHOU HeJOCTUNCUMOCTLIO 8 Oydywem u 6
npownom. B miepsom ciyuae (HEIOCTHKUMOCTL B Oymylem) cy-
MIECTBYIOT TOYKH 2 € U, Takme, 9T0 p < 2, TO €CTh JaCTh OKPECT-
Hoctn U, HaxommTca B OymymieM oT To4YKH p. Bo BTOpoM ciydae
(HEeZOCTUKUMOCTD B IIPOLITIOM) CYLIECTBYIOT TOUKH 2 € U, Takue,
410 2z < P, TO eCTh 4acTh OKpecTHocTy U; HAXOAUTCSH B IPOLLIOM
OT TOYKH P.

Crenys onpenenenuio 3.5, OyjeM TOBOPHUTH, YTO B MPOCTPAH-
CTBE-BPEMEHU UMEET MECTO ABAEHUE KOHEUHOT HEJOCMUNCUMOCTU
(IPUYMHHBIMY KPUBBIMH), €CJIM KOHEYHAs HEJIOCTUZKUMOCTDH Bbl-
HOJIHSIETCs JIJIs POIIIIOrO WK JIJist Oyy1ero HEKOTOPOi TOYKH P.

Onpenenenne 3.5. IIpocrpancrBo-Bpems < M, g > Oynem or-
HOCHUTDb K KAGCCY A B IBYX CIIydasX:

1) €CJTM TTPOCTPAHCTBO-BpeMs < M, g > He JOMyCKaeT siBIEHUE
3axBaTa (MPUYMHHBIX KPUBBIX KOMIAKTHBIM MHOKECTBOM ).

2) €CIN B IPOCTPAHCTBe-BpeMeHN < M, g > NPHUCYTCTBYyeT dAB-
JIEHWe 3aXBaTa, HO B HEM HeT sBJIEHUS KOHEYHON HEIOCTUZKUMO-
CTH.

Taxum 0Opa3oM, K Kjtaccy A He OTHOCATCS JIUIIb T€ MPOCTPAH-
CTBa, B KOTOPBIX OJHOBPEMEHHO UMeeT MECTO KaK SIBJIEHUE 3aXBaTa
NPpUYNHHBIX KPUBBIX, TaK U ABJICHHE KOHEYHOI HEIJOCTUZKNUMOCTHU
(MexK/ly HEKOTOPBIMU TOYKAMHU).

IIpocTpancTBo-BpemMsa < M, g > yIOBIETBOPSAET YCA08UN KO-
HEYWHOCTNU PACCTMOAHUA, €CITA I JII00bIX p,q € M

d(p,q) < .

Teopema 3.3. ITyemv < M, g > u < M’', ¢ > — deéa npuwun-
HOLT POCTPAHCMEA-6PEMENY Kaacca A, YydoeaemeopaouuT yeao-
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6UI0 KOHEUHOCTNU PACCMOARUA OAA BCET MEMPUK, 2A000ADHO KOH-
dopmmumz dannvim. Tozda, ecau f : M — M’ — zomeomoppusm,
20MOMEMUNHO NPEO0OPA3YVULUT NOPEHUEEO PAcCCMOARUE (6 4acm-
HOCTU, COTPAHAOWUT €20), O ecmb 0Af 06U mowex p,q € M,
sunoaneno pasercmeo d(p,q) = cd' (f(p), f(q)), ede ¢ > 0 — neko-
MOPas NOCMOAHHAA, MO | ABAAEMCA 2A00KUM KOHPOPMHBIM NpE-
obpasosaruem [145]. ]

3.7. Speculatio

1. Kakosa upuuuna rpasurauuu (rsarorenus)? B nawe Bpems
OPUHATO CIUTATH, YTO HpH‘IHHOfI TPaBUTAIIUN ABJIACTCA KPDUBU3HA
IPOCTPAHCTBA-BPEMEHN.

B cBoe Bpems Jlomonocos mucan: «Tak Kak Tenno, TOTKaloIee
TAXKeJIbIe TeJla K IMEHTPY 3€MJIn, HEJOCTYIMHO YYyBCTBaM, TO OHO
€CTh TOHYAMIIasa >KHAJIKOCTh. [losgcHeHme. 9TO KUIKOE TEIO MBI
OyaeM Ha3bIBATh TATOTHUTEIBHON KUAKOCTHIO. Tak Kak ero cytre-
CTBOBaHUeE IIOCTUTACTCA PACCYK/ICHUEM, TO OHO €My He IIPOTUBOpe-
YUT, XOTA €0 TOHKOCTH IMPEBOCXOJAUT CUJIBI B006pa}KeHI/IH. Tak kKak
TIOBCIOAY, KyJda MOXKET IMMPOHUKHYTH YeJIOBEYeCKad JeATEeJIbHOCTD,
TAYKECTb TE€JI OKA3BIBAETCA MOCTOSHHON, TO OTCIOJA CJIEAyeT, 9TO
TATOTUTE/IbHAA KUAKOCTDb IIPUCYTCTBYET BE3/€. ... OHa ABHZKETCA
HOCTOSIHHO € OZHOI M TOi 2Ke cKopocTbio» [114, ¢.243].

C KpHBHSHOﬁ-THFOTeHHeM MBI CeroiHd CBA3bIBa€M I'DAaBUTOHDBI.
OHu pacrnpocTpaHeHbl TIOBCEMECTHO W JIBUXKYTCS BCETJIA C MOCTO-
SHHOM CKOPOCTBIO — CO CKOPOCTHIO CBETA.

O Boxe, 9T0 €CTb YeJI0BEK,
Yro THI eMy cebs ABJISAEND,
1 Tak ero ThI IOYUTAEIIB,

Koroparo Tosb KpaTok Bek.

M. JIomonocos (1751)

2. «Ob6masi Teopusi OTHOCUTEJIBHOCTH €CTh OTKPBITUE, YTO
MPOCTPAHCTBO-BPEMS ¥ TPABUTAIMOHHOE MOJIE €CTh OIHA W Ta, ¥Ke
cynrHoCTh. To, 94TO MBI HA3BIBAEM «ITPOCTPAHCTBO-BPEMSI» €CTh Ca-
MO 10 cebe dbu3nmdeckuii 00bEKT, BO MHOTUX OTHOIIEHUSX aHAJIO-
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MYHBIA 3/IEKTPOMAarHuTHOMY om0, MoxkHo ckazarb, uro OTO
€CTb OTKPBITHE TOIO, Y4TO IPOCTPAHCTBa~-BpeMenu Bosce Her» (Po-
Besn, 2004, [278, p.9]).

3. «The antigravity at the beginning is necessary for our
existence because it was a source of expansion which created large
and suitable for life universe but it seems unnecessary now, or we
do not understand its necessity» (Dolgov, [207, p.2]).

Mpr Takyke He TOHWMAaeM, KOT/a WCKPWBJIEHHbIE O0JACTH
MIPOCTPAHCTBA-BPEMEHN ODHAPY’KMUBAIOT CBOWCTBA I'PABUTAINMU, &
KOI/Ia aHTUTDABUTAIHH.

4. Obmiast TEOPUs OTHOCUTENBLHOCTH FOBOPUT O TOM, 9TO €CJIU
Buemunit Mup npezcrasien B (popMe IPOCTPAHCTBA-BPEMEHH, HE
00J1aTAI0IIEr0 MAKCUMAJIHHOM TPYITOit cuMMeTpuii’, To B 3TOM
Mupe cua Tsxecru (rpaBUTaIs) CYIIECTBYET.

O cyuecTBOBaHWM T'DABUTALMM, & HE IPOCTO 00 ydére BO3-
MOKHOCTH CHJIbI TSIXKECTH 3asiBJIAET TaK¥Ke Teopus (Cynep)CTpyH.
«BurTen HasBam 3TO OCO3HAHME «CAMOW BEJHMKON WMHTEJLIEKTY-
aJbHON TObeoN B cBOeit ku3uwu» (Burren, mo mncrounnky [166,
c.111]). ockoabky OTO — 370 Teopusi rpaBUTAIMN, & TEOPHs
(cynmep)crpyH — eiuHas TeOpUs MOJisd, TO Teopuu (Cymep)cTpyH
YJIAJIOCh He TOJIbKO 3aKPENuTh yclex JUHINTeHa, HO W IPeTeH-
JIOBATh HA POJIb TEOPHHU, KOTOPYI0 MEYTAJ HOCTPOUTH JWHIITEHH.

Oxnaxko OTO — 310 SKCIEPUMEHTAIBHO [IPOBEPEMast TEOPUs,
a meopus (Cymep)CTpyH IO CUX HE TOATBEPKIEHA IKCIIEPUMEH-
TasibHO [168, c. 32].

3By4nT MouYTH Kak NMpUroBop. Kmaccwmueckas Hayka Tpedyer
9KCIIEPUMEHTa [ MpoBepKHu Teopun. Ho Kak-To 3a0BIBAIOT, ITO
B IIPUHIIUIIE HEJIb3s1 IKCIIEPUMEHTAIBHO M3MEPUTH CKOPOCTH CBETA
B OJJHOM HATNpaBJIEHUW. U 3TO HUKOTO He cMyImaer [13].

3MakcucMaIbHaA TPYIHa CHMMeTpHii — 370 10-mapaMeTpudecKas IDyI-
na Ilyaunkape. IlpocrparcTBo-peMsi MUHKOBCKOrO 06J1a1aeT MaKCUMAJIbHON
rpynnoil CUMMeTpUii, €ero KpUBU3HA PaBHA HYJIIO, U, CJIeJOBATEJbHO, B MUDe
MI/IHKOBCKOFO HET I'DaBUTALIUA.



I'nmaBa 4

DK30THNIECKNE TJIaJKIe
IIPOCTPAHCTBa-BpeMeHa

OO6r1mas Teopusi OTHOCUTEIBHOCTH CTPOMJIACH HA OCHOBE TIPUH-
numa ooIeil KOBApUaHTHOCTH, O3HAYAIONIEr0 HEM3MEHHOCTD (Pop-
MYJUPOBOK (DU3MYIECKAX 3AKOHOB OTHOCHTEIHHO IIPOU3BOJIb-
HbIX 3aMeH cucreM KoopauHar (Jokasbhbix kapr). Paxruue-
CKHU TIPW TOM HESIBHO TIPEJMOJIATAETCS, UTO TJIAJKAS CTPYKTYpPa
MPOCTPAHCTBA-BPEMEHHN OCTAETCS TO K€ camoii mocie JIoboit 3a-
MEHBI CHCTEMbI KOODINHAT.

Ho MOCKOIIBKY Ha TOMOJIOTHIecKOM MHOroo6pasnn IR? oTkphI-
TO CYIIECTBOBAHUE HECUETHOTO UUCJIA IKIOTHUUECKUX, T.e. Hexud-
dbeomopdHbIX rTaIKIX cTPYKTYp [182, 193], reoMeTpusi KOTOPHIX
HeoHOpOAHA [47], TO MbI MOXKEM C yAMBJIEHUEM KOHCTATUPOBATD,
YTO HA OJJHOM MHOKECTBE, T.€. Ha OJHOM U TOM 2Ke HaOOpe 3JIeMeH-
TOB, HAKOHEIT, HA, OJTHOM U TOM Ke Habope seueti 6 cebe, 0OPa3yIo-
IIIX MATEMATHIECKOE TOMOJOTHIECKOE MHOT00Opa3He, BO3MOXKHbI
onucanus sew,eli daA HaC C PABHBIMU (DU3UIECKN HECOBMECTUMBI-
MH CBOHCTBAMH.

B OTO mpocrpancTBo-Bpems — 310 4-MepHOE XaycnopdOBO TO-
MOJIOTUYECKOE MHOrooOpas3we, OCHAINEHHOE TJIQIKON CTPYKTYpOi
U JIOPEHIEBOH MeTpuKoit. CBOOOIHOMY IBUKEHUIO BEIW B I'DABU-
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4.1. TVIAJIKUE CTPYKTYPHI... &9

TAIIMOHHOM II0JIe OTBEYAET MUPOBAS JIMHUS YACTUIIBI, SBJISIONIA~
s 24a0K01 Te0/Ie3MIeCKO, HeCBOOOIHOMY — IPOU3BOJIbHAS, HO
OMATh-TaKM Taakas KpuBasd. Ho, Kk mpumepy, riagkas KpuBas B
IR* Moxker nmeTh u310MBI B HeaudbdHeoMOPHHOM IK30THIECKOM
]R;LK3 , CJIEJOBATEJILHO, JIeTaTE/IbHBIN amnmapar ¢ TakKOid MUPOBOM
JWHUEN B OJHOM MUPE JBUKETCS B COOTBETCTBHUU C 3aKOHAMU Me-
XaHUKH, & B IPYTOM — BUJIUTCS KAK COBEPIIAIONTNN MTHOBEHHOE U3~
MEHEHHE HallPABJICHUS JBUKEHUSI, HEBO3MOXKHOE C TOUKU 3PEHU
3akoHa uHepimu. OIHAKO BayKHO MPU 3TOM OTMETHUTh, 9YTO BCE K-
30THYECKHE TJIAJKHEe CTPYKTYPBI, B TOM 4HCJIe i crangapraoe IR?,
AOKANDHO IKBUBANEHMHYL U, B CIILY ITOTO B AOKAAbHHIL KOODIU-
HATAX BbIpakeHue (PU3NIECKUX 3aKOHOB HEM3MEHHO. JHAYWT, K-
30THYECKas [VIQJIKOCTh IPOABJISAETCH TOJIHKO DU U3ydeHuu Jud-
depeHtrpyeMoit CTpyKTYpPhI TPOCTPAHCTBA-BPEMEHH 8 UeA0M, T.€.
2n0baavro [183, p.13].

ITockosbKy MBI TpakTyeM BcesleHHyI0 KaK 171a/1K0€ MHOr000pa-
3ue, T.e. MHOT0OOpa3ue ¢ KOHKPETHON IaJKOi CTPYKTYPOIt, TO 2Ke
caMoe TOTIOJIOTHYIecKoe MHOrooOpasue ¢ apyroii, Heauddeomopd-
HOI IVIaJIKO# CTPYKTYPOii ciieyeT pacCMaTrpuBaTb KaK UHYIO, CKa-
JKEM, NaAparIesbHyo BeeaenHyo!.

Taxkum 06pa3oM, OKa3BIBACTCS, ITO HAIIH BEIIN OJTHOBPEMEHHO
SABJISTIOTCS BEIIAMU MTapaJlIeIbHON BCeJaeHHoi n Haobopor. ITapas-
JIeJIbHBIE MUDBI JIEXKAT BHYTpH Hatero! Mbl 1 €CTh BCe Tapasiiesb-
ubie Mupbl! Ho MbI ux He olryimnaeM, MOCKOJbKY OHU COOTBETCTBY-
0T [IaaKoil crpykrype HeauddeomopdHoil Hameil. A BoT nepe-
XOJIbl MEZK/Ty [1apaJleIbHbIMU BCEJIEHHBIMU MOXKHO OCYIIECTBIIATD
C TIOMOIIBIO 4-MepHBIX KPOTOBBIX HOp [49, 50, 51].

4.1. TI'maakume cTpyktypbl u amddgeo-
MOP(PU3MBI

Hnsg myqimero noHuManus (HDEHOMEHA SK30THIHOCTU TJIAJKUX
crpykryp Ha IR™ 1mOI€3HO B 3aBHCUMOCTH OT CUTYAIIUU UCIIOIb30-

lHa CeroJinsd He CYIECTBYET ACHOrO INOHUMaHWA, ITO CJaAeayeT HMeTh B
BUAY 110 TEPMHUHOM <IIaPAJIJICJIbHAA BCEJICHHAA Y.
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BaTb pa3/jyuHble (IKBUBAJIEHTHBIE) ONPEIEIeH s IAIKONH CTPYK-
TyPBL.

4.1.1. T'magkas cTtpykTypa no BopucoBy

[IpuBemem ompesenennsi TIAAKON CTPYKTYDBI, MPWHA/IIEKAIIEE
npod. FO.®. Bopucosy?, KOTOPLI JaBal €ro B CBOEM CIIENKYp-
ce 0 puMaHOBOil reomerpun B HoBocmOMpCKOM yHHBEpPCHUTETE B
1968 romy.

IIycte M — HemycTOe MHOXKECTBO, JIOMYCKAIOIIee MOKPBLITHE
(My)aca, Te. UoM, = M, npudem mis Kaxkaoro Vo, CymiecTBy-
er GmekTuBHOE OTOOpaxkeHwme ¢, : My — Uy, Tme U, C IR"™ —
OTKPBITOE TIOJIMHOKECTBO.

[Tpeanonaraem, 9TO BBIUIOJHAIOTCS yCAOBUSL:

1) gns moboro © € M, N Mg cymecrByior V,, C M, N Mpg
ne :V, - U C IR" - 6ueknmsa, a U — OTKPBITOE MHOMKE-
cTBO; Tpu 3TOoM orobpazkenus (pg o wot) + pa(Va) = ©s(Va),
(egopat) : pa(Ve) = p5(Vy), HasbBaemble Gynxyuamu nepero-
da, mpuHaAIERAT Kiaaccy raaakoctu C™ (m > 0) (ycioBue riaf-
Koctu GyHKIHU mepexoa).

2) KakoBbI Obl HU Obu X,y € M, cymecrByer oTobpazkeHue
f:10,1] = V rakoe, uro f(0) =z, f(1) =y, u eciu f(tg) = xg €
My, to € [0,1], To masg Beex t € [0, 1], mocTarouno 6am3Kux K to,
f(t) € My m (¢4 o f)(t) — HempepbIBHOE OTOGpaXkeHne (ycIoBHe
cBsazHOCTH )®.

[Mapa < M,, @, > Ha3BIBAETCH A0KGALHOU KaPMOU, WIH AO-
KaavroLmu Koopdunamamu Ha M. CoBokynHocTb A BCex JIOKaIb-
HBIX KapT Ha M, yI0BIETBOPAIOIUX ycaoBusaM 1), 2), Ha3bIBAETCA
amaacom knacca C™.

2Bopucos [Opuit ®emoposmy (1925-2007) — 3aMedaTeNbHBIH COBETCKUiT
reomerp, A.¢.-m.H. mpodeccop HoBocubupckoro rocymapCTBEHHOIO yHUBED-
curera, yaeauk A.Jl. Amekcangposa. Yuran B 1960-e rogsr 8 HI'Y cmenkypce
«Pumanosa reomerpuss.

3VenoBue CBA3HOCTH He sABAsAETCA 00S3aTebHBIM TIPH OMpe/IeTeHIH T3
KX MHOro00pasuit. OHO rapaHTHUPyeT TOMOJOTHIECKOe CBOUCTBO CEAZHOCTIU
(MuHEHHON CBI3HOCTH) [VIAJKOrO MHOroo6paswsi, T.e. TO, YTO OHO HE COCTOUT
U3 «ABYyX KyCKOB».
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Jpa pasubix atmaca A A kmacca C™ sxeusaseHmmbl, €Cim
00be/IMHEHNE UX JIOKAJTbHBIX KapT obpasyer aryiac kKiaacca C™.

Takum oOpa3om, Ha MHOXKECTBE BCeX aryiacoB kKjacca C™ Ha
M BBeIEHO OTHOINIEHNE SKBUBATIEHTHOCTH, KOTOPOE Pa30UBaeT COo-
BOKYITHOCTH BCEX ATJIACOB HA KAACCH IKBUBAAEHMHOCTIU.

IIpumep 4.1. Ha M! = IR! cymecrryior neskpupamenTHbIe aTaace. IlycTs
nepsbiil atnac Ay comepxut kapry p(x) = x, a BTopoil knacc Az — Kapry
o(z) = z1/3. Torna dbyrKnuT HEpexoa

—1 _..1/3 (o)
(poe (@) =a'/® e L.
Ciieq0BaTENBHO, Ai u As He ABISAIOTCS SKBUBAJCHTHBIMH.

Onpegenenne 4.1. Kiacc 3KkBUBaJIeHTHBIX aT/1acoB kjacca C —
9TO raaKas crpykrypa na M kmacca C™.

MuoxkectBo M ¢ BBIOPAHHON IJIsT HETO KOHKPETHON TIIaaKoii
CcTpyKTypoit kjacca C"' HA3BIBAETCS N-MEPHOIM 2A00KUM MHO-
2000pasuem xaacca C™ umun C™-mmo2000pasuem m 0003HATAET-

ca M™.

B caydae, korga m = 0, FOBOPST O TOMOJOTUYECKOM 1-MEPHOM
MHOT000Pa3uu.

Omnpenenenne 4.2. Orobpazenune f: M™ — N* rne M™ N* -
C™-rnagkue MHOrooOpaswus, HasbiBaeTcsa C'-2aa0kum, eCIA JIJIst
Jr000# Touku x € M™ u m00bx KapT < My, p, > MHOr00Opa-
sug M™ u < Ng,1g > muoroobpasus N*, x € M,, f(z) € Nj
byukuus g o fop e C™.

Omnpegenenne 4.3. Orobpaxenne f : M™ — N¥ rne M™, N* -
C™-rnankue MHOTOOOpasus, uasbBaercs C™-dugdpeomopdus-
mom, ecr f romeoMopdusM u orobpaskenus f, f~1 € C™.

fcuo, uro muddeomopdHbIe MHOrOOOPa3UsT UMEIOT OIMHAKO-
Byto pa3mepuocTh. Iuddeomopduzm M™, N™ obo3HadaeMm Kak
M™~ N™,
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4.1.2. KacaresgbpHble BEKTOPbI M KacaTeJbHOE
pacciioenue

IIycts M™ — rmagkoe muOTOOOpasue u x € M"™ — TOYKa HA HEM.
Paccmorpum mMuoxkectBo {f}, BCEBO3MOXKHBIX TVIaJKUX OTOOpa-
xkenuit f:[0,1] - M™, rakux, aro f(0) = .

JBa Takue oToOparxkeHus f,g sK6uUSaAACHMHbL, €Cau 1jid (KO-
OP/IMHATHBIX ) TPEJICTABICHUIN JAHHBIX 0TOOpaXKeHuii B JIF000 J10-
KaJIbHOI KapTre < My, o >

(F1E)s s [7(0) (g (), g7 (F)), t€[0,1],

nMeeM dft dg’
2 (0)= =

dt 0) dt

Mbl MeeM OTHOLIEHHME YKBUBAJEHTHOCTH HA YKA3aHHOM MHOKe-

cree {f}, oTobpaskenuii, KoTopoe pasGHBaeT ero Ha KJacChl K-
BUBAJIEHTHBIX OTOOpaxkenuit [f]z, [g]x, .-

(0) (i=1,...,n).

Onpenenenne 4.4.  KacameavHuti eexmop & 6 mouke T K
DIIKOMY MHOroobpasnio M™ — 3T0 KJIacC SKBUBAJEHTHBIX OTO0-
paxkennii [f],. MHOXKeCTBO BCEX KITACCOB SKBUBAJEHTHBIX OTOODa-
JKEHUI HA3BIBACTCS KACAMEADHbLM NPOCMPAHCMEOM 6 MOYKe T K
mMHOTO0Opasnio M™ n obo3HadaeTcs Kak M, .

KacarenbHOE TpOCTPaHCTBO B TOYKE X K MHOrooopasmio M"™
CHADXKAETCH CTPYKTYPOI 1-MEPHOTO BEKTOPHOTO TPOCTPAHCTBA.
O0beaunenue
™" = | M}
zeMn

Ha3BIBACTCS KACAMENbHDIM PACCAOEHUCM MH02000padus M™.

4.1.3. Ilorpy:keHusi, BJIOXKeHUd, IIOAMHOT00Opa-
3ud

Omnpenenenne 4.5. C™-rnaakoe orobpaxkenue f : NF — M™,
roe NF, M™ — C™-rnagxue MHOTOOODA3US, HA3BIBACTCS UMMED-

cuenvim 6 mouke x € N, ecin quddepennuarn df, : ij — ]7}(:5)
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MHBEKTUBEH, U CYOMEPCUBHBLM 68 MOUKe T, €CITA df, — CIOPbEKTH-
ser. Ecin f mMMepcHBHO B KazK10i Touke MEOroobpasus N, o f
Ha3bIBAETCST UMMepCcued, NI nozpystcenuem; ecin f cyoMepcnBHO
B KaxKJI0i TOUKe, TO — cybmepcued.

C™-zaa0Kk0e otobpazkerne f : N¥ — M"™ masbisaerca (riaj-
KHUM) 8A0MCEHUEM, €CIH [ eCTh IOrpyKeHue, romeoMopdHO 0To6-
paxaiomee N* na f(N*). Bioxenue cobemeennoe, ecim mpoobpas
KAaKJI0r0 KOMIIAKTHOI'O MHOXKECTBA KOMIIAKTEH.

Onpegnesenne 4.6. Ilogmuoxecrso N¥ C M™, cuabrkennoe
CTPYKTYPOH TIAIKOTO MHOTOOOPA3HsT, HA3BIBAETCS NOOMHO2000pPa-
suem B M™, eciu orobpaxenue i : NF — M™ i = idym|nr,
i(x) = x, ABIAETCS BIOKEHWEM.

JIoKa/sibHO B KOODAMHATAX HOAMHOroodpasme N® 3amaerca
ypaBHEHHEM

2t = Fiul, .. ub) (k<n), i=1,.n,
npudem:

i
1) panr axo6meBol MaTPUIL J = H&T

o’

paBeH k Ha MOIMHO-

roobpaszmn N* (perynapHocTs i);
2) i aBageTca ToMeoMopduI3MOM Ha cBoit 0bpas i(NF).

Aryac momvuOroo6pasusa N* sKkBHBaeHTeH WHIYIMPOBAHHO-
My arsiacy, obpazosanuoMy Kapramu < My, NN ¢, 00 >.

4.1.4. Tnagkaga cTtpykTtypa nmo ae Pamy

Tononoruydeckoe MHoroobpasue M™ ocnamero (2aadkot) C-
cmpyxmypot, eciav A KaxkJIo# Toukn x € M"™ ompenerena co-
BOKymHOCTh byHKIWH F, = {f, : M" — IR}, nasviBaemas C°°-
PyrryuaAMU 8 MouKe T, TaKasi, 9YTO BBIIOIHAIOTCS ycioBus [83]:

a) eciu orobpaxkenue ¢ : U — V, rne U orkpbito B M", a
V orkpwiro B IR, ecTb romeomopdusm u g : U — R, U CU, 1o
PYHKITHSA g MOXKET OBITH 3alMCaHa KaK (DYHKINS, 3aBUCAIIAS OT

KOOpAMHAT T, ..., 2"

gla',na) = (goo (@, .., a");
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b) byukuus f € F,, rae z € U, Torga u TOJIbKO TOr/a, KOrAa
cymiecrByer okpecraocrs W, touku z, W, C U, na koropoit f
orpeieniena u

f@t...z™) = (fop H(at,..,a") € C™

npu (z!,...,2") € p(W,).

Kaxzgas dynkims ¢ : U — V C R", onncannasi B myHKTE a),
Ha3BbIBAETCA A0KAALHOU Kapmot na M™,

$(x) = (6" (2), ..., 9" (x)),

a byskuyuu ¥ = ¢'(T) — A0KAABHUMU KOOPOUHAMAMU.
Bamerum, 410 corJaacHo b), JIOKaIbHbIE KOOPAMHATBL $BJISIOTCSH
C*>°-dynxknunsamu na U.

IIpennoxkenne 4.1. Ha mnozoobpasuu IR umeemes 2n0-
baavHras Kapma
P ¢:R" - R",

o(x) = (24, ...,2"), z=(2'...,2") € R",
AOKAADHBLE KOOPOUHATYL KOMOPOTI

1

a' =o' (x) = o (7 (@, a") = [pop ] =4

=z
asaaomea, oveeudno, C°-zaadxvumu dynrxyusmu na R". ]

Omnpenenenne 4.7. Bynem nazpiBars C°-mH02000pasuem ioboe
MHOroobopasue M™, cuabxkennoe riaakoi C°°-crpyKrypoii.

4.1.5. TI'magkaa crpykrypa no Tememany

Jugdepenyupyemoum (2aa0kum) MHo2000pasuem HAZBIBACTCA
MHOrooopasue M"™, B KoTOpoM ompesesieHa auddepeHnupyemast
crpykrypa [155].

Yrobbr BBecTu mnonarue auddepeniupyemoii  (ruiaKoii)
CTPYKTYPBI MHOI0OOpa3usi, PACCMOTPUM TOYKY & MHOr00Opa3us
M™ u obosnaunm depe3 C, muOxecTBo nap (U, f), cocrosimumx n3
okpectHocTu U Touku u GyHKIMK [, ONPEIETICHHON U HEMPEPHIB-
woit na U. Ecau (U, f) — napa u3 C, , To OyJeM roBOpUTbH, YTO
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f — dyukmusa maoroodpasus M™, nenpepbiBaasg B To4uke x, a U —
006J1acTh OmnpeiesieHus 3TOH (PYHKIIAH.

Hugdepenyupyemoti  (2aadxoti) cmpyxmypoti xaacca C™,
m > 0, ua maoroobpazuu M"™ pazmMepHOCTH N HA3BIBAETCH OTOD-
paxkenue P, craBsimee B COOTBETCTBHE KaXKJA0W To4dke x m3 M"
moamMHo)KecTBO P, MuokecTBa (), YIOBIETBOPSIONIEE CIIEIYIO-
[I[UM YCJIOBHSIM.

Jms moboit Touku x u3 M™ B mommuoXkectBe P, cymecTByer
n uap (U, f1), ..., (U, fn), Takux, 4ro:

1) rouka x couepxkurca Buyrpu U;

2) dbyukuu fi,, ..., fr, peamusyorT roMeoMopdu3M OKPEeCTHO-
cru U Ha HEKOTOpOe MHO)KecTBO u3 IR";

3) ecuy € V C U, 1o napa (V, f) € C, npunamiexur
®, Torza u TOJBKO TOIJA, KOIVIA CYIIECTBYeT TaKas BeIleCTBEH-
Hast dyskiusa F kinacca C™ oOr n BEIIECTBEHHBIX EPEMEHHbBIX
yl ., y", uro f(2') = Flfi(2'),..., f(z')] nna mo6oii Toukwm z’
n3 M™.

OYHKIUHA f1, ..., [, HA3BIBAIOTCS JONYCMUMbBMUYU KOOPOUHANG-
MU TOYKH T B OKpeCTHOCTH U. DTH KOOPAWHATHI OMPEIEICHBI C
TOYHOCTHIO 70 TPEOOPA30OBAHUS BUIA

gi :Gi<f17-~-7fn)7 (’L: 1,...,’[7,), (41)

rae G; — dyakmun Kracca C™ ¢ OTIMYHBIM OT HyJIs SKOOHAHOM
|%%?| B okpecrHocru U, T.e. Ipy 3HAYEHUAX LEPEeMEeHHLIX f;, CO-
OTBETCTBYIONMX TeKylueil Touke u3 U. B coorsercrsum ¢ ycio-
BueMm 3) dbopumynnl (4.1) onpenensaior n HYHKIUHE ¢; TAKAX, 9TO
(U, g;) € ®, Torma u TONbKO TOrAa, Koraa G; ABAMOTCH QyHKIIU-
avu kmacca C™ B U. Eciu skobuan |‘?9?? He paBeH HYTO B U,
TO, B CHJIy TEOPEMBI O HEABHBIX (byHKL[I/IfiX, noaygaeMm GOpMyIIhI
BUJIA

fi :Fz(gl77gn) (i:l,...,n), (42)

rae F; — dyskuun kmacca C™ B U. Eciu (V, f) € &, 0
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ua nepecedenun V N U. CrnepoBaresbHO, QYHKIMA (1, ..., Gn, YIAO-
BJIETBOPLAIOT ycsoBusM 1)-3).

O6parHo, ecnu g1, ..., §p — JOIMYCTUMBIE KOOPJAWHATHI B OKPECT-
socru U, 1o u3 dopmyrn (4.1), (4.2) Haxoaum, 9T0 B OKPECTHOCTH
U BBITIOJIHSIOTCS TOKIE€CTBA,

noGiof
ofj dgr. ™

j=1

OTKYy/la cjliejlyer, 4To ’%%‘ # 0 B okpecraocru U.
J

Mmuoroobpazue M"™, cuabxkernoe auddepeHnupyeMoiil CTpyK-
rypoit kiacca C™, nasbiBaercs dudpeperyupyemvim (2aa0xum)
MmHo2006pasuem xaacca C™.

JTudpdepernyupyemvmu  (2aa0kumu) PyrryuAIMU HA TAKOM
MHOroo0pasuu Oyayr Takue byukmuu f, aro (U, f) € &, mna
1106010 OTKpBITOro MHOXKecTBa U u3 M™ u noboit touku u3 U.

4.2. Dx3orumueckue R.

I'nagkoe MuOroo6pasme M*, romeomopdroe IR*, moxker GbITH
auddeomopduo C®-rmagkomy Muoroodbpasuio R*, Ho Moxer
6errh He auddeomopdno?. B mociaeamem ciydae rosopsaTr o6 ok-
somuueckom C™-raajkom MuOroobpasuu IR*, koropoe 0o6o3naua-
ercst uepes R4y, . Dxzormueckue RS, GbutH OTKPLITE B 1980-¢
TOIBL.

Ox30mmueckoe Ra, HABBIBACTCH MAABLM, €CTH OHO MOYKET
OBITH TJIAJIKO BIIOXKEHO KaK OTKPBITOE TIOJMHOXKECTBO B CTAHIAPT-
noe IR*.

k3ornueckoe IR, HaswpBaeTCs 60AbWUM, ECTW OHO He MO-
JKeT OBITh TUIA/IKO BJIOYKEHO KAaK OTKPBITOE MOJMHOYKECTBO B CTAH-
napraoe IR*.

M. ®puaman u JI. Taitiop [211] mokasanu, 4ro cymecrByer
eIMHCTBEHHOE MAKCHMAIbHOE 9K30THYecKoe R4, , B KOTOpOe Bee

4Tounee, m1060€ 6uekTUBHOE OTOGpaxkenue M4 ma IR* oynet Heguddepes-
LUPYEMBIM XOTsi Obl B OJHOH TOYKE.
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apyrue IR* MOryT GBITH IIaIKO BIOMKEHBI KAK OTKPBITHIE TIOIMHO-
skectBa [183, p.244].

4

4.2.1. Ilocrpoenme mamabix IR, .

Massie IRE ., (puc. 4.1) cTpOSITCS ¢ MCMOMHL30BAHEEM TEOPEMbI O
rnagkoM 5-mepaoMm h-kobopausme, pydek Kaiicona, mpobok Ak-

OynyTa ¥ TeXHUKH PA3JIOXKeHWs Ha pydkn [183, § 8.6].

0

OV AR R

Puc. 4.1: dxzoruueckoe (manoe) IR* (ono siBasieTcss BHYTPEHHOCTEIO H306pa-
JKEHHOU (PUTYPHI, IPpeACTaBIoIel coboii cierka MoaudUIPOBAHHYIO PYYKY
Koiicona) (Bizaca, Gompf, [192]).

4.2.2. Tlocrpoenue Soabmux IR:, .

Pdopma nepecedeHu

IIycts Y, Y™ — TpancBepcaabHO TEPECEKAIONINecs MOIMHO-
roobpasnss MEOT00Opazna X" 1. Aszebpauneckoe wucao nepece-
wewul Y" u Y™ 1o onpesiesieHNIO €CTh CyMMa 3HAKOB TOYEK IIe-
peceyenuii.

Onpenenenne 4.8. Ilycre M* — KOMIAKTHOE OPHEHTHPO-
BaHHOE TOMOJIOTHYeCKoe 4-MHOToOGpaswe u a,b € Ha(M*;Z)
IPECTABIAIOTCA OPUEHTHPOBAHHEIMHI HOBepXHOCTAMI A, B B M4,
Onpegenum gopmy nepecewenuti Maoroobpazusa M4

Qs - Hy(M*YZ) x Hy(M*;Z) — Z

Kak Qpa(a,b) = A- B, rae A- B ecTh 9HCJIO TOYEK MepecedeHnit
B AN B, B34TBIX CO 3HAKOM®.

S5llpemmonaraem, uro A u B BBIOPAHBI B OOIIEM [OJIOXKEHHH, T.e. IIepe-
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IToBepxHocTh KyMmepa. Paccmorpum MHOKECTBO
K3 ={[z1,20,23,24) € CP%: 2} + 25 + 25 + 2§ = 0},

KOTOPOE ecTh KOMIIJIEKCHOE 2-MHOrooOpa3me, W BellecTBeHHoe 4-
MHOroodpasue. Ero massiBaior mosepxuocrbio Kymmepa wim K 3-
MTOBEPXHOCTHIO.

Dopwma nepecevennsi K 3-11OBEPXHOCTH MMEET BHUT,

0 1
QK?,:EsEBEsEB(@g( 10 >)52ES@3H7

1€ TIOCJIETHEE BBIPAYKEHHUE CONEPIKUT TPU KOUHA MaTpubl H | u3-
BeCcTHOI Kak runepbosnudeckas dopma [259], u

[ecNeololoNoNeol S
OO O OO N
OO OO~ NFO
OO O R NFEOO
— O~ NFEOOO
O NFOOOO
ONHFH OOOOO
NOOHROOOO

Omnpepenenne 4.9. na ¢ = 1,2 oycts D C M — BioXeH-
HBIe AUCKu®, 1 mycTs ¢ : D} — D3 — coXpaHSAIONHI OPHEHTAITNIO
mddeomopduam. Tmagkoe muoroobpasme (M7 \ int DY) Uy pn
(M3 \ int D)) nosydaeM OTOXKIECTBIEHMEM I'DAHUYHBIX TOYEK
jpucka DV ¢ rpannunbiMu Toukamu jucka DY, cBg3anubiMu 0100-
PayKeHUeM ¢, Ha3bIBACTCA C8A3HOU cymmol MEHOrooOpasuit M{' u
M3 n oboznagaerca kak M{§M3' .

Bynem ucrmosb3oBarh ob03HAYEHTE
Y =Yi. gy .
——

m—pa3

cekaroTcs TpaHcBepcasbHo. Opuentanuu A u B BMecTe ¢ (DUKCUPOBAHHOU
opuenTanueit M? naror 3HaK TOUKe mepecedenns p € A N B, KOTOPbIH Haxo-
pures cuepyomum o6pasom. Eciu monoxuresnsasie penepsl B Ap u By pator
OJIOXKUTEJBbHBII perep B M;,l, TO TOYKE p IPUMNHUCHIBAETCSI 3HAK +1, 1 -1 — B
IPOTUBHOM ciydae [214, p.9].

6HaszoseM n-mepnviam Juckom vMuoxectso D™ = {(21,...,7n) € R™ : 22 +
w22 <1}
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IIycrs
X =13(8? x §%)\ D%

ITogmuoxkecrBo nosepxuoctu K3, mpeacrapiidioniee roMOIOruio
nas 3H B ¢popme nepecevennst K 3-TTOBEPXHOCTH, MOYKHO OTTHUCATH
KaK TOMOJIOTUUecKoe BioxKeHne j : X — K3 Takoe, ITO OKpECT-
HOoCTh MHOXKecTBa 1(0X) mmeer Bug C; = 0j5(X) x IR. Moxkuo
BbIOpaTh j Tak, uro j(X) 6yaer romeomopdubiM o6pazom X [183,
p.240-241].

Teopema 4.1.  Pacemompum 2aadkoe 4-mmnoz000pasue
W = t3(5% x §%) \ j(X),

2de j(X) — eomeomopdproiti obpas X. Tozda W zomeomopgino R?,
HO He duppeomopdro R?, u, caedosamenvno, a6aremca npume-
pom RS, [183, p.241-242]. n

4.2.3. AsBromuddeomopduaMbl U IPUHIUAI 00-
mieii KOBapnaHTHOCTH

Ha mpakTnke MpOCTPAHCTBO-BpEMsT Kak TJIAJIKOE MHOT0ooOpasmne
CMPOAM, BBOISI HOBBIE JIOKAJIbHBIE KAPTHI KAK HOBBIE KOOPINHATHI
< M';9 >, x kotopbim nepexofar (z')! = [ o ¢~ (xl, ..., 2™)
oT crapbix < M, ¢ >, IpOM3BOAH TeM CaMbIM pacuiupenue’
npocrpanctsa-pemenn or M k M UM'. Ilenb — m0y4nuTh MaKCH-
MasibHOe paciupenne. Hanpumep, Kak MakKCHMAJIbHOE paCIinpe-
HUe TpocTpaHcTBa-Bpemenn IIBapiimnmibaa, ObIJIO B CBOE BpeMs
[IOJIyYeHO TIPOCTPAHCTBO-BpeMst Kpyckasna.

CrpeMsich K MaKCHMAJIBHOMY PACIIUPEHUIO0 MTPOCTPAHCTBA-
BPEMEHU, MbI TEM CAMbBIM CTPOUM ATJIAC JIOKAJIbHBIX KAPT, U, CJie-
JIOBATEJIbHO, MPOIECC PACHIMPEHUST 3aKAHIUBACTCS, KOLJA IIOJLy-
TAEM MAKCUMAALHBLT AMAAC.

Bamernm, 4To B cuiy Toro, uto [ o ¢~ (xt, ... 2") = (Yo
idypa 0 @71 (2!, ..., 2™), Mpomece pacIUpeRus KapT MO¥KHO TPaK-
TOBATH KAK TOJIYY€HUE TAKOTO aTIaca, B KOTOPOM TOXK/IECTBEHHOE
orobpazkenue spisercs muddeomopdusmonm idya : M* ~ M2,

"B sToMm cayuae ma mepeceuennn M N M’ crapbie m HOBbIE KOODAHHATEL
JIOJ/DKHBI OBITH CBS3AHBL IPEOOPA30BAHUEM C HEHYJIEBBIM SKOOUAHOM.
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QitHrreiin, co3gaBas OOIIYI0 TEOPUI0 OTHOCHTEJHHOCTH, IO-
CTYJIMPOBAJ NPUHUUN 00Wel KO8APUGHMHOCTMU, KOTOPBI pa3pe-
mrajl UCHoJIb30BaTh BCE JOMYCTUMBIE JIOKAJIbHbBIE KapThl (CHCTEe-
MbI KOOpAUHAT). [Ipu 3TOM 1O/ JOIyCTUMOCTHIO TOHUMAJIACH HE
TOJIBKO TJIQIKOCTH (DYHKIINH TEPEXO/IA, HO U BBIMTOJHEHNE YCIOBUS
He3aHy/TeHus SKOOnaHa

J(psopat) #0,

nian /
Npsoea') (1

Iycts f: M™ — M™ — muddeomopdusm. [Tockoabky, B COOT-
BETCTBUHU C onpejenenuem 4.2

ppofopyt =(pgof)ows =Bgop,t €C™,

rjie Pg = pp o f, TO PakTuUeCKn MBI OCYHMIECTBIAEM PaCIIUPEeHue
aTaca JOKATbHBIX KapT, J100aBisAs HOBbIE KapThl Buaa Pg. Ho
UCXOIHBIN aT/Iac ObLI MAKCHMAJBHBIM, TMOITOMY MBI OCTA€MCs B
TOM 7K€ CaMOM aTJace, B TOi XKe caMoi IIafKoit crpykType. Mnage
roBops, ocyiectsiaenne audpdeomopdusma f: M™ — M™ — 310
POCTO JIODABJIEHUE HOBBIX KAPT K ATJIACY, 9TO HPUBETCTBYETCH
TIPUHIUIIOM OOINEH KOBAPUAHTHOCTH.

Tomeomopdmsm f : Ra, — IR* apnserca dbaxruuecku apro-
romeomop(du3MoM, HO HUKaAK He aBToanddeomopdmamom. Cuaemo-
BaTEIHHO, €0 MPUMEHEHUE HEeTh3s TOABECTH MO/, JeiCTBHE IPUH-
numna obIei KOBAPpUAHTHOCTH. XOTS 9TO BO3MOXKHO 171 aBTOIU]-
dbeomopdusmos f : RE, — R, .

WNuade roBopst, MBI UM€EEM JIBE pasHbie Gu3uku, B PAMKAX KaxK-
JIOf M3 KOTOPBIX CIIPABEJINB MPUHIUN O0IEeil KOBAPUAHTHOCTH
Qitamreitna. Onna usuka cBa3ana ¢ TAaIKUM 4-MHOr0OGpa3neM
R?, a apyras c IRng . B neiicrBurenbrocTr pa3Hbix PU3UK MHO-
I'0, HOCKOJIbKY CyIIECTBYeT GeCKOHEUHOe YiC/I0 9K30THdeckux IRY,
u MHOTME uX HuX He anuddeoMopdHBI.

Baxx#o oTMeTHTH, YTO ecJu ABa MHOrooOpasus mHemxuddeo-
MOP(QHBI, TO UMeeTCs (DUUIECKOE PABIUINE MEKIY HUMU.
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4.2.4. Csoiicra 3x30rmuecknx R:

Ouesu o, 4ro riobanbaas kapra kiaacca CO na IRE ., He moxker

K3
ObITH IIa/IKOll B Kaz10if Touke, nHade IRag, ObLI0 Ob1 muddeo-
mopduo IR:. DK30THUHOCTDL, KAK MOKA3ZAHO B CITETYIONINX JTBYX
TeopeMax, MOXKeT 3aKJII0YaTbCA B MPOCTPAHCTBEHHO OTPAHUYIEH-

HBIX 00/IaCTAX.

Teopema 4.2.  Cywecmeyem RS, , daa Komopozo zaobarvhoie
C'-xoopdunamv, A6AAOMCA 2A00KUMU 6 HEKOMOPOT 0KPECTNHO-
cmu. Jpysumu caro8amu, cyulecmeyem IR;L,% = {x = (2%)}, daa
xomopozo ' € C*™ npu |z| < € [183, p.270]. ]

Teopema 4.3.  Cywecmeyem RS, , daa xomopozo erobaiv-
HOLE TONOAOUNECKUE K00PIUHAMbL (t, T, Y, 2) ABAAOMCA 2AG0KU-
mu 0aa 2 4+ y? 4+ 22 > €2 > 0, no ne 2n06aavmo. Cywecmeyem
aopenyesa mempura na IR, , 0as KOmopot epanuya 5moti 0baa-
cmu epemenunodobna. Hrnawe 2060pa, 9K30MUNHOCTD NPOCTPGH-
cmeento ozpanuvena [183, p.271]. [

4
4.2.5. HeognopomaocTs 3k30THm4ecknx IR,

W3BecTHO, 4WTO CBA3HAd ONHOCBA3HASA paspelmumMas 4-MepHas
rpynna JIu G4 auddeomopdna RY. Tpynna Ju Gy, seiicrsyio-
mas [JIQJKO M IIPOCTO TPAH3UTUBHO Ha LJIaJKOM 4-MHOroo0pasuu
M*, mubdeomopdua emy, T.e. M* ~ G, ~ R*. Orciona crexnyer,
a10 RS, He MOYKeT JOMyCKaTh MPOCTO TPAH3HTHBHONO AeHCTRHS
rpymer Gy [47, 48]. dpyruvu ciaosamu, R4, HEOTHOPOIHO.

ToBopuM, 4TO riIagkoe MHOroodpasue M?* umeer nemmozo cum-
MeMPutl, €Cau st TI000r0 BHIOOPA TJIAIKOTO METPUIECKOrO TEH-
3opa g na M* rpynna usomerpuit Is(M*, g) koneuna.

P. Teiiop mocrpoun npumepbl sK3ormueckux RR' ¢ HemHo-
rumu cummerpusamu [293]. Torpa rpyuna usomerpuil Ha Takux
< RS, ,J > KOHeuHa, W, CIIOBATEIHLHO, OTCYTCTBYIOT HETDHU-
BHAJIbHBIE BEKTOPHBIE MO KujinHra. 9TO 03HAYAET, 9TO I'pa-
BUTAIMOHHOE MOJI€ § CYIECTBEHHO HECTAI[MOHAPHO, T.€. SBJISET-
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¢ M3MEHAIOMUMCA. U IpUYuHa 3TOro — 3K30THYHOCTD TJIaJIKOM
cTpyKTypbl [283].

4.2.6. HeBoccTaHOBUMOCTH ITPOIILJIOTO

Dksormaeckme RE, MOryr o6aagaTh MHOIHME YIMBATEIHHBI-
MU CBOMCTBAMH, IIO3BOJIAIOIIMME MHAYE [OCMOTPETHh Ha Hpobiie-
MY BOCCTaHOBJeHUs (hakToB mpomioro. Hampumep, TaobaabHbIe
KOOpAMHATHI (f,7) He ABJIAIOTCA TIAIKHMHE Ha BeeM IRap . DTo
O3HAMAET, UTO €CJW UTO-TO <BEMAET» HAM W3 MPOMLIOTO, TO 3TO
MOXKET IIPOUCXOJMTD BIOJb BPEMEHHbBIX PAIHaJIbHbIX KPUBBIX { =
s,r =1(s),s € [, B]. Ho Takme kpusble, coemunstomue Gakt b ¢
TOYKOI @ €r0 BOCTIPUATHS B HACTOAIIEM, He ABIAIOTCA TAATKUMA
€ KaKOTO-TO MOMEHTA, ITPH CJIEIOBAHUY BIOJL KPUBOH OT a K b (CM.
puc. 4.2, [182]).

[TOCKOIBKY COBpPEMEHHAsA (PU3WKA, MPEITOJIATAECT MCIIOIb30Ba-
HHE TOJBKO IMIAJKHX KPUBBIX, TO MBI MOYKEM 3afBHUTb O TOM, YTO

nporimoe PakTa ¢ He MOXKET ObITh BOCCTAHOBJIEHO.

rnagkue cgepbl

Hernagkve cgepbl

HacToslee

BpeMeHble KpuBble
npotwunoe

Puc. 4.2: Herozmoxuocts TJIAAKOTO NPOJOJI>KEeHNSI BPEMEHHBIX KPUBBIX W3
a B 06aCTH TPOIMIIOTO b B 3K30THIeCKOM Ras -

4.2.7. TIpmaunnble cBoiicTBa IR:

Paccmorpum mpocTpaHcTBa-BpeMeHa < IR4, g>u< IR;‘K3 , g >.
Jl1d KaxkI0ro MHOrooOpasnsi HAlAEM JIOpeHIeBbl (DYHKIIUA Pac-
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croguud d u d.

Iycrs orobpaxenue f : R* — IR;lK3

M30METPHEil OTHOCUTEIHHO JIOPEHIIEBBIX paccTosumii d u d, T.e.

— OMeKIns, SBIAIOIIA

d(p,q) = d(f(p), f(q)). (4.3)

4 4
INockombky IR, um IR® me muddeomopdusl, To f He MOXKer
OBITH TTAIKAM OTOOpaykeHmeM. MOKHO JH M3 ITOTO HM3BJEYb
uH(POPMAIMIO O MPUYMHHBIX CBOMCTBAX IHPOCTPAHCTBA-BPEMEHU

< Riy, ,g >7 [47, 48]

Ecsn cymeCTByeT ouekius f : IRSK3 — IR?, coxpansomas
paccrognue, 10 < IF{SK3 ,J > HE MOXKeT ObITb PA3IUYAIOIIUM, 10
CKOJIBKY 10 Teopeme Kuma u3 [249] f 6buno 651 rmaaxum. Ho sto
O3HAYAET, UTO JIHO0 < IR3K3 ,ﬁ > COJEPKUT BpEMEHHbIE NETJIH,
JiubO0 OHU HOBJIAIOTCS B ¢1ab0 BO3MyIIeHHON Merpuke [47, 48].

Ecmu xe < RY g > pasnuuaiomee (4r0 BO3MOXKHO), TO He
cymecrByer Guekyn f : IRY — ]R;le , COXPAHSTOIIEH pacCTOTHUE,
B cuity Toii ke Teopembl Kuma u3z [249]. Dro rosopur o ToMm, 4To0
Jist XOTs Obl JIBYX COOBITHII P U ¢ JIOPEHIIEBO PACCTOAHIA MEXK/LY

mvm B < R, d > n < Ra, ,d > CYIIECTBEHHO PA3ITIHEL

Teopema 3.3 A.H.PomaHoBa TO3BOJISIET OTHOCHTEIHHO YCH-
JIUTB STOT pE3YJbTAT U TOBOPUTH O JHOO O HENPUYUHHOCTH
MpoCTpaHCTBa-BpeMenn < Ri. ,§ >, mub0 0 HapyTIeHu: YCI0-
BUSI KOHEYHOCTH DPACCTOSIHUS, JTHOO O BBINAIEHHN IPOCTPAHCTBA-
BpeMeHu < IR;LK3 ,g > u3 knacca A. I3 reopembr 3.2 BbITekaer,
aro 160 < IRy, > HE MOKET ObITH Pas/IM4AIoOLUM, 100 J110-
6oii romeomopdusm mMexay < R d > u < IR3K3 ,d > He ABJd-
eTCi1 XPOHOIONHECKIM. (I)aKTquCKH 9TO O3HAYAET, YTO €CIH P
mportoe mist ¢ B < RY, d >, 10 310 HEBepHO B < R34 ,d >

Muage roBopsi, ICTUHHOCTHOE 3HAYEHUE MPUINHHO-CJIEICTBEH-
HOTO OTHOIIIEHUST MEXKTy JIBYMS BEIAMU B cebe —p u q — pa3JII/IqH0
IocJie TOro, Kak OHM CTAHOBATCA BellaMh JJj1d Hac B < IR ,d>mu
B < R, 7d >.
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4.2.8. Dks3ormueckoe R:_, He mMoxker GBITH CJI0-

eM B 5-mepHOoM ['mmepmpocrpancTse?

Craumapraoe IR* MOkeT GBITH CT0€M TIIa/IKOTO CIOCHHS 5-MEPHO-
ro (3aMKHYTOr0) IIaZKoro MHOroobpasus. Kaxk ciexcrsue, craHo-
BHUTCS BO3MOXKHBIM MEPEXOJ] K H-MEPHON TeopHH IPaBU-3JIEKTPO-
cimaboro B3ammogeiicrBuss tuna Kanyns-Kieiina u mocrpoenne
TEOPUN «CXO/Ia CO CBOETO CJIOST», T.e. BBIXOJA 3a TPEIENbl «CBO-
€ro» MPOCTPAHCTBA-BPEMEHU B H-€ M3MEPEHUE U MepeMeIleHuil B
obbemstoriiem ['unepnpocrpancrse (ri. 7). Mcrounukom sHepruu,
HEOOXOIUMOI JIJIsT TAKUX TIEPEMEIeHui, B TAKOM CJIy4ae BBICTY-
[AeT BHEIHEE CKAJISPHOE MOJIE M IJIEKTPUYIECKAsT 3aPsi?KEHHOCTD
nepemerraemoro oobekra (I'yi, [56]).

B cuny ckazannoro, ocoboro BHUMAHWS 3aCIyKWBAET TOT
dakT, 9T0 B TEOPUN CIOCHUH W3BECTHA CJIEIYIONIAs HEpeIeHHAs
zazaga (2003), chopmynupoBaHHas B «CeCCUM IPOOJIEM» U3BECT-
HBIM CHENUATUCTOM B TEOPHUH CJIOEHUH XapaepoM: JOKA3aTh, 4TO
r1aKoe MHOroobpasue L, koropoe ects sx3orudeckoe IR, e Mo-
JKeT GBITH coeM Cl-coenust F KOMIIAKTHOTO MHOTO0Opazmsa M
[239, p.5].

Ecii 9T0 OKazKeTcst BepHBIM, TO 3k30Tmaeckoe IR* cocem nna-
9e pa3MeraeTcsa B o0beMTiomeM [ umepnpocTpancTBe, 9eM CTaH-
napraoe IRY, 1 910 orpaHuYUT NEpEMeleHns B IPOILIOE.

4.3. Pusunyeckada HaADJIIOIAEMOCTH N3Me-
HEHUd IJIQJKON CTPYKTYPbI

Paccmorpum npocrpancrso-speMs < R*, g >, rie g — Merpuka.

IlockombKy mpu CMeHe JIOKAJIbHON KapThl &' — &' MEeTPHUKa IO/I-

BepraeTcst mpeodpa3soBAHUIO

ox' Oz

Ozt 9xk"’

TO TJIQAKOCTh METPUKU MOXKET HAPYHMINTHCHA, €CJIN IMTPOU30IIesT Ie-
pexoa K 9K30TUYECKOMY TJIaJKOMY aTJIacCy.

Jik = Gi'k' = ik (4.4)
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CMeHa JIOKATBHOM KapThl, 3aMeHa KOODJAWUHAT (DU3MYECKH
O3HAYACT IEPeX0T K Ho6blm dusuneckum yerosuam® . Takum obpa-
30M, U3MEHEHUS TJIQIKOM CTPYKTYPHI BIIOJIHE MOYKHO U3MEPUMD,
T.e. OHU Mo2ym Ovimb nabardaemvim dbdexrom (T'ym, 1987, [47];
Asselmeyer, 1996, [178]).

Ho MoxkHO K 3TOMY BOIPOCY HOIONTH C APYTOif CTOPOHBI: BO3-
MOKHO JIM, 9TO IIPU OILPEIEJeHHbIX (DU3NIECKUX YCIOBHUAX PO-
MNCXOAWT CMeHa TIaakoil cTpykTypwi? B § 4.2.5 u § 4.2.7 6nu10
MOKA3aHO, 9TO MEPEXOJI K IKIOTUIECKON TIIAIKON CTPYKTYPE — 3TO
nepexo/ K KpaiiHe HEeOJHOPOIHOMY IPABUTAIMOHHOMY TIOJIIO § B
IR;LK3 or oamopoasoro nonst g B IRY. CresoBarensro, 9K30THY-
HOCTHb MOYKET MPOSBIATbCS KAK MCTOYHUK BO3MYINEHUS, HaDJIIO-
JIAEMOTr0 10 3TOr0 NOCTOSHHOrO (OIHOPOHOTO) TPABUTAIIMOHHOTO
nonst (Tym, 1987, [47]).

B 1990-€ roapt 66110 CHOPMYIUPOBAHO CIIEAYIOIIEE YTBEPHK Ie-
HUE:

JIoKaJu30BaHHAA SK30THIHOCTh MOYKET BBHICTYHATH KAK HCTOY-
HUK HEKOTOPOTO PEryJisipHOTO BHEIIHErO 10Jis B (popMe MaTepun
uiu depHoit qeipel (Bpanc, 1994, [193]).

OCHOBOII [IJIsi TAKOTO 3asIBJIEHUs SABJISETCS, B YaCTHOCTH, T€O-
pema 4.3, KoTopasi JIOKaJIU3yeT 3K30TUYHOCTD IJI00aIbHBIX KOOP-
IMHAT BO BpeMmennmnomobroMm mmmnaIpe S° x IR. O6paTuMm BHU-
MaHHe Ha TO, YTO CKAYKH IIPOM3BOJHBIX METPHKU hog3, Obecretdn-
BalOIKe Pa3pbiB IPOCTPAHCTBA (§ 6.1.2), MOXKHO TPAKTOBATH KaK
[POSIBJIEHHE SK30THIHOCTH, IPUBOAMAIIEE K CKAUKY SHEPIrUH U, KaK
CJIe[CTBHE, K Pa3PbIBY IIPOCTPAHCTBA.

4.3.1. N3meHeHme TeH30pa IJitHIITEIIHA TIPU TE-
pexosie K dK30TUYECKO#l IIaJKoil CTPYK-

Type

Ilycte M obmagaer gsymsi HeauddeoMOpPPHBIMA — [IAIKHA-
mu crpykrypamu M’ w M”. Torma mo6oii romeomopdusm

8 i _
Hanpumep, mepexos K KOOpAHMHATAM, B KOTOPBIX I‘;k(xo) = 0, o3Havaer
epexos 0T OLYIIEeHUHA CUJIbl TSIXKECTHU K HEBECOMOCTH (JIH(bT SﬁHLHTeI‘/'IHa).
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f: M — M" 6ymer memuddepeHIEpyeMbIM XOTS OBI B OII-
HOIl TOYKe, CKazKeM B TOYKE To. 1OrJa B HEKOTOPOIl ee OKpecT-
woctn U, MoxHO mpezacraputh df : TM' — TM"” B Bume
df|Uye = (b1,b2) W BBIPA3WTh M3MEHEHHWE CBSI3HOCTH TIPH TIPE0O-
pazoBaHuu f:

V" =V + (b tdby) @ (by 'dbs).
Tlockonbky B ncanciernu Korrysst TeH30p KPHUBU3HBI
R(X, Y)Z =VxVyZ-VyVxZ+ V[X’y]Z,

TO U3MEHEHHE CBA3HOCTHU IIPpUBEACT K U3MEHEHUIO TEH30PDa KpHu-
BU3HBI W TeH30pa Jitamreiina G — G” Tak, 9To maxke ecam
G'(X,)Y)=0, 10

G"(X,Y) = Ric(X,Y) — %g(X, Y)R # 0.

Takum oOpa3oMm, mepexon K 3IK30THUYHOMY MHOIOOOPa3HIO
[IPUBOJIUT K IOABJIEHUIO HCTOYHUKA T[PAaBUTAIMOHHOIO IIOJIA
(Asselmeyer, 1996, [181]).

Sladkowski [284] upuBoauT TaKyl0 UHTEPLPETALMIO YTOIO Pe-
gyabrata: «lIpenmosokure, 9TO MbI OOHAPYXKWJIM HEKOTODBIH
CTPaHHBIM acTPOMU3NIECKNIT UCTOYHUK TATOTEHUs, KOTOPBIH HE
BEJET K JI000MY MPUEMJIEMOMY DEIeHUI0 ypaBHeHuil DifHinreii-
HA. 9TO MOXKET O3HAYATh, YTO MbI HCIOJIH3YEM HEIPABUILHYTO
IJIAJIKYIO CTPYKTYPY ILIPU OIMCAHUU IIPOCTPAHCTBA-BPEMEHU U Ha-
6JII0/IeH1e STOTO CTPAHHOTO MCTOYHWKA YKA3hIBAET HAM HA HAITy
ommbOKy. Eciiu Mbl n3MeHsIeM TIIaKyi0 CTPYKTYPY, TO BCE Oymer B
nopsiakes [283].

4.3.2. 2IK30TUYHOCTh KaK MCTOYHUK CIIMHOPHO-
TOo HoJd

M=uoroo6pasus IR u ]RgK3 MOYKHO TTPE/ICTABUTH KaK 0013, JA0TIIHe

COOTBETCTBEHHO TPUBUAILHOI pyukoil Kajicona CHy = D? x R?
u werpusuasabHoit C'H Tak, 410

R*\CHy ~R:, \CH.
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eiicTBue
S = / RIR4‘/gIR4d4m

pacnumieM C 'paHUYHBIM YJIEHOM:

S = / R]th/g]szdAl:E + / Kcry+/gado. (4.5)

IR\ C Hy A(IR*\C Ho)

[IpukmenBaemas obaacts O0C'H MOXKeT ObITH ONMKUCAHA KAK MOTPY-
xemme D? x (0,1) B R*. B [180] mokasano, kak MOKeT GbITH
OCYIIECTBJIEHO CIIMHOPHOE MPEJICTABJIEHNE IIOrPYKEHHON MTOBEPX-
noctu D? B IR?, koTopoe Jerko mpogosKaeTes 1o TIOTPY KEHU
npukseennoit obmactu D? x (0,1) 8 IR*. Kak pesyabrar mveem

Kengador= [ o Divasdo.  (16)
S(IR4\C Ho) A(R*\C Hy)

CrmHOpHOE MpeIcTaBaeHne 001a1aeT CBOWCTBOM: IeiCTBAE UCUe-
3Q€T, eCJIM IPAHUIIA €CTh BJIOXKEHUE, T.e. He UMEEeT caMolepecede-
unii. [TosToMy momydaercs HeHy/TeBO# BKIAI IPAHUIHOTO 4I€HA B

neiictere TombKo s Ra,., ¢ rpanmeit J(R* \ CH):

/ U DB/Fado,

O(R4\CH)

KOTOPBIl MOXKHO MPOJOJIZKUTH C TPAHUTIE HA BCE ]R;lK3 \CH. B pe-
3yJIbTATE UMEEM [IJIsi SK30THIECKOTO IR;LK3 COBMECTHOE [TefiCTBHE

I'PAaBUTaIXOHHOTO IIOJIA CO CIIMHOPHBIM UCTOYHUKOM:

SlR%I@ [RRrs + 1/)’7’“1)/@] \/@d4$,

Rixs \CH

MOABUBINUMCS OJtaroaps SK30THIHOCTH [VIAJKON CTPYKTYPHI,
HEMOCPEICTBEHHO OTHOCSINENHCS K MPUKJIEEHHONW O0JaCTH PYyUKH
Kboiicona (Asselmeyer-Maluga, Brans, 2011, [180]).
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Ckauku; pa3mMepHOCTHU
IIPOCTPAHCTBA
11 BpeMeHU

Ben Bo Buemuem Mupe 066émmol. 3psiune TaKUMU BUIAT
ux, cjenbie 0css3a0T. OOBEMHOCTE Belleil BIOJHE XapaKTepusy-
ercs IMWPWHON, ryOmHOW u BBICOTOH. IlocKOMBKY BeIb 3aHU-
MaeT MEeCTO B MPOCTPAHCTBE, TO HA3BAHHBIE TPU XaPAKTEPUCTH-
Ki OOBEMHOCTH CBOAATCS K OJHOMY MOHSATHIO, KOTOPOE MBI OT-
HOCHM K CBOHCTBAM MPOCTPAHCTBA. IDTO CBONCTBO HA3BIBAETCH
MPETMEPHOCTIBIO IPOCTPAHCTBA.

Bemp B Hamwux ONIyIIEHWSAX HE JAaHA HAM 00HOMOMEHITIHO.
Omwryiienre Bely MMeeT CBOK JAumeabHoCmy. InTebHOCTh B
HameM BocopuaTuu Mupa TeCHO CBsi3aHA ¢ TEPMUHAMU <«HAda-
JIO» U «KOHEIl», TPUYEM «HAJAJIO» BCETIa ObIBAET 00 «KOHIAY, a
He nocae. MUp BOCIPUHUMAETCS TOCJIEI0BATENIBHO, BO BPEMEHH,
1 3TO 00CTOSATE/ILCTBO XaPAKTEPU3YETCs HAAEJIeHIEeM BPEMEHH Ta~
KM CBOHCTBOM KaK 00HOMEPHOCTD.

Ho skcmepumentsr noareepxaaor yreepxkaeane CTO o6 ot-
HOCHUTEIbHOCTH MIPOCTPAHCTBA 1 Bpemenu. [losTomy ciremyer roBo-
PUTH O €IWHOM TPOCTPAHCTBE-BPEMEHU, KOTOPOE C yIETOM TPEX-

108
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MEPHOCTH TPOCTPAHCTBA U OJHOMEPHOCTU BPEMEHH [I0JIKHO 00J1a~
J1ATh TAaKUM CBOHCTBOM, KaK 4embulpETMeEPHOCTD.

5.1. YerbipexmMmepHoe MPOCTPAHCTBO-
BpeMs Kak 6a3oBas mojiesib Peasib-
HOCTH

Msr omrytaem, a pu3nIecKre IKCIEPUMEHTHI 3TO TOATBEPIKIAIOT,
YTO Pa3MEPHOCTh Halero (hU3NIecKOoro MpoCTPAHCTBA paBHA 3.
910 6a30Basi PA3MEPHOCTh, W 3-MEPHOE MPOCTPAHCTBO SIBJISETCS
6a30BbIM (HU3UIECKUM TPOCTPAHCTBOM, K KOTOPOMY MIPUBS3AH de-
JioBedeckuii cocob ocozHanus (U cozupanus) BeeseHHOI.

To ke MBI MOXKEM CKa3aTh O BpeMmeHu. MbI yBepeHbI, 9TO OHO
OJTHOMEPHO. D10 6a30Basi PAZMEPHOCTH BPEMEHH.

CitetoBaresibHO, 4-MepHOE JIOPEHIIEBO MHOrOobpasue — 4-mep-
HOE TIPOCTPAHCTRBO-BPEMSsT — 3T0 6a30Bast MOJIEh OKPYKAIOIIEei Hac
PeaspHOCTH, 9aCTHI0 KOTOPOU SBJISIEMCS U MBI CAMH.

OpHaKO BMOJIHE JOMYCTUMBI JIOKAJIbHBIE U TJI00ATbHBIE U3Me-
HEHUs PA3MEPHOCTH (PU3UIECKOTO MPOCTPAHCTBA, WJIM BPEMEHH.
PazmepHOCTH — 3TO TOIOJIOrNYECKasi XapaKTEPUCTHKA TOIOJIOTH-
geckoro npocrpancrBa. C Hell CBS3aH KOHKPETHBIH HAGOp ducesn
Berru. g 3-mepuoro npocrpancrsa 3-mMeproe uncsio Berru ne
PaBHO HYJIIO, & BCE Mm-MepHbe uucia berru 5, ¢ m > 4 saBus-
oTcsa HyneBbiMu. Ecimm Bapyr 4-mepmoe umcao Bertn okaxkercs
OTJIMIHBIM OT HYJIS, TO ITO CKAXKET O TOM, 4TO (PU3UIECKOE MPO-
CTPAHCTBO CTAJIO 4-MEePHBIM.

Scho, 4ro ¢ ToUKHU 3peHus HUIMKU CHOHTAHHBIE (UM UCKYC-
CTBEHHbIE) U3MEHEHUsI PA3MEPHOCTHU [POCTPAHCTBA MM BPEMEHU
JIOJI2KHBL XapaKTePU30BaThCs CKAYKaMK (ILJIOTHOCTU) SHEPIUM.

Kak oneHuTb 9TH CKAYK# NJIOTHOCTH SHEPIUH !

CyuiecTByIOoT pasiudHble uHTerpajibibie hopmysibl (MHTErpa-
JIbL 10 MHOI0OGPa3uUI0), CBA3BIBAIOIIUE CKAJIAPbL, 00pa30BaHHbIE
U3 CKaJISPHON KPUBU3HBI, CEKIIMOHHBIX KPUBU3H, CBEPTOK TEH30PA
Puvun v Ten3opa KpuBU3HBI C caMuMu €O00it, ¢ unciamu Berrn,
¢ xapakrepuctukoit Jitnepa-Ilyankape, ¢ anciamu [lonTpsaruna,
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¢ curnarypoii (popmyna Xupuebpyxa) [73]. Takue dbopmysnbl Ha-
3pIBAIOT vare Bcero popmynamu aycca-bBorne-Uepna. Iloapimre-
rPaJIbHbIE BBHIPAXKEHHUS B 3TUX (DOPMYJIAX MOXKHO BBIDA3UTH Yepe3
MJIOTHOCTh YHEPTHU, KOTOPAs BXOAUT B YPABHEHUS IPABUTAIINOH-
HOTO MOJIs, MPUHUMAEMOI K PACCMOTPEHUIO0 TEOPUU T'DABUTAINM.
DToit Teopueil MOXKeT ObITh TPATUIMOHHAS TEOPUS TPABUTAIUH
DitHITeiHA WK, K IPUMEDY, T€OPUs IPABUTAIUN JWHIITEHHA-
T'aycca-Bonme.

[Mumem onny dopmyny Taycca-Bownne-Ueprua ajs 6a30Boro
MPOCTPAHCTBA, & BTOPYIO — [IJIs IPOCTPAHCTBA C U3MEHEHHON pa3-
MepHOocThi0. O6e 10T ONEHKY YCPEeIHEHHON MIOTHOCTH SHEPIUH;
onHa A7d 6a30BOrO IPOCTPAHCTBA, & BTOPAs JJisi U3MEHEHHOTO.
Pazunna u ecTh HCKOMBIH CKAYOK SHEPIHUH, XAPAKTEPUIYIOMIUI U3-
MEHEHUE TAKOW TOMOJIOTMYECKONH XapaKTEePUCTUKHU MTPOCTPAHCTBA~
BPEMEHH, KaK PAa3MEPHOCTb.

flcHO, 9TO CyIecTBEHHBIE CKAYKU IJIOTHOCTU SHEPIUU MOLYT
OBITH OOHAPYKEHBI B ACTPOHOMUYIECKUX HAOIIOMEHUIX OOIITHPHBIX
obstacreit pu3udeckoro mpocrpancTsa. IloaTomy He HCKIIOYEHO,
YTO PA3MEPHOCTH MPOCTPAHCTBA-BPEMEHN B TaKWX 00jacTsx Bcee-
JIHHOM MOKeT ObITH OTJIMYHON OT 4, 8 pa3MepHOCTh (PU3NIECKOTO
MPOCTPAHCTBA — BOOOIIE MEHATHCS C TE€UEHUEM BPEMEHHU.

5.2. ®opmyaa l'aycca-Bonne-Yepna
JIJIsi TICEBAOPUMAaHOBBIX MHOToo0pa-
smit M2

Iycrs < M?F g > — 2k-MepHOe KOMIAKTHOE OPHEHTHPOBAHHOE
MICEeBIOPUMAHOBO MHOTO0O0PA3Me CUTHATYPHI < +...+ —...— >.
N eV ad

D 2k—p

ycts dv = +/|det(g)|dzt A ... A dz?* — 2k-bopma obbema u
Pfe(R) =

_ (71)[1)/2] i102... 92k

= 2R S1jongon B112J1 72 Ri3t4]3]a. . Riok—1iok Jok—1]2k,
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riue
+1,{i1ig...ix } wermas mepecramosxa, {Jj1j2..-Jok}
Sivizeize _ —1,{4142...995 } mewernas mepecranonka, {j1ja..-jok}
J1J2---J2k 0, cpemm {’il’ig...igk} I cpe,zm{jljg...jgk} ecTh
OIMHAKOBEIE.
Torna [186, 203]
/ Pfr(R)dv = x(M?*), (5.1)
M2k

rie

2k

X(MZF) = (=1)™ B, (M)
m=0

— xapakrepucruka Ditnepa-Ilyankape muoroobpasus M2,

5.3. CkKadyKm pa3MEpHOCTH HPOCTPaH-
crBa-BpemeHn. Ciydaii 3aMKHYTOTO
MHOrooopa3us

13 ypasrennii moss a1s 2k-MEepHOTO TICEBIOPUMAHOBA, TPOCTPAH-
CTBa, T.€. 1y 2k-MEPHOr0 TPOCTPAHCTBA-BPEMEHHI

R _ 1

( (
ik 2

k
i JRY) = KE (2k) Ui Uk

a TakKe U3 CTPYKTYPbl POPMYJIbI /IJisi KOMIIOHEHT TEH30Pa KPH-
BU3HBI MOJIy9YaeM, 9TO

RO ey, B2 ~ ey, R ~ ren,

(2k) p(2k) 2 (2k) p(2k) p(2k) 3
Rijim Baped ~ K@) Riim By spi Rapea ™~ [Ke@r)]”; -

ITosTomy
Pfi(R) ~ (kery)™
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CueroBaresibHo, ¢ nomonpio gpopmydist [aycca-Boune-Uepna (5.1)
HOJTy9aeM CJIEAYIONIyIO OIEHKY JJIS CPEJHEro 3HAYEHMs ILIOTHO-
CTH 3HeprUn 2k-MepHOil peaThHOCTH:

(K{e (k) ool (MPF) ~ X (MPF).

IIpeamnonoxkum, 910 6A30BBIM ABJSAETCSA 4-MEPHOE MPOCTPAHCTBO-
spemsa M*, s koroporo k = 2, u o6bem vol (M*) ~ 14,

[Ipemnonoxxkum Tak:ke: PeaabHOCTH TakoBa, dYTO pa3Mep-
HOCTH IMPOCTPAHCTBA-BPEMEHHM KaK MOJETN PealbHOCTH <«KOJe0-
JIETCsT CIIOHTAHHO» OKOJIO Pa3MepHOCTH 0A30BOTO TPOCTPAHCTBA-
BpEMeHH, T.e. cieyeT HapasHe ¢ M* paccmarpusars Momemn M2F.
IIpumem, 9TO JTOMOTHUTENBHBIE PA3MEPHOCTH XAPAKTEPU3IYIOTCSH
BEJIMYMHON A, MaJIOil [0 CpaBHEHUIO ¢ 9uciaoMm I, T.e. [/A > 1, u
COBEPIIIEHHO HE BAYKHO, WJET JU PeYb O IPOCTPAHCTBEHHOM JI0-
[OJIHUTEILHOM U3MEDEHUH UJIM O BPEMEHHOM.

Taxkum obpasom, nipu k > 2

’UOl(Mzk) ~ l4)\2k—4 — l2k(A/l)2k_4,

7 TIO3TOMY

1 X(MQk)/\B 1/(2k—1)
<€(2k)> ~ Py <l4) .

CrenoBatesbho, Tak Kak ouesnano [x(M2K)A3]/1* < 1, To!

<€(4)> < <e’:‘(6)> <. < <5(2k)> <..

Takum obOpazom, MBI BHAWM, 9TO IMepexos] K 00jee MEepHOMY
MIPOCTPAHCTBY-BpeMeHn TPedyeT «3arpaTs SHEPIHUH, & yMeHbIIe-
Hue pa3MepHOCTH 03Ha4aeT «cObpocy suepruu. IIpu srom 4-mepuas
PEAIbHOCTh, KOTOPYIO MbI HA3BAJIM 0A30BOM, SBISETCS OCHOBHBIM
9HEPreTUYeCKNM YPOBHEM C MUHIMAJIBHOU CpenHell sHeprueii.

O06pa3HO MOXKHO CKa3aTb, YTO PEAJTbHOCTH C Pa3MEpPHOCTHIO
OosibInei, vem 4, — 3T0 BO3OYKIEHHOE COCTOSHIE 6A30BOI0 COCTO-
saung Peasnbaoctu

LC ygerom, manpumep, Toro, uro M2k = 52k y y(S52k) = 2.
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MokeT 7 CIyIuThCsI, 9TO MPHU OOJIee TOUHBIX OIEHKaX 0a30-
BbIM cocrosiareM PeanbHocTu OKaxkercs He 4-mepras PeasibHOCTD,
a, ckaxkeM, 6-mepnasi? HamomuwuMm, dro dyHIAMEHTAIBHOCTH 6-
MEepHOI pa3MepHOCTH IMpejcKasbIBanach Bapruun [8].

JymaeTcd, B MOAb3y pa3MepHOCTH 4 TOBOPHUT TO, YTO CPeIn
Becex IR™ rosbko IR* momyckaer 6eckoneunoe 4nciao neauddeo-
MOPQHBIX TIIAJKUAX CTPYKTYD, JJIsi BCEX IPOYUX — TJIAJIKAE CTPYK-
typsl guddeomopdunr (cm. . 4).

5.4. BepodgTHOCTHU ITIEpeX0J0B NPU CMEHE
Pa3MepHOCTH

Kak BBIYHCIUTH BeposTHOCTH nepexonos M2k — M?2P? s sroro
MOKHO BOCIIOJIb30BATHCS TIOJX0IOM, MPEIJIOKEHHBIM B KHHITE [66]
n YacTudHo B dactu II mamHOoi KHUTH.

PeanbHocTh MOXKET MPEACTABASATHCA HAM KAK [CEBIOPUMAHO-
BO MHOroobpazme M™ m10060ii pasMepHOCTH N B 3aBUCUMOCTH OT
HAIero crocoba cozumanus PeaabHOCTH U €€ 0CO3HAHUS.

DakTHUECKH MBI CUHTaeM, 4To mepexompl M2F — M?P, Bie-
KYIIHEe CKAYKW PA3MEPHOCTH IMPOCTPAHCTBA U BPEMEHH, ITPOUCXO-
JISIT HE B CUJIy TOIO, 9TO 9TO HEKOTOPbIA €CTeCTBEHHBIH IPUPO/I-
HBIH TIPOIECC, a B CUJIY TOTO, YTO JIIOAU BHIHYKIAIOT PeaanHOCTD
(mpupoLy) COBEpIIATH 9TO B CUJIY CKAYKOOOPa3HO# IBOMIOIUU CBO-
uX TpejcTaBjieHuil (CxeM) O TOM, KaK yCTpoeHa 3ra PeajlbHOCTD.
Cwmena npescraBiaeHnii (CxeM) — 9T0 cMeHa crnocoba oco3Hanus Pe-
aJbHOCTH, CMEHA cBomX mieii-panTasuii o crpykrype PeanbnocTn
(em. 17 wm [72]).

BasoBeiM  sBaseTca  4-MepHOE JIOPEHIIEBO MHOrooOpasme
< R* ¢W >,

B §§ 1.2.1, 1.2.6 npeyiaramoch CB3bIBATH THUITBI OCO3ZHAHUS C
00bEKTAMU HEKOTOPOIl KATeropuwu.

O6o3Hauaem crocobsl ocosHanus Kak (A, (B, ... B [66] croco-
OBl OCO3HAHUS OTOXKJIECTBJISIOTCSA ¢ 00BEKTAMU KATETOPUH JIOKY-
COB, SIBJISIONIENCS JBONCTBEHHON K KATErOpUHU IJIaJIKUX KoJiel (CM.
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npusoxkenue A):
(A =(C*(R™), A=(C*(1R"),...

B caiyuae cniocoba ocozuanus fA PeallbHOCTH TpecTaeT Kak
(4+m)-MepHOe runepnpocTpancTBo R}, ¢ MeTpHKOil g® (LA) (em.
§§ 18.7.4, 18.8):

4+m
Z gt EA Udzldz
1,0=1
= gl(:)( 0 .. 2% a)drida® + 2s,0dz'da® + hapda®da®,  (5.2)

z=(z,a), z€R" acR™.
Nmeem [ytst aMILIATYIBI BEPOSATHOCTH TTEPEXO/IA,
Ryy — Rip
or (4 + m)-mepuoii cpenpr (peanbroctn) R}, K (4 + n)-MepHOit
cpeste (peansnocrn) Rjpg:
957 (B)
6l eA)gs” () = [ Dig (e, B)JetSVeADI (5
a1 (£A)

rie

S[g® (LA, (B)] = K, / lg®) (LA, ¢B)|R® (LA, LB)d°x. (5.4)

s Toro 4Tobbl HamMCaTh 3T GOPMYJIbI B 00/I€€ OCMBICTIEHHOM

BHE, HEOOXOAMMO y4yecTb Hajauuue Mopdusma ® : /B — (A mex-

ny cnocobamu ocosnanus (craguamu) (A = LCP®(IR™) u (B =

LC>*(IR™). J1o o3Hauaer, uto a = ¢(b), rme a € R"™, b € R™.
Nuaue roBops, smecto (5.3)-(5.4) nummem

959 (z,b)
(9 (eA)| g5V (¢B)) = / Dlg® (B)]et SO (5.5)

9t (z.,6(b))
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riue

S1g®] = bom / / 190)(2,5)|R®) (2, b)d2d™. (5.6

Dopmynst (5.5)-(5.6) 1al0T HAM HCKOMbIE AMILIATYAbI BEPOSTHO-
CTH TIEPEX0IOB BHUA M2k M?P tne M?F = R;}A u M2 = RZ‘B.
IIpasa, cOBEPIIEHHO HEACHO, KAK UX MOXKHO BBIYHC/IATH.

5.5. ®opmyna Yepna-l'aycca-bBonne njisa
TICEeBJIOPUMAHOBBIX MHOT000Opa3mii
M?* ¢ xpaem

IIycrs M?F — ncespopumanoso Muoroobpasue ¢ kpaem OM?2F u
q : TV M? — M?* — paccioenne Ha chepbl, aCCONUHPOBAHHOE C
KacaresibbiM paccioenuem TM2F (e, cocrosinee us BeKTOpOB
KacareJbHOro paccioenus ¢ mopmoii 1). Cymecrsyer auddepen-
nmanbaas (2k — 1)-bopma o ma Ty M2F | nas xoropoit

/ oc=1 ,zm;{BcexxeM%

a (=)

u ¢*Pfr(Q) = do.

Besikoe BekTopnoe mose T, mopmambhoe K OM?ZF| 3amaer
HecHHTyIApHOe cedenne T : QMK — Ty M2k,

Torma umeer mecro dhopmyna Yepua-laycca-Bornne gns mces-
JOPIMAHOBBEIX MHOrooOpasmit M2F ¢ kpaem [274]:

/ Pf(Q) =indgpT + / "0, (5.7)
M2k oM2k
rre indgpr2x OMPEIEISETCS CIEAYIONIAM 00Pa30M.

Eciu T — menynesoe BekTopHoe mose ua OMZF T — npomosn-
JKEHHe BEKTOPHOro mouist 1’ Ha Bce MHOrooOpasue M2F u a4, ..., ax
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— KOHEYHOe 4HCJI0 0co0bIx Touek (mymeit) moms 1T ma MZF [85,
¢.516], o
k
indgpacT = ind,,T.

j=1

Eciu nosie T Tpancsepcaibio (B 4aCTHOCTH, HOPMabHO) K OM2F |
TO

. _ 2k

indgpan T = x (M%),

B obmtem ciydae st OpHEHTHPOBAHHOTO KOMTIAKTHOTO MHOT000-
pasust ¢ Kpaem:

indgp2rT = x (M) — deg(Kr),

rie deg(Kr) — cremens ortobpawenns Kp : OM?** — §2F—1 [85
¢.502], Kr(z) pasro Touxe wa S~ ormedennoit KORIOM BeKTO-
pa v = 00T + vluy + ... + v2* Yugp 1, {uq,...,usp_1} — Gasuc B
T (OM?*), x € OM?*, 37 ) =1 [174].

Eciu Q% — 2k-mepHast kommakTHast 061acTs B M2* ¢ rpanu-
neit 9Q%F, To dopmymy (5.7) MOXKHO TIepenmcaTh B BHE

Q2k BQQk

rre Bce (DOPMBI U TTOJIS ONPEIEIAIOTCS, KAK BBIIIE, C 3aMEHOM OyK-
Bel M ma OykBy (.

5.6. Ckaykm pa3MepHOCTH NPOCTpPaH-
cTtBa u Bpemenu. O6mmii ciaygaii

IIycrs y mpocrpancrBa-spemern M"” pasmepHocTr n obmactb Q™
c rpanuneil (kpaem) Q™ CraHOBUTCs BHYTDPEHHEH 4acTbio Gosiee
mepHoit obmactn Q" (em. puc.5.1).

[Mockomsky dbopmyrna 'aycca-Bonne-Hepra nHeTpuBnagbHa I
9ETHOMEPHBIX MHOr000pa3wii, TO cauTaeM, 910 n = 2k, U BKJIIO-
qaem obmacth Q"' kak wacth B (n + 2)-Mepnyto obiacts Q2.
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a) b) c)

Puc. 5.1: a) Muoroo6pasme M™, B xoTOpoM KyieTka Qf ¢ rpamueit (kpaem)
0Qf CTaHOBHTCA BHYTDEHHeH HacThbio KIeTKH Q™11 Gonpireidl pazMepHOCTH;
b) crnakeHHBIH BApDHAHT JIEBOTO DHCYHKA ; C) BAA «COOKy» Ha IpOLEAyDY
YBeJIHYICHAA Pa3MEPHOCTH MHOTOOOpasus B «MecTe» QF.

Teneps, A7 TOrO YTOOBI OIEHUTH CKAYKU IHEPTUU, HAM HY K-
HO Bhinucarh ¢opmyint Faycca-Borne-Yepna (5.8) mjig MHOr0o6-
pasus ¢ Kpaem: oxHa g napbl (Q",0Q™), a Apyras id napbl
(Qn+2, aQn+2)'

Citesiyer 3aMeTUTb, 9TO MOJIy9YEHUE TOYHBIX OIEHOK CKAYKOB
SHEPTUWY HA, MYTH, YKA3aHHOM B JAHHOW 3aMeTKe, SIBJISETCS BECh-
Ma TPYJHOM MaTeMaTH4YeCKON 3a/1a4eil, TOCKOJIbKY CJIOXKHO BbIPa-
3UTh Nr€OMETPUUIECKIE UIEHBI, BXoadAnue B popmysnl Tuna [aycca-
Bonne-Yepna, uepe3 mI0THOCTh SHEPTUN, COAEPIKAILYIOCS B YPaB-
HEHUSX [OJIs.

5.7. Pacuyer wn3MeHeHuUss pPa3MepPHOCTU
du3uIecKoro mpoCcTpaHCTBA

OuznvecKkoe MPOCTPAHCTBO MOJETUPYETCS MaTeMaTHIECKW KakK
PUMaHOBO MHOT00Opaswe, T.e. Kak mapa < V" g >, rme V™ — rmaa-
Koe MHOTOOOpa3me, a ¢ — MOJ0KATETHHO OIPEIeIeHHAsT PUMAHOBA
METPHKA.

Mpn1 MoskeM cumMTaTh, Masaas Ha PeanbHocTh Kak HA Heuro, Ha-
XOJIATIIEECS B TPOCTPAHCTBE, 9TO 3TO HeduTo Mensercs ¢ TedenneM
Bpemenn t. TakoB KjaacCWYecKwil, JTOMUHKOBUAHCKHII B3TJISI HA
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PeanbHocTs.

QusnaecKkoe MPOCTPAHCTBO MOKET UMETh Pa3MepHOCTh dim =
n ¢ 6a30BbIM 3HadvenneM dim = 3. [Ipeamososkum, 9TO pasMep-
HOCTH B MOMEHT BPEMEHU {(; MEHSIETCS M BMECTO 3HAUEHUS 7 TPU-
uuMaet 3uadenne m. Kakas myis sToro rpebyercst sueprusi?

fcHo, 9TO pacuéT CKAYKa SHEPIUU MOXKHO ITPOBECTHU IO CXEME,
M3JI0KEHHON B MPEAbIAyIuX maparpadax, ¢ TOil TOJbKO Pa3HU-
neit, aro muinyrcs popmysibl aycca-Bornne-Uepna st pumano-
BBIX MHOTOOOpasmit < V™, g™ >u < V™, ¢(™) > u ncnoms3yrorcs
MPOCTPAHCTBEHHBIE KOMIIOHEHTHI YPABHEHUS TOJIS.

5.8. Speculatio

1. «Eciu BO3MOKHO, 9TODBI CYIIECTBOBAJN POTIKEHUS C IPY-
PUME U3MEPEHUSIMHU, TO BEChbMa BeposiTHO, 4T0 Bor rae-ro ux neii-
creuresibHo pasmecruny (Kanr, [101]).

[Mockonpky, Omaromapsi Pumamy, »kuBmemy mo3xke Kanra,
MHOTOMEPHBIE TPOTIKEHHOCTU-TTPOCTPAHCTBA ObLIH (DOPMAIHHO
OMUCAHBI, T.e. OHU BO3MOYKHBI, TO WX WHTEPIPETAIMA U eCTb
BCeJIEHHbIE-PeATIbHOCTH, HaaudecTByomme Bo Buermuem Mupe mo
Bosie Boxkwmeit, ecim roBoputh Ha s3bike Kanra., Bremmnuit Mup
mensier Gopmy (= TONOJIOTHIO), 00JATAIONLYIO TOI WU WHOH pa3-
MEpPHOCTBHIO, B 3aBHCHMOCTH OT BO33peHuit Ha Bcemennyio u or
MPAKTUYECKUX 3329, CTOAIINX TIePe]] JTI0IbMU, B KOHKPETHOM KC-
TOPUYECKOI 310Xe.

2. Kak mokazanu Kanymna u Kieitr, mpocTpaHcTBO-BpeMs MO-
2K€T WMEeTh JONOJIHUTEbHbIE K YeThIPEM u3mepenusd. «lomonnu-
TeJIbHblEe U3MEPEHUs MOIYT ObIThb HAMHOIO OOJIblIe, 4YeM paHee
aymanan QU3NKA: pa3sMep dTUX W3MEPEHUH MOXKeT ObITh MOpsi-
Ka JiecsaToil nonm muinMerpas [146, ¢.305]. Boabmioii pasmep
JIONOJTHATEIFHBIX U3MEPEHUIl MOXKET OObSCHUTH, TOYEMY T'DABU-
Taus cJaabee 37eKTPOMArHUTHBIX, CIabblX M CUJIbHBIX cui [146,
€.305]. Mubivu coioBamu, Tonosorus (popma) u reomerpust Bee-
JIEHHOH 33/1aeT CPABHUTEIHHYIO CUJTy U3BECTHBIX HAM B3aUMOJIEH-
CTBWIA, T. €. anpropHasa GopMa MPEJICTaB/IeH!s CO3HaHueM (B 1yxe
Kanra) Buemnero Mupa onpezessiior ¢dpusuky PeasbHocTn.



I'maBa 6

Pa3pbIiBbI npocTpaHcTBa
1 KPOTOBBIE HOPBI

Knaccudeckoe mpezcrapienne o (Gpu3mdeckoM TPOCTPAHCTBE
HAJIEJISET ero TakuM (DYHIAMEHTAIBHBIM TOMOJOTMYECKUM CBOI-
CTBOM KaK c6A3H0ocmb. PU3naecKoe IPOCTPAHCTBO — €CTh CBA3HOE
3-MepHOe MHOr00Opa3ne, OHO OObENMHSIETCsI C BDEMEHEM B €MHOE
4-MepHOe IIPOCTPAHCTBO-BPEMSI.

Tononorus 3-mpocTpaHCTBa, & TOUHEE TAKHUE €ro TOMOJIOTHYe-
CKUe CBOHCTBA, KaK CBA3HOCTH W OJHOCBA3HOCTDH, KaK TTOKA3aHO B
9TOil TyIaBe, MOTYT M3MEHATHCHA MPU CKAYKAX JHEPIUU €CTECTBEH-
HOIO (B3PbIBbI) UJIM UCKYCCTBEHHOI'O [IPOMCXOXK IEHUS.

IIpu HapymieHun CBA3HOCTH MPOCTPAHCTBA POXKIAIOTCS JIMOO
OTBETBJIEHUS B MIPOCTPAHCTBE-BPEMEHH, JIN00 4-MepHbIE KPOTOBbBIE
Hopbl. OOpa3oBaBIieecss OTBETBICHUAE — ITO, 110 CYTH JIEJ1a, TapaJi-
JIeJIbHBIA MHUP.

B cnydae mHapyImneHust OJHOCBI3HOCTH TTPOCTPAHCTBA TIOSIBJIS-
IOTCS 3-MepHbIe KPOTOBbIE HOPHI.

1 4-mepubie, u 3-MepHbIE KPOTOBbIE HOPBI MOI'YT HCIIOJIb30-
BaThCA Kak [ miepexonos B IIpomnioe (Mamuna BpeMeHn ), Tak 1
JIJIsT CBEPXOBICTPHIX MO 9acaM 3eMJIU CBEPXIAJIHHUX KOCMUIECKUX
nepesieros [42].

119
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JBe 3-cepsl

3-cepa ¢ 3-mepHoit

KPOTOBO#i HOPOIt Bpenst

IpoctpancTso
¢ Tononorueit S

a) b)

Puc. 6.1: a) Poxxaenwne 4-weproii KpoToBo# HOPEL. TIPOCTPAHCTBO C TOMOJIO-
rueit 3-cpeprl TepsieT CBA3HOCTH. OOBPA3yIOTCA JIBa IPOCTPAHCTBA, KaXKJI0€ U3
KOTOpHIX romeoMopdro 3-cdepe. b) Poxxaerme 3-mMepHOH KPOTOBOH HODHI B
MIPOCTPAHCTBE C TOmoJiorueii 3-cdepni. [IpocTpaHCTBO TEPSET OTHOCBI3HOCTb.

6.1. Pus3mka oOpa3oBaHUsA 4-MEPHBIX
KPOTOBBIX HOP

Ecsm B mpocrpancTBe-BpeMeHr He CyIIEeCTBYeT WJIA CYIIECTBYET,
HO He JIOCTYIIHA eCTeCTBeHHad KPOTOBad HOPA, TO LPUJEIrcd Co-
3/1aBaTh €€ NCKYCCTBEHHBIN aHAJIOT.

B kagecTtBe 0aHOrO m3 CIIOCOOOB MOXKHO PaCCMOTPETb 00-
pa3oBanme 4-MepHOIf KpPOTOBOI HOPBI, HAYATIO KOTOPOH HAXO-
JUTCS B HACTOAIIEM, & KOHEI[ — JO0 B HMCTOPUYECKOM IIPO-
IoM, ubo B ucropudeckoMm Oyayriem. Cieayer 3aMeTuTh, 9TO
IIPOCTPAHCTBO-BpeMs ¢ 4-MepHOI KPOTOBOM HOPO#l yKe He sB-
JISI€TC ONHOCBA3HBIM, OCTABAACH CBA3HBIM. [loTOMYy CcyrmiecrByer
MPOCTPAHCTBEHHO-TIOJO0HBIE HECBSI3HBIE TUTIEPTOBepxHOCTH. [1pn
9TOM TIPOIIECC POXKIEHHUs 4-MepHON KPOTOBON HOPHI MOXKHO pac-
CMATPHBATh KaK OTPLIB OT 3-MEPHOTO IpOoCTpaHcTBa M2 HeKoTO-
poit obmactu Dy C M3.

Hpyrumu cioBamu, oOpa3oBaHue 4-MEpHOW KPOTOBOW HOPBI
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JBe 3-cdepst

I

3-cdepa ¢ 3-mepHoit

KpPOTOBOI HOpOH Bpewst

IIpocTpancTBo
. o3
¢ ToroJyorueH S

a) b)

Puc. 6.2: a) Poxaenue u ncuesnosenue 4-mMepHo# KpPOoTOBOil HOPHL. IIpo-
CTPAHCTBO ¢ Tonojorueil 3-cepsl TepsieT CBA3HOCTH U BHOBL €€ obperaeT. b)
Poxpenne 3-MepHO# KPOTOBOI HOPHI B IPOCTPAHCTBE ¢ TOmOOrue 3-cdepsr.
IIpocTpaHCTBO TepsieT OAHOCBA3HOCTD, & 3aTE€M OIATH CTAHOBUTCS OJTHOCBS3-
HBIM.

03HAYAET HAPYINEHUE CBSI3HOCTH MPOCTPAHCTBEHHO-TIOIO0HOM TU-
neprioBepxuoctu. Tonosiorudecku (M T€OMETPUYECKH) STOT IIPO-
1EeCC MOXKET ObITh PEATU30BaH CTATMBAHUEM B TOUYKY I'DAHMIIBI OT-
pbiBaemoii 3-mepHoii obnactu Dy. B nasnbueiiiiem Mbl BKiienM 0T0-
PBaHHYIO 00JIACTh B HEOOXOIUMYO TOYKY TPOCTPAHCTBA-BPEMEHH.

Crelyer OTMETHTD, 9TO MATEMATHYECKHU MTPONEIYPa CKIEUBa-
HUS IBYX HECBS3AHHBIX 00s1acTeil 3-MEPHOTO IMIPOCTPAHCTBA IIPEI-
craB/igeTcsa 60s1ee CJIO2KHBIM IIPOIECCOM, Y€M Pa3PbIB CBA3HON 00-
JIACTU HA, HECBSI3HBIE KOMIIOHEHTHI. JTO BBI3BAHO TEM, UTO TIPH
pa3pbiBe HA JIBE KOMIIOHEHTHI TPOIECC CTATUBAHUS TPAHUIL B TOY-
Ky MOYXKHO OODATUTh, TAK KAK 9Ta TOYKA SABJISETCS B I€HCTBUTEb-
HOCTH HEKOTOPOIl IByMEPHOiT 00IaCTHI0 HY/IEBOM ILTOIMIAIN, TOIY-
9eHHOI B pe3yJsibrare HemnpepbiBHOHN medopmanuu. [Ipu ckimenBa-
HUU JBYX HECBS3HBIX KOMIIOHEHT MBI CHAYAJIA BHIOEPEM MO TOUKE
B KaXKJI0i 00J1acT, a mOTOM OTOXKIecTBuM uX. Ilocie 3Toro Tou-
K&, COeMHSIONIAs CKJICEHHBIE YACTH 3-MEPHON THIIEPIIOBEPXHOCTH,
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OCTaeTCs UCTUHHON TOYKON, B OTIWYNE OT MPEAbIAYIIero Caydasd.
U MBI HE CMOXKEM TaK K€ IPOCTO PACTIHYTH TOYKY B JBYMEPHYIO
00/1aCTh.

6.1.1. PazsppliB mpocTpaHCTBa

PaspsiB mpocTpaHCTBa, & TOYHEE OTPHIB OT HETO 3-MEPHOU 00IaCTH
Dy ocyiecTBuM 3a CHeT PACCMOTPEHHs M3MEHSIONIEHics TOIOJI0-
I'UH ¥ TeOMeTPHH Ha OJHOM H TOM ¥Ke MHOxKecTse M3,

MOKHO TIOCTPOUTH BJIOYKEHUE PACCMATPUBAEMOrO MHOYKECTBA
M? B obbemoniee 4-MepHOE LIPOCTPAHCTBO B BHIE CEeMEHCTBA,
PUMAaHOBBIX 3-TPOCTPAHCTBE, PEATIU3YIOMINX MPUBBIYHYIO KAPTUHY
pa3phiBa HA JBA HECBS3HBIX KyCKa. DTy KapTUHY OCTaBJIsEM KakK
TPEHUPOBKY BOODPAXKEHUS TUTATETSA, €€ CTPOras MaTeMaTHIeCKas
dopmanm3anusa He sBASETCS CJIOKHOM 3a1adeii.

Buewnuit nabiurogaresns upu orpbiBe 3-MepHoii obsactu (1ia-
pa) Dg Oymer BUIETH €ro MOCTENeHHOe UCYE3HOBeHUE OyKBAJIb-
HO «Ha rya3zax». OropBaBmmiicss Kycok Dy, npodoasican cyuie-
CME06aMb, HAYHET TyTENeCTBOBATL B NOMOKE 6pemMenu’ B 00b-
emutioniieM ['mneprpocrpancrse (puc. 6.1, a)) u smbo BepHercs
B HCXOJHOE MPOCTPAHCTBO, 00pasys 4-MepHYyI0 KPOTOBYIO HODY
(puc. 6.2, a)), nmbo HauHeT OiyXKIaHue B ['MMepnpocTpaHCTBE
(puc. 6.1, a)), BO3MOXKHO, «IPUCTaB> K 0pYyzomy TPOCTPAHCTBY
UHO20 TIPOCTPAHCTBA-BPEMEHH.

6.1.2. O1eHKa cKavKa 3Hepruu, HeoOXOoIMMOTO
JJ19 pa3pblBa IPOCTPAHCTBA

Ecan Tenmeps paccMOTpeTb MOAENb CBA3HOTO, HO HEOTHOCBA3HOIO
MPOCTPAHCTBA-BPEMEHHU, TO BIIOJIHE MOXKHO OOHAPYKHUTH HECBS3-

L [Tomox epemenu — BHIGpAHHAS BpeMEHHAsS OPUEHTALNSA B OGBEMIIONIEM
I'unepnpoCTpaHCTBE, COAEPIKAINEM HAIIE IPOCTPAHCTBO-BPeMsl (KOTOPOE IO-
JlydaeT HHAYIHPOBAHHYIO BDEMEHHYIO OpHeHTaIuo). BpeMenHas opuenTarus
— 9TO 3aJaHHOE HEHYJIeBOE BPEMEHUIION00HOe BEKTOPHOE I0JIe, T.e. KOHKDPEeT-
HBIH HEIpPePBHIBHBIA BHIOOD IMOJOBHH CBETOBOTO KOHyca. lloueMmy BpeMeHHAs
OPHEHTAIN, T.€. HAIPABICHNE BPEMEHH, CYIIECTBYET, MOXKHO KaK-TO 00bIC-
HATH (CM., HaIpuMmep, [77, ¢.253]), HO Ba>KHO, YTO OHO PEAJLHO HAJIUYECTBYET
B0 Buemuem Mupe.
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HBIE TPEXMEPHBIE IPOCTPAHCTBEHHONOAOOHBIE ceuennsi. Bosee To-
ro, HecpasHoe cedenne M; Mozker momyquThes U3 cBazHoro M
¢ momornpio cdepudeckoii mepecrpoiiku [308], n, ciemoBaTensHO,
CBSI3HOE M HECBA3HOE CEYEHMsT MOYKHO PACCMATPHUBATH KAK HAYAIIh-
HOE M KOHEYHOE COCTOSTHHMSI HEKOTOPOT'O TeOMETPOIMHAMUYIECKOTO
npouecca (nopentes kobopausm, cM.[308]). B xoxe sToro npouec-
ca 3-reoMeTpusi IPETEPIIEBAET IIEPEXOJL, YePE3 HEKOTOPOE KPUTHIE-
CKO€ COCTOSIHUE Mf’/Q, KOTOPOE OTBEYAET HAPYILIEHUIO CBA3HOCTH
MTPOCTPAHCTBEHHOTIOMOOHOTO CETCHUS.

Bouio 6b1 unTepecHo BbigcHurb [308], upu Kakux ycso-
BUAX TPOWCXOAWT HAPYIIEHWE CBSI3HOCTH TMPOCTPAHCTBEHHO-
NOMOGHBIX CEYEHMi, WM, €CJIW OCTABUTh B CTOPOHE KOHKPET-
Hyi0 mauddepeHnnaabHO-TOMOJIOITIECKYI0 MO/I€/b, BBISCHUTH,
BO3MOXKHO JI, 9TO B XOZA€ HEKOTOPOro (PpU3MIECKOro IPOLECcCa
TpexMepHoe pocTpancTBo My cranosutcs necsasubiM. Jlomyckast
BOJILHOCTh B CJIOBAX, MOXKHO CKAa3aTh, UTO HAPYIICHUE CBA3HOCTH
O3Ha4YaeT OTphIBaHme obaactu Dy oT Mg.

Poxienue 4-meproit KPOTOBOI HOPBI O3HAYAET, YTO 3-MEPHbII
Kycok Dy otmesnsiercs, ocTaBiseT 3-MepHOe (QU3MIeCKoe Mpo-
crpancTBo M.

[lepexos ot M§ & M; MOXKHO OCYIIECTBHTH, CTATHBAS B TOY-
Ky o* rpamuny ODg 3amkuyTOl obnactu Dy C M. Tlomyuaercs
npoctpanctBo My /o = Cy /U D12 , rae Cy /o 1 Dy /g nMerOT Oy
oburyto TouKy o (pesysbrar craruBanus ODg) U SBJSIETCS CBsI3-
HBIMH TJIAJKAME MHOrooOpasusamu, auddeoMopdHBIMA CBA3HbBI-
MU KOMTIOHeHTaMu TipocTpancTsa My . 3atem uzier orpuis C /2 OT
Dy j5; nomyaaem M;.

Teomerpuvecku (Merpuvecku) HAPYIIEHUE CBA3HOCTH MOXKHO
OXapaKTepW30BaTh KAK TPOIECC YMEHBIEHUs 10 HyJs TLIONIA-
A TIOBEPXHOCTH 0D, OrpaHUYMUBAIOIIEH OTPHIBAIONIYIOCS 0DJIACTh
Dy. 3HauuT, CBI3HOCTH MPOCTPAHCTBA HAPYIIAETCS BCIEICTBHUE
BO3MYILIEHNS 3-METPHKH hag — hag + Shap (o, f=1,2,3). Jlo-
KAJIbHOE BO3MYIIEHUE 3-METPUKHU BEJET K U3MEHEHUIO KDPHUBH3-
HBI 3-TpoCTpaHcTBa. B pamkax o6Imeil Teopwu OTHOCUTETHHO-
CTH 3-TIPOCTPAHCTBO PACCMATPUBAETCS KAK MPOCTPAHCTBEHHO-
0/I0O0HOE cedeHue NpocTpaHcTBa-Bpemenu. [losromy cienyer uc-
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XOIUTh u3 Bo3Mmyluenus 4-merpuku ¢;r (i,k = 0,1,2,3) opocr-
paHCTBa-BPEMEHU, HH/YIUPYIOMIEro BO3MYIeHNE 3-METPUKY No g
3-mpoctpanctBa. COracHO ypaBHEHUSIM DWHINTEIHA, WUCXOTHON
MPUYUHON BO3MYIINEHUST METPUKU SBJISIETCS MOSIBJIEHUE OIOJI-
HUTEIFHOTO JIOKAJIBHOTO YHEPreTHYecKoro ucrounuka. Heobxo-
JIUMbIE 3aTPAThl JHEPTHUH, BIEKYIHE HAPYIIEHHE CBA3ZHOCTH
3-IPOCTPAHCTBA, MOXKHO ObLIO OBbI JIETKO HOJACYUTATH, €CJu Obl
umesnach GopMysa, CBA3BIBAIOIIAS HEKOTOPYIO YHCIOBYIO Xapak-
TEPUCTHUKY CBSI3HOCTM MPOCTPAHCTBA C KPUBU3HON 3TOrO MPO-
CTPaHCTBA.

B crywae 3amkmHyTOTO 3-TpocTpamcTha M? Takoit "mcIoBOi
XapaKTePUCTHKOf sBJseTcs HyabMmepHoe umcao Berru [Bo(M3)
[152]. Heobxomumas ke GopMysra Tak:Ke UMeeTcs, MpaBaa JIUIIb
JIJIsT YACTHOTO CIydasi 3AMKHYTONO OPUEHTUPOBAHHOIO PUMAHOBA
3-npocrpancrsa M3 ¢ merpukoii hag, JOIYCKAIOIMIETO PeryIapHoe
eIMHUYHOE KUJIJIMHIOBO BEKTOpHOE Hoie & [277]:

1
2l (€) M/ {K (&) +3K(&)}dv = 260(M?) — B1(M?) + do, (6.1)

rme dgp = 0 uau 1 B 3aBUCHUMOCTH OT YETHOCTH WJIM HEUYETHOCTHU
omrOMepHOTO Wncna Bertn B1(M3); K(¢1) — snadenme pumano-
BOIl KPUBM3HBI B IIJIOCKOCTH, oproronanbHoil &; K (£) — 3nadenue
PUMAHOBON KPUBHU3HbL JJist JII000I 110cKOCTH, cogepzkaiiei £ (or-
MernM, 9ro K (£) He 3aBUCHT OT BBIGOpA TIIOCKOCTH); dv — dhopma
obbema; [(§) — ayuHa MHTErpaIbHON TpaekTopun 1moJs £ (oHa mo-
CTOSIHHA).

OcymecrBum oTpbiBanue obnactu D( CIIyIOIIIM 00pa3oM.
Ha 3-muoroo6paszuu M 3a1a1uM cemelicTBO PUMAHOBBIX METPHK
hag(t), t€[0,1], ymoBmeTBOpSIIOIIEe YCIOBUIM:

a) hap(t) mpm 0 <t <1/2 - C?-raagkoe TeH30pHOE TIOJE, &
npu t > 1/2 OHO UMeeT pa3pbIBbI IPOU3BOAHBIX MEPBOrO POJA Ha
rpanute 0Dy 3aMkHyTOI obsactu Doy;

6) (craruBanue 0Dy B TOUKY «*) IwIomaab oy rpasuisl ODg,
BBIUHC/ICHHAS B METPHUKE N pg(t), CTPEMUTCS K HYMIO IPH T — %—O
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W, nHave,

dvt‘aDo t—1-0 0
1z

dvt‘BDo =0 mpu t>1/2,

re dv; — dbopma 06béMa B Merpuke hap(t); dvs/dvy <1 ma Mg,
t< % <s;

B) npocTpancTBo <Mg, has(0) >, T.e. M3 ¢ merpukoit has(0)
ABngeTca CBA3HBIM C2-IMaJKuM PHMAHOBLIM MHOTOOOpAasHmeM, a
Cy=(Moy \ Do) U{a*} m D;=Dy|J{a*} ¢ merpuxoit hag(t), t>
1/2 u pouosienuble TOUKO  LpepcTaBIAOT cO0O C?-rimaaxue
CBSI3HBIE PUMAHOBBI 3aMKHYTBIE MHOTOOODA3US;

r)Ohap/On, tie n — HOpMaTb K npoctpanctBy <Mg, hos(t)>,
HETPEPHIBHEI;

1) hap(t) = hap(0) BrE OKpectHOCTH O. 0bmactu Doy;

e) npoctpanctBo <M, hap(t)>, t>1/2 umeer neorpunaren-
HYIO KPUBU3HY;

K) mpoctpaHcTBo < MG, has(t)>, t €[0,1], momyckaer pery-
JISIPHOE €IMHUYHOE KUJLIMHTOBO 1oJie &;.

IMocrennee mpeanomoKeHne caMoe HEMPUSITHOE, TAK KaK B XO-
ne orpbisa Do ot M cuvverpust 3-IPOCTPAHCTBA, MO-BHINMOMY,
MOKET UCYE3HYTh [PU NPUDJINKEHUN K KPUTHIECKOMY 3HAYEHUTO
t=1/2. Ho, moHWMast 3TO, MBI BBIHYKJIEHBI BBOINTH YCIIOBUE <¥K»
JIJIs TOrO, 9TOOBI IMETh [PABO MOJIb30BaThest (hopmyoit (6.1). Or-
METHUM, 9TO Ha HEOOXOIMMOCTDH JOMYCTUTH CUMMETDPHUIO KaK CPe/l-
CTBO XOTh KaK-TO MPOJIBUHYTHCS B PEIIEHUU MMOCTABICHHON HAMU
3a/1a4u, yKa3biBaJl aBrop paborst [308].

WNunexkcom t Gymem moMedarb OOBEKTHI, OTHOCSIIHECS K PO-
crpauctBy <M3, hag(t)>.

s npocrorsl Oymem camrarh, 9To Becerna (1 =0. IIpocrpan-
crB0 <Mg, hop(t)> npu t<1/2 casuo, u nosTOMY

/ F(€)dv, = 4ml(&,), (6.2)

M
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rae
f(&) = K(&§) + 3K (&).

Ipu s > 1/2 mpoctpanctBo < Mg, hap(s) > nmeer yxe nse
CBA3HDBIE KOMIIOHEHTHI. Clie10BaTeIbHO,

/f gs dUs = 47Tl /f fs d’Us = 47Tl( ) (63)

TIe MTpuXu HAJ € PA3AUYAIOT ToJe £ HA CBA3HBIX KOMIOHEHTAX.
13 (6.2), (6.3) noxygaem

/ﬁ@m—sMM—mw>+m%4@»

EcrectBenno cunrarh, uT0 00beMm obacTtu Dy MaJT 10 CpaBHE-
HHIO cO BceM mpocrpancTBoM. [Tosromy [(£L) ~ 1(&;), a 1(£)) no
MOPSI/IKY BEJIMYUHBI COBIAIAET C TUHEHHBIM PA3MepPOM A 00JIacTu
Dy. Hanee, 8 O. jyist jocraroddo 6um3kux K 1/2 3nadenuii ¢, s
dvs/dvy <1 B cuy «6». Ho Torma 6arofapst yCIoBHIO «€» NMeeM

[reaan = [re)5: [t
O O O

/5f-dvt ~ 4T, (6.4)

T.€.

rne 0f = f(&s) — f(&), Tounee
of= lim f(&)— lim f(&).

s—=1/240 —1/2—0

Broas cpennee 3navenne BETUYIUHBI g

1
(&) = vt(OE)/gdUt’

(3
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rae v4(0.) — obbem obmactu O. B MeTpuke hog(t), mepemuiiem
(6.4) B cepytoiiem BuJe:

(6f) - v:(0.) ~ 4. (6.5)

DTO COOTHOIIIEHNE TOBOPUT O TOM, UTO OTPBIB obsactu Dy conpo-
BOXK/IA€TCH CKAYKOM KPUBU3HBI 3-IIPOCTPAHCTBA. Tak KakK /1J1si CKa-
nspuoit kpususnabl R 3-mpocrpancrsa MOKHO Hammcars [170,
c.140]

R = 2{K (&) + 2K (&)},
TO CJIEZYeT IPEINONIOKHUTD, ITO
(ORD) ~ (af). (6:6)
W3 ypapHenwit Diiumreitna nveem [124, ¢.157]

167G
R® 4 Ky, = o), (6.7)

rie
Kos = (K,*)? — KogKP

u K3 — TeH30p BHeIIHeH KPUBU3HBI IPOCTPAHCTBEHHOIO CEYCHNS;
(t) — MIOTHOCTH IHEPTHUH.

Bnaromaps ycnosuio «r», naBapuant Ko, = Ko (), x € Mo,
t€[0,1] , 6yner menpepoisroiit dbynxmueit na Mg x [0, 1]. Crenosa-
TesbHo, ecan 0Ky = Ky 3 — Ko 4, TO

(0K3) = [Ky s — Ko 0.

=a0(t,s) t—%-0
s%%JrO

Tosromy mnst HeKOTOPBIX to < 1/2 m 1/2 < so Benmuauna (0K3)
perebpeskuMo Madta, u Torga u3 (6.5), (6.6), (6.7) momywaem
ct A
Sy oo
{oe) A7G vy, (O:)



128 'nasa 6. PASPHIBHI IIPOCTPAHCTBA...

WJIM, MOKHO HaIlUCaTh,

(0g) ~—— — (6.8)

e o — XapakTepHoe cedenue obmactu Dy.
TpebyeMas OIEHKS, HOTyIeHA.

6.1.3. VYwuer ckauka BHeIlIHeli KpUBU3HBI 3-IIPO-
CTpPaHCTBa

Mbr nosyuuniu ouenky (6.8) ckadka SHEPIMM LPU yCJIOBUU I'),
O3HAMAIOIEr0 HEIPEPHIBHOCTh BHENIHEH KPUBH3HBI K,p IPOCT-
PaHCTBEHHO-TIOI00HOM rureprnoBepxHocTh. Besmnanna (0g) obpar-
HO TIPONOPIMOHATBHA IIOMIAIN XaPAKTEPHOTO CEYEHUS 0 OTPhIBA-
emoit obmactu Dg. JI7ist yMeHbINIEHUsT CKaYIKa IJIOTHOCTH SHEPTUN
HEOOXOMMO OTKA3aThCA OT HEIPEPBIBHOTO M3MEHEHUsl BHENIHEHl
KPWBW3HBI 3-MEPHOTO TIPOCTPAHCTBA B TPOIECCE HAPYIIEHUS €ro
cesasHocTH [138].
Otwmernm, uTo Tenzop K3 337a€TCs COOTHOIIEHTEM

Kag = —egvan,

B KOTOPOM 0Oa3WMCHBIE BEKTOPHI €3 Ha THIEPIIOBEPXHOCTH MO3 MBI
BBIOPAJIA COBIIAIAIOIIMME C COOTBETCTBYIONUMU OA3UCHBIMY BEK-
TOPAMH B IPOCTPAHCTBE-BPEMEHH, a BPEMEHHYIO KOODAHHATY x°
3a0aUM TaKuM 00pa30M, ITOOBI BEKTOP HOPMAJIK N COBIAIAT C
eo. Takasi cucrema KoopauHar B 4-MEPHOM HPOCTPAHCTBE-BPEMEHHU
OyIeT CHHXPOHHO, 8 CHCTeMa KOOPIWHAT HA TUIIEPITOBEPXHOCTH —
rayCccoBO¥i HOPpMAaJIbHOI (€C/IH MBI JIOMOJIHUTEIHLHO Oy/IeM MOJIaraTh
goo = 1). B arom caayuae

10hag _ 10hag
2 9n 2 920

2B craTbe [43] onenka (6.8) BbIBeIeHA 6€3 TIPE/TIONOKEHHA O KOMIAKTHO-
CTU 3-IPOCTPAHCTBA.

Ko =
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IIpeanonaraem, yro npu ¢t = 1/2 npousBoziHas 110 BpeMEHU OT MET-
pHUYeCKOro TeH30pa hog(t) uMeeT paspbis IE€PBOro poja. ITo 03HaA-
JaeT Pa3phIB MEPBOTO POJIA KOMTOHEHT TEH30PA BHETTHEH KPUBHI3-
HBI.

Torna u3 ypaBHenus (6.7) nMeem:

f 167G
(5RB)Y 4 (6K,) = ; (5¢). (6.9)
s (6.5), (6.6) caemyer, 4ro
GRE) ~ AT (6.10)

Takum 06pa30M, MOXKHO HAJAEATHCH CHU3UTH 3ATPATHI HA CKAYOK
SHEPTUN M1 Pa3pPbIBa MPOCTPAHCTBA, €CIN MPUHATH, YTO CKAYOK
BHeEITTHE! KPUBU3HBI PABEH

1
(0K 5) ~ —,
(o2

WM, YTO PABHOCUJIBHO,

<5 (aah;f» ~ % (6.11)

OrMeruM, 9TO BHEIIHssT KPUBU3HA UMEET 3HAYEHUE HE TOJBKO B
MOMEHT pa3phiBa ABYX obJsiacTeil TPOCTPAHCTBEHHO-TIOTOOHOM TH-
MEPIIOBEPXHOCTH, HO W TPHU CTATUBAHUU TpaHUIbl obmactu Dy B
TOYKY. BHeITHAS KpWBU3HA, O CBOEH CyTH, OMPEIE/IseT XapaK-
Tep BIOXKEHHUS MUIEPIOBEPXHOCTH B OOBEMITIONIEE TPOCTPAHCTBO.
IlosToMy cTaruBanue TPaHUIBI OTPHIBAEMO 00JACTH B TOUKY o,
HECOMHEHHO BJIEKYIIee HEMPEPHIBHYIO JedOPMAIINIO THTTEPTIOBEPX-
HOCTH, COOTBETCTBYET M3MEHEHUIO BHEITHEH KPUBU3HbBI MPOCTPAH-
cra M.

6.2. TomoJsiorndeckoe orucaHue o06pa3o-
BaHUd 4-MepHOII KPOTOBOII HOPHI
Jlo cuxX TOp OCHOBHBIE PE3YyILTATHI O HAPYIIEHWN CBA3HOCTH

MPOCTPAHCTBEHHOMOI00HOM MUITEPIIOBEPXHOCTH KACAINCH (DU3MUe-
CKOI cTOpOHBI Bompoca. JlaBaiiTe mMOCMOTPUM Ha ITO SABJIEHUE C
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TOTMOJIOrTYECKON TOUKY 3penusi. [lokaxkeM, Kak PeasTn30BbIBACTCS
pa3pbIB HEKOTOPOI obTacTH HA ABE ODJIACTH.

PazpniB OyzmeMm OCyIecTBIATH 38 CIET PACCMOTPEHHS CeMeii-
CTBAa M3MEHSIOIIUXCS TOHMOJOrUA HA OJHOM U TOM K€ MHOXKE-
ctBe M.

Ho mpesxie HamoMHUM TIOJIe3HO0e [JTsT HATIUX TeJeif onpesese-
HUE TOTOJIOTHH.

6.2.1. TomoJiorusg m eé 3agaHue

Ecan mamo MHOXKECTBO TOUYEK, TO MOXKHO 3aJaTh BOIPOC O Hop-
M€, KOTOPYIO 9TO MHOXKECTBO umeer. B coBpeMeHHON Maremaruke
CITOBO «(POpPMay 3aMEHSIETCS Ha, CJIOBO «TOTOJIOTHS».

Tomosorust (hbopma) MHONKECTBA M 3aBUCAT OT TOTO, KAK st
KaXKJI0f TOYKM 33a€TCS TO, 9TO HA3BIBAETCS €€ OKPECTMHOCTA-
Mmu. OxpectHOCTb U, TOYKHM T — 3TO NEPEYEHb TEX APYIUX TOUEK
MHO)KecTBa M, KOTOpbIe OODbIABAAIOTCI OAU3KUMYU K TOUIKE T.

Tononozua na mnoorcecmse M — 310 cemeiictBo T =
{(U¥)aeca, : ® € M} okpecTHOCTEH TOYEK MHOXKecTBa M, yIo-
BJIETBOPSIOIINX IBYM YCJIOBHSIM:

a) mas mobsix t € M ma € A, x € US;

b) mrs moGeix UL, U cymecrsyer U € US N UL .

Ha ommom m Tom ke MHOKecTBe M MOXKHO 337aTh Pa3HbIE
TOMOJIOIUH, [TEPEOIPE/IETsAs TO, 9TO CUNTATH OJU3KUM K TOU WIIH
uHOM Touke. B pesymbrare dopma (TOMONOrH) Y OJHOTO U TOTO
K€ MHOXKECTBA MOYKET MEHSAThCH KapIuHAJbHbIM oOpa3om. Ha-
mpuUMep, MHOXKECTBO MOXKET UMETh (pOpMy OTpe3Ka MpsaMoii, a MO-
KeT ObITh Mapoit oTpe3koB. Kak 3To MOXKeT OBITH CAeIaHo, OKa-
3aHo B § 6.2.2.

6.2.2. Hapymenusa cBI3HOCTU OTPE3Ka

Jns nagana pasopsém orpesok [0,1] ma gsa: [0,1/2] u [1/2,1]; npu
9TOM eJUHCTBeHHAs Ha oTpe3ke [0,1] Touka 1/2 pa3nBamBaercs.



6.2. OBPABOBAHUE 4-MEPHBIX KPOTOBBIX HOP 131

Ha orpeske [0,1] onpezenum napamerpudeckoe ceMeiicTBo
dbyukumit fi(x), t € [0,1], rakoe, uTo gz awboro z € [0, 1]

fO(x):]w f1($)22|$—1/2|,

a upu t € (0,1) cemeiicrBo dyHkuuii f; upeicrapisier Heupe-
poeiBHYIO fedopmaruio GyHKmun fo B QYHKOWIO f1, TPUYEM BCe
fi(x) (t < 1) HempepbIBHBI BMeCTe C TEPBBIMH MTPOU3BOJHBIMH.
Enuncreennoit pyHukimeil, mpon3BogHas KOTOPOl MMEET Pa3pbIB
nepBoro B Touke ¢ = 1/2, asnserca fi1(z) (cm. puc. 6.3). Bomee
TOrO, /s JTF0O0ro t

PaccMOTPHEM TOMOIOIHYECKOe HOAIPOCTPAHCTBO
Iy = {(x7 ft(x)v ft/(x - 0), ($7 ft(x)v ft/(x + O)}

C WHIYIWPOBAHHONW TOMOJIOTHEH TPEXMEpHOTO aprpMETHIECKOTO
npocrpanctsa IR, e fi(z40) = lini0 f+(2). e Toukwu (a,b, a)
Z—T

u (¢,d,) npocrpancrsa ['; Ha30BEM SKBUBaJIEHTHBIMU TOLJA U
TOJILKO TOLJA, KOLJIA

a &
f,(x) 2) b=d:

3 !/ —
xgrcr—l&-() ft (.’E) - 5

IIpodakTopuzyem mpoCTPaHCTBO
I'y o BBeIEHHOMY OTHOIIEHUIO YKBHU-
BastenTHOCTH ~. [lomyaaem dakTop-

f,(x) MPOCTPAHCTBO [t/ .
Herpynmo yBumerb, €TO 3TO
0 172 1 daxTop-pocrpancTso mpu t < 1
romeomopduo orpesky [0,1], a upu
Puc. 6.3:Cewmeiicrso fi(x). t = 1 — HecBA3HOMY IIPOCTPAH-
cry [0,1]U[2, 3]. YmobHO mociexHee
HECBSI3HOE TPOCTPAaHCTBO obo3HaunTh Kak I'1/. = [0,(1/2)_] U
[(1/2)4,1]. UTak, MBI ONpEJETHIN CEMEHCTBO TOMOJIOIMIECKHX

f.(x)
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upocrpancts {(I'y/~,T¢)}, toe T¢ — paccmorpennas ¢hakTop-
rononorus #a I'y/ ~. Ipu stom, ecmm ¢ # 1, To T'y/ = [0,1],
ali/o =100,(1/2)_]1U[(1/2)4,1], n cpaBeINBBI COOTHOIICHNUS
[0,(1/2)_] = [0,1] m [(1/2)+,1] = [0, 1]. Takum oGpa3om, MBI pac-
CMOTpEJIH Pa3phiB OTPE3KA HA JBA C TOMOJOTMIECKONH TOUKH 3pe-
HHS.

6.2.3. Hapymenne cBasnoctu ajg cdep S? u 3

Henenue cdepor S2. Paspes cdeprl S? mposeseM 10 aHAJIO-
MU C [IPEJCTABJIEHHBIMY BBIIIIE Pe3yJibraraMu. Beejem JuHelHoe
orobpaxenue ((0) : [—m/2,+7/2] — [0, 1], rakoe, uro p(—m/2) =
0,u(0) = 1/2, u(n/2) = 1. Hanee, na chepe 3axaaum cemeiicrso
bynkuuit f,(6, ) (3necs 0 € [—7/2,4+7/2], ¢ € [0,27]), raxoe,
4ro: B

1) J(0.0) = F:(0);

2) fi(0) = fi(z),z = w(0), rne fi(z) onpesenena B MpeabIILy-
meM maparpade.

Paccvorpum MuOXKECTBO ap

ft ft

T = {((¢,0). Ji(0), (0= 0)). (o, 0), J:(0), (00D

Torma Touku A u B muoxkecrsa [y, Takue, ato A = ((a,b), o, u)
u B = ((¢,d),8,v), HazoBeM KBUBAJIEHTHBIMHU TOJA M TOJBHKO
TOrJa, KOrJa BLIIOJHEHBI CJIeIyIOlIie yCIOBU:

BO-IIEPBLIX,

Na=c b=d,
2) a=p;
3) v= lim dfi(f) _ lim dfi(0) = u;
0—b—0 0 6—b+0 do

BO-BTODBIX,
1)b=d=0;
2) a=p; B B

— 1 dfi(0) .. afi(0) _ . df(0)
o= I = e = i T #

9-0+0 d
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WU, B-TPETbUX,

1)b=d=0;
2) a=p; B B B
_ dfi(0) .. dfi(0) _ . df(0)
3) U: aggio do _92{)&0 do _unel}gio a7
05040

JlBa mocjenHWX YCJIOBUS IKBUBAJEHTHOCTH OTOXKIECTBJISIOT
BCE TOYKM KBATOPA f = 0, CTATWBAIOT IKBATOP B TOUYKY. IIpmaem
9KBATOP PA3/IBANBAETCH B 3aBUCHMOCTH OT TOrO, uT0 # — 0+ 0
(BepxHuuit 6eper sxBaropa — cM. puc. 6.4) uiau 6 — 0 — 0 (HuKHUI
Geper skBaropa — cM. puc. 6.4). I[losromy upu crsruBanuu 1o-
SIBJISITOTCST JIBE TOYKH, W, CJIEI0BATEbHO, cdepa JeJnTCs Ha, JBe
pasubie cdepsl (puc. 6.4).

6=m/2

6=-n/2

2

S

S

Puc. 6.4: Poxpenne 4-meproit KpoTOBOi HOPEI B IPOCTPAHCTBE C TOMOJIOTHEH
S2. TIpocTPaHCTBO TepseT CBA3HOCTH, 06PA3yIOTCs ABe ChepHL.

2

Takum 06pa3oM, MbI OIPEJAETUIA CEMEHCTBA TOMOJOTHIECKIX
npocrparcts {(I't/~,T;)}. HerpynHo nousith, uro mpm ¢t # 1
Tt/ Tty = 8% amput =1 ([1/o,T;) ~ S?US2% te. nve-
em zBe cdepor (puc. 6.4).

Henenne cepnr S3. Pa3phis 0CyMeCTBAIETCA aHAJIOIITHO
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paspbiBy aBymepHoii cdepnr S°. Ha skparope s CTArMBaHUS
9KBATOPHUAJIBHOMN 2-cepbl B TOUKY YIJIbl ¢ U 0 6epyrces JiobbiMu,
a TPEThs YIIOBasi KOOPINHATA, X BBIMTOIHSIET POJb 6.

6.3. TomoJsiorndeckoe orucaHme 06pas3o0-
BaHUsA 3-MEPHOI KPOTOBOI HOPBHI

AnanornaHo mporiecCcy HApYIEHHsT CBA3HOCTH, O3HAYAIONIETO
poxenne 4-MepHO#l KPOTOBOH HOPBI 33 CYET M3MEHEHUs TOIO-
JIOTHHW HAa MHOXKeCTBe ), ONUCAHHOMY B MPEILIAYINEM Taparpa-
de § 6.2.3, MOXKHO TakuM Ke 00PA30M OMHUCATH BO3HUKHOBEHHUE
3-MepHO# KPOTOBOU HOPBI B IIPOCTPAHCTBE.

6.3.1. Hapymenue oguocsssaoctu IR’

Hauném ¢ onmmcanuss poxKaeHUd 2-MepPHON KPOTOBOM HOPHI HA 2-
MepHoit mockocTn IR2.

Ha orpeske [0,1] omnpemenum mapamerpudeckoe cemeicTBo
dyuxmmit hy(x), ¢ € [0,1], Takoe, gro gnsg moboro x € [0,1]
ho(z) =1, hy(0) = hy(1) = 1, m upu ¢t € (0,1) cemeiicrso dynxk-
it h; mpescTaBisier HEMPEPHIBHYIO AedbopManuio GyHKIm hy B
dynkuumio hy, npudem Bee hy(r) HEIPEPHIBHBI BMECTE C TIE€PBBHIMU
MPOM3BOIHBIME. EanHCTBEHHON DYyHKITHEI, TPOU3BOSHAS KOTOPOIt
UMeeT Pa3pPbIBbL IIEPBOrO poja B Toukax ¢ = 1/3 u © = 2/3, as-
astercs hq (z). Hakounen, nycrob

lim Aj(z)=-1, lim Aj(z)=+1

z—1/3—0 z—1/340
li h, =-1 li h' =+1
m @)=l lm )=
(cMm. puc. 6.5).

PaCCMOTpI/IM TOIIOJIOTHYIECKOE IIOAIIPOCTPAHCTBO

T = {((2,9), hu(@), Byw = 0)), (&, 9/), ha(a), e’ +0))}

C WHAYIUPOBAHHONW TOMONIOTHEHl 4-MepHOTO apudMETHIECKOro
4 o

npocrpancra IR”, rme hi(z £ 0) = hmio hi(z). Oee Toukm
zZ—x
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1 h,(x) y
1|8/ B
h,(x) 1:I: i|;2
o[z I3 X
-1 A‘I+ IVA'
h1(x) X ‘
0 1/3 2/3 1

CKJICUBAHUC

Puc. 6.5: llepexon k HEOAHOCBA3HOME IOBEPXHOCTH 33 CYET PA3PE3OB IO OT-
peskam AB, A'B’ u cknensanus «jesoro Geperas (MmHyCHI) oTpeska AB ¢
«TpaBBIM GeperoM» orpeska A’ B’ (IUOCH) U CKIEUBAHUS «IPABOTO Geperas
(nmrocer) orpeska AB ¢ «neBbiM Geperom» orpeska A’ B’ (mmeycer). [Tomywa-
eTCsl IIJIOCKOCTD C NMPUKJICEHHOH 2-pydKoil (2-MepHas KpPOTOBasi HOPA).

((z,y),a,) mu ((z',y'),b, ) npocrpancrsa I'; HazoBeM 3KBUBa-
JICHTHBIMH TOTJIa, M TOJIBKO TOLJIA, KOIJA, BO-IIEPBBIX,

D) (z,y) = (@',y');
2) a=1
: A _ : /
3) zlgcnfo ht(z) - z~1>1:gl+0 ht(z)

U, BO-BTOPBIX, €CJIN
Da=1/32"=2/3, -1 <y<1;
2) a=1b;
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3 lim A/ = -1 & lim & = 41
) (Hi%_o #(2) lm +(2) +1) wmm
lim A (z) = +1 & lim R(z) = —1).

(Hir/gw t(z) =+ i t(2) )

[IpodakTopusyem mpocrparncTBo ['; MO BBEIEHHOMY OTHO-
IIEHNI0 KBUBAJTEHTHOCTH ~ . llomydaeM (haxTOp-TIpOCTPAHCTBO
I'y/~. Herpyauo yBuuerb, 9410 310 (DAKTOP-IPOCTPAHCTBO IIPU
t < 1 romeomopduo mwiockocru IR?, a upu t = 1 — HEOHHOCBS3HOM
TIOBEPXHOCTH € 2-MEPHOI PYYKOil, KOTOPYIO HAa3BIBAIOT 2-MEPHOM
KPOTOBOI HOPOIA.

Takum 06pa3omM, MbI ITOAPOOHO PACCMOTPEH MPOIECC 00Pa30-
BaHWII 2-MepHOW KPOTOBOH HOPHI.

6.3.2. Hapymenue oguoceszuaoctu RR?

Paccmorpum napamerpuueckoe cemeiictBo byHkumii s¢(r), t €
[0,1], r € [0,400), Takoe, uro Ays a06oro 1 € [0, +00)

1, 5(0)=1, lim s(r)=1

S0 (T) r—+00

u npu r € (0,400) cemeiicrBo GyHKUMA $; npeCTaB/IsIeT HENPe-
peiBHYIO Aedopmanuio GYHKIUA Sg B (PYHKIHUIO S1, MIPUIEM BCE
st(x) HempephIBHBI BMeCTe C TIEPBBIMH TPOM3BOTHBIMHA. ETuH-
CTBEHHO! (DYHKITMElH, TPOU3BOIHAsT KOTOPO MMeeT pa3pbIB Iep-
BOro poza B Touke 1 = 1 asngerca s1(x). Hakowner, mycrsb

00 = -1l s0) = 41

(cMm. puc. 6.6).

Vcmonp3yeM HUAWHIPWYECKYI) CHCTEMY KOODAWHAT B IPO-
CTPAHCTBE R3.

Mycrs Z = {(r,p,2) : 7 = 1,0 < ¢ < 21,0 < z < 1} —
muuHap (cM. puc. 6.7).

Paccmorpum  Tomonormueckoe mommpocrpancTtso [y =
{(ryp,2),8:(r),s}(r £ 0)} ¢ uHAYUMPOBAHHOH TONOJOrH-
eii narumepnoro apudmerndeckoro unpocrpamcrsa IR, rae

sir£0)= lm si(p).
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So(1)

Puc. 6.6: Tpaduxu dbynxuuit s¢(r), t € [0, 1].

2
noycdepa S )

CKJICUBaHUE

N > 2
NS nomnycdepa S]

Puc. 6.7: Ilepexox x meommocsszmoMy 3-MHOroo6pasmio 3a CUeT pas3pesa
no muauaapy Z = {(r,¢,2z) : v = 1,0 < ¢ < 27,0 < z < 1} u ckien-
BaHHU4A <BHEIIHETO Gepera» 0 JUaMeTPAJbHO IIPOTUBOBOIMIOJIO?KHBIM TOYKaM
((1,¢,2) ¢ (1, + 7, 2)) u «BHyTpeHHero Geperas Mo JHAMETPAJIBLHO MIPOTHU-
BOnoOJIOXKHBIM TOYkKaM. OkpyxkuocTu C1 u Co KaxKJast CTATUBAETCS B TOY-
Ky; TIpE 3ToM mosyccdepst S? n S2 mepecTpamBaoTcs B CHEphl, K KOTOPHIM
npuKJieeH 3-mepHbI# mumEAp S2 X [0, 1], nomygaemslil u3 nuarHEApPA Z OpU
dakTOpU3aNUYU IO OTHOIIEHUID SKBUBAJEHTHOCTH ~. Kak pesysbrar, uMeeMm
3-MHOro00pasue ¢ HpuKJIeeHHOH 3-py<ukoi (3-MepHON KPOTOBOH HOPOIL).

Hee Touku ((r, p,2),a,a) n ((r',¢',2'),b, ) npocrpancrsa I
HA30BeM 3KBHBAJICHTHLIMU TOTJA U TOJLKO TOrJa, KOIJa,
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BO-IIEPBBIX,
1) (T,(,O,Z) = (T’,(p/,zl);
2) a =1
3) pg;nost(p) = pgggos +(p);
U, BO-BTOPBIX,
r=1¢ =p+2m2 =2 (0<z2 <1)
2) a =1
3) (a=p8=lim s(p)=-1);
W, B-TPETBHHX,
Dr=1¢ =p+2m,2 =2 (0< 2,2 <1);
2) a =1

3) (a=p=lim si(p)=+1).

Hpod)aKTopHByeM MpOCTpaHCTBO [y TO BBEAEHHOMY OTHO-
IIEHUI0 SKBUBAJEHTHOCTH ~. [lomydaem (haxTop-mpocTpaHCTBO
I'y/~. Herpyauo ysuuerb, 9410 310 (DAKTOP-LPOCTPAHCTBO IIPU
t < 1 romeomopduo mockoctn IR?, a nipu ¢ = 1 — HEOTHOCBSI3HO-
My HEKOMTIAKTHOMY 3-MHOr000pa3wio ¢ 3-MEpHOI pYYKOil, KOTO-
pyio bu3uKu HA3BIBAIOT 3-MEPHOH KPOTOBO HOPOA.

Nsmenenue reomerpuun. 33730M CEMEHCTBO PUMAHOBBIX
METPHUK

di? = AZ(r, 2)[dr® + d2%] + r?[Bq(r, 2)] " 2de?,

OTPAKAIOIIUX M3MEHEHHE I'eOMETPHH [0 MEpPE U3MEHEHHsS TOIO-
gorwn, tae yaknun A, B; BHIOMPAIOTCA TaK, YTO, BO-TIEPBBIX,
npu t < 1 omm C?-rjajgkue W, BO-BTOPLIX, IpH t = 1 mMeeM:

ngri Ay # hmOAf, TE{I}FOBt #TE{QOBt mpu 0 < z<1lm

Ai(1,¢)[Bi(1,¢)] ' =0 mpu t — 1,

c=0,1.

Ilocnennee ycioBme — 3TO TeOMeTpPUUECKOe OTpPajyKeHWe YCJIOBUSA
crsirmBanus OKpyxkuOcTeit C1, Cy B TOUKY, TPU KOTOPOM WX JJIHHA
JOJI?KHA CTPEMUTHCA K HYJIIO.
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6.4. DHepreTmyeckoe YCJOBHUE B CJIydae
KPOTOBBIX HOP

6.4.1. Hapyuierue 3HepPreTUYeCcKoOro ycjJaoBUS B
ciiydae 3-MepHOIl KpPOTOBOii HOPBLI B 4e-
TBIPEXMEPHOM IIPOCTPAHCTBE-BPEMEHU

NzBecTHO, 9TO CyniecTBOBaHUE 3-MEPHBIX KPOTOBBIX HOP B 4-Mep-
HOM mpocrpancrse-spemenu, T.e. B pamkax OTO, rpebyer upu-
CyTCTBHe B TIPOCTPAHCTBE SK30MU4ECKoli Mamepuu® , O3HaTaloee
HAPYIIEHUE PA3yMHBIX KJIACCHIECKUX (DU3UUECKUX OrPAHUUCHUI,
TAKUX, KaK, HAIPUMED, BBINOJHEHHE YHEPTeTUYIECKOTO yCIOBUS

[233, 187, 301, 302].

Onnako Kanti, Kleihaus u Kunz [245, 246] nokaszasu, 4ro B
JMMJIATOHUYECKON Teopun rpaButanuu Jiininreitna-laycca-Bonne,
spasrommeiicss obobmennem OTO, 3-MepHbIE HOPBI MOTYT CyIIE-
CTBOBATH 1 0€3 HAJUYIUS IKIOTUIECKONH MATEPUH.

6.4.2. BpinosilHeHUE 3HEPTETUYECKOr0 YCJIOBULA
B CcJjydae 3-ME€pHOU KpPOTOBOii HOpPHI B
NATUMEPHOM IIPOCTPAaHCTBE-BPEMEHN

B crarpe [247] nokaszaHo, 4T0 MOXKHO HAilTH KJIACC 4-MEpHbBIX pe-
[eH ypaBHeHWH DUHIITENHA C TPOXOIUMBIMU 3-MEPHBIMYU KPO-
TOBBIMH HOpaMu THra TopHa ¢ coaBropamu [264], KoTOpHIi, Oy-
IIy9W TOTPYKEHHBIMH B H-MepHOe ['HIepnpocTpaHCTBO, MTPUBO-
AT K 5-MEPHOMY TE€H30PYy SHEPIrUU-AMITYJIbCA, YAOBICTBOPAIOIIE-
My CHUJIBLHOMY M JOMUHHUPYIOIMIEMY SHEPIeTHICCKHM yCIOBHAM.

IIpu sToM camu 4-mepHbIe pemnreHus ¢ 3-MepHOl KPOTOBO# HO-
poit Tpebyror HaMuus K30THYecKOi Marepuu (cM. § 6.4.1).

3 /Iyt 5K30THYECKOR MATEPHHU IIOTHOCTD SHEPIHH OTPHIIATE/IbHS, [264].
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6.5. Speculatio

1. YrBepxaenue Topua u coasropos [264, 265, 132], uro 3-mep-
HYI0 KPOTOBYIO HOPY MOXKHO HCIIOJIb30BATH JJIs MOCTPOEHUS Ma-
IITUHBI BPEMEHU, TTEPEMEITasi OHO U3 OTBEPCTHUIl B MPOCTPAHCTBE
CO CKOPOCTHIO, OJIM3KOM K CKOPOCTH CBETA, HE SBISIETCS CIPABE]I-
suBbiM. Vmeercs B Buy ux paccyzk/€Hue O [IBUKEHWH C BO3BPa-
IIEHHEeM B HCXO/HOE IIOJIO’KEHHMe OTBepCTusi B KPOTOBO# HODBI,
MOCJIE YEro BXOISIT B KPOTOBYIO HOPY 4Yepe3 B, BBIXOAAT depes
orBepcrre A m BO3BpamaioTcsa K orsepcruio B. TopH u coasTo-
por, 1.JI. HoBUKOB u [p., yBEpsIOT, 9TO Mpu ITOM 0Opasyercs
BPEMeHHas IeTJisl, T.e. 3AMKHYTas BPEMEHUNOn00Has KPUBas, mMo-
CKOJIbKY 9aChI JIBUKYIIIEr0CHd OTBePCTUs B UCIBITHIBAIOT 3aMeie-
HUE BPEMEHU JIN0O0 33 CYET JIOPEHIEBA COKPAIIEHUs, JIMOO 38 CUeT
CHUJIBHOTO TPABUTAIMOHHOIO TOJIsI B CIIy4ae, KOrma orBepcrue B
nomererno B Hero. O HAKO:

1) adbdekT nopenneBa 3amMe/jIeHUs BpEMEHH BbIBOIUTCS HA OC-
nose dopmys npeodpazosanuii JIopenia, KoTopbie ObLIN Oy Ye-
HBI TOJILKO JJIST OJHOCBS3HOTO 4-MepHoro mpocrpancrsa IR:. TIpo-
CTPAHCTBO YK€ C KPOTOBOU HOPOII HEOTHOCBA3HO;

£ o 2) MbI JOJIKHBI DPacCMaTpH-

BaTh [IB€ TAPbl 9aCcOB: BHEIITHUE

O ‘¢ W BHyTpPeHHHE ti{’ (r.e. BHYyT-
B> PU KPOTOBOii HOPbI) BOJIU3Y JIEBO-
L 0 OTBEPCTHsS KPOTOBOiT HOpbI A
T ¥ BHEIIHWE {5 W BHyTpeHHHe {4}

Puc. 6.8: Buemmme n sayrpen- BOJTH3H IIPABOIO OTBEPCTHS KPO-
HHE 9aCbl KPDOTOBOH HODBHL. ToBoii HOpbl B (cMm. puc. 6.8).
ex in
4 Bceerga uacer t§ u t'f' cUHXPOH-
exr wm

HBI, W 4Yachl 1% W t% CUHXDOHHBI, TTOCKOJBKY 3THW Maphl JacoB
HAXO/SITC B ONMHAKOBBIX (DU3MYECKUX YCJIOBHUAX. HAUUT, JaACHI
‘U 7t He MOTYT OBITH CHHXPOHH30BAHBI, W MepeXo]] OT KOHNa 1B
K A 4depe3 KpOTOBYIO HE BeJeT K BBIXOAY B Ipouwuioe. A Kak pas
Ha CHHXPOHHOCTH 3THX 4YaCOB U IMOCTPOEHbI paccykiaeHus TopHa

n 1p.;
3) BpeMeHHAas TETJIsl MOSBISIETCS 38 CUET AlPUOPHOrO HAKJIO-
HA CBETOBBIX KOHYCOB. B KOHCTpyKIMu MamuHbl Bpemenn TopHa
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CBETOBBIE KOHYCBI B IIDOCTPAHCTBE-BPDEMEHHU 3aaHbI U3HAYAJIbHO.

t 9
° f
(W%
L4
1 4
1
e
"o
t ¢
2 dd
a
1
Chp1 9 t,
1
1
1
b !
A4=\--
' b
1
1 a
t A B
1T | ¢
1 1
t{time ! t[ime
1 1
1
9. 9
‘A B LA 5
3-space 3-space
23-wormho|e 3-wormhole
a) b)

Puc. 6.9: Bpemennsie metsin 8 3-meprOit KpOTOBOH HOpe.

CrenoBaTebHO, €CIM U3HAYAIBHO HYKHOTO HAKJIOHA CBETO-
BBIX KOHYCOB B TIPOCTPAHCTBE-BPEMEHU JJIsi CYIIECTBOBAHUSA BpPE-
MEHHO} IIeT/IM He OBLI0, TO 3a CYET HepeMeIeHus TyIa-CIoIa, W
pasMelleHnss BTOpOro OTBepCTus B KPOTOBOH HOPBI B CHJILHOM
IPABUTALMOHHOM II0JI€ BPEMEHHas LeTid He nogsurca. U rorma
MPOXOJI, Y€PEe3 KPOTOBYIO HOPBLI OT OTBEpCTHst B K 0TBEpCTHIO (BBI-
xony) A (kpusas abed Ha puc. 6.9) u HOC/IEAYIOIIEE IBUKEHUS OT
orBepcrus A k orBepcruto B (kpusas def na puc. 6.9) npusenér
JIMIIb K BBIXOLY B OYIyHIyIO 310Xy t3 [0 OTHOMIEHHIO K HAa9aly
BCero JBuKeHus 10 kpupoii abedef B suoxy ¢t = t1 (cm. puc. 6.9,
a)). O6parum BHUMAHUE HA TO, YTO HAKJIOH KOHYCOB BHYTDU W
BHE KPOTOBOI HODBI y KaykKJOrO OTBEPCTHS HE HOJKHBI CHJIHHO
oTanIaThCsa. Bosee TOro, HAKJIOH KOHYCOB HE JIOIKEH CHJILHO OT-
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JIMYATHCS JIisi OOOUX OTBEPCTHi, MHAYE BPEMs TedeT Ha KOHIAX
IO-Pa3HOMY, U OECCMBICTIEHHO TOBOPUTDH O KAKOHW-THO0 CHHXPOHM-
3ali¥ 9aCOB BIOJIh KPOTOBOW HOPHI B €€ BHYTPEHHEM MPOCTPAH-
cTBE.

EnuncrBennasi Hazex/ia Ha TO, YTO BHYTPU KPOTOBOI HOPBI
CBETOBBIE KOHYChI KAPJMHAJIBHO MEHSIOT CBOIO OpueHTanuio. leii-
CTBUTEIHHO, HA puc. 6.9, b) uzobparkena takas CUTyalus, COIEP-
Kalllasg BpeMeHHY0 metyii0. Ho coBepIieHHO HEBO3MOXKHO, ITOOBI
BO BHYTPEHHEM MPOCTPAHCTBE KPOTOBOI HOPBI JAIMHON B 1 Merp
OBLIO BO3MOXKHO TAKOE KYBBIPKAHUE CBETOBOIO KOHYCA.

Ecau orBepcrue B /1€KUT B CHIBHOM TDABATAIIMOHHOM TIOJIE,
TO UMEEM TaKyIO JKe CUTYAIUIO C KYBBIPKAHUEM CBETOBOTO KOHYCA
(cm. puc. 6.9, ¢));

4) Bce u3BecTHBIE HAM NPUMEPHI 3-MEPHBIX KPOTOBBIX HOD —
9TO METPUKH, 33JaHHBIE HA 3-MEpPHOM IHINHIpE 0e3 HeoOXOou-
MOTO /1151 0OpPA30BaHUs BPEMEHHON TN KYBbIPKAHUS CBETOBOTO
konyca. Huimuaap we ectb 3-POCTPAHCTBO € 3-MEPHOU KPOTOBOU
HOPOIi, U 3asIBJIEHUSI, UTO €r0 JIETKO MPEBPATUTH B TAKOBOE, MTPO-
U3BOMSA OMPEIEJEHHOTO PO/, OTOXKIECTBIIEHUST TOYEK, U UTO MPHU
9TOM BO BHOBb OOPA30BAHHOM MTPOCTPAHCTBE C HEOJHOCBAIHOM TO-
moJsiorueii OyayT HADIIOJATHCS JIOPEHIIEBBI COKPAIIEHUST BPEMEHH,
€CTh BCEro JIUIllb COMHUTEIbHBIE 3adBICHUS.

2. JlomycTnM TeM He MeHee Temepb, YTO JIOPEHIIEBO COKPAIIIe-
uue OyneT HabJII0JAaThCs TPU JIBUKEHUN Ha KOHIE B npu ero asu-
JKEHUH B IPOCTPAHCTBE. Y 0€IUMCsI, 9TO YTBEPZKJIEHNE O CHHXPOH-
HOCTH 4aCOB y oTBepcrust A m y orBepcrust B siBnsgercs ommboq-
HbIM.

3ameTum, 94TO BCerga MuiiyT o0 00HOTl mape 9acoB, KOTOPbIE
Ha3bIBAIOT Yacamu «y orsepcruit A m B». B neiicrBurensHOCTH
HAJI0 paccMarpuBaTh dee napbl 4acoB y orsepcruit A u B. Ouna
napa HaXOIWTCS y OTBEPCTUI BO BHEITHEM MPOCTPAHCTBE — 3TO
napa BHEITHUX YacoB, a BTOpas BO BHYTPEHHEM TPOCTPAHCTBE, T.€.
BHYTPH KPOTOBOi HOPbI (puc. 6.10, a), ¢)) —9T0 napa BHyTPEHHUX
4aCOoB.

[TogaepkHEM, ITO MBI TOBOPUM O CONYMCMEYOULUL 4ACAT, T.€.
0 9acax, KOTOPHIE TTOKOSITCS.
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Puc. 6.10: [Opmkenue xonma B kpoTosoit nopsl. Kporosas Hopa co3mana B
MOMeHT BpeMmenu t = tg. Ee orBepcrust Ag By OZHOBPEMEHHBI 110 36 MHBIM Ya-
caM t. a) MoMeHT ¢ = t1 — 9TO MOMEHT IepeJ{ HAYAJIOM JBHKEHUS OTBEPCTUS
B. Bce wacel uAyT CHEXPOHHO. b) JInarpamMma Ha mIOCKOCTH MHEHKOBCKOTO.
OTeepcrue Bz 0qHOBpeMEHHO mo dacaM t' (HO HE IO 3€MHBIM 9acaM t) ¢ Co-
Gortrem (), HA MecTe KOTOPOro OyAeT <«IPOpPHITO» OTBepcTHe Ag; OHHU JIeXKaT
B OJJHOM OTHOCHTEJIbHOM IIPOCTPAHCTBE IO BHEIIHUM dacaM t’ orBepctus Ba.
¢) Moment t = to. OTBepcTue B ABHXKETCSA CO CKOPOCTHIO v. Yack ¢’ — 310
BHCIITHUE YaChbl OTBEPCTUA B, KOTOpPBIE OTCTAIOT OT BHEIIHUX 4YaCOB OTBEp-
crust A.

Otsepcrue A B MOMeHT BpemeHu t = t; obo3HauaeM depes Aj;,
AHAJIOTWYHO MeTHM oTBepcTue B.

Curyanus m3obparkena Ha puc. 6.10. Bpems ¢ wm3mepsior
BHEITTHNUe Yachl 7 orBepcTua 5. OHM OTCTAIOT OT BHEMIHIX JacoB
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¢ orsepcrusi A. Ha pucynxe Bce coOBITHSI-TOUKH, JTeKalye HA

HAPaJIJIEbHBIX OCU &' MPSMBIX, OZHOBPEMEHHBI [0 dacaMm 157 .

Ecan B MoMeHT t = t( BHeNmHUX YacoB oTBepcTust A Bce vachr
ObLTH CHHXPOHM3UPOBaHEI (puc. 6.10, a)) u orBepcTre B HaunHa-
€T JIBUYKEHUE CO CKOPOCTBIO ¥ B MOMEHT t = {7 > {g, TO BHEIITHUE
4achl OTBEPCTUS B — 3TO BpeMEeHHasi KOOPJAWHATA ', ABIAIOMAs-
cs COOCTBEHHBIM BPEMEHEM KOCMOHABTA, KOTOPbIH HAXOIUTCH HA
cdepe-kopabiie, coaepzKalieM orBepcTue B, — HAYUHAIOT OTCTA-
BaTh OT BHENTHUX 4yacoB orBepctust A (puc. 6.10, c)).

BaykHO moHNMaTh, 9TO OTCTABAHME YaCOB COMYTCTBYIOIIETO Ha-
GiomaTesis y OTBepCTHA [, T.e. BHENIHHX dYacoB t% OTBepCTUA
B or 4acoB comyTCTBYOIIEro HabIrogaress y orpepcrus A, T.e.
BHeIHUX 4acoB t’ orsepcrust A, HE 3aBHCHT OT TOIO, B KAKOM
OPOCTPAHCTBE — BO BHEIIHEM WJIM BO BHYTPEHHEM (4Yepe3 KpOTO-
BYIO HODY) — WX IOKa3aHWst cpaBHuBarorcs [108].

Yro Oyzer NpPOMCXOIUTH, KOIJIa KOCMOHABT, JIETSNIUN Ha
cdepe-kopabiie, comepKaIieM OTBepcTre B, Ha9HeT HBIPATDH B 9TO
OTBEpPCTHE B MOMEHT t = {57

BuyTtpennne uacer % orepcTHs By HAXOAATCA B OIMHAKO-
BBIX (DUBUYECKUX YCJIOBUSX C BHEITHUMU YaCAMU OTBEPCTUS By n
MO9TOMY HIyT C HUMHU CHHXPOHHO. [IOCKOJIbKY BHYTDEHHUE YaChl
orBepcrust A Bcerga B OJHUX (DU3MYECKUX YCJIOBUSAX C BHEITHUMHE
yacamu t orBepcrusi A, OHU JIOJKHBI ObITH C HUMU CHHXPOHHBI.
Ilostomy, HbIpsisi B HOPY 4Yepe3 orBepcTue Bs, KOCMOHABT ITOIIA-
JaeT He B MPOoNuIoe ¢ = t_j, TOCKOJIbKY TaM HET BBIXOJA — OTBEp-
crust A_1, — €CTh TOJNBKO «ITyCTast CTPOUTEIbHAS TLIOMAIKas> (),
a B OTHOCHUTEJIbHOE MPOCTPAHCTBO ¢ = {2, BBIAAA Yepe3 OTBEPCTUE
As. BoliiTy paHbllle MOMEHTa CTapTa OTBEpPCTUs B TakxKe HeJlb-
331, MOCKOJIBKY OTBepcTHE A Ha OTPE3Ke 3eMHOrO BpeMeHH [to, t1]
«3aK0JIOUYEHO», T.€. KPOTOBas HOpa emié He byHKINOHUPYET.

3. Cxema marmmmabl Bpemenn TopHa BBOIUT MCCIeIOBaTeNel B
3ab/Ty2K/IeHIe, ITO €CJIA €CTh B IIPOCTPAHCTBE 3-MEpPHAsT KPOTOBAs
HOpAa, TO €€ JIEerKO IPEeBPATUTh B MAIIUHY BPEMEHH, ITPOU3BOIs
OIpeIeIeHHbIE MAHUITYJ/IAUA ¢ OqHuM u3 orBepcruii. Ho mocrpo-
€HIe MAIUHBI BDEMEHU TOpa3a0 00jiee CIOKHAS 3344, OT Pelre-
HUsI KOTOPO# MBI eIlé 0YeHb Jajieku (CM. TJI. 7).



I'maBa 7

IIpyxunnnoe
IIPOCTPAHCTBO-BpeMsI

Oxkpyxkaromas Hac dusndeckas PeasprHOCTH HAXOIUTCS B TEC-
HOM B3aMMOJEHCTBUHU C HAIMM co3HaHueM. /I BcEé Domee KOM-
GOPTHOrO CyIIECTBOBAHUS JIIO/IsIM HEOOXOAMMO MPU3HABATH, YTO
dusuieckas Peanpbrocts, Baemnnit Mup, He MOXKET OCTaBATHCS
npexkauM. [lepecTpoiika okpyzkaromero Mwupa BO3MOXKHA, €CIu
YCIIOXKHSAIOTCS HAIY 3HAHUS, HAITA TPEACTABICHUS O (DU3NIECKON
Peanbuocru, u, cie10BATETBLHO, YCIOKHIETCS MUD 8ewiell A% HAC,
cocTaBagomux ocHoBy Buermnero Mupa.

B rmaBe 1 Mbl BBIACHWIH, 9TO PA3MEPHOCTH MPOCTPAHCTBA,
BPEMEHU U IPOCTPAHCTBA-BPEMEHH MOTYT M3MeHsThcs. Harre Ga-
30BO€ 4-MEepHOE IPOCTPAHCTBO-BPEMSI T€M CAMBIM, [IPU UCIIOJIb30-
BAHUU T€OMETPUYECKUX OOPA30B, MOXKHO MPEIACTABIATH KAK IMO-
BEPXHOCTh, 40U B Mupe 6osbineil pazmeproctu. Ho B Takom city-
9ae, eCTECTBEHHO TBITATHCS MOHSTH, KAK OHO MOYKET PA3MeIIaThCs
B 00bEeMITIONITEM MupPe OObITeH pa3MepHOCTH, Ha3biBaeMoM ['umep-
[POCTPAHCTBOM, KAK COOTHOCUTBHCS Ha UL CIION C YYAHCUMU CITOAMU?
Bosee Toro, mHTEpeCHO IPH PEITIEHNH STOTO BOMPOCA, 331aTh JAPY-
rOii BOTIPOC: MOXKET JIM U3MEHSTHCs «(POPMay STOrO pa3MEIIeHNUs,
JlaeT JIn 9TO u3MeHeHne «(OpMbI» HEYTO MOJIe3HOe /JIJIs BOILIO-

145
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IIEHNS HOBBIX U7ell, KACAIOIINXCH YeJIOBEIECKOrO OBITHUSI, W eCTh
JII BO3MOXKHOCTH MEHAMb CIIOCOO DPa3MeIeHus IPOCTPAHCTBA-
BpeMeHnu B oObemtiomeM ['uneprmpocrpaHcTse.

7.1. Cuoenug

IIycts M™ — n-mepHOe rIaaKoe MHOTOOOpa3ue 0e3 Kpasi, U MyCTh
0<p<n.

Oupegesienne 7.1. Tosopsar, uro na M"™ 3anano (raagkoe) cao-
enue F pasmepHocTH p, ecau M™ cuabxkeHo pasbuenuem ua (su-
HeHO) CB#A3HbIE NOJAMHOXKeCTBA Fyy, T.e.

Mn:UFaa FamFa’:®7

00JIAJAI0NIHE  CIELYIOMIAM CBOWCTBOM: Jijisl HPOU3BOJIBHON TOY-
KU T MHOroobpaswst M™ wmaiimercs jiokajbHas KapTta @ : U —
(2, ...,2"), x € U, npuHa/jesxaiias BLIOPAHHOMN TIaIKO# CTPYK-
Type MHOT000pa3us M"™ u Takasi, 9TO CBsI3HbIE KOMIIOHEHTHI IIEpe-
ceuyernnit UNF, c obmacteio onpenenennsi U 310l JIOKATHHOM Kap-

TBI 3aa10TCs ypaBHenusaMu Buga xPT! = const, ..., x™ = const.

Muozxkecrsa F,, Ha3bIBAIOTCA CAOAMU CIOeHUs J, MHOroob-
pasue M™ — momanavuvim MHo2000pasuem caroenud. ducna p n
q = N — D HABBIBAIOTCHA PASMEPHOCTNGI0 U KOPA3MEPHOCTIBIO CAO-
€HUA; PA3MEPHOCTH U KOPA3MEPHOCTH CJIOCHWS 0003HAYAIOTCS e~
pe3 dimJF u codimF COOTBETCTBEHHO.

BameruM, 9T0 KaxKAbli c1oif ciaoenus F — 910 (n — ¢)-MepHOE,
BJIOYKEHHOE TOAMHOT00Opasne MHoroobpasus M™. Bioxkenne, o/-
HAKO, MOYKeT He ObITh cobcTBeHHBbIM. Ho ciom MoryT ObITH TLIOT-
HBIMU B M MHOXKECTBAMU.

Kacarenbnoe paccioenune T(M™) (toranbproro) MuHorootpa-
3ugs M™ co cioenmem F 006JsiazaeT MOAPACCIOEHWEM, KOTOPOE
€CTECTBEHHO CUUTATH KACAMEALHBIM DPACCAOEHUEM CAOEHUS: €TO
COCTABJIAIOT BEKTODPBI, Kacaiommecss cyaoes. COOTBETCTBYIOIIEE
dakTop-paccioeHre Ha3bIBACTCS HOPMAALHbLM PACCAOEHUEM CAO-
enus v(F); €ro pa3MepHOCTb PaBHA KOPA3MEPHOCTH CJIOEHUS.
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Omnpenenenne 7.2. CnoeHne HA3BIBACTCA OPUEHMUPOSAHHDLM,
€CJIM OPUEHTHUPOBAHO €0 HOPMAJIbHOE PACCJIOEHHE.

BaxXxHo oTMeTHTL, YTO HHU CJIOW, HU TOTAJILHOE MHOTOOOpaswe
OPMEHTUPOBAHHOTO CJIOEHUS HE O0sI3aHBI JaxKe OBITh OPUEHTHUPY-
eMBbIMU.

CylecTByer ciiefyiolee dKBUBAJCHTHOE OIPEJIEJIEHUE CII0e-
HU4.

Omnpenenenne 7.1'. Croenne F pasMepHOCTH p W KOPa3MEpPHO-
CcTH ¢ Ha ryaakoM Muoroobpasuu M™ (n = p 4 q) — 910 ariac
JIOKAJIbHBIX KapT Ha M™ Takoii, uro Kaptel @; : U; C M™ — V; C
IR? x IR? yaoBIeTBOPAIOT YCJIOBHIO COXpaHEHUA (DYHKIUAMHU IIe-
pexojia gpmcp}l 2 (U;NU;) = i(U;NU;) pasnoxenus IR? x IRP
ua mHOXkecTBa Buga {x} x RP, x € RY.

, ? 9

R? f - 7 — = R
£ % E ; >
R’ U R

U 4

Puc. 7.1: Arnac croemus: mucTH HEePEXOmAT B IHCTEL

Kaxkmast kapra cJI0eHus OnpeieisieT CyoOMepcuio f; = prioy; :
Ui — IR Muoxecrsa [~ (x) = ¢-1({z1xmr), ¢ € RY, Hazpsa-
forcs aucmamy (plaques) cioenns F.

IIycts F — cnoenne Kopa3dmepuoctu 1 Ha MHOrooOpasum M™.
ToBopuwm, uro F mpanceepcarvho apdunno, eciiu M"™ HaKpbHIBAET-
ca cemeiicTBoM (F-pa3imyaroniyux) KapT, JJid KOTOPbIX (DYHKIUK
mepexoia IBAAI0TC apPUHHBIME TPe0OPA30OBAHUAMH, T.€. UMEIOT
Busi x — ax + b, a # 0, B TpaHCBEPCAJIBHOM K J HAIPABJICHUH.

Teopema 7.1 (Tépcron).  3amxnymoe muozoobpasue M™ do-
nyckaem caoenue Kopasmeprocmu 1 mozda u moavko moada, Ko-
2da zapaxmepucmura Jiaepa-ITyanxape x(M™) = 0 [199, ¢.207].

[



148 Tnasa 7. IIPY>KVMHHOE ITPOCTPAHCTBO-BPEMA

Teopema 7.2  (P. Schweitzer). Ha xasicdom samxnymom 2aao-
Kom mmnozoobpasuu M™, n > 4, ¢ nuyaeeol rapaxmepucmu-
xoli Jusepa-Iyankape cywecmeyem caoenue xKopasmeprocmu 1
€ HEKOMNAKIMHOMU  2A00KUMU CAOAMY, 3a006AEMBLE  AOKAABHO
C*-gpopmoti [281]. (]

Teopema 7.3 (N. A’Campo). Kaorcdoe xomnaxmmoe o0duo-
CBA3HOE J-MHO2000pa3UE UMEEM 2/00K0E CAOEHUE KOPASMEPHO-
emu 1 [196]. n

Teopema 7.4. Kaoicdoe omxpwimoe! mrozo06pasue umeem cao-

enue Kopaameprocmu 1 [230]. ]

7.1.1. Tomojgorudeckoe moBeJeHNE CJIOEB

IIycts F — cnoenme kKopa3MepHOCTH 1 HA CBA3HOM MHOr000Opa-
3um M™.

IMommuoxRecTBO A C M™ HaszbBaercs Hacoiuwennvim (s F)
wiu F-Hacoluertom, eciu x € A Bieder, 9T0 A COIEPXKUT CIIOM,
npoxoxsamumii uepe3 x. VHade roBopsi, HACBIIIEHHOE MHOKECTBO
ecTb O0beJUMHEHHUE CJIOEB.

Cuoit L Mmoxer ObITh TPEX TUIIOB:

(1) L cobcmeenmpidi, T.e. €ro TONOJIOTUA> COBNAAET C WHLyTIH-
posanuoil ronosorueii (u3z M™) . (Haupumep, 110600t 3aMKHYTbIi
CJION sABJIAETCH COOCTBEHHBIM );

(2) L saokaavno naommoill, T.€. CylIECTBYET HACBILIEHHOE OT-
Kpbiroe muoxkectso O takoe, uro LN O = O;

(3) L uckarowumenvroid, T.€. HI COOCTBEHHDINH, HU JIOKATIHHO
ILJIOTHBIA.

Onpenesnenne 7.3. Munumasbroe mHoocecmseo (OTHOCUTEIBHO
F) — 3T0 3aMKHYTOE€ HACBIIIEHHOE MOAMHOXKeCTBO Z C M™, mna
KOTOPOTO KaxKAblil cioit L C Z aBadercd TJIOTHBIM, T.e. L = Z.

L Omxpwmoe — 3HAYUT He UMeIONMee KOMIAKTHLIX KOMIIOHEHT.

2TOmOJIOTHS CII0S HHIYIEPYeTCS monoaozueli caoenus Tr. Jasa sToro Ha
R™ = IRP x IR"™P BBOOUM TONOJIOTHIO IPOU3BENEHHUA Tp, CUMTAs, UTO HA
IR"™™P umeeMm JUCKPETHYIO TOHOJOrHIO. Tonosorus: cioeHust Tr HOSIBISIETCS,
KOrZa camuTaeM, 4To Bee ¢ : U — p(U) C< IR™, T, > — 370 roMeoMopdu3MBbl.
CBs3HBIMH KOMIIOHEHTAMU B TOIIOJIOIUY CJIO€HHS ABJAITCA cyou [154, ¢.127].
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OKBUBAJIEHTHO, MOJAMHOXKECTBO Z C M™ Ha3BIBAETCS MUHUMAAD-
HbLM, €CJTH OHO HEILyCTOE, 3aMKHYTO€, HACBIIEHHOE U MUHUMAIHHO
OTHOCHTEJIHPHO TIEPEUNCICHHBIX TPEX CBOWCTB: ecim Z' C Z wmeer
Takue e CBOHCTBa, T0 Z' = 7.

3aMKHYTBIN CJIO#, $SICHO, SBJISIETCS MUHUMAJIBHBIM MHOXKE-
CTBOM.

MuHuMATBEHOE MHOXKECTBO MOXKET ObITh TPEX THIIOB:

1) Z coberennblit cioit (KoMIakTHbI, eciu M™ KOMIIAKTHO);

2) Z coBuagaer ¢ M™; B 9TOM Ciiydae KaxKIblil CJ10#i cioenust F
SIBJISIETCS TIOTHBIM. ByneM Ha3bIBATH TAKOE CJIOEHUE MUHUMGAD-
HOBLM;

3) Z obbeauHeHue UCKIIUYUTENIbHBIX CJ10EB. Byiem rosopurs,
ITO Z €CTh UCKAOYUMENbHOE MUHUMAALHOE MHONHCECTNGO.

7.1.2. KoromoJsoruu ae Pama

Koromomnoruu ne Pama, omnpeneisieMble ¢ TOMOIIBIO BHEITHUX
nuddepeHmaANIbHBIX (HOPM, T30MOPMHBI CUHTYJISPHBIM KOTOMO-
gorusim Haz IR, T.e.

Hier(M") = (H.(M™R))" = H*(M™;R),
U, CJIeJJ0BaTe/IbHO,
Hiep(M™) = Ho (M";IR).

Teopema nBoiicrBennoctn Ilyamkape, crnpaBemgauBas s n-
MEPHBIX OPUEHTHPYEMBIX 3aMKHYTBIX MHOroobpaswit M"™ u mis
KOMIIAKTHBIX MHOTOOOPA3Hii ¢ KpaeM, yTBEPKIAET, 9TO k-MepHbIE
rpyuibl Koromosioruit uzoMmopdubl (n — k)-MepHbIM Ipyniam ro-
Mogoruit M"™, T.e.

H*(M™R) = H, _(M™;R),
U TeM CaMbIM

Hy(M™R) = H,—,(M™; R).
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Yucaa Bertu. l'omoornu mo3BosSIOT ONPENeIaTh IUCI0 IbIP B
KaxK0# pasmeproctrn MmuOroobpasust M". Kaxkmas rpyimra romo-
soruit Hi,(M™, IR) npencrasiasier coboit BEKTOPHOE MPOCTPAHCTRO.
Ilonmaraem
Br(M") = dim(H,(M™; IR)).

Yucaa By (M™) naspiBarorca k-mepromu wucaamu Bemmau.

Hucao Bo(M™) — 1o uucsio komnounent ceazuocru; B (M™) —
YHUCJIO 2-MEPHbBIX, UJIM KDPYIOBbIX JbIp (COOTBETCTBYET YUCJLY
1-MepHBIX IWKJIOB, OTPAHWYIMBAIONINX 2-MepHble aucku D?);
B2(M™) — anciio 3-MepHBIX JIbIP, UJIH TIYCTOT (COOTBETCTBYET YHC-
Jy 2-MepHbIX IUKJIOB, OTPaHUYUBAIONIAX 3-MepHble aucku D3);
Br(M™) — gucno (k + 1)-MepHBIX JbIp.

N3 Teopemsr gBoiictBennocTn llyankape ciemayer, 9To

Bre(M") = Bn—(M™).

Xapaxmepucmura Jtaepa-Ilyanrape muoroobpaszus M" ompene-

JIAETCAd KaK
n

X(M™) = (=1)"B(M").
k=0
CHpaBe,ZLJ'II/IBO TaK>K€ PaBEHCTBO

X(OM™) = (1+ (=1)")x(M™).
Ecim L C M™, o umeem roMoMopdu3mbl
Hy(L;R) — Hy(M™;R), HNM™;R)— H*(L;R).

Caenosaresibho, namuuue (k + 1)-mepHO#i nbipel B L He O3Ha4YaeT
nvasuaue (k + 1)-mepHoii npipbr B M™.

7.2. XapakTepuUcTudecKne KJIacChl Cjoe-
HUI HA MHOrooo0pa3umsax

IIycts gamo C'-ciaoemme F KopasmepHocTH ¢. Torma C'°°-0To6-
paxenue f : N¥ — M"™ masbiBaercsa mpanceepcasbroim k F, ecin

M7y = Fr@y + (f0)«(NF)
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nuist Besikoit & € NF , Te F, — cioit, mpoxondAmuii 9epe3 TOUKY Z.
O6o3nauenue ms rpancsepcansaocru f h F.

Onpegenenne 7.4. Ilycts gano cjaoenue F KOpa3MEPHOCTH g.
Torma xapaxmepucmuueckum KAGCCOM CAOEHUSA HABBIBACTCS KO-
romosiormyeckuii kinace a(F) € H*(M™;IR), yrosiersopsiomuit
CTIEYIOIMIEMY €CTECTBEHHOMY VCJIOBHIO: st jiroboro C'°°-otob-
paxenus f : N¥ — M™, xoropoe TpaHCBepCaJbHO K JF, CIIpa-
BE/IJINBO PABEHCTBO

a(f*(F)) = f*(a(F)) € H*(N% R).
(cMm. [266, p.91]).

Kinacc T'ogbuitona-Besi, onpenensemblii HUXKe, sIBJASETCS MIPH-
MEPOM XapaKTEPUCTUIECKOTO KJIacCa CIOEHMUS.

7.2.1. Kuaacc I'onpuitona-Bes

IIycts cnoenme F wopasmepuoctu 1 Ha MHOrooOpasuum M™ siB-
JisseTcs OpueHTupyeMbiM. Torma oHO rimobasibHO 3amaercs audde-
pernmanbHoil 1-popmoit v, HUTIE He paBHON Hy/0. dTa (hopma
OIPEJIEISIETCS CJIOEHUEM C TOYHOCTBIO 10 YMHOXKEHUs Ha He 00pa-
MAIONLYIOCA B HyJIb (PYHKIUIO W PABHA HYJ/IIO HA BEKTOpPaX, 0Opa-
3YIOIIUX TIOJIEe TUTIEPIIJIOCKOCTEH, KACATEeIbHBIX K F.

B sokambhoit kapre (A = 1,...,n) dbopma v umeer Bu y =
yadz?,

Dopma 7y 10JKHA YAOBJIETBOPATH YCJIOBHIO HHTEIPUPYEMOCTH

Dpobenuyca vy A dy = 0. 1o o3Hagaer, 9ro cymecrsyer 1-popma
« (ompezieNieHHas ¢ TOYHOCTHIO 0 KPATHOTO 7y), Takas, 4To dy =
aN7y.
Onpenenenne 7.5. Bremnss mguddepennmanpuas 3-dopma
a A do gBisiercsa 3aMKHYTOl, U €8 Kjacc Koromosoruii [a A da] €
H3(M™;R) naswBaerca xaaccom Todbutiona-Bea caoenus F u
oboznavaercs GV (F).

«T'eomerpuaecknit cmbica kiracca Logouitona-Bes 1o ceit meHb
OCTaeTCsA 3araJo4YHbIM. VIMeeTcs Iesblii psii TeopeM, IMOKa3biBa-
IONIUX, YTO CJIOCHHE C HEeTPUBHAJILHBIM KjaaccoMm Lonbuitona-Bes
SIBJISIETCST JOCTATOYHO 3AIyTaHHBIM> [162, ¢.473].
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7.2.2. 0O606menusniii kjaacc 'ogbuiiona-Bes

Ilycts cnoenme F KOPa3MEPHOCTH ¢ OPUEHTHpPyeMO. Bbibepem
ornpeensonyio g-bopmMy w, T.e. w = 0 TOYHO HA KACATETbHBIX
IIJIOCKOCTAX CJIOCHUSA F .

Nuade roBopsi, HOpMAaIbHOE PACCIOEHNE OPUEHTHPYEMO U CII0e-
HUe 33Ta8TCs ONpeensdioneil ¢-popmoil, TOKATBHO IPeICTABUMOI
B BUJ€ BHeMIHero npoussedenud 1-popM: w = wi A ... A wy.

CymectByer 1-bopma « Takas, 910 dw = w A Q.

Ounpepesienne 7.6. ®opma aA(da)? ectb 3aMkHyTas (2q+1)-
dbopwma, knace koromosnormit [a A (da)?] € HZ4tD (M™;R) koro-
poii 3apucur Jjminb or F. O Ha3bBaeTCd 0000UEHHBIM KAGCCOM

TI'odbuiiona-Bes [199, ¢.192].

Cnoit L Ha3bIBaeTCs 0OCMGBEHHBIM, €CIIA OH SIBJSETCSI COO-
CTBEHHO BJIOXKEHHBIM IIOAMHOroOOpa3meM MHOrooopasmus M™.
CiioeHue Ha3bIBAETCA COOCMBEHHbIM, ECIIU BCE €I0 CJIOU COOCTBEH-
HbIE.

Teopema 7.5  (Hurder-Katok). Ecau caoenue F cobcmeen-
Hoe, mo ece obobuennvie Kaacco Todoutiona-Bes ucweszarom [199,
c.232]. n

7.2.3. XapakTepucCTUYeCKHE KJACChl CJIO€HUit
KOpa3M€epHOCTHU ¢ = 2

1. Cayuaii ocHarméHHoro cjioeHud. [Ipeamonaraem, 4To ciio-
enne JF Kopa3mepHocTH ¢ Ha MHOrooopasum M" aBisgerca
OCHAWEHHBIM, WU, 9TO SKBUBAJIECHTHO, HAJICJIEHO [JI0D0AJIBHON Cu-
CTeMO Wy, ..., Wy OTPEIEAIONTAX (POPM.

Onpedeaarwasn cucmema Popm cioernss F B OTKPBITOM MHO-
xKectse U C M™ — 310 Habop raagxnx 1-bopm wi, ..., wq, 3a7aH-
HBIX B U 1 00/1a1a101HX CAEIYIOIAMEA CBOMCTBAMM:

(i) dopmsr wi, ..., wy JHHEHHO HE3ABHCHMBI B KazKIOH TOUKeE
mHOXKecTBa U

(ii) cyxxenme Kaxkzoi u3 3Tux (HOpPM HA JIOOYI0 KOMIOHEHTY
nepecedenusi J000r0 cyios ¢ U TpuBHaIbHO.
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OueBuaHO, /U 33JaHUsT CTIOEHUS TOCTATOYHO 33/IaTh OIPe/Ie-
JIATONIUE CUCTEMbI (DOPM B OTKPBITHIX MHOXKECTBAX, COCTABJISIO-
[IIUX MOKPBITHE TOTAJTHHOTO MHOTOOOPA3HSI.

Ecau U = M™, T0 MBI TMeeM JIeJI0 C TJI00ATIHHON OIpeIesIsaio-
meit cucremoit hopm.

Kpumeputi unmeepupyemocmu. Cucrema wy, ..., wy rnagkux 1-
dopwm, 3aaHHbIX B OTKpbITOM MHOXKectBe U C M™, sapisgercs
onpeesomeii cucreMoit (PopM, €CJIu IPHU KaXKI0M 1

dwi = ZT]” /\Wj,
J

e 1);; — HeKOTopble riajgkue 1-popmbrl.

Mo2KHO COCTaBUTH MHOTOYUJICHBI OT 1);; U d1);;, ABIAIONTACC 3a-
MKHyTbIME auddepenmuaapabivMu Gpopmamu Ha M 49, koromoso-
TUYECKUE KJIACCHI KOTOPBIX OYIyT 3aBUCETH TOJIBKO OT CJIOEHWS U
ocuamennsa. OHI HA3BIBAIOTCS LAPAKMEPUCTNUECKUMY KAACCAMU
OCHOULEHHOZ20 CAOEHUA.

OxasbiBaercs, 410 1pu ¢ = 1 Takasg ¢Gopma (¢ TOYHOCTHIO 10O
MHOXKHTEJIs) BCero onua: n11 A dii, 1.e. dpopma L'onbuitona-Bes.

IIpu ¢ = 2 mpoCcTpaHCTBO TaKuX (POPM TATUMEDPHO U TOPOK-
naercs dpopmamu [162, ¢.478]:

d(m1 + m22)* A (M1 + n22),

(dmi1 A dngg — dma A dngr) A (11 + n22),

(dni1 A dnag — dinig A dnar) A (11 — n22) A iz A e, (7.1)
(dni1 A dnog — dnia A dnar) A Az Az Ao,

d(m1 4 n22)* Amin Aoz Az A

Takum 06pa3oM, OCHAIIEHHBIE CJIOEHIS KOPA3MEPHOCTH 2 UMEIOT 5
XapaKTEPUCTUIECKUX KJIACCOB pa3dmepHocreii 5, 5,7, 8, 8. Kaxkiprii
M3 3THUX KJIACCOB 000b0maer kiaacc Iogbuitona-Bes.

2. Cuy4aii HeocHaréHHoro cjgoenusi. CoorsercrByoimnue
XapaKTEePUCTHIECKHUe KJIACCHI CYIECTBYIOT, UX TIOCTPOEHHNE TPedy-
€T 3HAYUTEILHBIX 3HAHWI B 00/IaCTH AJreOpandecKoil TOTOIOTHH.
1 cioeHust KOPA3MEPHOCTH ¢ UMEEM TPH XaPAKTEPUCTUIECKUX
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KJacca, npejcrasisiembie dbopmamu [162, c.478]:

dni1 A dnaz — dia A dnay,
(dmi A dnaz — dmiz A dnar) A (i1 + m22), (7.2)
d(m + n22)® A (11 + n22).

7.3. Jedopmaimusa cjioeHMit

CylecTByeT HECKOJIBKO CIIOCOO0B MpOM3BecTH JedopMaruio, T.e.
[IOCTeIIeHHOe [1Peo0Pa30BaHKe OJHOIO CJI0eHus J(y HA MHOroobpa-
3un M"™ B npyroe cioenmne JFi.

Onpegenenne 7.7. Cnoenua Fo u Fi; ma M"™, oba ko-
pasmepHOCTH ¢, utmezpupyemo C"-20M0MONHHL, €CTU CYINECTBY-
er C"-caoenue F wa M™ x [0, 1] KOpasMepHOCTH ¢ TAKOE, YTO OHO
rpanceepcanpao Kk M X {t} nma t = 0,1 u uanynupyer Fy Ha
M™ x {0} n Fy ma M™ x {1}.

Omnpenenenne 7.8. Cuoenus Fy u F; wa M", oba kopas-
MeprocTu ¢, C"-2omomonmst, eciu cymecresyer CT-cioenne F Ha
M™ x [0,1] xkopasmeproctr g + 1 Takoe, uto M x {t} asngerca
F-uacoimennbiM, 0 < t < 1, u F; = F|(M™ x {i}), i =0, 1.

st rmasmkoro MHOTOOOpa3wsi CO CJIOEHHEM KOPa3MepHOCTH 1
(ne 00s3aTeIbHO KOMIIAKTHOr0) HHTEIPUPYEMO TOMOTOIHbBIE CJI0e-
HUS UMEIOT OIMHAKOBLIN Kiacc l'onbuitona-Best, Ho nMmerorcs mpu-
Mepbl, nokazpisaouue, 4ro GV (F) MOKer HeIPepbIBHO U HETPU-
BHAJILHO U3MEHSATLCA® ¢ W3MEHEeHNeM ¢ 1J1g OOIIUX IVIaIKUX TOMO-
rormit Fy [198, ¢.99].

7.4. MammHa BpeMeHU B CJIOEHUN
B cayuae, Korja IpOCTpaHCTBO-BpeMa M4 Kax cjoif B 5-MepHOM

T'unepupocTpaHcTBe pa3MEIEHO 0COOBIM 00pPa30M, TO BO3MOMKHO
Iy TeIeCTBUE B IIPOIILIOE.

3Buepsbie mpumep Takux cjoenuit na S° nocrpoms Tépcron [296].
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Puc. 7.2: Boamoxusrii nepexox mo xpusoit L B mporioe b cobertust a B
CJIOEHUH.

JeiicTBUTEBHO, TPEANONOKIM, uTo M4 C M® apaserca cio-
eM OPHEeHTHPOBAHHOTO CJIOEHWsT J Kopa3MepHocTH 1 MHOrooOpa-
3ug M°. JIna Hammx neseil 6b110 66 BayKHO, 9T0ObI caioit M? Bé
ceba cremytomumM obpazom. Ilyers U, C M® — OKpecTHOCTL TOUKH
a. Torma xKommonenTa ceaszuocru (M*NU,), maoxectsa M4 NU,
B TOYKE @ — 3TO COObITHSA, OJIM3KHE K G B IIPOCTPAHCTBE-BPEMEHI
M*. 370 kKak 661 cO6BITHS HaCTOSIIEr0 COGBITIS ¢ C TOYHOCTHIO 70
HEKOTOPOTO MTPeHe6PEeKMMOro OTpe3Ka BpeMern. Eciam D C M4 -
MHOKECTBO COOBITHI oTHanéHHOro IIpomntoro cobbITHs a, TO Ipe -
nosnoxkuM, ato b € D C U, N M*, DN (M*NU,), = @; npuuém
cyuecrByer Bpemennas Kpusas L C U, (OTHOCHTENHHO METPUKH
gff])g 00BEMITIONIEro 5-MepHOro ['mrmeprnpocTpancTBa ) ¢ HAYATIOM
a u koHIOM b € D. Takas cuTyalusi ABJISETCS KaK pa3 KeJAHHON
JIJIs HAIMX Tetedi (cM. puc. 7.2).

Camo nepewmernenue B ['unepnpocTpancTBe Mo BpEMEHHOM KPu-
BOil L MOXKeT OCyIIECTBIISITHCS 33 CIET IIPOIECCA OTPHIBA 3-MEPHOM
obmacru Dy or mpocrpancrsa mpocrpancrsa-spemenn M?, omnu-
CaHHOIO B TJI. 6.

Ho Bo3MOXKHO 1M Takoe MOBeIeHUE CJIOEB cyoenus? Bo3mox-
HO. DTO JIM6O KOrIa CJIoil ABjsgercd naomuom B MP, mmubo 310
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TaK HaspiBaeMble npyocunnvie caout [162], koTopbie GecKOHETHO
HAMATBHIBAIOTCA CaMu Ha cebd.

7.4.1. TlaorHble cjomu

Cnoit L C M® naswisaerca naommuotm (B M°), ecm ero 3aMbiKa-
uue cosmagaer ¢ M°, re. L = M?.

Ecau L nmoTHBIR c10if, TO A8 m060it Toukn xg € M cyme-
CTBYET MOCJIeZ0BATEILHOCTD TOUEK {T)} C L, CrpeMsInuxcs K Zg.
Wnage roBopsi, Beerga HalIyTcst CKOJIb yTOMHO OJIM3KHE K JIPYT
apyry B Tonosoruu ['umeprnpocrpanctsa MP® TOYKH Ty, , Th,, OF-
HA U3 KOTOPBIX, IIYCTh 3TO Xk, , OOO3HAYUM €€ dUepe3 b, JIEXKUT B
NPOIIIOM JIPYTOif TOUKHU Tk, 0O03HAYNM €& dyepe3 a. °

Kak BuanMm, B IJIOTHOM CJIO€ €CTh BO3MOYKHOCTH COBEPIIUTH
EePEXO/T, B TPOIILIOE, BbIiId B [ HIeprpoCTpaHCTBO U PO I CpaB-
HATETHHO HeOOIbINoe paccrosane. Bompoc: B 000 JTH MOMEHT,
T.e. U3 JI000H I TOYKH ILJIOTHOI'O CJIOS TAKOH I1epexo, BO3MOXKEH !
Ho npunnunuaibHasi BO3MOXKHOCTH TAKOIO IIyTEMIECTBUS CYIIIe-
CTBYyeT.

Eciin Bce csion cjioeHust 1JI0THBIE, T.€. CJIOEHUE SIBJISETCS MW-
HUMAJIbHBIM, TO MyTEIIECTBUS B MPOIIIOE BO3MOXKHBI U3 JIIOOOTO
CJI051.

A dro menarth, eciu clroeHNe HE MUHUMAJIBHOE U MBI JKUBEM He
B IIJIOTHOM cJjioe?

7.4.2. llpy>KuHHBIE CJIOU

[ycrs 7 : [0,1] — M?® — myTh, comep:kamuiica B ¢oe cloeHus F
u ceasbiBaromuii Touku 7(0) u 7(1). Iycrs Ty u Ty — okpecTHOCTH
towek 7(0) m 7(1) B ci09x TpaHCBepcaTbHOTO® K F OIHOMEPHOTO

4B amrmmiickoit mureparype «resilient leafs. Tepmun «resilient» (npyRuH-
HEIH) — HeyAadHbIH mepeBos (DPAHIY3CKOTO CJIOBA <«IeSSOrt», O3HAYANOIMA
«peccopo-nofo6HbIity («IPYKUHO-TIOO0HBIH> ). B pycckoMm mepeBome mpowuc-
XOAUT BO3BPAT K (DPAHIY3CKOMY TEPMUHY.

5C TOYHOCTBIO 0 3aMEHBI, €CIIH 3TO He TaK, OJHOM U3 STHX ABYX TOUEK HA
61M3KyIO K He#l B Cj10e, HO y2Ke YJOBJIETBOPSIOIIYI0 HCKOMOMY YCJIOBHIO.

6 TpancBepcaIbHOCTD O3HAMAET TO, UTO OBIIUM KACATEIbHBIE HPOCTDAH-
cTBa K cjiogM cyoenuit F u N UMEIOT TOJILKO HYJEBOH BEKTOP.
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cnoeanss N. Tlpu nBHUKeHMH BIOIb CIOEB ClIOeHHA J, Clemys T,
mosrygaeM JIoKaabHbI nuddeomopdusm Ty na T, mepeBoasiiumit
7(0) B 7(1). D10 — 2000HOMUA by TIDU T.

Ecmu aiis Besikoit ety 7 : [0, 1] — MO,
r.e. 3aMkHyTOMy TiyTH € 7(0) = 7(1), npm
obxome o Hel TOoaydaeM TOXKIeCTBEHHBIH p
(siokanbhbiil) nuddeomopdusm, TO roBo-
PAT, 9TO 3TOT CJIOH HE MMEET TOJIOHOIHMH.
Eciu vy ogue ¢j10ii HE MMEeT TOJIOHOMUM,
TO TOBOPST, YTO CJIOCHHE JF He uMeem 20-
A0HOMUL. ECM rOJIOHOMHUIO MMEIOT TOJIBKO
KOMIIAKTHBIE CJIOW, TO TOBOPHM, UTO CJIOE-
HUE NOYMU He UMEEM 20A0HOMUL.

Kak BuguM, Tpu HETPUBHAJIBHON TO-
JIOHOMHE HAIEro MPOCTPAHCTBA-BPEMEHN
MOXKHO OXKUJIATh, YTO B OKPECTHOCTH HEKO- 100)
TOPBIX COObITHII BO BHemHeM [ wumeprpo-
CTPAHCTBE HAXOISTCS JAPYTHUE COOBITUS HAa-
IIIer0 TTPOCTPAHCTBA-BPEMEHU, TPUHAIJTE-
xamwe jubo [Iporomy, aubo Bymymmemy.

Puc. 7.3: Tpyxun-

HBIA CJIOH.

Teopema 7.6. Ilycmv F — caoerue xopasmepnocmu 1 be3 z2o-
AOHOMUL HA 3aMEHYMOM MmHo2000pasuu M™. Tozda GV (F) =0
[148, c.165]. ]

Teopema 7.7 (Mauyranu-Mopura-Ily6oit). FEcau caoenue
Kopasmeprocmu 1 noumu ne umeem zoaonomuu, mo GV (F) =0
[162, c.474]. L]

Omnpenenenne 7.9. Cnoit M* cnoenus kopasmeprocTu 1 sBns-
ercs NPYAHCUHHLLM, €CITH CyliecTByer neris 7 8 M u unreppa
T, rpancBepcasbhblii K ciaoenuto JF, conepzkamuii 7(0) rakue, 4ro
1) cymecrsyer Touka p na M*NT, p # 7(0), koropas upu-
HAJJIEXKAT O00JIACTH ONpEe/IeHNs roJoHOMun h, (onpeaenéuuoi
Ha HekoTopoii okpecrHoctn 7(0) B T);
2) [h+]™(p) crpemurcs k 7(0) mpu n — +00.
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Nuade rosopsi, cioii ciioenwsi KOpa3mepHOCTH 1 siBjIsieTcs
NPYAHCUHHBLM, €CTH OH OECKOHEYHO HAMATBIBAETCH CaM Ha cebs
(puc.7.4).

[Ipy>kuHHBII CJI0H MOYKHO ONPEIEIUTH TAKXKE KaK HECOOCTBEH-
HBIT CIOH W HeTpUBHAIBHOM rooHoMuEed [240].

B npyskuuHOM IpocTpancTBe-spemenn M? cymecTByior cobbI-
Tus, npuaaexamme Hacrosmemy, ckomb yromao 6im3ko (B To-
nosoruw MHOTOOOpasus M°) oT KOTOpHIX B 5-MepHOM Mupe M°
nexar cobbrrus u3 M* ckonb yrommo masexoro Ilpomtioro (wmm
Byaymiero).

[TpyikuHHOE
MPOCTPAHCTBO-BPEMA

CBETOBBIC
KOHYCbI
Hacrosiee

Bpewms

Puc. 7.4: TIpocrpancrso-Bpems, cBEpHYTOE B NPY:KUHY B OOGHEMITIONEM TIsi-
TUMepHOM l'mnepnpocrpancTse.

JBuzKenue BIOJIb TATONH KOOPAUHATHI (B HANPABICHUM, 38,14
BAaEMOM BEKTOpPOM Y, nyanbubiM K 1-bopue 7) mpuBoauT K Gec-
KOHEYHOMY «IIPOTHIKAHUIO» (PUIHIECKOTO TPOCTPAHCTBA-BPEMEHH
B Toukax [Ipommtoro wmum Bymymero. Ilpomnioe naxomurcs OyK-
BAJIbHO DPsAJIOM, €r0 He HAJ0 JI0JII0 MCKATh B HEAPAX D-MEPHOrO
Mupa. Merpuyeckas crenenb Oau3octu IIpomnmoro xapakrepusy-
eTcs BeKTOPOM 7', i CBA3aHA OHA CO CKATAPHLIM U 3JEKTPOMAr-
HUTHBIM TosiAME (cM. § 7.5.1).
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Takum o6pazom, eciii HaIlle TPOCTPAHCTBO-BPEMS IIPEICTABIISI-
er coboil IPyKUHHBIHA CJI0it B oObemtioneM ['unepmnpocrpancrse,
TO OCTAETCs JIWIIH OMPEIEIUTh MECTO U BPeMsl — COOBITHE @, OTKY-
J1a ¥ KOTJ[a MOYKET ObITh COBEPINEHO PeasbHOE U 6TONHE YCTLEULHOE
myTernecTsue B ormanéuuoe [Iporioe b, mOCKOIbKY OHO HAXOIUT-
ca B ['mmepnpocrpancrse 6osee, aem psamom ¢ Hacrosmum, u B
CHUJIy 3TOrO €ro He MPUIETCs J0Jr0 Pa3biCKuBaTh. lHadye rosops,
MOKeT OBbITH 3aIyIeHA MAIluHA BpPeMeHU, PabOTAIONasl IOCPe/I-
CTBOM CO3JaHNS 4-MEpHOIT KpOTOBOH HOPBI, COeTUHSIIONINIA OJIM3-
Kne COOBITHS a H b.

OpHako Kak MOHATH, YTO HAIE MPOCTPAHCTBO-BPEMS IIPEI-
craBjsger coDOif MpYXKUHHBIA €0 B oObemuomeM [ umepmpo-
crpancree? OTBeT JaeT CieLyroIas

Teopema 7.8 ([dymunn). Ecau GV (F) # 0, mo caoenue F ume-
em npyotcunnoie caou [148, ¢.169]. m

Xappuep [238] nokazasn, uro GV (F) # 0 Biiedér cyIecTBOBAHHE
LIPY?KUHHOI'O CJ10d, KOTOPBIA HE COAEPKUTCH B UCKIIOYUTEIbHOM
MHUHHAMAJbHOM MHOXKECTBE U, CJIeJOBATEIbHO, JOJKEH CYIIECTBO-
BaTh IIPYKUHHBINA CJIOW, KOTOPBII JIE2KUT B OTKPBITOM JIOKAJIbHOM
MUHUMAJIBHOM MHOYKECTBE CJIoeHus JF.

Hockomsky GV (F) € H3(M5,R), To ycnosue GV (F) # 0
O3HAMAET HATMYUE 4-MEPHDIX JIbIP B 00BEMIIIONIEM TIPOCTPAHCTEO-
Bpems 5-MepHom ['unepripocrpanctse M°, a ¢ yuaeToM IBOiiCTBeH-
noctu Ilyankape B M® J10MKHBI OBITH U 3-MEPHbIE JIbIPHI, T.€. TMy-
CTOTBI.

st Toro 4Tobbl OTBETUTHL HA BOILPOC, IOYEMY MMEHHO <HAI»
CJTOft CBEPHYT B IPY2KUHY, HOTPEOYIOTCA cKopee (PumocodpCKue co-
obpazkenus, yem ¢pusmdeckne. Beap Kak-To HAJL0 OObICHUTD, TO-
qeMy I OMHUCAHWS MPOCTPAHCTBA-BPEMEHHU JOCTATOYHO OJHOTO
CJI0si, a8 MHOTOMEDHBIE MOJEIN C HEOOXOAMMOCTHIO TTPEIOCTABIIS-
IOT KOHTUHYYM <JIAIIHUX» CJIOEB.

Teopema 7.9 (dyvunu-Kanrsemn-Kouson). Ecau caoenue xo-
pasmeprocmu 1 ne umeem npysrcurnus caoes, mo GV (F) = 0
[162, c.474].
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IIycrs Aff(IR) — rpynna addunubix npeobpasoBaHuil mps-
moit IR. Tpaucsepcanbao adpdunnoe cioenne F KOpa3zMepHOCTH
1 na muoroobpazun M"™ WHAYIHPYeT TOMOMODPMU3M TOJIOHOMWUN
h : m (M) — Aff(IR). HaseiBaem 06pa3 romomopduszma h 2.40-
basvrol 2pynnoti oaonomuli caoenust F.

Nmeer mecTo

Teopema 7.10. IIycmv F — opuenmupyemoe mpanceepcarbro
appunnoe caoenue KopasmepHocmu 1 HA 3AMEHYMOM MHO2000-
pasuu u I' — ezo enobasvnas epynna 2oaonomut. Tozda odno u3
credyrowus deyx ymeeporcdenut cnpasedauso [240]:

(1) F noumu 6e3 zoaonomuu, u epynna I' abesesa.

(2) F codeporcum a0KaAbHO NAOMHBIT NPYHCURHBLT CA0T, U
epynna I neabenesa. ]

7.4.3. Bo3MOXHOCTH CBEPTHIBAHUSA ITPOCTPAH-
CTBa-BPEMEHU B IMPY>KUHY B CJIy4ae TPH-
BHaJIbHOrO KJacca I'onbuiiona-Bega

Ho uro nenarb, eciu BbrYmMCjIeHEE MOKa3aio, yro GV (F) = 07
BosHukaer BOmpoc, CyImECTBYIOT JIU PY?KUHHBIE CJIOW B CIIy4ae,
korpa GV (F) =07

OrBer HaM Heu3BEeCTeH, OJHAKO Koria Kjacc Loabuiiona-Bes
TPUBHUAJIEH, TO MOYKHO TBITATHCSA MPOBAPHAPOBATH €T0, T.€. BKJIIO-
YUTH CJI0eHUE F B [VIAJIKOE OJHOMAPAMETPUIECKOE CEMEHCTBO CI0-
enuit J;, xapakrepucruieckuii kiacc [163]

Charg, () = GV(F;), o€ H*(Wy),
Charg, (o) : H*(W,) — H*(M*T9;R),
KOTOPBIX MEHAETCA C U3BMEHECHHUEM IIapaMeTpa t o 3aKOHY

d
GV (Fi) - ZGV(F) =0

(nMeeTcss B BHJAY KOTOMOJIOTHYECKOE YMHOMKEHHWE) TaK, HYTO
GV (Fi,) # 0 nast HeKOTOPOTO 1.
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3mecs Wy — Geckoneunomepuas anredpa Jlu, amrebpa ¢dop-
MaJIbHBIX BEKTOPHBIX 1osel Ha mupsmoir IR. Eé smementsr ume-
tor Bug h(x)d/dx, rne h(x) — dbopmanbHbIil cTenennoit ps (a
formal power series). EquncTBeHHBIE HETPUBUAIBHBIE KOIOMOJIO-
ruu anrebpst Jlu Wy (¢ TpuBnanbabivu KodbbUIMEeHTaMu) — 3T0
H°(Wy;R) = H3(W1; R) = R.

Herpusnasnbubrit 3-KOIUKJII, IPeCTaBIAIOIIMN KJ1acC
Tonowuitona-Best, naércs dopmystoit

1 )
(o) oo ha(o) o ha) ) = | 10) 1400 150

B cnywae ocHamEHHOTO CIIOEHWST HEOOXOIMMOE BapbUPOBA-
nue Bo3MOXkHO [163, Teopema 3.1.1], ecnm o« € HF(W;) me
NpUHAIEKAT 00pa3y romomopdusva srmoyenus H (W, 1) —
HEW,), H3(W5) =0.".

3aece W, beckoneuno-mepras ajrebpa JIu BekTOpHBIX mOJeit
na IR?. XapakTepncTuaeckne KJIACChl CIOCHUI KOPA3MEPHOCTH ¢
coorsercrayior H(W,;IR).

Haxkomerr, kak ormedanoch B § 7.3, MoxkeT ObITh Haiifena 06-
A HemHTerpupyemas romotonus {F; }eejo,1), Aedopmupyromast
ucxomuoe caoenne F = Fy ¢ GV (Fy) = 0 B cioenne F = Fj ¢
GV (Fy) # 0.

[TpuHITHAIBHBIM SBJISETCS IPYTOi BOMPOC: Kakas (DU3mKa
CKPBIBAETCA 3& YUCTO MATEMATHYECKONU IIPOIEIypOil KEJIAHHOTO
BapbUPOBAHUs UIN Je(POPMAIINY CIOCHHUS !

Hwxe npusBoasrca tpu dpusudeckue Teopun, B KOTOPBIX OIIpe-
neststionue cjaoernue 1-bopMbl caMbIM TECHBIM 00Pa30M CBH3AHbI C
YUCTO (DUBUIECKUMU TOJIAMU. ITU (PUBHIECKHUE MMOJIST MOKHO MO~
POXKIATh WM W3MEHSTh MOCPEIACTBOM (DU3MIECKUX IKCIIEPUMEH-
TOM (HAIpUMEp, Ha YCKOPUTEsX) Wjd Opu QyHKIMOHUPOBAHUM
CITENMAIbHO CO3IaHHOM (pu3nyueckoi annaparypbl. Kak pe3ynbrar,

"TIpu g > 1 knacc Togbuitona-Bes 3aMensercs HECKOILKAMHU XapaKTEpH-
crmyeckumu Kiaaccamu [163].
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MOJIy9MM W3MEHEHHue Onpeaessdiomux 1-dpopm, o3Hadaromee BO3-
HukHOBeHue jedOpMaIy CIOEHUs, KOTOPas M3MEHUT KOHbuUry-
PaIWIoO CJIOEHUsT B 00beMITIONEeM [ MeprnpoCTpaHCTBe U, KaK CJIe]I-
CTBUE, TTOABATCSA TPYXKUHHbBIE CJIOH.

7.4.4. Ormenka »>Heprum, HeoOXOoAMMONI OJIs
CBEepPTBHIBAHUA IIPOCTPAHCTBA-BPEMEHU B
PYKUHY

IIycts < M 5,955])9 > — 5-MepHOe 3aMKHYTOE€ PUMaHOBO MHOTO-
obpaswue. IlockombKy Ay 3aMKHYTOIO 5-MEPHOrO MHOroOpasws
X(M3) = 0, To Ha M® cymecTByeT e uHIIHOE TJIAIKOE BEKTOPHOE
nose &. Pacemorpum 6asuc eg = £, €y, ..., €4 B M2 1 1BOHCTBEHHDII
K Hemy 6o, ..., 04.

Torma umeem GhopMy KPUBU3HBI

1.6
Qap = 5Rﬁ,}BCDeC N
TIpeamonosxkum, 9T0 MHOTOOOpAa3Ne ABJISETCS CACAKUEBBIM, T.€.
RP(X,0)Y = gD (X,Y)¢ - gD (& V)X,

a moJie £ peryasipHoe, T.e. BCe TPAEKTOPHUH Ot £ NMEIOT OOIIyTo

ammmy 1(§).
Torna cripaseusa dbopmyna® Faycca-Bonne-Tanno [292]

l
4m20(E)

+301 A O3 A Qaog + 302 AN Oy A Qi3+ 1501 AOy A O3 A Oy—

/ 5[912 A Q34+ Qi3 A Qg + Qg A oz +
M

—01 N Oy A Qio +207 ANO3 A Q3 — 01 A Og A Qqa—
—03 N O3 N\ Qaz + 205 A Oy A Qoy—
—(93/\94/\934]/\90 :3—2ﬂ1(M5)+62(M5). (73)

8B craTbe [277] maerca amanorugnas dbopmyna, Ho 6e3 TpeGoBaHUA Caca-
KHUEeBOCTHU FeOMeTpI/IH MHOFOOGpaBI/IH.
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JI7ist Toro 9ToOBI OIEHUTH dHEPIU0, KOTOpas HEOOXOAWMa I
CBEPTHIBAHUS IPOCTPAHCTBa-BpeMenn < M?, ¢ > B IpyKUHHbI
cJioit B siopentieBoM ['mneprpocTpancree < MO, 91(451)9 >, MBI TIEpeii-
JIeM K eBKJIMIOBOM 5-MepHOIl MeTpHKe, COBepInas moBOpoT Buka,
MEHSIOIEro BpeMs Ha MHUMOe BpeMs. Torna ['unepnpocTpancTso,
KOTOpOe, TO-TIpesKHeMY, obo3Hauaem < M 5,91(45])3 >, CTaHOBUTCSA
PUMAHOBBIM (€BJIMIOBBIM), U MbI MOXKEM BOCIOJIb30BATHCA (HOp-
MyJi0# (7.3) /1Jid OLEHKU SHEPTUH.

3 ypaBHeHnuii rpaBUTAIMOHHOIO IO/ JJIs 5-MEPHOIO JIOPEH-
uesa ['nnepupocrpaHcTBa, CTaBIIErO €BKJIUI0BbIM,

pe 1

(5 — 5945R®) = csyuaus,

a TakxKe U3 CTPYKTYPbI POPMYJIbI [IJisi KOMIIOHEHT TEH30Pa KPH-
BUBHDI 110JIy4aeM, 4TO

5 5
R(S) ~ XE(5), Rj(éu?gch ~ [%5(5)]v R;g ~ [%6(5)]

Torna u3 (7.3) umeem:

l
m[const < (3eg(5))? + const - (52 (5)|v(MP) ~

~ 3 =261 (M®) + Bo(M°). (7.4)

Paccmarpusas ciydan 6[ses)] < 11 d[xe(s)] > 1, merko monars,
YTO OHU CBOJATCA K OIHOMY YCJIOBHIO:

l
m[%@}v(i\ﬁ) ~ 3 — 2B, (MP) + Bo(MP). (7.5)
HpI/I 9TOM cCneayeTr IIOMHHTb, YTO CBéprIBaHI/Ie IPOCTPAaHCTBa~
BpeMeHnu M4, T.€. IIOABJICHUE IIPY2KUHHOI'O CJI0A, O3HAYaAET (HeI/IH—
TErpupyeMyio) JehOopMaIiio CJIOCHUS B HOBOE CJIOCHNE, NMEOIIe-
ro mpyKuHHBIA cjaoit. CenoBarenbHO, mocie 1edOpMaluy B CHILY
TOI'0, YTO BO3MOXKHO U3MEHEHHUE I'€OMETPHH, T.€. U3MEHATCA GAB n
£, UX HOBBIE 3HAYeHUd momedaeM mrpuxoM . Torma nmeem BMeCTO
(7.4) caelyiouyo OLeHKY:

ﬁ[%ff'(s)]v’(Ms) ~ =261 (M®) + B3 (M?). (7.6)
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MMostomy u3 (7.5), (7.6) mosydyaem OLEHKY JJis CKAuKa SHEPrUM
Slem)] = 5’(5) - 625)2

STl ~ 2 | gy 281 + B0~
2O + B0 (7.7

Hedopmarusa He MEHSAET TOMOJOTHIO U TIAAKYI0 CTPyKTypy. Ilo-
sromy uuciaa Berru ne mensiorca, T.e. 34 (M5) = B4 (M®); mens-
eTCsl METPUKA U 00BEM.

Ho ecim managambuo [o(M°) = 0, nanpumep [2(S°) = 0, To
nrobas medpopMaIys CI0eHHUs 063 MPYKUHHBIX CJIOEB He JACT CJIO-
€HUe C MPYKUHHBIMEA CJA0AMHE. [103TOMY CIIeIyeT mpemnoioKuTh,
9TO 34 CYET CKAYKA SHEPIUU IPOUCXOIUT IEPEXO/] K HOBO TOMOIO-
ruu, K HOBO#t riagkoctu B MP ¢ Bo(M?P) # 0. JIpyrumu ciosamu,
UMEeeM TIePeX0/T

< MP,T,F,Bo(M°) =0> — < (M')°, T, F',Bo(M')° #0 >,

rjie ITpux ' roOBOPUT O HOBOM Tomosorun 7' 1 HOBO# riuagkoctu F’
na M° (Kak Ha MHOYKeCTBe, T.e. Ha HOCHTeJe TOTOJOTHN I TIaIKOo-
CTH), JAIOIUI BO3MOXKHOCTD MOSBUTHCS MPYKUHHOMY CJIOCHHUIO.
IIpu stom [mmepnpocrpancrso < (M’')5, 7', F' > npuobperaer
HEeOOXOUMbIe HAM 3- U 4-MEPHBIE [BIPHI.

Takum 06pa3om, JIOKAJIbHOE CUJIOBOE (IHEPreTHYEcKOe) eii-
CTBHE CTIOCOOHO M3MEHWTH PA3MEIeHne MPOCTPAHCTBA-BPEMEHH B
T'unepmipocTpancTBe.

7.4.5. Py4km B Npy>KUHHBIX CJIOIX

IIycts M™ — KOMIIaKTHOE OpHEHTHpPyeMoe MHOroobpaswe, a JF —
TPAHCBEPCAJIBHO OPUEHTUPOBAHHOE CJIOEHWE Kopa3mepHocTu 1.
IMonaraem, 4ro kaxkjas KomnoHexTa kpas OM™, eciu ona ecrb,
€CTb CJIOW.

JoKarbHOE MUHUMAALHOE MHOHCECTNE0 CITOEHUsT F eCTh MHO-
xKectBO X C M™, i1 KOTOPOTO CYIIECTBYET TAaKOe OTKPBITOE
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CBSI3HOE HACBIMEHHOEe ToaMHokecTBo U C M™, aro X — MuHun-
MaJIbHOE MHOXKECTBO it nojciaoenus F|U.

Omnpenenenne 7.10.  Pyukxa 6 caoe L ecTb KOMIAKTHOE CBs3-
Hoe HeoTmemumoe’ monmuoroobpasue H kopasmepnoctu 1 Taxoe,
uro OH = (. Pod caoa L — 370 MakcuMajgbHOE YHCJIO TOMapHO
HEMEPEeCeKAIINXCs PydeK B L, KOTOpbIe JIMHEHHO HE3aBUCUMBI B
H*(L;R) [200].
Ilockonbky B Ha-
meMm caydae CJI0H
L = M*, re. apasercs
4-MepHBIM TTPOCTPAHCT-
BOM-BDEMEHEM, TO
pydka B CJI0e — 3TO
4-mepHas KPOTOBas
HOPa B MPOCTPAHCTBE-
BpPEMEHW, HO OTHIOIb
He 4-mMepHasg JbIpa
B ['mmepmpocrpanct-

Be MP.

Puc. 7.5: Pyuxu B cioe.

Teopema 7.11. Ilycmv X C M" - aokasvHoe MUHUMGAADHOE
muootcecmeo Maprosa 6 croenuu F. Tozda X codeporcum mouno
CUEMHOE YUCAO NPYAHCUHHBLE CA0E6. [larvuwe, Aub0 Pod Kascdoz2o
npyorcunnozo caon L C X pasen 1, a pod ocmasvnur caoée 6
F|X pasen 0, aubo xascoui caoti L C X umeem beckoneunod
pod [200]. ]

7.5. CBe3b XapaKTepUCTUIECKUX KJIAC-
COB cJIOeHmiT ¢ (pU3MIeCcKuMu MoJis-
MU

N3yumm, kakuM 00pa3oM XapaKTePUCTHIECKHE KJIACCHI CTOEHUIt
MOryT OBITH CBSI3aHBI C PA3JIMYHBIMEU (DUBNIECKUMU TTOTAMU !

9Heoraemumocts (nonseparating) mogmuoroo6pasus H C L o3mauaet, 910
L H cBasHO.
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7.5.1. Caywuaii 5-mepnoii Treopuu (¢ = 1) rpasu-
JIEKTPO-CKAJAPHBIX B3anMOAECTBUI

Paccmorpum cioernme F kopasdmeprHocTu 1 B 5-MEPHOM MHOTO00-
pasuu M?®, B paMKax KOTOPOIO CTPOUTCH TEOPHs IPaBH-3JIEKTPO-
CKaJIAPHOro B3auMozneiicrsus (19, . 2.

Cnoenne F 3amaercs 1-¢popmoii . JIOKaJIBHO B KOOpIUHATAX
x4 (A =0,1,2,3,5) na M® MOXHO BBECTH JIOPEHIIEBY METDHKY
o(5)

9 4p curHaryps (+ — — — —) Buga [19, ¢.39] (rxe BMecTo +y HanU-
CaHo S\)

o(5) o(4) o(4)

9ap= —vaVB+ 9ap, Y954=0,

Y= ’}/Adl'A,

o(4)
e J op — MEeTPHYEeCKHil TeH30p MPOCTpaHCTBa-BpemMenn V4.

s omnucanuwsi TPABUTANMOHHOTO TOJS B MPOCTPAHCTBE-
spemenn M* u Bue ero — Bo Bremnem 5-MeproM uneprpocrpan-
CTBE — HEOOXOIMMO HCIOIH30BATH JTU00 BapuaHT Teopun Karypi-
Kneiina, 6o brane-reopuu.

B cnyuae Bapuanta Teopun Kanymwsl-Kieiina B 5-MepHOit Teo-
PHH 3JIEKTPOTPABUTAIINK CO CKAJIAPHBIM mosieM [19] mpegmourn-
TembHEl paccMaTpuBaTh KOH(GOPMHYIO MeTpuky ¢():

5 0(B) 5 04
9,(451)3 =6 9ap 9,(;11)3 =¢"%Yup, ¢ ="s,

g% = —Xarg + g5, (7.8)

A=¢ 1,
+(5)
(d1)? =4 4 da’da® = ¢*gC)da?dz® = ¢2dI>

C JOTOJTHUTEbHBIM YCJIOBUEM ITUJIMHIPUYHOCTH, O3HAYAIONINM,
5 5

qTO0 91(4; He 3aBHCAT OT Z°, a TAaKKe ¢ TpeGOBAHIEM, UTO gé5) =-—1.

IIpu 3TOM ¢ siBISIETCS CKAJISIPHBIM IIOJIEM, & H-MEPHbIE YPABHEHUA

Qiinmreiina

0o(5) 1 o(5) o(5) o(5)
Rap —3 9aR —AGap= T4} (7.9)
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cBougres [19, ¢.71] kK 4-MepHbIM ypaBHEeHUAM DIHIITEHA, YPaB-
mennaMm Makcsenia u ypapuennio Kaeitna-®oka i moss ¢

1 °6G, .1 -
3 (4)/ _(4)ymn
+$(Vz’vk¢ =95 (¢")"" Vi Vi) — pe ¢ 0.+ T, (7.10)
_vamk _ 3ka qbﬂ” _ z 3Tk)\A,
o Vol
G¢

(99) "V VS RO L AG T B ™ =~ Z T\ AP,
rie »x = 87G/ct.

IMouck mpy>KUHHONO MPOCTPAHCTBA-BPEMEHM CBOJIUTCS K BbI-
YHUCIEHUI0 KOTOMOJIOTHYeCKoro kmacca GV (F), ompenenseMoro
B 00meM-To 1-popmoit A\, HEMOCPEACTBEHHO CBSI3AaHHONW CO CKa-
JgpHbIM (dJiekTpuyecku 3apsikendbiv [19, ¢.51]) mosem ¢ u 4-
MOTEHINAJIOM \; 3JIeKTpOMAranTHOro nosst Fyy. Ecm GV (F) # 0,
TO TIPY>KUHHBIE CJIOU CYIIECTBYIOT.

7.5.2. Cuayuaii 6-mepnoii Teopun (¢ = 2) rpaBu-
JIEKTPO-CJIadbIX B3auMMOJIeCTBUIA

Paccmorpum ciioenmne F xkopasdmepHocTu 2 B 6-MEPHOM MHOr000-
pasuu M®, B paMKax KOTOPOIO CTPOUTCH TE€OPUs I'PABU-3JIEKTPO-
cnaboro B3ammopeiicteus [19, . 4], obbeauHSIOMAS 5-MEPHYIO
TEOPUIO JIEKTPOMATHUTHBIX ¥ IPABUTAIIMOHHBIX B3ANMOIEHCTBUN
€ MOJIETIBIO AIeKTpocIabbix B3aumozeiictuii Baiinbepra-Camnama.

CJ’[OGHI/Ie F 3anaerca 1-bopmamvu A u o. JlokanbHO B KOOp/1U-
narax x4 (A =0,1,2,3,5,6) na M® moxnO BBECTH JOpEHIIEBY

METPUKY GAB curHatyphl (+ — — — ——) Buga [19, ¢.96]:
Gl = gap — Aadp —
AB — 9AB AAB — O0AOB,
A= Aadz?, o0 =oadz?,

/\A/\A = O’AO'A = —1, )\AO'A = O7 gAB)\B = gABCTB = O7
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IJIe gAp — METPHKA IpoCTpaHcTBa-BpemMenu M2,

Hudpdepenrmansubie 1-popMbl A, ¢ ONpemeIdaioT XapaKTe-
pucrudeckue Kjacchl ciaoenus JF. Boramcsienue 3tux KOromoJio-
TUYECKUX KJIACCOB JA8T OTBET HAa HAIll BOMPOC O PACTOJIOXKe-
HUU MPOCTPAHCTBA-BPEMEHHU B 00beMTomeM 6-mepaoM ['uneppo-
CTPAHCTBE U OTYACTH HA BOIPOC CTEIIEHW METPUIECKON OIU30CTH
Ipommoro u Byaymero k Hacrositemy. 3nadut, wcciegoBaHue
JEKTPOCIAObIX B3aUMOJIEHCTBUI MO3BOJISET DEIIaTh HPUHIIAIIN-
aJbHBIE BOMPOCHI, KACAIOIINECs] TEOPWH MAITHHBI BPEMEHU WJIN
CBEPXTAJBHUX TIEPEMEIEHNi B TPOCTPAHCTBE.

Huddepennnanbabe 1-HOpMbI A 1 0 CBA3aHBI C HEATPAJIBHBI-
MH BeKTOpHbIMHI nosisiMu B; n A(3); (wmu Z; u A;) -

5
B, = _204)\ hc/\i7 A(3); = _25710

(0% + A%N),
g1 g2

rae «, 3 — KOHCTaHTH, g1, g2 — W3BECTHBIE KOHCTAHTHI B3ANMOJIEi-
CTBHs C BEKTOPHBIMU nojiamu B; u A(3);.

BekropHoe nionie B; oreedaer abenesoii U (1)-cummerpun (n30-
ronrdeckuii cuurer), u rpu mons A(1);, A(2);, A;(3); orBeqaior
JIOKaIbHOH HeabeneBoit SU(2)-cummerpuu (M30TonuygecKuil Tpu-
TieT).

ITome

Z;i = =[Ai(aX’ = BA°) — 03(Bo®)],

Nl

rie ( — HEKOTOpast pa3MepHas MOCTOSTHHAS, — 9TO TOJIe HEHTPAITh-
HOTO BEeKTOpHOro 6030Ha B Moenu Baitabepra-Camama.

Takum 06pa3zoM, MOXKHO TPEANOTOKHUTD, 9TO UUCTO (pru3nte-
CKHe YKCIEPUMEHTbI, ITPOBOJUMbIE 10 OINPEIETEHHBIM TPOEKTaM,
CHOCOOHBI OKA3aTh BJIMSHHE HA PACIOJIOXKEHHE MPOCTPAHCTBA-
BpPEMEHN KaK CJI0s1 B OOBLEMJIIOIIEM MHOTOOOPAa3WH, 3aCTaBIISAST €ro
0OECKOHEYHO HAMATBIBATHCs HA ce0st, 00pa3ys CBOEr0 pOJIa Py KU~
HY, T.€. IPY?KAHHBIA CJION.
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7.5.3. Cuayuaii 7-mepnoii Teopun (¢ = 3) rpasu-
JIEKTPO-CUJBbHBIX B3aUMOJIeCTBUI

Paccmorpum ciioenmne F KOpa3MepHOCTH 3 B 7-MEPHOM MHOI000-
pasun M7, 06beuHAIONAsA I'PABITAIINOHHLIE, 3JIeKTPOMATHATHLIE
U cubHBIE B3amMmozelicTaus [19, ri. 6] (6e3 ciabbIx B3ammozeii-
crBuif).

Cnoenne F 3anaercsa 1-popmavu \, 0 u w. JIOKaJIbHO B KOOP-
nunarax 2 (A =0,1,2,3,5,6,7) na M5 moxxuo Beectu Jjiopemiie-

BY METPUKY GEZ])B curnarypsl (+ — — — ——) Bujga:

G( AR = 9AB — AMAB — 0A0B — WAWB,

A= )\AdxA, o= aAdxA, w = wAdxA

M = o0t = w0t = —1

Mo? = gt =oaw? =0, gapA\P = gapo® = gapw® =0,

e gAp — MeTrpuKa IIpocTpancrsa-spemenu M2,
Iuddepennmannbubie 1-popMbI A\, 0, w ONMPEIEIAIOT XapaKTe-

pucTrdeckue Kiaaccol ciaoerns F. Onu cBszans [19, ¢.169] ¢ smex-

TpoMarHuTHLIM 11osieM A; u ¢ aByms rioonamu A(3); u A(9);:

2

A, = 2\/7()\ +0; +w),

2

A(3) :I:Q\C/ﬁ(/\i_ai)y
AS)i = - (s + 05 — 2.

2f
7.6. Speculatio

1. Mbr BrnojHe MO2KEM IPEACTABJIATH PEATbHO CYyIIeCTBY-
I0MUM  4-MepHOe TPOCTPAHCTBO-BPEMsI, KOTOPOE SBJISAETCS CJIO-
eM B 5-mepHoM I'mmepmnpocTtpanctBe. MOXKHO WCKATh 3IKCIEPU-
MEHTaJIbHbIE IO/ITBEPIK/IEHNE ITOMY, a TaKxKe TOMY, 4YTO Halle
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MPOCTPAHCTBO-BPEMSA — 3TO NPYKHUHHBINA cjoit. Ho gro nmemars,
€CJIU BCE YKCIIEPUMEHTHI YIIOPHO roBOPAT 00 OTCYTCTBUH CBOWCTBA
MPYKUHHOCTH. [[OCKOJIBKY C MPYKUHHBIMU CJIOSIMU MBI CBSI3bIBA-
€M TIyTeIeCTBUS BO BPEMEHU W «MTHOBEHHBIE> CBEPXIAJIbHUE TIe-
PEMEIIEHNsT B TMIPOCTPAHCTBE, TO OCTAETCH HAJAEATHCS HA TO, 9TO
MBI CMOYXKEM IE€PECTPOUTDH HAIE CJIOEHWE B JPYroe, B KOTOPOM
CBOIICTBO IPY2KUHHOCTU CTaHET joka3yeMbiM (dakTom. VImMeHHO O
TAKO! 2KEJIAaHHOU 11epeCTPOMKe CJI0eHUd, B KOTOPOe BXOJUT Halle
MPOCTPAHCTBO-BPEMSI, HAMMMCAHO B JAHHOM TJIaBe.

Tax uro? Ilosyuaercsi, 9TO 9YEIOBEK CIIOCOOEH CKPYYUBATH,
CBEPTHIBATH IPOCTPAHCTBO-BPEMSI, B KOTOPOM OH OOUTAET, B HEITO
oXOXKee Ha TPYKUHY-peccopy mo cBoemy yecmorpenuto? He cour-
KOM Jiii (PaHTACTUYHBL TAKUE UJEeH?

He ciumkom. Yro 661 ckazan JIoMOHOCOB, ecyii ObI eMy CKa-
3aJir, 9TO PACCTABJIEHHAS HA JIyT'y COTHS-ApPyTas OOIBIITNX «BOIO-
POIHBIX 00YEK», PA30M B30PBABIIUCH, YHAUUTOXKAT 3E€MHOM Trap?
Kaxk renuit Hayku moauBuiics Obl U CTAT YTOYHATH. A BOT BEJIBMO-
2Ka U3 [[APCKOT0 OKPY?KEHUs [OCMEsiJICS Ha TUIyIbIM, YuTail dhaH-
TACTUYHBIM, 3aSTBJICHUEM.

Oueprusi, TpebyeMasi Ha CKPYYUBAHNE TIPOCTPAHCTBA-BPEMEHH,
CKOJIb ObI TMTAHTCKON HAM HE Ka3aJ/IaCh, BIIOJHE CPABHUMA, C TEM
MOTPSICEHNEM, KOTOPOe HCmbiTaa Obl JIOMOHOCOB, KOT1a HAa3BaIA
OBbI eMy PHEPTHI0, OCBODOKIAEMYTO IIPH TEPMOsiIEPHOM B3pbiBe. B
Ka2K 0¥ MCTOPHUHIECKOI SII0XEe CBOU IIPECTaBIeHHE O (paHTACTUKE.

2. B npy:>XuHHOM MPOCTPAHCTBE-BPEMEHN TTPOOHOE TEJIO C MAC-
COif M U 3apsSI0M € MOYKET TO HEOJHOKDPATHO MCYE3ATh W ITOSB-
JNATHCA B OyayIeM, TO O0HApyKUBAThCA B mpormoM. Ho as sTo-
'O JIOJIZKHO BbIIOJIHATHCS HEKOTOPOE COOTHOLIEeHUs it m U e [66,
¢.109]. FO.A. JleGenes'® mpeiiozkui SKCIEpuMeHT, cocToAlumii B
HADJTIIONEHNN YCKOPSIOMIETOCA JIEKTPOHA. [Ipm mocTukeHun um
PACCYETHOI CKOPOCTH JIEKTPOH J0JI?KEH NCYe3aTh U3 HAIIero mpo-
CTPAHCTBA, YHOCS C CODOM U SHEPTUIO U UMITYIIhC, T.€. He TIOPOXK Ias
JIUBHsT BTOpUYHBIX dacTull. OIHAKO ero pacierbl MOKa3ayd, 9To
«TEXHUYECKHUE [IaPAMETPbl KPYIHEHIINX yCKOPUTEel 3JIEKTPOHOB
eIre JaJIeKu OT TPeOyeMbIX IS MOCTAHOBKHU IKCIEPUMEHTAY.

10Cwm. Jlebenes TO.A. http://www.everettica.org/art/leksev.pdf
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TomoJjiornga BcejiIeHHOI
I'e nesia

[Ipu HaXOXK/IEHUU pellleHns ypaBHEHUI DUHINTEHA, KAK TPa-
BWJIO, WX 3aMMCHIBAIOT B KOHKPETHOMH JIOKAJIbHOI KapTe. Apyrumu
CIIOBaMU, HAXOJIUTCS TOJBKO JIOKAJIBHOE PeIlleHne, CIIPaBejinBoe
TosbKO B obmactu 0 C M* npocrpancrsa-spemenn M*. Cosua-
naer qm §) cO BCeM TIPOCTPaHCTBa-BpeMeHeM M* — Bompoc, Hy»X-
JAIONIUNCA B OTAEIbHOM HCCIEOBAHUM.

s HAXOXKIEeHUs OTBETA HA ITOT BOIPOC HAXOMAAT PA3IHMIHBIE
JIOKQJIbHBIE DEIEHNsT YPABHEHWH DUWHINTEHHA U TMHITAIOTCS CKJIe-
WUTh WX B eQuHOe TyiobanbHoe pemenne. IIpn Takoi ckieiike mpo-
HCXO/IUT COCTABJIEHWE IIOJIHOTO aTjacd KapT, MOKPBIBAIOIINX BCE
MPOCTPAHCTBO-BPEMS, W BBIABJISETCS TOIOJIOTUS ITPOCTPAHCTBO-
BPEMEHU.

Eciu jmokanpHOe permrenue obsagaer rpynmnoit cummerpuit G,
TO YaCTO C MOMOIIBI0 HAlIEHHON TPYNIBI MOXKHO BBISBUTDL TJIO-
0aJIbHYIO CTPYKTYPY BCEro IPOCTpaHCTBa-Bpemenu. IIpu a3ToMm Mo-
2KeT BBIACHUTLCHA, YTO TaKasd TOIOJIOIUs He €JIUHCTBEHHA W MO-
CYT CyIIECTBOBAThH PA3HbBIE TIIO0ATHHBIE BADUAHTHI TPOCTPAHCTBA-
BPEMEHH, COjiepKalliie KaK OJHY M3 JIOKAJbHBIX KapT HCXOIHOE
JIOKAJIbHOE pellleHre ypaBHeHn! DWHINTeHA.

171
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B srom maparpade B KaduecTBe mpuMepa OMPEIETEHHS TJI0-
6aJIbHOI CTPYKTYPBHI IPOCTPAHCTBA-BPEMEHH, 0018 IAI0IIEro IPyII-
MO CHUMMETpWIii, MBI UCCJEAYyeM TJIODATBHYIO TOMOJOTHIECKYIO
cTpykTypy Bceenennoit I'énemns.

8.1. Bcenennasa I'énena

Merpuka ['éaenst umeer caepyrowuii sua [213]:

1
ds® = a? (daco2 —de¥ —da® + §€2x1d$22 + Qexldxodxz) ,

(8.1)
e a = const. OHa yIOBIETBOPSIET ypPABHEHUSM DWHIITEHHA
¢ KocMmosormdeckoit mocrogmHOl A = —1/2a® = —4nGp/c?

[213, 167]. B cayuae, korma A = 0, upasyio 4acrb ypaBHEHUI
rPaBUTAIMOHHOTO TOJS CIEeAyeT OpaTh B BUAE TEH30pA SHEPIHN-
MMITYJIbCA UIACATHLHON KUIKOCTH C TIOTHOCTBIO p W JABJICHUEM P
[149].

8.2. TI'pymma cummerpuit Bcenennoit
I'é nensa

Koopmunatsr 20, xt, 22, 23 B (8.1) npunmumaior Jo6bie BelecTseH-
HbIE 3HAYEHUs; CJIEIOBATEILHO, MPOCTPAHCTBO-BpeMs ['énerrst M*
romeoMopduo eBKIMuoBy mpocrpancrsy IRY. Oxmako 310 He
eIMHCTBEHHAST BO3MOXKHAsSL TJIODATbHASI CTPYKTYpa JIOPEHIIEBA
MHOroo0pasusi ¢ merpukoit (8.1).

T0bn1 yOenuThes B 3TOM, PACCMOTPUM IDYIITY JIBUKEHU 64
Bcesennoit ['énens M*:

fozxo—i-oz

flle—Fﬂ
5226_5332—1—7
73 =23 +6,

rje o, 3,7, — IPOU3BOJIbHBIE BEIECTBEHHBIE TAPAMETPHI.



8.2. TPYIIIIA CUMMETPUI1 BCEJIEHHOII I'"EJIEJISI 173

Ipynna Gy geiicrsyer TpamsutusHO Ha M* u mmeer Tpusm-
AJbHYIO CTanuoHaphyio noArpyiny (G4), OTHOCHTEJIBLHO MPOU3-

0

ponbHoil Toukm = = (20, 2!, 22, 23) Mmoroo6pasua M*. Cremo-

BaTeIbHO, IPYIIIA, C~¥4 mudbeomopdna nopennesy MHOrO0Opa3HIo
M* (cm. [165, ¢.129,132]), u MoxHO Jajnee OTOKIECTEUTb G4 €O
Bcenennoit I'é nesia M,

T'pymnma é4 nmeer tan G4V 1o B obo3nagenusx M.E. Ocunos-
CKOT'0, ¥ TOMOJIOTUsS TPYII JIu 3TOro Thiia IKBUBATIEHTHA TOHOJIO-

Iy clegyIomux MHoroo6pasuii [135]:
R* R*xS! R?xS'xS! (8.2)

S — oKpyKHOCTD.

Ob6o3HauNM Uepes 64, (G4)1 m (G4)2 COOTBETCTBYIOIINE YKa-
3aHHBIM TOIOJOIMYECKUM CTpyKTypam (8.2) rpymnmetr Jlu. Tpyn-
na (G4); (i = 1,2) moayvaercss W3 rpymmbl G4 daxropusammeit
10 JTUCKPETHOMY HEHTPAILHOMY HOPMAJIbHOMY Jeutesio Hj, T.e.
(G4); = G4/ H;.

Ussectro [270], uro rpynna (G4); Gyaer obaagaTh METPUKOl
g, KOTOpasi MHIyIUpPyeTcst MeTpukoit (8.1) ma G4 TOLIA 1 TOMBKO
TOr/Ia, KOTJA BBLIIOJHAETCS PABEHCTBO

ge(dr) = ge(Adg, (h)[dx]) (8.3)

nyist tioboro srementa h € H;. Tak Kax i1 meHTpa CBA3HON IPyII-
MBI TIPUCOEIMHEHHOE TTPEICTABICHNE Adé4 SABJISIETCS TOXK JECTBEH-

HBIM aBTOMOpdU3MOM aare6psr JIn rpymmsr Gy [165, c.138], To
paseHcTBo (8.3) BbinosHsAeTcs apToMaTudecku. ClieI0BaTE/LHO,
merpuka (8.1) nomyckaercs rpynnoit (G4); (i = 1,2), npespa-
mas IIOCJIeIHIO B TONOJOMHYECKYI0 Pa3HOBHIHOCTL Bcesennoil
Ténens M} (r.e. M} — 310 NOpenneBo MHOrOOGpasne, N30MeTpH-
Hoe (Ga);).-
IlonBITOKIBAS, MBI MOJKEM CKa3aTh, 9TO BO3MOMKHLI TPH TO-
rojiorndecku paszanduble Beenennbie ['€nens:
M*, M}, M.

)
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Nx rnobanpraas Tononorus nepednciena B (8.2). Mogemn M4, M e
M3 Ha30BEM COOTBETCTBEHHO YHUBEPCAALHOL, YUAUHIPUNECKOT 1
mopuuecrot cenennbivu [énens.

BaskHO OTMeTnTh, uTO rpynmna (G4 IefiCTBYeT TPAH3UTHBHO He
tosbko Ha M*, Ho Takke ma My u M3 [165, ¢.132], T.e. BcesennbIe
M3} w M3 ommoponmbie.

Tepexon M4 or x M} (i = 1,2) NpOUCXOIHUT C TIOMOMIBIO OTOK-
JIECTB/ICHUS] TOYEK OMPE/EJEHHbIX MOJMHOMKECTB, KOTODbIE Jier-
KO OIPeJIeIAI0TCs 6J1aro1aps 33/1aH1I0 JTUCKPETHOIO HOPMAJILHOTO
nesmrensa H;.

8.2.1. IImmumnapuyeckas Bcenennasa ['énena M|

Lentp rpynmnst (G4); usomopden rpynme R & St [135]. TlosTomy
HAJZO0 PACCMOTPETD JIBA CJIydas:
a) H; cocrout u3 npeobpazoBaHuii Buja

7¢=2%(a=0,1,2), 7 =2°+n,

e n — Jboe IeJI0e YHUCJIO.

B srom ciaydae mmeem Beemenmyto M (a), KoTopas Toy-
qaerca oroxaecteienneM cobbitua (20,2t 2%, 23) ¢ cobbiTHem
(20, 21, 2%, 2% +n). IIpu sT0M OCH 23 IpeBpaIaeTcs B OKPY’KHOCTD
SY a My B Mi(a) ~R® x S,

Humunapuydeckas Beenennaa M (a), takke kak u Beenen-
nast Dénenss M, COMEPIKUT IMajKHe 3aMKHYTble BPEMEHHION00-
Hble Kpusble (BpemenHbie meriu)’.

b) Hi cocTout u3 nmpeoOpa3oBaHuii BUIA

2 =2"4+n, 7%=z (a=1,2,3),
riue n — Jbdoe 1es10e YUCo.

B stom cayuae Touka (20, 21, 2%, 2%) oroxaecrsasercs ¢ Tou-
koit (20+4n, 2!, 22, 23). Tlonyuaemas mumnHpudeckas Beerennas
Ténens M{(b) obnasaer 3aMKHYTHIM BpeMEHEM H, CJIeI0BATeLHO,

LOTmernm 31eCh, 4T0 B pabore [34] B OKA3ZATENBCTEE OTCYTCTBUS BPEMEH-
HBIX IeTesb BO Beenennoit My comepxurcs omubxa.
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- .

a) b)

Puc. 8.1: a) Hmwmnapraeckas Beenennas M (a). b) Hmwmuapraecxas Bee-
mernas Mi(b).

106aBoYHbIME BpeMeHHbiMU neTiisMu [34]. Takum obpaszom, xors
rononorun Beenennbix ['énena M (a), Mi(b) sKBUBaTeHTHDI, X
reoMeTpudeckue u PU3nIECKue CBOMCTBA PA3IMIHDI.

=

Puc. 8.2: Topuueckas Beenennas M.

8.2.2. Topuueckas Bcenennasa I'énens M,

Uentp rpynmst (G4)2 uzomopden asymepromy Topy St @St [135].
Jluckpernblit HOpMaIbHBIN fAenuTenb Hy cocTouT u3 mpeobpa-
30BaHUMN BUA

T =2"+n lexl, f2:x2, f3=x3—|—m,
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L€ N, M — NPOU3BOJIBHBIE IeJIble YHCIA.
[Tosromy Topumueckas Beenennaa M3 momydaercsa npu OTOXK-
necreiaenun Toukn (29, 21, 22, x3) ¢ rouxoit (20+n, xt, 22, 234+m).
Bcenennast M3 nMeer 3aMKHyTOe BpeMmsi W J0GABOYHBIE Bpe-

MEHHBIEC IIETJIN.

8.3. Bpemennbie mnersim Bo BceseHHBIX
I'é nena

CyulecTBoBalue BpeMeHHbIX Iereib Bo Beesnennbix ['énensa pac-
CMAaTPUBAIOT MHOLJA KAK JOBOJ B IOJb3Y TOTO, YTO 3TH MOIEIH
He uMeor ¢usndeckoro cmbicia [167]. Takoe MueHme coBceM He
ompasmano (cum. [34], [95, c.679]).

B camoM Jiesie, eciiu BOCIIOIB30BAThCA Koopaunatamu I'énens
(t,r,o,y) nas My, B KOTOpbIX MeTpHKa, (8.1) mpuHnMmaer Buj [213]

ds* = 4a*(dt* — dr® — dy* + (sh*r — sh*r)dp? + 2v/2shrdpdt,
a BpEMeHHbIe MeTIHN 337al0TCs COOTHONEHUSIMU
rt,y =const, r>In(l+v?2), 0<¢p<2m,

TO UCTHHHOE BpeMdA KN3HU <«IIYTEINECTBEHHUKA B IIPOMIJIOE» PaB-

HO [34]:

27

1 3 Joadz® 1 T
Oox 2 10
T=- —_— = - 8\@77(L~shrd<p247~10 ner,
c ]{al v/ 9oo c / VGp

e MbI ipunsann p ~ 10731 2 /em3. Ananornunas onenka crpase/-
JUBa, 11 100aBOYHBIX BPEMEHHBIX IIE€TE/Ib BO BCEJIEHHBIX Mf(b)
u M.

Takum 06pa3oM, Mbl UMEEM JIENIO C SIBJACHUSIMH, TATEKO BBIXO-
JSIIEMEA 33 [IPE/Ie/Tbl HAIUX 3HAHWH 1 HAITUX OOBITHBIX ITPEICTAB-
JIEHU O MPUYUHHO-CJIEJCTBEHHBIX CBA3AX. Bojee obmuit cirygaii,
HPUBOJAIIN K TAKOMY K€ BBIBOJLY, AHAJIM3UPOBAJICS HAMU B [66].
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JImnaMuKa cuMMeTpuii
IIPOCTPAHCTBA

Peanbhoe ¢pusnyeckoe MpOCTPAHCTBO, TOYHEE €r0 NeOMEeTPHSI,
obsazaer panoM cuMMerpuii (mepemerieHue, BpalleHue, OTPa-
kenue). OO6iias Teopusi OTHOCUTEIBHOCTH IIOPOMJIA PEJCTAB
JIEHME O MEHSAIOIECa C TeYeHueM BPEMEHHM [EeOMETPUM IIPO-
crpancrsa. CjieoBaTe/IbHO, MOYKHO TOBOPUTH O JWHAMUKE IMPO-
CTPAHCTBEHHBIX CHUMMETPUHU. [TOCKOJIBKY MPOCTPAHCTBO TOJBKO
«T€HBb YETHIPEXMEPHOTO MPOCTPAHCTBA-BPEMEHU», TO ITO yTBEP-
KJeane MUHKOBCKOro, Oy/ydnm paclpOCTPAHEHHBIM HA CHMMET-
puM IPOCTPAHCTBA, JOJKHO O3HAYATH, YTO HPOCTPAHCTBEHHDIE
CUMMETPHHY JIUIIb OTHO U3 TPOSBICHUH CUMMETPUHN POCTPAHCTBA-
Bpemenu. Jlpyrumu cioBavu, ecau (G — rpynma CUMMETPHii
MPOCTPAHCTBA-BPEMEHH, TO OTPAHUYEHWE €€ IeHCTBHUs Ha MpO-
CTPAHCTBEHHONOMOOHBIX CEYEHUSTX B €CTh IIPOCTPAHCTBEHHBIE CHM-
Merpun. Tako# MOAXOA K MpoOIeMe CHMMETPHUH IIPOCTPAHCTBA
MPUBOIUT C HEOOXOAMMOCTHIO K MareMarudeckoit teopun G-
MHOroo6pasuii, T.e. MHOroobpasuii ¢ meiicreuem rpynmst G [14].

3mech yMECTHO HAMOMHHUTL, UTO JI000€ PUMAHOBO MHOTO-
obpasue c rpynnoii cummerpuii (uzomerpuil) G aBiagerca G-
MHOroobpasneMm. OTHOBPEMEHHO BOIPOC O JWHAMUKE MTPOCTPAH-

177
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CTBEHHBIX CUMMETPHHU PEIIACTCA Ha OCHOBE TEOPUH 3KBUBAPHAHT-
HbIX Gopau3moB wim G-6opausmos [45, 105]. Huxke 6yaer nokaza-
HO, KaK C TOMOIIBIO 3TUX TE€OPUil PeIaercs BOMpOC O Mpuodpere-
HUW B XOJe SBOJIONAN BCelenHoil mTpOCTpaHCTBOM TaKNX BAYKHBIX
CBOMCTB, KAK OJHOPOIHOCTH W W30TPOITHOCTD.

9.1. G-6opmaHTHBIE MHOTOOOpa3usd

IIycrs G — rpynna u M™ — n-mepHOe IJIaJKOE OPUEHTHPOBAH-
Hoe mHoroobpasue. Ilycts G — Dif f1 (M™) — romomopdusm,
rae Dif f(M™) — rpynma coxpaHsomux opueHTaimio auddeo-
Mopdu3moB MuOroodopasuss M™. Torma rosopsar, aro M™ ectb
G-mnozoobpasue u uro G neiicrsyer na M".

O6pa3 anemenra ¢ € G npu G — Dif f (M™) obo3Hauum
4epe3 g, u nuimeM g(x) aus obpasa Touku x € M™ npu peficrBun
Ha Heé astemenToM ¢. Ecim G — rpynma JIu, 1o 1o6aBoaHO Tpebyem,
4T06Bl oTOOpaxkenne G x M"™ — M™, (¢g,z) — g(x) u3 Hamrero
onpeie/ieHus NefiCTBUSA ObLIO TIAIKUM.

Bynem obozuauars G-muOroobpasme M™ ¢ bukcupOBaHHBIM
neiicreuem rpymnst G gepe3 (G, M™).

HBa G-muoroobpaszus (G, M), (G, M%) sxeusasenmmol, ec-
JIW CYIIECTBYET COXPAaHAOMNN opueHTanuio guddeomopdusm ¢ :
M — MZ, apisonuiicss S5KBUBAPUAHTHBIM OTODpaKEHHEM, T.e.
p(g(x)) = g(p(x)) ams seex g € G,z € MY

[Iycrs (G, M™) — opueHTHPYEMOE 3aMKHYTO€, T.€. KOMITAKTHOE
6e3 kpas G-muOroobpasume. OHO bopdanmHo HYAt0, €C/TU HAMAETCSA
KOMITaKTHOe OpmeHTHpoBaHHoe G-mHoroobpasue (G, ML), nus
kotoporo (G, OM™*1) skeusanenrno (G, M"). 3necs M1 —
Kpait MEOroo6pasma M"t1.

Husa nyx G-muoroobpasuit (G, M7), (G, ML) cywecrsy-
er obblyHOE HeCBs3HOe oObemuuenue (G, MT' U MZ). Ilycrs
—(G,M™) = (G,—M"™), tne —M™ — mHOTOOGpa3ne M", B3siTOE C
MPOTUBOIOJIOXKHON OpUEHTAIINeH.

[Mapa (G, M}") 6opdarmna nape (G, M), ecan HecBs3HOE 00b-
enunenune (G, M7 U (—MJ%')) GopaaHTHO HYJIIO.

Ecaun (G, M7) 6opmantao (G, ML), 10 B CHiy ompejeieHust
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6opmantaoctu (G-muHOrooOpasuii cymectByer (G-mHOroobpasue
(G, M™*1) Taxoe, uro OM™ 1 = M U (—MY). Jannoe G-muo-
roo6pasue (G, M"T1) naznsaercsa 6opdusmom (nnéukoit) amsa G-
muoroobpasuit (G, M7y u (G, M%).

OTHOIIEHNE SKBUBAPUAHTHON OOPJAHTHOCTH SIBJISIETCS OTHO-
NIEHWEeM SKBUBAJIEHTHOCTH HA MHOXKECTBE BCEX 3AMKHYTBIX OpPH-
eHTUPOBAHHBIX N-MEPHbIX MHOroobpaswuii [103].

O603nauMM Kacc 6opam3mos G-muoroobpasus (G, M™) gepes
[G, M™], a COBOKYIIHOCTh BCEX TaKUX KjaccoB — uepes 2, (G).

Hecssa3noe ob6benunenne (G-MHOrooOpaswii WHIyIHUpyeT B
0, (G) crpykrypy abesesoii rpymumnbt. Eciin Bo Beex onpenesieHusx
OIyCTUTHh TPEOOBAHNE OPUEHTUPYEMOCTH MHOT00Opa3uii, TO nMe-
0T IPYILIY HEOPUEHTUPYEMBIX N-MePHbIX 0opau3moB Ny, (G).

9.2. DBoJjolud CUMMETPUU IIPOCTPAH-
CTBa

Jpa 6oppanTHbix G-muOroobpasust (G, M3), (G, M3) Tpakryem
KaK HA4Ya/JbHOE M KOHEYHOE COCTOSHMS JBOJIOUUM IPYIIIbI CHM-
Merpun G GU3MIECKOTO TPOCTPAHCTBA.

OrcyrcrBue cummerpun G — 3TO TPUBHAJBHOCTH JEHCTBUS
rpynmst G, Te. romomopdusm G — Dif fi(M?3) tpusmnasen.
CoOOTBETCTBEHHO POXKIEHUE CAMMETPUU O3HAYAET, YTO JeiiCcTBHE
rpynmet G B M3 HeTpuBuaibHO.

Anasornano nmoruMaercst Hapyinenue cummerpun G. B arom
cmydae Koneanoe G-muoroobpasmue (G, M3) obramaer TpuBHaIb-
HbIM JelicTBreM rpyumbl G.

Bopiuam (G, M*), xpait kotoporo OM* = M3 U (—M3), — 310
OPOCTPAHCTBO-BPEMS, HAYAJIBHBIM U KOHEYHBIM IPOCTPAHCTBEH-
HOTOJIOOHBIMU CEYeHUSAMH KOTOPOTO JO/KHBI ObITh M7 u M.
JeitcTuTenbro, 6opmusm (madnka) (G, M*) ocnamaercs mopen-
ueBoii Merpukoii Buga [307, 173]:

Gik = Vik — @ Wi @ W, (9.1

re Y5 — HEKOTOpas PUMAHOBA METPHUKA, a w; — l-dopma, mis
KoTOpOit M3 u M3 — 3T0 MpOCTPaHCTBEeHHOTOI00HbIE TPEXMEPHbIE
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HOBEPXHOCTH. PUMAHOBY METPHUKY 7;r MOXKHO B3fTh TaK, YTOOBI
rpyuna G Gpuia e€ rpynnoii cummerpuu (usomerpuit) [14, ¢.294].

Ecim  mmoroobpaszme M*  JOmycKaeT —HpPOCTPAHCTBEHHO-
BpeMeHHOe cyioerHne [173] Takoe, 4To CJIOM CYyTh OPOUTHI IPYIIIHI,
a M3, M3 takse cion, TO MOYKHO CIATATh, 9TO JAHHOE CIOCHHE
nopoxaero 1-¢popmoit w. Ho Torga w naBapuanTHa OTHOCUTETHHO
nmeiictBust rpynnel G W, CIIEJOBATETHHO, METPUKA ¢ JIOMYCKAeT
rpynmy cummerpun G. Ilpoctpancrso-spems (M?, g) cranosutcs
CUMMETPUIHBIM OTHOCUTEJILHO IPybl (G, BIPOYEM, TaK¥kKe, KaK
(M7, glas) m (M3, glag), te glys — pumarnosa merpuka Ha
M3, mmpynwpoBanHas JOpeHmeBol MeTpukoil g. Bomee Toro,
Kosb ckopo M? (i = 1,2) — op6utsl rpynmbl G, TO 3TO O3HAYaeT
OJTHOPOIHOCTH COOTBETCTBYIOIIETO (hU3MIECKOTO MPOCTPAHCTBA.

Omnucannbiit Beime 6opmusm (G, M*) ¢ cummerpudnoii oTHO-
CUTEJILHO ¢ JIOPEHIIEBON METPUKON ¢ HA30BEM JA0PEHUEEHIM IKEU-
8aPUAHMHBM 00pIUSMOM UK AopeHyestim G-00pIusmom.

Xorsd mpocTpaHCTBO B ciydae Jopennesa (G-6opmu3ma o-
HopoaHo (orHOCUTENbHO (), OCTAKTCs MHOrHME Apyrue npobiie-
MBI, CBA3AHHBIE C IWHAMUKONW CHMMETPUHU. DTO, HATIPAUMED, TTPO-
6JeMa M30TPOMHOCTH TpocTpancTBa. Koneunoe G-MHOT0OOpasme
(G, M3) nomxHO B TakoM ciaydae 006JIaJaTh TaKuM JefcTBHEM
rpynmet G, uro crabunuszarop G, rpymnmbl G B KaXKI0#W TOYKE
x € M3 uzomopden rpynme SO(3). IIonATHO, 3THM CBORCTBOM He
0ba3an0 0baasaTh Hadaabhoe cocroguue (G, M3). Pemmrs nan-
HYIO TPOOJIEMY YHCTO MATEMATHIECKUM IIyTeM MOXKHO, €CJIU BbI-
ancmuTh Kiaace |G, M3). B ciyuae, korna (G, M} € [G, M), cre-
JIyeT CKA3aTh, 9TO M30TPONUS HEM3OEKHO BO3HUKAET M3 HAYAIb-
noro cocroguusa (G, M3). Bonee toro, eciu Q3(G) # 0, To m3o0-
TPOITHOCTH BO3HUKAET U3 JII0O0r0 HA4aIbHOrO cocTosHus. Ecm xe
Q3(G) = 0, To M30TPONHsT MOPOKIAETCS JAJIEKO HE M3 KaXKIOTO
HAYAJbHOTO COCTOSTHUS, M 3HAHWE 371eMeHTOB rpymnibl {23(G) — 310
3HAHUE MyTel BOJIIONUYN CUMMETPUN HAYAJIbHBIX COCTOSHUI, paB-
HO KaK U OIPEJEeJeHHe NPOILIOro (HACTOAIIUX) CUMMETPHYHBIX
COCTOAHUM.

ITpu Q3(G) # 0 caeayer rOBOPUTH O KOHKPETHOM THIIE TOIIO-
JIOTHH W CHMMETPHUHU HCXOTHOIO COCTOAHUSA BCeenHoi, a Takxke o
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JIOIYCTUMbBIX THIIAX TOMOJOTHIECKHUX TEPECTPOEK, TPOUCXOISIINX
C IPOCTPAHCTBOM B Xo7e pa3sutus Beenennoit. Hakoner, eciin st
G-mmoroobpasuit (G, M3), (G, M3) nopennesa G-6opau3ma wer,
HO BO3MOXKen G-6opamam (G, M?), To, npennonaras, uro M3 —
opbuta rpymmsl G, a M; sTuM cBOCTBOM He 00/IaJaeT, Mbl 3a-
KmogaeM, 9o 6opamsM (G, M*) — 310 auHaMmKa POKIATOTIEroCs
OJTHOPOJTHOTO (PU3MYECKOTO MIPOCTPAHCTBA.

Cka3aHHOE MOKA3bIBAET, KAKOe (DYHIAMEHTAJIHHOE 3HAUYECHUE
uMeeT BblUuciIeHue rpynn 3-mepubix (G-6opam3mon. K coxase-
HUIO, B JIUTEPATYPE COIAEePKUTCs MaJsio cepenuit 06 3(G), oco-
GEHHO JIJIst TeX CIy4aeB, Korya G He siBJISIeTCs KOHEIHOM TPy IO,
Hawm, Tem He MeHee, yoajioch HAWTH Pl Pe3yJIbTATOB, KOTOPHIE
MO3BOJIAIOT OTBETUTDH Ha PSIJ BOIMTPOCOB, OCBEIIEHHBIX BHIIIIE.

CymecrByer nosie3nas (popmysia jijisi ciaydas cBOOOIHOTO /1eii-
crug rpyuust G ([298], [105, reopema 14.1]):

Qiree(G) ~ ank(BG) o~ Z Hp(BG7Qq)m0d C, (92)

p+q=n—k

rae k — pa3meprocTs rpynnsl G; BG — knaccudunupyomnee mpo-
crpancTBo 14ng G )y — g-MepHas rpynma 6opausmos Toma [298];
C — kjlacc KOHEYHbIX IPyII HedeTHoro uopsaixa; H,(A, F) -
p-MepHas TpyTIa TOMOJOTAN ¢ Kodddunpentamu B rpymnmne F.

9.2.1. OaHOPOAHOCTH IPOCTPAHCTBA

MBI ZOJIKHBI 37€Ch TIPEJINONAraTh, YT0 G IefiCTBYeT TPAH3UTHBHO
na M3. Ho torna dim G > 3. Ecu G = M3, T.e. M ectb KoM-
nakTHas rpynna Jlu, meiicrByromas Ha cebe JIEBBIMH CIBHIAMH,
to Q3(G) = 0 [197]. CrenoBarenbHO, OLHOPOAHOCTH GU3UIECKOTO
npocTpancTsa (rPyIIoBOro NpocTpaHcTsa, Hanpuvep cdepbt 53
nam Topa St x S x S1) BosHWKaeT W3 MPOM3BOILHOTO, BO3MOMKHO
TOJTHOCTBIO HECUMMETPUYHOTO, HauaIbHOro coctosaus (G, M3).

Ecmu G sefictsyer ¢Bo60HO Ha 3-MHOroobpasuu M3, To u3
(9.2) momyuaem

0f"(G) = Hy(BG, Q).
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~

Tak kak Qo = Z, to Ho(BG,Qy) = Z wu, ciemoBaresbHO,
Qf™°(@) = Z. Tlosromy cBOGOHAS CHMMETDHS BOSHHKAET HE 13
KaXK10i1 CBOOOTHOM, €CIM COOTBETCTBYIOINAs TIeHKa, M 4 He umeer
HEIIOJBUZKHBIX TOYEK IIPpU ,[[eI‘/‘ICTBI/H/I IPpYIIIBI G

9.2.2. HM30TPOmHOCTh HPOCTPAHCTBA

Tl momycBoboIHOTO AeiicTeua rpymmbl S° (T.e. crabumm3aTop B
JII000it TOYKe JIuOO0 TPUBHAJIEH, KOO COBIIAIAET CO BCEHl IPYIIIOi
$3) msBectno, uro Q577°¢(53) = 0 [197]. Mockompky S® = SU(2),
a SU(2) nokanbao uszomopdua SO(3), TO TPUBHAIBHOCTH TPYII-
et €2577°%(53) 03uAMACT BOBMOKHOCTD 3APOXKICHHS M3OTDOIHL
IPOCTPAHCTBA U3 JI0OOr0 HAYAJIbHOrO cocrodHus. [lepeduncienne
MuOroo6pasmit M? ¢ momycBo6omHbIM geiicTBueM S3 — 310 mCCTe-
JTOBaHWE TOTOJOTHIECKUX THUIIOB M30TPOMHOTO (BDU3MIECKOTrO MPO-
CTPAHCTBA.

9.2.3. AxkcmajpHasi CHMMETPHUSA

BapoxkaeHne NUJIMHIPHYECKOR CHMMETPUH U3 IPOM3BOILHOTO Ha-
YAIHOTO COCTOSTHMS BO3MOYXKHO B CHILy Toro, uto 5 "*¢(S1) = 0
npu nosycsoboanom feficreun ST ona M3 [298]. B ciayuae ¢Bo6o-
Horo neficreus S' m3sectHo [286), uto [ST, M3] = 0 B N3(Sh).

CBaA3HOE KOMIIAKTHOE S'-MHOroo6pasne Ha3bIBAETCHS MHOTO06-
pasuem 3eiidepra. Onu mupoko uzydanuch [269, 282] u Gbuiu
knaccuunmpoBanbl. C X MOMOIIBIO CTPOATC OOIHe 3-MHOrO-
obpasus [241].

9.2.4. JlmckpeTHbIE CUMMETPUN

Onu ABIAIOTCS HAMOOJIeE M3yIEHHBIMA B MATEMATHYIECKOH JINTE-
parype. Hanpuwmep, Q3(Z2) = 0 [253]. TockosbKy Zo-neiicTBue Ha
M?3 — sro unBomonuss P : M3 — M3, P? =idys, T.e. moBrop-
HOE IPUMEHEHHUE JIaeT TOXKJIECTBEHHOE Peodpa3soBaHue, TO 1101
Zo-neiicTBre TIOTagaeT Takasg CAMMETpHs, Kak derHocTh. Cie-
JIOBATEJIBHO, €CJIU B XOZ€ TOMOJIOIMIECKO TepecTPOiKY reoMeT-
pusi 3-IPOCTPAHCTBA TEPSET YETHOCTh, TO OHA CIOCOOHA BOCCTA-
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HOBHUTBCS Uepe3 HekoTopoe Bpems. JeitctBue Zo ma M?* MOKHO
paccmarpuBarb kak PT-cummerpuio (eciu TOJbKO Yix U w  Zo-
cummMeTpranbl, cM. (9.1)). MuTepecro ormetnth, uto 4(Zs) =
ZOLZDZLZDZy (cm. [253]), 1. e. PT-cuMMeTpust — «T€Hb» YETHIPEX
PA3JIMYHBIX THTOB 5-CUMMeTpHii. /[T KOHEIHBIX TPYTI JIOPEHTIE-
Bbl G-60pau3mbt u3ydensl B [231]. Tpynust 2, (G), rae G — koneu-
Has noarpyuna SU(2), naiizenst B [248].

9.2.5. BHyTpeHHUEe CUMMeTpUN

Poxxierne BHYTPEHHAX CHMMETPHil (PU3MYIeCKrX MoJel pr yCIo-
BUH HEM3MEHHOCTH IPOCTPAHCTBA-BPEMEHH, HO-BUIUMOMY, CIEIy-
er u3 paborbl [197], rae nokasaHo, YTO HPOCTPAHCTBO IJIABHO-
ro G-pacc/oeHusi HaJl 3aMKHYTBIM [JIaJKUM MHOrooOpasuem 6op-
JAHTHO HYJIIO.

9.3. Speculatio

1. Cummerpusi TPOCTPAHCTBA, OIMpeesser MPOCTPAHCTBEHHYIO
reomerpuio. Eciau durcupyercss rpynmna CUMMETpPHil, TO BBIIHC-
JISIIOTCS CBSI3AHHBIE C Hell reoMeTpuu. JTOT HpuHImI ObL1 chop-
mysiupoBan @emukcom KireitHoM B ero dpJitanreHcKoi mporpamme.

TebMrosibIl BRICKA3AJI WHOE MTOJIOYKEHWE: HAJIMYNE BO3MOYKHO-
CTH BpPAIAThb TeJIa BOKPYI TOYEK, HA3BIBAEMBIX IEHTPOM Bpa-
[IIEHWsT, TIEPEBOIs TEJIO W3 OIHOTO TOJIOXKEHUE B JIPYTOe, TOJIHK-
HO MPEIONPEIEIITh €BKINI0BOCTh T€OMETPUN TPOCTPAHCTBA. Jlu
TaJl JOKA3aTeIhCTBO ITOMY MTOJIOKEHUIO0, YTOYHUB, UTO TIPHU ITOM
MOT'YT TOSABIATHCH emié chepudeckas: reomerpus u reomerpus Jlo-
6a4eBCKOro.

B teuenme XX Beka mosioxkenme [embMrosbiia, MOTy<IHBIIEE
naspanue npobaema [esvmzorvya-/Iu, MHOrOKPATHO yTOYHSIOCH,
1 ObLITN HANIEHBI CAMbIE PA3JIMYHBIE PEITEHUs 3TOH TPOOIEMBI.

WsBectna aokaavuas npobaema Ieavmzorvya-JIu, niasa Koro-
poii XapaKTepHO OrPAHWYEHUE CBEPXY HA PA3MEPHI PAJIUYCOB, TO
KOTOPBIM COBEPIIAIOTCS BPAIEHNSA. ITO OTBEIAET TOMY, ITO UEJI0-
BEK B CBO€Il MPAKTUYECKON NeATEJIbHOCTA PEAJIbHO CTAJKUBAECTCA
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TOJHKO C BPAIEHUSIMHU TeJl B Mpeeax obJIacTH CBOEro IMPOXKH-
BaHusA. BO3MOXKHOCTD BpallieHn# M0 OOJBIIAM pPaauycaM — CJIE[I-
CTBWE MAJIBIX BPAIEHHT, OTPEIETTIONIIX MTPOCTPAHCTBEHHYIO T€0-
MEeTPUIO, B KOTOPOil TaKue BPAIEHUS TOIYCTUMBI.

Kak mokazanm wucciaemoBanus, HET HEOOXOAMMOCTH (DUKCH-
pOBATh Pa3MEPHOCTh MPOCTPAHCTBA; OHA €CTh CJIEJCTBUE OIPe-
JleéHHbIX Tonosiorndeckux cpoiicts cdep. Hanpumep, B [38, 40]
[I0KA3aHO, KAK KOHKPETHOE CBOMCTBO OKPY2KHOCTEl BJI€YET JIBY-
MEPHOCTH T€OMETPUU U KOHETHOMEPHOCTH O0HEMJIIONIETO METPH-
YECKOT'0 TIPOCTPAHCTBA, YHUBEPCAIbHOE HAKPBIBAIOIIEE JIJIsi KOTO-
poro aBjsercs Jub0 eBKIUIOBBIM MpocTpancTeoM K™ mubo mpo-
crpaucrBoM Jlobadesckoro H", mubo chepoit S™ (n > 2) [58].

2. Ilpeacrasienne o ToMm, uro BeeslenHasi 9BOIIONUOHUPYET,
CBSI3aHO C 3aKOHOM BO3DACTAHUsI YHTPOIUHU, KOTOPBIH TPAIUITH-
OHHO TPAKTYEeTCHd KaK MEepexoi K XaoCy, T.e. Mepexo, K MOJTHOMY
Gecriopsiiky Bo Bceenennoii. 910 Tak Ha3blBaeMoOe MPUOIHKEHUE
TerIoBoit cMepTu BceemeHHoil.

OaHaKko caMu Mbl, JIIO/IM, & TOYHEE, YeJ0BEYECKas [UBUIU3a-
IUs, SIBJISTEM TIPUMED CHCTEMbI, KOTOpasi, HATPOTUB, IBOJIIOIINOH-
pyer oT GecropsaKa K TOpSAKy, K cumMmerpun. [losromy Bps jin
CTOUT CYMTATh, YTO FHTPONUS — TO Mepa je3opranusanuu (Gec-
nopsizika). JdelicrBurensio, PeaibHoCcTh €CcTh NOPOXKIEHHE COBO-
KYLUHOCTU UHAUBUAYAJIbHbIX co3uanuit (ra. 17). Ilpu cozumanuu
Buemnero Mwupa BrHagase maércss rpyObiii Habpocok Bcero Mu-
Pa, KOTOPBIi MOCTENEHHO YTOYHSAETCs, 3aTE€M JIeJIAeTCs HOBBIH 60-
Jiee TPOCTPAHCTBEHHO OOMUPHBIA rpyObIii HAOPOCOK, BKJIIOYAIO-
mui mpopaboTaHHBIE JeTald MPEXKHEro HabpOCKa € HOBBIM 3Ta-
oM mpopaborku gerasneit. I Tak gasee.

[Tockombky ¢ Kakoro-to sramna «Mup Geckoneden», TO Hapac-
TaHWe SHTPOIUU B HEM €CTh CUTHAJI IS CO3UIAIONNX PeaabHOCTD
CO3HAHWIT O TOM, YTO KOJIMIECTBO HEITPOPUCOBAHHBIX JI€TaJjIel mo-
CTOSTHHO yBesmunBaercs. Hadye ropopsi, 9HTPONHUs — 5TO Mepa. Jie-
dunuTa nopsiaka U cuMMeTpuu BO BceseHHOl. YBesnmdeHnue dH-
TPOIKMK MOBOPHUT O TOM, 4TO BeesieHHAS HYK/IAETCs B HABE/ICHUH
mopsiaka. U uem GoJbIlie YeIoBeK €€ MeHsieT, TeM OOJIbINe TTPUXO0-
JIUTCS TIPUBOJIUTD BCE B MOPAIOK (YCJIOKHATD).
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AHTUTpaBUTAIS

OO6iast Teopusi OTHOCUTEIBLHOCTH CO3JAaBAJIaCh DUHIITEHHOM
KAaK PeJdTHBUCTCKAs Teopus npurskenus (rpasuranuu). Ona
JOJIKHA, OBLIA CBECTH BOEIWHO TEOPHIO rpaBuTanmu HbioTOHA M
CIIEIUAJIBHY 0 TEOPHUIO OTHOCUTEIHHOCTH. B neficTBuTeIhbHOCTH HO-
Bas TEOpHUs CyMeJa IMPEOI0JIeTh OrPDAHMYEHHOCTD, <IIOJJOBHHYA~
TOCTb» HBIOTOHOBCKOI TEOPHH, OIUCAB HE TOJbKO IIPUTIKEHHE,
HO U OTTAJIKUBAaHUE,

Tem cambiM JWHIITERH TOCTPOUIT TEOPUIO IPOCTPAHCTBA, BPe-
MEHW W MAaTephu, O HEOOXOIWMMOCTH KOTOpPOiH mncaa (puaocod-
TUAJIEKTUK JHIEJIbC:

«Bcé ydenune o TAroTEHUN TOKOUTCSH HA YTBEPXKIEHUU,
9TO MPUTSAKEHUE eCTh CYIHOCTbh MaTepHu. ITO, KO-
HEYHO, HeBepHO. Tam, rje umMeercs UPUTHKEHHUE, OHO
JOJIZKHO JIONOTHATHCA OTTaJKuBanueM. [lostomy yxe
lerens BHOMHE TPABUABHO 3aMETUJI, YTO CYITHOCTH
MaTepUM COCTaBJIdAeT IPUTAKEHHE 1 OTTAJIKUBAHUE>

[172, ¢.558-559]).
I/ICTOLIHI/IKOM TpPaBUTAIIUN ABJIAIOTCA BEIIECTBO W TIIOJIA; UC-

TOYHUKOM AHTHUI'DABUTAIIMA — KOCMOJIOTMYECKasd IOCTOAHHAA M
TeMHAs JHEPrus. YpaBHEHUsI JWHINTEHHA CBA3BIBAIOT KPUBU3HY

185
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IPOCTPAHCTBA-BPEMEHHN € MaTepueil (BEeIeCTBO W TOJIs, TEMHAST
MAaTepusi, KOCMOJIOTHIECKAs MOCTOHHAS U TéMHAs SHeprus ). lo-
9TOMY KDPUBHM3HA MPOSABJACTCS WM KAK TPaBUTAIMUA (TIPUTIIKE-
HUs), WM KK aHTUIPABUTAIMS (OTTAJKUBAHUE).

10.1. KocmoJsorndeckass aHTUTPABUTA-
s

B 1917 romy npu moctpoennn momenu Beenennoit Ditamireitn BBes
B OOIIYI0 TEOPHUIO OTHOCUTEIHHOCTH KOCMOJIOTHIECKYIO MOCTOSH-
uyio. Bcenennas, mo MueHHI0 DUHINTENHA, TOMKHA ObLIa OBITH
CTATHIHOM M TMPOCTPAHCTBEHHO 3aMKHYTO#. /I TOro 4TodnI 1mo-
JIYYUTh HYKHYIO MOJI€/b, €My MPHIILIOCH MOAIPABATH YPABHEHUS
I'PABUTALMOHHOIO 1I0JId, J00aB/IsAd K HUM 4iIeH gir\.

MoandunupoBaHHbIe ypABHEHUST TIOJIsI OBLIM 3AMUCAHBI B CJIE-
JYIOIIEM BHUIE:

Rix, — %gikR + Agix = ?lerﬂk- (10.1)

[IpucyTcTBrE KOCMOJIOTHYIECKON MOCTOSTHHOM O3HAYAJIO HAJIN-
qpe OTPUIATETHLHOIO JABJIEHHUs, CKA3BIBAIOIIErOCsS Ha OOJIBIINX
PACCTOSHUAX U NPENAMCMEYIOULE20 2DABUMAUUOHHOMY CHCANUIO
mamepuu Bo Bcemenmnoii. JIpyrumMu cjoBamMu, KOCMOJOTHUECKAst
MTOCTOSTHHAST O3HAYATIA HAAUYUE GHIMUZDABUMAUUOHHBLEL CUA HA
O0NDWUL PACCTNOAHUAL.

QarTraecKu OBLTO OOHAPYKEHO, 9TO KPUBU3HA ITPOCTPAHCTBA-
BPEMEHH, KOTOPasi PACCMATPUBAJIACH KAK TeOMETPpHU3alius I'PaBU-
ranuu, (PU3MYECKH BOCHPUHUMAEMON TOJIBKO KAK IIPHUTSKEHUE,
MOYKET MPOSBUTHCS KaK ommaakueanue. Takum oOpa3oMm, TMojI-
TBEPAWJIOCH YTBEPXKJIEHWE DJHIEJIHCA O TOM, 9TO MCTHHHAS TEO-
pHsl MATEPUU JOIKHO OMUCHIBATH KAK YHUBEPCATHLHOE U CBOHCTBO
MPUTSKEHUS MATEPUHU, U CBOHCTBO OTTATTKHUBAHUS.

[Toz:ke, Omarogaps crarbe @puaMana, B KOTOPBIX ObLIN Halime-
HBI HECTAIIMOHAPHBIE MOIE/ U BCeseHHol ¢ pacupsrommuMcst mpo-
CTPAHCTBOM, DWHIITEHH OTKA3AJICS OT HEOOXOIUMOCTH YIUTHIBATH
KOCMOJIOTUYIECKY IO TTOCTOSHHYO.
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10.1.1. Mogeasb Bcenennoit @ puamana-Pobept-
coHa-YoJuakepa

Opuoponuasi w wm30TpomHasi Bcenennas MoKeT OBITh OMHUCA-
Ha HECTAMOHADHOH (T.e. 3aBUCAIIEH OT BPEMEHH) METPUKON
CITENIMATBHOTO BHIA, 9aCTO HA3BIBAEMON MeTpukoit ®pumamaHa-
Pob6eprcona-Yokepa:

d 2
ds* = Pdt* — a*(t) <17:Kr2 + 72dh* + r?sin? @ d<p2) , (10.2)
K =—1,0,+1,

rJie TIOCTOSTHHAS Kk ONpeiesisieT O/IHY U3 TPeX BO3MOKHBIX TJI00aIb-
HBIX TONOJIOrHUi npocTpancTBa (miockoe, K = 0; HOCTOSHHON 1O
JIOXKUTETbHON KpuBU3HBI, K = +1; MOCTOSHHON OTPHUIATETLHOM
kpususnbl, K = —1), a dyukuus a(t) — macurabubiii pakrop —
3aBUCAINAS OT BPDEMEHN BEJINYNHA.

Toncrasasst merpuky (10.2) B ypaBHeHust DiHIIITEHHA C TEH-
30pOM YHEPIUN-UMIYIbCA 1A UIeATbHON JKIUJKOCTH B IPABOH Ua-
CTH:

Tir. = (p + p)uwur — pYik, (10.3)
nojiydaem ypasrenus Ppudmana i IBOJIONUU MACIITAGHOTO
dakTopa

-\ 2

a 87Gp Kc? Ac?
2) = (=) + = 10.4
() -5-(a) % oo

a 4G 3p Ac?

Z=_= = — 10.5

a 3 < 02) T (105)
U ypaBHEHUE HEPA3PBIBHOCTH

dp 3p
— = —-5H — 10.6
st (p+ %), (106)
re
H=a/a

— «IOCTOAHHAA» Xab0Ja.
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10.1.2. Crarunuynag Bcenennag DiiHireiina

B caydae craruuHoil BceseHHOi, kormga a = const u A = 0, umeem
H=d/a=0,id/a=0mn

3k

- 8rGe?’

U3 (10.7) caeayer, uro jaubo p, 6O p OTPULATENLHO.

Qitninreitn, crpog B 1916 romy Momenb CraTudecKkoil BCeJieH-
HOM, 9TOOBI 0OECTIEYNTDH MOJIOKUTETHHOCTh p U P, BBET B ypaB-
HEHHS IOJIsT KOCMOJIOTHYECKYI0 nocTosguuyio. Torna npu p = 0 u
A # 0 u3 ypasrenwuii (10.4) (10.5) BbITeKaer, 9ToO

2
po ey K (10.8)
4G a?
Mockosbky p > 0, To A > 0. Bnauur K = 41, 1.e. 1pOCTPAHCTBO
apgercs 3-mepHoii cepoit ¢ paamycom a = 1/v/A.

I'paBuranms crpemutcss coOpaTh BCE BEIECTBO B TOUKY, HO
DitamnTeitH mpeamnonaran paguyc Bceenennoit mem3menubiM. Cie-
JIOBATEIbHO, KOCMOJIOTUYECKAs TTOCTOSHHAsT 00ECIeInBaeT MPOTH-
BOZEHCTBYE IPUTSKEHUIO U JIeHCTBYeT KAK AHTUI'DABUTAIUS.

p=—-3p (10.7)

10.2. AmnxTurpaBuTranma Ha MaJIbIX pac-
CTOSHUSAX

10.2.1. TuabpbepTOBO OTTAJIKUBAHUE

B 1917 roay I'mnbbepT crenas BbIIAIOIIEECsS OTKPBITHE — OH OOHA~
PYKUI 2pasumayuortoe ommanrxusarue B nose IIBapimmibiaa
[234, 235, 236, 237]. YauBureabHO, HO 06 TOM HUKOLJA HE YIIO-
MUHAETCA B MHOT'OYUCJIEHHBIX y'{e6HI/IKaX 10 O6meﬁ TEeOpUuUn OTHO-
CUTEJIBHOCTH.

Pa,,ZLI/IaJ'IbHaH KOMIIOHEHTA ypaBHeHI/Iﬁ Te0Je3nICCKUX B
npocrpancrBe-Bpemenn IIBapmmmibaa

2
ds? = <1 — Qm) a9 r2(df? +sin? fdp?), (10.9)
)
r
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m=GM/c?,
umeer Buz (o = 2m):
d*r 3a dr\?>  ar—a)
P N — =0. 10.1
dt?  2r(r —a) (dt) * 273 0 (10.10)

Sanuniem 1epBbiit UHTErpaJt:

dr\” r—a\’ r—a\®

— | = + A 10.11
r1e KOHCTAHTa A OTPHUIATENBHA JIJIsi MACCUBHON MMPOOHON YaCTHITHI
U PaBHA HYJIO i POTOHA.

VYpapuenue (10.10) nokasbiBaer, 4r0 paJUajbHOE yCKOPEHUE
b0 OTPUNATETHHO, JHOO MOJOKUATEIbHO. IpyruMum crmoBamu,

rpasuranus (KpuBu3Ha) JeficrByer JinbO KaK [PUTIKEHUE K LEeH-
TPy, IUO0 KAK OTTAJKUBAHUE OT IEHTPA, B 3ABUCHMOCTH OT abCo-
JIIOTHOI BEJTWYMHBI CKOPOCTH YaCTHUIIHI.

Ecau J
T l r—«o
— — 10.12
i< B (10.12)
TO UMEET MECTO MPUTSIKEHUE, & eCJIn
dr 1l r—«o
— > — 10.13
dt V3 or ( )

- H&6J’IIO,ZL&8TCH ommankueaHUue.

10.2.2. llepexon mpuUTdk€eHUS B OTTAJIKHNBAHUE

Paccmorpum meTpuky

1
goo(a) = 1+ 6(%02p2a —2A1)ar?,

2 A -1
gnla)=— |1 - % r%a), (10.14)

ga2(a)= —7"2, g33(a) = —r2sin? 0,
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saBucanlyo or napamerpa a € IR (sr,p2, A1 = const). I'pa-
BUTAIMOHHYIO CHJIY, [E€HCTBYIOIIYIO HA IIPOOHOE TEJO B JAHHOM
MPOCTPAHCTBE-BPEMEHN, MOYKHO BBIYMCIUTH 10 dopmyre [113,
c.327]:

me
foa = 5 { B = In/goo+
v
==
_|_\/7 9070‘ _ i gﬂ i
900 | 98 goo 0z \ goo c
Nmeem
. 2 [3¢® paa — 2] ar

/ —2/2 ’
6 1—v2/c {14— (3c? paa — 21 )ar ]

ftp:fOZO-

B sToM ciaydae odeBMOHO, UTO MOXKHO MOmOOpaTh (byHKINN
A = Aja,p = paa? Tax, aTo py > 0, a f,. MeHseT 3HAK B TOYKAX
a=0wua=2A;/(5c%p2) BHYTPE OOMUPHOf TTPOCTPAHCTBEHHOI
obmactu ¢ paguycom 1 < c\/6xpz/|A1], } T.e. npuTAKenue K 1eH-
Tpy r = 0 3aMeHsIeTCA OTTAJIKUBAaHUEM OT 1eHTpa 7 = (.

[Ipn mepexone 4depe3 a = 0 MeHsET 3HAK «KOCMOJIOTHIECKAs
NOCTOAAHHAs» A, 1 HAGIIOJAE€MYI0 CMEHY TPABATAIIMEA HA AHTHTPA-
BHTAIMIO MOXKHO PACHEHMBATH KAK IPOSBJIEHUE KOCMOJIOIMYECKO-
ro orramkusanus. Ho mpu nepexosie gepes Touky a = 2A1 /(3¢ ps)
«KOCMOJIOTUYECKAS MOCTOAHHAA» COXPAHSET 3HAK, & 3HAYHUT, MbI
MMeeM WHON THIT aHTATPABUTAINHN.

Ecan r > ¢\/63¢py/|A1], TO 3HAMeHATENb BBIpAXKEHUS TS [
OCTAETCs MOJIOXKUTETHLHBIM [TPU

1

a>aq(r)= %02p2

(A + /A2 — (65¢2p2/1)

! HepaBeHCTBO IMOJIy4eHO KAK YCJIOBHE MOJIOKUTEILHOCTH 3HAMEHATENA B
dopmyne g fr opu sa000M a.
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njin

a<ar:7Af\/A27602 r?)].
1) = b = /N (620 1?)]

Ilpu Ay > 0 umeem a,y (r) < 2A1/(3c%py). CrenoparenbHo,
11t Jioboro 1 > ¢y/63py /A1 mapamerp a, U3MEHSCh B HEKOTOPOM

(oCcTaTOuHO MAJIOM) UHTEPBAJIE
(2A1/(5ecp2) — €(r), 21/ (52? p2) + €(1)),

U3MEHWUT 3HAK BEJIMYUHBI f,., MEHsIST TEM CAMBIM TPUTSKEHUE HA
OTTAJIKABAHHE.

Ipu A; < 0 umeem 2A;/(sc?psy) < a—_(r). CnemoBaresnbho,
st mroboro > ¢y/6xpy /A1 mapamerp a, M3MEHSICh B TOM K€
UHTEepBaJje, TaK:Ke IOMEeHdeT 3HAK I'PABUTAIMOHHON CHJIbL.

ITapamMeTp a MOYKHO pacCMaTpPUBAThL KaK H-10 KOOPJAWHATY W,
crenoBarenbio, merpuka (19.31) — 910 Merpuka 4-mepnoit Gpa-
HbI B 5-MepHOM Dasike. Ilosydaem, uro npu cMene OpaHbl MO Mepe
MPOJIBUKEHUs B 5-MEPHOM OaJike TDABUTAIMS 3aAMEHSETCs HA aH-
TUT'DABUTAIAIO.

10.3. Speculatio

1. Kocmonorndeckass IOCTOAHHAA — 3TO OJHOPOIHO PacIpe-
JIeIEHHASA SHEPIUs, «COBPEMEHHDIH OTIOJIOCOK CTapOro M JIUCKPe-
JUTUPOBAHHOIO MOHATUSA «3(DUP», KOTOPDIHA 3al0JIHIET BCE I1PO-
crpancreo» (B. I'pun, [31, ¢.12]).

2. AuTUTrpaBUTAIUS — 9TO BEUHAS MEUTA-UIes-(DAHTABUS €TI0
BeKa 0 BOBMOXKHOCTH Jietarh Kak nruiia. OTO, kak nokazan ['nib-
6epr, BomsOoTHIIA 3Ty Medry. HbIOTOHOBCKAsi TeOpus I'PaBUTALIAN
TaKKe MPEIOCTABIISIET MONOOHYI0 BO3MOXKHOCTD, €CJIH JIOMYCTUTH
CyIIECTBOBAHIE OTPUIATEILHEIX MaCcC 2.

2Bondi H. Negative mass in general relativity // Rev. Mod. Phys. 1957.
V.29, P.423.
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Jlyxy 1 TeneBble
qacTuibl /loiidya

JuramMuKa caMOrpaBUTHPYIONIEil CIMHOPHONW MaTepUH B paM-
Kax obmieit Teopun orHocurenpHocrd (OTO) onuceiBaercs cucre-
Mot ypaBHenuii Diininreitna-/Iupaka

1 381G
R — 590 R = — - Tu(v), (11.1)

ihy" (gﬁ — mp) —mep =0, (11.2)

re 1 — OMCIuHOP,

Tir(¥) =

ihe [, 0 ov* .
= {¢ 7O, (8;#’“ - Fk¢> - ((;ﬁk'y(o) +¢ V(O)Fk> Vit

0%y Oy, (gﬁ - mp) — (?ﬁ:%o) + w*v(mfi) wlf} (11.3)

— TEH30DP YHEPTUU-UMITYJIbCA COUHOPHOTO T10Jist (CUMBOJI * y 1) 060-
3HAYAET HPMHUTOBO-CONPSIKEHHYIO BeandnHy) [15, ¢.381].

192
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Hamee
1 8)\5'3) l l mr
Fk = ngl 781116 A(S) - FTk S 9
mnr 1 m . T.m
S =S (M =), A =X, (11.4)

rae )\’(“i) — i-it BekTop Terpassr; ¥\F) — marpuus dupaxa.

Hanomuuwm, 910 Masible JaTHHCKAE OYKBbI B KAY€CTBE WHIEK-
coB npuHuMaloT 3Hadenud 0, 1, 2, 3, a rpegeckue — 1, 2, 3.

N3yuenne pa3auyHbIX pelieHuil ypaBHeHuit DitHmreiina-/lu-
paka Mo3BOJISET HAXOAWTH OTBETHI HA CaMble PA3HOODpPa3HbIE BO-
npocel. Hac Oymer mHTEpecoBaTh rpaBUTAMOHHOE U3JIy 9€HUE Heli-
tpuno (m = 0), nedmpurnsie u cnuHopHbe OYTU.

IMMon dyxramu mOHUMAIOTCS pEIeHUsi € HYJEBBIM TEH30POM
sueprum-umitysibea Ty (). Muoro rakux peruenuii 6110 HaiieHO
B 1970-80 rozpr [37, 289, 290]. Ognako oHu He GbIIM HU3NUIECKH
MPOMHTEPIIPETUPOBAHDI, U 0 HuxX 3a0butn. B XXI Beke myxu yma-
JIOCh CBSA3ATh C TAK HA3BIBAEMBIMHU TeHEeBbIME dacTunamu Jloiiua
[84]. Jdyxu — 970 YacTHIbI U3 NAPAJJIEIbHON SBEPETTOBCKOI BCe-
JIEHHOH, KOTOPBIE CIOCODHBI BCTYNATh BO B3auMOieficTBrE ¢ 00bIY-
HBIMU YACTHUIIAMHU TIOCPEICTBOM KBAHTOBOW WHTEP(EPEHIINN.

11.1. TI'paBuTarimoHHOE WU3JIyYeHUWE Heli-
TPUHHOTO TIOTOKA

Mper 6yzieM pacCMaTpUBATH JIUIIb HEHTPUHHBIE TOJIS, T.€. B yPaB-
wenun (11.2) upumem m = 0. IIpeanosnoxum, 4ro HeHTPUHHOE
HOJIe ABJIACTCH IJIOCKUM U PACIPOCTPAHACTCA B HOJOKATETHHOM
HAIIPABJICHUM OCU T, & CO3aBAEMOE MM I'PABUTAIMOHHOE [0JIe AB-
JIAETCS BOJHOBBIM. IIOCKOJNIbKY METPHKA ¢;; MPHU TOM JOJKHA
OTUCHIBATH TIOJIE TIJIOCKAX TPABUTAIIMOHHBIX BOJIH, PACITPOCTPAHS-
IOIMUXCA TAKKe BIOJIb OCH T, TO €€ yIO0OHO B3ATHb B CIELYIOIIEM
Buzie [149, ¢.292]:

ds* = 2da dz' — eXp[ZP(asO)](i1722 - exp[ZQ(zO)]dxgz, (11.5)
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rie koopaunars ¥, ', 2, 3 cBg3anbI ¢ KOOpIUHATAME T,7, 2 U
BpeMeHeM ¢ COOTHOLIEHUAMU

1 1
= —(ct—2x), z'=-"F"(ct+2z), 2=y, 2°==2

V2 V2
Mpubr BbI6I/IpaeM CJIEOYIOINYIO TEeTpaay:
- 1 1 . 1 1
(0 = 7a770a0 ’ (= 77777()’0 ’
= (70) 0= (7 -700)
)‘EQ) = (07 07 e_Pa 0)7 )‘E:}) = (07 07 07 e_Q)a

n y-MaTpuisl Inpaka:

I 0 0 o
©) _ (a) _ (@)
i (0—1>’ K (—C’(a) 0 )

(01 (0 —i (1 0
TW=\1 0/ @@=\, 9=\ g -1 )

Tlomaraem, 910 1) 3aBUCHT JHUIIb OT T~ U

Ug
Ui
U2
ug

ITpoussous Hecnoxkubie Bbrauciaenus 110 dpopmysnam (11.3), (11.4),
nosygaem (mTpux osnadaer muddepenmuposanue 1o 1°):

1 —i0 o
Ip=T; =0, T :P’eP( ® 9 )
o T2 o)  —i0(3)
1 o o
r:/eQ( @) ‘(3)),
T o2 o(3) 10(2)

*

Too = 27{(U’6 —u3) (ug —ug) + (uf —u3)(uy —up)—
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=

=[(ug)" = (u5)](uo — uz)] = [(u7)’ = (u3)'J(ua — u2)]},

Ton = 2 03 o+ ) + (uf -+ 03) (o + )~
[ + (3o + )] — [’ + (u3) o + )],
oo =~ {57 €100~ ) (o ) + (0~ 0) a4 o)~

—(u3) w1 + (u3)uol},

4 12

+(ug +uz)(ur — ug)] = (uj +uz)(uo — us)l—

the (1
Tos == {Q/‘ZQ[(US —uz)(ur +ug) — (uy — u3)(uo + uz)+

—eQfuguy — ujuy — usuy — (ug)us + (uy)'us—
—(u3) uo + (u3)"ual},

fas = %@'—P’)e”%awz)(ul uz) + (3 (o + us).

Cucrema ypapuenuii Ditnwreiina-Tupaka (11.1), (11.2) upumer
BUJT

8tG
—Roo=P"+ Q"+ (P +(Q) = —7:4 Too
T()a = O
o =0 (11.6)

2(uf + ) — (P’ + Q') (ug + uz) = 0
2(uy +uy) — (P + Q') (u1 + u) =0.

B obmem ciyuae perienve cucrembl (11.6) ve cymmecrsyer. OaHako
[IPU AOMOJTHUTETEHOM IIPE/ITOI0KEHNAN O BU/IE BOJHOBOM (DyHKIIAN
1 cucrema (11.6) cBOIUTCS K OHOMY €MHCTBEHHOMY yDABHEHUIO.
IIpeamonokumM, 910 OUCIIMHOP 1) YIOBJIETBOPSET YCIOBUIM

wo+tuz =0, up+us=0, up=A~+1iB, uy =C+iD. (11.7)
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Orciona BuiHO, 4TO 0OpaIIAOTCH B HyJIb KOMIOHEHTBI Too, Tog
u, 3uauut, (11.6) cBopurcs kK ogaomy JuddepeHiuaibHOMy Heslu-
HEMHOMY ypPaBHEHHIO:

P'+Q"+(P')*+(Q)* = %H[(AB'fA’BH(CD’fc’D)], (11.8)

rjie
32/7Gh
K=—5
Ecan mam m3BectHna BoHOBas PYHKIHS 1), TO COOTBETCTBYIOIIEE
HEATPUHHOMY IMOTOKY TPABUTAIMOHHOE MOJIE ¢, HAXOIMTCS IIO-
CpPEICTBOM MHTETPUPOBAHMUSA OOBIKHOBEHHOTO AN(pepeHInaIbHO-
ro ypaerenus (11.8).

Oyurmuu P u () OnpenessioT ABa PA3JUYHBIX COCTOSHUS
MOJISIPU3AIMKA MPABUTAIIMOHHON BOJHBI, MMOITOMY, 33JaB (), MBI
u3 (11.8) naiinem P, T.e. ompeiejuM I'DABUTALMOHHYIO BOJIHY C
BIIOJIHE OLpenesiéHHON nonspusauueil. JleiicrBuresnbHo, mycrb
nam ussectna. Honoxkum P = In y(z%). Torma (11.8) ceoautcs
K ODBIKHOBEHHOMY JInHEHHOMY nuddepeHInaIbHOMy YPaBHEHUIO
2-ro mopsiIKa:

y' = Py, (11.9)

rae
F(2%) = K[(AB' — A'B) + (CD' - C'D)] - (Q)* ~ Q"

Kak m3BecrHo n3 Teopnu AuddepeHnnanbHpix ypasHeHuit [150,
€.75-76], 3agaga Komw mis (11.9) ogrosnadHo pasperimma (pas-
J1a, Pa3pemmMOCTh B KB3JApPATypax BO3MOXKHA JIMIIb B YACT-
HBIX CIydasx) jid o6oit nenpepbisuoit gynkmuu F(z°). Ta-
KUM 00pa3oM, MbI TTOJIYyYaeM IIeJIbIH KJIACC PelreHnil ypaBHEeHUH
Sitrmreiina-Iupaka (11.1), (11.2).

Merpuka (11.5) Bcerma MoxeT GbITH MHTEPIPETUPOBAHA KaK
rPABUTAIIMOHHOE U3JTy YeHNE HEHTPUHHOTO MOTOKA, PACIIPOCTPAHS-
IOIIErocst BJIOJIb OCH . B camMOM Jiesie, eciu g;, He COOTBETCTBYET
nycromy 3-npoctpanctiy, To P’ +Q" +(P')?+(Q")? # 0. 3uauur,
sagaB dyskimu P u @, Mbl u3 ypasaenus (11.8) moxem HaiiTu
COOTBETCTBYIOIIYIO BOJTHOBYIO (DYHKITHIO ).
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11.1.1. VYder mongpm3anuu HENTPUHO

Kak m3BecTHO, HEHTPHUHO 00J3JIAET CTPOTO OMPEIETEHHON TTPO-
JIONIBHOM To/Iapu3anuell (HefTpUHO UMeeT CIUPAIbHOCTD, PABHYIO
—1, antuneiitpuno +1). MareMaTuuecku 3TO BHIPAZKAETC B TOM,
9TO BOJIHOBas (DyHKIHUS 1) JOMYCTUMBIX COCTOSHUAN JTO2KHA Y10~
BJIETBOPATH ycsioBuio [15, ¢.394]:

(I —ivys)Y =0, (11.10)

1 )
V5 = mﬁlklm%%%ﬂl-

Taxk kak (11.10) 5KBHBaJIEHTHO PABEHCTBAM
ug+u2 =0, wu;+uz =0, (11.11)

TO paccMaTpuBaeMble HAMHU BOJIHOBbIE dyHKImE (11.7) sBnstorcs
JIOTyCTHMBIMHE; caMo ke ycnosue (11.7) dbukcupyer 3HaK HEpruy,
T.€. OIpeJesIsaeT YaCTHIy Jaub0 AHTUYACTHILY.

Us (11.7), (11.11) cnenyer, uro A = C, B = D, 1.e. (11.8)

NPpUHUMaET BUI:

P Q (P 4+ Q) = w(AB — A'B). (1112)

11.1.2. Permiennsa cruenuajLHOIO BUIA

VYpasrenus (11.12), (11.9) recho cBa3anbl ¢ ypaBHennem Pukkaru,
obIiee pemenne KOTOPOro He BbIpazkaerca B kBaaparypax. Coe-
JIOBATENIbHO, JJIsi TOrO, YTOOBl yKa3aTh KJIACC PELlIeHui ypaBHe-
nus (11.12), Mbl JOJKHBL KAK-TO 3apaHee 331aBarb (QyHKUuo @
(T.e. bUKCUPOBATH MOJAPUIAIMIO TPABUTAIIMOHHON BOJIHBI) U BOJI-
HOBYI0 (yHKImIO ¢ wim dyuknun A u B. Ilpu stom Gymem mo-
JIyqaTh KOHKPeTHbIe T DepeHInanbHbIe YPABHEHNS, CBEICHUS
0 KoTopbix cobpanbl B [98]. Tem He MeHee MOXKHO yKa3aTb LeJble
KJIACChl pa3/iuyubix peinenuil ypasuenus (11.12). Hekoropoie u3
HUX MBI cef9ac yKarkKeM.

1. IIpeamonokum, 9TO Mbl IMEEM JIENIO C eIUHCTBEHHON 9acTh-
e (aHTanCTHueﬁ), HAXOIATIENCA B COCTOSTHUT C ONPEIeIEHHBIM
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umnyiabcom. Torma, kak caeayer u3 (11.7), (11.11), eé BosHOBas
GyHKIMA onpenenseTca OMHO3ZHAYHO M UMEET BH/I

1
1 1 20

-1

¥(a?) =

Hpumem Q = P u P = In y(2°). Torna, noncrasnas (11.13) B
(11.12), momyunm y” = y, e. P(2%) = Q(z°) = In (Cye®” +

0
Che™® )
2. Ipenonoxum, uto BoHoBasa dynkuus 1 (zY) Ham ussect-
ua. Jonycrum, P’ = —Q" unm

Q(z") = —P(2°) + c12° + co. (11.14)

Torma (11.12) npumer Buz

(P')? + (=P +¢1)? = k(AB' — A'B). (11.15)
N3 (11.15) mosydaeM cieyrolee perreHne:
0y “0 1 27,0
P(z") = S ES 2k(AB' — A'B) — 2da® + ¢3.  (11.16)

I'pasuranmonnast Boara (11.14), (11.16) sBisgercs J0OCTATOYHO
HOJIHBIM PEIIEHUEM [OCTABIEHHON B 9TOH CTATHE 33/149H , TIOCKOJIb-
Ky 110 IPOM3BOJIBHO} BOJIHOBOH (DYHKIMHU 1) Mbl HAILIN IIOPOZK /1A~
eMoe €10 TIOJIe TSTOTEHNUSI.

11.2. HeitTpuHHBIE TyXN

ITycts Temepp A= C u B=D u AB' = A’B. B cay ckazanHOTO
B koune maparpados §§ 11.1, 11.1.1, 310 03HaAYaeT, YTO TEH30D
SHEPIUU-MMILYJIbCA HEHTPUHHOrO MOJSA PABEH TOXKIECTBEHHO Hy-
JTIO.

ITpu 3TOM, OIHAKO, MJIOTHOCTH HERATPUHHOTO TOKA, OTJIMUHA, OT
HYJIS:

i®) = [4(A% + B?), —4(A? + B?),0,0},
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i = AP gty

B nono6uom ciyuae roopst o netimpuntnom dyxe [289, 290]. ITone
Trorenus 1upu oM moxker uMers tui N 1o [lerposy (nanpumep,
NPOCTPAHCTBO MAKCUMAJIBHOMN MOABUKHOCTH T5).

B [289] nose ¢ miaockoit cuMMeTpueil U HETPHHHBIM JTyXOM,
B OTJINYME OT HAINEro, NPHUHAILIEKAT K THmy D), T.e. HE MMeer
BOJIHOBOM CTPYKTYPBHI.

3amernM, YTO HEHTPUHHBIE IyXW BO3MOYKHBI U B TIJIOCKOM
MPOCTPAHCTBE-BpeMeHn MUHKOBCKOTO. JTO CJIEIyeT U3 TOr0, YTO
B HAIIUX paccyxkaeHusx QyHKiun P u () MOryT ObITH KOHCTAH-
TaMU.

11.3. CnoumHOpHBIE AYyXU

HeitrpunHbie gyxu He O30T MPABUTAIIMOHHOIO MOJIsT, TOCKOb-
Ky MX TEH30D SHEPTrUU-UMILYJIbCA PABEH TOXKIeCTBEHHO Hysi0. Cy-
[IECTBYIOT ¥ MACCHUBHBIE IIyXW, T.€. pelleHus ypapuenuii Jlmpaka
¢ Maccoit mokost m # (. VIX HA3BIBAIOT CNUHOPHOIMU OYTAMU, U WX
CyIIIECTBOBAHUE HAPYIIAET YHUBEPCAJIHHOCTH MPUHIIUIA, COTJIAC-
HO KOTOPOMY BCE, YTO UMEET MAaCCy, MOPOXKJIAeT IPABUTAIIMOHHOE
oJie.

WccnemoBannio CIUHOPHBIX JYXOB, a TAKKe MOIydeHuto (bu-
3UYECKOIl MHTEPIPETAINU COOTBETCTBYIOIINX CIWHOPHBIX TOJIEH
ObL7Ia TOCBAIIEHa Kamaumarckas muccepranusa E.B. Ilamemmesoit
([137], Omck, OMI'Y, 2004). Bouio, nanpumep, 0OHAPYKEHO, YTO,
XOTsl CHMHOPHBIHN J1yX He 00JIafaeT HU SHEPrueil, HU UMITYJIbCOM, OH
CroCcOOEH B3aMMOIEHCTBOBATE C OOBITHON CIIMHOPHOM YACTHIEH.

11.3.1. CouHOpHBIE JIyXHM B HIPOCTPAHCTBE-
BpeMeH MUHKOBCKOIO

Onpenenenne 11.1. Cnunoproimu dyzamu OyIeM HA3BIBATH Pe-
menus ¢ ypasuenus /lupaka

iV kb = me,
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/171 KOTOPBIX TE€H30D SHEPIUU-UMITYIbCA

ihe
T, = v (ﬂﬁ%'gkw - $k1/}+%¢ + WF%?W - $ﬂ/f+’wc1/f>
BCIOJIy PABEH HYJIIO, IPUYEM ILJIOTHOCTH TOKA,
J* =ty (11.17)
OTJIMYHA OT Hy.HH.
3nech
Pt =9y

Vi = % .

gkﬁﬁ = % + T,

Teopema 11.1 (E.B. [Tanemesa). IIyems ¢ = u-G(x) — pewenue
ypasnenua Jupara 6 npocmpancmee-epemeny Munkosckozo, 2de
U — NOCMOANHLTE CNUNOP, YoosAEMEOPAIOUWEe Ycaosuto Y i # 0, a

G(x) = f(x) +i-g(x), (11.18)
npu smom f(x) u g(x) — enadkue sewecmeennve Gynryuu, @

Ug
Ui
U2
us

npuvem u; € IR das kaoscdozo i. B paccmompennus ycaro6uix
Y ABAKEMCA CNUHOPHOIM JYTOM Mo20a U MoAbKo mozda, kKoz2da
g(x) =a- f(x), 2de a = const € R [136].

CaencrBue 11.1 (E.B.Ilasewesa). Ecau 6 ycaosusxr meope-
Mot 9.1 noaoorcums

G(x) = e2)HBX)

)
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2de a(x) u B(x) — esadkue sewecmeennvie PyHKYUY, MO ) A6-
AAEMCH CUHOPHBLM 0YTOM M020a U MoAvko mozda, Kozda B(Xx) =
const € R.

IIpumep 11.1. Bosbmem perenne ypaBHenus Jlupaka B
MPOCTPAHCTBE-BpeMeHn MUHKOBCKOTO B CJIEIYIOIIEM BHJIE:

1
= 1 o e+ (20 +a%)+ig(a+a7) (11.19)

1

rae g(z° +2%) u f(2° + 2®) — ragkume BermecTBenHbIE BYHKINN.
Onupasice Ha pe3ynbrarbl ciaegcrsus 11.1, mosygaem, 9To
(11.19) ommcHIBAET CITUHOPHBIN AyX TONBKO B TOM CJIy4ae, KOTIa
g(2° + 23) = const € IR. TIpu arom, ucrons3ys dopmyry (11.17)
JIJIsi BBIYUCIIEHHs] TUPAKOBCKOTO TOKA, a TAK¥KE YUHUTHIBAS, 9TO B
npocrpancTse-spemenu Munkosckoro vF = 4(F) | nomyamu

it = (4c B2 (@042 0 4. e%m%zm%x”) :

11.3.2. CouHopHble AyXH B HMCKPUBJIEHHOM
MPOCTPaAHCTBE-BPEMEHU

CrOuHOPHBIN IyX, MEPEMEIAsiCh B UCKPUBJIEHHOM MPOCTPAHCTBE-
BpPEMEHU, He BHOCUT BKJIa/Ia B KPUBU3HY, HO €r0 JIBUXKEHHE B IIPO-
CTPAHCTBE COTJIACYEeTCS C AIMPUOPHOU KPUBU3HOU MPOCTPAHCTBE-
BPEMEHMU.

Teopema 11.2 (E.B. Ianemesa). IIycmo pewenue ypasherus
Jupaka onpedessemces ycarosuem

ekd} = 9k (X)d)a

BHINOAHEHHBIM A5 A100020 k, 20e gi(X) — Hexomopue dynryuu,
a pewenue 1 ydosaemasopsem ycaosuro Y ) # 0. Tozda v 6ydem
CRUHOPHBM OYTOM 6 MOM U MOALKO 6 oM CAYuae, K020a gk (X)
bydym seusecmeeHHBMY GYHKUUAMU, YI0BALMEOPAIOUWUMU YCAO-
euro gr(x)j ¥ =0 [137].
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11.4. ChouHOpHBIE AYyXU KaK T€HeBbIE da-
ctunbl /loiivia

Awnrymiickuit yuenwiit /Iasun [loita BBE B TEOPUIO mMeHEBbIE Ua-
CMuYbL 11 00bACHEHHSI U3BECTHOTO SKCIEPUMEHTa 10 HHTepde-
PEHLMU 3JeKTPOHA Ha ABYX Liessx (cM. puc. 11.1), ocHoBanHOro
HA 9BEPETTOBCKOI MHTEPILIpeTalud KBAHTOBON MexaHuku [84].

Puc. 11.1: Onerr no unrepdepenuy na AByX Imensax.

B maugase skcmepumeHTa 4dacTHIa HAXOAUTCS B TOYKE S, HA
9KpaHe B B TOYKE X YCTAHOBJIEH JETEKTOD, (PUKCHPYIOMIM mOoMma-
JlaHue 3JIeKTPOHA B JaHHYI0 00/acTh skpana. Ha sxpame A pac-
MOJIOXKEHBI J[BE IETN a1 U U, CAMMETPUIHBIE OTHOCUTEHHO OCH
S, BIOJIb KOTOPO# TIPOUCXOANT pacmpocTparenue Boaabl. Hac nu-
Tepecyer pacupejeseHne JacTul] Ha dxpane B. s Toro 9robbr
UCKJTIOYUTH BJIWSTHUE HA PE3YIhTAT SKCIEPUMEHTa CTOJTKHOBEHHI
MEXK/Iy JaCTHUIAMU, OyJieM HCIIYCKATh 3JIEKTPOHBI 10 OJHOMY H
C JTOCTATOYHO OOJIBINIAM WHTEPBAIOM MEXKJY IBYMS H3JTy9eHHSI-
mu. Kak m3BecTHO, B TakuxX Ciaydasx WHTep(hEPEHIMOHHAS Kap-
THHA TaKas K€, KaK M IIPU U3JIYIEHHH HOTOKA 371eKTpoHOB. Co-
OTBETCTBYIOIIEE PACIPEEJIEHUE HHTEHCUBHOCTH 1TPEACTABISIET CO-
Goit YepesoBaHNe MAKCUMYMOB ¥ MUHUMYMOB (cM. puc. 11.2).

Eciu e renepb Mbl 3aKpOeM OJIHY U3 IIeJieil, HAllpUMeD MIeTh
a1, TO MHTEHCWBHOCTD TIOTIA/IAHUST SJIEKTPOHA, HA KpaH B Gyner
NMETh HOpMaJIbHOE paciipesiesieHre. 3aMeTHM, 9TO B HAIIeM CJIy-
9ae 3JIEKTPOHBI UCITYCKAIOTCS 1O OJHOMY, ¥ TOITOMY KapTHHY Pac-
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-0 -20 -10 10 20 30

Puc. 11.2: Pacnpenenesne HHTEHCHBHOCTH 3JI€KTPOHA B SKCIEDHMEHTE IO
nHTEep(dEPEHIUY HA JBYX IIEJIsIX.

[peesieHrst THTeHCUBHOCTH UX (PUKCMpPOBaHUS HA dKpaHe B, nan-
HyIo Ha puc. 11.2, Henb3s 00bICHATH CTOTKHOBEHUEM OHOTO JJT€K-
TPOHA C JIPYTHM.

CrangapTHoe 0ObsICHEHHE, IPUHITOE B COBPEMEHHOM (hu3uKe,
MOCTY/TUPYET HAJWIHE BOJTHOBBIX CBOWCTB y 3JEKTPOHOB.

HeBun Jloid mpearnomoKua, 9T0 KPOME PeaAbHblL TACTHII,
bUKCHPYEMBIX HAIIMMHU MPUOOPAMU, CYIIECTBYIOT €Ie W meHe-
6ble IACTHUIIBI, KOTOPHIE MBI HE MOYKEM HHUKAK 3a(UKCHPOBATH, HO
CTOJIKHOBEHHE C KOTOPBIMH UCITYCKAEMBIX 3JIEKTPOHOB W JAJIO Kap-
TUHY Paclpe/ie/leHusi MHTEHCUBHOCTHU, IPUBEIEHHYIO Ha puc. 11.2.

TeneBble YacTUIIBI OH OTOXKIECTBJSET C YACTHIAMHU U3 Ia-
PaJLIeIbHBIX IBEPETTOBCKUX BCEJIEHHBIX, a OKPY2KaONIyio Hac Pe-
aJIbHOCTH HPEJCTABUII KaK MYAbMUBEPC, T.e. KAK COBOKYIIHOCTH
BCEBO3MOZKHBIX BCEJIEHHDBIX, B3aUMOIEUCTBYIOIIHUX IIOCPEICTBOM
KBAHTOBOM MHTEPMEPEHIIHH.

Kaxgas peanrbHasg 9acTHIQ UMEET MHOXKECTBO COOCMEEHHbILT
TeHeBbIX dacTuil. CobcmeenHas TEHEBAsS YACTHUIR, — ITO YACTH-
1a, «HACHTHIHAST> PEATHHOIN, HO HAXOAAIIAACST B HEKOTOPOH Ipy-
ro#f BCEJIEHHOM, OTIMIHOM oT Hareil. [Ipu 3ToM TeHeBble YACTUIIBI
IPOABAAIOTCA B PEAJIbHONU BCEJEHHONU TOJBKO T€M, YTO B3aUMOIEii-
CTBYIOT C COOCTBEHHBIMYU PEAJIbHBIMU YACTULAME, U KUMEHHO TUM
B3aMMOJIEHCTBIEM BBI3BAHO TIOSBJIEHUE COOTBETCTBYIOITUX WHTED-
depennnonnbx KapTruH. TodHEE TOBOPS, PACCMATPUBAEMOE B3aM-
MOJIEHCTBUE SBJISIETCS CTOJKHOBEHUEM DEAJBHON FaCTHUIIBI C COO-
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CTBEHHBIMY TEHEBBIMHU YACTHUIIAMH.

B ouucannom Bbiuie sxcuepumente (cMm. puc. 11.1) ucrounuk s
MCITyCKAeT POBHO OJIMH PeasIbHbII 9JIEKTPOH, TPU 3TOM HEKOTOPHIii
TEHEBOIM MCTOYHWK S§ TaKyKe WCIYyCKAET POBHO OIWH JIEKTPOH —
TEHEBOW.

[Tycrs coorBeTcTBYOININE PeaTbHBIN U TEHEBOM JIEKTPOHBI Ta-
KOBBI, 9TO PeaJIbHbINA JIEKTPOH HPOXOJUT Yepe3 Iesib a1, a Te-
HEBOW HPOXOJUT YePe3 b Go. 34 IKPAHOM A «CTOJIKHOBEHUE»
9JIEKTPOHOB BBI3LIBAET M3MEHEHNE <«TPACKTOPWH» JIBUIKEHUS De-
AJIBHOTO JIEKTPOHA. UMEHHO TakuM B3amMOIeHCTBIEM OObSICHSI-
eTcs TOIydaeMoe PacpeIe/ieHre 9acTrIl Ha Kpane B.

E.B. [Tanemesa BbicKa3aJjia FUIOTE3Y, YTO CRUHOPHBLE OYTU A6-
ASOMECA Meopemuteckoti modesvio menesnx wacmuy Jotwa co
cnunom 1/2.

B noaTBepxkaeHwe 9TOr0 OHA MPOJAEMOHCTPUPOBAJIA, UTO CIIH-
HODHBIH yX (TeHeBas 4aCTUIA) U O0ObIYHAs YaCTHUIA MOI'YT B3au-
MOJIEHICTBOBATD TaK, 9TO MOXKHO HADIIOJATh HHTEP(EPEHITHOHHYTO
KapTUHY.

PaccmoTpum cimHOpHOE T0JIE ¢ HEHYIEBBIM T€H30POM IHEPTHH-
AMIIYTbCA

1
b= _i ¢ Hil +at) (11.20)
1
U CIIMHOPHBINA JIyX
1
o= _i e (11.21)
1

Cuumnopsr (11.20) u (11.21) uMeror oAuHAKOBBLT 4-BEKTOP TOKA

jae 2

16:1;2 me g
n 0,0, —4en ).

i = (4e

Tak kak 00a perreHnst MMEIT OJUHAKOBOE PACIPEIEIEHIE Be-
POSTHOCTH W OAWHAKOBOE HAIPABJEHWE TOKA, TO MbI MOXKEM TIO-
CYNATATH UX PE3YIbTUPYIOIIEE TOJIe TPU HAJOXKEHUH ITUX MOJIei.
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Puc. 11.3: Unrencusrocrs pacrpejenenus KBajpaTa MOLYJs AMILIHTY/IbI
BEPOATHOCTH TIpW WHTEP(hEPEHIINU CITHHOPHOTO JyXa U PeaTbHOM YaCTHITH
mpu 0 = 0.

@

Puc. 11.4: Unrencusrocrs pacrpesenenus KBajpaTa MOLYJIsS AMILTHTYIBI
BEPOSATHOCTU IIPH UHTEPGEPEHIUH CIIUHOPHOIO JIyXa U PEaJIbHON 4acTHUIIBI B

)

me
Touke 8¢2h =1, z2° =

Ksaapar momaysis aMIIUTYAbI BEPOSATHOCTH PE3YIbTUPYIONIErO
nonst (¢ + 6) paren

[+ 07 = (1 + 0)* (1 + 0) = 825" (1 + cos(z + 2%)). (11.22)

I'pacdux s10it pynxuun npu 20 = 0 uMeer B, IpPe/ICTABICHHDLIT
ua (puc.11.3).

Ilpu puxcuposanHbxX ¥ I T2 TOIYIAM CJAEIYIOMIYI0 HHTEp-
depeHITnoHHy 10 KapTUHY, IPeICTaBIeHHy 0 Ha puc. 11.4.

Takum 0Opa3om, Tpu HAJIOKEHUN ABYX CIWHOPHBIX TOJIEH, OJ1-
HO U3 KOTOPBIX ABJISETCS CITTHOPHBIM JYXOM, MOXKET HAOJIIOIATHCS
TaKoe siBJIEHWE, KaK WHTePdepeHIus.
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11.5. Speculatio

1. MoxKHO i Kak-TO OObSICHUTH IOsIBJIEHHE B Halleil BCeJIeH-
HO#l TEeHEBbIX YACTHIl, WJIM CIMHOPHBIX JIyXOB U3 IIapaJlIe/IbHbIX
BCEJIEHHBIX 7

Ecan mon mapaJjiebHbBIMIA BCEJIEHHBIMEM TIOHMMATh 3K30THYIe-
ckue rnagkue crpykTypsl Ha IR?, To MOXKHO BOCIONB30BATHCS TEM,
9TO rOBOPUJIOCH B § 4.3.2 0 mosiBjieHUY B IR§K3 , baromapst 9K30-
TUYHOCTH IJIAJAKON CTPYKTYPbl, CHUHOPHOI'O MCTOYHHUKA:

SIRéKs - / [RRs + q/J'YkaE] \/@d‘lx.

Rigs \CH

fBaserca au TaKON TOIXOM MPABUJIBHBIM — CKa3aTh TPYIAHO, HO
[oABJIAeTCA ujes, BO-IEPBBIX, OIHUCATb, YTO CjejyeT IOHUMaTb
[10/T NAPAJIJIeIbHBIMU MHUPAaM#, O KOTOPbIX mucas Joitd, u, BO-
BTOPBIX, MMOKA3aTh, KAK B ITUX NAPAJJIEIbHBIX MuUpax (BCeeH-
HBIX) MOSBJIAIOTCS TEHEBbIE YACTHUIIBI, ABJIAIOIINECH CIUHOPHBIMY
JAyXaMH.

2. «Bbix0/10B (BXOIOB) B Apyrue MUpbI (a 9TO 3HAYUT U B APY-
rue Bpemena) 6eckonedno muoro. Cpeau sTux MUpoB ecrb u 613~
Kue U gajekne (Heo0O3pUMBIH CIIEKTD: OT TOUTH HEPA3IUUIUMBIX
JI0 «IPOTHUBOIOJIOXKHBIX», T.€. COBCEM JPYTUX). DTO OYEBUIHO U
CBSI3AHO C TE€M, 9TO JTI000# MUDP — 9TO MUP 00BEKTOB, & 3HAYUT, OH
3aBUCHUT OT BbIOOPA CHCTEMbI KOODAMHAT HabJonaress (desoBeka,
[UBUJIU3AIMA U MHOTHX JAPYrUX HabJ/moJareseit MexKy JaHHbIME
n BHe Hux». (A.Jl. Eropos, I1./1. Eropos, [88, c.428]).

Brixon B mapasenbHBIT MUD JAPYTOH TWIAIKOM CTPYKTYPHI
MOKHO, BHJIMMO, OCYIIECTBUTH C TIOMOIIBIO Pa3pbiBa MPOCTPAH-
crBa (§ 6.1.2), mpu KOTOPOM IPOU3BOLHBIE METPHUKU Rqog TEPSIIOT
HEIPEPBIBHOCTD, U 9TO MOXKET O3HAYATH CMEHY [JIAJKOCTH.
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I'paBuTalmmonHasi BOJiHA
KAK 3alllUTHbBIA 3KPaH

I'paBuTamoHHbIE BOJHBI 00JIAJAI0T MHOTUMU CBOMCTBAMMU, OT-
JINYHBIMY, K IPUMEPY, OT JIEKTPOMArHUTHBIX BOJIH. B 9T0# riiase
MPOIEMOHCTPUPYEM SKPAHUPYIONIHE CBOWCTBA, OTPAKAIOIINE BO3-
MOYKHOCTHU TPABUTAIMOHHBIX BOJIH.

Ileproit onybaukoBaHHONW PAOOTOil, JEMOHCTPUPYIOMIEH IKpa-
HUPYIOIIUE CBONCTBA MPABUTAIIMOHHBIX BOJIH MO OTHOIIEHUIO K Ma-
JTAIOIINM 3JIEKTPOMArHUTHBIM BOJTHAM, ObLj1a ctarhst FO.I'. Cobrro-
Ba (1972, [147]).

Pasuble ciyuam CTOJKHOBEHUSI W B3aUMOIEHCTBUS T'pPaBU-
TAIMOHHBIX ¥ 3JIEKTPOMATHUTHBIX BOJIH MOIPOOHO HUCCJIEIOBAJ
B.®. Tlanos [271, 272, 273].

OrpaxkeHue HERTPUHO OT IEPECOBCKON I'DABUTAIIMOHHON BOJI-
ubl u3ydan C.A. Comnuukor (1982, [151]), ckansipHBIX YaCTHIL, —
A K. Tyr (1983, [44]). CroJKHOBEHWE IDABUTAIMOHHON BOJHBI U
CKaJIAPHBIX BOJIH paccMmarpuBai takxke Wu Zhong Chao (1982,
[306]).

CTOJIKHOBEHUE IBYX MPABUTAIIMOHHBIX BOJIH BIEPBBIE UCCIETO-
Bas P. Szekeres (1970, [288]), u 9T0My T€OpETHYIECKH BO3MOXKHOMY
SABJIEHUIO TOCBsIeHa Kuura J.B. Griffiths [215].

207
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12.1. OTpaxkeHne 3JIeKTPOMATrHUTHBIX
BOJIH

Tlokaxkem, YTO TJIOCKad SJEKTPOMATHUTHASA BOJIHA, CTOJKHYB-
IITACH ¢ TPABUTAIMOHHBIM BOJTHOBBIM ITAKETOM, CHAYaJIa MTPOHUKA-
eT 3a mepeaHuii GPOHT PACIPOCTPAHEHHS TAKETA, & 3ATEM MEHSIET
HAIPaBJIEHNE PACIPOCTPAHEHUS HA IPOTUBOIIOJIOXKHOE, T. €. OTPa-

xkaerca (FO. Coprros, [147]).

12.1.1. Ommcanue rpaBUTAIMOHHOTO BOJIHOBOTO
makKera

Ucnonb3yem popmamn3m ONTHIECKAX pernepoB. B kaxkmoit Touke
MPOCTPAHCTBA-BPEMEHN OEpETCsT perep, COCTOAINN U3 ABYX Ieii-
CTBHUTEIBLHBIX BEKTOPOB k', m’ M OJHOTNO KOMITJIEKCHOTO t:

i __ i __ i
klk =m;m = 0, klm = ].,
i i i 7l
tit = tik‘ = tim = 0, tit = —1,
AJId KOTOPOr'O METPHKa 3alliChIBACTCA B BHIE

Gik = 2kmyy — 2tity.

IIycrb ssieKTpOMarHuTHas BOJIHA C (DPOHTOM U HMJET HABCTPE4dy

TPABUTAIMOHHOMY BOJIHOBOMY TakeTy ¢ (hbpoHTOM . DPas3bl u, v —

AHAJIOTH 3AMA3IBIBAIOIIETO U OMEPEKAIONIErO TTOTEHIINAIOB.
Bepém

b — ou _Ov
T i T ggi
T'paBuTannonnblii  TakeT — 9TO WCKPUWBJIEHHAST  00JACTH
npocrpancTBa-Bpemenn 3 = {u; < u < wg}. Paccmarpu-
BaeM Takxke mnockue obmacta y = {u < uq} 1 Qo = {ug < u}.
Bribupaen ciemyomnyio Jokaapayo kapry ¥ = u, 2’ = v u B

obsiacru €y perep

K =of, m* = of, t* = 2712(8% +id}),
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ds? = 2dudv — dz* — d*°,

a B obsmactu ()7 —
=gk mP =6k + Quok + Qa0 tF = 27Y2(5% +iok),

Q = Q2 +1iQs3,
s% = —QQdu> + 2dudv + 2Qodudz® + 2Qsdudz® — dz?* — dz®

MN3yv1aem rpaBUTAIMOHHYIO BOJIHY, KOTOPAs YIOBIETBOPSET YCIIO-
BHIO

Rikmi — 1Rigmi = Y () VieVints
le = kmtl - kltm

¥ 71 KOTOPO#i pacimmpsionuit mapamerp p = —1/2V;k* = 0, uto
TOBOPHUT O IIJIOCKOCTH BOJIHBI

Bepércsa U(u) #0 8 Q; u U(u) =08 Qo, Q.

Oyukiud () HaxoauTCs U3 ypasuenuit Jitamreiina. Ho B gan-
HOM CJIydae BMECTO YypaBHEHHN DUHINTENHA paCCMATPUBAIOTCS
ypaBHEHUs, BbITeKaolme u3 cucrtemMbl Hbiomena-Ilernpoysa, 3k-
BUBAJIEHTHOI ypaBHEHUSM DifHIITEHHA:

0Q _+ 0Q

A = (12.1)
O oA =0\ 1
—+Q— +Q—, = —2uA+ 5V,
8 (12.2)
QP QU —

rie
n=pn= —Vlmktkfl, A= —Vlmkfkfl7

z =z +iz® 9 _1 iﬂ‘i )
0z 2\ 0x2 ox3

HawanawHoe ycmoBue 1 STUX YpaBHEHUM UMEET BU:

mpu u<u; p=A=Q=0. (12.3)
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Tak kak ¥ = ¥(u), ro npu HavaibHbIX ycjaoBusax (12.3) dynk-
uuu (i, A OyayT 3aBUCeTb TOILKO OT u, u cucremy (12.2) mMoxHO
MepenmcaTh B BUIE

1
oA =2u\+ -0,
ou 2
o (12.4)
==X
ou K )
N3 ypapuenus (12.1) caemyer, 9ro
Q = MNw)z + p(u)z + q(u). (12.5)

C momorb mpeobpas3oBaHnst KOOPIUHAT

2 =z —a(u),

rie
da

— = pa+Aa+q,
du

MOKHO OOpaTHTh (DYHKIHMIO ¢ B Hy/Ib. DyJeM MOTOMY CUHTATh,
qyro q = 0.

12.1.2. OTpakeHue 3JJEKTPOMATHUTHBIX BOJIH

DJIEKTPOMATHUTHOE TIOJI€ MOXKHO MMPEICTABUTH B BUIE CJIELYIOIIE-
IO Pa3JIOXKEHUsI:

Fyj —ily; = F1Vig + FaUyj + F3Wy;,
rie

Vij = kitj—kjty, Uk = mkfj—mﬁk, Wy = kkmj—kjmk—tk%j—thfk.
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Vpasnenus Makcsenna V;(F* —iF**7) = 0 5 penepe (k?, m7,t7)
IPUHAMAIOT BUI:

21/2@ _ % —
0z ov
OFy O0F; 0F; _0F;

21/2 2 2 Q2 4 2uF3 =0
T Ty T T =0,

0z
(12.6)
8F2 8F2 —8F2 1/28F3 _
8F1 1/28F3 _
B0 +2 e —AFy =0.

Bagaua MpOXOXKIAEHUS SJIEKTPOMATHUTHON BOJHBI Y€PE3 TPABUTA~
[UOHHBII MAKET CBOAUTCA K permenuio ypasuenuii (12.6) ¢ dbynk-
MUAMY (1, A, OIpeegeMbiMu ypasaeausamu (12.5) npu v > uq, B
TO BpeMs Kak mpu u < uy 4 = A = 0. Hauanpubre ycioBus mis
dbyukmuit Fy, Fo, F3 3a1a10TCsA CIEIYIONAM 00Pa30M:

Fy,=F;=0, I, = f(v) mpu u < uy. (12.7)

U3 (12.6) u (12.7) maxoaum, uto F,, e 3apucat ot x2, 13 u

Fy = Mu)exp | — / p(€)de / f@ydz,  (12.8)

uy

u

Fo= e (= [u@d ], B=0.  (29)

1o CTOJIKHOBEHUS C T'PABUTAITMOHHON BOJTHOHM 3JI€KTPOMArHUTHAA
BOJTHA, SIBJISIETCA M30TPOIHBIM IOJIEM, T.€. F, FF = Fy Pl =
0, HO mOCJie MOMaJaHUs B TPABUTAIMOHHOE TIOJE MEPEeCTaéT ObITH
TAKOBbBIM.

Boaum TeTpamy

oy =m"+ (1/2)k", Ay =m’ — (1/2)k,
=272 - 7).

j —1/2/45 | j
Mgy =272 +1), N
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IL1oTHOCTD MOTOKA TEKTPOMATHUTHON SHEPTUN
__ .M.\ %
Play = =T Ny Moy

paBHA
P = (P,0,0),

rie
u

1 1 1
P=—§IEf - SIRP = Jexn | [ (e | x

Uy

< |G - wwP | [ f@a |- (12.10)

Bripazkenue B KBapaTHbix cKoOKax B (12.10) mpu HEKOTOPOM 3Ha~
yenur U (U < W) oOpaIIAeTCs B HyJlb, & 3aT€M CTAHOBUTCH OTPU-
LIATEIbHBIM. 9TO I'OBOPUT O TOM, YTO 3JIEKTPOMATHUTHAsI SHEP-
rus (BosiHA), coorBercrByolias dasze v = const, LPOHUKAET B
TPaBUTAIMOHHBIN BOJHOBOI MaKeT WJIN 33 ero 3aIHuit GppoHT Ha,
OTIpeIe/IEHHOE PACCTOSHME. 3aTEM MPOUCXOJUT €€ OTpaKeHue, u
JIEKTPOMATrHUTHASA SHEPTUS PACIPOCTPAHAETCA BCJIe/l FPABUTAIN-
OHHOM BOJIHE.

12.2. OTpakeHne CKaJAPHBIX YACTHIL

Ilokazkem Temepb, YTO SKPAHUPYIOIIEe CBOMCTBO IPABUTAITMOHHON
BOJIHBI PACIIPOCTPAHAETCH M HA MOTOK CKAJISIPHBIX YACTHII.

12.2.1. Ilnockasg rpaBuTamuonHasa BojsiHa Ilepe-
ca

Paccmorpum cTOKHOBEHHME TPABUTAIMOHHON BOJHBI llepeca c
PACIPOCTPAHSIONIMMCS CKAJIAPHBIM [TOJIEM.

Metrpuka Ilepeca ynoBieTBopsieT pa3IndHbIM KPUTEPUSIM IPa-
BUTAIMOHHOTO n3iydeHus [92]. [TosroMy mosrydeHHBIH pe3yibrar
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CIIPABe/JINB HE3aBUCUMO OT TOrO WJIM WHOIO B3IUISAA HA MPUPO-
ny rpaBuranuonubix BoiaH. Merpuka Ilepeca emé nnrepecna tem,
YTO B psAjie CAydaeB MOYKHO yKa3aTh WCTOYHWK, CO3IAIOIIHI 3TH
BosiHBI [21]. Bygem npexanonarath, 9ToO MI0CKAsk TPABHTAIMOHHAST
BOJTHA, PACIIPOCTPAHSIETCS B MOJIOKUTEIHHOM HAIPABJIEHUN OCH
a CKaJlpHAs YacTUIA JBHXKeTCs eif maBcrpedy. OPOHT pacmpo-
CTPaHEHUs BOJIHBI 33JIa€TCsi COOTHOIIEHUEM DV =ct—2= const,
a cKasigpHoit BoHbl-gactuipl o1 = (1/a)[ct + (a — 1)z] = const.
3mech o > 2 — KOHCTAHTA, CBA3aHHASI CO CKOPOCTHIO U YACTHIIHI
dopmyioit: v = ¢/(a — 1).
Metpuka MrHKOBCKOTO

ds? = Adt? — dz® — dy® — dz?
B KOOD/IMHATAX
P =ct—z, zt=1/)[ct+ (a—1a], =y, 2*=z2
MMEEeT BH;
ds® = (14 28)dz®" + 2d2ldz’ — dz®’ — da¥’, (12.11)

rae = —1/a.

Bynem cumrarh, 9TO 9acTh MPOCTPAHCTBA-BPEMEHH, KOTOPasi
COOTBETCTBYET JIBHKEHHWIO YACTHIIbI 0 MOMEHTA CTOJIKHOBEHUS,
3amaéres HeparernctBamn ¥ < 0, ! > 0, a 9acTh TPOCTPAHCTRA-
BPEMEHM, OTBEYAION[Asi PACIPOCTPAHEHUIO BOJHBI O MOMEHTA
croskuoBenusa — ¥ > 0, ' < 0. CTOJIKHOBEHHE TIPOMCXOIUT B
momenT 20 = 0 mpm z! = 0. Ilepemumit GpoHT pacmpocTpame-
nug Bosnbl Ilepeca onuceisaerca ypasuenueM: z° = 0. Teuenuio
BPEMEHM OT MPOILIOr0 K Oy/ylmeMy OTBEYAET YBEJIUYEHUE KOOP-
auHATH 0.

Mpbi mpeHeOperaeM BKJIAJIOM CKAJISAPHOrO MO B KPUBU3HY
npocrpancrsa-spemenu u npu 2 < 0 Merpuky GepéMm B BuE

(12.11), a npu 2° > 0 ucnombsyem merpuxy Ilepeca:

ds® = [1—|—26—|—f(m0,xQ,xS)]dx02+2dx0d$1—dx22—dxgz, (12.12)
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rze

>’f n *f

0z?* 0%
(em. [92, ¢.113]). Bomonnenune ypasaenus (12.13) sxBuBajieHTHO
NPEITOIOKEHUIO, COMJIACHO KOTOpoMy Merpuka (12.12) ymosie-
TBOpsieT ypaBHeHUsM DitHmrreitna myis Bakyyma R, = 0. Oynk-
nust f IOJI2KHA HE TOJILKO yA0BJIeTBOpATH (12.13), HO U BHIOUpaTH-
s TaK, 9TOOLI KPUBH3HA IPOCTPAHCTBA-BPEMEHH ObLITA HEHYIEBOA.
A 15 9TOrO MOJIE3HO MMETH B BHJLY, YTO

=0 (12.13)

2 9% 1% 20°f
R20202_5W7 R203O:R2023:_§W’ 3030:_§W.

IIpeamonaraem, aTo

f(0,22,2%) = 0. (12.14)
D10 yciioBue 06eCeYnBaeT HENPEPLIBHYIO CIIUBKY MeTpuK (12.11)
u (12.12).
12.2.2. OTpakeHue CKaJAPHBIX YACTUI]

VpaBHeHne CKaJsIpHOro MOJIA B ICEBIOPUMAHOBOM MHOT00OpA3UN
UMeeT CAeyIOInid BUI;

0 0
R (\/—991’“1@ +V=gu’Y =0
i ox
nJjin
0% 0% 0% 0%
20+ 2 —(1+2 - - = 12.1
:U“ ¢ + axoaxl ( + /8 + f) 8.1:12 63722 83332 O? ( 5)

rae p = me/h ([129, c.127]).

[Inornocrs 3-mmiryibca gacrunnt P,y (Ionapu3oBanubLii mo-
TOK SHEPIUU CKBO3b €IUHAIHYIO TLIOMIAJIKY 38 €IUHUILY BPEMEHH)
([149, c.146]) GyaemM BBIYHCIATH MO OTHOIIEHWIO K CJIEYIONIEMY

opTopenepy:
. 1
)\Z(O) = <17 _§(f + 26)7070) 3
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; 1
)‘(1) = <_1u2(f+2+25)70a0> 3
{2 = (0,0,1,0),

iy = (0,0,0,1),
rie
ik A )Ny = )
W )(mn) = diag{l,—1,—1,—1} — Tem3op MuHKOBCKOTO.

Tornma
Play = =Tir Aoy Aoy

riue

oY 0 oy 0
Tik w 1/) + MZQ/JQ _ gmn w w
ari ok 27 Ox™ Oz
— TEH30p YHEPIUU-UMNYIbCA CKAJISIPHOTO MOJIA.
Buramncnsas, nomygaem:

2
Puy = F%(Hsz) 87’”} _ {‘%’]

2 Oxl 0x0 ox!
=—{gf S(fF+ Baw] Baw 2+2B+f)—(§;€)},
Poy= - | 2% - 3 +2005] - 22,

Py =~ [51@ - ;(f”ﬁ)gaﬂ '%'

[peanonoxkum, ato Bee dbyHknun O /Or! orpaHudens Mo mepe-
mennoit 2¥; O /0x?, 00 /0x3 coxpamsior 3Hak mpu mobom 20 m,
nakonern, O /0xt # 0, (01 /0x! # 0, Tak KaK MbI pacCMaTpPUBaeM
YACTHUILY, IBUKYIILYIOCS HABCTPEUY PABUTAIMOHHON BOJIHE). DTH
OTpaHWYEHHS] HE ABJIAIOTCA OOPEeMEHWTENHbHBIMHA U, B OBIIEM-TO,

OTBEYAIOT peasibHO dbu3ndeckoil 3ama4e (CM. IpUMEpPbI HUKE).
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Jlo cronkmopenus ¢ = (x!, 22 23) re. me zapucur or 20,

f =0, nosromy

a1’
P(l) = ﬂ(l +5) |:6.131:| < 0.
Eciu renepn paccmarpusarb Py (o = 1,2,3) xak dynxuun or
MepEeMEHHO [, TO JIETKO 3aMeTUTh, 9TO BCE OHW OZHOBPEMEHHO
U3MEHSIOT 3HAK TPU OJHOM W TOM Ke 3Hadenuu f = fy mo mepe
usmenenus |f| or myns go 6eckoneanoctu. Ho f = f(z¥, 22, 23).
ITo3TOMY MBI MOKEM HPEIIIONOKUTh, YTO U3MEHEHNE 3HAYCHHU [
LIPOUCXOAUT LpH Bo3pactanuu nepemennoil £’ or mynsa 10 Gec-
koneunoctu. Ilycte fo = f(x),22,2%), tme 23 > 0. Takum 06-
pas3oM, CKaJISpHBIE YACTHIBI, MPOHIs mepeanauii (GppoHT pacrpo-
CTpPaHEeHUsI TPABUTAIMOHHON BOJIHBI, HE CMOTYT TPOHHKHYTH 3a
dport 20 = Y, HA KOTOPOM TPOUCXOMUT PATUKATBHOE H3Me-
HEeHHUe HAIIPABJICHHs PACIPOCTPAaHEeHHs MOTOKa dacrul,. Io cymie-
CTBY, TPOMCXOIAT OTPAYKEHNE TOTOKA YACTHUI CWJILHONW TPaBHTA-
[IMOHHON BOJHO. 3aMeTWM, UTO HAIU PacCy’kKIEHNUs OZWHAKOBO
CIIPABEJJIUBbI J1jIs JIOOOBOIO U He JIODOBOTO «COYAAPEHUs> MOJIEH.

12.2.3. Ilpumepbl 3KpaHOB

1. PaccMoTpuM 6e3MacCoBYIO HacTHILy C ¢ = x', yIOBIETBOPSIO-
1Ieii IepeYrCcIeHHbIM BB yCaoBusaM. B aTom cayyae (=0, 8 =

-1/2)
1 1
P(a) = <4f2 - 47030> )
0

U OTpakeHWe MPOWCXOJUT TOIJA, Koraa mMeercs xy > 0 Takoe,
aro |f(x], 2%, 23)| > 1.

Bosnukaer Bompoc: cymecrByer ju Takad gyskuus 7 Beap
OHA JIOJKHA yJI0BJIETBOPsATH ypasHenusim (12.13), (12.14) u cy-
IIECTBEHHO 3aBUCETHh OT 2, 23, TaK KaK IMOCIeIHee 00eCIednBaeT
MCKPUBJIEHHOCTH MPOCTPAHCTBa-BpeMeHn. HeTpyaHo BuaeTh, 9To
ucKoMas (PYHKIHUA MOXKET UMETh BH/I

[ 2%, a%) = 2 1+ V22 4+ Va2 + 23], z)=2.
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Hanporus, ecin B3aTh

fa 2% 2%) = l(sin zY) - arctg x—3,
T x?
TO
|f(2°, 22, 2%) < 1, (12.16)

M OTParKEHWsi HE MPOUCXOINT. DTOT PE3YJIBTAT 3aKOHOMEPEH, NhO
HepaBeHCTBO (12.16) yKa3bIBaeT Ha OTHOCHTEIBHYIO CITabOCTh IPa-
BUTAIITMOHHOI BOJTHBI.

Eciu B3ars caenyiomue ¢yuxumn: [ = 202223 wm f =
2%1n (x22 + x32), — TO B ILIOCKOCTH 2%, OPTOrOHAJILHON Ha-
MPABJICHUIO JIBUYKEHUS MOTOKA, YACTHI], MOSIBJISIIOTCS <IIEJIN», de-
pe3 KOTOPhIE YACTHUIIHI TIPOXOAST CKBO3b BOJHOBOW I'DABHTAIINOH-
HBIHA TAKeT. B mepBoM cirydae «Ienb» ONMMCHIBAETCS yPABHEHUEM
z%23 = 0, a Bo BTOpOM — 22 + 23 = 1.

2. Paccmorpum wmaccuBHyI0 dactuily. Pemenmem ypasHe-
mus (12.15) 6ymer dbynxuus (al, 2?2, 23) = zlp(2?,23), rae
(22, 23) # 0 ynosnersopsier ypasuenmio Ap = . Kax pumnm,
0 /0z* orpanmaennt o z¥, 9y /dx! = ¢ # 0. CnenosarennbHo,
JIIST PACCMATPUBAEMOrO PeIeHns OyIeT HAOMOAATHCA N3y IaeMOe
HAMU SIBJIEHUE OTPAKEHUSI.

Nrax, ckaJagpHbe YACTHUIIBI, CTOJIKHYBIIHUCH C CUJILHON IPaBH-
ramuonHoi BosHOU I[lepeca, 00si3aTeIbHO MEHSIOT HAMPABJIEHUE
CBOEro pacIpoCTpaHeHus, W, Oojlee TOTO, HADIIOIAETCS sIBJICHUE,
KOTOPOE MbI Ha3Bann orpaxkeaneM. OHO 3aKII09aETCS B TOM, 9TO
YACTUIIBI HE IMPOHUKAIOT 33 HEKOTOPBIH BIOJHE ONPEIETEHHDI
¢POHT pacupocTpaneHus rPaBUTAIMOHHON BOHbL. OIHAKO B JIO-
6OM CiIyuae OTpayKeHue He MMPONCXOINT Ha TepeaHeM (hpoHTe pac-
MPOCTPAHEHWST BOJIHBI.
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Terpagnast Teopud
rpaBUTAIAN

B rerpasunoit reopuu rpasurauuu (TTI) rpaBuranus onucei-
i

BAETCSA TETPATHBIM TOJIEM )\(a),a = 0,1,2,3, xoTOpoe CBA3aHO C
METPUYIECKUM TEH30POM COOTHOUICHUAMM:

9"* =1 N Alyy,

re () = diag{+1,—1,—1, -1} — Tem3op MunKOBCKOTO.

B nmonckax eqmHON TeOpUM IPABUTAIIAN W SJIEKTPOMATHETA3MA,
Sitnmnreiin obparmaics K TerpaaHoii Teopun [208]. OHako oH OT-
Ka3aJ/cs OT Heé, MOCKOIbKY B PACCMOTPEHHON UM TEOPHH He OBbLIO
pemrenns [IBaprmmumibga.

Ménnep nokasas, 4TO HEBO3MOXKHO HANTH y0BJIETBOPHUTE/Ib-
HOE BBIPAYKEHWE ISt KOMTLIEKCA SHEPTAA-AMITYIhCA, B PAMKAX PHU-
MaHOBOi reomerpuu [260], T.e. B OTO, n Hamén ymoBierBopwu-
TeTbHOE BhIparkKeHue I KOMILTeKca sueprun-umiyibca B TTT B
CJIy4ae IPOCTPAHCTBA aBGCOMIOTHOTO MAPATLIETH3MA.

Jlarpankesa (HOPMyIMPOBKA TETPAJHON TEOPUU I'DABUTALIAU
6erma mama Ilesuterpunm u Ilnebanbekum [275]. ABropnl mpu
9TOM OTPAHWYMBAJIACH JIATPAHKMAHAMH, IJI KOTOPBIX ypaBHE-
HUSI, ONPEIEJISIONINe MEeTPUIECKHH TEH30D, JOIKHBI COBIAIATD C

218
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ypaBHeHusgAME JDifHinreiina. Ménrep orkasaics oT 3TOr0 Orpanu-
YeHUs ¥ JIONYCKAJI JArPAHKUAHBI, JAIOIIUEe YPABHEHUS I10JIs, OT-
JIMHBIE OT SMHIITEHHOBLIX [261]. 1151 0nHOlM U3 HOZOGHBIX TETPaT-
HbIX Teopuii rpasuTanyu B 2001 roxy ObLta HalineHa chepuyecku-
CUMMETPHYHAST HECUHZYAAPHAA TEPHAS JbIPA, KOTOPAsd KaK MeT-
pUUecKoe T0Jie COBIAIAET TpH OOMbIMHX 7 ¢ pemenuem IlIBapri-
muibaa [267).

Terpaaubiii hopmasnusm nozpouusn Poky u Msanenxo (1929,
1930) onucars B OTO ¢depmuonbt (T.€. 3/I€KTPOHBI, HEHTPUHO,
OPOTOHBI U T.J.). TO ObLIO HEBO3MOMKHO, Kak nokazasn Kapran
(1947), caenars B ancro merpudeckoit OTO [129, ¢.131]. Unave
rOBOPs, BJIHMSHWAE T'PABUTAIMOHHOTO MMOJA HA (DEPMHUOHHOE IOJIe
MaTepPUU OLUCHIBACTCH YEPE3 TeTPAHOE, a HE HEIOCDPE/ICTBEHHO
Tepe3 MeTpuyuecKoe ToJe.

OpuH W3 BapHMAHTOB TETPAHON TEOpWM TDABUTAIVH, PA3BU-
BaeMbIX B HAIlM JHH, — 3TO TaK Ha3bIBaeMbl€ TeJjlelapaJliesbHble
Teopuu rpasuTanuu [176], ocHOBaHHbIE HA IPOCTPAHCTBAX C abCO-
JIIOTHBIM I1aPAJLIEJIA3MOM.

13.1. ®Popmysabl TeTPaIHOTO POPMAJINA3-
Ma

IIycTs /\1(‘(1)’ Ai(a) O0O3HAYAIOT COOTBETCTBEHHO KOHTPBAPHAHTHDIE
U KOBapHUaHTHBIE KOMIIOHEHTBI TE€TpPaJbl, OTMedYaeMon NHIEKCOM
(a), npuuém

i(a ab) i i i(b i K
A (a) — n( ))‘(b)7 )‘(a) = n(ab))‘ ( )7 gzk>\(0))\(0) > 07

e 1) = diag{l, =1, -1, =1} — merpnveckuii Tensop MuHKOB-
ckoro. CBsi3b M€Ky TETPAIHBIM TIOJIEM W METPHYECKAM IOJIEM
HaéTCsl COOTHOIIEHUSIMEA

gik = MMy g = AN NN = 3.

Terpaanoe mosie 33Ja6TCsI ¢ TOYHOCTHIO JIO AOKAABHBLL JTOPEHII-
TTOBOPOTOB

fay = Q) (@) ALy, (13.1)
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c d
Nab = Neal2{e) (1)) ().

TMocieHee paBeHCTBO MOKA3BIBAET, YTO ||QEZ)) (z)|| — omHopomHOE

npeobpaszosanue Jlopenna. B ciydae, korga dyHKImn QEZ)) (z) aB-

JISIIOTCSL TIOCTOSTHHBIME, TOBOPSAT, YTO UMEEM 2400a.4bHble JIOPEHII-
MOBOPOTHI TETPAJIbI.

Terpazma )\1('@) O3BOJIAeT (POPMHUPOBATH JIOKAJIbHBIE 00BHEKTHI
U3 TEH30POB:

‘/(a) — )\%a)‘/i7 V(a) — /\Ea)vi’

a0
gx@ ~ Na g

k _ ym gk ab) _ y(a)y(b)yyrig
Al = A0 AR W = XA

jm>

13.2. Pemntenue npob6JyieMbI TPABATAIINOH-
HOIl s3Heprun-nmiryjibca B T TT

Mésnnep nokazasn [123, ¢.38], 4TO yI0BIETBOPUTEJIHLHOE DEIlEHUE
npobsembr sHeprun B TTI Bo3MoxkHO, T.e. 6yAyT BBIMOJTHATHCS
ycnosus I-II1 u a) u 6) u3 § 3.5.3, ec/iu 101, rPaBUTAIMOHHBIM 110~
JIEM TIOHUMATH TETPALY )\’éa), a TIOTHOCTD JIarpanskuana L B3SATh
B BUIE

L =+/=gL = /=glmsy"*" — G,G", (13.2)
rjie
G" = N"OIVRAL,) =",
=NV
Vkst E VtAs(a)

HeiicTBATEBHO, 718 9TOTO JIATPAHKUAHA, BO-TIEPBLIX, IPU BaPbU-
poBaHuu

5/(£+£m)d4x =0
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o )\1(' o) TOJLYHAIOTCA YPABHEHUSA TOJIs

7 1 i %
() ~ 3 M) 1t =21 (a), (13.3)

COBTIQIAIOININE C YPABHEHUSIMU DUHIITENHA, W, BO-BTOPHIX, KOM-
IJIEKC SHEPTUA-UMITYIbCA

k= V=9 (T +1t7), (13.4)
rie
. VAL GIAR, + GEAY, — ——gke |, (13.5)
k el l mi il li 2\/jg 7 ) .
i i(a) k(a
Akl:)‘() 835(1)’

ynosiaersopsier yeiorusim I-ITT w3 § 3.5.3 (em. [123, ¢.50]).

Ypasuenus noss (13.3) HHBAPUAHTHBL OTHOCHUTEIBHO JIHOOBIX
noeoporos (13.1), Torma kak sarpamxkuan (13.2) um KoMIIIEKC
SHEPIUH-MMITYJIHCA IPABUTAIIMOHHOTO 10151 (13.4), mpeiosKeHHbIe
MérepoM, uHBapuaHTHBI OTHOCUTEILHO (13.1) b B ciaydae
OCTOAHHOCTH (DYHKIIHI QEZ)) (z).

Takasi cuTyanmst OPOANIIA ONPEIEIEHHbIE TPY/JHOCTH Ha MY TH
passurus TerpasaHoii rpakropgn OTO (cm. [123, 144]).

13.3. TI'paBuTalilmOHHO-TETPAHBINI aHa-
Jgor 3¢ dekTa 3eemaHa

Ilensio mammoro mnaparpada saBiagercd MoaydeHne (GOPMYIIbI,
[O3BOJIAIONIEH PACCYMTHIBATH CIUH-IPABUTAIMOHHOE B3aHUMOIEH-
crBue, anajgornanoe a¢bdekry 3eemana. [Ipeackasapmmii 3TO siB-
senvie f.B. 3enbaosud [93], BEICKA3BIBAI MBICIIb, 9TO 3G dEKT BbI-
3BIBAIOT KOMIOHEHTHI (oo (a = 1,2,3) [94, c.51]. Oxnako sTo He
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COBCEM TaK: yKa3aHHBIE KOMIIOHEHTHI MOTYT ObITH OTJIMIHBIME OT
HyJsd, TeM He MeHee 3(@eKT OoTcCyTCTBOBATh. llomydeHHas Hamu
Huke (GOpMyJia — WHBAPUAHT 1O OTHONIEHUID K MPOU3BOJIBHBIM
peodPaA3OBAHUAM KOOPIUHAT.

13.3.1. ®opmynaa ajigd TPaAaBUTANMOHHOTO 3@-
dexkra 3eemaHa

Sanumem ypasuenue /lupaka B BuIE

, 0

rjie ¢ — GUCITNHOD U

1 oA
Fk: = — ( Ok )\l Fi‘k) smr’

mnr 1 m . T T.,m
S =S (MY =), =AY,

rae %) — marpumsr JInpaka ([133, c.381]; [129, c.131]).
MBI TPeToNIoKUM Tereph, 9TO NCKOMas (hOPMYJIa WMEET BU,

he
3= 2 ZB( )O'(O[)7

(03

rie Benmuuubl B(Y) BemecTBeHHBI, HE COIEPKAT MOCTOSHHON
Ilnanka h, u aBagioTCa PYHKIUSIMHA TOJHKO OT KOMIIOHEHT TET-
pan, a o, (a=1,2,3) — marpumpr [aymm.

VYpapuenue (13.6) MOXKHO 3aUCATH B BUJIE

ﬁ;ui + ZC(T)U(T)U‘:F =0, (13.7)

rae

~ . 0 h o e
Dy = ZHA?O)W + 5 ZB( )O'(a) + E/\](“O)Ak F me,
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B = A, Z Ave)E(vas) T Z A6 Z @)

v<B il

. €.k
C(T) = Zh)\ ZhP(T) + E)\(T)Ak,

0
M ogk

— 1 k k m
Py = 5 Amra  NoAien = 22N D_ Alel) D S (-

o a<f Y

L N
Amr,k Py < O A )‘l ) )

mr — m T m T
Alik) = A0 Ak ~ Ay Ao
TIE €(apy) — CUMBOT JleBn-IeBuTTa B CenuanbHON T€OpUH OTHO-

CUTE/IbHOCTH.
Boimmtem komuonentsr B(®) noxpobuee:

B(l) = mr k{ )‘(0) (23) + )\(2) ?Olg) )\(3)/\(03)}
B®— 4, k{,\(o) 05y — /\(1) (03 + (3) Dt
B®) = mr,k{_)‘l(CO) (i2) + )‘(1) (02) ~ /\(2)/\(01)}’

OTKYy/la Cpa3y MOJIydaeM

plax mao 8A b
B = st“’l N l>—* R

i,p,l
Herpyano Bumerh, 9TO TOJBKO TH BEJIWYWHBI O0JIATAIOT BbIIIIE-
IPUBEIEHHBIMHA YCJIOBUAMU. TakuM obpa3om, TpedyeMas Gpopmy-
Jla TOJTy 9eHA.

Omna 006/1a72€T CIEAYIONIUMU CBOMNCTBAMMU:

a) BEJIMYMHA 3 HE M3MEHSETCsl P IPOU3BOJILHBIX IPeodpa3o-
BAHUAX KOODJMHAT, LOCKOJILKY Apmy i 1 )\’(%))\Z) — TEH30PbI Tpe-
THErO PAHIA;

) 10 OTHOUIEHWIO K YUCTO MTPOCTPAHCTBEHHBIM TOBOPOTAM TET-
paJ, ¢ MOCTOsHHbIMU KO3 dbuimenTamu, TO €CTh KOIJIa MATPHUIA
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QEZ)) AMeeT BHJ,

0O _ 1, Q) — o

©) 0 = oy =0 (@=1,2,3),

BesmunHbl BY BegyT cebst Kak mceBnoBekrop. U, 3naudur, 3 Beger
cebs1 Tak e, Kak eé aHaJor B KBAHTOBOI TEOPWUHN TIOJIS.

Bosiee untepecHo cpoiictBo a). U3 Hero cjepyer He3aBHCH-
MOCTh 3¢ PeKTa 0T MPOn3BOJIa B BHIOOPE CHCTEMBI KOOPIMHAT.

13.3.2. CsBoiicTBa BeJUYUHBL 3
B cunxponmHoit cucreme 0rcaéTa METPUKY MOXKHO 3aIIMCATH B BU/IE
2
ds? = da¥ + gapda®dz®

[113, ¢.374]. Beerma MOKHO B 9TOM CJIy4dae BHIOPATH TETPAJIbl Clie-
JYIONUM 00Pa30M:
A2 =(1,0,0,0), A = =Xy = (0,21, A8 A).

Boraucnss, momydaem

gl _ L T (07w 9980 \ 5 -

2 90 v
y<v

N N\ aoe 5
D2 (A(s(s) a0~ o g | €A

Y<B o<

3aMeqaﬂ, YTO IMEepBOE CjlaraeMoe paBHO HYJIIO, TOJIYYIUM

1 8)\(5)
B = A 1000 (13.8)
Tak Kak JJisi CTATHYECKOTO O MOYXKHO CIYUTATH, YTO KOMITOHEH-
TBI TETPAJ, HE 3aBUCAT OT BPEMEHH, TO B 3TOM Cjaydae 3(pderT
OTCYTCTBYET.
OueBunnHO 3phEKT OTCYTCTBYET, €CJU METPUKY MOXKHO HEKO-
TOPBIM MTPEOOPA3OBAHUEM KOOPIMHAT IMPUBECTU K TUATOHATHHOMY
BHTY.
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B caydae cranmoHapHOrO MoJisi, CO3J1aBaeMOro BPAIAKIIAMCS
resiom, addexr upucyrcrsyer ([93]; [129, ¢.144-147]). Ogunaxo ec-
JIU TIepeiTh K CHHXPOHHON cucTeMe orcuéra, To 1o a) 3ddexr ne
ncyesaer u, 3Ha4uwT, (13.8) MOXKeT OBITH OTIIMYHBIM OT HYJIS.

MbI MOXKeM CeIaTh CIIEAYIONUE BHIBOIbL:

(i) paBeHCTBO HYJII0 KOMIIOHEHT (o, HE O3HAYAET OTCYTCTBUE
s dekra, 1, HA000OPOT, €CIU KOMIIOHEHTBI (oo OTJAIHBI OT HYJISI,
TO 3P PEKT MOKET OTCYyTCTBOBATD;

(il) paBEeHCTBO WM HEPABEHCTBO HYJIO 3-BEKTOPOB

~ c \/—g 19¢” si
Qa = « 5 T )
2 900 ( B7) (2 8$0 +g 10

— Cc
= _§rot(gou g02; 9o3

He O3HAUAeT OTCYTCTBHE WiH mpucyTcrere abderra [94, ¢.29-30].

13.3.3. VYpaBuenume Ilaynm

[Monyumm B 0b1IeM BHge 06001eHe ypasuenus [laynu wa ciaydaii
TeTpaaHoi Teopun rpapuTainn. CIUTast, YTO CKOPOCTH PEPMUOHA,
HaMHOT'O MEHBIIIe CKOPOCTH CBETa, W HE BIABASACH B MaTeMaTHYe-
CKHE TOHKOCTH, MOXKEM HAIIHCATh

1
DIt~ — {1+ 7D
* 2mc{ 2me i}

IMocrynas nanee Tak ke, kak B [129, ¢.145-146], monyaum

1

oG Z Ca)Ci5)0 (@) F

1 ~
Fira O Cl0e/ D Ciyos)- ¢ s
a,f
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Ompenenum Tenepb KBAHTOBOMEXAHUYIECKHUE OMEPATOPHI SHEPIUH
U UMILYJIbCA CJIeyfomuM 00pa3om:

~ ) 0
Ej: ==+ th)\l(co)@
(13.10)
. ok O
Pa) =+ ihA) 5%

Torzma (13.9) MOXKHO 3aLECATH B BUIE

. 1 o
Eyx ~mc® + o > Beybla) F3F

1 ~
¥€)‘?o)Ak T Imte Z CaoaD=,Cgopl— + ...
a,B

Tpebyemoe ypasuenne Ilaymum nomygeno. VI3 mero BugHO, 9TO Be-
Juannaa, 3 JeHCTBUTEIBHO WTPAET POJIb CIHH-TPABUTAIMOHHOTO
9HEPreTHUIECKOro JI00aBKa.

13.4. YpaBHeHUe CKaJAdPHOTO TI0Jid B
TETPAAHON TeOpuU rpaBuUTANA

B stom maparpade mombiTaeMmMcss OTBETHUTH Ha, CIAEAYIONIANR BO-
upoc: Kak BeivigauT B rerpanoil rpasuraiuu (TTT) makcumains-
HO 001iee ypaBHenue (6e3 yuéra ero KoH(pOPMHOCTH), OTTHCHIBAO-
mee CKaJsipHoe moJjie?

13.4.1. BeiBoa ypaBHeHUs CKAJSIPHOTO TIOJSA

B OTO ypaBHenue CKaJIsspHOTO MOJIsT UMEET BUJI;:

2.2
(g““VM - mh; ) 0 =0, (13.11)
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rae V; — KOBapUaHTHAsS MPOU3BOIHAS OTHOCUTEIHHO PUMAHOBON
CBA3HOCTU [0 IIePeMeHHO z°

B TTI' ecrectBeHHBbIM 00pa30M  BBOAWTCS  TIOHSITHE
00OOIIEHHON KOBAPHAHTHON IPOM3BOAHOM [128]:

Dkfn = kan - ’Ymnkgma (13'12)
e
A Yk = Am(s) VAL

— K03 punmeHTs BpaleHns Puaamn.

Ciie1oBaTEILHO, MOYKHO BBOJUTD yPABHEHUS CKAJSIPHOTO OIS
B TTT, npoussoss GpopmasbHyo 3ameny npoussoaubix 0/0zF na
Dy u merpuku 7% na merpuky ¢** B ypasmenun Kieitna-®oka
KBAHTOBOI TEOpPUM TOJIA

g 00 mi?

B pesysbrare momygaem mckomMoe ypaBHEHUE

(g““Dka + m;f) o =0, (13.14)

nJjin
(g““VNk — Gna%n + ”?2) =0, (13.15)

rie

G" = \"OIVRAE) =" (13.16)

s
Kak snerko Bugers, ypasuenue (13.14) (mmm (13.15)) obobrmaer
ypasrenue (13.11) B coorsercrBum ¢ HammMm 3ambicjaoM. Boee
roro, ypasuenne (13.14) mbr mosyunnn u3 (13.13) mo Toit e cxe-
me, mo Koropoit (13.11) momyuaior u3 (13.13), T.e. dbopmanbHOl
3aMeHoil mpom3BoAHBIX J/0x* Ha KoBapmanTHBIE V} .
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VYpasuenue (13.14) cyniecrBeHHO HEMETPUYECKOE, UHBAPUAHT-
HOE II0 OTHOLIEHHIO K JIFOOBIM IIPEO6Pa30BAHUAM IOJIOHOMHBIX KO-
OPIAMHAT I’ W MO OTHONEHWIO K TJIOOAIBHBIM JIOPEHI-TOBOPOTAM
TeTpaIbI

i (b) yi
= QU (13.17)
(b)

re Q(a) — MATPHUIA C TOCTOSTHHBIMU KOMIIOHEHTAMH.

Opnako ypasuenue (13.14) mapymaer tpebGoBaHUE JIOKAJIb-
HOIl MHBAPUAHTHOCTU TeOpuH (UMEKTCs B BUIY Ipeobpa3oBaHus
(13.17), B KOTOpPBIX QEZ)) — Ipou3BOJIbHbIE DYHKIMU TOYKU ). 3a-
METHM, YTO IOJ00HAs CUTYaIs yKe HabJI0a/ach B T€OPUU Ka-
smbpoBounbix moJieii [106, c¢.43]. Ho caenyer 3amMeTuTh, 4T0 HEKO-
BAPUAHTHOCTH OTHOCHTENIbHO rpynusl (13.17) ¢ QEZ)) (z), sBnsio-
IMIUMUCS TPOU3BOIbHbIMU (dyHKIUsAME, BeTpedaercs B TTT mo-
BOJIBHO 9ACTO, U €€ OODBSACHSAIOT MEePexoIOM K HOBOH HEMHEPIIH-
AJIHOM CHCTEME OTCYETa U, CJEJ0BATENBHO, MEPEXOIOM K HOBBIM
dbusuveckum ycnosusim [144, c.6, o II1].

13.4.2. Bropoii criocob nmosydeHuss ypaBHEHUS

VYpasuenne Kieitna-®oka (13.13) mosiBisieTcsi B KBAHTOBOM Teo-
puUU MOJI KAK KBAHTOBOMEXAHIIECKOE 0000IEHIEe M3BECTHOTO Pe-
JISTHBHCTCKOTO COOTHOINIEHHUST MEXKJLy MMILYJIbCOM M dHEeprueit

E? =m?c + 2P (13.18)

Uckomoe ypaBHEHHE MTOIYy9aeTCsa € IMOMOIIHI0 (POPMATHHON 3amMe-
Hbl E 1 P/ HA ONEPATOPBI SHEPTHH W MMITYJIbCA

N 7]
E — E =ihc—
ZCaxO7

0]
i Aa =1th—
p p g G

B ypasuenuu (13.18). B pe3yibraTe 3aMeHbl HOJIy9YaeTcs ypaBHe-
are (13.13).
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Ucnounb3ys sty xe uzneto, 0600umm ypasaenue (13.18) na city-
gait TTT. Ins sroro panee Haiinennbe B § 13.3.3 oneparopbl um-
nynbca u uepruu (cm. 13.10)

~ =R . o
E=cpoy ==+ zhc/\’(go)w

(13.19)
0
5 sk
nozjcrasisiem B (13.18).
Tlonygaem ypasmenne
R 3
E? - ¢ Zﬁ(a)ﬁ(a) —m2ct| p =0, (13.20)
a=1
i
(" Piaybsy — m*c*) = 0. (13.21)

C TOYKM 3peHHs [eOMEeTPUM KACATeJbHOrO paccioenus, (13.19) —
OOBIYHBIE OMIEPATOPHI SHEPTUY U UMITY/IHCA B TIOCKOM JIOKATHHOM
KaCaTeJIbHOM TPOCTPAHCTBE (B TOUKE X), 3AMUCAHHBIE C UCIOIb30-
BaHWEM HErOJOHOMHBIX KoopiawHar [144, c.32]. Buaunt, (13.21) —
obbranoe ypasuenue Kieitna-®oka, HO, ONATh-TAKH, 3AIUCAHHOE
B HErOJIOHOMHBIX KOOD/IMHATAX.

Ucnonssys (13.19), nepenumem (13.21) B Buzge

| 0 m2c?
ab)y1i

Ecan TelePpb BOCIIO/JIb30BAaTbCA COOTHOLIECHUEM

i
(/\j : )z)\i(@a/\(a)a ij_ 0

yila) 9

oz \ (@) 9xi ozt OxJ t9 Ozidxd’
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To (13.22) nepeiinér B cieayoniee ypaBHeHuUe

ij ? Y az\j(“)£+m262 —0
9 orior (@) Jxi Oxi 2 YT

Iocnennee ypaBHEHNE COBIAAET C yPABHEHUEM CKATSAPHOTO OIS
(13.15) (u 3magur, ¢ (13.14)), B 4em HeTpyIHO yOEIUTHCH, €CIU
3aMETUTD, 9TO

@ 9% _ i@ P 99
oxJ oxt OxJ

m 1k 0P
+ Flmglkw

) o
U o —
GIVIVIP = G < Oxk

O Op

ij m Lk —
g arj) + Ly -

0% N i Oy

e P

+ n N dp L e 0%
Oxt0xi Axt (@) Pgi @) gzt Pad tm9 Gk

_ g

Taxkum obpasom, ypasuernns (13.14) u (13.21) coBnaznaior.

13.4.3. Pa3suuiia B ONMCAaHUUW CKAJSIPHOTO MOJHA
B OTO u TTI

Terpagnoe ypaBHEHNE TPABUTAIIMOHHOTO TIOJIS B BAKyyMe
Riw) =0

umeer cueayioiee chepudecKu-cumMerpudHoe pemienue [153]:

1- 0 0 0
r
sin 0 cos ¢ sin @ sin cosf
h(_a) — 0
z /1 —Ta \/1_’;9 \/1_L9 ’

T T T
0 rcosfcosyp rcosfsing —rsinf

I 0 —rsinfsing rsinfcosy 0

(13.23)
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riue

— TPABUTAITMOHHBIN PAJIAYC.
Boraucnsasa, momydaem

1 3 T
k _ g
G" = (O, 3 [—2r + 37 +2ry /1 — . },0,0) . (13.24)

A(p) = (13.11) — (13.15) = Gk%

— Da3HUIA MEXKJy ONMCAHUEM CKAJISAPHOTO IOJS yDABHEHHSAMU
(13.11) u (13.15). B cayuae (13.23) ¢ yuérom (13.24) umeem:

rg0p  GM Op
2 9r 2 or’
CremoBaTebHO, B CHCTEME OTCYETA, COOTBETCTBYIONMIEH TETpame
(13.23), noBeieHIe CKAIAPHON HEPEIATHBACTCKON TACTHIHI OTJIH-
YyaeTcs OT TOTO MOBEJIeHKs, KOTOPOe MPe/ICKa3bIBAI0Ch ObI KJ1ac-
CHYECKUM ODLIepeIATUBUCTCKAM ypPaBHEHHEM CKAJsSpHOro Io-

ast (13.11).

IIycrs

Alp) =

13.4.4. Pusmdeckuii CMbICJ JOOABOYHOIO YjI€eHA

G*0p/0x*

Ecan paccmorpers cimaboe rpaBUTAIMOHHOE TIOJE, TO

19(2AY 1
CQG(a) = 72% — (grad UHI)IOTOH)(OC) + O <c),
G(O) =~ 0,
T.e. C ch(a) — «HAIPAKEHHOCTH» TI'PABUTAIIMOHHOIO METPHUKO-

TETPATHOTO TIOJIA.

Ecan nmpoBoanuTh aHAIOTUIO C 3JEKTPOMATHUTHBIM TIOJIEM, TO
METPUKA ;) UTPAET POIbH IJTEKTPUIECKOTO OIS, 8 TETPaIa )\,(;])
HTPaeT POJIb MArHUTHOrO nosis. Ilpu sTom umen G(9/dx* ana-
sornuer wieny E-p, Bxogsmemy B ypasuernue Iaynu [129, c.142].
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3mech E — HAMPSZKEHHOCTD 3JEKTPUYECKOTO OIS, P — OMEPATOP
UMILYJIBCA.

3ameuanme 13.1. Meroa, KOTOPBIM MBI BOCIOJIB30BAJIUCH B
§ 13.4.1 st oJydeHust YpaBHEHUsI CKAJISIPHOTO MOJIsT, TTPUMEHSIII-
cs B [89] st 0606menus ypasuenuii Makcsesia na ciaygait TTT.

3ameuanue 13.2. B [176, p.58] upusoxurcs Apyroil Bapuant
YPABHEHUS CKAJIAPHOTO TOJIS.

13.5. DBaHeniHee cKaJgpHOe I0Jie YepPHOii
AbIPBI B TETPAJHON T€eOpUHU rpaBu-
TaIAN

Kak nokazano psizom asropos [189, 294], craruynas 4épHas Jpl-
pa B obmieit Teopun oraocurensHoctd (OTO) He nmeer BHemHero
CKAJISIPHOTO II0JISA.

MozkHo u yrBepKkAaTh, uT0 B T'TT Tak ke, kKak B 00I1Iei TEO-
puu ornocuresbaoctu (OTO), orpuniaTesbHO peraercs: BOIPOC o
CYLIECTBOBAHUY BHEIIHErO CKAJIAPHOIO HOJIst y 4EPHOIl abIpbl (0T-
CYTCTBHE «BOJIOC» y YEPHOM 1bIPbI)?

[Monyuyennoe B § 13.4 ypaBHeHWE CKAJSIPHOTO MOJSI CAMBIM
HEMOCPEICTBEHHBIM 00pa3oM 00600ImaeT ypaBHEHHE CKaJIsiPHOTO
noss (13.11), ucnonb3yroweecs 8 OTO. Bosee Toro, onu cosua-
JTAIOT B TOM CJTydae, KOTJIa TeTPATHOE TTOJIE YIOBIETBOPSIET K6~
poBouHOMYy ycaoBuio Ponnaesa

VAl = 0. (13.25)

CaenoBaresibHO, HA OCHOBAHWUU BBIBOJOB, CAeaaHHbIx Bekentreii-
HOoM [189] (myist OTO) MBI MOXKeM yTBepKIaTh cieayioiee. Ecan
9EpHAs JbIPA CTATHYIHA W OMUCHIBAETCS TETPAIHBIM MOJEM, yI0-
BJIeTBOpsouM yciaosuio (13.25), To OHa He UMeeT BHEIIHEro CKa-
JIAPHOTO CTATHYHOLO IOJI, T.€. y HEE OTCYTCTBYIOT «BOJIOCHI».
Ho stmm Bompoc 0 «Bojocax» y 9€pHOH IBIPHI HE UCUEPITHIBA-
ercs. /Ieno B TOM, 9TO CyIIECTBYIOT PElIeHust TETPaIHbIX ypaBHe-
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Huit Ditumrreiina ¢ merpukoit [IBapiimnuibaa, He yI0BIETBOPSAIO-
e (13.25). Iloaromy Tpebyercs JOIOIHUTENbHOE UCCIIEA0BAHUE.
Bynem mom TTI mormmMmaTh TeOpwio, ypaBHEHUS TIOJSA B KO-
TOPO¥i COBIAIAIOT C ypaBHeHWsAME JitHmTeiHa. CKaagpHOe ToJe
omuchIBaeM 00OOIMEHHBIM ypaBHeHneMm Kireitna-®oxka:

(0 BiayPyy — m2c2)p = 0. (13.26)

VYpapuenue (13.26), kKak Mbl 3HaeM, He WHBAPDUAHTHO IPU Ca-
MBIX ODIIUX JIOPEHII-TOBOPOTAX TETPAJIBI.
Onpenenenne 13.1. Bakyymuoe perenune )\éa) YPaBHEHUIT TTOJISA
onucpiaer 4€puyio jpipy B TTT, ecitu Merpuka gix = 1(ap) )\Ea)Agb)
omuceiBaeT uépHyo apipy B OTO. Ilpuwyem uépras mpipa — 3T0
KOMIIAKTHBIN O0BbEKT B 3-TPOCTPAHCTBE.

Omnpenenenne 13.2. Ilose %) CTATUIHO, €CJTH €70 KOMITOHEHTHI

. 0
HE 3aBUCAT OT BPeMEeHHOII KoopauHaTsl ¥ u )\(()a) = )\g) =0 (a=

1.2.3).

Byiem npejonararh, 4To METPUKA, i, ACUMITOTHYECKH II0C-
Kasd, ¥ BO BHEITHeH 061acTH 96PHOIT JIBIPBI KOOPIHHATHI ¢ BHIODa-
HbI TaK, 4TO g HA GECKOHEUHOCTHU [EPEXOJAT B KOMIIOHEHThI MET-
pukn IllBapmmuanga, 3aJaHEbE B CHEPUIECKUX KOOPIWHATAX.
Topu30HT coObITHIT omHuchiBaeTcs ypasuenwem F(x! 2?2 x%) = 0,
W HOPMAJIb 7; K HEMY, & TAKXKE JJIEMEHT TOBEPXHOCTH d.5; HMEIOT
HYJIEBYIO BDEMEHHYIO KOMIIOHEHTY.

Teopema 13.1. ITycmo )\éa) — CTAMUYHOE 2PABUMAYUOHHOE TLO-

ae, onucvisarouee wEpnyro dwpy, a p(rl x? 23) — emamuumnoe
sHewHee crasproe nose. Ecau evinosnenv, ycrosus:
1) V,uG™ > 0;
2) ﬁg“ﬂp% 02PAHUYEHO HA 20PUSOHTIE;
3) go*G'G; oezpanumeno na 20pusonme;
4) G™ umeem na Geckoneurnocmu 6ud y

© a;
i=1 pi’
mo ¢ = 0, m.e. uépnas Jbipa HE UMEEM GHEWHE20 CKANAPHOZ0
TLONA. |
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Dra Teopema obobiaer pesyinbrar [189]. Vccnenosanus noka-
3amu, uro, B ormmume or OTO, naxke B ciaydae mBapIInIbLIOBa
NPOCTPAHCTBA-BPEMEHH, YCIOBHUSA 1) - 3) T€OpPEMBI MOTYT HE BbI-
TOJTHATHCS.

13.6. Ompenesenue rpaBUTAIMOHHO-
VHEPIAJIBbHOI'O U3JIy4Y€eHUd

OuH0# U3 BazkHbIX 3314 06ieii reopuu orHocuresbuoctu (OTO)
SIBJISETCsT TPODJIEMA CTPOTOr0 OMpeIe/IeHns TOHATUS TPABUTAIIU-
OHHBIX BOJIH, T.€. MpodsIemMa GOPMYJIUPOBKY B OOIMEKOBAPUAHTHOM
BUE HEOOXOAWMBIX W JOCTATOYHBIX YCJIOBHI, KOTOPHIM JIOJIZKHA
YJIOBJIETBOPSATH METPHUKA TPOCTPAHCTBA-BPEMEHH, JIJIsi TOIO 9TO-
ObI OHA OMWCHIBAJIA BOJIHOBOE I'paBHTAIMOHHOE moje. JlocTarod-
HO TIOJTHBIH 0030p TMOJYYEHHBIX B 9TOM HATPABJIEHUN PE3YJIBTATOBR
JaH B [92].

B srom maparpade mpuBOAWTCS KpUTEpPUH TDABUTAIMOHHO-
nHepIHmaabaoro u3nydenns aus T T, monydeHHbIil HaMu IPU U3y -
Jennn ypaBaenus Iupaka.

Kpurepuit popmynupyercs, onupasch Ha aHAJOTUIHBIN KPH-
Tepuii HJEKTPOMATHUTHOTO W3JIydueHus. JIJs 3TOro C MOMOIIBIO
TETPAJIbI CTPOSTCS B BEKTOPHBIX MOJIst, HHTEPIPETUPYEMBIX KaK
2PaBUMAYUUOHHO-UHEPUUAALHOE NOAC. DTH BEKTOPHDIE MTOJIST TIO OT-
HOIIIEHWIO K JIOPEHI-TIOBOPOTAM TeTPAJbI BEIyT cebst aHATIOTHIHO
KOMILJIEKCY dHepruu-uMityibca Mésepa.

13.6.1. T'paBUTATMOHHO-WHEPINAJIBHOE U3JTyYe-
HUE

MHOTOe TOBOPHT O TOM, 4TO CJa00€ TPABUTAIMOHHOE TIOJIE TTPO-
ABJIgeT aHaJIOTUIO C 3JeKTPOMarHUTHLIM. Peaiusys 3Ty aHaso-
[UIO0, BBEIAEM [BA BEKTOPHBIX IO, OJHO U3 KOTOPBIX, G', —
9TO HALPAKEHHOCTb IPABUTAIMOHHOIO IOJIs, a Apyroe, I°, — Ha-
MPSPKEHHOCTh WHEpUIHAIbHOTO mosist (cM., Hampuwmep, [92]). Ta-
KHM 00pa30oM, TPABUTAIMIO W HHEPIMIO OOLEIUHSAECM B €IUHOE
rPaBATAIMOHHO-HHEPIMAILHOE TIOJIE.
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HeBOo3MOXKHO IpH 3TOM IIPOBECTH IOJHYIO AHAJOIHUIO C 3JIEK-
TPOIMHAMHUKOM, II€ HAIPSKEHHOCTH u MOXKHO OXapaKTe-
pPU30BATH OIHIM BEKTOPHEIM mosieM 4-notentumanom A’. Ho moso-
KM, 9TO FpaBI/ITaL[I/IOHHO—I/IHepIJ;I/IaJIbHOMy TIOJIKO OTBEYAIOT Y€ThI-
pe 4-morenmyaa )\Z('a) (a =0,1,2,3), n paccMOTpUM

Gy = —c* [AY Moy | 13.27
@ =~ A gpm T | (13.27)
2 O
(@) — & _(bpma)yj 3 (b)
7la) — e pma X B (13.28)

IMocpencrBoM 3tux AByX mosedl G u 7' mMPOUCXOOUT yd6T B3au-
MoJieficTBUS (PEPMHUOHA ¢ TPABUTAIMOHHBIM TIOJEM. DTO BUHO U3
ypasuenus Iupaka (13.7), 3anucanforo Jjisi COMHOPOB, €CJIU 34~
METHUTh, YTO

1 1
B@ = ?I(a)y P(a) = _@g(a)'
CnenoBarensho, dopmyna adpderra 3eeMaHa MOXKeET ObIThH Tepe-

II1CaHa B BUJE:
h 3ozl
3 = 2% I( )U(a)-

OTmeTnM TakyKe, WTO B CJIy9ae OTCYTCTBUS TPABATAIIMOHHO-
MHepIUAIBHOTO Mo, T.e. ipu G' = 7¢ = (, IJI0THOCTH SHEPTHH
[OJIsl, MOACYMTAHHAs C IOMOIIbI0 KomIiekca (13.5), paBHa mwior-
HOCTHM SHEPTHMU I'PABUTAIMOHHOIO IOJsi B HHIOTOHOBCKOH TE€OpUH
rarorenua w = —(1/87G)(grad ¢)? (|113, ¢.427]; [129, c.105]).
Eciu e, ckazkem, 2% # 0 | 10 B pa3ioxKennn %t}g 10 cTele-
HAM 1/c TIepBbIe OTJINYHBIE OT HYJIsT YJIEHBI MOSIBISIIOTCST PAHbIIIE,
9eM B CJIyd4ae OTCYTCTBHS MPABUTAIMOHHO-UHEPIUATLHOTO TOJI.

HanuM Tenephb OmpejesieHrne IPABUTAIMOHHO-UHEPIIHAIHHOTO
U3JIyYeHUs.

Onpenenenne 13.3. ToBopum, YTO B OKPECTHOCTH TOYKHU
T TPOCTPAHCTBA-BPEMEHN UMeeTCs I'PABUTAIMOHHO-UHEPIINAJIBHOE
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n3jyvdenune, €CjIu BBIIIOTHAIOTCA COOTHOIIECHUA

(GG =TT (x) =0, (GT')(x) =0,
Gi(x) #£0, Zi(z) #0.

(13.29)

Ilepeiigém K pacCMOTPEHHIO CIA00T0 TTOMIA W MOKAXKeM, ITO CO-
orHomteHus (13.29) B3ATHI IO AHATIOTHH € MOJOOHBIMHA K€ COOTHO-
HIEHUAMU, ONPeNesIAoIUMU 3JIeKTPOMarHUTHOE U3JIyYeHHe.

13.6.2. Cuaaboe moJie

Bynem npeanonarars, 9TO TpaBUTAIIMOHHOE TIOJIE G, COOTBETCTBRY-
eT M30JIMPOBAHHON MaTepHaJIbHON crucTemMe, W Ha OECKOHEYHOCTH
MTPOCTPAHCTBO-BPEMSI CTAHOBUTCH ILJIOCKUM.

Pazsioxkum g B psaa 1o cremensm 1/c:

o0
Gik = Nik + E hi,
n
n=1
rae hi, — 9ieHsl, cooTBeTcTByomme 1/c¢™.
n

(a)
Herpynno yOemuTbes, 9TO CyIIecTByeT TakKad TeTpata A,
IJ11 KOTOPOM

AW g 3,

n=1"
X =20 (@ # )
)
div ¥ = Zaxa X*=0, (n=1,2) (13.30)
n a=1 n
N =03 ¢) = A A7),

Toraa, nupeanosiaras BO3MOKHOCTD PA3JI0ZKEHUS

—+o0 —+oo

I(a) _ Z %-(a), g(a) _ Z g(a),

n=-—2 n=-—2
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IIOCJI€ HECJIOXKHBIX BbI‘II/ICIIGHI/If/i, IIOJIy9aeM

2 —_———
G = —Zrot0® A0 AP =0,
-1 2 111

7 -0

—2

1 8(027)
— 1
8 i —grad ¢
o ¢ O (13.31)
7 =rot (2Y)
-1 1
7! 3(62_%) 1 )
== — —grad (c*hoo)
Lo o2 3 (13.32)
7 =rot (X)),
0 2
e
3 =M g?.g®). 7 -a@® 1® 10)
1
= 5(c*hoo)

— HBIOTOHOBCKMIT MOTEHIMAN IpaBUTAIMOHHOTO mosst (cM. [90]) n
grad, rot — u3Bectable TUddEPEHNNATBLHBIE OIEPATOPHI.
Kpowme Toro,

7O _ g _ 70 _ g0 _ ¢
-1 -1 0 0

IIpu nonygennu coornomenuii (13.31)-(13.32) uCHOIB30BATHCH
pasenctsa (13.30), a Takxke ycaoBus

3 8ha5

3
— 3 —
2 hu =30, D i =0,
k=0 B=1
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KOTOpbIE MOXKHO CUATATH BBIIOJHEHHBIMU 0e3 HAPYLIEHHS BCEX
dopmyur [90], ucnonbdyembix Hamu. Jlejao B TOM, 4TO ITUX COOT-
HOTIEHNHi JIerKo A00nThCs, femast pornycrumvbie (em. [90]) mpeobpa-
30BaHUS KOOPIWHAT.

Kpowme (13.31)-(13.32), MbI uMeeM CJIeIyIONe PaBEHCTBA:

div Z.=0 (n=—-1,0), (13.33)

n

div G = 0100 o= —AnGp-6_1, (n=—1,0,1), (13.34)

n

1 37
t —_— =-1,0,1), 13.35
rot § == ) (13.35)
10
rot T — 10 _ AER)  (n=-1,0), (13.36)
c Ot ——
%/_/ n
rae 0;r — cuMBO KpoHHekkepa.
Kak Bumanwm, u VIOBJIETBOPSIOT ypaBHeHusiM Makcses-

Jla B HOHATHOM (CBA3AHHLIM C Pa3JIOKEeHMeM 10 creieHsM 1/c)
CMBICTIE.
g yenosuit (13.29), onpeae/giomux u3j1y YeHue, UMeeM

GG —TT = G2— T2 =0, 6T = 3 7 —o,
—_—
(n=—-1,0,1,2,3).

OTU COOTHOIIECHUST COOTBETCTBYIOT COOTHOHMIEHUAM
E*-H>=0, E-H=0,

OIIPpeC/IAI0IIUM HU30TPOITHOE 3JIEKTPOMAaIrHUTHOE II0JIE.

Takum o00pa3oM, TpaBUTAITMOHHO-UHEPIHAIbHLIE BOJHLI B
cMbIcae ompenesienust 13.3 B ciiydae €aaboro moJisi B HEKOTOPOM
CHCTeMe OTCUETa, KOTOpas OTOXKJAECTBIIAETCS C TeTPAIOH, MPOAB-
JITIOT XOPOIITYIO aHAJOTHIO C 3JIEKTPOMATHUTHBIMYU BOJTHAMM.



I's1aBa 14

CooTHollteHne
HeoIlIpe1eJIEHHOCTI J1JIs
paaunyca BceenHoii

B xocmosornu ocobyro posib wrpaioT pemrenus Pobeprcona-
Yokepa Buza

ds® = dt? — R*(t)[dx* + S?(x)dQ?].

Opoummonus BeemeHHoi HAYMHAETCS OT «TOYKU», UMEIOIIEH payc
R = 0, koropsrii 3arem Bozpacraer. Moxkem sim Mbl OBITH yBeEpe-
HBI, 9YTO PAJMYC BCErJa UMEET CTPOro ompe/ieaénnoe 3nadenne? 11
HE MOYKET Ji OBITh BCE TaK YCTPOEHO, YTO TOYHOE OMpeIe/IeHue
3HAYEHUs PAIUYCa HEBO3MOXKHO. Bojiee TOro, He MOMKET Jiu Tak
OBITH, YTO TOYHOE ONpeeeHne paauyca Bcenennoit cranoButcs
BCE Oosee Oe3HAMEKHON 3a1ateil, eCIi MBI TTOTPY2KAeMCs BO BCE
boJiee OTHAJIEHHOE IIPOLLIoeT

Pamuyc Bcenennoit mensiercs co BpemeneMm. Bpemennoit ma-
paMeTp t HEMOCPEICTBEHHO CBS3aH C MOCTYJIUPOBAHUEM 3BOJIIO-
nnn Beenennoii. CriemoBareabHo, 11000 H3MEHSIONIEECs CBOMCTBO
Bcenennoit urpaer posapb gacos. [losTomy B KaduecTBe BpeMEHHOMN

239
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KOODPJMHATHI MOXKHO B3Th TEMIEPATypPy MHKPOBOJHOBOrO (bOHO-
BOro u3sydenus u 1.1, [11, ¢.312-313]. B uacrHOCTH, MOXKHO B35ThH
n paguyc Bceenernnoit. JIpyruMu CIoBaMU, U3ydasi CBOWCTBA Bpe-
MEHM, MBI TeM CAMBIM M3y4aeM CBONCTBa paamyca BceemenHoii.

14.1. Cay4gaiiHOCTh JATHI COOBITUS

B Mupe cobbituit M Mbl HAOJIIOJAEM TAKOE CBOWCTBO, KAK 6pe-
MenHoU nopadok. BpeMeHHO! TTOPSITOK BPEMEHU CBSI3aH C TaKUM
MOHATHEM, KaK TedeHne Bpemenu. CoOBITHSA Pa3BUBAIOTCS, pas3-
BEPTHIBAIOTCA Mepe HAOI0AaTeIeM MOC/IeI0BATEIHFHO, BO BpEMe-
HU. DTO 03HAYAET, UTO JIJIsi U3MEPEHUs] BPEMEHHU, & TOYHee, s
u3MepeHust NPOoJOANCUMEALHOCTNY BJIeHUs (CJIOKHOIO COObITUS)
BO BPEMEHW WCIOJIb3YeTCs CEMUATBHBII HHCTPYMEHT W3MEpPEHUs,
HA3bIBAEMBIH yacamu. C TOMOIIBIO YACOB KaXKIOMY COOBITHIO TIPH-
[UCHIBAETCH KOHKPETHOE YUCI/IO, UMEHYEMOE €ro (BPEMEHHBIM) MO-
MEHTOM WJIH €ro 9noxotl. BpeMeHHON MOps 0K TO3BOJISIET CPABHU-
BATH IIOXY JIOOBIX COOBITHIA.

OnHakoO MOTOK BpPEMEHH, BCJAEICTBHE KOTOPOTO SIBJIEHUS, CO-
crosmue U3 COOBITHI, PACKPBIBAIOTCS, PA3BEPTHIBAIOTCS MTOCJIEI0-
BaTEJIbHO, COOBITHE 3a COOBITHEM, JAH Y€JIOBEKY, KAK OTMETHIT (hu-
nocod Kant, ampropmo, ¢ poxaenus. Ipyrumu cioBaMu, BpeMs
KaK LOTOK — 9TO TOJIbKO CyObekruBHOe BocupusTue (0CO3HAHUE)
spjaernit Mupa coOBITHIl, SABJISIOIEECs IJIsT 9eJIOBEKA YACTHIO €ro
BPOXKIEHHBIX UYBCTB.

OnHako Takoe MPEJCTABIEHUE O BPEMEHU CBSI3aHO TOJBKO C
BocnpusaTreMm Buerraero Mupa, ¢ ero orpakeHnem B CO3HAHUHU. B
§ 1.2.2 roBOpUJIOCH, YTO BPEMs — 3TO €lle ¥ aKT co3uanus. Isa
Pa3HBIX CyObeKTa, peanu3dys OJHY HUIe0 A TOCPEICTBOM OIHON
Benu (B cebe), b0 pa3BerBadioT Beesennyto, ub0 HOPOKIA0T
aKT CJIEIyIOIEero Mura Bpemenu. Hempejckazyemo, «CIIydauTcs»
JIA EPBOE WJIU BTOPOE. DTO BHOCHUT AAEMEHM CAYUATHO20 B CaM
aKT comeopenus epemenu. IlosBiieHrEe TOrO WKW UHOTO JIMKA Be-
mu B cebe B (popMe Bemm i HAC B CIyYae PACCMOTPEHUS BO
BPEMEHM aKTOB PEAJU3aluu JII00OH uIen pas3HbIMU CyObeKkTaMu
BCEro JIUIb 6epoamHo. VI 310 oTHOCHUTCA K Takoil Bemu B cebe,
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KaK 310Xa COObITHUA.

TlosToMy HEOOXOAUMO MPEAIOIOKUTh, ITO BPEMs MOKET TIPO-
SIBJISITH ce0si B HAIEM, YEJIOBEYECKOM MUPE, MUPE Y€I0BEUYCCKHUX
CyObeKTUBHBIX MpeACcTaBeHuit 0 Mupe coObITHit aOCOTIOTHO NHA~
9e, YeM TOJIbKO KaK HEeYTO SBJISIONICECH MOTOKOM BpeMeHu (Bpe-
MEHHBIM HOPSIKOM ), IPUIUCHIBAIONIMM JMOXU COOBITUSAM CTPOTO
B BO3pAacTaomieM mopsiake. akTHIecKu 3T0 03HAYALT, YTO BPEMs
MOZKET MMPOSIBUTH CeOst KAK YTO-TO, 9TO MOXKET HAPYULAMb BPEMEH-
HOIT TIOpSAIOK B pas3BépThiBannn cobnrruit! CaemoBaTenbHo, COObI-
THUS, U3 KOTOPBIX COCTOAT ABJIEHUE, MOI'YT MOJIyYaTh SMOXU (=12~
ThI) C HAPYIIEHUEM BPEMEHHOIO MOPSIKA.

O3zmagaer ju 9TO, 9TO BpeMs MOYKET MMEThb CBOWCTBA, 1MOI00-
HbIE Caydaiinoii nepemennoii? Tax uinu nHade, HEOOXOAUMO MOIIbI-
TaTbCA IPUMEHUTDb IIPUHIUIILI TEOPUU BEPOATHOCTH K OIUCAHUIO
BpEMEHU.

IMpunumaem gajee, 9To BHIOOD 3MOX (MOMEHTOB, IAT) BPEMEHH,
KOTOPBIE SIBJIAIOTCS MPUMUCAHHBIMU COOBITHUSIM SIBJIEHUS C TIOMO-
IO HEKOTOPBIX HEMOABUZKHBIX YaCOB, MOXKET OBITH CJIyJailHbIM.

3abyzmeM st TPOCTOTHI O TAKOM ITOHATUHU, KAK MECTO COObI-
tusg. B aToMm caydae cobbitust B Mupe COOBITHIT MOXKHO Pa3iin-
YUTH TOJBKO C IOMOIIHI0 BPEMEHHOT'O IOPAIKA, U (POPMAIHHO ITO
o3una4daer, 410 Mup cobbituii M ecrb JIMHEHAHbIA yII0Psi10YeHHbIi
KOHTHHYYM, U30MOPMHBII BEIECTBEHHON TpsaMoil juaun IR.

JlaBaiiTe mpeAnoIaraTh, 9TO Mbl BHIOMPAEM YaCHI t, KOTOPHIE
MO3BOJISIIOT KAXK/I0MY COOBITHUIO T TPUMKACATH MOMEHT BPEMEHH, CO-
OTBETCTBYIOIIErO €My, TO €CTh 3MOXy 7. Mbl Mpu3HaéM, 910 KaxK-
J10€ COOBITHE TIOJIyIAET CAYUATUHYI INOLY. DTO MOHUMAETCS CIICTY-
omuM 006pa3oM. IIoCcKOIbKY cOObITHE — 9TO HEKOTOPAs U3~
IUsi, OHO JOJI’KHO 3aHATH TOJIHKO MTHOBEHUE T B TIOTOKE BPEMEHU
t. Tak mpuHSATO B Teopuu otHOCUTEIbHOCTH. HO dphakTraecku 3To
cobbITHE UMeeT dieHue B TIOTOKE BPpeMeHH © 1, CJIeJI0BATENBHO, ero
3MoXa 7 abCOFOTHO TOYHO HEM3BECTHA, XOTs JIOJKHA JIEKATH HA
HEKOTOPOM cermenTe |7, 7 + A7| Bpemenn t. 3HAYINT, 310X T JJIst
coOBITUS X eCTh caydaiinas BeanunHa 7 :< X, S, P >— IR, rme X
— BEPOSATHOCTHOE MPOCTPAHCTBO, S — o-anredpa wHa X, P — mepa
BEpPOSATHOCTHU Ha, X .
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U nertudunupyst mpoctpancTBo cobbituit X ¢ Mupom coObI-
it M, MOKeM B3IVIAHYTHh HA M KaK Ha BEMIECTBEHHYIO MPSMYIO
R n yBuzeTh BpeMeHHYI0 310Xy (#arhl) 7(t) Kak CayvaiHyio Be-
JINYWHY, JAHHYIO B TIOTOKE BpEeMeHu t.

CobbITHE B TEOPHH BEPOATHOCTEH — 3TO S-M3MEpPUMOe MHOMKE-
cTBO B mpocrpancTtee X. B Harmeit TepMuHOIOTNN TOHATHE SBJIE-
HUsI COOTBETCTBYET MOHSATHUIO COOBITHS TEOPUH BEPOSTHOCTEH.

CoObITHS TEOPHUH BEPOSITHOCTEH COCTOST U3 JIEMEHTAPHBIX CO-
OBITHI, ABISIOMNXCA TOYKaMu mpocTpancTsa X. B repmurOIOrnm
Munkosckoro Touku Mupa cobbrruit M cyrb cobbrrusi. Kak Bu-
JINM, UMEEM HEIJIOX0e COTJIACOBAHNME TEPMUHOB 0DEMX TEOpWHii.

UTak, cBOICTBO BpeMeHU, COCTOSIIEE B CIYIARHOCTH TTPUTIHCHI-
BaHUs MOXU (JAThI) COOBITHIO CIEYeT PACCMATPUBATH KAK CJLy-
Jaiinyio Benmuuny. BymeMm eé Ha3bIBATh BpeMEHeM-3IIOXOi.

14.2. CooTHoIIIeHnEe HEOIPEaeJIEHHOCTHI
JJI JaThI COOBITUS

IMycts  f-(t) NJIOTHOCTL pACIpENEJIECHUsT BEPOATHOCTEH  JIjis
BPEMEHHU-3II0XU T YJIOBJIETBOPSAET JABYM YCJIOBHAM:

“+o00
Mr = / tf-(t)dt =0, tllgl tf-(t) =0. (14.1)
IIycrs
D(t) = —Cl%ln 1+ (1), (14.2)

rae ¢; = const > 0.

[Mosichum cwmbicst Benmwuwebl D, onpenenéuuoil  hopMyioi
(14.2). TockonbKy fr(t) — MIOTHOCTb pacCIpeNe/eHUusT BeTUIUHbBI
T, TO €€ CMBICJI — 9TO BEPOATHOCTH TOTO, UTO COOBITHE IIOJIYIHT
3MOXY, JIEXKAIMYI0 HA OTPe3Ke BpeMeHu-notoka [t,t + 1], tme 1 —
YCIOBHAS €IWHATIA W3MepeHns spemenn. [lo anamorum ¢ dhopmy-
Jioit BosibIimana /11 SHTPOIUH, MOXKHO 3asdBUTh, 4To In f, () — 910
SHTPONHS BPEMEHU-3MO0XHU. /IpyrumMu CIoBaMu, OHA XapaKTEPU3yeT
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MEpPY Je30praHu3alin COOBITHA Kak ApjeHud. Ilosromy Benwmunm-
Ha D(t) xapakrepusyer ckopocmb HAPACMAHUSL 0€30P2aHU3AUUL
COOBITUSA-ABJICHUA.

Teopema 14.1. Ecau ycaosus (14.1) swnoarnervs, mo cnpasedau-
60 COOMHOWEHUE HEONPEIEAEHHOCTIU

ATAD > ¢;. (14.3)
]

J0Ka3aTeIbCTBO TEOPEMBI TAHO B [63, 77].

Teopema TOBOPHUT, UTO CKOPOCTH J€30PTAHU3ANNN COOBITHSI-
ABJIEHUST TeM OOoJbIe, 4eM OJnKe APYr K APYry TPAHUIbl JOKa-
JIN3alluy ABJICHHUA B IIOTOKE BpEMeEHun t.

14.3. CooTHoIllleHrne HeOoIpeaeJIEHHOCTHI
aJist paguyca BceenenHoii

OnwucwiBaeM reoMeTpuio BeeHHOo#M ¢ moMOIbio MeTpukn Opuama-
Ha BUA

ds® = dt? — R*(to +t)[dx* + S%(x)dQ?], —to <t < 400,

rIe Mbl U3MEHUJIN BpeMs poxkaeHusi Beejennoit: 0 3aMeHnIn Ha
—to. Bpemennoit mapaMeTp ¢t HAPSIMYIO CBS3aH € TIOCTYJIATOM 3BO-
grorun BeesreHHoM, U, 3HAYMT, JTI000€ M3MEHSIoIee CBoicTBO Bee-
JIEHHOU UT'PaeT POJib 4acCOB.

IIycrpb smoxa t = 0 ectb MOMeHT u3mepenus paauyca Bcesen-
HOIA.

Ecan pomyctuth, uto paanyc R Beenennoit ansercs ciaydaii-
HOI BEJIMIUHOM, TTOIO0OHOI BpEeMEHU-IATe T, TO, BHITUCIAST H3BECT-
HbIM o6pasom [119, ¢.43-49] cpeatee KBaapaTU4HOE OTKJIOHEHUS
AR depe3 AT, OJTy9uM COOTHOIIEHUE «HEOMPEIETEHHOCTU Y, CBs-
spiBaroriee Besmauibl AR u AD. 3nadeHune u3aMepseMoro pajanyca
Bcentennoit OymeT 3aBUCETH OT TAKUX XAPAKTEPUCTUK BCEJIEHCKUX
sBjieuii (COOBITHI), KaK CKOPOCTH UX CTAHOBJIEHWS WU Pa3py-
[IEHUS.
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s kpurudeckoit nbuiesoit mogean Ppunmana R(tg + t) =
A + Bt + o(t). 3uauur, B nepsom upubsnmxkenunu AR = BAT,
dR = Bdt,

_ d _ d R(to+t) — A+o(t)\ _
D——clilnfr(t)——clB%ln fT( B =

d
= _clBﬁ In fR (R) = DR.

ITosTomy
ARADR ~ cs. (14.4)

®Oyukuus fr(R) — WIOTHOCTH BEPOSITHOCTU CJIyYailHON Be-
suanabl R. E€ cmbici — BepogTaOCTh TOrO, uTo Beesennas noury-
YUT 3HAUEHWe DaJuyca, Jieskainee Ha orpeske [R, R+ 1], rne 1 —
yCJIOBHASI eUHUIA n3Mepenus miuHbl. [lo anamoruu ¢ ¢popmynoit
Bouibiimana i 9HTPOIUK, MOXKHO 3agBUTh, 4TO In fr(R) — 310
SHTPOIUsI; OHA XAPAKTEPU3YET MepPY [1€30PTaHu3aluu COOBITHSI-
SIBJIEHUSI, O3HAYAIONMIErO MPUHATHE BCeseHHON KOHKPETHOro pa-
mayca. [losromy Benmuunna Dg(R) xapakTepusyer ckopocms Ha-
pacmanus de3opzanu3ayuy pa3mMepos Beesernoil.

®@opmyaa (14.4) roBoput, 9TO Y€M TOYHEE MbI YKEJIAEM Y3HATh
3HadeHne pamnyca Bcemennoil, eé 00bEM, TeM OOJbIIe CKOPOCTH
[OTepH MOy YEHHOIO 3HAHUS.

Tounoe, oyeHb TO4YHOe 3HA4YeHUs pPaauyca R BakHO ymerb
OTIPENIESISATh TPY KpaifHe MaJIbIX 3HAYEHUSIX R, B MOMEHT TakK Ha-
3bIBaeMoro poxkaenns Bceemennoit. Ho Kak pa3 B 9THX yCJIOBUAX,
kak rosopur ¢dopmyna (14.4), nonydaembie 3HaHUS O pa3Mepax
Bceemennoit abcomioTHO M€30pTaHN30BAHBI, T.€. B OIPOMHOM CTe-
eHr nporuBopednBbl. Hade 1oBOpsi, HECCMBICIEHHO HAIEATHCS
y3HaTh YTO-TO ONpeeSeHHOe O TeoMeTpun Bceemennoit Torma, ko-
T3 OHA MMEET MAJIbIe PA3MEPHI, T.€. B MOMEHT €€ DOXKICHS, NMe-
HyembIit BoJibImuM B3pBIBOM.

C sruM cormacyercss TO, 9TO, COMJIACHO BTOPOMY 3aKOHY Bpe-
menu (cm. [221, 66]), momenT ¢ usmepeHusi pajuyca Bcenenuoii
JIOJIZKEH ObITH JIOCTATOYHO YIAJIEH B IIPOILIOM.
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KBanToBag rpaBuranmus

B magane XX Beka Hapsay ¢ mapaurMoil KJIacCHIECKOrO OIIH-
canug Beieil (pusuueckux res) craja UCIOAb30BATHCH 1APA/IUL-
Ma KBAHTOBOTO OMHUCAHUS Berleii. Bellh B KBaHTOBOI ¢u3nke
pPacCMaTpPUBAETCA yXKE HE KAK MATEPHAJbHAS TOYKA, 3aHUMAIO-
masi KOHKpeTHOe MeCTO (,Yy,z) B NPOCTPAHCTBE B KaK/bI MO-
MEHT BpeMEeHH t M, COOTBETCTBEHHO, KpuBas (MUpPOBas JIMHUS)
2" = 2%(s) B IPOCTPAaHCTBe-BPEMEeHH, a KaK CucmeMma, CBOfiCTBa KO-
TOPOIl B IIPOCTPAHCTBE-BPEMEHHU ONMUCHIBAIOTCS KOMILIEKCHO3HAY-
HO¥ BOJIHOBOH dyHKImei ¢ = (¢, z,y, 2).

KsanToBast Teopusi — 3TO HOBBIN, O0JIee OOraThIil A3BIK OMUCA-
uust pusngeckoit Peambroctu. OH oTIM9aeTcs OT sA3bIKA KJIACCH-
9ecKol (DU3UKHU HE TOJTHKO HCIOIL30BAHKEM CYIIECTBEHHO Ooiee
CJTIOXKHOTO MATEMATHYECKOrO alliapara, HO U TEeM, 94TO HAJeJser
BEIIM MACCOW HOBBIX, HEOOBIYHBIX C KJACCHYECKON TOYKHU 3PEHUS
cBoiicTB. Mcnosib30BaHme KBAHTOBOW MapaJurMbl Tpebyer mepe-
GbOpMyIMPOBKY KJIACCHYeCKUX Teopuii (pusmyeckux sipjennii. 00-
Aast TEOPUsS OTHOCUTETHLHOCTH — ITO YUCTO KIACCUIECKAST TeOPUS.
ITosTomy BO3HEKaeT mpobeMa MOCTPOEHNUsT €€ KBAHTOBOTO BapH-
anrta. OJHUM U3 TAKUX BAPUAHMOE KEAHMOB0T 0buLell meopuu
OMHOCUMEALHOCTNU, W, KAK ODBIYHO TOBOPAT, K6AHMOG60U 2pa-
BUMAYUY, SBIISIETCS CO3JAHHAs YHUJIEPOM KBAHTOBAs E€OMETPO-
MHAMUKA.

245
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[To muenuto Yusepa, ypaBHeHust JUHINTEIHA OMUCHIBAIOT BpPe-
MEHHYIO JUHAMUKY T€OMETPHH IPOCTPAHCTBA, T.e. 00IIasi Teopusd
OTHOCHTEJILHOCTH — 3TO, B JAEHCTBUTENHHOCTH, 2e0MeMpPoduHaMU-
Ka.

Keanmosasn zeomempodunamura OCHOBBIBAETCS HA HUJee Cy-
MEePIIPOCTPAHCTBA. ZI3BIK TEOpHWH CyMeprnpOCTPAHCTBA, Y UJIepa —
9TO A3BIK KBAHTOBOU Teopuu, OOJIee CJOXKHBIN, YeM si3bIK OOIIei
TEOPUU OTHOCUTEIbHOCTH; OH OIHNCHIBAET IIPOCTPAHCTBO-BPEMHA
KaK KAGCCUYECKY!0 TPAEKTOPUIO B CyLEPIPOCTPAHCTBE, IOABJIA-
IOIIYIOCH B PE3YJIbTaTe KBAHTOBOI nHTEpdOEpEeH N,

ITockonmbky Bceemennas pa3séprayTa B (hOpMe MPOCTPAHCTBA-
BPEMEHH, TO KBAHTOBAasd I'€OMETPOIMHAMUKA Y AJIEPA — DTO KBaH-
ToBast Teopust BceaeHHoI.

Baxk#o 3aMeTuTh, 9TO IPHU CyNEPIPOCTPAHCTBEHHOM OIMUCAHUY
MOTYT IIPH UHTEPMEPEHIIUN TOABIIATHCH HECKOIBKO KJIACCUIECKUX
TPAEKTOPWUil, & HE TOJIHKO OTHA-EIUHCTBEeHHAA. [ pyruMu cjoBamu,
KBAHTOBAasI CyMEPIPOCTPAHCTBEHHAS TEOPUsT OTKPBHIBAET BO3MOXK-
HOCTH JJIST PA3BUTUS MHO208APUAHMHOT KAGCCUNECKOT UCMOPUL
dusuaeckoit PeambHOCTH, COCTOSINEH 13 MHOKECTBA BCEJICHHBIX.

15.1. TeomerpoamHamMuka Y mujaepa

TeomerpoauHaMuKa cunTaeT IpoOCTPAHCTBO, ero reomerpuio G =
(h,K), rme h — meTpuka, a K — BHeNTHsiSI KPUBU3HA T€OMETPHN
MPOCTPAHCTBA, BJIOKEHHOTO B MPOCTPAHCTBO-BPEMSI, UCXOIHBIMU
MOHATUAMEU. ['eOMeTprst TPOCTPAHCTBA PACCMATPUBAETCS KAK V-
HaAMHUYECKH HM3MEHSIONasca BO Bpemenu t semumuamHa G;. Ilpu
9TOM CYHMTAETCs, YTO MPOCTPAHCTBO-BpeMsi (DG siBIIsieTCsi BTOPUY-
HBIM [IOHATHEM U CTPOUTCH KaK CKJejika cemeiicrsa {®¥G; : t € IR}
reoMeTpuii MPOCTPAHCTBA.

W3mensiomasicss BO BpeMeHH t TeOMeTpHusi 3-IPOCTPAHCTBA
@G, = (ht, K¢) momxHa yaOBIETBOPATH (BDYyHIAMEHTATBHBIM I~
HAMUYECKUM YPABHEHWSIM, KOTODBIE SBJISIOTCA WHOU (hopmoit
ypaBHEeHUH DUHITITEHHA.
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Vckombie ypaBHeHUsT UMEIOT BH,

O — oI, + Lyh,

(15.1)
Ky _ 2K, x K, — Kitr(K;) — Ric(hy)]+

ot
+LgK, + Hess(a).

IIpu mourw T00BIX v, § ¥ HAYAJIBHBIX JAHHBIX hg, K pernenn-
em ypasuenwuii (15.1) 6yxer merpuka

g=(a?—h(B,B)dt @ dt — By @dt —dt® B, —hy  (15.2)

Et = ht(ﬂa )

Takum 00pa30M, TeOMeTpHsl MPOCTPAHCTBA-BPEMEHU OIIpPeIesis-
ercd 3amanneM (GyHKIUA «, 0 U BBIYUCIEHUEM TE€OMETPHUU IMPO-
CTPAHCTBAa, KOTOPOE CBOJUTCS K HAXOMKIEHUIO B KAK/IBI MOMEHT
BpeMenu t 3-MEeTPUKHU MPOCTPAHCTBA h; W €ro BHEIHe( KPUBHU3-
HbI K, yIoBIeTBOpSIOMuX cucreme auddepeHnaabHbIX ypaBHe-
mnit (15.1).
IMokaxem, kak Obliu 1osyuenbl ypashenusi (15.1) B crarbe
Apuosurra-Tuzepa-Musuepa [7].
IlycTs
00)7%

haﬂ = GJap, N = (_g ; Ne = Joa

70 = \/=g[[%, — hu TS h A R
Buech heP — MaTpUIA o6paT_Ha§{ 21 MaTpunbt hag.
Bammiem TeH30pLI gix ¢'F B BHIE:
NoNB
-~z

goo = —(N? = N,N®), ¢*f =pob

o__ L e N — NVR
g __N27 g _N27 -9 = ’
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rae N¢ = hO‘BNB.
Jlarrpamxkuan OTO MOXKHO TpeJICTABUTD B Cieyomiei ¢pop-

Me:
oreP o o
Eg:\/_gR:_haﬂW_NR —NQR —
rie

R = —Vh [“’)R +ht (;71‘2 - ﬂaﬂﬂ'a,@>:|

o= _orh

- 6
U | 03HAYAET KOBAPUAHTHYIO IIPOU3BOJHYI0 OTHOCUTEIHLHO METPU-
ku h. [IpocrpancTBeHHBIE HHIAEKCHI v, (3,... = 1,2, 3 omyckaorcs
U IIOJHUMAIOTCH C IIOMOILBIO TEH30POB Nog U heP . Munexc @ ro-
BOPHUT O TOM, YTO OOBEKT MOCTPOEH U3 METPUKHU .
BapnupoBanme narpamkunana mo m, h, a Takxe mo N* coor-
BETCTBEHHO MAET CJIEAVIOIINE TPYU YPABHEHUS

1
= 2Nh7% (7(_04[3 — 2haﬁ7('> + NO“B + Nﬁk’” (154)

af
om = _NvVh ((3)Raﬁ_;htxﬁ(3)R>+

1 —5708 v 1 2 -1 av,__f3 1 af
+§Nh 2h m 7T;w*§7r —2Nh™ 2 |7 7r,,—§7r7r +

+VA(NI*P—pPN#, )+(x*PN#) =N 7 =N7 | 7, (15.5)

|
1
R}, - 50, =0, (15.6)

SBJISIOMINECS YPABHEHUAMU JWHINITEHHA WM WX JIMHEHHON KOM-
OmHAITHEA.
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15.2. CynepnpocTpaHCTBO ¥Yujepa

CymnepripocTpancTBo Y uiiepa ObLIO MIPUIyMAHO C IEIbI0 CO3TaAHUS
KBAHTOBOM I€OMETPOJIMHAMUKH, T.e. BADUAHTA KBAHTOBOI I'DaBH-
Talyu, OCHOBAHHON HA IIPE/ICTABJIEHUU, YTO TEOPHS I'DABUTALIUU
DMHIITENHA, — 9TO 2e0MeMPOUHAMUKA, T.€. TEOPUS TUHAMUAIECKU
3BOJIIONMOHUPYIONIEN 3-MEepHOI reOMeTpHH.

IIpocrpancTBo-Bpems Beenennoit siBasieTcst o0Imei CeHo i
[IPEJCTABJIEHUS U KJIACCUYECKUX, U KBAHTOBBIX mporeccos. 1lo-
CKOJIbKY, C TOYKHU 3PEHUs TeOMETPOIUHAMUKW, MPOCTPAHCTBO-
BpeMs CKJIQIbIBAETCS, CKJIENBAETCS U3 CEMENCTBA 3-MIPOCTPAHCTB,
3-reomerpuit PG, T.e. OMUCHIBACTCS HA $S3bIKE 3-T€OMETDPHil, TO
KBAHTOBOe Olucanue BceseHHoi T0IKHO TaKyKe UCXOTHBIM [TOHSI-
THEM CYUTATH MHOYXKECTBO 3-I€OMeTpuil, 33/[aHHbIX HA HEKOTOPOM
3-MepHOM TJIaJIKOM MHOTOOGpazmm M3,

Bo BTopoii monouie XX Beka HarboIee MPOdIEeMATHIHOMN CHUH-
TaJach KOCMOJIOTUs 3aMKHYTOro npocrpancrsa. llosromy Yurep
paccMaTrpuBajl MHOXKECTBO 3-reoMeTpuil, 3a/[aHHbIX HA KOMIIAKT-
HOM 3-MepHOM TJI3JKOM MHOroobpazmm M3,

B kBaHTOBOIl TEOpUU TEPBUYHBIM TOHATUEM SBJISIETCS MTOHSI-
THE cocmoanus cucmemsv. 1losromy Yusiep BBOAMT MOHATUS CO-
crosinusi BeesleHHON u CTABUT €My B COOTBETCTBUE (YHKUUN OM
3-zeomemputi — U(*G), KOTOPYIO CIeIyeT MOHUMATh KaK 0A4HO-
sy Pynryuio Beeaennot.

B mmpoko pacrnpocTpaHeHHOH KOIEHTareHCKOH HHTepIpeTra-
UM KBAHTOBOW MEXAaHWKU aKT u3MepeHus (HAOIIOJEHUs) — ITO
B3aMMO/IEIiCTBIE KJIACCMYECKOro npubopa (ammapara) ¢ KBAHTO-
BbIM OOBEKTOM, KOTOPBII HA dTAIE CO3aHUS KBAHTOBON MEXaHW-
KU SBJISTICS, KaK MPABUIO, AaTOMHBIM MUKpooObekToM. Habmroma-
TeJIb JIOJIPKEH HAXO/UTHhCH 6He KBAHTOBOM cucreMbl. Takum obpa-
30M, KOMEHTAreHCKasl ITKOJIA MPEeINoJaraeT CyIeCTBOBAHUE OCO-
Ooit, kmaccuueckoii cdepnl. 3Mepenne BemeT K KOJIACY BOJI-
HOBOW (yHKIMHN, nMmeromeil Bua cymepmno3unuu. OT Bcex cirarae-
MBIX CYIEPIIO3UIIAN B PE3YIbTATE KOJIANCA OCTAETCS €IUHCTBEH-
HOE CJIaraeMoe, KOTOpoe u HabJII0/1aeTcsi B KJIACCUIECKOi cdepe.

OHaKO TPUMEHUTETHHO K KBAHTOBOW KOCMOJIOTMH KOTIEHTA-
TEHCKas TPAKTOBKA CTAJKWBAETCS C 3aTPYyIHEHHEM HAOJIIOJAEHUS
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pammeit Beemennoil, B KOTOpoil He CyMIeCTBYeT HUKAKOTO KJIACCH-
9ecKoro Habsoaarens. bosree Toro, B KBAHTOBOH IPABUTAINN Ca-
Ma Bcemennasi siBsieTcsi KBAHTOBBIM OOBEKTOM, U, CJIEI0BATEIb-
HO, C TOYKHU 3pEHUst 00PA30BAHNS, TOJIY Y€HHOTO COBPEMEHHBIM (-
3UKOM TI0 KypPCYy KBAHTOBOW MEXAHUKH, 8 OHO TPOHUKHYTO JIyXOM
U MJEOJIOTUEl KOMEHTareHCKOW IKOJbI, BBEJEHUEe TAKON BOJIHO-
Boit dbyukunu BceseHHOW NHIIEHO CMBIC/TIA, [TOCKOJIBKY B TEOPUU
HET MeCTa /Ul BHEIIHEro Kjaccu4eckoro nabsionarens Bcesen-
HOI: HUKTO, KpoMe Bora, He Moxker HAOMIOIATH KBAHTOBYIO Bcee-
JIBHHYIO CO CTODOHBI.

OdeBugHO, 9TO, JJIg TOrO YTOOBI JIOMYCTUTH B TEOPHUIO BOJ-
HoByio (dyuknuio Bcemernoit, HeoOX0AuMO MO3a0bITH MPUHITAIIBI
KOTIEHTAre€HCKOM ITKOJIBI U TepedTH K HOBOW TPAKTOBKE OCHOB
KBAHTOBOI MexaHWKHU. Takas TPAKTOBKA ObLIA TMPEJIOXKEHA eIlle
B 1950-e rozxet OBeperrom n Yuiiepom [209, 205]. Eé kparkoe n3-
JloykeHwe aHo Huke B § 15.9.

Hamum Temepb Oosee (opMaTbHOE OIpeaeseHne CyIepIpo-
CTPAHCTBA.

Cynepnpocmpancmeo Yuaepa S(M?3) — 370 MHOKECTBO
BCEX 3-MEPHBIX PUMAHOBBIX reomerpuii G, 3amaH-
HBIX HA KOMITAKTHOM 3-MEDHOM IJIaJIKOM MHOTr0oOpa-
sum M3, T reoMeTpHE BOZHUKAIOT IIPU PACCMOTPe-
HUU IIPOCTPAHCTBEHHO-IIOAO0HBIX Cedenuii 4-MepHOro
MTPOCTPAHCTBA-BPEMEHH.

Iycrs Riem(M?) — MHOKECTBO BCEX PUMAHOBBIX METPHK o3
Ha MHOroobpaszun M3,

Kaxpas pumaHoBa MeTrpuKa OLpPENeeHa ¢ TOYHOCTHIO JI0
muddeomopdusma. Vnade roBopst, MeTpuka 33Ja6TCs B TON WIn
MHOH! JIOKAJBLHOW KapTe, W T KapThl MOXKHO MEHSTH, U3MEHss
[PU 3TOM BHJ, METPUKHU. [Ipu 3TOM, OTHAKO, BCE U3MEHEHHBIE TIO-
cpeactoM nuddeomopdusMa METpUKN hog OTBEYAIOT OTHON W
TOI 2Ke PUMAHOBOiI reomerpuun G.

O6o3naunm  momyctumbie  auddHeoMopdu3Mbl  CUMBOJIOM
Diff(M3). OroxaectBum Bce MeTpUKu-Touku B Riem(M?3),
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mpeobpadyemMble APYr B JApyra mocpeacTBoMm mguddeomopdusma
Diff (M?).
B pesysibrare mosiydum CymeprupocTpancTBO Y uiepa:

S(M?) = Riem(M?)/ Diffo(M?).

Teopema 15.1. Cynepnpocmpancmeo S(M?3) — smo ceasmnoe
MEMPUSYEMOE MONOAO2UYECKOE NPOCTMPAHCMBO €O Cuémnol ba-
301.

15.3. T'eomeTpus cyrneprnpocTpaHCTBA

B sTrom maparpade nokazano, 9T0 B CyIepIpOCTPAHCTBE MOXKHO
OIpPeJeINTh HEKOTOPBII aHAJIOr MCEeBIOPUMAHOBON T€OMETPUH.

15.3.1. Cynepmerpuka

B cynepupocrpancrse Beogurcs cynepmerpuka JeBurra («pac-
CTOSTHHE» MEXK/Ly JIBYMsi OJTM3KUMU 3-MEPHBIMU PUMAHOBBIMHE [IPO-
CTPAHCTBAMM):

5o = / Gapys0h*PSn 7 dx, (15.7)
M3
rie
1
GaB'yé = ﬁ(ha'yh(sﬁ + haéh’yﬁ - haﬂh’y5)7 (158)
! 1
GO = V(T + WO — 207000, (15.9)
Gl G0 = %(5352 +000%). (15.10)

MokHO 3anucarb, 9TO

1 1
Gagys = N (ha(whé)ﬁ - Qha,é’h'y<5> . (15.11)
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[TockonpKy cymepMeTrpuKa IOsiBJISETCS BO BCEX BBIKJIAIKAX,
KaK IPAaBUJIO, B IIPOU3BEJIEHUSX BU/IA Gamgh‘wh"ﬂ;, e h*P —
CUMMETPUYIHBINH TEH30p, TO 9aCTO BMECTO Bhiparkenus (15.8) uim
(15.11) mucnonb3yror BhIpazkenne [177, p.49]

1 1
Ga[-}»ﬂs = ﬁ (haryhzﬁﬁ - 2haﬂhry§> = (1512)

1 1 1 1
= ﬁ <2ha('yh6)[3 + iho{[,},h(g]ﬁ — 2h0‘5h75> .

15.3.2. Curaarypa cynepmMeTpuKu
Cynepmerpuka JeBurra Mmoxer ObITh 3amucana Kak
GaB = Gap)(vs) (),

roe A, B =1,...,6 — mapHbIil HHIEKC, OMPEIEISeMbIil CIeIYIONHM
0bpazoMm:
A, B € {hi1, h12, h13, haz, hos, haz}.

®opma GophAhP umeer curmarypy (— + + + ++) B Kaxk/oil
TOYKE.

15.3.3. Addunnag cCBA3HOCTH U YPABHEHUE T'€O0-
AE€3NIECKNX

Paccmorpum apyroit BapuaHnT cynepmerpuku [191]:

1
Gap = G(aﬂ)(,y(;) = §(ho,yh55 + hashyg — Qhaﬁhfy(;) (15.13)

GAB = GeB) () = l(th‘W +hORYP — PR, (15.14)
2
Tlonoxum, 9To

A 1 _ap (0Gegp OGpc 0Gpc
FBC:§G e + ohE  onb ) (15.15)
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OIIpeesisisi TEM CaMbIM aHAJIOT aPUHHON CBI3HOCTH.

Torga st 9BOMIOMUOHUPYIONIEH B CHly ypaBHEHUH DHHIITEH-
Ha 3-reomerpun h4 () CIpaBeIINBO PABEHCTBO:

d*hA dhPdhC 1,5 0(h OR)
2

- - . 15.16
dp? +hae dp dp OhB ( )

Kaxk Bumum, oHO OTIM9HO OT ypaBHenuit reojesundeckux. OmHako
€CJIM NIPOM3BECTU TPe0OPaA3OBAHUS

Gap =h ®RG,p, GAP = (h ®R)"'GAP,

dp = h ®Rdp,
To ypasHeHus (15.16) nmpuHEMaroT cieayrommii Buy [191]:

EhA ~, dhPdhC

= —_——= 15.17

Ananornunoe cpoiictBo 6bw10 mokazano FO.C. BuiagumupoBbim
(cm. § 15.4).

fdcno, uro, mo anagoruu ¢ OTO, ¢ momombio adpdUHHOMN CBA3-
Hoctu (15.15) MOXKHO ONPEIEUTh TEH30DP KPUBUIHBI R‘éc p Y BbI-
BeCTH ypasnenue depusayuu [191]:

DZEA _ A ng§C ng

=— — . 15.1

15.4. VYpaBHeHus IDIHINTEHA KaK Ieo-
Ae3n1eCKue B CyIliepirpoCTpaHCTBe
[Mokazkem, 9TO ypaBHeHUsT JUHINTEHHA B CYEPIPOCTPAHCTBE CO-

OTBETCTBYIOT IBMKEHHIO TIO TEOME3NYECKOW JIMHUM TIOJ BO3IEH-
CTBHEM JIOTIOJTHUTEJHLHON «CHIIbI» [5].
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15.4.1. VYpaBHeHus IDUHIITEeIHA KaK KHUHEMET-
pUYeCKN-UHBAPDUAHTHBIE KAHOHUYECKUE
YPaBHEHUA

BriGepem Tak HA3BIBAEMYIO KHHEMETPUIECKYIO JIOKAIBHYIO KapTy,
B KOTOPOIT T€H30D g; 1pejacrasisiercs: B suae [18]:

gF =ik — pik, (15.19)
npu4deM ‘ ‘
Ti _ gOz hzk _ QOZQOk ok
goo ’ gOO ’

haﬁ = —Jap; hOa = —Y90«; hOi =0,

1 — goog™
hoo = ——=—.
400

OTO O3HAYAET, YTO BHIOPAHO CEMEHCTBO MPOCTPAHCTBEHHO-
MOJOOHBIX 3-MHOrO00pa3wii, Ha KOTOPHIX 3aJaHa PUMAHOBA, MET-
puka hog — BBIOOD NpPoCcMpancmea, — 1 KOTOPbIM TPAHCBEPCAIBLHO
BPEMEHHUIIOI00HOe BEKTOPHOE 110JIe T' — 0Ch BPEeMeHH.

Merpuxka hop Ben€r cebd KaK TeH30p OTHOCHTEJIBLHO KuHeMem-
PUBECKUT NPeobpa3osanul

20 — £/0(20
{ @),

2/ =220, 21, 22 2?).

BeomuMm KuHEMETPHYECKH-UHBAPUAHTHBIE [IPOM3BOJHBIE LI
K.1. TEH30POB:

aA'yzS... 461476”'
af... _ 4 af... vo... d AVV-..
i - NJAZS. —NVA(M“_ - ..
o NEAYS + NEADS + . (15.20)
~ DAY
Ooee aB... vé... 5 V...
ap,Az L Ot =+ LZ;/,AaB... + LDMAZ(,B“, + ..

o L;MAZZ-;_; — LY, AL — ., (15.21)



15.4. YPABHEHNS DUHINTEHA ... 255

rie
or®
N = D —71%F,,
oro
Fa =170 Oz P

Ly (Ohay  Dhys O
af 7 9 OxP Oz« oxv )

Paccmorpum narpam:knan

L=y —ggik(FﬁkFlSs -TI %k) (15-22)
I/IMeeM HepBI/ILIHbIe ypaBHeHI/IH CB4A3U
oL
T, = ————— = 0.

ork
9 0
or
OTUM TEPBUYHBIM CBA3SIM COOTBETCTBYIOT JTUPAKOBCKHAE BTOPUY-
HBIC CBA3M, TAMHIJIBTOHOBA U IIPOJIOJIbHBIE:

H = Vh|(DasD*® — D?) + ®R] =

1 1
= ﬁ(mm“ﬁ —5m) + VR OR =0, (15.23)

Hao = ~2Vh (~8aD + 95Df) =

or’ OhPY
rae or
= *\/E(Daﬁ + haﬁD)v (1525)

N AT
dxY
@R = —h*POR,4

— CKaJIgpHad KPUBU3HA 3-IIPOCTPAHCTBEHHBIX CEYEeHUI,

oLy, LY
of _ ZSav y p¥ Lk, — LY, LY

(S)RQ,B = oz azﬁ B
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1 8ha5 1 3ha5 8# aTi
Du.sg == =™ hai=—= +hig=— ). (15.2
727 or 2 (T dxm + OxP * ﬁaw) (15.26)
Ypasuenus (15.23), (15.24) — 310 uerspe ypaBHeHU: iiH-

wreitna (Gop = Goo = 0). Ocrasumecs wecrb ypaBHenuii Diin-
mreitna Go3 = 0 — 3T0 KAaHOHWYECKHNE yPABHEHNS

aﬂa/g _ 57’[3(1)(1)

15.27
70 or Shap ( )

nJjan
8Da5 v 1 ~ ~
a7 + QDQVDB —DD.g — F,Fs + 5(5aFg + 0pFo)+

1 oD a
(3) _ i H_
+ORap + Shap (2 5 +20,.F

—2F,F* — D,,D" — D* + ®R) =0,

(15.28)
rye
H _ H
spd = o
Jpyras nojoBuHA KAHOHWYECKUX yPABHEHUN MMeeT BHI:
apf
o0 O _ 0tope (15.29)
or 0T p
i 5
Oh® 27 5, 1
e ZheBr) .
o7 N (W ty W)
15.4.2.

YpaBHeHnd DUHIITEHHA KaK reojie3mye-
cKue

Bsoaum amanor cumBosioB Kpucroddens B cymepmpocTpancTse

FV‘SMV 1 o (5G;w/\7— SGOAT SGYouv )
aB T §YaBAT =

2 5has 6hpy  Ohar
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—é[hvu(égag +00.05) + WV (8564 + 6205) + hH (8105 + 0305)+
+h (8761 + 6301) — W70 (816% + 850%) — W (5205 + 6365)—

1
—ihaﬁ(m“h(” + RYVhOR — 2RO V).

(15.30)
Ucnonssys (15.26) u (15.30), Haxomum
0 Ohap 0Dqyp
il =92 15.31
or Or or ’ (15.31)
Oh~s Oh
w200 2 — 4D, D) — 2DD, D,., D" — D*)h,,
T o7 al’p B +5 ( 22 ) B

(15.32)
g nonydenus ypashenuii Diinmreiina (15.28) Hazo x dbopmy-
gam (15.31) u (15.32) no6GaBuTh BbIpasKeHUsl, PABHbIE HYJIIO B IIy-
CTOM IIPOCTPAHCTBE, T.€.

D .
GR = OR + 2‘2— — (D, D" + D?) + 2(8,F* — F\F) =0,
T

R 9D ~
0 = gr ~ Dw D (OuF" = F\F?) = 0.

Takum obpazowm,

2 00

_ 0Dap
.

1 1 RO 1
S11531) + (15.31)]as + Shas ( " >R)

D
— D, D" — D2> +

1 B
2DuxD) — DDos + ~has [ 22—

1 N 1
+ has (QGHF“ —2F\F* + 2<3>R> :

(15.33)
Orkyna
0(Vh ®R 1 R
% = Vh[=©Rap — Shas R — hap(0uF" — F, ")~

1 ~ .
—50aFs + 9pka) + FaFpl;
(15.34)
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WM —Vh <_1<3>R — 920\ F* + 2FAF*> . (15.35)
Shrv 2
rae
1) 0 0 1o}
Shiv = Ohwv @a (6h‘“’) '
oz*

U3 (15.34), (15.34) u (15.35) nosyvaem, 910 ypaBHeHus JiHIITEH-
Ha B Brze (15.28) MoryT ObITh 3aIlMCAHbI B BUJIE:

0?hap s Oh~s OR
@ pomw 9y pv
or? thas or Ot

5(vh ®R)

. 15.36
e (15.36)

= —2Gapu

OTO ypaBHEHHS PeOJe3ndecKux B cyneprupocrpancTse. IIpaBas
9aCTh, OTJUYHAS OT HYJs, MOABJISIETCSI W3-3a BBIOOPA ITapameTpa
T BJIOJIH TE€OAe3UIECKOM.

15.5. YpaBuenue Yuiaepa-leBurrta

C TOYKM 3peHust KBAHTOBOW Teopnu, (PU3UIECKOE MTPOCTPAH-
ctBo M3, Kax (bm3mHecKas CUCTeMa, JOIKHO HUMETh Ty HUJIH HHYIO
3-reomerpuio VG ¢ TOM WM UHOM AMIIUTYA0H BeposiTHOCTH. VHa-
4e TOBOpsi, HEOOXOAUMO BBeCTU BOJIHOBYIO dyHkuuio ¥(®G), onpe-
JIEJIEHHYI0 HA CyHEPIPOCTPAHCTBE ¥ UJIEPa, KBAJAPAT MOIYJIA KO-
topoit |¥(®G)|? crenyer paccmaTpuBaTh Kak aMILUIATYLY BEpOST-
HOCTHU (DU3UIECKOTO MPOCTPAHCTBA UMETH 3-TeoMeTpuio )G.

Ho storo emé maso. Heobxomumo HaiiTu ypaBHEHNHE, KOTOPOMY
JIOJKHA yJIOBIETBOPATL BosHOBas dyHkiusa W(®G), HOCKOIbKY
HaJIWYMe yPaBHEHUs HE JOIyCKAeT B Teopwuio Jiobble QyHKIUH,
a TOJIbKO Te, KOTOPbIE JIEHCTBUTEIBHO CBA3BIBAIOT [IPOCTPAHCTBO
M? KaK TIPOTSIKeHHOCTH C ero BO3MOYKHOH reoMerpueit 4G.

910 ypaBHenue 06110 HalimeHo Yuiepom u JleBurrom, u gacto
HasbBaeTca WDV-ypasuerneM.
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15.5.1. BwiBog WDV-ypaBHenus

Bepuemest k mpezacrapiaennio OTO B ADM dopwme (cum. § 15.1).
Ompenensem conpsKE€nHbIe K hog, N, N, TIEpEMEHHBIE:

oL _\/Emf)

o — = K% — p*F K 15.
™ (O T hP K, (15.37)
Ox0
oL
0 _ 9 _
T = ) 87N 0,
Ox0
o a‘cg
SN A,
0x0
rie L, — TPaBUTAIMOHHBINA JTarpaHzKUaH, JAHHBI dOpMymToi

(15.3), a Kop, KX — TeH30p BHeIIHeH KPUBU3HBI 3-IIPOCTPAHCTBA K
€ro CJIe/I.

PaBeHcTBO HymI0 TIepeMeHHBIX 7°,7T¢ O3HAYAET, UYTO WMEEM
nepeuuHble c8A3YU B TepMuHOojornn Jlupaxa.

TaMuIbTOHNAH MPEACTABISIETCS B CIEAYIONIEM BHIE:

H= / (71"15 5;a0ﬂ - ﬁg) P =
X

N N,
:/(7708 +waa a+N°7—L+N"”Ha> Pz =

0

020 okny
= /(NOH + NN, )dx, (15.38)
rie
H =27 Gaﬁfygﬂ'aﬁﬂ'ﬂyé - Zﬂ ®R, (15.39)
T

&G

nw = CT,
He = —2m) (15.40)
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1
Gapys = ﬁ(hfmhw + hashyg — haghys)-

s nefictBusa uMeem
%:/Hm%iﬂN%+N%w&x

Bapuamust Sy no 7% naer ¢opmyny (15.37). @ynknun N, N,
paccMaTpUBaeM KakK JIATPAHKEBbI MHOXKHTEIH. Torma Bapwamms
[0 HUM JA€T 6MOPUMHBLE CEAZU:

H=0,
(15.41)
Ho =0.
Oru cBA3M cyTh He 410 HHOe, Kak (00)- n (0a)-KOMIOHEHTHI ypaB-
HeHuil DHHITeRHA.
OcuoBbiBasich Ha Merozie JIupaka MO MPOBEEHHIO KBAHTOBA-
HHsI CHCTEMBI CO CBSA35MH, [IPOU3BEIEM 3aMEHbI [EPEMEHHBIX Ha
nud depeHnuaaTbHbIE OMEPATOPDI

af3 d

— —ih———

T Shop”

Hlenasi 3Ty 3aMeHy BO BTOPUYHBIX CBSA34X, IMOJy9YaeM YPABHEHUsI

HY =0,

N (15.42)
Ho¥ =0,

TepBOe M3 KOTOPBIX HA3BIBAETCS ypasheruem Yuaepa-/leBumma.
3 ypasuenuii (15.42) Bugno, uro sonnosas dyukuusa ¥ ecTh
dyHKIMA OT IepeMeHHO# hqg, a TOUHE OT 3-reoMeTpnn G, Ko-
Topas ompejesgerca 3-MeTpukoit hog. Apyrnvm ciosamu, ypas-
nenne Ywunepa-leBurra 3amano va cymepmpocrpancTse Y miepa.
C yuéToM HerpaBUTAIIMOHHBIX MATEPUAIbHBIX MOJIeil, 0003HAa-
YAEeMbIX Yepe3 (¢ U KOCMOJIOTUYIECKOU TOCTOSHHOM A, ypaBHEHHE
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Yunepa-leBurra npuanmaer ciaemyoomuii BuI:

1MGWG 5§ 6 N
afBvyo
o P Shas Ol (15.43)
4
P _ _ 7700 (3), —
-+mﬂG¢m R — 2A — 2751 @»}W(ga¢) 0,

rie

. . ]
TOO — TOO s .
<5@,w)

,HOHO.HHI/ITGJ'H)HO K HEMY UMEEM TaKzKe€ YpPaBHCHUA

(3) ~
—ih 6\11( g7(p) — SWGTO(X
(5]1&@ 18 04

(@)W (@G, p).

Kak BuanM, KBaHTOBasi reOMETPOAMHAMUAKA HE COMEPKUT HUKA-
KOI'0O BPEMEHHOI'O IIapaMeTPa, OHA BHEBPEMEHHA.

15.5.2. TI'panmunoe ycaosue leBurrta

Hna ypasuenus (15.43) deBurr chopmynupoBan rpaHudHoe
ycaosue [205]
U(®G) =0 (15.44)

Uit Bcex 3-reoMerpuit MG, OTHECEHHBIX K «Dapbepamy, HaIpH-
Mep UMeIonMX cuHrysapuocTu. 11o unee, kpaesas 3amaua (15.43),
(15.44) nomkHA MMETh €IUHCTBEHHOE pemenue. Tak jwm 3107 —
HewussecrHo.

15.5.3. TI'panuunoe yciaoBue XOyKUHTa-XapTJIa

IIpu nmoBopore Buka t — —iT mceBIOPUMAHOBA METPHUKA § CHUI'HA-
TYpBl < +——— > MEPEXOIUT B PUMAHOBY METPUKY g CUTHATYPHI
< 4+ 4+ ++ >, a geiicTBre S CTAHOBUTCS €6KAUAOGHIM TEHCTBHEM
I, Tounee, 1S[g] = —I[gE].
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Ppanuunoe  yciosue  Xoykunra-Xapmm  (no-boundary
proposal)

U(&G) = Z / ~IMr)plwgy]  (15.45)
M*,
M*— KOMIaKTHOE
OMA=M3

<M4,(4)9E>

TOBOPHUT O TOM, YTO PACCMATPUBAIOTCS TOJHKO Te€ MPOCTPAHCTBA-
Bpemerna M?, KOTOpbIe HMEIOT TOJBKO OHY TPAHHIY — HAOIIO-
naemoe M3. 3uaunt, B npouwiom y BeejeHHOM HET CHHIYJISPHOL
TPAHMUIIBI.

15.5.4. TI'pamm4dHOE yCJOBHE TYHHEJINPOBAHULA

Unes poxienus BceneHHol w3 Huuezo myTEM KBAaHTOBOTO TYH-
HeJIMPOBaHUs ObLTa BIEpBbIE Ipeaioxkena AtkarneM n [larencom
[185] u passuta Bunenkuubiv [300].

Ipanuunoe ycsosue rynHesuposanusi (tunneling proposal)
UMeeT BUJL

(3)g
U(G) = Z / (Yo)plag), (15.46)
8M4 M3

T.e. cocrostuue Beemennoit (M3, 3)G) noseaserca uz nudero, u3 (),
0003HATAIONIErO NCIE3AIOMIYI0 3-TeoMeTpHIO (hop = 0).

15.6. YpaBueHue DitHITEITHA-
Il'amuapTona-Akobou

IIpumem, aTo
S

U(0G) = A(h)e'r, (15.47)
rae
5A 5S
’ o ’A - ’ (15.48)
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Mouncrasnas (15.47) B ypaBuenue Yuiiepa-leBurra u ucnonbsys
ycsosue (15.48), no3sousiioiee npeHebpedb HEKOTOPbIME YJIeHA-
MU, BBIBOAUM ypasHenue inwmetina-Tamusvmona-dxobu nns
da3sr:

0S )
_— — GR = 15.49
Gaﬂw <5ha/3 ) <5h75 ) \/E =0 ( )

U OJHOBPEMEHHO YDaBHEHHE JJId aMILIUTY/ b

b 65
A2G s —2 ) =
Shap ( Gapro 5h75> 0

JIaHHBII TOAX0/T IOy Y€HUS TPUOIMKEHHOTO PEIIIEHUS YPABHEHS
Yunepa-/leBurra Ha3bIBaCTCH K8A3UKAGCCUNECKUM NPUOAUHCEHU-
em.

15.7. Kuaaccuueckoe IPOCTPAHCTBO-
BpeMsd, YAOBJIETBOPHIOIIEE YypaB-
HEeHUIM ODWHINTelHa, KaK HWHTep-
depennus BosaH Buaa exp(iS/h)

IMokazkem [212], kak nosiBiisiercs B cyuepupocrpancrse B ¢popme
TPACKTOPHUN KJIACCUIECKOE TMTPOCTPAHCTBO-BPEMH, YIOBJIETBOPAIO-
Iee ypaBHEHUsIM JWHINTEHHA, BIPOYEM, KAK U CAMW yPABHEHUS
Qitnireitia, B pesynbrare uHTEPGEPEHIINN BOTHOBBIX (DYHKITH
BU/IA

Y(G) ~ en S

rae S(h) — pewenue ypapuenus Ditnmreiina-lamunbrona- Akobu

~ 08 08
G OR =
aBvé <6h(x6> <(5h75> + 0, (15.50)

1
Gapys = h_1(§ha6hw — ha~hgs).
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|

. C

Gs
V(G mop eSO/ Py 5 B G,

sess

Puc. 15.1: Tlospnenne kraccuueckoro mpocTpaHCTBA-BPEMEHH B PE3yIbTATE
uHTepdepennuu: To9ku A, B, C Ha juHnu H — KOHKpEeTHbIEe 3-IPOCTPAHCTBA,
ocnam@énneie reomerpueit 3G 4, 3G g, 3G coorsercTrenHO (M TOMOIOTHEIH);

smuus H — npocrpancrso-spemsa (UG. Puc. us [157].

Tounee, paccMaTpuUBaeTCs BOTHOBAS (DYHKITHS

Y(OG) = AerS(©9) +Z€%§((3)g) n ge%g(mg) .

15.7.1. VYcaosue mHTEep(epeHnun BOJTHOBBIX
dbyHKIIMi

Knaccuueckoe IpOCTPAHCTBO-BPEMsi COCTOMT U3 BCEX TeX
IPOCTPAHCTBEHHO-MONOOHBIX 3-T€OMETPHil, KOTOPBIE COCTABJISIOT
paspes onpeuenéunoil 4-reomerpun WG (puc. 15.1). Bxoasuiue B
neé 3-reomerpun G4, ®G g, ¥Ge OTIMYAIOTCH OT JAPYIUX TeM,
YTO IS HUX BBITOIHAETCA yCIOBHE MHTEPdEPEHITHN:

S(9G) = 5(G) = §(#G) = ...
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WNuadge rosopsi, B TOYKAX CyIe€PIPOCTPAHCTBA, [/le BOJHOBbIE IPebd-
HU BCTpedaoTcsd u (a3bl WX COBIAIAIOT, MUMEET MECTO HHTep-
depennusa u Tam JoKanM3yeTcs BOMHOBOM maker (munusa H Ha
puc. 15.1) u mogBIAeTCs KJIACCHYECKOE TPOCTPAHCTBO-BpeMs (VG.

15.7.2. BeiBoxg ypaBHeHmit JDiiHINITEliHA B ra-
MUIJIBTOHOBOIT (popme

I[MomumMo ymoBmeTBOpeHUs ypaBHEHWIO DitHmTeiHa-IaMuIbTroHa-
Axobu, meiictBue S, KOJb CKOPO OHO sBJISETCs (DYHKIMOHAJIOM
ot 3-reomerpun )G, MTOIKHO YAOBIETBOPATH JOMOTHUTEIHHO €IIle

YpPaBHEHUAM
95 =0, (15.51)
oh
aflip

rie | o3HavaeT KoBapuaHTHOE 3-MepHoe nudbepeHIrpoBaHKe 1Mo
2P (em.[212, ¢.1932]).

IIpumem Kak runoresy 4yro peiienue ypapuenus (15.50)
S(9G, afu), B(u))

3aBucur or AByX byukuuit: a(u), B(u), rae u = (ug, ug, us).
Bousinosoit maker

e#S(VGa()Bw) | ok S(VG.a(utsal). f+58()  (15.52)

BO-TIEPBBIX, COMEPKUT 3-reomerpuu G4, AGp, OGq, ..., dbukcu-
pyeMble yciaoBueM Bual

19 = S(®G, au) + dar(u), B(u) + 08(u)) =
= S(9G, a(u), B(u)), (15.53)

BO-BTODBIX, COTEPKUT 3-TeoMeTpur MG 4, @G g, G q, ..., buKcH-
pyeMbIe YCIOBHEM BHIA

20 = S(®G +d®G, a(u) + da(u), B(u) + 66(u)) =

19gcna 19; 20; 21 He ABIAIOTCS KAKHMHI-TO OCOOEHHBIMH H B3SITHI KAK
puMep.
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S(Y5, qu+80) =21

S(¥S,a)=21

HPOCTPAHCTBO-BPEMsI
(3)§
C

S((‘“S, o +da) =20

S(¥S, o) =20

S(¥8, a+8a) =19

S8, o) =19

S(M?)

CynepnpocTpaHCTBO

Puc. 15.2: TIpocrpancrBo-BpeMst Bo3HHKAET KaK HWETephEPEHIHs BOIHOBBIX
dyHKIMHA.

= S(®G + d®G, a(u), B(u)), (15.54)

B-TPETbUX, COAEPKUT 3-reomerpun MG, AGg, AGq, ..., bukcupy-
eMbIe YCJIOBUEM BHJIA,

21 = S(®G + G, a(u) + da(u), B(u) + IB(w)) =
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- S((g)g +0@G, a(u)v B(u))a
n Tak najuee (cm. puc. 15.2).

B cymepnpocrpanctee S(M?3) wuepes 3-reomerpum c pas-
ubiv 3ragenneM dassr S(G3) a(u), f(u)) mpoxomar 1-mapamerpn-
YyecKHe TpaekTopum, Hampumep G, — ©GGp — (3)50 (cMm.
puc. 15.2). Dro Kjaccuyeckue TPAEKTOpUM, Hecylme 4-MepHyo
JIODEHIIEBY T'€OMETPHUIO U Y/OBJIETBOPSIONINE, KAK ITOKA3LIBAETCS
HUKe, ypaBHeHusaM Ditamreiina. OHu ABJISIOTCs PE3YJIbTATOM HH-
repdepernun B BosHOBOM nakere (15.52).

Merpuka hqg(z) — 970 6 dyHKIWM, 3aBUCAIUX OT 3-MepHO
sesmuunbl @ = (21, 2%, 23). Kaxoe 2@ — 310 oo 3nauenuii. 3na-
qut, MeTpuka has(z) 3amaéres 6 x co® smadenmit. Hammume 4-x
ceazeit (15.50), (15.51) ectb ucnosmb3osanue 4 X oo
Takum 06pa3oM, IJIsi OMUCAHWS 3-METPUKU OCTAETCS 2 X 00
6 x 003 — 4 x 00 3HaueHwMii.

Dukcarys (BbIOOP) KOHKPETHOI 3-reomerpun 4G — 310 huk-
carust kmacca 3-MeTpuk (fih)qp(x), cBasamnbix quddeomopdus-
voMm f = (fY 2 %), omuceBaemom 3 x 0o0® smagenmamu. C
YI8TOM CBOGOIBI B 2 X 003 3HaueHWil N1 33JaHUS 3-METPUKH
nojiydaeM, 4To npu (PUKCAIUU 3-T€OMETPUU B HAIIEM PACIOPS-
sKeHnn ocTaerca 1 x 00® = 3 x 00® — 2 x 00? 3manennii, KOTOPHIM
coorsercrByer 1 dyukimsa or ’. O6o3nauum ee uepes o(x').

CrenoBarenibHO, yKa3anue Ha (DUKCUPOBAHHYIO 3-reéOMeTPHIO
G cuMBOMMYIECKH MOXKHO 0003HauuTh Kak G (o(z')) mam, no-
CpPenCcTBOM 3-MeTPHUKH, hog(x,o(x’)). Tem cambiM, 3-MeTpHKA —
910 dyHKIMOHAI OT o(x').

Torma mpuaEMaeM, 9TO

3HAYEHUN.
3 _

_ 5ha3(l‘, 0($/)) N 2.7
Berauras (15.53) u3 (15.54), umeem
95 45
50 (a+da, B+ 6B)d>G = 500 (a, B)d®G. (15.56)

Pazanny mexmy
G u ®G = G + dOG,
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T.e. d®G, npuMeM paBHOIT

§9G
do(x')

Toraa (15.56) MOXKHO TIPEICTaABUTL B BUJE

55\ 690G

oS
5(57)

obo3HauaeT m3MeHenne 6.5/0®G, obs3aHHOE GECKOHEUHO MAJIOMY
M3MeHeHNIo TlapamerpoB a(u), B(u).
Jenast moiIcCTAaHOBKHU

0BG . Ohap(z,0(x"))
do (') do(x') ’

5 05 .
3G " Shag =T

rae

rae 77 J0MKHO yIOBIeTBOPSATH PABEHCTBY
T | 5= =0, (15.58)

ycnosue (15.57) u ypasuenue Diinmreiina-lamunbrona- Akoou
NPUBOJUM K BHUJLY

Shag(w,0(z'))
/5 50() d’z =0, (15.59)
@R+ h~ ( Shashys = hanyhs)T oBrd = . (15.60)

Yuuoxum (15.59) na do(2'), npounterpupyem no d>z’ u Bocmob-
syemcs (15.56). Tlomyunm

/&r“ﬁéhaﬁ(a:)d% =0. (15.61)
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9TO ypaBHEHHE O3HAYAET, YTO MIIETCA YCJIOBHBIH IKCTPEMYM
y ) y y
af 3.,
Opas | TP 0hop(x)d°x =0 (15.62)
OTHOCUTETBHO TP ¢ HAJIOKeHHBIMHI 9eTHIPHMS CBA3AMIL:

1
ro = VA[OR + h*l(ihaﬁh,ﬂ; — hayhps) TP =0,  (15.63)

TI'aB‘B =0, (15.64)
rae
68
Oé,B _ 1
T = Shog” (15.65)

VCIIOBHBIN 3KCTPEMYM CBOIUTCS K O€3yCJIOBHOMY ITyTEM yMHOMXKE-
HUSA CBfA3EH Ha Heomnpeae eHHbe KoM DUIueHTs n 100aBIeHne K
(15.62):

5o / (7P Shas (@) + SMro + 26Mon®” Jd% = 0. (15.66)

Bapwupys, noxydaem:

/ [5ha557r°‘ﬁ +0M ( airfﬁ) 5m? — 26 My 5677 | dPx+

M3
+ / M, o7 dSs = 0. (15.67)
oOM3

IT0BEPXHOCTHBII WHTETPA PABEH HYJIO B CUJTYy TDAHUIHOTO YCIIO-
Bus. ITosromy n3 (15.67) nmeem

(97“0
Shap = —0M (W) +20My 5

njin

11
Ohap = —25M(h)_§(§ha5ﬂ'§\\ — Tap) + 2(5M(a|5), (15.68)
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e
1
Miajs) = 5(Majg + Mga)-

Ilycrs

M (z) = /Wéa(w’)fx',

SMo(z) = / Ma(@, @) 512y,

do(x')

Moacrasngas sro B (15.68) u ucnons3ys (15.56), nonyuum, B cuiry

NPOU3BOIBHOCTH Bapuanuu o (x'),

Shap(z,0(x")) ,
do(x') do(x')

5M(a|,@) (1’7 CT(.’tI))
+2 do(z') '

IlycTs

Ho(2') = —/Wm(x)d?’x,

Hi(z') = —2 / Ma(@, o) ap (g3,

oo (x) 18

Torzma (15.69) MOXKHO TIEpenucaTh B BHJIE:

Shap(z,o(x’))  S[Ho(a') + Hy(z')]

do(x) N P (x)

BBezem mapamerp [isi PUNEPIOBEPXHOCTH
/
oz')y=t
1 oupejeIum

[ sl o) g _ st
do(z') ot

(15.70)

(15.71)

(15.72)

(15.73)
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Ucnonn3ys (15.73) u unrerpupys (15.69) no z’, umeem
Ohap(z, t)

ot
riae ObLIY UCIIOJIL30BaHbl 0O03HAYECHUA

[ dMyp(x,0(2') 5,
Naig _/—5a(x’) d’x’,

N /5Ma:cr d3’

Haiiem ypaBHeHHdA 711 U3MEHEHUS Tog, AHAJIOTHYHOE ypDaBHe-
Hrio (15.72).
Nmeem

B (x,0) :/ S8 () 5h75(x”)d3$,, _
do(x') Ohys(x") do(z')
_ 571-76(‘77//) 5h’v5(‘r”) 3.0

= | S ey (15.75)

IMoncrasnag cioga (15.72), umeem:

o) _

B 1
—2N(B)"Y2(5hapm — Tap) + 2Najs, (1574

do (')
. 57775(x U( )) 5H0( /) 5H1( ) »
_/ Shap(r) (67r75( " S (@ )>d . (15.76)
ITockonbky
_ 5H0(aj' 671’75(33//) 3:1:” (SH()({E/)
0= 575(2") Ohap(x) dz" + S (@)’ (15.77)
_ [ (@) om°(a") 3.0 OHy(x')
0*\/677 5( ) 6ho¢,8(l‘) 5ha/@(l‘), (1578)

TO, GJIATOIAPS STUM paBeHCTBAM, ypasHerue (15.76) Moxer GbITH
3aIUCAHO B BHUJIEC

571'0"3(Z, g(gg/)) . 75[H0(.T') + H; (ZL'/)]
i) e (15.79)

DTO UCKOMOE ypaBHEHWE JIJIs W3MEHEHUsT o,
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15.7.3. lecaTb BaKyyMHBIX YPaBHEHUN MOJId

Urak, u3 ycioBust naTepdepeHinn BOTHOBLIX (DYHKIIAH BbIBEIEHDI
CTIeIYIOIINE YPABHEHNUS:

@R 4 h~ (1haﬁh75 hanhgs) TP 770 =0, (15.80)
o Iﬁ _0, (15.81)
Shag(z (;)(x')) _ 5[Ho(6ﬂl;(gl<x’>} , (15.82)
wﬂ;(gx( a)(x/)) _ 6[%(;2;(51(%’)]. (15.83)

OTH YeTbIpe yPABHEHUS BbIBOJIATCS U3 BADUAIIMOHHOIO IPUHIIKIIA,
JJ1s1 KOTOPOT'O JIATPAHKUAH UMEET BHU/I:

L= / [ Ohap_rap y OM | /Ry

do(x') do(x')
oM,
1/2 B af 9 a _af
72 = magn )]+ 2
oM, 1 ., dM> oM™ -
—2 ( nB A h——— . 15.84
(” 5o (x) 2””60(95/)*[60@’)),@] T

Beonum 4-meTpuxy @g;i:
(4)ga5 = haﬂ7 (4)900 = _Nza (4>90a = Na,

(NR)/2 = (—0g)1/2,

T.€.

ds® = —N?(dz)? + 2N, d2dz® + hopdz®dz”,
W ToJIaraeM, 9To

7% = h(OT, — gy T\ ™) g g,
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Torna marpamkuad (15.84) MOXKHO Hepenucarb B BUJE
L=,/—(g @R,

U3BECTHOM B 001I€eil Teopuu orHOCUTENbHOCTH. [losTyuaembre ¢ ero
[OMOIIIBI0 BAKYYMHbBIE YPABHEHUs DIHINTEHHA 0DO3HATUM KaK

G =0, (i,k=0,1,2,3).
Torma, Kak Jierko nposeputh, ypapuenus (15.80), (15.81) — aro

0 _

G'l - O,

ypaBuenus (15.83) — nuHeliHas KOMOUHALUS ITUX YETHIPEX YPaB-

HeHUil ¢ OCTAIOIUMUCS IECTbIO ypaBHeHuAME JitHmrefina Gog =

0, a ypasuenue (15.82) ciyzxut juis onpeesenus w7,
VYpaBaenus DHIITEHHA Oy IEHBI.

15.8. MuHHUCYHepIpoCTPaHCTBO

CymeprnpocTpaHCTBO UMeeT GECKOHEYHOe UUCI0 W3MEPEHUi, uilu,
Ha s3bIKe GU3uKU, HECKOHETHOE YUCJIO cTenenei ¢cBobombr. Orpa-
HUYHBas OECKOHETHOE TUCIIO CTEMeHeil CBOOOIbI, TOMYCKasT TOIHKO
UX KOHEIHOE YHCJIO, TPUXOIUM K MUHUCYNEPNPOCMPAHCNEY.
JpyruMu cJIOBaMH, MBI PACCMATPUBAEM 7r-TTapaMeTPUIECKOe
cemeiictBo  3-reomerpuii  ¥G(a) = ®G(ay, ..., a,), 3a1aBAEMBIX
r-IIapaMeTPUIeCKIM CEMERCTBOM PUMAHOBBIX 3-METPUK

hag(m,a)dxo‘dwﬁ, x e M3,

a=(ay,...a.) €ER",

rje Cpeid MIeCTH KOMIOHEHT Nag(%,a) MMEITCs r HEHyJIeBbIX,
KarkJIast W3 KOTOPBIX 3aBUCAT TOJBKO OT OJHOTO MAPAMETPA, .
Kak mostBastorcst B Teopum Takme KomMmoHeHThI? Ecnm paccmar-
puBaTh 4-METPUKY:

ds = goo + 290adz’d® — hapdz®dz®,
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TO obpammaeM BHUMaHWE Ha Te hog, KOTOPBIE 3aBUCAT TOTBKO OT
Bpemennoiil koopauuarsl x°. IIycrs u3 Bcero r. Torma smbo ca-
MY 3Ty KOMIIOHEHTY 0OO3HAHUaeM HUepe3 ¢, MO0 3Ty KOMIOHEHTY
3amMChIBAEM KaK HEKOTOPYIO (QYHKIMIO OT a;.

Takum obOpas3om, KaxKjgasa 3-reomerpus )G mMeeT B MUHUCY-
[EePIPOCTPAHCTBE KOOPAUHATHL (A1, ..., Gy ).

Hamomuwum, aro ypaBuenue Ywuirepa-leBurra — 3ro ¢hymk-
YUOHAABHOE YPABHEHHE BTOPOrO IOPHAJIKA B OECKOHEYHOMEDPHOM
cyneprpocTpancTBe. Mbl He 3Haem, KaK DeriaTh TaKoe ypaBHe-
HUE, HO MbI MOYKEM HAEATHCS TOJYyIUTh HEKOTOPOE MPEICTABJIE-
HHE O TPUPOJIE ero PEIleHus, PACCMATPUBAS €r0 HA HEKOTOPOM
KOHEYHOMEPHOM TIOAIIPOCTPAHCTBE, HA3BIBAEMOM MHUHUCYIIEPIIPO-
crpancrsoM. IIpu srom ypasuenue Yunepa-leBurra oka3zbiBaer-
csa nuddepeHInaNTbHBIM YPABHEHHEM BTOPOTO MOPSIIKA, CIIOCOOBI
PeIlieHrs KOTOPOrO TOCTATOYHO U3y UEHBI.

HeiictBurenbHo, epexo K auddepeHnnaabHOMy YPaBHEHUIO
MPOUCXOIUT 33 CIET TOTO, YTO B yPABHEHUH CBSI3U

H(A1y ey Oy Ty ooy T, ) = 0,

IIpU KBAHTOBaAHUHU JeJIaeM IIOJACTaHOBKH:

aj; — aj, Ta; —> th—

6aj '
B pesynbrare monmygaem auddepennnaabHoe ypaBHEHNE

. 0 )
H (al, ...,ar,zha—al, ...,zhaar> Y(a,...,a.) =0,

SABJIAIOIIEECH MUHHUCYIIEIIPOCTPAHCTBEHHBIM AHAJIOIOM YPABHEHUS
Yunepa-/leBurra.

Takoit TOAXOA TO3BOJIAET <«pemaThy YpaBHEHUE Yujaepa-
HeBurra. Konedno, MUHHCYTIEPIIPOCTPAHCTBA HE 3aMEHSIOT CaMO-
r'0 CyHeprupoCTPAHCTBA, HO HA JJAHHOM JTAIe OTCYTCTBUS CKOJIBKO-
HuOyZp HPUEMJIEMO} TEOpUU BAPUANMOHHBLIX (DYHKIMOHAIHHBIX
ypaBHenwuit Tumna Yunepa-/leBurra obpaiienre K MUHUCYTEPITPO-
CTPAHCTBAM TTO3BOJIAET TTPOIBUHYTHCA B UCCAETOBAHUT KBAHTOBOM
KOCMOJIOTHH.
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15.8.1. llpumepbl MUHUCYTIEPITPOCTPAHCTB

IIpumep 15.1. Merpuka @pumamana
ds® = 2dt* — a®(t)[dx? + sin? x(d6? + sin® Odp?)]

JaeT ciaexymoomee l-mapaMeTpUYecKoe CeMeicTBO 3-reoMmeTpuii
®G(a), a € RR:
a*[dx? + sin? x(d6? + sin? Odp?)].

CilenoBaTeIbHO, COOTBETCTBYIOIIEE MUHUCYIEPIPOCTPAHCTBO O-
HOMEPHO W KazKIaad 3—FeOMeTpI/IH nMeeT KOOpANHATY a.
Ilockonbky

1
H = —%(Wi +a?)

0
a—a, Ty — ith—,
da

TO ypaBuenue Ywuuepa-/leBurrta mpuodbperaer dpopmy

(;; - a2) ¥(a) = 0.

IIpumep 15.2. i scenennoit @puamana
ds* = N2(t)dt* — a®(t)dQ3,

rae dQ% — JIMHEHHBIA 3/1eMEeHT POCTPAHCTBA IOCTOAHHON KPUBU3-
HBI ¢ KpuBm3HOit K = 0, 1.

Nwmeem nyas neficTBusI CUCTEMBI TPABUTAIMOHHOTO U OTHOPOJ-
HOT'O CKaJAPHOTO TOJIei

S =Sy + S =

3 aa? Aa3 1 5 [ P

TakuM 06pa3oM, WMEEM 2-MEpPHOE MWHHCYTEPIPOCTPAHCTBO
S, (M3) ¢ aBymsa KoopI@HATaAME @, ©.
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NMmeem

oL 6ad oL _dy oL,
NN TN T

04 NPT 0p

Ta

H:ﬂad+7r¢,<,b+7rNN—L:

2 3
w4 1 5  a’A 3

_Z el pliel v
12a7ra+ + o +a’V(p)

3Ka
243 T -
IIpu xBaHTOBAHWHI

2

=0.

v

0

0
, Tq = thm—, m, = ih—,
ot

da

a—a

nosygyaem ypasuenue ¥uiepa-leBurra B dhopme [244]

2R2 92 02 A 3K
28T A - w0

12a 0a?  2a3 Op? »

YacTo BMECTO 3TOTO YPABHEHUS PACCMATPUBAIOT JIPYTOE, UCITOJTh-
gytolree ynopsaodenue Jlanmaca-Bensrpavu:

2 90 0 h%o? A 3Ka*
[% =+ a6[V(<p) + 2] - 2@
n n

712 a%a% — 58@2 :|\1](a780) =0.

(15.85)
Henas 3ameny a = Ina, nonydaem wHyi0 pOPMY ITOTO ypaB-
HEHUS:

[%2712 2 M2 A

[V(go) + %2} - 3e4a52}11(a, ¢) = 0.
(15.86)

15.8.2. IlpmHOmUOD KOHCTPYKTUBHOII wHTepQe-
peHIun

Hpunyun koncmpyxmuenot unmep@pepenyuy, TIACUT, UTO KJIIAC-
cUYecKas TPAEKTOPUS BCEJEHHON B MHUHHCYIEPIPOCTPAHCTBE
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S, (M?) aBngeTca cOBOKYIMHOCTBIO €r0 TOYEK @, B KOTOPBIX KBa-
3UKJIACCUYECKHUI BOJTHOBOH IaKeT

¥(a) = / (N A(a)e 5@ gy,

rae p(\) — rayccoBa TIOTHOCTh DACTIPEEIIEHNsI BEPOSITHOCTH C
MATEMAaTUIECKUM OKUJIAHUEM A, UMEET MaKCUMyM MOMIyJs (CM.
puc. 15.3).

Puc. 15.3: Koucrpyxrusnas uaTepdepeHIna MeKIy ABYMsS MHOMKECTBAME
BOJIHOBBLIX (DPOHTOB; CIJIOUIHBIE JIUHUK COOTBETCTBYIOT S(a, ), a IMyHKTHD-
uere — S(a, A+ 0). Knaccugeckas mpoCTpaHCTBEHHO-BPEMEHHAs TPAEKTOPUS
BceslenHO! COCTOHT M3 TOYEK, B KOTODPBIX CIUIOIIHBIE M NYHKTUPHBIE JIMHUU
OTBEYAIOT PABHBIM 3HAYEHUAM JeHcTBuii, T.e. korma S(a, A + 0A) = S(a, )
(ra pucyHKe n300paXKEHO TOJICTOH NuHme).

Ciie10BaTe/IbHO, YCIOBUEM BO3MOXKHOMN IIPUHAJIJIEXKHOCTH TOY-
ki a € Sy, (M?3) Knaccuaeckoii TPaeKTOPHH CITyKAT PABEHCTBA

89S , ~
— =0 (j=1,...,m).
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15.9. MHuoromupoBad TpPaKTOBKa KBaH-
TOBOII MEeXaHUKN DBEPETTa

TpaxkToBKa KBAaHTOBOI MEXaHWKMW, JTAHHAS JBEPETTOM, OCHOBBIBA~
eTcs Ha CJIeIYIOMNUX MPpUHITUIAX:

1. Her He0OXOAMMOCTH TMPEICTABIISThH CYIIECTBOBAHNE KAKUX-
Jb0 BHENTHUX HADJIIOIaTe el WM MOCTYJIUPOBATEH CYIIECTBOBA~
Hue cdepbl, Tae TOCIOACTBYIOT 3aKOHBI KJIACCHIECKOM (DU3UKH.

2. ImeeT cMBICTT TOBOPUTH O BEKTOPE COCTOSHUS IJIA IO
Bcenernnoit. 9TOT BEKTOP COCTOSIHUST HUKOTIA HE KOJIJIATICUDYET,
1, cJaeaoBaTeNbHO, BeesenHas B 1eI0M 3BOIOIMOHUPYET CTPOTO
JIeTePMUHUPOBAHO.

3. Crarucrmyeckass WHTEPIPETAINsT BOJHOBOW (DyHKIUU He
JIOJI’KHA OBITH 33]aHA AITPUOPHO.

4. Jliobast keanmosas cucmema, u BcejeHHass B 9aCTHOCTH,
PA3JIOKMMA HA JBE MOACUCTEMBI: MOACUCTEMY S 1 ToAcuCTEMY A.
IToxcucrema A crocoOHa MPOU3BOAUTHL M3MEPEHHS, HAOIIONCHUS
HEKOTOPO# (DU3UIECKON BETUTHHBI A. W3mepstroriyio moacucTe-
my A naszbiBaem annapamom (npudopom). Her pynnamenranbroro
pazuyuns MeK/1y U3MEPHIOIIUM AIapaToM U Apyrumu usmde-
ckuMu cucremamu [206, p.53].

N3mepenne, KOTOPOMY B KJIACCHYIECKON KOIEHTAr€HCKOM WH-
TepHpeTaluy yJIeasdercs 0cob0e BHUMAHUsL, ¢ TOYKU 3PEHUus JBe-
peTTa, eCTh MPOCTO CHENUAJIBLHBIN CIyvYail B3aUMOIEHCTBUA MEK Ty
nozgcucreMamu S u A. 9T0 B3auMOaeicTBIE UMeeT CBONCTBO Kop-
PeAAYUY, BEJIUYUHBI B OJJHON MOJCHUCTEME C BEJIMYUHON B JAPYyroi
moxcucreme. Eciin nBe cucrembl B3amMOAEHCTBYIOT, TO UX He3a-
BHCMOCTb HEMEJJIEHHO HMCYe3aeT, U OHU BCTYIAIOT B OTHOILIEHHE
KOPPEJISINHN.

15.9.1. U3mepenue

B rpaauiuonHoi KOIMEHrareHCKOi HHTePIpeTaluy KBAHTOBOM Me-
XQHUKHU M3MEpEeHNe — 3TO BMEIIATeIBCTBO KJIACCUIECKOr0 MaKpO-
npubopa B cocrosinme |1)) dusnueckoit Mukpocnucrembl. Pesyibra-
TOM 3TOr'0 BMEIIATEIbCTBA — U3MEPEHU — ABJIAEeTCA KOJJIAIIC BOJI-
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HOBO# (DYHKIHH, T.€. IE€PEXO MEKPOCHCTEMbBI B COCTOSTHHE [1);,) C
BEPOATHOCTBIO |¢;,|? KOHKDETHBIM 3HAYECHHEM S;, U3MepPAeMOll Be-
JIMYWHBT A M3 MHOXKECTBA MOTEHIMATIBHBIX €8 3HaueHud (S;);cr:

) = Zciwz‘), (15.87)

i€l

Ay = sib;.

Takum obpasom, BuIIEIsIeTCsT ocobas cdepa, B KOTOPOi rocmo-
CTBYIOT 3aKOHBI KJIACCUYIECKON (DUBUKU M TE€M CAMBIM TOCTYJIUPY-
eTcsl CyIecTBOBaHNE 0CODOro KJracCudeckoro mupa. [lpu uzmepe-
HUE Pearu3yemcs, T.e. MIPU3HAETCI eUHCTBEHHO OObEKTHBHO CY-
[IECTBYIOIIUM TOJIBKO OJIHO 3HAYEHHE M3MEPAEeMON BEJIMYUHBI U3
MHOKECTBA BO3MOXKHBIX €€ 3Hauenuii. QCcralbHbIe He Peasusyom-
cA, T.€. OOBABIILIOTCSA HECyIecTByOmuMu. V3mepenne, sxcnepu-
MEHT, UCTOIL3YIONTAI KIacCuIecKue mprubopbl, O0LEKTUBU3UPYET,
upuaér (BepOSITHOCTHBIN) peasbHbili CMBICI, 3HAYEHUE TIPEICKa-
3aHUAM KBAHTOBOII MEXaHUKU C IOMOLIbIO HAWJEHHON IIpuU pelle-
Hun audepeHnnaabHOT0 YPABHEHN ST BOJTHOBON (DYHKITHH.

Mbi BujM, 910 cyrybo HenpepbiBHAS JIETEPMUHUCTCKAs IBO-
monus dbuzmueckoii cucrembl (mporecc 1), onucsiBaemas mudde-
peHIMaILHBIM ypaBHenueM, HanpumMep [Ipéaurrepa, mperepnesa-
eT pa3pbIBHbII BEPOATHOCTHBIN Xapakrep (npouecc 2) B pe3ysbra-
T€ U3MEPEHUsi. IBEPETT CIUTAI ITO HeAonycTuMbiM. C ero Touku
3peHus, Jijisi Onucanus pU3nIECKOl CUCTEMBbI JIOCTATOYHO UCIOJIb-
30BaTh TOJIBKO TIporiecc 1.

TpaguiuronHast, KOTEHTareHCKas WHTEPIPETAINs CTPalaeT
IIBOMCTBEHHOCTBIO TOIX0a, pa3ensas Buemnuit Mup Ha Kiaccu-
9ecKuil ypoBeHb, MAKPOMUD, IPUIKMCHIBAs €MY «DeaJbHOCTh> (1,
CJIeJIOBATEIILHO, JIONYCKas ero 0ObEKTUBHOE OIUCAHUE), U HA MUK~
POMUD — KBAHTOBYIO 00JIaCTh, — OTKA3bIBAs €My B TOM K€ CAMOM
[206, p.111]

O/1HAKO IO MHEHWIO DBEPETTA, MOCTYJIUPOBAHKE CYIIECTBOBA~
HUST 0CO00#H KIacCHIecKol ¢cephl ABIACTCA TYKIBIM ITOTIOTHEHN-
eM K (OpMaIU3My KBAHTOBOW MEXaHUKHU, OCHOBAHHOW TOJILKO HA
ypasuerun [Ipéauarepa. 9To JONOJHEHNE — MEXAHU3M KOJLIAICca
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BousioBO#t ynkuuu. Cynepuosunus (15.87) u ecrb Bech peans-
noiti Mup, umeronuit 6emeu, KOTOpble KaK CjlaraeMble BXOIAT B
cyneprio3urmio. He cyimecTByeT HMKAKOTO BHEITHETO BEJIOMCTBA,
KOTOpPOE MOYKET ONpPeIedaTh, KOTOpasd M3 BeTBEil ITpeJICTaBJIAeT
coboit peasvruili mup. Bece BETBU — OMHAKOBO peasibHbIE MUDPBI, U
KaXKJbIil M3 HUX HE CO3HAET CYIIECTBOBAHUE JIPYTUX.

9BepeTTOBCKOe BHieHre Mupa XOpoIio coriacyercs ¢ Teopuei
KBAHTOBOI I'paBuTanudud YUjaepa, B KOTOPOl MOAB/ISETCs HEOOXO-
JUMOCTH TOBOPUTH O BOJTHOBOI (byHKIMu Beesennoit, a B aBeper-
TOBCKOIT MHTEPIIPETAIINH 3TO MOXKHO JIeJIaTh CaMbIM €CTECTBEHHBIM
obpaszoMm u 0e3 KaKux-Tu00 3aTPyIHEHH.

15.9.2. OTHOCUTEJIbHBIE COCTOSHUS DBepeTTa

Paccmorpum cucremy ¢ momcucremamu S u A. IIpocTpascTBo co-
CTOSHUH TIEPBO TMOACUCTEMBI — 3TO THJILOEPTOBO TTPOCTPAHCTBO
Hs, Bropoit — H 4. CocTosTHAS COCTABIEHHON CHCTEMBI TPWHAIIe-
KaTh TPOCTPAHCTBY Hg ® H 4.

[Moucucrema A, npousBoasiias HaboIeHUe (U3MEPEHHE), T.€.
SABJIAIOMASICA HAOIIOMATENIEM, IOACUCTEMBI S, OKA3BIBAETCA CKOP-
peTMpPOBaHHOI C HEll.

Ecian |s) — cocrosinne n3aMepsieMoii MOACHCTEMBI S, a COCTOsI-
uue cucrembl A Habiogarens (amnnapara) obo3Hauum uepes |A),
10 uepes |A[s]) o6o3HaUaEM CKOPPEIMPOBAHHOE COCTOSHUE T10CHU-
crembl A.

OBeperT Ha3bIBAI cocTostHue |A[s]) omuocumenvrvm cocmos-
nuem (relative state) nogcucreMbl A MO OTHOIIEHUIO K COCTOSAHUIO
|s) momcmeremsr S. OtHOCHTENbHOE cocrosiHme |A[s]) enuHCTBEH-
HBIM 00Pa30M COOTBETCTBYET COCTOAHUIO |s) [209)].

Pesynbrar usmepenus B ciiydae npeOblBaHUs [OACUCTEMBL S
B COGCTREHHOM coCTOSTHIH |s;) usudeckoii pemamant A — 910
COCTOsIHME BCeil cucTeMbl S + A BUIA

[Vs+a) = |si) @ |Alsi]).

Eciiu ke noacucrema S 1npedbiBajia B CylePIO3UIII

lths) = Zci|8i>v

%
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TO COCTOSHUEM BCeil cucTeMbl S + A ¢ yI€TOM BCeX BO3MOMKHBIX
n3MepeHuii 6yaer BEKTOp

[Wssa) =D cilsi) @ |Alsq]).

%

ITpu 3TOM HE OIHO U3 COCTOSHUIN CUCTEMBI S HE UMEET OCHOBAHUS
canTathes 6osee peasbHbIMH, YeM ocTaibHbe [206, p.116].

Ecnu usmepenue (mabsromenue) cucreMbl S OCYLIECTBIIAET-
Cs1 IByMsl NIPOCTPAHCTBEHHO PAa3/ETEeHHBIMA CHCTEMAMU-HAOJIIO-
narensamu Ay, Ag, TO 006€ OHM OKA3BIBAIOTCHA CKOPPEJIUPOBAHHBIMHU

cS.

15.9.3. Pesysabrar HabOmogeHnNs (M3MepeHNs)
KBAaHTOBOH CHCTEMBI 110 DBEPETTY

ITycrs BosnoBas dyuxius Beesennoii (cucrembr) S+ A nput =0
MMeeT BUJL

(UG, a) = [¥) ® |®). (15.88)

N3mepenue — 3to BozzeiicTBre Ha BeKTOP (15.88) 3BOMONHOHHBIM
yHuTapHbiM oneparopom U (t), T.e

(WS, 4) = UG, 4) = [Tsra(t)).

Bekrop |¥sia(t)) naxonsr, peas quddepeHuuaibioe ypasHe-
nue (Hanpumep HIpénunrepa), OLUCHIBAIOLIEE IBOJIIOUUIO CUCTEMbL
S+ A ¢ navanbHbIM naHHbIM (15.88). Tlosydaem, 4To pe3yabTaToM
9BOJIIONMH B MOMeHT ¢ = T', Gy/ieT CynepIo3nIins BeKTOPOB, MpeJi-
CTaBIsomas cob0i BO3MOKHbBIE COOCTBEHHBIE BEKTODHI |S) Besu-
auHBl A € COOTBETCTBYIONUME AINAPATHBIME «uTeHusMu» |A[s]):

(Wsa(T)) = cols) @ |A[s]). (15.89)

Oror BeKTOp npejcrasiser Beesennyo xak Peaavrocmo, cocTo-
SIIYIO U3 BCEX OJHOBPEMEHHO CYIIECTBYIOIIUX H, CJIEJOBATENLHO,
OJIMHAKOBO PEATbHBIX Mupos |s) @ |A[s]), B KaxKJIOM M3 KOTOPHIX
M3MEpeHNe BeIMIHHbL A JaeT pasHble 3HAYCHHUS .
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Takum obpaszoM, B X0[€e IBOJIONNH, KOTOpasg uUMena (popMy
[IPOBEIEHUs MPOIEAYyPhl H3MepeHuii-uabionennit-arennii, Bce-
JIeHHas! PACIIENMIACh Ha OECKOHEUHOE YNCIIO BeTBeil (BCeNIeHHBIX),
KarK/1asi U3 KOTOPBIX MOYKET BBITJISIIETH COBEPIEHHO WHAYE, UeM
[IPY BCEX WHBIX HADIIONEHUAX.

15.10. Speculatio

1. OBeperT 0 cBoeit Teopun: «Te aprymMeHTBI, COTJIACHO KOTO-
PBIM KapTHHE MUPA, IPEJCTABJICHHON 3TOH Teopmell, IpOTUBOpe-
YUT OIIBIT, TOTOMY 9TO MBI HE CO3HAEM HUKAKOI'O IIPOIIECCA BETBJIE-
HUsl, TOOOHBI KPUTUKE KOIEPHUKAHCKOW TEOPUU HA TOM OCHOBa-
HUU, 9TO [MOJIBUZKHOCTH 3eMJIM KAK PeasibHbIil pusndeckuii (paxr
SIBJISETCST HECOBMECTUMON C WHTEPIpEeTanueil mpupoIbl 31PaBbIM
CMBICJIOM, TIOCKOJIbKY MBI HE YyBCTBYEM TAKOTO ABUKeHUsA. B 060-
UX CIydasiX apryMeHT TePIHUT HEyAady, KOTJa OKa3bIBAETCsH, 9TO
caMa Teopwus IPeCKa3bIBAET, B 4eM (haKTUIeCKu OyIeT COCTOATH
Hau oublT. (B KOIEPHUKAHCKOM Cilydae J010JHEHHE HbIOTOHOBOI
dbusukn ObLIO 00SI3aHO MOKA3ATh, YTO KUTEJTH €M HE OyIyT
OCO3HABATD JI000e €€ nBuUkeHue)> [209).

2. PeanmbHOCTb B KIaccrdeckoil (pr3nke MpOHU3AHA MPEICTAB-
JIEHUEM O MPUYUHHO-CJIEJCTBEHHBIX CB#A3sX. [locrrimaccmyeckasi
duszuKa OTKPHLIA MPEJCTABIEHUE O KBAHTOBOI KOPPEJISIUY.

«IIpwamHHast CBSI3b — 3TO CBOMCTBO MOJIEH, & HE CBOWCTBO MU-
pa ombita. [loHATHE TPUIUHHON CBS3M MMEET CMBICI TOJBKO MPHU
obpallleHuu K TeOpWH, B KOTOPOH UMEIOTCS JTOTHYECKUe 3aBUCHU-
MOCTH Cpeiu 3JieMeHTOB. Teopus cOmepKUT OTHOIIeHns Braa «A
BJIe9€T By, KOTOpBIE MOI'YT OBITH IPOYUTAHBI KaK «. A npuduna B,
B TO BpeMsl KaK HAIIl OIbIT, HEMHTEPIPETUPYEMBIil JTIO00H Teopu-
eif, He TOBOPUT HU O YEM TOJOOHOM, HO TOJBKO 3ASIBJISET O KOP-
PEAAYUYU, MEKTY COOBITHEM, COOTBETCTBYIOMUM A, U COOBITHEM,
coorBercrByomuM By (dseperrt, [206, p.136-137]).
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KBanToBag KocMoJi0rugd

B cepennne XX Beka MPUHITAIBI KBAHTOBOH TEOPHUHU OBLIU Pac-
MPOCTPAHEHBI HA KOCMOJIOTHIO — BO3HUKJIA KBAHTOBAasS KOCMOJIO-
rud. [lockombky peanbHas Bcenennas saBsgeTCsS KJIACCUYECKUM
MaKpPO-TIPOCTPAHCTBOM-BPEMEHEM, TO OJHOM W3 33,9 KBAHTOBOMH
KOCMOJIOTUM CTaJ0 OObICHEHUE €ro CylecTBOBaHUs (<«IIOsdBe-
HUs») B TePMHHAX KBaHTOBOI Teopuu. CJI0BO «lOsBJEHUE» Ha-
MEPEHHO B3SITO B CKOOKW TIOCJIE CJIOBA «CyIleCTBOBaHME». /1eso B
TOM, 9TO TEOpHUs CYNEepIpPOCTPAHCTBA YUJIEPA HE COAEPIKUT BpPe-
MEHU, & TEPMUH <IIOsIBJIEHUE» HECET B cebe BPEMEHHOH aTpudyT.

Kocmostorn yaacienoBann OOIMIEPETATUBUCTCKOE IIPEICTAB-
JeHre o pooicdenuu BeeneHHON W3 «TOUKWM» (CHHTYJISPHOCTH),
ONMKCHIBAEMOE C TIOMOINBIO HECTAIMOHAPHBIX PEINeHU ypaBHe-
Huit Jitamreiina, Haiinenabix Ppuavanom. Kiraccmdaeckast xoc-
MOJIOTHS JIOBJI€JIa HAJl yMaMU KBAHTOBBIX KOCMOJIOTOB, W Te€
[IOHEBOJIE WMCKAJIA KBAHTOBbIE ONKUCAHUS I10SBJICHUSI-POXK ICHISI-
BOBHUKHOBeHUsT Bcenennoii.

YeTbipéxMepHOE TPOCTPAHCTBO-BpeMsi BCEleHHOH He MOKeT
BO3HUKATH, OHO MPOCTO CYIIECTBYeT, OHO 6Hespemerno. OmHako
i Yuiepa, U He TOJbKO JIJIS HEro, MCXOAHBIM, IEPBUYHBIM I10-
HSITWEM SIBJISIETCS TIPOCTPAHCTBO, OCHAIIEHHOE MEHSIOMIENCsT, IBO-
JIIOIMOHUPYIOIel 3-reomerpueit PG, a He MPOCTPAHCTBO-BPEMS
C Be4HOU m Hem3MeHHOU 4-reomerpueit (VG. B Oosbmioil cremnenu
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9TO OODBSACHSAETCS TeM, YTO aOCOIOTHBIN 4-MepHBbIi Mup coObI-
THUil, npeBHEeCEHHDBIH B pu3uKy MUHKOBCKHM, (pr3nKaMu U KOCMO-
JIOTaMU TOICO3HATETLHO BOCIPUHUMAETCS BCETO JIUITh KaK yI00-
Has TEOMETPUYECKas OMMCATeIbHAS KApTUHA, Juarpamma Peasb-
HOCTH, HO HUKaK He cama PeasbHOCTS.

16.1. VYcaoBusg PpOXKJAeHUS KJacCuiec-
KOT'0 TMPOCTPAHCTBAa-BPEMEHU B
CyIIepOpOCTPAHCTBE

Econ BomHoBasi dbyukumst ¥(®G) TakoBa, 4To CIOCOGHA ONMUCHI-
BAaTh T030HI0M BCEJIEHHYIO, TO OHA JOJIXKHA MPEJICKA3BIBATH, 9TO
B 604bW0T BCEJIEHHON MPOCTPAHCTBO-BPEMS SIBISETCS KAGCCUYE-
CRUM.

«Ilo menbITIelt Mepe, ABa YCIOBUS FAPAHTUPYIOT BO3MOKHOCTD
pPacCcMOTpEeHNd KBAHTOBOU CHCTEMBI KaK KJIACCUYECKOIL:

1. BorHOBas (byHKIMSA JOMKHA IPEACKA3BIBATD CHIBHYIO KOP-
PeNANNI0 KAHOHUYECKUX TIEPEMEHHBIX ¢ M P B COOTBETCTBUU C
KJIACCMYEeCKUMHU 3aKOHAMU, T.€. B BUJIE

Pa= 5o
WNuadge roBopsi, BosHOBas (DYHKIWS TOIKHA CKOHIIEHTPUPOBATHCS
KaK IIellb TOPHBIX IIUKOB BJIOJIb OJHON MJIM HECKOJIBKUX KJIACCHYe-
CKUX TPAEKTOPUil B CyLEPIPOCTPAHCTBE.

2. KBanToBoMmexaHnndeckasi MHTEP(MEPEHINST MEXKIy TaKUMHU
rTpaekTopusaMu (KOHGMUIYPALUAMHU) [0JKHA ObITh NpeHeOpexKu-
MOii, T.€. TPAEKTOPUAM CJI€/IyeT JIeKOTe€PUPOBATH.

Jlymaercs, mepBoe, 9TO HEOOXOIUMO CIIEIATh JJIs TOTO, 9TOObI
O00HAPYKUJIIOCh KAGCCUYECKOE Nosedenue — ITO TIOCTPOUTH aAHAJIOT
KOT€PEHTHBIX COCTOAHUMN.

BrimosHeHne 3TUX yCI0BUMiT — HEMPOCTAsT 3312498, HO OHA, JOCTH-
KWM3 B HEKOTOPBIX MPOCTHIX Cydasx. Tak Kak BOJHOBasA (pyHK-
[IMsi HE 3aBUCHAT OT BPEMEHW, TO aHAJOT KOT€PEHTHBIX COCTOSHUN
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B MUHHCYIEPNPOCTPAHCTBE MOXKHO IIPEJICTABUTH B BHJIE:

W(g™) = ") exp(—f*(¢")) (16.1)
rae f(¢®) = 0 — ypaBHEHHE €IWUHCTBEHHON KJIACCHYECKOW Tpa-
eKTOPUU B MUHHCYTEPIPOCTPaHCcTBE. 1109TOMYy B IByMEpHON MO-
JIeTd, K TPUMEpPY, BOJHOBasi (PYHKIUs OYIeT COCTOATH M3 PE3KO
B3METHYBIIKUXCS TOPHBIX [TMKOB B MUHUCYIEPIPOCTPAHCTBE BJIOJIb
€IMHCTBEHHON KJIACCUYIECKON TPAEeKTOPUN.

BonwoBbie (hyHKIMH 3TOrO THMA HE BO3HUKAIOT €CTECTBEH-
HbIM 00pa30M B KBAHTOBOW KOCMOJIOTHH TIOTOMY, YTO OHU HY¥K-
JTAf0TCs B CHEmupUIHBIX TPAHUYHBIX ycaoBusax. OmHakKo OHE 06-
JIAJIATIOT TUIHYIHON OCOOEHHOCTBIO JIJisi BOJHOBBIX (DYHKIUH, 9TO
[PEJICKA3BIBALT KJIACCUYECKOE HPOCTPAHCTBO-BPEMsi, — OHU HMe-
0T MKW OKOJIO IIEJOCTHON ucropun. Bojiee TOro, XOTS OpUTH-
HaJIbHAsT BOJIHOBasi (DYHKIMS HE 3aBUCUT OT KAKOH-JIMOO BeJu-
YUHBI, UTPAOIIEH POJh BPEMEHU, TOHATHE BPEMEHH MOXKET MO-
SIBJISITHCS  JIJIsT  ONPEIEIEHHOIO THUIA BOJHOBBIX (YHKIWMA, Ha-
upumep s rakux, Kak (16.1): kak upasusio, 310 adduHHbIi
mapaMerp BIOJb MCTOPHIi, OKOJO KOTOPBIX BOJHOBAs (DYHKIUS
UMeeT MUKHU, T.€. PACCTOSHWE BIOJIb MOPHOrO XpedTa B Ciydae
(16.1). Bpems, a TOuYHEe, HPOCTPAHCTBO-BPEMS — ITO MOHATHE,
COOTBETCTBYIOIIEE ONPEIETEHHBIM 001aCTsIM KOH(DUTYPAIIMOHHOTO
[POCTPAHCTBA-BPEMEHHU U 3ABUCHIIEE OT HAYAJIbHDBIX yCJIOBHIA.

Bonnosbie ¢dyHKIMN B Hanbo €€ O0IIEM CIIyYae MOSBIISIIOTCS B
KBAHTOBOM KOCMOJIOrHH He B (hopMe BOTHOBOrO makera, a B BKB-
dopme u MOryT ObITH KJIACCUMUIMPOBAHBI KAK OCIIUJISITOPHI BH-
na e’ wan sxcmonenrmana suaa e . OCHUIATOPHBIE BOJTHOBbIE
GYHKIME COOTBETCTBYIOT KJIACCHYECKOMY, T.€. NCEGJOPUMAHOBY
[POCTPAHCTBY-BPEMEHU, a IKCIIOHEHIUAJIBI — HET.

Hanomuum, 910 ¢roco6, mocpeacTBOM KOTOPOTO Mbl HHTEPTIPE-
TUDPYEM BOJIHOBYIO (DYHKIIMIO, 3aKJIIOYAETCS B TOM, U4TO BBICOKUIA
MUK B BOJTHOBOM (DYHKITUU WM B KAKOM-TUDO PACIPEICTIEHUH, MO~
CTPOEHHOH U3 HEE, pacCMAaTPUBAETCs Kak mpejcKasanne. Kiaccu-
YECKOE IIPOCTPAHCTBO-BPEMsI OITOMY IPEJICKA3AHO, KOI/A BOJIHO-
Bas (DYHKIMSA WM KaKOe-TUOO pacrpeesieHue, MOCTPOCHHOE W3
HeE, KOHIIEHTPUPYETCS KaK IeMb MHUKOB OKOJIO OIHOW miau Oosee
KJIACCUIECKUX KOH(UTYPAIHiA.
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Kaxk naenrudunuposars takue nuku?! B nanbosiee obmem ciry-
yae BOJIHOBas (DYHKIHUsS HE OyJer JaBaThb MUKW OKOJIO HEKOTOPOi
obmacT KOH(pHUTYPAIHOHHOTO TTPOCTPAHCTRA: €', KaK MpaBmio,
OyIeT OIpeaesaTh JIUITb HEKOTOPYIO KOPPEJISIIUIO MEXK Y KOOPIH-
HATAMU U UMIYJIbCOM. BO3MOXKHO, CAMBIil TPOCTOH Ty Th HAXOXK e~
HUsI TAKUX KOPPEJSIUil — 3TO BBEJIEHHE KBAHTOBO-MEXAHUIECKOM
dyukuuu pacupenenenus F(p, ¢), Koropasi 3aBUCUT OT KOOPIUHAT
n nmiyabcoB. Pyukius Burnepa — 910 Kak pa3 takas GyHKIHUS.
Omna OKa3bIBAETCS TOJIE3HOH B KBAHTOBON KOCMOJIOTHH JJIsT MIEH-
THUKANN HATIUYIUS KOPPEJANuil I JAHHON BOJHOBON (DyHK-
muu. OmnyctuM MOAPOOHOCTH U OTMETHM TOJIBKO, 9TO (DYHKIHS
Burmepa mokassiBaer, 9T0O

(i) BosmoBas dyukua Buga e~ He npejCcKasbIBaeT KOppeJis-
[UU MEXKIy KOOPAWHATAMHU W MMITYJIbCAMHU U HE MOYKET COOTBET-
CTBOBATH KJIACCHIECKOMY TTOBEICHUIO;

(i) BonmoBas dbynxmms Buma e NpeICKa3BIBAET CHILHYIO
KOPPEJIAIUI0 MKy P U ¢ BUJIA

_os
pa—a

, 16.2
e (16.2)

roe S — pemenue ypaBueHus lamuibrona-Axobu. Bripakenme
(16.2) ectb nepsblii uHTErpas ypasHenus asuxkenusd. OH ompee-
JIsleT MHOYKECTBO PeIlleHuil 0JIeBbIX ypaBHenwuii. BosHoBas GyHK-
nus BUaa €', CIe0BATeNIbHO, UMEeT ITHKH HEe OKOJIO €IHHCTBEeH-
HOTO KJIACCUYECKOTO PEIIEeHUsI, & OKOJIO MHOYKECTBA KIACCUIECKUX
peIennii MoJIeBBIX YpaBHEeHWH. B 3TOM CMBICIE OHA COOTBETCTBYET
KJIACCHIECKOMY IPOCTPAHCTBY-BpeMeHH ! .

MHora yTBepK Iai0T, 9TO BOJHOBbIE (DyHKIME BUIa e~ | He aB-
JIAIOTCH KJIACCHYECKUMHU IIOTOMY, 9YTO COOTBETCTBYIOT €BKJIUIOBY
MPOCTPAHCTBY-BPEMEHN. JTO, KOHEUHO, BEPHO, UTO OHU HEKJIACCH-
YeCKHUe, W TaK¥Ke BEPHO, YTO €C/IM BOJTHOBAaS (DYHKIIUS SBJISETCSH
BKB-pemennem, To I ecTh aeiicTBUE KJIACCHIECKOTO €BKJINIOBA
pemenus. OHAKO 9TO HE 3HAYUT, YTO OHU COOTBETCTBYIOT €BKJI-
JIOBY IPOCTPAHCTBY-BpeMenu. 1lo cpaBHeHHUIO ¢ BOTHOBOM (PyHK-

IBce 910 TOBOPHT B 10JIb3Y MHOTOBAPHAHTHOCTH KJACCHYIECKOH HCTODHH;
Mup — re yHuUBepC (BCeseHHAs), & MyIbTUBEPC (MHOMKECTBO BCEJICHHBIX).
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et Bua €%, KOTopas J1aeT KK OKOJIO KIACCHYECKHX JTOPEHTIe-
BBIX penrennii (IpOCTpaHCTB-BPeMEH), BosiHOBadA GyHKIUA ¢! He
JIaeT TIUKOB OKOJIO €BKJIMIOBBIX perteHnii. OHa HEKJIACCUYIECKAsT
MOTOMY, YTO HE CITOCOOHA MPEICKA3BIBATH KJIACCHIECKYID KOPPEe-
JIAIAA MEZK/Ty JIODEHIIEBBIM HUMITYJIbCOM D U €€ CONPAKEHHON g»

[229, p.180].

16.2. Bo3HuUKHOBEHUE KJIaCCUY€eCKOM
BceJieHHO PpuavmaHa U3 <«HUIe-
Tro»
ITokazkem B 3TOM maparpade, KaKuM 00pa30M MIPOUCXOIUT BO3-
HUKHOBEHUE KJIACCHYECKOIO 3aMKHYTOIO IIPOCTPAHCTBA-BPEMEHH
®punMana B paMKax KBAHTOBOH TeOMETPOIMHAMIKI
IIpumem Kak crieHapuit npoucxoxjgenusa BcenenHoit eé crnos-
TAHHOE KBAHTOBOE POXKJIEHUE U3 Hu%e20 B (pOpME IIyCTOro 3aMKHY-

Toro npocrpancrsa-spemenu Ppuamana, COOTBETCTBYIONIETO IPa-
BUTUPYIOIIEMY BaKyyMYy.

16.2.1. Kiaccuyeckad 3BOJIONUS BCEJIEHHOIT

Ypasuenus ituwreitna ¢ Ty, = 0 (wycroe upocTpascTBo)

1 &G
Ry, — igikR + Agir. = CTT“C =0

nepenumnieM B BUJIE

1
Rir — 59t =
8rG s Ac? At Act
===+ 2 ) v — —— g - 16.
ct {( “ &G * 87G ) " T 8ag Tk (163)

DTO 03HAYALT, YTO KOCMOJIOTHIECKYIO TIOCTOSHHYIO A CBSI3bIBaEM
C BaKyyMOM, KOTOPOMY HNPpUNHUCBIBAEM CJICAYIOIUE IJIOTHOCTH U

2Ycnonbzopana craThs Atkatz’a [184].
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JaBJIEHHUE

Ac? Act

Pvac = — Pvac =
8tG’ 8rG
C YypaBHEHUEM COCTOAHUA

A pvac + Poac = 0. (16.4)

Paccmarpusaem Bcemennyo @puamana

dr?

2 2 742 2

+72d0* + r?sin? @ d<p2> , (16.5)

Y/JIOBJIETBOPSIONIY IO YPABHEHUAM DUHINTEHHA ¢ HYJIEBOH KOCMOIO-
TMY€CKOH IIOCTOAHHON U C

Tvac,ik = (Czpvac +pvac)uiuk — PvacYik-

B srom ciiygae ypaBHeHusi QUHINITEHHA CBOAATCS K ABYM YpaGHe-
HuAM Ppudmana 115 SBONIONUE MacIITaOHOro (pakTopa:

8 G vac 2
(a)? = % - K&, (16.6)
. ArGa 3Pvac
a=— 3 (pvac + 2 . (16.7)

Huddepennupys nepsoe u ucnonbdys (16.7), moaydaeM ypasHe-
HEe, 3aMeHsomIee ypapHenue (16.7):

dpvac . 7&
do —  ac?

(C2pvac +pvac)- (168)

Nwmes B Buny ypasuenue cocrosuus (16.4), u3 ypasuenus (16.8)
noJIyvaem, 4ro
Pvac = const.

BamernM, duro, Kak mokazaan Arkarm u Ilarenc [185], Bo3HWK-
HYTh U3 HIYEro MOCPEACTBOM KBAHTOBOTO TYHHEJINPOBAHUS MOTJIA
TOJIBKO 3aMKHYyTas Bcesennas. [lostomy Gepem K = +1.
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Pemmenne ypasuennst (16.6) umeer Bz

vV Kc?t 3Kc?
a(t) = agc ( o ,  ag S G (16.9)

Bemnauna ag coorBercTByeT nHQIAIINOHHON 310xe ['yTa — Kpaiime

MaJIOMy OTPE3KY BPEMEHH, 38 KOTOPbIH MPOUCXOIUT KpaiiHe ObICT-
poe paciupenue Bcesrennoii.

Ucnionib3ysi BbIpaskeHue st g, 3alWIIEeM ypaBHeHUEe iiH-
mrreitna (16.6) B caeayiomeM Bue:

(a)? = Kc? <az - 1> : (16.10)

g
16.2.2. KsaHTOBaHUe, MHUHHUCYIIepIPOCTPAaH-

CTBO U ypaBHeHue Y uiepa-/leBurrta

Nmeem geiicrue ayis merpukn (16.5)

&zfgww

rie
_ 3mct
9 4G

U TaMUJIBbTOHUAH

{—(a)% + Kca (1 — azﬂ , (16.11)

ap

Hy = pac — Ly, (16.12)
e
0L, 3met
=70 =— ] 16.1
Pe= "5 2G (16.13)

— MMIIYJIbC YaCTHILI-BCETCHHOM.

Ecnu moxcraBuTh BhIpaxkeHue s p, u3 (16.13) B (16.12) u
BOCIIOJIb30BAThCs ypaBHeHueMm Jitumreiina (16.10), To y6exaa-
eMCs, 4TO

H,=0.
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Eciu 3amenurs ¢ B (16.12), ucnonssys (16.13), To numeem
2
1 /pa)? Pa 1 (3mct 2 a®
979 \q) TPy T ( oG ) “° a?
9T0 ypaBHeHWe MOXKHO 3ammcarth JU00 B BUIE
2 2
Da ) 2 3mct ) a
— K 1-—<]=0 16.14
(a + ( 2G ¢ a? ’ (16.14)

aubo B BUJE

Pa? + (37764)2 a?Kc? (1 - az) =0 (16.15)
“ 2G a%

Bamerum, yro ypasuenus (16.14), (16.15) nosyuatorcst npu Heno-
CPEJICTBEHHOM II0/ICTAHOBKE BbIPAXKEHUS /ISl P, B ypaBHeHUe JiiH-
mreiina (16.10).

Bronsa oneparopsr

Py — Doy = —th—, a—a=a,
da
MOXKHO MTPOM3BECTH KBAHTOBAHME, MOJICTABIIsAS UX Jnbo B (16.14),
J6o B (16.15). Ilosyuum aBe pasubie GOpMbI ypaBHEHUS Y HJIEPa-
HeBurra nns MUHHCYIEPIPOCTPAHCTBA C KAHOHUYECKUMU II€pe-
MEHHBIMU D, ¢ ¥ BOJIHOBOI bynkuueit ¥(a), 0 < a < oo:

1010 (3N ol N
ha(?aaaa+ 2G Ke (1 a2 P(a) =0 (16.16)

02 (3mch\’ 2
_52@ n (;TCC;) a?Kc? (1 - 22)] Yla) =0. (16.17)
0

Kakyio dopmy ypasaenus: Yuiepa-leBurra Boibpars? Mbt
UMEeeM JIeJIO C TAK HA3bIBAEMON CUTyaluell «HEeOIpeIeeHHOCTH
YTOPSIIOUNBAHKS OMEPATOPOB»; OHA HE OTPAYKACTCS HA, HAXOXKJIE-
HUU KBA3UKJIACCUIECKOrO TTPUOJIMKEHUS, TOITOMY MbI BHIOHPAEM
Gosiee mpocroe ypasuenue B dbopme (16.17).
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16.2.3. TI'panumyHble yCJOBUSA U BOJTHOBasA (PYyHK-
s
Ypasuenue (16.17) paccmarpusaem kak ypasueunue IIpénunrepa

OJI 9aCTHIBI ¢ HYJIEBOI 3Heprueil, HaXOAAIeicsa B TOTEeHINAIIb-
HOM IIOJI€ C IMTOTEHIUAIOM

3mct 2 a?
V(a) = ( ) a’Kc? (1 - ) . (16.18)
2G a?

Ipyruvmu ciaoBamvu, Beenennast momobHa dacTuile, KOOPAWHATA G
JIJIsI KOTOPOit — 9TO BCeJeHHas ¢ MacmTabHbiM ¢gakTopoMm a. O6-
nactb 0 < a < ag — KJIACCHIECKH 3ampenénnas o01acTh sl Ta-

CTHIIBI C HYJIEBOIl dHEpPrHeil; HAIPOTHB, 00JIACTD 4 > G — KJIACCH-
YeCKH JIOTyCTUMas.

Ho uacrtuia-Bcesnennast cnocobHa POAUTHCS U3 HU%E20, KOTO-
poe dakTHuYecku ecTb coctosinue a = 0, KOrjja KBaHTOBAas BCEJIEH-
nasg Opuamana nveer HyIeBOW pa3Mep, U KBAHTOBO TYHHEIHUPO-
BaTh IO/ YHEPreTHIeCcKu 3anpemennoit odmacreio 0 < a < ag u
HOSIBUTHCS BAPYTD B COCTOSHUM C 4 = dg. ITO U €CTh CIIOHTAHHOE
KBAHTOBOE DOXKJIEHUE HECHHTYJISPHON (Tak Kak €€ pa3mep HeHy-
JeBoit: ag # 0) Bcesnewnnoii.

afal

a/ad

a) b)

Pwuc. 16.1: a) I'pacdux norennumana V(a); b) Tpadukn BonHOBOM dDyHKINH.

Tynuenupyioiee rpaHUIHOE YCIOBUE JJIsT BOJTHOBOM (DYHKIINN
HMPUBOJUT K CJIEAYIONIMM TYHHEIUPYIOUIUM BOJIHOBBIM (DyHKIIN-
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+7exp
riue
37_[_ 2 1/2
ko(a) %CL <]. - %> )
i
1 9 a? 3/2
a > ag) X ex 1—aq, —1 , 16.20
U ( 0) ) P [—i55% ( 2 ) ( )

re

3 a? 1/2
0

B ciygae rpammdnoro yciaoBusi XOYKHHIa-XapTJd BOJHOBA

bYHKIMS UMEET CIeIYIONINI BUI:
2\ 3/2
LT (1 _ a)
2 b
2G ag

a2 3/2
222 -
5600 ( 2 1) ] . (16.21)

U3 puc. 16.1 mbl Bugum, 910 00a THA BOJIHOBBIX DyHKIMI mMe-
0T OCHMJUISIIMA B KJIACCHYECKOi objactu (a > ag) MUHHCYyHEp-
MPOCTPAHCTBA, KOTOPBIE OTCYTCTBYIOT B MOA0ApPbEepHOI obsacTu
(0 <a< ao).

1

l/JHH(O <a< (l()) X

Yup(a > ag) x

3BrIpakeHus Ui BOJHOBLIX (DYHKIMH JAHBI B €HHUIAX H3MEPEHHs, B
KOTOpBIX ¢ = h = 1.
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16.2.4. Bo3HukKHOBeHNE KJAaCCUYECKOUN BCeJIeH-
HOM

IMepexomuM K KBa3UKJIACCHICCKOMY TPHOJIMKEHHUIO: B 9TOM CIIydae
BosHoBast @puamana — dbysxuus 1(a) — ulercs B BUIE

w(a) = exp (;S(a)) . (16.22)

Tax Kak IeJIbI0 ABISETCS WCCAEIOBAHNE TIOBeIeHNs BeeenHoit B
ciaydae Kiaccumdeckoro npeaena i — 0, To bepem

S =S+ %Sl + (;) S+ ... (16.23)

IMoncrasnas (16.22), (16.23) B (16.17), Haxoaum
950\ > (3wt 2 9. o (@
(52) - (55) =xe (-
9% _ 3“ aVKe —2 (16.24)
Oa ag

Kaxk mokazan Halliwell ([228], cu. § 16.1), ociisiTopHas BOTHO-
Bagd Gyukius (16.22) NPpUBOAUT K CUIIBHON KOPPEJIANMU KAHOHU-
YECKUX [IEPEMEHHBIX G U Pg, T-€.

njan

05y
a = 7 * 16.25
Pa =5 (16.25)
IMoxacrasnas (16.24) u Beipaxkenue (16.13) masa p, B (16.25), mo-
JTyqaem
—a=+VKc?, /
Win

(a)* = K¢ (a - 1) (16.26)

ao
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910 BbIpaxKeHWe B TOYHOCTU COBIaaer ¢ ypauenuem (16.10),
SABJISIOIIMMCS ypaBHeHueM JiHInTelHa i Merpuku Ppuamana
(16.5). Ipyrumu CIOBaMH, 6 06AGCTNY MUHUCYNEPTPOCTIPAHCTEA,
05 KOMOPOTl BOAHOEGA PYHKUUSL ABAAETNCA OCUUAAITOPOM 6UIA
e/ gosnukaem waaccuveckoe npocmparcmeo-epema Ppudma-
Ha, YIOBALMBOPAIOUEE YPABHEHUAM DUHWMETHA.

16.2.5. YTo 03HaYaET TEPMHUH «CHOHTAHHOCTL»
B ONMUCAHUU PoxKJeHuda BcenenHoii

WNrak, dbusnkun HE TOJIHKO TOBOPSAT O POXKIeHWU Bcenennoit us
HUYE20 — OHU TPEJIAraloT MATEMATUIECKYI0 MOJEIb €€ pOXKIe-
HUs U3 Huwezo. Beenennas poxpaercs cnowmanno! B mepesose
HA HEHAYYHbI, IOBCEJHEBHBIN A3bIK, IIPEIIIOJAralomuil 110 yMOJI-
YaHUIo 00A3aTe/IbHOE HAJIMYUE [IPUYUHHO-CJIEJCTBEHHBIX CBS3€i,
CTIIOHTAHHBIN — 3HAYUT MO HEM3BECTHOU NMpUUMHE.

Bepyitommii wemoBek Beput, uTo Beenenmyio mopoamn Bor.
Wnade roBopst, mpuunHa MPOUCXOXKIeHNS BcemeHHoi TpaHcieH-
JeHTHa, T.e., B ToHNManun KaHTa, OHa BBIXOJUT 3a MPEJIEIbl BO3-
MOKHOI'O OIIbITa («MUDA ABJICHUI» ) U SABJISETCS HEJAOCTYIIHON Teo-
PEeTUYIeCKOMY ITO3HAHUIO.

Onanako 10 cux nop (hpU3UKU He BKIIOYATU B MUD SBJIEHUN de-
sioBedeckoe cosnanme. Co3HAHUE TPAHCIEHIEHTHO J1ijisi (PU3UKOB.
Taxk, OBITH MOXKET, CO3HAHNE U TIOPOXKIAET BCeTeHHyI0 Win 1axKe
MHOKECTBO PA3HBIX BCEJIEHHBIX !

16.3. IlogBJjieHne KJjacCU4YeCKO BCeJIeH-
Holi PpuamMmaHa

Paccmorpum [242] MUHUCYLIEPIPOCTPAHCTBO, OTBEYAIOLIEE I1JI0C-
koit (K = 0) Bcenennoit @puaMana ¢ HyIEBONH KOCMOJIOTHYECKOM
KoucTauToi (cm. § 15.8.1, mpumep 15.2).

IMosaraeM, 9TO MPOCTPAHCTBO 3AIOJHEHO JKUIKOCTHIO, TPEI-
CTaBJIIEMOIl OJJHOPOJHBIM CKAJIAPHBIM TOJIEM (¢ C IJIOTHOCTHIO P
U JABJIEHUEM D, CBA3AHHDBIX aHTUYAIIBICHHCKUM YDABHEHUEM CO-
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crosinus p = A/p:

p:%*V(w), p:%ﬂf(%
rjae

1
Vip) = Vo | sh(V3r*|g|) = ——=—=——,
sh(V3r2[e])
rie Vo = \/A/4, k? = 871G /c*. ([danee B arom naparpade ¢ = 1).
Pemenne ypasuennit D#HnITEHA Ta€T COOTHOIIIEHNE

1 Aab
wi(a) =4/ 3?arcth ( 1- ;) , (16.27)

rne B = const > 0, oTBeualomniee KJIacCHIeCKONH TPAEKTOPHUH B
MUHHCYIEPIPOCTPAHCTBE, M300parkKeHHoit Ha puc. 16.2, u coor-
BETCTBYIOIIEN KJIACCUYECKON IBOJIOIUOHUPYIOIEH MJIOCKOW BCe-
nenroit @puamana.

3

@

Puc. 16.2: I'paduk xraccuvecko# TpaexkTopun B MHHECYTIEPIPOCTPAHCTEE.

Ypasuenue Yunepa-/leBurra umeer Bus

h? (K% 02 0? 6a /a3

[2 (GW - M) Ve (Sh( 3r2¢l)—
1

_ S a,0) =0, (16.28
sh(@wﬂw ) (16.28)
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rie o = Ina.
st monist ¢ & 0 3TO ypaBHEHNE MOKHO 3aMEHUTD CJIeTYIOIINM
MPUOTMKEHAEM:

Ll G W (S
2 \ 6 0a%  9¢? o]

rae Vo = Vo/(3k2).

(o, @) =0, (16.29)

Tt o)

Puc. 16.3: T'pacdux BomHoBOrO maketa (BOJTHOBOM (DYHKIHH) B MUHHCYTIED-
MPOCTPAHCTBE, WMEIOMEr0 «rOPHEIH Xxpefers OKOJI0 KJIACCHYeCKOH TPAeKTO-
puu. 3necy T = ab.

Perrennem sToro ypasHeHus Oy/eT BOJHOBOI maker [243]

\IJ(O‘7 (,0) =

= 1V 2V, Vo 2V,
=Y AWK (= ) (52 R Ly o | =l ).
— ( ) 0 <\/6h2]€/€2) ( L |SO> e k—1 ( k |90|)
(16.30)
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e Ky — dynkmusa Beccens, L,,lc — nosimaoM Jlarepa u V,, = 170660‘.

D10 perenne ucuesaer npu ¢ = 0, 9TO COOTBETCTBYET KJIAC-
CUYIeCKOM CUHTYIIpHOCTH Bcesmennoit ®@puamana. Nrade roBops,
CHUHTYJISPHOCTH Bosbioro B3peia m3beraercsi B KBAHTOBON TEO-
pus.

Kak Buguo uz puc. 16.3, sonnopoii maker (16.30) obpa3sy-
€T <«IOPHbBIA Xpeber» B MHUHHCYHIEPIPOCTPAHCTBE B OKPECTHOC-
TH KJIACCUYECKONl TpaekTopuu, jnesas e€ HamboJiee BEpOATHOI
Ha KJjaccudeckoM yposHe. llpm 3ToM maHHBI BOTHOBON Ta-
KET Y/IOBJIETBOPSIET MPUHIUNY KOHCTPYKTUBHONW WHTEPGhEPEHIINN
(en. [242]).

16.4. Speculatio

1. «Yem 6osee Beenennas KaxkeTcss MOHSITHOM, TeM 0ojee oHa
kaxkercs 6eccmbicaernoii» (C. Baitnbepr, [303, p.154]).

Ilonumanue — 1jist y4eHOro — 0O3Ha4aeT HAJIMYKE YI0BJIETBOPH-
TeJIbHOU TeopuH, 1aloleil OTBeThI Ha BCe BOIPOckl. JI10bas Teopus
OCHOBBIBAETCSI HA OYEBU/IHBIX MOJIOYKEHUAX, T.€. Ha, OTKPHIBAEMBIX
dbusukamu 3akoHax IIpuponabr, KOTOpble MaTEMATHKN HA3BIBAIOT
akcunomamu. Ho, cormacuo Teopeme I'énenst o memosmoTe, JTi00ast
JIOCTATOYHO <«Pa3yMHAas» CHCTEMa AKCUOM Hen30e:KHO IOpOXK/a-
er BOIPOCBI, Ha KOTOPbIE aKCHOMbI OTBETUTH He MOryT. Teopus,
M0 Mepe OOHAPYKEHUST TAKUX «ITPOKJISITHIX» BOMPOCOB, HAUMHAET
paccMaTpuUBaATHCA KaK OECCMBICIEHHAs, W 9TA OECCMBICIEHHOCTH
mepeHocuTcs Ha camy Bcesenuyio.

TTomumo 3TOrO, MPOIECC CTPEMIIEHNST YIEHBIX K BCE HosTee moJ-
HOMY HIOHMMAHUIO CyTH BCesleHHO copOBOXK IA€TCs BTATMBAHUEM
B TOT ILIPOLIECC BCE DOJILLIEIO KOAMYeCTBa (PU3UKOB, KOCMOJIOIOB U
MaTeMaTHKOB, KAXKIblii W3 KOTOPHIX UMEET CBOU PA3AUNGHOULUECH
IpYT OT Apyra uaen-(PaHTA3UU HA, MPEIMET CYIIHOCTH CTPYKTY-
pbl u ycrpoiicta PeanbHocTu. DU uien, Marepuaausyach (CM.
ri. 17), BHocaT Bo Buemnuit Mup maccy nporuBopeduBbIx Jera-
neit. Beenennas npescraer mepes HAOIIOIATEIAMA JAHHON HCTO-
PUYECKOI 3TOXY B HEYIOBJIETBOPUTEILHOM, OECCMBICTIEHHOM BUJIE.



I'maBa 17

KBaHTOBOE co3maanue
Bceaennoit co3nanmnem

Mpubl caesaHbl M3 BEIIECTBA TOTO JKe,
YTO HAIIKA CHBI.

Texcnup «Bypss

Mpbl BocmpmHUMaeM OKpyxKatormuii Hac Bremunit Mup Kak
HEYTO caMO CODOH HaM JaHHOE, KaK CIEHY, HAa KOTOPOH MBI IIO-
SIBJISIEMCsl, 2KUBEM M HCYe3aeM. A HAM HA CMEHY Ha Ty XKe CIEeHy
MPUXOIST HOBBIE JIIOIH.

s Bepytomero yenoBeka Bruemunit Mup, Beenennasa co3gana
Borowm, kyna ObLT OMEIIEH 9€/I0BEK, T.€. co3man Mup mjs ironeit,
U OH mcYe3HeT BMecre ¢ Joabmu B MomenT Konna Caera.

s genoBeka Hayku Bremnnit Mup BO3HUK 3a70/T0 10 MO-
SABJIEHUST B HEM JIIOJIeH W OCTAHETCS CYNIECTBOBATH KaK HU B UeM
He OBIBAJIO B C/Iydae MCUE3HOBEHUS YEJI0BEYECTBA.

B takowm ciryuae Hem3berkeH BOIPOC, OTKYAA M KaK MOSBUJIACH
Bcenennas u Kak J0IT0 OHA CyIIECTBYET?

Ecnau 6p11 MomenTt poxaenusi BcenenHoit, T.e. BpeMs Cylie-
cTBOBaHMUs BcemenHoit KOHETHO, a TaK MBICIAT COBPEMEHHBIE KOC-
MOJIOTH, TO 9TO OBLIO 10 poxkaenusi Beenerwnoit? XoyKuHT cunTa-
eT TMOCJIETHII BOTPOC JIMIIIEHHBIM CMBICTIA, TTOCKOIBKY CaMO BpeMs

298
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mosiBUJIOCH BMecTe ¢ Beesennoii.

Krnaccnueckmne maydHble mpeacTaBieHns O BcemeHHoil, kiac-
cudeckas (PU3MKA YCTPAHSIOT Y€JI0BEKA W3 MOJisi 3PEHUs UCCe-
noBaress. Mup BO3HWKAET, PA3BUBAETCS 0€3 yUACTUST YEJOBEKA.
YestoBEK, €r0 MBICIN W UIEU, C TOYKYU 3PEHUS KJIACCUIECKON Hay-
KU, He UMEIOT HUKAKOTO 3HAYEHUS JJIsI PEIIEH S KOCMOJIOTHIECKHUX
mpobIeM 3BoTIoNNK BeemeHHoii.

TakoBa HaydHAS TPATUIES, OTPANKAIOIIAT MAMEPUAAUCTNUYE-
ckull 832450 Ha upupoay Buemrnero Mupa.

OHAKO AHTPONOJOIUYECKUN TPUHIMII, BIIEPBbe CHOPMYIIH-
posanubiii I''M. U amucom, cBsa3an ¢pusndecKne BeTUINHBI, XapaK-
TepHbIE jisi BCeleHHO, ¢ yCAOBUAMU, HEOOXOIUMBIMU IIJIsT Ha-
JIMYWS, NPUCYMCMEUs B Hell MMEHHO YeJIOBEKA, T.e. HAC C BAMU.
CiriecTBUEM 3TO MPUHIINIA, SIBJIAETCS MBIC/Ib O BO3MOXKHOM CYIIIe-
CTBOBAHUU UHBIX BCEJIEHHBIX, 00JIAMAIONINX UHBIMY (DU3UIECKUME
XapPaKTEPUCTUKAMHY, PEIHAZHAYCHHDBIX JJId UHBLE HOpM HOCHTE-
Jeit pazyma.

Awnrponosornueckuii MPUHIAT 3aCTABISET IyMaTh, YTO MMe-
eTCs TOHKAas, CKPbITas, HECUJIOBAS CBS3b MEXKIY YEeJOBEUECKUM
pasymom u coiictBamu Beesernoii. He siBisiercst iu B TaKOM CJIy-
qae cama BceneHHas TPOAYKTOM pasyMma, MPOLYKTOM YesoBede-
CKOI'O CO3HAHUs, & TOYHEE, Pe3yJbTaTOM CJIOXKHON (KBAHTOBOIA)
cB#A3M (KBAHTOBOW KOPPEJIAIMU) CO3HAHUS U MaTepuu?

ITokaxkem B 9TO# 1v1aBe, KAK MOXKET OCYIIECTBIATbCS CO3UIA-
HUE BCEJIEHHBIX COBOKYMHOCTHIO WHINBHUIYAJIHHBIX CO3HAHUI.

17.1. Co3uanue

®Dopma co3HAHMS, U3BECTHAA HAM, — ITO HAIIE YEJIOBEUECKOE CO-
snanne {A. OHO COMPSIFKEHO € KIACCUIECKUM O0OHEKTOM — HAIITHM
resiom. CiemoBarenbuo, Hait Buermuanit Mup siBjsercss Kiaccmde-
ckuM. Buentauit Mup — 3ro o6bekrusnoii Peanprocts. CyrectBy-
eT oHa 044 Hac B GOPMe MPOCTPAHCTBA-BPEMEHU, KOTOPOE MOPOXK-
JIAeTCs, KAK MbI IIOIBITAEMCH [I0KA3aTh B 9TOH I[VIaBe, CO3HAHUEM,
TOUHEe, 8ceM HAOOPOM UHOUBUIYAADHBIL CO3HAHUT, CO3HAHNEM JKe
u BocmpuHUMaeTcs. Mup mopoXaaercs u CyIecTByeT B TOM (op-
M€, B KOTOPO!l BOCIIPUHUMAETCS.
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Co3znaunnbiii co3nammem Mup M, & TOUHEe, COBOKYIHOCTHIO
UH/IUBUIyAJIbHBIX CO3HAHUN (=IIOKOJIEHMEM ), — TO UCTOPUYECKAs]
smnoxa. «Co3umanme MUPOB» — 3TO HEM3DEIKHOE UX G6EMEACHUE, T.€.
CO3MIIAETCS CPA3y MHOMKECTBO MapaIeNbHBIX MUPOB (My)acA-

Ho Mupbl He TOJBKO €O3M1aI0TCs, HO U co3epuarorcs (HabJio-
JIAIOTCsI, BOCIIPUHUMAIOTCSA, OTPAYKAIOTCSA), T.€. UMEET MECTO MOp-
du3m BuIA

x: A — M, (17.1)

omucanubii B § 1.2.1. 9T0 03HAUAET HAJIUYUNE MPOIEAYPHI MTPO-
cMOTpa COOBITHI, IPUHAIIEIKAIIUX MUDY, T.e. HAJINYNE BPEMEH-
HOTO mopsizika. Bocnpusrue Mupa mocpecTBOM PA3IHIHBIX THIIOB
CO3epIaHus BeJeT K HaIu4duio MHoroBapuanTaoctd (§ 1.2.1, [66]):

z:lA—> My, x:4B— My, x:0C — M,,...

BagBisiemoe HaMu co3upanne Peaabnocmu co3HAHUEM, JIIO/b-
MU, 3HAKOMBIMU C ucTOpueil (huaocoduu, BOCIPUHUMAETCS KaK
MPOsIBJIEHUE Uaean3Ma. Fine HeJaBHO BHICKA3BIBAHNE UI€AJTMCTH-
YeCKUX HJIell B HAIllell CTpPaHe CYUTAJOCHh UAEOJIOTUYECKH BpPE-
HBIM, BPaXKJAeOHBIM IJIsi yCTOEB POJIETAPCKOro rocyaapcrsa. Jly-
MaeTcsi, YTO B HayKe BaKeH IIOWCK 3HAHUHN, KAK TeX, KOTOPbIe
[PUHECYT [PAKTUYIECKHUE PEe3YJIbTAThI, TAK U T€X, YTO CIIOCOOCTBY-
IOT TOHUMAaHMIO OKpYyKaforero nac Mupa. /lenenne Bo33pennii Ha
UIeAIN3M U MATEPUAJIN3M €CTh HE UYTO WHOE, KAK MTPOSBIEHUE YMO-
nactpoennit XIX Beka m ordgacTtu Hadama XX-ro. Mup e Gembrit
U He YEPHbBIA, OH CJIOXKHbBIH, U MBI CAMH €r0 ITOCTOSTHHO yCJIOXK-
asiem. Ouitocopus Kanra, Hanmpumep, meHHA KMEHHO CJIOXKHBIMU
MOCTPOEHUSIMU B TIOHUMaHUU Mwupa, MO3TOMY OHA W MPUTSITUBA-
er K cebe yxke aBectu JjieT. VI HaM Majio Jeaa 0 TOTO, SBJISIIOT-
csa ju mbicau KaHTa naeaucTuIecKuMu, MAaTePUATUCTUIeCKUMA
WIIN AyaTUCTUIECKUMU.

17.2. PeaabHOCTH: 4TO 3TO"

®usnyeckass PeajJbHOCTh — 3TO TO, C YeM YEJIOBEK HE MOXKET He
CUYMTAThCA B CBOEH moBceHeBHON »ku3Hu. Hamo cunrarbed ¢ TeMm,
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9TO OrOHb OOXKHTAET, MOYKHO IIOTHOHYTh, YIIaB ¢ OAJIKOHA, HETb3s
LPOMTHU CKBO3b CTeHy U Tak jasiee. Co BCeM 3TUM HAJI0 CUUTATHC
W TIpUHUMATh B pacuér [72, c.142].

Ho 10 ckopee npezacrasienue o PeanbrocTr, uiayiiee oT 00b-
JEHHOI'O CYIIECTBOBAHUSA Y€JIOBEKa, HE CUJIBHO 3a/1yMBIBAIOIIEIO-
CsI O TOM, HACKOJIBKO IMIPUHIUIHAIBHO PA3IHUne MexK, Ty BHemHnm
Mupom u Mupom CHa.

Yro 3acTaBisier HAC HAJAEIUTH ATPUOYTOM DPEAJTHHOTO T€ WJIN
uHbIe HAOJIIOaeMbIe HAMHU siBJieHusi. Hampumep, moyemMy peaibHO
BpAaIlleHNEe TeJia, MePEMEIAoNerocs B IPOCTPAHCTBE. JUHINTENH
[MUIIET O 3TOMY ITOBOJLY:

«MexaHnun4deckoe 110BeieHne CBOOOHO HeCyeHCs B IIyCTOM IIPO-
CTPpaHCTBE CUCTEMBI TeJI 3aBUCUT HE TOJIBKO OT OTHOCUTEJIBHBIX
moJsioxKeHui (paccTOdHUN) M OTHOCUTEIBHBIX CKOPOCTEH, HO elre
u OT e€ COCTOSIHHSI BPAINEHUS, KOTOPOe (PU3UIECKH HE MOXKET
OBITH PACCMATPUBAEMO KaK IIPUCYIIUN caMOil cucTeMe IPU3HAK.
Js Toro 4robsl x0T 0Bl (HPOPMATBHO MOXKHO OBLIO PACCMaT-
PHUBATH BpAIEHHE CHCTEMBI KaK HEYTO peasibHOe, HbI0TOH 06b-
eKTHBHADYET NPOCTPAHCTBO. Beieacrsme Toro, 4ro om csoe ab-
COJIIOTHOE IIPOCTPAHCTBO MPHUYUCAAET K PEeaJIbHBIM BelnaM, — U

BPAIEHUE OTHOCHTEIBHO a6COIIOTHOTO TIPOCTPAHCTBA JIETACTCS
JJIsL HETO 9€M-TO PeanbHBIM» (DiHmTeln, [171, ¢.19-20]).

Takum o6pa3om, eciu Mbl TPU3HAEM ITPOCTPAHCTBO PEATHHBIM,
TO PEAJbHO BCE TO, 9TO B KAKON-TO Mepe COBEPIIAETCs WK [IPOCTO
HaxomuTcss B HEM. PaBHBIM 00pa3oM OObLSBIIEHWE O PEeaibHOCTH
MPOCTPAHCTBA-BPEMEHHU JEJIAET PEAJTbHBIMEU €r0 00bEKTHI, BEIIH,
JIe’KaIlue B MPOCTPAHCTBE-BpeMeHu. PeasibHbI BEIH, CO3epPIaeMble
B TIPOCTPAHCTBE W BO BPEMEHHU, ¢ KOTOPBIME OJKEH CUUTATHCS
He TOJIbKO 4, HO U uyxkue «s». Ho orkyma B3smch Takwe BeIu
B [IPOCTPAHCTBE-BPEMEHH, ¢ KOTOPbIME HaJl0 cuurarbesa? U ocra-
HYTbCsI JTH OHU CYIIECTBOBATH, €CJIN YEJI0BEUYECTBO UCUEIHET?!

17.3. O peaJIbHOCTH COINAJILHOTO 1 MEH-
TaJIbHOT'O I10JIE

AGCoMIOTHOCTh TIPOCTPAHCTBA O3HAYAET HEM3MEHHOCTH €r0 Teo-
METPHUYIECCKUX CBOMCTB OT COCTOSHHA JBU2KECHU A Ha,6HIO,Z[a,TeHH.
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Teopusi OTHOCHTENIBHOCTH MPOJIEMOHCTPUPOBAJIA HECOCTOITE b~
HOCTB IPUIAHAS MPOCTPAHCTBY abOCOTIOTHOTO Xapakrepa. ['eomer-
pusi TPOCTPAHCTBA CTAHOBUTCS 3ABUCUMOM OT COCTOSTHUS HADJIIO-
nmareseii. MOXKHO Ji 1OCJIe 3TOrO MPUIHCHIBATH TPOCTPAHCTBO K
peaIbHBIM Bermam”?

st m1060T0 COBpeMEeHHOr0 (pu3nKa 6€3yCIOBHO PEATHHBIM SB-
sisiercst nose. Ho TonbKo Jjin pusnyeckue 1mojist peajbHbl!

17.3.1. YTo Takoe moJie

CoBpemennast Gpu3nuka He MOXKET 00XOIUThCsA 6e3 cBoero (hyHIa-
MEHTAJIBHOI'O IIOHATUA — NoJe.

«Ecan 6b1 GU3NKK peruim HAINCATHL CBOIO OHOJIHIO,
onu Hadasm Obl ee ciaoBamu: «CHadana ObLIO mOJIE»
[6, c.51].

g dpusuka moje HaACTOMBKO SIBJISIETCS «CBOUM>», 9YTO OH C TPY-
JIOM TOI9aC BOCIPUHUMAET yIOTpeOJIeHNe 3TOr0 TePMUHA C TIPH-
JlaraTebHBIM, HIMEIOITNM Hepu3ndeckoe mponcxoxaenne. Hampu-
MeEpP, CKOJIb €CTECTBEHHDbI [JId HEro IIOHATHA <«3JIEKTPOMAI'HUTHOE
[IOJIE», «TPABUTAIMOHHOE IIOJIE», «CJAA00E MOJIAY, «SIIEPHOE IOJE»,
CTOJIb K€ IPOTUBOECTECTBEHHDI JIJId HENO COYETAHUA CJIOB «COITU-
AJIBHOE TIOJIE», «ITHUIECKOE MOJIey, « MEHTAJIBHOE MMOJIey, YIIOTPeO-
JisseMble B TYMaHUTAPHBIX HayKax. /Iisd ¢pu3nka Takue mMOHATHSI —
9TO BCEro JINIIb 6€3I‘paMOTHbIe CJIOBOCOYE€TaHudA, 3a KOTOPBIMHU B
peasibHOCTHU HUYEro HE CTOUT.

Yro takoe nose? Bocmosb3yemMcst CIeIyIONIM OMpEeIeIEHUEM
noJist, MprHa IesKammM Difammreiiny [118, ¢.265]:

COBOKYIHOCTL COCYIIECTBYIOMIX (PaKTOB!', KOTOpLIE
IIOHUMAKTCA KaK B3aUMO3aBUCHMbIE, Ha3bIBACTCA I1O-
JIeM.

[IpokoMMeHTHDYeM abCTpAKTHOE ONpeJeieHre MOJisl, JaHHOe
Qituireiinom, nepedpas3upys Ipyroe ero yreepxKiaeHue: Bce (ak-

L @axm — 1) meficTBHTENBHOE, HEBBIMBIIIJIEHHOE IPOUCIIECTBUE, COOLITHE,
ABJICHHE; 2) 1eHCTBUTEIBHOCTD, PEAIBHOCTD, TO, 9TO O0BLEKTUBHO CYIIECTBYET.
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ThI, B3sIThIE BMECTE, CO3/IAI0T B OKPYKAIOIIEM JHCUSHEHHOM NPO-
CMParcmee 2pynnovl JIIOIE OIPeIesIEHHOEe COCTOSHUE, KOTOPOE, B
CBOIO OY€pEeTh, MPOU3BOJIUT XapaKTEpHOe BO3EHCTBUE Ha OIpe-
JeJTEHHBIE OObEKTHI, MOABIAIOININECT B JAHHOM KW3HEHHOM IPO-
CTpaHCTBE. ITO COCTOSHNE TPOCTPAHCTBA U €CTh COUUAALHOE NOAE.

17.3.2. O peajIbHOCTU CONMAJILHOTO IOJIS

KakoBbr ynmomsinyThie OObEKTHI, HA KOTOPBIE BO3IEHCTBYET COIM-
asbHOe 1osie? DTO 3aBUCUT OT THUIA PACCMATPUBAEMON COIUAID-
HOIl CUCTEeMBbI, JJId OlUMCAHUsA CBOHCTB KOTOPOH U IPUBJIEKAETCA
Teopus TOJIS WK ToJIeBble Mosenn. K mpuMepy, STHIYECKoe TIoJTe
00HAPYKUBAETCS MO TIOBEIEHUIO OMTPEIEIEHHOIO THUIT, WHINBUIOB,
Ha3bIBaeMbIX B Teopuu sTHUIecKux cucteM JI.H. I'ymunéra maccu-
oHapusaMmu. B ciydae reHIepHOI CHCTEMBI, OMACHIBAIOIIEH IPOIEece
obpasoBanue cembu [61], 10sI€, HA3BAHHOE «3ALAXOM JIEHEr», CKa-
3bIBAETCS Ha TIOBEJEHUN KEHINH. JIpyruMu cJ0BaMu, JKEHITHHBI
SBJIAIOTCS TEMHU «ITPOOHBIMU 3aPSTAMUY, KOTOPbIE OOHAPYKUBAIOT
JTaHHOE TIOJIE.

«IloseBas Teopusi, KaK MPABUIIO, CAUTAET MOJIE3HBIM HAYUHATH
C XapaKTEPUCTUKHU CUTYAlUd B IEJOM... Takoil Merom mpesmno-
JIATAeT, 9TO CYMIECTBYET HEYTO BPOJE CBOWCTB MOJS B IHEJIOM...
HexoTopsie u3 3Tux 0OIMKUX CBONCTB — HATPUMED, BEJIMUINHA, «ITPO-
CTPAHCTBA CBOOOIHOTO JIBUKEHUsT» HJIM <«aTMocdepa IpyrKesio-
Ousiy — XapaKTEPU3YIOTCA TEPMUHAMHU, KOTOPBIE, BO3MOXKHO, 3BY-
9aT OYEHb HEHAYYIHO JJIs yXa YeIOBeKa, TPUBBIKIIETrO TyMaTh HA
sa3bike puszurn. OHAKO €Cu 9TOT Y€I0BEK HA MIHOBEHUE 3a/1y-
Maercsd 0 QyHIAMEHTATbHOM 3HAYE€HUH, KOTOPOE UMEET 110J1€ CUJIbL
TSIPKECTH, IJIEKTPUIECKOE TOJI€ UJIN BEJININHA JABICHUS i bu-
3UYECKUX COOBITHH, OH OyIeT MEHbINe YIUBJIEH, OOHAPYKUB IMO-
XOXKYI0 3HAUIUMOCTBH MPoOiaeM armocdepsbl B mcuxoiaoruu. K To-
My K€ MOYKHO BIIOJIHE TOYHO ONPEJEJIUTH U U3MEPUTH MCUXOJIO-
rudeckne armocdepnl... Kaxkiprit peOEHOK IyBCTBUTEEH JaXKe K
HEOOJIBINTUM U3MEHEHUSIM B CONMAILHON arMmocdepe, Kak, HAMPH-
MEp, CTeNeHu JAPYKeao0us nian 6e30MacHOCTU. Y UUTe/Ih 3HAeT,
YTO ycIiexX IpernoiaBanust bpaHIly3CKOro s3blKa HIIn J000ro Ipe/i-
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MeTa B 3HAYUTEIBHON Mepe 3aBHCUT OT aTMOC(EphI, KOTOPYIO OH
moxker co3garby (Jlesuwn, [118, c.84]).

ITosie B couponoruu (1 NCUXOJIOrUU) — HTO TO, YTO ObecHeInBa-
€T B3aMMOCBA3b PA3IUIHBIX YACTEH IHCUSHEHHO20 NPOCMPAHCINEA
u3ydaemoii rpynmbl (cooTB.: nHAuBUAA). 2KU3HEHHOE MPOCTpAH-
CTBO OIPEIENIAECTCA TaK, UTOOLI B JII0OOHM MAHHBIA MOMEHT OHO
BKJIIOYAI0 BCE (PAKTBI, KOTOPBIE OOJAJAIOT CyMIECTBOBAHUEM, H
UCKJIIOYAJIO T€, KOTOPBIE HE 0BIaJAI0T CyIeCTBOBAHUEM JJIs TAH-
HOH rpyunbl uHAMBUAOB. [Ipu 3TOM CylIecTBOBaHME NPUIUCHIBA-
eTcsi BCeMy, YTO OKa3bIBAeT JIEeMOHCTpHpyeMoe BoszeiicTeue [118,
c.12-13].

ConmnanbHble OIS peaTbHbI, OHU JEHCTBYIOT Ha JIONCH, ABJIS-
IOIAMUCS CBOEOOPA3HBIME «IIPOOHBIME 3apsiaaMus. JIroam canra-
FOTCS C BEJIMYMHON HANPSKEHHOCTH COMUATBHOTO IMOJIs, TIOCKO/Ib-
Ky, K IIPUMEDY, OLIYLIAOT (MM HE 3aME4YarorT, UM UIHOPUPY-
10T) armocdepy HeApyKeaoous (UIu IpyKeT00us), TOABIAICH
B OIPEICIEHHBIX OOIECTBEHHBIX MECTAX, B UMEHHO 3TO yKA3BIBAET
HA PEAILHOCTH COMUATBLHOTO MOJIS.

Benwumna «3apsimar, €ro «3HaK», OT KOTOPBIX 3aBHCUT PEak-
IUsT HA HATMYIHE COMUATBHOTO TIOJIsl, — 9TO MPOSABJICHAE «CHIIBI BO-
JIW» WU, HAIIPOTHB, «6GE3BOJINE», «HECIOCOOHOCTD IIOCTOATD 34, Ce-
Os» U T.10.

17.3.3. O peajJbHOCTH MEHTAJILHOTO IOJIs

ITposiBnenns conuaabHBIX TOJEH B peaTbHOM MHDPE, KAK Mbl HesB-
HO IPEIIOJIAraeM, IIPOUCXOIAT YePE3 CUA0GbLE KOJUIEKTHBHBIE Jeii-
CTBUA MAcChl JoAell (BO30yKICHHASA U NOATAJIKMBAEMAs IKCTPE-
MucTamMu (MACCUOHAPUAMHU) TOJIIA CMETAET Ha CBOEM IIyTH CTEHBDI,
kperoctu u T.1.). [ToHaTue «CuI0BOe» BOCXOAUT K MOHATUIO «CHU-
J1ay, ABIAIOIMAMCA (DYHIAMEHTATBHBIM HOHATHEM KJIACCHICCKOM
dbusuku (Bce geificrBusi OCyECTBIIAIOTCH 4epe3 cuily). B kiac-
cuveckoii dbusuke Bemp (Tesa0) JBUKETCS JIUIb NOCTOJIBKY, II0-
CKOJIbKY Ha HETO BO3AEHCTByeT Kakas-TO cuaa. Cuira — IpudauHa
W3MEHEHUsI COCTOSTHUS BeId. PearbHOCTh, M0 BO33PEHUSM KJIac-
CHYECKON HAYKM, ABJISETCS TPAYUHHBIM MUPOM.

B ofmecTBe, He OXBAYEHHOM YMOHACTPOCHUSIME KJIACCHIECKOI
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dbusuku, Tpedyroiieil ykazanus (MaTepUAIbHONM) CUJIbI KAK HPHU-
9UHBI (paKTa U3MEHEHNs, & TAKOBBIM OBLIO CPEIHEBEKOBOE ODIIIe-
CTBO, MPAKTHYECKHU JII00ast Belllh ObIIA CTIOCOOHA, «TOBJIUSITHY HA,
YTO YTOMHO. 3JIbIE IyXW OTPABJISIIN BO3/IYX, U JIIOIN 3a00I€BATIH.
B wacraOoCTH, CO3HAHUE, ABJISIONIEECS TyXOBHOW CyOCTaHIMEH 10
Hexapry, BrojiHe MOIJIO «Bo3zeiicrBoBarb» Ha Beuw [139, ¢.103].
MNuage roBopsi, ©UME0 MECTO W3MEHEHHEe COCTOSHHus 0e3 KaKoi-
b0 TPUYHUHBI, OTOXK/IECTBJIAEMOM ¢ cuioi. «Bo3aeiicTBue» ObLIO
HECUNOBBIM.

B cuiy ckazaHHOTO, B JOCTATOYHO DACIPOCTPAHEHHOM B Ha-
e BpeMsi MHEHUH, 9TO JeWCTBHE MEHTATHLHOIO MOJIsi WHJIUBHIA
MOKET ObITh HeCUA08bLM, KA3ATIOCH ObI, €CTh BO3BPAT K CPEIHEBE-
KOBOMY CTHJIIO MbIIILJICHHSI.

Opnrako BO BTOpOil mosioBrHE XX BEKa CTAJO SICHBIM, UTO
KBaHTOBasi MEXaHUKA, OTKPBIBAET JJIs1 HAC CYIIECTBOBAHUE KBAHTO-
BBIX, HECUAOBHLL B3ANMOJIEHCTBUI, OCYNIECTBIISEMbIX MIHOBEHHO.
AJT. AnexkcanapoB Ha3BajJ UX KBaHTOBOI cBa3bio [2]. B cospe-
MEHHON TePMUHOJIOIMH PEUb UIET O KBAHTOBOMN Koppesisiuu. s
peann3aiyy KBAaHTOBON KOPPEJSIIIUT HEOOXOAMMO HAJNINE CUen-
A€HHO020 COCTOSTHUS JIBYX TogcucTeM. B mpocTteiiniem ciaywgae 3To
CIIETIJIEHHOE COCTOHI—{I/Ie BUIA

7 (10)1 ®[1)2 — 1)1 ®(0)2)
IJIsT ABYX ToACHCTeM 1 u 2, KayKaas MX KOTOPBIX MOYKET ObITh
TOJIBKO B OJHOM HX JIBYX cocrosuuit — |0) mwiu |1). Ecau nepsas
nojcucreMa B cocrostuum |0)1, TO BTOpast — B COCTOSHUH |1)o, U
HA0OOPOT: eciiu IepBas MOACUCTEMA B cocTosHuu |1)1, To BrOpas
- B cocrosiauu |0)s.

[IpuMeHUTEIbHO K CONMAIBHOMY SIBJICHHIO MOXKHO PaCCMOT-
peTh QIBe TOICUCTEMBI: <«YKEHIIMHA» W <«My>K4uHay. llomcucre-
Ma <«YKEHIIUHA» HAXOIUTCS B JIBYX COCTOSTHUSAX: <«3aMYYKHSIS»,
«BJIOBa», & TOJCHCTEMA <«MYKUYHWHA» B COCTOSHUAX <«KHUBON»,
«MEPTBBIit».

«ZKeniunay u «MyK9IuHa» 00Pa3yoT CIEIIEHHOE COCTOSHIE

«OpaK»:
1

7(‘3&My}KHHH> ® ‘)KI/IBOI‘/'I> — |B,q0Ba> ® |MépTBbH'7I>).

V2
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Ecsn My»x »XuBOii, TO KEHIIIUHA 3aAMYKHSIA; €CIU MYKINHA yeXal
B APYTOil ropos u TaMm morud, TO B TO YK€ CAMBI MWL KEHIIUHA
CTaJIa, BIOBOM ¥ TO BCEM IOPUIMYECKUM HOPMAM, W TIO YeIOBEYe-
ckoMy pasymennto. CMeHa COCTOSHUS TOJCUCTEMbBI «KEHIITTHAY
pou30IiIa 6e3 KaKoii-JInb0 CUIOBOH CBA3MZ.

Bce npeobpazosanus [Ipupossr, Ipou3BoOIuMbIE JTIOABME C TIe-
JIBIO TIPOKVMBAHUS B TEX WJIM WUHBIX KOMQDOPTHBIX YCIOBUAX (K
MpUMepy, JOMa C TEYHBIM OTOIJIEHWEM, J0Ma, C DJIEKTPUIECKUM
OTOILJIEHUEM ), PACCMATPHUBAIOTCHA B KJIACCUYECKOH HAYKe TOJBKO
KaK JOCTUTaeMble 9epe3 CHJIOBbIE CBA3M, WM, KAK BBIPAXKAIOTCH
dumocodnl, Uepe3 MATEPUATHHYIO JEITETbHOCTD.

Ho Bean caemyer mpeamooKuTh U BO3MOKHOCTH HECHUJIOBBIX,
KBAHTOBBIX KOPPEJAIUil MEXKIY HAO0OPOM KOAAEKMUBHBLL «YMO-
HACTPOEHU#» OOJIBINON TPYIIIBI JIIOIEH — KBAHTOBOTO COCTOSIHUS
COBOKYTTHOCTH 7" TIOJICUCTEM-CYOBEKTOB ST, ..., .S, — 1 COOTBETCTBY-
IONUM KBAHTOBBIM COCTOSTHMEM OKPYYKAIOIEro Mupa — TOW WA
UHOM peasibHOCTHI0. CMeHa «yMOHACTpOeHUs» (OT JOMOB C Ieda-
MU K JIOMaM C 3JeKTPOOOOrpeBaTe/IsiMU) O3HAYAET B TAKOM CJLydae
CMEHY DPealbHOCTH.

Mro020-mM1020 Molwelds® 632AANYAU HA MUD, U MUDP 60pYe 3a-
noAnuACA Kopramu zaeba! TToCKOMbKY TaKOH MOIIY MBIIIAHOIO
obrecTBa MBI He HAOJIIOJATIH, TO, CKOpee BCEro, KPOMe YCIOBHU
CKOPPEAUPOBAHHOCTIU COZHAHUA U PEGALHOCTU, HYKHA €IIe, CKa-
KEM, CO2AACOBAHHOCTMD 6 MbLCAAL MBITITNHBIX MO3TOB.

flcHo, 9TO TOBOPUTH O TAKUX BEIIAX MOXKHO JIUIITb B TOM CJIy-
qae, ecid 3(PPEeKTh KBAHTOBOM MEXaHUKN PACIPOCTPAHSIOTCS HE
TOJIBKO HA MUKDPOMUP, HO ¥ HA MAKPOMUD.

3

17.4. KBaHTOBag MexXaHUKA

Kiaccuueckas MexaHMKa, OMMCHIBAET JABU2KEHHUE TEJI B IIPOCTPaH-
CTBE, IMIOHUMaA IIOA UX d)HSH‘{eCKI/IM COCTOAHUEM CMEHY MeCTa n

2970r npumep aBrop ycabiman ot A.J[. Arexcanaposa B 1971 roxy.

3B ommOM u3 BO3parkeHWH MPOTHB KBAHTOBOH MexaHmkn DHHITTEHH BOC-
KJIADAJ, 9TO cocTogHNe BcesleHHOM He MOXKET MEHATHCA OT TOr'0, ITO HA HEro
CMOTPUT MBbIIIb.
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npeObIBaHuEe BO BpaleHnn. ECIu NPUHATD, 9TO 3TUM (PU3AIECKOE
COCTOSTHHE TeJIa He OrPAHUINBAETCS, B OCTABUATD 3a COD0I CBOOOIY
HE YTOYHSIThH, YTO UMEHHO HAC MOXKET WHTEDPECOBATH MpH (DU3W-
YEeCKOM U3YyUYEHWM TEJIa, MPUHUMAEM, UTO (PU3NIECKOE COCTOSTHUE
TeJIa OMUCHIBAETCS HEKOTOPOU BEIUYUHOM 1), KOTOpAs TPUHUMA-
€T KOMIIJIEKCHBIE 3HAYEHNUsI, MEHSIONINECS TTPHU [EPEXO/IE€ OT OIHON
ToukK (COOBITUS) B IPOCTPAHCTBE-BpeMenu K apyromy. Uuade ro-
BOPsi, [I0JIArAEM, 4TO

/l/} = 1/)(1‘7 y’ x? t)'

IToCKOJIbKY 2KeIaTeNbHO OTORTH OT KJIACCHIECKOr0 PACCMOTPEHUS
Tejla KaK MaTepHaIbHOW TOYKH, TO MCYE3aeT BO3MOKHOCTDL TIPHU-
MUCHIBAHUS TEJIy B JIIO00M JAHHBIA MOMEHT { TOYHBIX KOODAWHAT
(z,y, z) MECTOHAXOXKEHUS TeJa.

Bsamen BBOmIMM CcpemHee 3HAYCHHE KOOPIHHAT (7> =
((x), (y), (2)) MecroHaxOXKIeHUST T€JIa — KOOPAUHATHL LEHTPA MaC-
CBI TE€JIa, €CJIN MPUOETHYTh K KJIACCUUECKON TePMUHOJIOTHH, — KO-
TOPOE BBIYUCIIAETCS TIO TPABUILY

(z) = / Dy, x, )i, y, o, t)dedydz,
(y) = /@(fay,w,t)y¢(x,y,x7t)dxdydz,

(2) = / Dy 2, )2 (@, y, . )dedyd.

Iycts Teso naxomuresa B norennuanbuom nose Uz, y, z,t). pu-

MeM KaK HOCTy.HaT4 creanyrmee ypaBHEHUE IBU2KEHNUA TeJla C MacC-

coit m B nosie U:

d2

mﬁ<?> :/@(fcvyw,t)(VU)w(%y,x,t)dxdydz. (17.2)

4TlocTynupyemoe ypaBHeHue jgBuKerua (17.2) HM3BECTHO KaK TeopeMa
Dpendecrta u 0HO ObLIO BhIBeAeHO DpendectoMm u3 ypasuenus I1Ipénunrepa.
Tpa uIuoHHO 3TO TPAKTOBAJIOCH KAK TO, YTO KJACCHYecKas MexaHuka Hero-
TOHA — 3TO IPECIbHbIA Cay4vall KBAHTOBOH.
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JI;ist TOro 9TOOBI ONMUCHIBATH (PU3WTECKHE COCTOSHHUS Tesa, HaM
rerepb Tpedyercs HaWTU ypaBHEHUE JBYXKEHUS st (DYHKIUH
Y(z,y,x,t), KOTOPYIO OyIeM Ha3BIBATH 604HO80T PynKyued. DTO
60 caenano AL AnekcanaposbiM B 1934 rony [1].

B pesynbrare Oyner mocTpoeHa MeXaHUKa, KOTOpas OTInYa-
eTcsl OT KJIACCHYECKOM TOJBKO TeM, 9TO BBOJAUTCS onucanue ¢u-
3UYECKOIO COCTOSHUS TEJIA ¢ MOMOINBIO BOJHOBOM (DYHKIIUU U 3a
OCHOBY B34TO HE ypaBHeHue JBukenusi HploroHa Jjist MaTepuasib-
HOU TOYKN

d?
S -vu 17.
m— ) (17.3)

a ypasHeHnwue (17.2).

Jas KpaTKOCTH OIPAHUYMMCS PACCMOTPEHHEM OJHOMEPHOTO
crydas.

Ompezsenum oneparop UMILYJIbCA P € IOMOIIBIO YPABHEHM

m% / Yapdr = / Pprpdr. (17.4)
Torzma ypasHenne (17.2) mepenuchiBaeTcst B BUIE

0 [— — oU

= ppdr = ——pdr. 17.

e (7.5)
Bynem momarare, 9To

P(t) = 5(1)(0), (17.6)

rae S(t) — omeparop, 3aBUCAIIMI OT BPEMEHH U OT YCJIOBHUil, B
KOTOPBIX HAXOOUTCA TEJIO.
Jtst Toro 9To0BI

[1wtpar

MOXKHO OBIJIO TPAKTOBATH KAK BEPOSTHOCTH, HEOOXOIUMO, YTOOBI

/ () 2dr = / 16(0) 2, (17.7)
T.€.

/ 5 T(0)S(0)dr = / B(0)$(0)dr,
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YTO BO3MOXKHO TOTJA W TOJLKO TOLNA, KOLIA OIEepaTop YHHTAD-
upiii, .. SST = I. Orciona SSt + S+ = 0, rax uro (SS+)*+ =
—8S* =L, rae L — camMocompsisKeHHbI OmepaTop.

Hamee

0 (1) = S(0(0) = S W)w(t) = ~iL(r)

CrenoBaTesbHO,

oy
—— = L. 17.8
2~ by (17.8)
IMpoussona B (17.4) u (17.5) nuddepenuupoBanue Mo 3HAKOM
MHTErpaJa n ucronbsys (17.8), moaygaem u3 (17.4)

p

al — Lo =i— (17.9)

m

uu3 (17.5) o
pL—Lp= i (17.10)

IIpu U = 0, nepeobo3nayas B 3rom ciydae oneparop L kak Lo,
MOCJIETHEE PABEHCTBO TIEPENNUCHIBAEM B BUIE

pLo — Lop = 0. (17.11)

Orciona crnemyer, 94To Loy ectb PYHKITHS TOJIBKO OT P, T.e. Ly =
P(p). Torga us (17.9) umeem

asP—Px:iE.
m

Boruuras 3ro pasencrso uz (17.9), nosydaem

2(L —P)— (L - P)z=0. (17.12)
Orkyna ciemyer, 9To ([A/ — P) = Q(z), re. byukiusa z. [Tosromy
uMeeM

L=P+Q, (17.13)

aP — Py =i, (17.14)
m
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R . 0U
pQ — Qp = i (17.15)

Yuuoxkas ypasaenue (17.14) na p crepsa cnpasa, TIOTOM CJIeBa 1
MPUPABHABASA JIEBbIE TACTH, TTOJIy9IaeM TIOCIe Tpeodpa3oBaHmil

(pz — 2p)Q = Q(pz — zp). (17.16)

Awnaoruuabiv c1ocob6oM, UCIONB3Ys yMHOKeHue (17.15) Ha x, no-
JydaeMm

(pr — xp)P = P(pr — xp). (17.17)
Ecuu Teneps caoxuthb (17.16) u (17.17), To nmeem

(pz — xp)L = L(px — zp).
IMockonbKy oneparop npou3BOJIEH, TO 3aKJIIOYAEM, 9TO (Pr — TP)
KOMMyTHpYyer ¢ JiiobbiM oneparopom. Ho 3ro o3nauaer, uro (pxr —
ZP) ecrb abCOJIIOTHO HOCTOAHHBIHA OLEPATOP.

Eciu U = z, To, monarast B 3ToMm ciy4ae () = (1, moaydaem
u3 (17.15)

Q1 — Q1p = —i. (17.18)
W3 5T0ro paBeHcTBa CIEAYET, ITO B COOTBETCTBYIOIIEM [IPEICTAB-
geHnn (1 = ia%. IMoncrasuss sro B (17.16), momydaem

. 0 0 .
(px — a:p)za—p = Zap (px — xp) (17.19)

1, TAK KaK COOCTBEHHbIE 3HAYEHUS OIIePATOPa ia% He BbIPaKeHbl,

pr —ap = F(z(%) (17.20)
IMoncrasnsas sro B (17.17), nmeem
P(”)F(zg) = F(zg)P(A) (17.21)
b ap = ap p), .
9TO BO3MOXKHO TOIBKO TOTIA, KOTA
.0
F(i=—) =c¢ (¢ —uncno), (17.22)
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rak Kak u3 (17.14) sicro, 410 P He MOXKeT ObITh C-9UCIIOM.
Nmeem
¢= (po — ap) = att — prat = ap—pr = —c,
OTKyZla SICHO, 9TO ¢ MHHMO, TaK 4YTO, HOJaragd ¢ = —if, I0Jy4aeM
pr — xp = —ih. (17.23)
Orcrona cireayer, 9To
prr — xp? = —2ihp. (17.24)
CpasnuBas 310 ypaBHenue ¢ ypasaenuem (17.14), noaydaem
1
P=_—p2 17.25
2mh ( )
Kpowme roro, u3 (17.23) BbiTekaer, 4To B T-IPeJCTABICHUN
0
p = —th— + f(x).
b op f(x)
IMoucrasiss sro B ypasuenue (17.15), nosyyaem, orbpacbiBas a/i-
IUTUBHYIO TIOCTOSTHHYIO,
1

Q=3U. (17.26)

CrieoBaTesbHO,

Ioncrapnsis 310 B ypaBHenme (17.8), mosmydaem ypaBHeHHe
Ipémuurepa:

L0y (1
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Takum obpazom, cirerka MOAUGPUIUPYS KIACCHIECKYIO MeXa-
nuky Hbiorona, 3amenus ypasuenue (17.3) na ypasuenue (17.2),
MBI BBIBEJIM OCHOBHOE KOMMYTAIIMOHHOE cooTHommenue (17.23)
KBAHTOBOI MEXaHWKH ¥ €€ TJIABHOE YpaBHEHHWE — ypaBHEHWE
HIpémuarepa (17.27)%. DT0 roBOPUT O TOM, YTO KBAHTOBAs Me-
XaHUKA HE MOXKET PACCMATPUBATHCS TOJBKO KAK MEXAHWKA MUK-
poMupa: KBAHTOBas MEXaHUKA — 3TO H0JIee COBEPIICHHBIN BADUAHT
KJIACCUYECKON MEXAHUKM, CHOCOOHDBIA OJMHAKOBO XOPOIIO OLUCHI-
BaTh KaK SIBJIEHUS MUKPOMHUPA, TaK W siBJIeHUsT Makpomupa. O-
HAKO, B CHJIy JIOBJIEIONIETO HaJ, (DU3MKAMH TMPEJCTABIEHUS, UTO
KBAHTOBasi MEXaHUKA — 3TO MEXaHHKA MUKPOMHUPA, YHUBEPCATh-
HBbII XapakKTep KBAHTOBOW TEOPHUM OCO3HAETCH JAJIEKO HE BCEMHU
dusukamu u, 6o€e TOro, 06 ITOM He MHUIIMYT yIeOHNKAX [0 KBAH-
TOBOM MeXaHMKe.

17.5. MakpocKonu4ieckue KBaHTOBBIE
3P PeKThI

MoryT nu KBaHTOBBIE 3(DMEKTHI, T.€. XapakTepHbie M EKTHI
MOBeJIeHNsT OOBEKTOB, M3y I4aeMbIX KBAHTOBOW MEXAHUKOM, MPOsB-
asarbes B Makpomupe? Takwe 3¢ deKTh HA3BIBAIOTCI MAKPOCKO-
NUYECKUMU KEAHMOBbLMU IPPermamu.

Makpockonu4geckne IposiBaeHnsT KBAHTOBBIX 3P HEKTOB OTMe-
YEHBI JOCTATOYHO JABHO, HO <«IPU ITOM, CCHLIASICh HA CTPAHHBIE
BBIBOJIbI, K KOTOPBIM TPUXOJUJIN B CJAydae MPUMEHEHWS KBAHTO-
BO# TEOpHUHU K SBJIEHUSAM MAKPOMUPA, €€ OTIYUAIH 4 Priori, KaK,
HANPUMEP, B KOMEHTareHCKOW MHTEPIIPETAIINH, OT MAKPOCKOIHYIe-
CKOit obnacru dusndeckoil peanbHocru» [279).

17.5.1. ®dPusnyecKkue MaKpPOCKONMHUYECKUE KBAaH-
TOBBbIE 3P PEKThI

«Makpockonugeckne KBaHTOBBbIE 3(P(EKThI — COBOKYIIHOCTH SIB-
JIGHW, B KOTOPBIX XapaKTepHbIe OCOOEHHOCTH KBAHTOBOW MexXa-

5310 6B110 HpOgEeMoncTpEpoBaro A.Jl. Amekcanaposeiv B 1934 roxy.
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HUKHU HEIOCPEICTBEHHO IPOSBJIAIOTCA B IOBEJIEHHH MAaKPOCKOIIM-
yeckux 00bekToB. Kak IpaBusio, 1OBejeHne MaKpPOCKOIUYECKHX
(comepsKaIux GOMBIIOE YUCIO ATOMOB) TEJI ¢ BBICOKOH TOYHOCTHIO
ONMUCKHIBAETCS YPABHEHUSIMU KJIACCUIECKON (DUBUKH, B KOTOPHIE HE
BXOJUT XapaKTepHas [Jis KBAHTOBOW MEXaHUKHU BEJUYUHA — MO-
crogunas ILmanka h.

Ho, manpumep, Mpu HU3KHUX TEMIEPATypaxX CyIIeCTBYeT BaxK-
HBII KJIACC BIIOJIHE MAaKPOCKOIUYECKUX sBJICHUH, B HabJII01aeMble
JIaHHbIE 110 KOTOPBLIM IOCTOsiHHAsA I[aHKa BXOAUT B sIBHOM BHJIE
U MOXKET OBITH M3 HUX HEMOCPEIACTBEHHO W3MEpeHa.

Cuekrp GU3MIECKUX MAKPOCKOIMYIECKUX KBAHTOBBIX (P dhek-
TOB B MX COBPEMEHHOM MOHUMAHWUU JOCTATOYHO MIUPOK — OT TPa-
MUIAOHHBIX TEMJIOBOrO u3jydenus, ¢horodddeKra, OmTHIecKOro
KBAHTOBOIO rereparopa (/a3epa), paauoakTuBHoCTU 1 3 dekToB
CBEPXTEKYYECTH KUIKOIO MeJids U CBEPXIIPOBOAMMOCTH METAJLIOB
JI0 CHHXPOTPOHHOI'O M3JIy4Y€HHUsl, HU3KOTEMIIEPATYPHBIX TYHHEJIb-
HBIX XUMHUYECKUX PeaKInii, IpoOHOr0 KBAHTOBOTO ddderTa Xoi-
Jla ¥ KBAHTOBBIX 3((EKTOB B MOIYIMTPOBOJHUKOBBIX HAHOCTPYK-
typax» [97, ¢.13], MAKPOCKOITMYECKNX KBAHTOBBIX KOI€PEHTHBIX
3¢ PeKToB, MHAYUMPOBAHHLIX HECTAIMOHAPHBIM MAarHUTHBIM I10-
JIeM B JMHAMHUKE BBICOKOCIIMHOBBLIX MAIHUTHBIX HAHOKJIACTEPOB,
MOJIEKYJI 1 MOHOB.

PazBuTne KBaHTOBO# KHOEpHETHKH OOHAPYKUJIO MPOSBICHUAS
3hDEKTOB K6aHMOB0T MEAENOPMAYUUY U KEAHMOB0T KOPPEAAUUY
ME¥KIy KBAHTOBBIMU OOHEKTAMU HA PACCTOSHUSAX B THICSIY KUJIO-
METPOB.

17.5.2. Hedusunueckue MaKpOCKONUYEeCKUue
KBaHTOBBIE 3(pPeKThI

KBanTOBbBIT KOMIIBIOTED — 3TO 0COOAsS BHIYUCIUTETbHAS MAITHHA,
obnamaonias QyHKIMOHATHHBIM CBOMCTBOM: B HE€ 3aKJIaIbIBAET-
csl IPOrpaMma, peau3yIolias KBAHTOBBI aJirOpuTM. 9TO CBOW-
CTBO SIBJISIETCST HePU3U%ECKUM B TOM CMBICIIE, ITO OHO MOYKeT ObITh
OIIPEIEJIEHO NP MOMOINM TEPMHUHOB, HE COJAEPXKAIINAX CCBIJIOK HA
bu3rIeCKOe WM XUMAIECKOE CTPOEHUE KOMITBIOTEDA.
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Mosr moxKeT meficTBOBATh 0 OIMPEeIeTEHHOI MporpaMmMe, KOM-
[BIOTEP MOXKET JIeHCTBOBATH II0 OIPEJIEJEHHON MpPOrpamMMme, u
bYHKIMOHAIbHAS OPTAHI3AINS MO3Ta U KOMITBIOTEPA MOYKET OBITH
MTOJTHOCTHIO OJIMHAKOBON, HECMOTPS HA, TO YTO MATEPHUAJ, U3 KO-
TOPOrO OHU COCTOAT, LEJUKOM U TOJHOCTHIO pazsiuded (IlaTaam,
[139, c.108]).

Mosr, mo coBpemeHHbIM BO33peHusiM Ilerpoyza u Xamepo-
dda, — 310 kBanroBas cucrema [140]. Mbicub, uaes, dbanrasus,
MOSIBJIAIOIIASICS B MO3TY, €CTh PE3YIbTAT MAKPOCKOMIMIECKOTO ITPO-
ecca, ONMUCHIBAEMOr0 KBAHTOBOMEXAHUIECKU (M HE JOITyCKAOIIe-
rO TOYHOIO U3MEPEeHHUs), U B CHUJIy ITOrO MPeICTaBJsieT COoDOl
KBAaHTOBOE COCTOsiHUE B MO3ry uHuBuIa (cyObekra). Cybbekr —
9TO BCErO JIUIIb IOJICUCTEMA CACTEMbI, Ha3dbiBaeMoit Mupom, Pe-
anpHOCTHIO, Beeennoit. C cocTossHIEM 9TOM MOICUCTEMBI COOTHO-
CATCS IPYTHUE TOACUCTEMBI-CYyOBEKTHI U 0C00ast MOICHCTEMA, KOTO-
pas HocuT Ha3BaHnue IIpupoda.

17.6. JlaabHOmelicTByIOmiasi KBaHTOBAd
CBHA3b

Oitamnreita Bmecte ¢ [lomonbckum u Po3enom, mbitasich 10Ka3aTh
HEMOTHOTY KBAHTOBOM MEXaHWKW, MPOJEMOHCTPUPOBATIN Iapa-
JIOKC, KOTOPBII IPUBET K OTKPBITUIO TAJIbHOIEUCTBYIOMMUX KBAH-
TOBBIX CBs3€l MEXK/1y KBAaHTOBbIMU OObekTamu. Ceifdac sru CBsi3u
HA3BIBAIOTCS KEAHMOELMUYU KOppessyusmu. IlepBbiM HA HIX 00pa-
THJI BHUMAHUE ¥ PA3bACHUI UX CYIHOCTH B 1952 romy A.JI. Anek-
canapos [2].

C ToYKM 3peHus 3aKOHOB DPEJIITUBUCTCKON (DU3MKU JAaIbHO-
JIefcTByIOmasa CBA3b — 3TO He(U3UIECKOEe sBJICHHE M, CJIeI0Ba-
TeJTbHO, He MOXKeT cytiecTBoBaTh B IIpupome. Ho, kak mokazamn
9KCIEPUMEHTDI, OHO CYIIIECTBYET.

17.6.1. KpBanTOBBIE KOPPEJIIIUI

JIBe 9acTUIBI, OMUCHIBAEMbIE €IUHON BOJTHOBON (DYHKITHEH, pa3b-
scusyr A.JI. AjlekcaHIpoB, Jayke eC/Ii OHW Pa30IINuCh Ha 00JIb-
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III0e PACCTOSTHAE, TPOMOJIZKAIOT B3aUMO/IeiCTBOBATH, HO 3TO B3au-
MOZENCTBHUE SBJIAECTCA HEKJIACCUIECKAM, HECUIOBBIM.

Ilpwuwaa HaM4Yus TAKOW CBA3U JOCTATOYHO TPUBHAJIBHA —
MPOCTO B3aNMOJIEHCTBYIOIINE YaCTHIIHI WMEIOT OOIIYI0 BOJHOBYIO
dbyuxmo [2]. B HamM 1HW CYIIECTBOBAHNE STHX KBAHTOBBIX KOD-
Pe[anuii CANTaeTCs TBEPIO YCTAHOBIEHHBIM HAYIHBIM (DAKTOM.

17.6.2. BHeBpeMeHHOCTh KBAHTOBBLIX KOppeJd-
nui

Ci10BO «B3aMMOJIeHCTBIE» COEPIKUT B cebe BpeMsi, TOCKOIbKY OHO
TOBOPUT O NEUCTBUH, a JAeificTBUEe — 3TO BpeMeHHO# akT. KBanTO-
BbI€ KOPPEJISAIUYA MIHOBEHHbBI; OHU BHeBpeMeHHbI. Clie0BaTesbHo,
B Cjly4ae MaKPOCKOIIMYECKON KBAaHTOBOIl KOppeJdluU akT B OJI-
HOW TOYKe TTPOCTPAHCTBA TYT K€ BBI3BIBAET OTKJINK B yIAJIEHHOI.
MBbIC/Th, BO3MOXKHO, — 9TO KBAHTOBBIN aKT, KOTOPBIH CTOCODEH Tie-
PeCTpPOUThb MATEPHUIO HA JAJIbHEM DACCTOAHUH.

17.7. Peaquzanus «yMOHACTPOEHU»

[Ipenmonaraem, uro cymecrByer Héuro, obozrauaemoe kax 0 u
HA3bIBAEMOE Mamepuarvhol IIpupodoti, KOTOpas CyIecTByer 06b-
€KTHBHO, T.€. HE3aBUCUMO OT TOTO, €CTh JIU JIIOJW WJIA WX HET BO-
obue (Hampumep, Bce norubJM B MUPOBOM Karakjusdme). [Ipuposae
npumnuceiBaeM YP-bynakmuio cocroauus [10). Cobbrrusa A, B, ..., C,
nponcxonanme B IIpupose, OCTaBIAIOT CBON «CIEI», W 9TO 3aru-
CBIBAEM CJIEIYIOIIUM 00Pa30M:

|¢[OA,B,..A,C]>'

Cy0Obexr S, Hane €HHBIl NHIUBAAYAIbHBIM CO3HAHHEM, KOTOPOEe
obuagaer «uueeit» (=«danrasueii») A ¢ cOGCTBEHHON BOJIHOBOI
dbyuxmmeii |¢;) B cucreme S, Berymaer Bo B3anmozeiicrteue ¢ Ilpu-
poJIoii, HauaabHOe cocTosiune Kotopoit [1?). Pesynbrarom B3anmo-
JIefiCTBHS, IPONCTEKAIOIIETO BO 8PeMEHU W 3AHUMAIOIIErO TPOMe-
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xKyTtok Bpement [0, T, aBasercs nonsiTka peanusanuu unen A.5
Nubivu cioBamu, HadanbHoe cocrosaue (t = 0)

[$50) = lga) W) (17.28)

npeobpa3yercsi B HOBOE COCTOSHUE

[95F0) = 16 [0 0))s

rlie a; XapakTepusyeT COCTOsiHUE |¢;), T.e. orpazkaer i-10 dhopmy
peasmsanuu <ugens (danrasuu) A. Ilox npeobpasoBanuem Mbl
nonnmaem perrerwe [10510) (t) ypasmenns IIpéanarepa ¢ Havamh-
HbIM JaHHbIM (17.28) mpu ¢t =0 wu ¢

[540) = [gSHO)(T).

MbI onucanu uAeanbHbBIA Cydail, KOraa HHAABALYATbHOE CO3HA-
HHUE OCTaBrcs B COOCTBEHHOM cocrodHuu |¢;). B obem ciyuae,
€C/IM HAYaJIbHOE COCTOAHUE UHIMBHYA/IbHOTO CO3HAHUS ABJIACTCA
HECOOCTBEHHBIM, & OOIINM COCTOSTHUEM Y . 4;|¢;), KOHEIHOE COCTO-
sTHUE CUCTeMBI «CyOnekT-IIlpupomas OyIeT uMeTh BUJ

[510) = Zam 9. ai)- (17.29)

MEr BEAMM, 9TO B KasKJOM JIEMEHTE CYIepPIIO3UINH |¢i>\wﬁw’ai]>
cocrosinve IIpupoabl ecTh 0CODEHHOE COOCTBEHHOE COCTOSTHHE N0-
MERYUAILHOT peasvrocmu (BCeIEHHOI), 1, boaee mMozo, COCNOs-
nue ITpupodv. onucveaem Ipupody xax onpedesénno cocmoauyo
U3 Hab0Pa NOMEHUUANLHBT 6CeaennbiT (peasvrocmet). Taxum

6Ckopee HAI0 TOBOPUTH HE O 630UMO0CEUL, NPOUCTIEKAIOULEM B0 6PE-
MeHU, — 9TO (PPA3EOTOTUs KIACCHIECKON (DUBUKH, a 0 KBAHTOBOM KOPPEIAIINN
IIpuposasr u co3nanus uHAUBHIA. HO CO3HAHUS PABHBIX UHAMBHIOB HE CKOD-
penupoBanbl. Peasusarus «ueny A pa3HBIMA COZHAHUSIMU — HTO JIBE DA3HBIE
KBAHTOBBIE KOppensnun, kacaomuecs [Ipupoasr. OHu BHIHYKAEHEL OBITH N0-
€Aed08aMEALHBIMU, €CITH HATTPABIEHDI HA OMHY U TY YK€ BEINb, & 3HAYUT, POXK-
IAETCST TO, 9TO MBI HA3bIBAEM (hususeckum obsexmustuim spemerem. Ciemno-
BATEJIbHO, CO3HAHUS POXKIAIOT PeasibHOCTh BO BPEMEHH. DTY MBICID MOICKA-
3as aBropy npod. A.A. Bepc.
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obpasom, IIpupoda semesumcs! B Kaxknoii noreHuaaibHOR peaib-
HOCTH CyOBbEKT OOHAPYKHUT PA3IUIHbIE HAOIIOIAEMbIC 3HAYCHUS
a; uaen A, v ero CO3HAHWE PA3BETBUTCS, OKA3BIBASICh B COCTOSTH-
AX |s).

Paccmorpum erie Gosiee OOIIyI0 CHUTyallMio, KOTJA HMEEM
HECKOJBKO CyObeKTOB 51,52, ...,S),, HAXOAANIUXCI B COCTOSHUSIX
[52), [4p51), ..., [¢5"). TIycrnb nepsbiit cybbekr S Haumnaer pea-
U30BbIBATH Heio-dpanrasuio A'. Torma HadagbHOE COCTOAHUE

|qpS1+ S+ Sty Wsl>|w32>|¢s”>|w€]>

npeobdpal3yercs: B KOHEIHOE COCTOSTHUE

[ F5 ) = D Sad e M) Tl o), (17.30)

rue |¢fl) — cobcrBennbie (DYHKIMYM COZHAHUSA CyObeKTa S.

U 31ech Mbl BUuM BeTBJIEHHE CO3HAHUS U [IpupoIsI.

Ecan Termeps BO B3amMOmeiicTBIE BCTyTIAeT BTOPOil CyOheKT So,
peammzytomuii cBoio maero-anTazmio A%, To cocrosmrue (17.30)
JTACT COCTOSTHAE

=D aia|g7)eF) %) S ). (17.31)
i g

|w251+52+-~+5'n+0>

JleiicTBust BTOPOTO CyObEKTA BEIYT K HOBOMY BeTBjeHmIO [Ipu-
POJbI ¥ MHAMBUAYAILHOTO CO3HAHMUSA M, ECTECTBEHHO, TOIO, YTO OH
HaOJIIOIAET.

IMorenumnasnbuast peanbHOCTb (BCeJEHHAS) W)Euai]% HABSI3bI-
Baemas IIpupome cyObekTom Sp, Oymer mommep:kKaHa BTOPBIM

2

cybbekToMm B dopme aj, ecu MOTeHIHAJIbHAsS PeaJIbHOCTD (Bce-

JIeHHA ) |@[JE a1a2_]> C02AGCYEMCA C TIOTEHIUATIBHON PEATbHOCTHIO
~ala?

|1/}E..a1]>' ITon cormacoBanmeM MOXKHO IOHUMATH, HAIIPEMED, IPO-

MOPIMOHAIBHOCTD IBYX YKA3AHHBIX MOTEHIMAILHOCTEH PeaTbHO-

creil (BCeJEHHDBIX) KAK BEKTOPOB TUJIBOEPTOBA MPOCTPAHCTBA CO-

crosguuit IIpuponst, T.e. ecin

=D\ G(D (|w?a%af]> = A'wﬁai]» (1732)
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1 BooGrmie, mocie geiicTBus r CyObEKTOB IO PEATH3AIUN CBOUX
uueit-panraszuii (r < n) 0OJMyIUM COCTOSHUE

|,¢)5'1+32+~.-+Sn+0>
T
= Y ajal.anap|¢l)65). o) GRS

N a1z agray) (17:33)

Ecan gncio cyGbekTOB JOCTATOTHO BETMKO, TO PEaTH3yeMble MU
uznen B popMe MOTEHIMAIBLHBIX PEAIbHOCTEH (BCEeIeHHbBIX) TPUBE-

JyT K POKJIEHUIO! aKTyabHoll pusuyeckoii peasbuoctu (Bee-
JIEHHOW )
— a0
R= |w[...a}a?...a:ﬂ_la2]>’ (1734)
ecin

INEC (|90 o ) =AY L, )=
[..ajaf..am "ap] [..ajal..am ]

_ 0 _ 0

= AL ) = AL ). (17.35)

O‘-IeBI/I,D;HO TaKUX N3NYECKNX PEAJbHOCTEH (BCEJEHHDBIX) MOXKET
)

ObITh MHOTO — R, R, R”,... — 370 BCE 3BEPETTOBCKHE MAPAIICITh-

HbBIE BCeJIEHHbIE, HO OJHOBPEMEHHO CYIIIECTBYET MHOXKECTBO TOTEH-
[IHATBHBIX PEAJLHOCTEH, TAK W HE CTABIIUX aKTyaJIbHON dusmde-
CKO#l PeasibHOCTHIO. DTO MPOUCXOIUT MOTOMY, UTO JEHCTBUS WH-
JUBUYaJbHbIX COBHAHUI HE OKA3aJIMCh COrjiacoBanubiMu. Iluage
TOBOpsI, HE BCE UIen-(DAHTAZUU PEATU3YIOTCS; MHOTHE U3 HUX OCTa~
I0TCS CHAMHU-MUPAXKaAMU.

17.8. Oco3Hanue

Ocosnarue — 370 OTHaBaHue cebe OTYETA, 9TO MbI €CTh B JAH-
HOM MECTe W B JAHHOE BpeMs, T.e. npucymcemeyem. Kax sTo onn-
carb MaremMarudecku! TpaguiiMOHHO cunMTaercs, 4To BeenenHas,

"HecornacoBaHHbIE TIOTEHIIHAIbHBIE DEAJBHOCTH (BCEJEHHbIE) OCTAIOTCS C
HaMu B popme rpé3 cybbekTOB, UX MOPOJMBILNX.
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Buemuunit Mup B Hac orpazkaercs; OTPasKaeTcs B HAIIEM MO3TY.
Ho mouemy M03r 3Haer, 9T0 OH OTPAZKAET PEATHHOCTD?

Dusuyeckas peasbHOCTH (Beesiennas) R, nannas ¢dhopmysioit
(17.34), ecrb, B 4acTHOCTU, HEYTO, CO3JAHHOE 110 «Marpuues M,
cocroseit u3 Habopa uneii-banrazuit A, B, ... 9T0 nepBbIil dTaN
HA MyTU K OCO3HAHWIO — POXKIeHUe (PU3MIECKON peaibHOCTH (MuU-
pa). Ha BropoMm srame poxKagéHHas peajabHOCThb (BCejeHHas) 0Tpa-
JKAeTcd, T.e. BOCIPHHAMAETCA MO3TOM. B Mo3ry nospigercsa or-
negarok M. Ha Tperpem srame marpuna M cpaBHEBaeTcsa C OT-
nedarkom M. Ilpu coBuasgenuu (1104TH COBLAJEHUM) MO3L «BU-
T cebst B peanbrocTH (17.34)» [72]. D10 1 ecTh oTHaBaHue cebe
0T4YéTa O NPUCYTCTBUU (MECTOHAXOXKIEHWUHN), T.€. aKT OCO3HAHMUS:
«...Cylee, KOTOPOE MBI CAME BCET/IA CYyTh U KOTOPOE CPEeIH Ipode-
ro obs1aaeT ObITUITHON BOZMOXKHOCTBIO CIIPAIITUBAHNS, MbI TEPMU-
HOJIOPMYECKHU CXBaTbiBaeM Kak npucymcmeue» (Xaiiuerrep, [164,
c.22)).

Oco3HaHue, KaK Mbl BUIUM, HE MOXKET ObITh CBEJEHO TOJIHKO
K OTPAyKEHWIO BHEMTHEH 00beKTUBHOM peasbHOCTH. OTpaKEHHBIN
BHEITHUN MWD JOJIKEH OBITH C HEOOXOAWMOCTHIO Y3HGH. Y 3HABA-
HIE TPONCXOIUT IOCPEICTBOM TOTO, 9T0 2l coobImaer camomy cebe,
9TO OHO IPUCYTCTBYET B MOM, 9TO OTPA3UIOCH B MOEM 41, 4T0 310
Mom Mup, 3T0 Ma BCeALHHAA, KOTOPYIO 91 Ke U MOpOKIAIO, HA
KOTOPBIH MOE ¢l corytacuioch ¢ APYyTUMHU g 8.

Ho cniocobubl jin HA TAKOE MEHTATIbHBIE OIS !

17.9. Kak pa3ym 3aMeHdeT BCEJEHHYIO-
peaibHOCTh

IIpaBunbHee ObLIO ObI TOBOPUTHL HE OO H3MEHEHHH BCEJIEHHOMN-
peasibHOCTH, & O CMeHe BCeJieHHOii-peanbrocTtu. Popmyita (17.33)
MOKA3BIBAET, YTO HA, KAXKJIOM IIare BCEJICHHAs-PEATbHOCTh

R= |1/’E..aga3...a:;1a;]> (17.36)

8Cwm. nogpobuocru B kuure [72].
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HATOOUMCS 8 KEAHMOB0U Koppessayuy (CBA3M) C COCTOSHUSMU T
CcyOBbEKTOB

650155 S ), (1737

13 KOTOPBIX K JAHHOMY MOMEHTY 7' CyObeKTOB PEATu30BATH CBOH
unen-antazuu A', ..., A",

WNuate roBopsi, (paHTA3UAM OTBEYAET KOHKPETHAS BCEIEHHAS-
PeabHOCTh, KOTOpas ecmb. BceeleHHbIX-peaibHOCTel MH020, U
ece onu ecmo. Beemennas-peanbHocTh R CyIiecTByeT, HO BUAWTCS
BCEMU CyOBEKTaMHU Cpa3y W YCTONYWUBO OT TTOKOJIEHWS K ITOKOJIE-
HUIO MOCTOJIBKY, TIOCKOJIbKY uen-paHTa3uu CyObeKTOB CaMu Co-
2440641, KAK ITO onpejeseHo yciopuem (17.35).

CosokymnHocTb ueli-anrasuii MHOXKeCTBA CyObeKTOB (<«yMO-
HACTPOEHUE» ), KOTOPbIM orBevaer cocroguue (17.37), — aro ay-
XOBHAsT COCTABJISIONIAsT KOHKPETHOW HCTOPWYEcKOi 3moxn (KOH-
kperabiii remranbr ['ére u Mlnenrnepa, nusuausarus ToinGu),
CYNIECTBYIOIIAsl B PAMKAX COOTHECEHHOH MAaTepUAJIbHOM peasbHO-
cru Buza (17.36). CMeHa HCTOPUYECKOI SMOXH (TEIITaabra) — 3TO
paJMKaIbHAs 3aMeHa npejcraBienus o Mupe, B KOTOPOM XOTe-
JIoch ObI cymecTBoBaTh. K mpumepy, B HAIIKA JHU MbI HAOJIIOma€eM,
KaK MJET «yXOI» W3 BCEJIEHHOM-PeabHOCTH, COCTOMAIIeH M3 Be-
II[eCTBA M M3JIyUeHUsl, U COBEPIIAETCS «Pa3MelleHne» B PeasbHO-
cru, Ha 95% cocroameil W3 TEMHOM MATepHH W TEMHON SHepTum’.
DTO Haule OUEPETHOE YCIOXKHEHHUE 3aCesIsTeMON HaMU BCEJTEHHOMN-
PeabHOCTH.

Bcenennble-peasibHOCTH M COBOKYIIHOCTH — ueii-panTas3umit
CyObeKTOB, Kak BUAHO u3 (opMynsl (17.33), Ha KaxKIOM Iare
«IBOJIIONINN» TPEJICTABISIOT CO0O0I cyenserHbie KBAHTOBBIE COCTO-
STHUSI BCETO BBITHMSA KAK TMraHTCKON KBAHTOBON CHCTEMBI.

9 [Ipyroit mpuMep: BOT y»Ke HOYTH CTO JIET MY’KYHH BIOJHE yCTPAHBAET
WX OCHOBHOM KOCTIOM, COCTOSIIUI 13 OPIOK, NUIKaAKa, PyOAIIKY U rajCTyKa.
He3naunTesbHO MEHAIOTCA JIMIIL IUPHUHA OPIOK, JIAIIKAHOB, rajcryka. B XIX
BEKE MY>KYUHbI ObLiIM OOJIBIIUME «MOJIHUKAMU Y.
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17.10. B kakoii dpopme cozugaerca Bcee-
JIeHHad !

Kak komnkperno co3umaerca Bcenernnas B ¢popmMe IpOCTPaAHCTBA-
Bpemenu?

YesmoBek, ero MO3r Tak YCTPOEH, 9TO OH BUJIUT BHEITHWUI MUP
B dopme npocmpancmeal®. IIpocmpancmeo daém mecmo seuyam!

Ho coznnaerca nu Buermuunit Mup, Beenennas wHInBuIya b-
HBIM CO3HAHMEM KakK CpPa3y IeJIOCTHOE 3-MepHOe MPOCTPAHCTBO, B
KOTOPOM BCe pa3MelaeMble Belu oHoBpemennbl?! [locrenmee sB-
JISIETCsT BA2KHBIM YCJIOBHEM, TOCKOJIBKY ISl 9€JI0BEKA TO, YTO MO3[
BOCIIPUHUMAET, ABJISETCS OJIHOBPEMEHHBIM.

IIpmvenm, a0 310 Tak'!'. Torma TO, 9TO POKIAETCS, — ITO IPO-
CTPAHCTBO, OCHAIIEHHOe reomerpueit G ¢ meTpukoit h,g. Ho reo-
MeTpPUHU OBbIBAIOT PA3HBIME, [OITOMY CHMBOJ 3G ciemyer moHuU-
MaTh KaK MEPEMEHHYI0 BEJIMUUHY.

WuuBuyanbHOE COZHAHHE MOIJIO CO3JAaTh MHOXKECTBO pas-
HBIX 3-reoMeTpuil, u 3T0T GaKT B 0003HAUEHUSIX KBAHTOBON MeXa-
HUKHK ODO3HAYUM KAK BBEJEHHE B PACCMOTPEHHE BMECTO BEKTOPA
(17.36) amanTyabl BEPOSITHOCTE

V(G 1o ar—tar)): (17.38)
s @y Qg Am k

WJIU [IPOCTO W(G),
IIpocrpancrso ¢ 3-reomerpueit )G — 310 apeHa, Ha KOTOPOH pas-
BepHyTa ucropudieckas 3moxa. OgHako s KOMGMOPTHOTO CYIIe-
CTBOBAHUS YeJIOBEKA ONHOI TeOMEeTpUU MaJio, HeOOXOANMO WMETh
BIIOJTHE OIPEJE/IEHHbIE MATEPUATbHBIE YCJIOBUsI, OCHOBAHHBIE HA
HAJIMYMKM B IPOCTPAHCTBE (PU3MYECKON Marepuu. A Takzke HEOO-
XOIMMO HAJAYHE IIJIAHETHON CHCTEeMBbI C KOHKPETHO# buocdepoit,
arrocdepoii, cormocdepoit m Hoochepoii.

10 Tymaercs, 60sS3Hb OrPAHNIEHHOrO IPOCTPAHCTBA — KIayCTPododus — 310
CJIEICTBHE TOT'O, 9TO CO3UIAETCA OOMIMPHOE IPOCTPAHCTBO, BMEIIAIONTee MEIC-
JIAMBIH MUD.

11 Cospanue 3-1poCTPaHCTBA HEAMBH/IYAIbHBIM CO3HAHHEM HE 03HATAET CO-
3/aHUE AKTYAJIBHOTO 3-IPOCTPAHCTBA, €IMHOTO /Ui BCEX CO3HAHMIL.
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Ucropuyeckas 3moxa o — 3T0 MOJA U, — KOMILIEKCHOZHAYHAS
BOJIHA B KOH(DUTYPAITMOHHOM CyIIEPIPOCTPAHCTBE, ABJISIONIEMCS
TIPOM3BEIEHUEM CYTIEPTIPOCTPAHCTBA, 3-MEPHBIX TeOMeTpuit Y nie-
pa, dbusmdeckoit marepuu, 6uocdepsi, 3THOCDEPHI, corrocdepb
n moocdepnl. croprydeckas 31Moxa HE BKJIOYAET BPEMEHH, II0-
CKOJIbKY HCTOPUYECKas IM0Xa €CTh «3aMOPOKEHHOE COCTOSHUE,
HO BKJIIOYAET 3HAHKHE O I'eOMETPHHU LpocTpaHcTBa G, o Marepun
4, O COCTOSIHUU OKPY2KAIOLIel Cpe/ibl, T.€. npupoisl B, o cocro-
SHUU STHUYECKOTO IMOJIS €, CONNAIBHOTO TOJIsi 0 U HOOChEpPHOro
mons v. CremoBaTesbHO,

Uq = \I/a(@)g;,uvaean V)'

3HaHWe O MaTepud fi, KAK MPABUJIO, PU HANKUCAHUU YPABHEHUS
Yunepa-leBurra, — aro dbusudeckne mons. Nuage rosops, 3To
HPUBbIYHAS JJIst (PUBUKOB YACTH MO/JIBI U, , XOTSI HAMU IIPE/IIOJIAra~
€TCsT, 9TO «COCTOSTHUE» (1 O3HAaYaeT CPOPMUPOBABIIYIOCST «TBEPIIDH
3eMHYI0», B — 9T0 KOHKpeTHas Ouocdepa Ha «TBEPIHU 3EMHOI», €
— CYIIeCTBOBAHNE ITHOCOB HA «TBEP/JU 3€MHOWU», 0 — POXKJIAIOTCS
rOCYJapCTBa, & UV — MPOIBETAET PA3YM.

Jluneitnas ynopsgodennas peagbHOCTb, WIH, B MHON TEPMUHO-
JIOTWHW, WCTOPWYECKAsT TIOCTIEIOBATEIHHOCTh — 3TO PE3yaIbTaT Uh-
mepdepernyuu'? (puc. 17.1) cyMMBbI HCTOPHIECKIX 3TTOX-BOJIH

U = cqlq + cgug + ...

®yuxnusa ¥ ynoBIeTBOpseT ypapHeHHio Ymiepa-leBurral?

)

N B @
Bs Shes s +Vh @R+

G

+g(haﬁ7M,B,€,0, V) \I]((?’)g,/L,B,@,O', V) = 0;

2 nrepdepennueii BOIH HA3LIBACTCH ABJCHHE YCHICHHA KoaeGaHuil B of-
HUX ¥ ocjabjeHue KojaebaHWi B APYTUX TOYKAX MPOCTPAHCTBA B PE3YJILTATE
HAJIOYKEHHUS IBYX MJIN HECKOJIBKHUX BOJH, IPUXOMANIUAX B 9TH TOYKH IPOCTPAH-
CTBa.

13ypasuenne Yusepa-/leBurTa m03BONSET ONUCATH POXKIEHHE 4-MEPHOTO
POCTPAHCTBA-BPEMEHU.
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Y
My
Puc. 17.1: Tosenenne knaccuaeckoro mpocTpaHCTBa-BPEMEHH B PE3yIbTATE
narepdepennun: uucaa -20, -18, ..., +28,... — IPOHYMepPOBAHLI rpebHE MO-
IIBT Uq. [[yHKkTEpHbIE nuHEE — rpeOHM MOAB ug. 3aMTPUXOBaHHAA 00/1aCTh
ectb 00s1acTh nHTEpdEpeHnun (BOJIHOBOI IAKeT), B KOTOPOH yCHINBAIOTCS aM-
[JIUTYAbI BOJH-MOJ. IEPHBIE TOUKH OTMEYAIOT KJIACCUIECKYIO TPAEKTOPHIO B
CYLEPIIPOCTPAHCTBE, SBJIAIONLYIOCS KIACCHIECKUM [IPOCTPAHCTBOM-BPEMEHEM.

Puc. u3 [157].

rae E(hap, b, B, €, 0, V) — WieH, yINTHIBAIONHUA BKJIAJ MATEPHAIIb-
HBIX UCTOYHUKOB [t, OKPY2Katoleii cpebl (mpupobl) B u moueii e,
owuv.

B (kBasu)kiaccuueckoM UPUOJIMMKEHUM, K KOTOPOMY Mbl
JTOJIZKHBI ¢ Hen30eKHOCTHIO TIEPEHTH KaK K ONPeIeseHHOMY YCA0-
6UN CYIIECTBOBAHWS Y€JIOBEUYECKOTO CO3HAHWS, KAXKIOH HCTOPH-
YECKOM 3MOXe (v OTBEYIAET BOJHOBAsA (DYHKIHS

\I/a((3>g, 122 B, e, o, V) =

MEIJIEHHO MEHAIOMIAsICs —%Sa((:‘)Q,M,B,e,U,V)’ (17‘39)

AMIIATYAHAS DYHKIHST

a BCeM THINaM MCTOPUYECKHX 3MOX (THMaM OBIIECTBEHHOrO CO3HA-
HHsI) COOTBETCTBYET BOJHOBOW MAKeT:

W((i)’)g? /”L7 B7 e’ 0-7 V) =
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=caVa(®G, u, B,e,o,v) + ng/ﬁ((g)g“u,,B,e,(f, v)+ ...

Tam, raoe «@dasbl OTAENbHBIX HCTOPUYECKUX 30X-CO3HAHUM
«, 3,...» COBIAJAIOT, T.e.

Sa(®G, p, B,e,o,v) = S(¥G, u, B,e,o,v) = ... =, (17.40)

OpOUCXOIUT (KOHCTPYKTHBHAsI) WHTEP(hEPEHIHs, IPUBOAAIIA K
pootcdenuto edunoti 1jig BCEX MCTOPHYECKUX 310X HCTOPUIECKOM
HOC/IEIOBATENBLHOCTH, PEACTaBIAIoNmel coboil npocmpancmeo-
epems (peasbnocrb) (puc. 15.1), B KOTOPOM Uy T BOJIOLUOHHbBIE
OpoLECchl, B (POPME NoCALI08AMEAbHOT COBOKYNHOCTNY TOY%EK B
cynepnpocrpancTse. JlaHHasg 1IOCI€I0BATENIBHOCTh TOYEK — ITO
Helb FOPHBIX [TUKOB, Wik TopHbIi xpeder (cm. § 16.1).

7
////////////////////x;:

\

\

Puc. 17.2: Unrepdepentus ayx mnockux soss. Buame! napasiesbabe uc-

:.‘\.\\\\\\\\\\

LLLLLLE

i

-

TOPHUYECKHE BCEJIEHHBIE-PEeaJIbHOCTH (KaK HECKOJIBKO ueneﬁ TOPHBIX IIHKOB, 110

poipaxkennio Halliwell’a [229, p.180]).

[TostBysieTcst BO3MOYKHOCTE YIIOPSIIOUNBAHUST «TOPHBIX TTHKOBY,
1 9TO YIIOPSI0YNBAHNE €CTh HE YTO MHOE, KaK 6peMs t, C Te9eHNEM
KOTOPOrO U3MEHsIeTCsl reoMeTpus 3-npocrpancrsa @G (t), cocros-
uue marepun (i(t) (poxpatorcs mianerst) u 6uocdepnt B(t), uayr
sTHHUEecKue e(t) u conuanbube o(t) Mpomeccs, ObETCa TeoBede-
CKast MBICTb V(t).

Ouerngno, uro ecam B (17.40) B35TH He BCE SMOXH, TO TOSIBST-
e wacmuwhbie THTepOEPEHINORHBIE BO3MOYKHOCTH, MOSIBATCS T1a-
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paJLIeNbHBIE NCTOPUYECKHUE TTOCTEI0BATETHHOCTH, TTAPAIETbHbIE
BCeJIeHHbIe-peaibHoCcTU. BomHoBas dpyukmusa ¥ KOHIIEHTPUPYETCs
KaK TIeMb TOPHBIX TTHKOB BIOJIb OTHON W HECKOALKUTL KAGCCUE-
crxux mpaexmoputi B cynepupocrpancTse (cMm. puc. 17.2).

Kaxmas rmakas KilacCHYecKas TPAEKTOPHUS €CTh HCTOpHYe-
CKast TOCJIEN0BATENHHOCTh. KBAHTOBOMEXaHNYECKAsT HHTEP(EPEH-
Lysl MEXK/ly TAKUMU TPAEKTOPUAMHU-II0CIIEA0BATEIbHOCTAMU (KOH-
dburypanusmu) 1os2KHa ObITh LPEHEOPEKUMOI, T.€. TPACKTOPUIM
crenyer Jgekorepuponarh [229, p.180]. nave roBopsi, OHM SIBISIOT
co0oit mapaJiIe/ibHbIe, T.e. MTPAKTHYECKH HE B3aUMOIEHCTBYONIHE
BCEJIEHHBIE-PEATBHOCTH.

Bamerum, uro ycsosue (17.40), Bemymiee K POXKIECHHIO aK-
TyaJIbHOTO IIPOCTPAHCTBA-BPEMEHH, SIBJISETCA AHAJIOIOM yCJIOBUS
POKIIEHHST aKTyaJIbHOI BeesieHHoN-peambrocTr (17.35).

17.11. IlarTepHbl: IO KaKOMy OOpa3Iry
nmocTtpoeHa BcenenHas

«TBl cpammuBaems, U3 9ero 3TO CHe-
JIAHO — M3 3€MJIM, OTHS, BOABL U T.1.7»
Wnu te cipamuBaerb: «Ilo kakoi Mo-
Jenn, M0 KAaKOMY NammepHy 3TO cre-
JIaHOTS>

Beiircon, 1972

Iammepn'* — 310 MOzIEID, 110 KOTOPOII CAeIaHbI OObEKTHI, HJIH
SIBJIGHWS TTPUPOIBI U ODIIECTBA.

Ceronnasi orBer Ha Bompoc: «Ilo kakoit mMomenn, MO KaKOMY
nammepry BCE CIENAaH0?..» He uMeer orBeTa. 1loYeMy-TO HUKTO
HE MCKAJT YHHBEPCAILHOIO MATTEPHA, II0 KOTOPOMY C/iesiaH BHer-
auit Mup.

o ceit mopsl Hayka OOJIbINTE 33aBaiach BompocoMm: «M3 1wero
BCE 910 cresano?» U orseuasta: «U3 3emm, Orfst, BOIbI, MOJIEKYT,
aTOMOB, IIPOTOHOB M JJIEKTPOHOB, KBAPKOB U T./.».

"Jarrepn (anru. pattern) — asriuiicKoe CJIOBO, 3HAMEHHE KOTODOTO Ie-
pelaeTcs HMO-PYCCKU CJIOBaMU <«O00pasely, <«IMIabJIOH», «MOJeNby, «dDopMay,
«THII», <CTPYKTYDPa»; TAK2KEe 3TO CJI0BO HMEET 3HAUCHUE <y30D».
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Kak BuayMm, uckaay u UIlyT YHUBEPCATHLHOE 8EULECTME0, U3 KO-
TOPOTrO CJEIIEH0, caenano Beé cymee B Mupe. Bo Besakom ciydae,
BCE MBI YBEPEHBI CETOHSI, UTO BCE COCTOUT M3 KBapKOB. Ho Hamm
JKeJIaHus CIeIaTh Mup ermg KoMboprHee (KOJIECHUIIbI, TPOHKH, aB-
TOMOOWJIN, CAMOJIETHI, IOCBETOBBIE 3BE3/I0JIETHI, «CBEPXCBETOBBIEY
3BE310JIeTHI) U MHTEpecHee (Tearp, KMHO, TeJIEBU30D, OCMOTD BYJI-
KaHoB Ha Mapce, BOcxos ABYX-TPEX CBETUJI [0 «yTPaM») IPUBO-
JISIT K TOMY, 9TO «CTAPOr0» CTPOUTETHLHOIO BEIIECTBA HE XBATAET
JUIST PEAJTM3AINY HAITHX MEYTAHUHN, — MOITOMY MbI OOHAPYKUBAEM
BCE «HOBOE€» BEIECTBO, N3 KOTOPOTO CTPOMM, JIOCTPAWBAEM H TIe-
pecrpanBaem Hairy Beenermyio. Mbl Bcé BpeMst yCIOXKHsIEM CBOit
mup. Mup mpuobperaer cBOHCTBa MapasIeabHO ¢ Oco3HanneMm Mu-
pals.

s Hac CTOh BAaXKHO Y3HATH «HM3 HYEro CAEJAHO», YTO yIIyC-
KaeTcsl 3HAYMMOCTh MaTTepHa, 00pasIa.

Kpuc KenbBun, repoit pomana Jlema «Cossgpucy, pac-
CMATpUBasi B MUKDPOCKOT KPOBb CYIIECTBA C UMEHEM
X3pu, MOSIBUBITIErOCsT U3 CHA, HEOXKUTAHHO OOHADY K-
BaeT, YTO KPOBSIHbIE TEJIbIIA €I11€ 00Pa30BAHbI U3 MOJIe-
KyJI, HO CAMH MOJIEKYJIbI HU W3 9€ro He COCTOAT. XIPHU
«cesianay 1o 00pasily JIoJieil, HO He «CIeIaHay, Kak
JTIOJTH.

Tak, MOxKeT ObITb, MAMMEPH GEULU IO3BOJET €€ co3damb
(ospemenums) B peasvrocmu, UHAYE IOBODs, PEGAU306GMDb, HE
CUJIHLHO 3a00TSICh O TOM, W3 KaKOTO BEIECTBO €€ MeaTh.

17.11.1. Crpykrypsl KymakoBa kak nmaTTepHbI

B 1960-e roapr mHoBocubupckuii puzuk FO. M. Kymakos orkpbLt Ha-
00p 3JIEeMEHTAPHBIX anredpamdecKux (pOPMYyJI, KOTOPBIE IPUCYT-
crByior B reomerpuu u B dusuke [109, 110]. Ero yuuresns, HoO-
6enesckuii jaypear M.B. Tamm Ha3BaI UX NEPBOCMPYKMYPGMU,
OOBSACHAIONIUMY €UHCTBO MUPO3IAHUSA.

5 Maryparo u Bapena cauranu, 9TO «€CTh MAaTEPHAIBHLIN MUD, HO OH HE
0651a126T HIKAKAME HPEAONPEIENEHHBIMA CBOHCTBAMH... <HH OJIHA BEIb HE
CyIIeCTBYeT> HE3aBUCHMO OT Ipouecca nosnanuss (Kampa, [102, ¢.291]).
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IIperensun crpykryp KymakoBa mHa posb HMATTEPHOB, JiexKa-
nmx B ocHoBe Bcero Cyiero, B OCHOBE CTpyKTypbl PeanbpHocTH,
MOIKPETJISTIOTCS TE€M, UTO OHM OOHADPYIKEHBI B TeOMeTpun u (hu-
3uxke [109, 110], cornmosornu u nCuxoIOruu [61], MEKpOIKOHOMUKE
(BbIpyUKa MpeANpUATHs, HOTEHIMaIbHAS TOTPEOHOCTh B TOBape,
dunancupoBaHUe NPEIPUATHUS C IOMOIIBIO 3aEMHOIO KaluTaia)
[64], makpo3KOHOMUKE (OTPEOUTEILCKUIL CIIPOC, BAJIOBbIHA BHYT-
pennuii upouyxr) [65], reopuu poiaka rpyja (pABHOBECUE HA PbIH-
ke Tpyna) [67], B reoborannke (KoHKperHBIE (itopbl, KO3 duIm-
ear B.U. BacumeBw4a [y M3MEpPEHHs CTEINEHW Pa3Nudus (HPJao-
PHUCTHYECKUX CIKMCKOB JBYX PACTUTENBHBIX CoobIecTB). 3agadeii
ABJISIETCS UX OOHApy:KeHne B OOTaHWKE, OMOTOrUH, KOCMOJIOTHH.

PeanbrocTh He cobupaeTcs MO 9acTAM W3 JACTHUIL BEIIECTBA B
XOJIe 9BOJIIOIUU OT MPOILIOro K OyIyIeMy, KaK CIUTAeT KJIACCH-
YecKas HayKa, a sIBJISETCS BCS CPa3y IEJIUKOM OT MPOITIOTrO 10
OymyIIero mo 3aJaHHBIM 00PA3IAM, T.€. M0 KOHKPETHBIM MMaTTep-
HaM, KaK ONMPEIENISIeT KBAHTOBAST TEOPHSI.

17.11.2. Omnpegenenne crpyktyp Kynakosa

B reopun FO.M. KynakoBa mocTyaupyercss HAJTWYUE OIHOTO WJIH
HECKOJIbKUX MHOXKeCTB M, F, ... 3JeMEHTOB, MeXK/ly KOTOPBLIME
OTIpeIe/IEHBI OTHOIIEHUsI, 00JIaIal0IIe AByMsi CBOiicTBamu. Bo-
MEPBBIX, HEKOTOPBI HAOOP STUX OTHONIEHU N, BHIDAYKEHHBIX B BUIE
YUCEJI, TOJIPKEH YAOBJIETBOPSTH CIEIUAJIBHOMY YDPABHEHUIO, MMe-
HYEMOMY 3GKOHOM, ¥, BO-BTOPBIX, B JJAHHOM 3aKOHE MOXKHO OJIHU
9JIEMEHTBI 3aMEHATh Ha JAPYyrHe 110 IPaBU/Yy, HA3bIBAEMOMY PyH-
damernmanvroli cummempued.

B upocreiiniem ciaydae OrHOLIEHHE — 9TO BEIECTBEHHOE YUCIIO,
COTIOCTABJISIEMOE TIape, TPOoiiKke, YeTBEPKe W T.1. 3j1eMeHToB [109].
B kadecTBe 3/1eMEHTOB MOTYT BBICTYIATh OOBEKTHI JTFOOOH mpu-
poabl: (pu3MYECKHe Tesa, WHIUBU/IBI CONUAIBHONR TPYIIILI, MY¥K-
YUHBI U KEHINZHbBI, 3JIEMEHTAPHBIE YACTHUILI U T.J., & B KA4eCTBe
OTHOLUEHUI MEK/1y 3JIEMEHTaMU MOI'YT PaCCMaTPUBATBHCA PACCTO-
STHUST MEYKLY TeJIaMu (TOYKAMMU ), POJCTBEHHbBIE CBA3H, OTHOIICHUSI
MEKTy TTOJIaMU, B3AUMOIEHCTBUsT MexkK 1y dactuiamu. Kcim orpa-
HUYUBAIOTCS OJHUM MHOXKECTBOM, TO TEOPHs, KOTOPAasi CTPOUTCS,
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HA3BIBAETCA YHAPHOT cmPykmypot PyHIaMeEeHMANLHOLT OMHOULE-
Hud.

B cayuae aByx muoxkecTB M u F COOTBETCTBYIOIIAST TEOPHUS
HOCUT Ha3BaHUE OUHAPHOU CMPYyKMyps, PyHIaMeHmasbHulL 0m-
HOWeHU.

Bunaproe ommowenue — 3to orobpaxkenune ¢ : M x F — IR.
Bynem obo3nadars 3jeMeHTbl MHOXKECTBA M MaJIbIMU JIATHHCKHU-
Mu OykBamu ¢,k,J,..., & MHOXKECTBA J — MaJIbIMU I'DEYECKUMH:
a,B,7,... Bcmm i € M u « € F, TO 3HaYEHWE OTHOIEHUS MEXKIY
i ¥ (v IPEJICTABIISAETCA B BUIAE (DOPMYJIBI

aio, = P(i, ). (17.41)

Jlpyrumu cioBaMu, OMHAPHOE OTHOIIEHUE MEXKIY ¢ U (¢ XapaKTe-
PU3YETCsl BEIECTBEHHBIM YUCJIOM Gjq,-

Bynem mpeamonararh, 9To OWHAPDHOE OTHOIIEHUE ¢ SIBJISAETCS
YHUBEPCAALHLM B TOM CMBICJIE, YTO CYIIECTBYIOT JIBa HATYPAJIb-
HBIX YHCJIA T U S, TaKue, 9To Haiimercsa orobpaxkenme @ : IR™ —
IR, obamaroree CaeayomuM CBOMCTBOM: st TI0OOTO IIPOU3BOIIb-

HOro HAOOpA U3 T JIEMEHTOB i1, ..., i, € M u m0boro nHabopa u3 s
9JIEMEHTOB (1, ..., &5 € F CIPABEIJINBO PABEHCTBO
iy e Qi ay
P : : =0. (17.42)
i o e Q4o

[Tapa uucen (r,s) HA3BIBAETCI PAHZOM PACCMATPUBAEMON Ou-
HADHOW CTPYKTYpbl. B JaHHOM OmpeneleHun OTYETIMBO BHIHA
MOCTYJIUPyEMasi CHMMETPHs JIAHHOW CTPYKTYPbI: JI000i JeMeHT
MHO2kKecTBa M Mozker ObITh 3aMeHEH Ha JIIOOOIM 3J1eMEeHT MHOKe-
crBa F, u Haobopor. Ho mpu 3Tom 3mementsr u3 M GepyT B KO-
JIMYeCcTBe 1, a U3 F — S.

Kaxkmas cucrema OTHOIEHUH OTINYAETCS OT JI0DOH APyTroit
napoii HaTypaJibHbIX uuces (1, s), Ha3biBaemoil panrom. FO.1. Ky-
sakoB [109] u ero yuenuk I.I". Muxaiiiuyenko nokasasu, 410 Cy-
IIECTBYET KIACCU(DUKAINSA CUCTEM OTHOIIEHW, ¥ HAIJIN COOTBET-
CTByIOIUE ajredpandeckue (popMyIIsl i ¢ u P 11 BCeX paHTOB

(r,s).
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FO.1. Kynakos, KO.C.BiaguMupoB u ux y4eHUKH, OTPAHUYIH-
Bas CBOM WCCJIEJOBAHUs PaMKaMu (DU3UKH, IPOJAEMOHCTPUPOBA-
JIW, 9TO KaXKJasl CTPYKTypa OWHAPHBIX OTHOINEHWI, OMHCHIBAE-
Mas OYeHb MPOCTHIMHU ajaredpandeckKuMu (GhOPMYIaMu, TPUBOIUT
MOCJIE HEKOTOPBIX MPEOOPA30BAHUIN M BBIKJIAJOK K CTPOTO OIpPe-
nesléHHOMY (DU3MYIECKOMY 3aKOHY, HAIIPUMED KO BTOPOMY 3aKOHY
Hebrorona, 3akony OMa wiu K TOii uiiu UHOI reomerpuu (reomer-
puu Eskimya, reomerpuu Jlobadesckoro u r.1.).

Vcmex Teopuum CTPYKTYP

S SnemenTos oTHOIIEHUH B (DU3NKE 3aCTAB-
Cda JISIeT TOJAYyMaTh O BO3MOYKHO-

F CTH IPUMEHEHHUs 3TOH Teopuu

8, aj, B COIMOJIOTMH, IICUXOJIOTHH,
SKOHOMMKE U T.J. DTO HMEET

LRI CMBICJI CeJIaTh, HECMOTPST HA

To uro B Hadase XXI Beka
eIé CyIecTByeT mperyoex-
JeHue NOPOTUB [epEeHeCeHnusd

I anemMeHToB M

Puc. 17.3: Bunapnas cucrema oruo-
METOJOB €CTEeCTBO3HAHHS Ha

HIeHuH.

nayku 00 obmectBe. Takoe
mpeaybeskIeHne yaep:KnBaeTcs, KaKk MPaBHJIo, CPeI MCCIeT0Ba-
TeJiell, KOTOPHIX HA3BIBAIOT Y3KUMHU CIEIHAJUCTAMU. 1€ XKe, KTO
bostee CKJIOHEH K (PHIOCOPCKUM ODOOIEHUSIM, YAIe TBITAIOTCS
YBUJIETH 34 JOCTUKEHHEM B KOHKPETHOI 00JIaCTH 3HAHWI IMyTH K

[IOJIy 9€HUI0 HOBBIX PE3Y/IHbTATOB B JAPYIUX O0JIACTAX HAYKU.

17.11.3. Crpykrypsl KymakoBa u jioruka

CrpykTypbl orHOmmenwuit KynakoBa — 3TO HaAOOPHI dI€MEHTAP-
HBIX a/IredpandecKux popMyJI, KaxK1as U3 KOTOPHIX MIPE/ICTABIISIET
KOHKPETHBIN MMaTTEPH.

Ho moxxer nu anrebpamdeckas (popmyna, ABISIONAICA OCHO-
Boii Teopun KymakoBa m CyITHOCTHIO, MPUHAIIEXKAIIEH dT€MEH-
TapHON MaTreMaTHWKe, OMUCHIBATDH JII000E siBJIEHWE B IIPUPOJE U B
obrmectBe? Beanb cymecTByoT 60see CaoKHBIE HOPMYJIBI — CYIII-
HOCTH BBICITIEH, & HE SJIEMEHTAPHON MaTeMaTUKU, HaITpuMep aud-
depeHnuanbHbIe yPABHEHNS, C TIOMOIIbBI0 KOTOPDBIX YCIIEITHO OIIH-
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CBIBAIOTCS MHOTHE SIBJICHUS PEabHOCTH.
Paznuaune mexay anrebpoit u muddepeHnuasbHbIM HCIUCTEe-
HHEM — 3TO (DAKT KJIACCHYIECKON MATEMATHKHU, OCHOBAHHON HAa
KJIACCUYECKOi By3HauHOil (Oys1eBoii) JoruKe.
Ho cymectByior maremarnku, /jisi KOTOPBIX 9TO HE TakK. Tax,
B nadunanTodnumaaraoM ananude Koka-Jlosepa npunsra akcrnoma

V(f € RP)3l(a,b) € Rx RVd € D(f(d) =a+b-d),

rme D = {x € R: 2% = 0}, KoTOpas MOKa3bIBAET, YTO MPOU3BO/I-
Hag f'(x) dyukuuum f B TOUKE T — ITO UUCIIO, YIOBIETBOPSIOIIEE
ceMeicTBy anreOpamdecKux ypaBHEHuit

flx+d) = f(z)+ f'(z)-d, deD.

®DopmasbHO roBops, npoussoguas f'(x) dyukuuu f B TOuKe T
OIPENENACTC TOCPEICTBOM YHCTO ANreOpandecKOro BHIPAsKEHHS:

TOI/IA KAK B KJIACCUYeCKOM Ju(bDEePeHInaibHOM UCHUCIICHUY UM e~
eM dopMyTy BHIA

Fa) — 1 LD~ S @)

d—0 d ’

B KOTOPO# mof, lim MOHMMAeTcs CIOXKHOEe, HE CBOIMAIIEECS K aJl-
d—0

redpe MOCTPOEHHE.

Ocraercst 3ameruTh, aTo akcuoma Koka-JIoBepa nHecoBmecTu-
Ma € ABY3HAYHOM OyJIeBO# JIOrUKO#, a caM MH(MPUHATOZUMAIbHbII
anamm3 Koka-JloBepa pa3BuBaeTcss B paMKaX WHTYUIIMOHUCTCKOMN
gorukn (cM. rur. 18).

Mpb1 onsiTh TPHUILTH K JIOTHKE, C HEOOXOIUMOCTBIO MCIOIb3ye-
MOl B HAy9YHBIX IIOCTPOEHUAX. BO BCEX HAYYIHBIX TEKCTAX HUCIIOJIb-
3yerca aBy3nadHasd joruka. Pakrudecku HeT yueOHUKOB, OLMUCHI-
Bafomnx PeasbHOCTH Ha A3bIKE MHTYHUITHOHUCTCKOMN Jorukn. [Tove-
My? He moromy /i, 9TO B TAaKWX y4eOHUKAX ObLIH ObI COBMEIIEHBI
nporuopednsi? KTo Mor Obl YUTaTh TAKyIO KHUTY?
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M3Becren, mo kKpaitHeil mMepe, TakKOil OTBET HA ITOT BOIPOC:
«Bor mor 6B co371aTh MHUP, B KOTOPOM IIPOTUBOpEYdHs OBbLIN ObI
COBMEIIEHBI, HO «MbI HE JOJIXKHBI TBITATHCS TO TOHSIThH, TOTOMY
9TO HAIA HATYPA HE TaKOBA, YTOOBI MBI MOTJIA 3TO MOHUMATHY
(Mamapnamsuian, «Kapresnanckue pasmbliiennsi», [121, c.89)]).

17.12. Speculatio

1. Teopusi — 3T0 OOBIKHOBEHHO PE3YJIHTATHI IPE3MEPHOI I0-
CITEIITHOCTH HETEPIIEIMBOIO PACCy/IKa, KOTOPBIA XoTea Obl m30a-
BUTBHCS OT SIBJIEHUI U MTOICOBBIBAET TIOITOMY HA WX MECTO 00pasbl,
MOHSATHS, JacTo gaxke oxuu ciosa (I'ére, [27, ¢.338]).

2. «JlekapT rOBOPWJI — MOXKEITH TOJBKO Thl. CyTh ero ¢huioco-
dbun MOKHO BBIPA3UTH OIHOM CIIOXKHOMOIINHEHHOM (hpa3oit: mup,
BO-TIEPBBIX, BCEr/ia HOB (B HEM Kak Obl HUYErO eIlé He CJLyIuJIOCh,
a TOJILKO CJIy4uTCs BMecTe ¢ TO0OI) U, BO-BTODBIX, B HEM BCe-
r7Ia eCTh s Tebst MecTo, U OHO Tebst oxkumaet. Huuro B Mmupe me
OIIPE/IEJIEHO /10 KOHIIA, [T0KA Thl HE 3aHSJI IIyCTYIONEe MECTO JIJIsd
JIOOTTPEIEIEHNST KAKONH-TO BEIIU: BOCIPUSTHUSI, COCTOSHIS 00bEKTA
u 1.0 I tperbe (He 3a0yzeM, UTO MPOILIOE — Bpar MbICaHU, 60-
PSICh C MPOIILIBIM, Mbl BOCCTAHABJIMBAEM Cesl): €CJId B 9TOM MOEM
COCTOSTHMH BCE 3aBUCUT TOJIBKO OT MEHs, TO, CJIEJOBATESHHO, 6e3
MEHs B MHpe He OyIer Mmopsiaka, HCTHHBI, Kpacorbl. He Oymer um-
ces, He OyIeT 3aKOHOB, MIEAJBHBIX CYITHOCTEH, HUYEro 3TOro He
Gyzner» (M. Mawmapparmsuin, [121, ¢.37]).

WNuade roBops, MUpP POXKIAETCA BMECTE C MOUM €r0 OCO3HAHW-
eM, «TO ecTh Bor e npeamecrsyer Ham Bo Bpemenu» (M. Mamap-
nmamsuim, [121, ¢.38)).

3. «IIIpéaunrep 3amaBaj Takoil BOMpPOC: BOT BaM ObLIO 16 Jjer,
U BAC pa3aupajy CTpacTh. A 9TO OCTANIOCH OT TOTO «si», KOTO-
poe 6bLI0 HocuTeneM 3Tux crpacreii? Kak Hekoe BOILIOIIEHEe «si»,
Be/ib 3TO ObLIM Bbl — BMECTE C BAIUM TEJIOM, C BAIIUMU LEPEXKH-
BAHWSIMU U T.JI., HO BBl K€ €ro He TIOMHUTE. A BBI €CTh. 3HAUMNT,
BBI — JIpyToe «si»! B KasK bl JAHHBI MOMEHT BaIllU TIPOIILIBIE «sT»
Ka3aJInCh BaM, YTO OHUW CAMbIe BaXKHbIE, CAMbIE TTOCJIEIHIE, & OHU
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CMEHUJIMCh, JIazKe He T0poauB noHarus cmeptu. OHu BCe ymepu,
a TEPMHH «CMEPTH» JIaKe He BO3HUK, VI, MOxkKeT ObITh, BaIe «si» —
ceiffiuac — eCcTh TaK¥Ke BOOOPAYKAEMBIH, BOTIIOIMIEHHBIN Ha, HECKOIIh-
KO 49aCOB, HA HECKOJIBKO JHEIl MM MecdAleB NepCOHAK, KOTOPBIH
TOXKE CMEHUTCS IPYTUM, KaK ¥ BCE TPEJIIECTBYONIHE MEPCOHAYKH.
Bauem ke, ropopur IIpéaunrep, 6ostbes cmepru? Konedno ke,
Mbl GeccmepTbl. D10 Hecomuenno» (M. Mamappamsuiu, [121,
c.36]).

Herpynuo B cnosax IlIpéaunrepa yBumaers 10, 9To B § 1.2.3 ObI-
JIO OTMCAHO KaK pPEe3y/IbTaT B3aMMOJIEHCTBUS MHOKECTBA UCTOPU-
YECKUX 30X, NPEJACTABIAIONAN COBOH UCTNOPUUECKYI0 NOCAed06a-
meabHoCmy (JTMHEHHO YOS I0YEHHYIO PEaIbHOCTD), COCTOMIILY 0
U3 110CJIeJ0BATE/IbHOCTH (KYCKOB) MCTOPUYECKUX 3110X. IIpouuibie
«s1» — OOBEKTHI PA3HBIX BEYHBIX UCTOPUYECKUX IMOX; MPOIILIHIE
«st» DECCMEPTHBI, HO CODMPAIOTCS OHU B MOCJIEIOBATEIHLHO CMEHSI-
foreecst 91, K KOTOPOMY TPUMEHSIETCSI TEPMUH «CMEDPTh».

[TockoMbKy peambHOCTh — KBAHTOBBINA AKT MHOKECTBA WHIUBHI-
JlyaJIbHbIX CO3HAHMIA, TO CMEPTb MHIUBUIA B MOMEHT ¢ — 9TO OTCYT-
CTBUE CO3HAHWS WHIWBUIA B KOHKPETHON BCEJIEHHON-PEATLHOCTH
R = |¢F ala? a”'*la;]>‘ Jpyrumu ciioBamu, ero unesi-hanTasusi ¢

MOMEHTA t CKOPPEINPOBAHA C JIPYTUMU BCEJIEHHBIMU-(DAHTAUAMU,
" TaMm ero cosuanwe u npucyrcreyer. IlIpéaunrep mpas: mMbr Gec-
CMEPTHBI, HO MOXKEM TPETEPIeBaTh CMEPTh B OTAEIbHO B3ATON
BCEJICHHO-PeabHOCTU (= UCTOPUIECKON MOCJIeI0BATETLHOCTH ).

4. Yewm 60bIIIE IUCTCHHOCTH HACETIEHNUST 3€MJIH, T.€. 9eM 00JIb-
e KUBYIIUX WHINBUIYAJbHBIX CO3HAHWM, TeM Oorade W CJIOXK-
nee ycrpoern Buemnwmit Mup. nade roBops, dem Oosibie uziedi-
danTaznii, TeM O0JbIIIe BCEJEHHBIX-PEATbHOCTEH.

Ha s13b1ke ncropuieckux 310x, 310 TOBOPUT O TOM, 9TO HCTOPHU-
YeCcKas 3MOXa C OOJIBIMMM YUCIOM PeMIIEKCUPYIOMNX WHIWBUILY-
AIBHBIX CO3HAHWIA, T.e. C OOIBITNM HaCeJIEHUEM, ABJIseTcs Oojee
Pa3HOOOPA3HO B ONMPEIEIEHHBIX Cepax KyJbTypPhl U TEXHUKH.
Camu 31 cdepbl, TOUHEE, X MEepPedeHb, HAOOP CyTh TO, Y4TO Ha-
3bIBAIOT KYJIbTYPHBIMA TPAIUIUSIMU.

Kakapl#l CHOBIIAT TONBKO TO, 9TO OH moHumaer (I'ére, [28,

¢.152]).
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5. ITo I'yccepato Bropuunas namsts (danraszusi, no . I'yccep-
JII0; BOCIIOMUHAHUE) — HeMOAUu(UIUPyeMOe CO3HAHUE: «OHO €CTb
OIIIYII[EHWE, WJIW, UTO O3HAYAET TO XK€ CAMOE, «uMIpeccusis. Van
00JIee TOYHO: OHO MOYKET COIep:KaTh (haHTA3MbI, HO OHO CaMO HE
ectb (npousBoaumMast) dbanrazueit Mogudukays (Mo OTHOIIEHUIO)
K HEKOTOPOMY JPYIOMY CO3HAHHIO KAK COOTBETCTBYIOIIEMY OIILy-
menuo» (ycceps, [32, C.116]).

Tem cambIM BOCIIOMUHAHUE, €CJTH COAEPKUT (DAHTA3MbI, HO HE
ectb (paHTA3WS, — ITO OObBETUHEHHBIE (PAKTHI PA3ZHBIX CKJICEHHBIX
MapaJjIIeIbHBIX BCEJIEHHBIX. 10, 9TO ecTh daHTaszM, — 310 PakKT
qy2KO# BCEJTEHHOM, IO9TOMY OH M €CTh M1 Hac, HabaogaTens Ha-
meit Bcemennoit, panrazm. Koncrarupys naamane (paHTa3zMoB Ipu
BOCIIOMUHAHWK, Mbl KOHCTATUPYEM HAJIMYUE B3aHMMOAEHCTBYIOIIE-
ro (CKJIEEHHOIO) MPOINIOTO PA3HLIX BCEIEHHBIX.

6. IlepBuunas namsrb (LHaMATb-yJEepPXKAHUE, DETEHIMsI) OT-
HOCHUTCSI K HEJABHUM COOBITHUSIM W SIBJISIETCS YIEPXKAHWEM <«Te-
nepb», PACTATUBAHUEM HACTOMIIETO («TOJBKO YTO OBLIOY», «BUe-
pa», «IpexJe», «mupoinioes ). [leppudnas naMsaTh CBA3aHa ¢ BOC-
NPUSTHEM W BCErJa WMEeT CBOMM IPEeIeoM «yiaaBiauBanue Te-
1epb».

CrenoBarebHO, IEPBUYHAS TTAMSIThH — 3TO KBAHT Bpemenu. [1o-
Ka OH «JJIUTCA», MBI M UM€EeM y/IeprKaHue.

7. IcuxodusnonsoraMr 3aMedveHa YPE3BBIYANHO BaXKHAS OCO-
OeHHOCTH B pabOTe CO3HAHUS OOMPCTBYIOIIETO 3I0POBOTO UEJIO-
BeKa — ero npepsiBucrocth [107, c.14]. Hade roBopsi, CO3BHAHME
KBAHTOBAHO; OHO MPEPHIBAETCS B MOMEHTBI AKTA CO3WIAHMWS.

8. HeobparumocCTh BpeMeH#, T.€. Te€YEHNE BPEMEHH OT IPOIILIO-
ro K OyayIieMmy, eCTb aKCHOMa COBPEMEHHOTO eCTECTBO3HAHMUS.

Eé cnencTBuem gBIsIeTCS TOJOXKEHWE, UTO TETOBEUE-
CTBO MOXKET MCYE3HYTh, a Buermanit Mup npomomkaer
CBOE TpeOBIBAHUE BO BpeMeHH. UeoBeKka Hen30erKHO
OXKHUJIAeT cMepTh. HUKTO HE MOKET 3TOr0 OTMEHHUTb.

HeobpaTuMocTh BpeMeHu MBITAIOTCS O0bACHUTH B paMKax (-
3ukn. Ho ucnosnbpsyemast dpusmnka — 310 dhusnka JUHEHHOr0 00bek-
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THUBHOTO BpeMmeHn 3moxu or Heiorona mo Bonbmvana. B aroit du-
3UKe IpobiieMa HEODPATUMOCTH BPEMEHH HE HAXOJUT YJOBJIETBO-
PHUTEIHLHOTO 00bACHEeHNS (POCT SHTPOIUM, CTPEJIA BPDEMEHH U T.1I.).

[Ipobaema HEOOPATHMOCTH BPEMEHH TOJIKHA PEIIaThCs TOJIb-
KO C yI€TOM TOHsTHA co3HauusA. Buemnwnit Mup — utor peanmsa-
nit naei-anTas3nii THAWBATYAIbHBIX CO3HAHM. BKTaa Kaxkmoro
UHUBUYATBHOIO CO3HAHUSA B TO, YTO ecTh Buernuit Mup, nesa-
BUCUM 8 NPUHYUNE OT BKJIAJA JPYIUX HHJUBUIYATbHBIX CO3HA-
Hmit. TOT BKJIAJ, ecam o peammsoBancs (ocymiectasica) do'S
BaIreil peajusaiuu, Bbl He BOJIBHBI OTMEHUTH. JTO U €CTh HEOO-
pPATHMOCTD BpeMeHu. JIpyruMu ClIoBaMu, Heobpamumocms epeme-
HU — IMO NPABo KaHcd020 unOuBUIYAALHO20 COZHAHUSL HA PEAND-
nocmv'” ceoezo exaada 6 mo, wmo cmanosumcs (obugum) Brew-
num Mupom.

9. «<HenousaTHO, KAKUM 00PA30M, YEM BEIECTBO OCO3HAET CBOE
CyIIECTBOBAHUE, Y€M OCO3HAET CBOE CO3HAaHUE 1 CBOO Boyo» (Bap-

tuny, [9, ¢.175]).

10. Kax mas ucropudeckas mocjaenoBaTeabHocts (17.34) — aro
BCeJIeHHAS-PeaThbHOCTh. «PeanbHOCTH HE TOIBKO BETBATCS, HO H
CKJIenBaioTcs... IloHsATHE IBEPETTHYECKUX CKJIEeK BO3HUKJIIO U3
OCO3HAHUS MTPOCTOrO TE3UCa — BCE peasbHOe JOKHO ObITh MO3HA-
BaeMo. K 3TOMy MOATAIKHBAJIO W TO, ITO HEBOOOPA3MMO OTPOM-
HOE 4MC/I0 BeTBjienuii ... (okomo 101% o nepsonauanbHOll OneH-
ke [eBurta), He Oyay4n CKOMIEHCUPOBAHHBIM KAKMM-TO TIPOIEC-
COM, MPOTHBOCTOSIIIMM JIABUHOOOPA3HOMY BETBJIEHHIO, BHI3BIBAET
IMOK JaXKe y TAKUX «KPEemKux mpodeccroHanoB», Kak JleBurrs
(FO.A. JleGeues, [116, c.109]). Uunadye rosops, ropubie XpeOrbl
Halliwell’a (§ 16.1) noszkabl mTMeTh OOLIHE IUKU.

16HpaBo WHIUBUAYAJbHOTO CO3HAHUS HA CBOHM BKJIAJ B TO, YTO BOCHPUHU-
MaeTcs MoTOM Kak BuemrHwuit Mup, CTaHOBUTCS peaJbHBIM, €CJIH Belllb B cebe
[eJIaeTCsS BEIIbIO AJst cebsi. A MOCKOJIBKY TaKOe IIPABO JAHO KAXKAOMY WHIW-
BH/yaJIbHOMY CO3HAHHIO, & BeIlb B cefe JUOO CTAHOBUTCS BEIIBIO JJIs HAC,
aub0 cpaly ajg 000MX MHIWBHAYAJBHBIX CO3HAHUN, HO IPH YCJIOBUU PACNG-
pansesusanusa (pasaBoenns) Bremnero Mupa, nu60 1mOCIe0BATENBHO, T.€.
80 8pEMEHU.

17"Bknaz Bcerya peasies B cBoeif peabHOCTH, KOTOPAs MOXKET CyIeCTBOBATD
apaJijiebHO JAHHOH.
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Hexkinaccnuyeckass Teopust



Yem cioxkuee joruka, rem 6orade Buermauit Mup

A.T.

Jlormka HamoJIHSeT MuP; TPAHUIBI MUPA SBJISAIOTCS
TaK2Ke ee I'paHUIlAMU

JI. Burrenmreiin.
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Hekmnaccunueckad joruka
1 HeKJacCumuecKni
aHaJIN3

Heioron, mbrrasch HaiiTu pemenne hu3ndecKux mpodIeM, cie-
JlaJ 9TO, BBeAsS B (DU3WKY NMPUHIMNHUAILHO HOBBIA MaTeMaTHde-
CKUil anmnapar, IOy YuBInii HazBaHue nuddepeHuaTbHOrO U WH-
TErpaJibHOTO MCYHCJIEHUs. DbIIN UCIOIb30BAHBI MIOHATHS [TPOU3-
BoaHO, muddepennuaia, ObLH HAKCAHBL AU dEepEeHITuATbHDIE
ypaBHeHI/Iﬂl. Mormnbrit, cienraJ bHO CO3MAHHBI MaTeMaTHIECKU i
HHCTPYMEHT IMIPUHEC yCIIEX HhIOTOHOBCKO# (bU3WKE, U ITOT HHCTPY-
MEHT YCIIEITHO TPUMEHsieTCs B (DU3UKE O Ceil JeHb.

Paccyx)aenns mpu moydeHUN HAYYIHBIX PE3YJIbTATOB BEJUCH
7 BEJyTCSI B COOTBETCTBUH C 3aKOHAMY KJIACCHIECKON TBY3HATHON
soruku Apucrorens-JleiiOHuIa, KOTOpas CTANa JOTUKOM HAYKH.

Crenyer, oqHAKO, HATOMHUTE, 9TO ¥ HbioTOH, U JIeiiOHwI mpu
OTIpeIe/IEHUH TPOU3BOAHOM U nuddepeHImaia ncnoIb30BaIHl M0~
HATHE HECKOHEUHO Maa0l 8eAuNUH. BO MHOTOM CMBICT TOHATHS

1O gHAKO IPMKIIICH TEPMUHOJIOrHS 1 0003HadeHns JIeiOHuIa, CO31aBIIe-
ro auddepeHnuaIbHOe U HHTErPAJbHOE UCUYHUCIeHUE apasieabuo ¢ Heioro-
HOM, B 70-80-x rogax XVII Beka. [IpousBosguyio HeoToH HasbiBas (irokcueii.

337
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OECKOHEYHO MAJIOW BEIUIWHBI ObLIT HESCHBIM W HE ITOIABAJICS
V/IOBJIETBOPSIONIEMY BCeX ompeesiennio. Ha mpoTsKeHun BCEro
XVIII Beka, MHOTUMY BBIIAIOIAMUCST MaTEMATUKAMW TTPEINTPUHN-
MaJIUCh TOMBITKHU TaTh CTPOroe 0OOCHOBAHMUE [1j1si OECKOHEYHO Ma-
Jb1xX BenduH. Ho 3aKOHYMIIOCH BCE T€M, 9TO OT HEro BOOOIIE OT-
Ka3asnch, bmaromapsa Tomy, 9To Komm mam cTporoe ompeaeneHne
npedesa, 1OCIE Yero Ha4aJloCh OYPHOE CTPOUTE/ILCTBO COBPEMEH-
HOIO MATEMATUIECKOrO aHAIU3A.

CoBpemennasi GHU3UKA MPOCTPAHCTBA-BPEMEHH MMEET MHOTO
HEpAa3peIeHHblx MpobeM, W BIOJTHE eCTECTBEHHO IOMBITATHCS,
Kak Bo BpemeHa Hpiorona, BBecTu B (PU3MKY HOBBII MaTeMaTHYIe-
CKUil anmapar, B KOTOPOM HAKOHEI[-TO OCMBICJIEHO TIOHSITHE OECKO-
HEYHO MaJION BEJIMYMHBI, 331y MABIITUCH TIPU ITOM O IOy CTUMOCTH
WHO¥, 9€M KJIACCUYIECKasd, JIOTUKY HAYIHBIX PACCYKICHUM.

18.1. HekJiaccuueckad JIOTMKa

Jloruka kjaccuueckoit pusuku ay3nagna. OHa UMeeT /1eJ10 C BbI-
CKa3bIBAHUSIMHU, KOTOPbIE JTHOO MCTHHHBI, OO0 JoXKHBL. Ho yxke B
KBAHTOBOI MEXaHWKE €CThb BBbICKA3BIBAHWS, KOTOPbIE, 110 CYyTH JIe-
Jla, COIEPIKAT CJIOBO «BEPOSTHO». JIOIMKaA TAKMX BbICKA3bIBAHUN
HE SBJISIETCS KJIACCMYECKOW, 9TO MOJAJIbHAs Jjoruka. VHTeprpe-
TAI[MU BBICKA3BIBAHUIT TAKOM JIOTUKY, KAK MOKA3BIBAET CEMAHTUKA
Kpurike, comep:kuT MHOKECTBO KJIACCHYECKUX BAPUAHTOB, PEAIIH-
3YIOIIUX TO WJIH WHOE YUCJIOBOE 3HAYEHHE CJIOBA «BEPOSATHOY, T.€.
BEPOSTHOCTH.

Jlyajm3m 9acTuria-BoIHa B KBAHTOBOM MEXAHUKE — 9TO JIOTHYe-
CKOe TIPOTUBOPEYNE, ODHAPYKUBAEMOE MTPU OMUCAHUU KBAHTOBOTO
MHKPOOOBEKTA — JTEKTPOHA.

Kak mpumMupuTh 1Ba NIPOTUBOPEYAIINX APYT APYTY YTBEPK Ie-
HUSI: «3JIEKTPOH — 3TO BOJHA» W <3IJEKTPOH — 3ITO YACTHUIAS !
OueHb MPOCTO — OTMEHUTH JBY3HAYHYIO ApUCTOTEJIEBY JIOTHKY B
HAY9HBIX MOCTpoeHusix. MlHade roBopsi, TeOPUs BPEMEHHU JIOJIKHA,
CTPOUTHCST HA OCHOBE WHTYWUIIMOHUCTCKON JIOTUKHU, OTBEPTAIOIIEH
3aKOH MCKJIIOYEHHOTO TPEThero: kpome A u ve-A I0MycTuM U Tpe-
TAHU BApUAHT.
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Ho 370 yxke orxon or npunanuna Okkama. Mbl yciaoxusiem J1o-
PUKY HAYYHBIX PACCYKIACHUN IPU TOCTPOCHUHN TEOPUU.

OHaKO MPUBBIYHAS ABY3HAYHAS JIOTHKA MOYXKET OBITH BO3BPAa-
mena B dpopme maTEpHpeTaruit popmanbuoii Teopun. Croprnpus,
KOTODBIN HAC OXKW/IAeT, 3aKJI0YAETCsS B TOM, UYTO TAKUX UCTNUH-
HHLL WHTEPIPETANii OaHOM (HOPMATHLHON TEOPUH MOKET OBITH
6eckoneuyno MHoro! Kaxkiast mHTepuperaius — 3TO apUCTOTEJIEB
BapHAHT CO CBOMM BPEMEHEM MHTYHUIIMOHUCTCKOIO BHEBPEMEHHOTO
Mupa dbenoMeHOB.

18.2. VIHTyulimoHHCTCKAad JIOTUKA

Hrmyuyuonucmeras aozuxae — IpUMep HEKJIACCUYIECKON JIOTHKH,
co3mannoit I'efituaroM, G1aromaps KPUTHKE KIACCAIECKON Mare-
MAaTHKH, ITOABUBIIEHCsT B Hadasie X X BeKa B Cepuu PadOT TOJLIAH/I-
CKOrO MareMaTuka Bpayaspa.

JI1060€e BBICKA3bIBAHNE B MHTYUIIMOHUCTCKOMN JIOTUKE CINTAETCS
OCMBICJIEHHBIM, TOJIbKO €CJIM OHO BBIPAXKAET BO3MOYKHOCTH HEKO-
TOPOTO YMCTBEHHOT'O TIOCTPOEHUST, U CAUTACTCS UCTUHHBIM, TOJIHKO
eCJIM MCCIEIOBATEIIO YAAIOCh BBIMTOJHUTH COOTBETCTBYIOIIEE MO-
crpoenue 2.

s waTynnuonucta Gopmysa B apudmMeTnke
JzA(x),

T.€. «CyHNIECTBYET TAKOE YHUCJO 7, YTO UCTUHHO BbICKA3bIBaHUE
A(n)», TpakTyeTcs Kak NpebsBJIeHUe CI0cOba IOCTPOEHUS HTOTO
YUCJIA N TOTJA, KAK B KJIACCUYECKON JIOMMKE JOCTATOYHO TOJIBKO
JIOKA3aTh, Y4TO TaKoe YucJIo 1 cywecrsyer [142; ¢.434].

B wHTYyMIMOHMCTCKOi JIOTWKe BhICKasbiBaHme —A cumraercs
UCTUHHBIM, €CJIM IpUHATHE A BEeJeT HAC K IIPOTUBOPEYHIO; & JU3b-
oaknus A V B ucrunna, eciaum ucTuHHO jubo A, gmbo B u cyie-
CTBYET CIIOCOD, TIO3BOJIAIOIIUI PACIO3HATH, KAKOE M3 ITHX JBYX
BBICKa3bIBaHUI ucruuHo [142, ¢.435]..

?Unrynnuonnsm | Bukuneaus. — http://ru.wikipedia.org/
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B CHJIy TAaKOI'O IIOHUMAaHHA JU3BIOHKIIWKW, MWHTYUIUOHUCT HE
IPUHUMAaET 3aKOHa UCKJ/IIOYEHHOI'O TPETHEIro

AV -A,

HOCKOJIbKY HeT OBIIEro MeTo/ia paclo3HABAHUS 110 BLICKA3bIBAHUIO
A, uctuuro A nin —A. Beickassianue Buga A V - A Moxker u
He OBITh MCTHHHBIM, €CJIM TIpo0JIeMa MCTUHHOCTH A He permena K
HACTOAIIEMY BPEMEHH.

3aKOH WMCKIIOYEHHOTO TPETHhEro TO3BOJSET KOHCTPYHPOBATH
byHKIMA CAeaYIOmuM 00pa3oM:

flz) =

1, ecmm x =0,
0, ecm x # 0;

OTKa3 OT 3aKOHA MCKJIIOYEHHOI'O TPETHEro JINIMIACT HAC TAKOH BO3-
MOKHOCTH, IPUBBIYHON B KJIACCUYECKON MaTeMaTHUKe.
B wHTYHIMOHUCTCKOM JIOTUKE He TPUHUMAETCS aKCUOMAa

A= A (18.1)

IToaTomy Hesib3s1 TOKA3bIBATH TEOPEMBI OT IIPOTUBHOTO. /leiicTBu-
TEJbHO, TIPH JOKA3ATETHLCTBE TeOPeMbl A OT NPOTUBHOIO MPEIIIO-
JIAraioT, 9YTO BEPHO HA CaMOM Jejie A, 1 3aTeM MPUXOIAT K HEKO-
TOPOMY HPOTUBOPEYUIO. DTO HOKAZBIBAET, YTO «HE UCTUHHO» —A,
T.e «uctuaHO» ——.A. [locienmee mo3BosseT yTBEPKIATE, OIAar0-
naps (18.1), uro «Bepuo» A. OnHAKO IpU 3TOM HE JAETCs METO/aA,
MPOBEPKHU MCTUHHOCTU A, 9TO i1 HHTYUIIHOHUCTA HEITPUEMIIEMO
u, ciegoBaTebHo, akcuoma (18.1) orepraercs.’
OTananTenbHOl OCOOEHHOCTHIO HWHTYHMIIMOHUCTCKON TOYKH
3peHust Ha GECKOHEYHBIE MHOXKECTBA ABJISETCS TO, YTO WHTYHUIUO-
HUCTBI CMOTPAT Ha OECKOHEYHOE MHOXKECTBO KAK HA HEYTO, IIOCTO-
SHHO HaXOJAINEecss B COCTOgHMEM oOpasoBanusi. Hampumep, MHO-
JKECTBO TOJIOKUTETHHBIX YHCES OECKOHEYHO B TOM CMBICITE, UTO

3IIpomeMOHCTPHPOBAHHOE PACCYZKACHHE NOKA3ZATEIHCTBA OT IHPOTHBHOTO,
KaK HETPYJHO BUIETb, UCIOJB3YeT 3aKOH UCKJIIOYEHHOr0 TpeTbero. llosTo-
My OTKa3 OT 3aKOHa HCKJIOYEHHOT'O TPeThero NPHUBOJUT K OTKa3y OT IpaBHU-
sa (18.1).
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K JTIOOOMY KOHEIHOMY MHOYKECTBY MOJIOKHUTETbHBIX TNCET MOXKHO
JI00aBUTh IPEBOCXO/IAIIEE UX BCEX IIEJI0€ TOJOKUTETbHOE TUCTIO0
[142, c.435].

18.3. Mertaga3bIK PU3UIECKOI TEOPUN

IIpenmnonokum, YTO MBI NPUMEM B KA4decTBE JIOTUKH (Qusmde-
CKOl Teopuu BMECTO KJIACCUYECKON JIOTMKN KaKyl0-HUOYIb MHYIO,
HEKJIaCCU4ecKylo Joruky. Bo3uukaer Boupoc, Kakas Ipu 3TOM JIo-
I'UKA JIOJ2KHA ObITh UCIIO/Ib30BaHa (DU3UKOM B XOJIe HAY4HOI'O pa3-
MBINIJIEHUST ¥ TIPW M3JI0XKeHnn B hopMe TeKCTa, yueOHWKa Hayd-
HBIX pe3yabTaToB? Beb NMpn pa3MbIIIeHNH, KOTOPbIE COCTOSIT U3
PacCyK/IeHHi, Mbl TOMHHUM, YTO JII0DOE PACCY:K/IEHNE COCTOUT U3
IIPOCTBIX IIAr0B, KaK/blil U3 KOTOPHIX 3aKJIIOYAETCS B OIIO3HABA-
HUY TOI'O, YTO OJIHU LIPEJIJIOZKEHUS ABJIAIOTCS HEIIOCPEICTBEHHbIMU
A02UYECKUMU CIIEJCTBUSIMH JIPYTHX.

B sroii curyanun dbusuky 1upuiercs crarb JBysA3bI4HbIM, Pa3-
JINYast KJIACCUYIECKHUE SI3BIK 1 JIOTWKY CBOWX PA3MBITIIEHU OT sI3bI-
Ka U JIOTUKN COOCTBEHHO pu3nveckoil Teopun. IIOCKONIBKY S3BIK
dusnveckoil Teopun — 3TO A3BIK UCIIOIH3YEMOI'O MATEMATHIECKOTO
ammapara, TO JIOTUKA (PU3WIECKONl TEOPUH COBIAJAET C JIOTHKOIL,
UCIIOJIb3YEMOIO MATEMATUYECKOrO sI3blKa. ZI3bIK 2Ke paccyK/ieHui
dusuka, ocraromUics BO BJIACTUA KJIACCUYECKOHN JIOIUKU, Cilejlyer
NMEHOBATDH MeMaA3vikom HU3NIECKONH TEOPHH.

18.4. AmHaJm3 0€CKOHEYHO MAaJIbIX

Hosebrit MaTemaTwdeckuii anmapar CjaeayeT CTPOUTh, BEPHYB B T€O-
puio nousirve GecKOHEYHO MaJsioil BesuduHbl. OT 3TOrO MOHATHUSA
orkasannuch B XIX Beke B CHJy €ro MPOTHBOPEUYUBOCTHA C TOYKHU
3peHns KJACCUIeCKON JIOTUKN.

HeiictBurensro, 10 muenuio Maorux maremarukoB X VIII se-
Ka, OECKOHEYHO MAaJjiasi BEJIMYWHA — 3TO TAKOE YHCJIO, KOTOPOE
MEHbBIIIE JII000T0 HAepe 33 JAHHOTO TOJOKUATEIHHOTO YHCIa, HO
[IPU 9TOM HE PABHOE HYJIIO.
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[MpaBna, Ditnep roBopuia, 9410 GECKOHEYHO Majas BETUIHHA
00si3aHa OBbITH PABHOM HYJIIO, HOCKOJIBKY €CJIH OHA HE PABHA HYJIIO,
TO MOYKHO OBIJIO OBI 33JaTh YUCJIO PABHOE €if, & 3TO MTPOTUBOPEYUT
TOMY, 9TO OHA MeHblIte Jo6oro uucia [169, c.91].

[To Ditnepy, dxr — 310 GECKOHEYHO MaJjiasg W IIOITOMY DABHA
uymto, T.e. dr = 0. 3uauut, pasuo Hya0 u 2dr. Ho mpu sTom
2dx : dx =2 : 1 = 2. Unadve rosops, (2-0): 0 = 2 [169, ¢.91-92].
slBHOe mporuBoOpeune ¢ apudMeTHKoi?.

Takum 006pa30oM, CTOUT 337a49a BBECTU OECKOHEYHO MaJIbIe Be-
JINYWHBI, PACWUPUE MHOKECTBO IeiicTBUTEIbHBIX dnces IR, e mo-
MMyCKad IPU 3TOM IMPOTHUBOPEYUIl C KJIACCUYECKON JIOTUKON Npu
U3JI0XKEHUH TEOPUU HOBOI'O MHOYKECTBA, UUCEJI:

R=R+ {66CKOH€‘{HO MaJIbIe qncna}.

Mo:kHO, OJHAKO, OYKHUIATH, YTO W3MEHHUTCS aJredbpamdecKkast
CTPYKTYypa «HOBOT'O MOHOYKECTBA, YUCEJI>.

18.5. I'magkwmii MH(MUHUTO3UMAJJIbHBII
anain3 Koka-JIoBepa

Jleiitbuun Bcerma rosopui: «TOYKy HENMb3s paccMaTpuUBaTh Kak
qacTh KpuBOii». KpuBas — 3T0 COBOKYIHOCTb OECKOHETHOI'O MHO-
KecTBa GeCKOHEYHO MasbiX npambix (Jlommramns, [115, c.63]). B
COBPEMEHHOM KJIACCUIEeCKO anddepeHInaabHoil TeOMeTPUH, 0C-
HOBAHHON Ha IuddEPEHITNATLHOM U WHTETPAJILHOM HCYUCICHUH,
KpHUBasi, OIHAKO, cocTonuT n3 Touek. Ho Oputa mocrpoena Cunte-
Trdeckas auddepennuaabaas reoMeTpus, riae Mbican JleiOHuna
u Jlonmurass moJIHOCTHIO PEATN30BAHBI.

Cunrernueckas nuddepentmanbuas reomerpus (CATY) crpo-
UTCsI aKCHOMATUYIECKH, U OHA u3 akcuoMm — akcnoma Koka-Jlose-
pa — Kak pa3 W [PeJICTABJIACT KPUBYIO KAK JIOMAHYIO, T.e. COBO-
KYTHOCTH TIPSIMOJIMHEHHBIX «OTPE3KOBS.

43{t1ep rOBOPUT, BUISA IPOTHBOPEUHE, YITO PABEHCTBO 2dx : dx = 2 ¢ dx =
0 — 910 2e0mempuneckoe, a He apudmernueckoe orHowenue (169, ¢.92].
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18.5.1. Axkcmomsl Koabma R

Ocnosuwim gaa CIIN Koka-JIoBepa siBIsteTcst 3aMeHa, OIS Jeii-
cTBUTENbHBIX unces IR Ha KoMMyTaTuBHOE KOMbI0 R. B naearme
XOTeJI0Ch ObI, ITOOBI OHO YIOBIETBOPAIO CASTYIONTHM aKCHOMaM®:

(A1) (R,+,-,0,1) — KOMMyTATHBHOE KOJIBIIO.
(A2) R - nokaIbHOE KOJIBIO, T.€.

0=1= L
Fy(z-y=1)viy(l—z)-y=1.

(A3) (R,<) — meilCTBUTEIHHOE EBKJIWMIOBO YTOPSJIOYEHHOE JIO-
KaJIbHOE KOJBIO, T.e. < — TPAH3UTHUBHOE OTHOIIIEHUE, COB-
MEeCTUMOE C KOJBbLEBOI CTPYKTYPOil B TOM CMBICJIE, YTO

(@)0<1, 0<z&l0<y=0<z+y&0<z-y),

() y(z-y=1)<—= (0<zVz<0),
(c) 0 < x = Jy(x = y?) (eBKAMIOBOCTD ).

(A4) < — upeanopsiZioK, COBMECTUMBII C KOJIbIEBON CTPYKTYDOii,
T.€. pedpIeKCUBHOE M TPAH3UTUBHOE OTHOLIEHHUE, U

(@)0<1, (0<2&0<y=0<z+y&0<x- y), 0<2?
(b) (z — munbnorent, T.e. 2" =0) = 0 < z.

(A5) < u < — COBMECTHMBI, T.€.

(a) z<y= 2z <y,
Dr<y&y<z= L.

(A6) (Akcmoma Koka-JloBepa).
Y(f € RP)3!(a,b) € R x RVd € D(f(d) =a+b-d),

e D={r € R:2?> =0}

5Mpl IpPHBOAHM TOJBKO HYaCTh AKCHOM. Jpyrue akcmombl cM. B [262,
o VII).
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(A7) (Akcumoma mHTErpasa).

Vf € RM31g € ROM(g(0) = 0 & Yz € 0,1] (¢'(z) = f(=)),

rae [0,1]] ={z € R:0<z & = < 1} u ¢'(z) — 10 enun-

crBerHoe b takoe, uro Vd € D(g(z +d) = g(x) + b - d).

HCHOHBByeTCH CHUMBOJINYECKaA 3allNUCh

o(z) = / f(t)dt.

(A8) Var € [0,1] (0 < f(a)) —> 0 < / F@)da.
0

(A8') Var € 0,1] (0 < f(x)) —> 0 < / F(@)da.
0

(A9) (CymecrBoBatue 06paTHON QYHKIMH).
Vf € REVz € R (f'(z) — obpaTiio =
= Jorkpbirbie U, V(z € U & f(z) e V &
& flu : U — V — Gnekuus)).
(A10) NC R, re.Vz € N Jy € R(x = y).
(A11) R — apxumenoro, T.e. V& € R In € N(x < n).
(A12) (Akcuowmsr Tleano).

0eN
Ve R(xe N=x+1€N)
VeeR(zeN&z+1=0= 1).
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Konbiio R, 10MOTHATENHHO K OOBITHBIM AeHCTBATETHHBIM THC-
sgam u3 IR, pacnosaraer emg sjeMeHTaMu, Ha3bIBAEMbIMU UH@HU-
HUMO3UMAAAMU T BXOIAIINMA B « MHOYKECTBA>

D={deR:d*=0}, .., Dp={deR:d"'=0},..,
A={zeR: f(x)=0,Vfemi},
rjue m%o} — maean (DYHKIUH, HMEIONHX HyTeBoit poctok B 0 6,

HPUYEM
DCDy;C..CDyC..CA.

Teopema 18.1. D = {0} nesosmoorcro.”

HokasarenbcrBo.  IIpennonoxum nporusroe, T.e. D = {0}
ncrnnHo. Pacemorpnm dbyukumio f : D — R takyio, uro f(x) = x.
B cuny axcmombr Koka-JloBepa, To7KeH CYyIEeCTBOBATH €IMH-
cTBeHHBIH b € R, /7151 KOTOPOTo

f(d) = f(0) +bd (18.2)

s goboro d € D. IMockonbky Jo6oe d = 0, o f(d) = f(0)
u (18.2) ceomurcsa K b-0 = 0. IIpuuém o Bepro u st b = 0
u jsa b = 1. Ho no akcmome (A2) 0 # 1. Ilomyuaercst, 9to b
HE eIMHCTBEHHO i B3ATON (yHKIuHM f, a 3TO NPOTUBOPEYUT
yTBep:xkaernto akcnombl Koka-Jlosepa. Takum obpaszom, Teopema
18.1 cnpasemusa [190]. n

3ameuanne 18.1. OO6parum BHUMAHHE, YTO MbI 3/I€Ch HE IIOJTh-
3yeMCsl 3aIMpeEHHbIM B WHTYHWIIMOHUCTCKOW JIOTUKE MPABUIOM
JBOMHOIO OTPUIIAHUA

-—A = A,

MTOCKOJIBKY JTOKa3bIBAEM, YTO HEKOTOPOE BLICKA3BIBAHWE HE SBJISA-
eTCsl ICTUHHBIM, TIPEAToJiaras, 9To OHO UCTUHHO. Ipn mpuMene-
HUU TPABUJIA [IBOWHOTO OTPUIAHUS, MbI JKEJaeM J0Ka3aTb, 9TO
BbICKA3bIBAHUE MCTUHHO, IPEIOJIaras, YT0 3T0 He Tak [254].

Snage roBopsi, HCYE3AIOMUX B HEKOTOPOH OKPECTHOCTH TOUKH 0.

7Tquee, B COOTBETCTBHYU C HHTYHIMOHUCTCKOHA sormkoit (cum. § 18.2) cupa-
BesuBo yrBepxkaenue —(D = {0}), T.k. Mmbl gokaxem, uro D = {0} Bezmer K
[IPOTUBOPEIUIO.
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Teopema 18.2. /lasa 410661 a,b € R, ecau ad = bd das a06020
d € D, mo a=>5b. B uwacmnocmu, ecau da =0 das aw0b0z20 d € D,
mo a = 0.

HoxkazaresnbcrBo.  Paccmorpum dbyunkuuio g(d) = ad. Io ax-
cnome Koka-Jlosepa g(d) = g(0) + ¢'(0)d = g(0) +ad = ¢(0) + bd.
N anbecrs ¢'(0) — yrioBoit kKoadbduIHEHT, eTNHCTBEHHO OIpe-
JesleHHbId. 3HAYUT, a = b. ]

18.5.2. HWaTtyunuonmusm akcmombl Koka-JloBepa

IMokaxewm, uro akcuoma Koka-JIosepa (A6) mecoBmecTtnma ¢ 3a-
KOHOM HCKJIIOUEHHOTO TpeThero [250] U 9T0 B TEOpPHHU IJIaKOTO
MHQPUHATO3NMAJILHOTO aHAJIN3a HelIPUeMJIeMbl PACCy 2K IeHHUsI C UC-
MOJIb30BAHUEM KJIACCHYECKOMN JIOTHKH.

Yr06b1 yOEIUTHCSI B 9TOM, IIOKAXKEM, 9TO, IPUHUMAS AKCHOMY
Koka-JIoBepa n momyckas KJIacCHUYECKHe JIOTUIECKNE PaCCYKIe-
HUsI, MBI TIPUJIEM K TTPOTHBOPEUHUIO.

B camowm mene, pacemorpum dyukmmio g : D — R Takyio, 9TO
g(0) =0wu g(d) =1 gua d # 0. B cuny akcuombr Koka-JIosepa,
JIOJI2KEH CYIIEeCTBOBATH €IMHCTBEHHbIH b € R, /1719 KOTOPOro

g(d) = g(0) + bd = bd (18.3)

mis mioboro d € D. Ilpumenenwe 3aKOHA WMCKJIIOYEHHOTO Tpe-
TBEro K YTBEPKJIEHUIO TeopeMbl 18.1 IPUBOANUT K YTBEPKIAEHUIO
D # {0}. Tlosromy cymectsyer dy # 0. Ilogcrasum dy B (18.3).
Nwmeem 1 = g(dy) = g(0) + bdy = bdy, T.e. 1 = bdy. Bozsozst 310
B KBajpar, noaydaem 1 = 0. Ho u3 akcnomer (A2) umeem 0 # 1.
IIporuBopeune.

[Ipwanna 3TOr0 IPOTUBOPEYNs B TOM, UTO IIPH JOKA3ATETIHCTBE
YTBEP2K/IEHUN MbI UCIIOJb30BAIM 3AKOH MCKJIIOYEHHOI'O TPETHEro,
KOTJIa OTIPEIEISIN (DYHKIUIO ¢ HEIOMYCTUMBIM B WHTYHUITHOHUCT-
CKOi1 JIOTUKE CITOCOOOM.

Takum 06pa3oM, B TJIaJJKOM WH(MDUHATOZUMAILHOM aHa-
Jin3e BCe pacCy>kK/JIeHWs JIOJI?’KHBI BECTUCHh TOJIBKO Ha OC-
HOBe MHTYWIMOHUCTCKOM JIOTUKM.
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3amevanue 18.2. i Toro 4Tobbl yOETUTHCA B HEIIPOTUBO-
peanBocTu (POPMATHLHON TEOPHUH, MAJIO CTAPATHCA N30EeraTh HENH-
TYHITHOHUCTCKUX PACCYKIEHUH, TPOIEMOHCTPUPOBAHHBIX B 3TOM
nmognaparpade u BeIyIMNX K KaTaCTPOPUUECKUM pe3ysbTaTaM;
HAJI0 MMETh XOPOIIyIo eé WHTephperanuio (Moaeib) [255, p.3].
O HAKO, MOCKOJBKY B KJIACCUYECKOU Teopunm MuHOXKecTB KanTo-
pa KJlacCH4YecKasi JIOTUKA SBJISIETCH €€ CTEPKHEM, TEOPETHKO-
MHO2KECTBEHHbBIE MOJEJIM HE MOLYT CJIy?KUTb HOJXOIANIMMUA HH-
TEPIPeTaIUsIMU JIJIsT TEOPUN U HEOOXOIMMO MCKATh MOJENH, 00Ia-
JAIONINE BHY TPCHHENH MHTYUIIHOHUCTCKON JIOTUKOH, ICIIOJIb3yeMON
[P ONEPUPOBAHUE C OOBEKTAMH, MOIHOOBEKTAMA U C (DYHKITHAA-
mu. TaKOBbIMU SBJISIOTCH TEOPETUKO-TONOCHbIE Mozesu (cum. [Ipu-

noxenue A, [250, 262]).

18.5.3. HMudunnrosmmajabHOE auddepeHnu-
AJILHOE NCYHNCJICHUEe
IIpousBoauasi. 13 akcnombr Koka-JloBepa ciemyer, 1To ecam ga-

Ha Gyuknus f : R — R, 70 115 KaxKA0i TOUKN € R cyIecTByer
eIMHCTBEHHOE YKCI0, obo3Havaemoe Kak f’(x), Takoe, 4To

flx+d) = f(z)+ f'(z)-d (18.4)

st aoboro d € D.

Tem caMbIM MBI Jajin omnpeesnenne mponssoanoit f/(z) dbyHk-
mn f : R — R B Touke x € R.

IlpaBuna auddepenuupoBanus. CropaBeuBbI CJIEIYONHE
TPAJUITUOHHBIE TIpaBuia nuddepertiupoBanns QyHKITAIT:

(af +Bg) =af +89', a,f€R,

(f9)' =fg+fd,
N\ fla—fg
(L) =222 G 2o s
(fog) =(fog)d,
(o) =0, a€R,

(idR)/ = ].7 ZdR(I‘) =x.
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Takum 06pa3om, MPOU3BOIHBIE OT JI000H (DYHKIME BHITHCISIOTCS
[0 OPUBBIYHBIM TIPABUJIAM, M PE3YJIbTAT COBIAIAET C KIACCHYIe-
CKUMU BBIPAYKEHUSIMU.

Teomerpudeckuii cmbica npousBogHoii. Axkcunoma Koka-
JloBepa roBopur 0 TOM, 4TO s rpaduka dyakuuu f(z) cy-
miecrByer npamas £ ¢ yriobim Kodddunuentom f'(0), koropas
Ha «oTpe3ke» D He TOJIBKO KacaresibHa K Ipaduky f B TOYKe
(0, £(0)), no rpacduk couepzkur Kycok upsmoi ¢ (puc. 18.1), u
B cuity paserncTBa (18.4), sro BepHO mas mo6oit Toukn (x, f(x))
rpaduka.

fix)

A

D
Puc. 18.1: I'padux f ecrs nomamas.
CirenoBaresibHO, B MH(DUHATO3UMATIHLHOM TJIAJIKOM AHAJIU3E Pe-
anam3yeTcss MBICTB JlomuTans o KpuBOit Kak JJIOMAHOM.

Dopmyna Teitopa. Eciim nana dysknus f : R — R, 1o as
KayKJ0i TOUKN T € R cnpaBeanmBa (hopmyra

flx+d)=f(z)+ f'(z)-d (18.6)

nna moboro d € D.

YcaoBue skcrpemyma. losopum, yro dbymkmus f : R — R
umeer 3KcrpemMyM B Touke a € R, eciu f(a + d) = f(a) paa
moboro d € D.

Teopema 18.3. Q@ynkuyusa f : R — R umeem sxcmpemym 6
mouxe a € R moeda u moavko moeda, xozda f'(a) = 0.
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Joka3aTesbCTBO.

1. ITycre a € R Touka skcrpemyma. [lo akcnome Koka-JIosepa,
fla+d) = f(a)+ f'(a)d. Ho f(a+d) = f(a). Hosromy f'(a)d =0
s oboro d € D. Tlo Teopeme 18.2, f/'(a) = 0.

2. Ilyeres f'(a) = 0. U3 akcuombl Koka-JIosepa uveem f(a +
d) = f(a) + f'(a)d = f(a). 3Ha4nT, @ — TOYKA IKCTPEMyMa. [

Yacruble nmpousBojgaubie. [lycts gana dbysakmus f : R — R.
Paccmorpum dbysKITIO

g(d) = f(&! +d, 2%, .., a").
ITo akcuome Koka-Jlosepa,
g(d) =g(0) +b-d. (18.7)
of

OGozuauum b gepes 52¢ (z!, ..., 2™). Ilogcrasss s10 B (18.7), mo-
JIy4aeM PaBeHCTBO

af

flzt +d, 2% .. 2" = f(at,2?, .. 2") + 9l (z!,....,2™)d,
feD,
KOTOPOE XapakTepusyer (OyHKIIIIO
of
% : R?’L — R7

Ha3bIBAEMYIO %acmHol npoussodrot f no x'.

AHaJIOru9HO OUPeNEAIOTCs APYIUe IPOU3BOIHBIE

of 0*f
Oxt’ Oz’
IIpu sTom cnpaBemnBa (hopmyIa
o*f 0%f

0xidxi  Oxidxt
IIycTs

Di(n) = {6 = (6", ...,6") € R™ : Vij(5'67 = 0)}.
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Torza [190, p.71]
flat 48t 2%+ 6% 2" +6") =

= f(x1,$2’ " mn) + iéz af (Q?l, ) (188)
i=1

n
pp ey ).
Teopema 18.4. Ecaux = (2',...,2") € R" u

n
Zmitsi =0 daa awbozo 6 € Dy(n),

i=1
mo x = 0 [190, p.72]. ]
VenoBue skcrpemMyma s (DYHKIMM MHOTUX IepeMeH-

HbIX. [oBopum, uro ¢ynkiusa f : R" — R umeer 3KCTpeMyM
B Touke a € R", eciin f(a + d) = f(a) ans ao6oro § € Dy(n).

Teopema 18.4. @yuxyusa f : R — R umeem sxcmpemym 6
mouke a € R mozda u moavko moezda, xozda

g;i (a) =0.
ons aw0bozo i =1, ... n.
HoxkazaresbcrBo.  Cuienyer u3 dopmyist (18.8) u reope-
MBI 18.4. [

18.6. I'tagkas mceBaIOpMMaHOBA T'€OMET-
pug B8 C/I'

O6bexTor R, D, R™ Mbl paccMarpuBaeM Kak O0beKTbl HEKOTOPOi
Kareropuu &, J0CTaTOYHO CXOJAHOM ¢ Teopueil muoxkecrs Sets. 13-
BECTHO, YTO TAKOBBIMU ABJAIOTCA monocs (cM. Tlpunoxkenne A).

O6o3naunm depe3 M o00beKT m3ydaemoil kareropuu &, MO
KOTOPBIM B JaJbHEHNNIeM MOXKHO TOoJpa3yMeBaTh R™ u KOTOpoe

By/IeM Ha3BIBATH MH02006pasuems.

8Mur onmcanu snemMeHTapHOe MEOT006pa3He, KOTOPOe HAKPLIBAETCS OFHOH
JOKaJbHO KapToit, T.e. korma M = R"™. B CJ/I' onpegensiercsa u oOIImit
calydai MHOrooOpa3usi, HAKPHIBAEMOIO ATJIACOM JIOKAJbHBIX KapT (cM. [250]).
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ITocTpoum 2.aadxyr0 nce6dopumarosy 2eomemputo Ha MHOr000-
pasuu M.

Bce dopmynsr HEKIACCHYIECKON TITAIKON TICEBIOPUMAHOBOM
reoMeTpun, Kak 6y,ueT IIOKa3aHO HHUXKE, UMEIOT TOT K€ BUuI, 9TO U
B KJIACCUYECKOM CJIydae.

18.6.1. KacareabHOE MPOCTPAHCTBO

Onpepnenenne 18.1. Kacameavhvim eexmopom x M 6 mouke x
OyzeM Ha3BIBATH MPOW3BOJIbHOE OoTOOpaxkenue t : D — M, Takoe,
gro $(0) = .

Omnpenenenne 18.2. Kacameavnvim paccaoenuem TM wx M
6ymem masbBaTh 00bekT M P Beex KacaTeabHBIX BEKTOPOB € MOp-
dbusmom 7 : MP — M, ompenensemoit dopmymoit m(t) = t(0).

Ion xacameavmvim npocmparcmeom 6 mouxe x OyneM MOHU-
mars M, = {t € TM : t(0) = x}.

Omnpenenenne 18.3. Mmuoroobpasne M Ha3LIBACTCSI MUKDPOAU-
netinvm® [190, p.101], ecim pyis moboit Touku x € M u 06bIX
N KaCATEIHHBIX BEKTOPOB t1,...,1, B TOYKE T CyIIECTBYET eIWH-
crBerHoe orobpaenne 7 : Dq(n) — M, Takoe, 9410

t;(d) = 7(0,...,0,d,0,..,0), d€D, j=1,..,n
J

3amevanme 18.3. Jlna MukpoamHeHHOro MHOrooOpasms M
OIIpEeJIEJISIeTCS  OllePallusl CJIOXKEHUS KaCaTeJbHbIX BEKTOPOB B
KaykJIOM KacaTeahHoM TpocTpancTBe M, Tak, 9To M, cTaHOBUTCS
BEKTOPHBIM TpocTpancTBoM. B camom nene, ecau tq,ts € M, TO

(t1 +t2) =7(d,d), de D,
rae t1(d) = 7(d,0),t2(d) = 7(0,d) u 7 : D1(2) - M — oroGpaxe-

Hue, onrcanuoe B onpeesenuu 18.3. Yvmuoxkenue sekropa t € M,
Ha uncio a € R 3amaercs kak (at)(d) = t(ad).

Ilpennoxxenune 18.1. R" — mukpoaunetinoe mnoz006pa3ue. M

9B knure Koka [250] BMECTO TepMHHA «MUKDOJHHEHHBINY HCIOTb3YeTCA
TePMUH «MHMOUHATOZUMAJILHO JTHHEHHBIH.
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18.6.2. IlceBmopmMaHOBa MeTpPHKAa

IlceBnopumanoBa merpura M MOxKeT OBITH OMpeaeseHa Judo B
TEPMUHAX KacaTeJIhHOrO PACCIOEHUs, MO0 B TEDMUHAX TOYEK Ca-
MOro MuOroodopasus M.

HceBﬂOpﬂMaHOBa MeTpuKa M B TepMHHaX KacaTeJIbHOIo
paccJjioeHu4d.

Ompenenenne 18.4. Ilcesdopumanosa mempura wa M — 310
orobpaskennue ¢ : MP x MP — R, rae

MP s MP = {(t1,t2) : t1,ta € MP, t1(0) = t2(0)},
Takoe, IT0 PYHKITUS

gz(t1,t2) = g(t1, t2)|e, (0)=t2(0)=2 = 9(t1,t2) |, trent,

YIOBJIETBOPSIET YCIOBUSM:

1) g» : M, x M, — R Gununeiino;

2) gz (u,v) = gz (v,u) ns mobbix u,v € M, (cummerpus);

3) eciu g (u,v) = 0 gya Becex v € M, 10 u = 0 (HEBBIPOK-
JIEHHOCTD ).

IIycts M, = R™. KacarenbHble BEKTODPHI t1,te € M, , 3a7aBa-
eMble Kak t1 : d — x + ud, to:d — =+ usd, acCCOMUUPYIOTCA C
sjleMeHTaMu U1, us € R™. B M, = R™ 3ananum 6a3zuc {eq,...,en}.
Torna

_ ok
u; = ajeg

ge (U1, u2) = go(afer, abe)) = afabg.(ex, er) = gr(z)afab,

rie
gkz(x) = gz(ek,el)~

Mmuoroobpasue M, cHAOXKEHHOE TICEeBIOPUMAHOBON METPUKO
g, Ha3bIBAETCS NCEBIOPUMAHOBHIM MHO2000pa3UeM T 0D03HATACTCSI
KakK < M, g >.
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Moxkuo BBectu dpyskImio G : M X R" x R" — R, OnnuHeiiHyo
OTHOCHTEJIHHO BTOPOIO U TPETHEr0 apryMeHTOB:

G(z,u1,u2) = gy (t1,t2).

IlceBnopumanoBa merpuka M B TepMmHaX TOYE€K MHOTO-
obpasus.
IlycTs

Di(n) = {a = (§',...,6") € M = R" : Vij(§'¢? = 0)},

) A (18.9)
Dy(n)={a=(0",...,0") € M = R" : Vijk(5'¢’ 6" = 0)}.

Torna momaraem, 4To
M(l) = {(Iay) €EM: TS Dl(n)}a

M) ={(z,y) € M : 2 —y € Da(n)}.

fcno, aTo

M(l) C M(g).

Toukn z, y, sxonamme B M), apaaiorca k-Onuskumu (numyT
X ~p Y); OHU OTJIMYAIOTCH Ha MHGUHUTO3UMAI (6ECKOHEUHO Ma-
JIYIO BEJIMYMHY LOPsaKa k).

Onpepnenenne 18.5. Ilcesdopumanosa mempura wa M — 310
byukmmus g : Moy — R, takas, ato g(z,y) = 0 aas (z,y) € M.

B cuiy onpefesnenusi, TceBIOprUMaHoBa MeTpuka g(z,y) ecTh
KBaIPAT PACCTOSHUS MEXK/IY JAByMs OECKOHEYHO 2-OJIM3KUMU TOY-
KaMu T, .

ITockonbky npu M = R"™ kacaresabnoe mpoctpancTso M, nu3zo-
mopduo R™, o u € R® = M, accouumpyercs ¢ KacareabHbIM
BEKTOpOM t B x, maHHOM KakK d — x + du, tae d € D. B stom
CIydae g TPECTABIISIETCS B BUJIE

g((E,Z) = G(CL’,Z — T, 2= CL’),

rme G: M x R" x R" — R — ounmHeiiHass OTHOCUTEIHFHO BTOPOTO
U TPEThero aprymeHToB dyHkms [252, § 3].
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B kmaccmyeckoit puMaHOBOH T€OMETPHUU KBAIPAT PACCTOSHUS
ds? Mmexay nByMs GECKOHEYHO GIM3KAMU TOYKAMH X' u y' =
2’ 4 dz’, 3a7aBaeMbIit pIMAHOBOH METPUKOM g, CUMBOJINYECKU 3a-
NMUCBIBAETCA B BUIE

ds® = gin(x)dz’ @ da*, (18.10)

rae muddepenuasnet o’ IOHIMAIOTCH KAK OECKOHEUHO MAaJIbIe BE-
JINYUHBI.

Taxkum obpas3om, Brosiae ymectao B C/II' ucmosib3oBaTh Kjiac-
CHYECKOe IIpeJICTaB/ieHne puMaHoBoii merpuku B Buge (18.10).

18.6.3. JIuHeliHag CBA3HOCTH

Onpegenenne 18.6. Ilycts M — MuKkpomHEHHOE MHOTOO0Pa-
sue. Jlunetinaa ceasnocms wa M — 310 oTOOpakenue

Vi MP sy MP — MP*P,

V/IOBJIETBOPSIIONIEE CJAETYIONIAM YCIOBUIM:

1) V(t1,12)(d1,0) = t1(d1), V(t1,t2)(0,d2) = t2(da);
2) V(Oé . tl, tg)(dl,dg) = V(tl, tg)(Oé . dl,dg),

V(tl, « tg)(dl, d2) = V(tl,tg)(dl, - dg)

nns Beex (ty,ta) € MP x3r MP d; € D,a € R [262, p.189).
Bamerum, aTo korjga M — MUKpOJWHENHOE MHOroobpasue, TO
V Oyaer OuInHEHHDBIM.
Jluneitnas cBI3HOCTH V HAZBIBACTCA CUMMEMPUYHOT, €CITH

V(t1,t2)(d1,d2) = V(ta,t1)(da, dy).

I[Iycte M = R", T.. uM€eeM JI€JI0 C IJEMEHTAPHBIM MHOT000-
pasueM, MOKPbIBAEMOM OJIHON KapTOW.

Ecsu t1,t; — BekTOpHI B TOUKE @, TO 10 akcnome Koka-Jlosepa
t;(d) = a+ b;d. Bcé u3 roit xke akcuombl Koka-JIosepa nosyuaem,
9TO

V(tl, tg)(dl, dg) =a+ bidy + bads + @a(bly b2)d1d2. (].8.].].)
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Taxum o6pazom, V mOTHOCTHIO onpenensercs 4-if KOMIOHEHTOR

Vi(—,—): R" x R — R".

Wnu, B Tom ciayuae, korga rouka a € M ne dbukcuposana:

V(-,—,—): M x R" x R — R".
Beeném Temepr mwa M = R™ xoopaumHATBI u 0a3mC
{z,e1,...,e,}. Torna juHeliHyI0 CBA3HOCTH MOKHO 3AIUCATH CJIe-

IYOIIIM 00pa3oM depe3 06a3uc:
V(z,ei,e;) = Vi(x, e, e;)er. (18.12)
Broaum obozHauenne
I’él(x) = —@l(x,ei,ej), (18.13)

u Oymem 31u QPyHKIUN HA3BIBATH cumeosamy Kpucmoppensn emo-
pozo poda.

18.6.4. llapasnnenbHbIi IEpEHOC

Omnpenenenne 18.7. Ilycrs M — npou3sBosibHOE MHOTOOOpa3ue
u MP 5 M - xacarensnoe paccioenwe. ITapasreatnsiii nepenoc
na M ecth dbyHKIHA, KoTopad Kaxkmioit mape (t,d) € MP x D
COLIOCTABIAET OUEKIIUIO:

Ta(t, =) : 71 (t(0)) = 7 (t(d)),
IIOAYMHEHHYIO YCJIOBUAM:
To(t1,t2) = ta,
Ta(t1, Ata) = Ata(t1, t2),

Td(/\tl,tQ) = )\Td(tl,tz)

Jyid oboro A € R [262, p.190].

Byznem rosoputh, uro T4(ti,t3) — ITO <«pPE3yJbTAT TEPEHOCA
BEKTOpA to MApaIeIbHO caMoOMy cebe BIOJb KPHUBOi to 3a d ce-
KYHI».
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IIpennoxenne 18.2. FEcau 7 — napasreavuniii neperoc va M,
mo omobpasicenue V : MP x 3y MP — MP*P  onpedesénnoe xax

V(thtg)(dl,dQ) :le(tl,tg)(dg), (1814)

ti,to € MP, dy,dy € D,

ABAACTNCA AunelTnoT ceasnocmuvio na M. Obpammo, ecau M —
MUKPOAUHETHOE MHO2000PA3UE, TO KAHCOAL AUHETHAL CEAZHOCTNL
V na M 3adaém napasnresvrvii nepenoc T, onpedesérmvil max-
orce no gopmyse (18.14). [

18.6.5. T'eome3smueckue

IIycts M — mukposimueiinoe muorooopasue u v : R — M — xpu-
Bas.
Oupenensiem xacameavroe sexmoproe noae vy : R — MP na v

Rt A4(t) e MP,
[Y(O))(d) =~(t +d).

Onpenenenne 18.8. Kpusas v : R — M nasbiBaercs z2eode-
3UNECKOT OMHOCUMEALHO AUHETHOT c8adnocmu YV, eciin

V() = 7-a(y(t +d), ¥(t + d)), (18.15)

rje MapajulebHbIA MEPEHOC Ty 3aJaeTCA CBA3HOCTBIO B COOTBET-
crBuu ¢ dopmysnoit (18.14).

3ameuvanme 18.4. B knaccuuecknx 0003HAUYEHUSAX PaBEHCTBO
(18.15) 3amuchiBaeTcs B BHE

Vyy =0,

KOTOpOE OIIpefieligeT KJIACCUIECKYI0 TeOJe3UYecKyI0 U KOTOPOe
MOkHO nonyunTth u B C/II.
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Ipennoxenue 18.3.  Tleodesuueckas v = (x'(t),...,x"(t))
ydoeaemeopaem YpasHeHuo

. da® dz’
ez _ij(”(t))ﬁﬁ' (18.16)

18.6.6. PwumanoBa CBI3HOCTL

IIycrps V — siuneiinasi CBA3HOCTb HA [ICEBIOPUMAHOBOM MHOI000-
pasun < M, g >.

Crssuocth V. co8mecmuma ¢ mempukoil g, eCav TapaliieTh-
HBII TIEPEHOC BIOJb JI000i KpuBoii v : R — M

a(y, =)t 7 (v (1) = 7T (v (t + d))

ABJIAETCA I/IBOMeTpHeﬁ eBKJIHﬂ;OBbIXlO KaCaTeJIbHBIX ITPOCTPaHCTB

< My, 9y) (= =) > 1 < Mytay, Gyeva) (— —) >

Teopema 18.5. Ha ncesdopumarosom muozoobpasuu < M, g >
cywecmeyem eIUHCTNEERHAA CUMMEMPUIHAL AUHETUHAA CEA3-
HOCMb, COBMECNMUMASA C MEMPUKOTL § U HA3BLBAEMAA PUMAHOBOT
CBA3HOCMDBIO.

dokazaTesbCcTBO.
Ilonaraem

. 1 . OGm OGm 0
% zm<gk+gl gkl)'

K= 59 ozl ozk  Ozm

(18.17)

N3 dbopmyn (18.11)-(18.13) Bunuo, uro dyuxuun I}, OZHO3HAYHO
3ajaor uHeinyo ceasHocts Ha M = R". ITockonexy 'y, =17,
TO 3Ta CBA3HOCTH CAMMeTpuaHA. [IpoBepsieTcst, 9To onpeneaéHHast
TaKUM CIIOCOOOM CBSI3HOCTH COBMECTHMA, C METPHUKOH g. [

10EpKIMI0BO IPOCTPAHCTBO — BEKTOPHOE IIPOCTPAHCTBO, CHAGXKEHHOE CKa-
JISIPHBIM IIPDOU3BEICHUEM.
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18.6.7. KpususHna

Ten30p KPUBU3HBI MOKHO OMPEIEISATh PA3JUIHBIMUA CIOCODAMU.
Opua u3 HEX, npeamoxenubrit Ko Kapranom, cocrout B TOM, 9TO
MOJICUUTHIBAETCS, HACKOJIBKO M3MEHUJICS BEKTOD IIPH ero mapali-
JIEJIBHOM TIEPEHOCE BJIOJIb 3aMKHYTOM OECKOHEYHO MAJION IETJIN.
Bynem mnepenocuTs mapasnienbHO BeKTOp ©3 BIOIbL WH-
GUHATO3MMANBHOTO —HapajiiesiorpaMMa I ¢ KOOpAWHATAMU

(0,0), (d1,0), (dl,dg), (O,dg). HyCTB v DxD— M.

Crenys [262], onrpeennm TeH30p KPUBU3HBI KK OTOOPasKeHNe
R:MP xy MP x5y MP — MP,

TaKOe, 9TO

R(t17t27t3) = R(v(t17t2)7t3)7
rae ~
R: MP*P s MP — MP

OTIPEJIEIISIETCS TOCPEICTBOM (DOPMYJIBI

R (7,d1,da,t3) = didaR(7,t3).

31ech
R: (MP*P x D x D) x 3 MP — MP,

TaKoe, 4TO
é (77 dla d27 t3) =

= de(W(Q —)»7@1(7(—7 d2), 7a, (Y(d1, =), Ta, (7(—=,0),13)))) — t3

— Ppa3HWIA MEXKJy BEKTOPOM t3 ¥ Pe3yJIbTATOM €ro IMepeHoca
BIOJIB .

[Tpu BBemeHMM KOOPAWHAT (PAKTUUECKU MOYKEM CUUTATH, UTO
M = R"™. B stoM ciy4ae CBA3HOCTb V TIOJTHOCTBIO OMPENeJIs-
ercs 4-it Kommonentoit V (cM. § 18.6.3). Ilpu BniGope Gasuca
{z,e1,...,e,} € M, = R"

Vl(x,ei,ej) = —F;i(:c).
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~

u l-s1 kommonenta R (7, (z,ex)) Tensopa kpupn3abl R 3annchiBa-
eTcsl B BUJE

R%cgz(x) = R((5C7 ei)v (557 ej)» (:L‘7 ek))l =

0 0
_ 1 l n l m 1
= o [i(z) — axirkj(x) + T (@)D (@) — T3 ()1, (),
T.€. COBITAIAET C KJIACCHIECKO (pOPMYIOii 7Tst TEH30Pa KPUBU3HBI.
Tenzop Puaan Takzke BBIMHC/ISIETCA 110 U3BECTHOHN (hopmyJre

_ nl
Rkj - Rkjla

l
_ 8Fél _ arkj
oxk  Ox!

a CKaJIdpHadA KPpUBU3HA —

Ry + Ty =TT

ml»

R = g"i Ry;.

18.6.8. HMcnoas3oBaHue BEKTOPHBIX IOJIEi

CBSA3HOCTH, KPDUBU3HY U KPY4YeHUs, KAK M B KJIACCHIECKON Jud-
depeHnuanbHOM TeOMETPUHN, MOYKHO OMPEIEIUTh C TOMOIIBIO MO~
HATASA BEKTOPHOTO TOJIS.

Onpenenenne 18.9.  Bexmopwnoe noae X na M ectb ceuenue'!

X : M — MP xacarenpnoro pacciaoenns w: MP — M.
MHOXKecTBO BCeX BEKTOPHBIX mojeii ma M obo3Hadmm dUe-

pe3 x(M).
BekropHoe moJjie MOXKHO OIpeeisiTh SKBUBAJIEHTHBIM CIOCO-
0OM KaK OTOOparKeHwme

X:D— MM,

rakoe, yro X (0) = idy;. JdpyruMu cjaoBamu, BEKTOPHOE IOJIe
[PECTABIISETC KAK KAaCATe bHBII BEKTOP K MHOroobpasmo MM

1 Cegenme — 310 oTobpaxenne X : M — MP, Takoe, aro (7 o X)(x) =
(X (z)) = z.
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npeobpaszoBaHuit MHOTOOOpa3usd M B TOXKIECTBEHHOM IIPeodpas3o-
BaHuu idpf.

O6pasz Xg = X(d) : M — M »nemenrta d € D Ha3bIBaeTCH
MHQUHATO3UMAIBHBIM IIPEOOPA30OBAHUEM.

Onpenesienne 18.10.  Crobra JIu [X,Y] BEeKTOpHBIX moJ€i
X un Y ecTh enmHCTBeHHOe BekTopHoe moie [X,Y] : D — MM,
YJOBJIETBOPSAIOLNIEe yCI0BUIO

[X, Y}(dl . dg) = Y;d2 o del o Yd2 O Xd1~

Onpegenenne 18.11. Ilycte M — MuKpoJuHEHHOE MHOTO-
obpasue. Kosapuanmuas npouseodnas e€CThb oroOpaxkenne V
x(M) x x(M) — x(M), V(X,Y) = VxY, yuosiersopsioriee
YCJIOBHSIM:

].) VfXY = vaY;

2) Vx(fY)=fVxY + X(f)VxY
st Kazxaoro f € RM,

Onpenenenne 18.12.  Tensop noae xpususnwvs R wa M ecrb
orobpaxernne R : x(M) x x(M) x x(M) — x(M), onnceiBaemoe

dopmyitoi:

R(X,Y,Z) = Vx(VyZ) — Vy(VxZ) - Vixy)Z.

Omnpeneaenne 18.13. Ilose xpyuenus T wa M ectb oToOpa-
xkenue T : x(M) x x(M) — x(M), rakoe, 410

T(X,Y)=VxY —VyX —[X,Y].

18.7. Wnarepnperanmnu. Ctagnm

Akcuomarudecku usnokenubiii B § 18.5 rmajkwuit ananm3 Koka-
JloBepa — 310 uncTo dhopmManbHas Teopus T, MPAKTUYECKOEe TTPU-
MEHEHWE KOTOPOH, KaK U3BECTHO U3 MATEMATHYECKOM JIOTUKH, TPE-
OyeT MpUIaHUs CMBIC/IA, 3HAUYEHUsT (POPMYJIAM TEOPHH.
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910 JenaeTcd ¢ MOMOMIBIO MOCTPOCHHS KOHKPETHOH uHmep-
npemayuu (Momesnu) M Teopuu, Ui, CUMBOIUYECKU

i MET.

WNurepnperaniuy BaXKHBI: OHU HAMOJHAIOT TEOPUI0 KOHKPETHBIM
COJIEPKAHUEM , TIO3BOJIAIONINM CYIUTH O HEIIPOTUBOPEIUBOCTH TEO-
puu. B cBoe Bpemst nMenno 6siarogaps MHTEPIPETAIUAM, JAHHBIM
Benbsrpamu, Kieiinom u Ilyankape, reomerpus Jlobadesckoro na-
L1718 IPU3HAHUE CPE/IA MATEMATHKOB.

N3BecTHO, uTO (bOpMATIbHAS TEOPUS MOYKET UMETh MHOXKECTBO
pPa3/IMYHBIX WHTepnperanuii. B Hamem ciyuae wmHTEpIperanus
TEOPHUU OIMpPEIEISIeTCss TeM, KAKOe KOJIBI0 OyJeT BbIOpAHO B Ka-
gecTBe HHTEpperanuu Koabia R. Kak 66110 mokazano B § 18.5.2,
Mbl HE MOXKEM HCIIOJIb30BATH TEOPETUKO-MHOYKECTBEHHBIN H3bIK.
WNuadve rosopsi, R #He MOXKeT OBITH MHOXKECTBOM, & OTHOIIEHUE TIPH-
HAIJIEXKHOCTH & € R He MOXKeT WHTEePIPEeTHPOBATHCI KaK JIBY-
3HAYHOE OTHOIIEHUE «1a-HET>.

Takum 06paz3oM, MBI JTOTKHBI TOKWHYTH TPUBBIYHYTO /I Ma-
TEMATHKA XX BEKa TEOPHUIO MHOXKECTB Sets, ABIAIONIYIOCST TaK
Ha3bIBAEMOIl kamezopueti, OObEKTbI KOTOPOH, UMEHYEeMbIE MHOXKE-
CTBaMMU, COBEPIIIEHHO HE TOIXOIAT JIJI WHTEPIPETAINU KOJIbIa K.

WN3BectHo, uTo Hambosee OJM3KONH K KATErOPUU TEOPUU MHO-
JKeCTB Sets sBJAIOTCH KATErOPUU, U3BECTHBIE KAK MONOcw, (CM.
ITpusoxenune A).

op
18.7.1. Tomoc Sets™™” kak UHTeplupeTanud rJjiai-
KOT'O aHaJIn3a

Bribupaem mist mHTEpTIipEeTanuu TyIaaKkoro anannia Koka-Jlosepa
raazkue Tonockl (cM. IIpuiokerne A), a KOHKPETHO TOIMOC

Sets™”".

3necy L — 310 myanpHas Kareropus MJis KATETOPUU KOHEYIHO IMO-
poxaéauabix C°°-kojerl. OHa HA3BIBACTCH KaATMezopuet A0KYCOB
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[262]. O6bekTamu KaTeropun L aBisiorcs BCE Te ke KOHEYHO HO-
poxaénnbie C'°°-koJibia, a Mmopduzmamu — obpaméHabie Mopdhu3-
MBI KQTErOpuu KOHEYHO MOPOXKIEHHBIX (C'°°-rojern. Bo m3bexa-
HUE MyTAHUIbI IPUHATO OOBEKTHI (JIOKyChl) KaTeropuu L 0603Ha-
garh Kak (A, rne A — C*-komabio. CaenoBarenbuo, L-mopdusm
{A — B —sro C*°-romomopduszm B — A.

Koneuno mopoxaénnoe C°-koiibiio ¢A u30Mop¢HO KOIbILY
Buga C°(IR™)/I (ayis HEKOTOPOIO HATYPAJILHO HUCJIA 70 U HEKO-
TOPOr0 KOHEYHO MOPOXKIEHHOTO uaeana I).

[Ipn waTEepIpEeTaITN

i:Sets™” =T

kosbiy R orBeuaer dbynkrop Fr = i(R).

WNurepuperanus oruotnenus r € R. [lpu unrepnperaun
1 3JIeMEHTaM T KOJbIa R CTaBATCS B COOTBETCTBUE <«IJIEMEHTHI»
i(z) byunkropa Fr u3 Sets™”. Ho caenars 510 me tak mpocro,
moroMy 4to (GpyHKTOp Fp OompenenéH Ha KaTeropuu JOKycoB L:

Fr: L — Sets,

T.e. TIepeMeHHoi (apryMeHTOM) ABASETCS TPOU3BOIBHBIH JIOKYC
(A, a 3HadenneM — MHOXKecTBO F'(LA) € Sets.

Bbixos u3 3arpyiHeHHs 3aKII0YACTCH B OIPEIe/IeHHN
0606wEnHHLT Saemenmos f €4 Fr dynxropa Fgr.l?

Onpegenenne 18.14. O600ménHbIM 351€eMeHTOM [ €4 F, nin
anemenmom [ dynwmopa F 6 cmaduu (at stage) LA, HasbiBaerca
snement f € F({A).

Temeps comocTaBisieM 3jieMeHTY T € R 0DOOIEHHBIH 3J1e-
MeHT i(z) €4 Fr. Ho, Kak BUIUM, TAKHX 3JEMEHTOB () CTONb-
KO, CKOJIbKO JIOKycOB. IIpu nepexone K uHTepuperanuu (MoIesn)
Sets™” MPOUCXOIUT «PA3MHOXKEHHUE» 3jemMenTa r. OH HauMHAET
CyIIeCTBOBaTh B 6eCKOHe“IHOM YUCJI€ BAPpUAHTOB

{Z(CE) : Z((E) ST FR,EA € L}.

12K pome obo3madenus mis 0606mEHHOr0 31eMenta f o4 Fr, HCIoms3yer-
cd U agpyroe obosHadenue, koropoe umeer suy f : LA — FR.
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3amevanue 18.5. Baxxno orMeruthb, 9TO MOIEDH Sets™” 06-
JIAJIAeT [aTOJOInYeCKUME CBOACTBaMu: MHOrMe u3 akcuom (Al)-
(A12) He BbIIOIHSAIOTCH B Sets™”". Hanpumep, okasbisaercs, 4To
2aa0Kas npamas R, Gyaydn KOMMyTATUBHBIM KOJIBIOM C €IUHH-
neii 1, He SIBJISETCA P ITOM JIa2Ke JIOKAJIbHBIM KOJIBIIOM, T.€. Ha-
pymaercsi akcrnoma (A2). Bosee Toro, R He 06s1a7aeT CBOHCTBOM
apxumenoBoctu (akcrmoma (A11)); HeBepHO ycsoBue (b) akCHOMBI
(A4). MoxHo paccMaTpuBaTh B KauecrBe Mojiesieil Tonocel F, G u
Z u muorue apyrue (IIpunoxenue A; [262, Appendix 2]). Jos nux
BbIIOJIHEHb! Bee akcuoMbl (A1)-(A12) (em. [262, ¢.300]). Oxuraxo
pabora ¢ Tomocom Sets™” nossonser ObICTpee O3HAKOMHUTBCS C
u3/1araeMoii Teopumeil, He yCIOXKHSASA W3JI0KEHUE MaTeMaTHYeCKU-
MU KOHCTPYKIUSIMU.

18.7.2. Cranun (ciensi, stages)

Anrmiickoe cyioBo «stages, ynomsinyroe B oupenenennu 18.1, uc-
nosib3yercss B KHuTe [262], HANMMCAHHON HA AHTIMICKOM SI3BIKE.
OHO mepeBOAUTCS HA PYCCKUM sA3BbIK JINO0 KaK «CTaAusA», «da3ay,
«3Tarmy, b0 KaK «CIIEHA», «3CTPATA», «IIOJIMOCTKU», «TEATP>.

B pycckom s3bike cmadus — 3T0 onpeesieHHast CTyIeHb, TIepu-
0Jl, dTall B PA3BUTUU 4€ro-janbo, CO CBOMMH Ka4eCTBEHHLIMHU OCO-
OEHHOCTSMY, & CUyeHa — MECTO TeaTPAILHOTO JeHCTBHS.

Ecsn nepesectn «element i(x) of Fr at stage {A» kak «aJe-
ment i(z) uz Fr Ha cuexe {A», TO MBI TOBOPUM O TOM, YTO IPU
WHTEPIPEeTAINH IeMeHTa & 3 R J0MyCKaeTCsi BO3MOXKHOCTH Pas3-
JIMYHOI'O €ro IPEJCTABJIEHUS, MPOSBIEHUS IIPU BbIOOPE pa3sImd-
HbIX cien {A, nogobHO TOMY, KaK JIpaMa MOXKET ObIThb [O-PA3HOMY
pa3bIrpaHa Ha PA3HBIX TEATPATHHBIX CIIEHAX.

C npyroit CTOPOHBI, MOCKOJIBKY CYIIECTBYIOT MOpdu3mMbl LA —
¢ B, T.e. mepexoabl OT OIHON cyeHdb, K APYTOil, TO, UMesi B BHIY ITO-
CJIeZIOBATEJILHYIO CMEHY CIIEH, TOJIyIaeM [PEJCTABICHUS T B Pa3-
6UMUU, KAYECTBEHHO MEHAIOIUEeCd OT OJHON CUEHbl K JAPYyroi, u
B 3TOM CJIydae <IIPEJICTABJIIEHNE, TaBaeMOey JJIEMEHTOM T Ha TOM
WJIM UHOM CIIeHe, BCETO JIUIh KOHKPETHbIE ¢madut 3TOTO Pa3BU-
BAIOMIETOC IPEICTABICHUS.
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q)I/ISI/IKa HHTEPECYIOT HE€ TOJBKO KOHCTATAllud Ka1€CTBEHHDBIX
[IPOSIBJIEHUI SIBJIEHUS, HO M MX BO3MOYXKHbIE U3MEHEHUS, [IPUIYEM
noceauee €CTh JUHAMWKA ABJICHUA, TOTJa KaK ITEPBOE BCETO JINIITH
cratuka. [losToMy MBI TIpeAmoYnTaEM WMCTOJIB30BATL JJIS CJIOBA
«stage» MepeBOJI «CTaIud».

18.7.3. Buaoxkenue MoHeanl

Paccvmorpennast mHTEpIpeTains ¢ MOMOMIbI0 (PYHKTOPOB Kpaiine
CITOXKHA 1 HeyI00Ha MPH IPOBEIEHUN BBIUNCICHUH U B IPAKTHAIE-
CKoO#t pabore.

OxHako curyanust paspemaercs 6Jiarogapst TOMy, 4TO MOXKHO
BOCIIOJIB30BAThCs 6a00tcenuem Honedw (Yoneda):

y:L— SetSLop,

y(lA)(=) = Homy,(—,LA).

IIpumem, d9ro KOABIO R wuWHTEpHpeTHpyercs Kak (OYyHKTOD
y(LC*>°(R)), re. i(R) = Fr = y(¢(C>*(IR)). Bynem najnee nucarh
LA Bmecto y(£A) m onycTuMm cumBOI 4. Torma nmeem

R(=) = C*(R)(=) = Homy (=, (C™(IR)).

OTO yKa3bIBaeT HA TO, YTO 9YWCJA W3 KOJbla R — 3T0 riaakue
dynkuuu u3 kosbia C*°(IR). Iocrosuubie GyHKIMU CyTh 0OBIY-
HbIE JIefCTBATEbHbIE YUCIa 13 n0Jist IR, HO HemocTosiHHbIE (DYHK-
MU — HTO JOMOJIHUTEIbHbIE HOBBIE U3MEHSIONMEC YUCia, IPe/l-
CTaBJISIOINIIE COOOM, B YACTHOCTH, OECKOHEYHO MAJIHIE BEJIUINHBI.

OHako HEOOXOAMMO YTOYHWUTH CKazaHuoe. /leso B TOM, 94TO
MpPaBUJIbHEE HAJI0 TOBOPUTDH HE O «YUCTe W3 KOIbIa Ry, win, cum-
BosmaecKu, © € R, a o «umcie u3 xonba R B cragum (A», nnu
T €pa R.

B meficTBUTENILHOCTH TPABUILHBIM  SIBJISETCS  CJICIYIOIIEe
YTBEPIK ICHUE:

Bewecmesennoe wucao 6 cmaduu LA = LC(IR™)/T -
910 Kjacc skeuBaseHTHocTH f(a)mod I, tne f €

C=(R") = A.
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18.7.4. Cwmbica cTaamii

Cramun cymecTBeHHBIM 00PA30M CKA3bIBAIOTCS LIPU WHTEPIPETa-
un byukiwit f: R — R:

Qynxuyus [ us R 6 R 6 cmaduu (A — 310 Kiacc
F(z,a)mod 7*(I), tne F € C*°(R xR") n 7
R x R" — IR"™ - npoeknust; 7 (I) — umeas, nopox-
peunbtit {f o : f € I}. [losromy npexncrasurens F
bynxmun u3 RY ecrs dynxiua F(—,a) € R®, zasu-
csalasg raagaKo or mapaMerpa a € IR™.

Kakoit cMbICT mMEOT «CKpBITBIE» napamerpsl ¢ € IR™? Tou-
HbIl OTBET ABTOPY HEW3BECTEeH. 1eM He MeHee IIOIbITAeMCs €ro
HadiTu. s 9TOr0 MOCMOTPUM, KakK MPOUHTEPIPETUPYETCS B TO-
noce MeTpuka ¢ B 4-mpocrpancrse R*. Merpuka B R* — 310 KBaI-
paTudHas GOpMa, KOTOPAs €CTh IJEMEHT OOHEKTA RE'™E" Jnage
rOBOPs, HAM HA/O MOHATH, YTO O3HAYAET CUMBOJINYECKAS 3AIKCH

4., pa
g €oa RR X R .

Ucnonp3ys Bimoxenune VIOHEIBI 1 MPUHATHIE YIIPOIEHNS A1 000-
3HAYEHUIl, UMeeM

REBE' (1 4) = Homy,(tA, R® ¥ ') = Homy,((Ax(R*xR*),R) =
= Homyg ((C°(IR™) /I x LC>®(IR*) x LC>(IR*), £C*°(IR)) =
= Homper((C®°(R), C°(R™)/I @0 C(R*) ®oo C°(RY)) =
= Homye» (C™(R), C*(R™*®)/(1,{0})) =
= Homy, ((C>(R™*®)/(1,{0}), LC>(IR)),

rae A = (C®(R™)/I u @ — cumBoa Konpoussegenus C°-ko-
ner,. IIpu 3TOM TIpH BBIYUCTEHNN OBLIN HCIOJIB30BAHBI (DOPMYJIBI

Coo (IRW) ®(x> Coo(]Rk) _ Coo(IRn-&-k)’

(A — (C*B
(B x (A — (C”
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Orciona caenyer, uro npu LA = (C*(R™)
gD (£A) = [g €ca RT*7] = ¢\ (a)da' da”,

a=(a',...,a™) € R™,

T.e. METPMKA 3aBUCHT OT <«CKDBITBIX» apaMeTpoB a =
(al,...,a™) € R™.
Eciiu paccMaTpuBaTh METPHKY, 3aBUCSIILYIO €IIIE OT TOUKH T =

(20, ..., 23) mpocrpancrBa-spemenn R*, To

9D (@)(A) = [g(x) €ea RE ] = g{P (a0, ..., 2%, a)da’da®.

3aBUCUMOCTH 4-METPUKH HE TOJIBKO OT MPOCTPAHCTBEHHO-BPEMEH-
HBIX KOODJHMHAT, HO €MI§ OT JOHOJHHUTENBHBIX MapaMeTpPOB a4 =
(al,...,a™) MOXKET TPaKTOBATbCA KaK yKa3aHHEe Ha CyMeCTBOBA-
HME JIONOJIHUTE/IbHBIX M3MEPEHUi, Uy IuX BAOJIb 6aAKa.
JIOTIONTHUM METPUKY gl.(:) (2°,...,23,a) mo (4+m)-mepHoii MeT-
pukn B mpocrpancTse IR*T™ | manpumMep, creayommM oGpaszoM:

gl(:)(xo, 3 a)dztdz — ovda'’ — .. — opda™ (18.18)

rae 0; = £1 (3HaKk BbIOHpaeTCs U3 PUUIECKUX COOOpAZKEHNUIT).
Hns kaxnoit cragnm A nomydaem (44 m)-MepHBIe TICEBIODPH-
MAaHOBBI 2UNEPTPOCTPAHCNEN

(Ria, g0 (04)) = (R, 9@ (24)),

1T KOTOPBIX TIPU BBISBIEHUH 3aBUCHMOCTH MeTpukn g(%) (LA) or
«CKPBITHIX» TIAPAMETPOB ¢, BUIUMO, HEOOXOIUMO JINOO TPUMEHSITH
MHOIOMEPHBIE YPaBHEHUs DUHINTEAHA, TH00 IPOBOAUTH BAPLUPO-
BaHpe 10 dbusndeckuM KorcTaHTaMm (cM. [69], [77, § 9.13]).

Jpyrumu cioBamu, 4-MepHas cuHTeTUYecKas (MHTYUIMOHUCT-
CKasl) Teopusl COAEPKUT B cebe HeCYETHOE YKMCJIO MHOMOMEDHBIX
TEOpHUii, OMMCHIBAIONIUNX <«CKPBITHIE» IAapaJIIeIbHbIE BCEJIEHHDIE,
JIeXKallue B TUIEPIPOCTPAHCTBAX Rz} 4~ Taxnm obpazom, WHTyH-
IIMOHUCTCKAs JIOTUKA JTaeT HOBOE TIpeCTaBjeHne o cTpoeHnn Pe-
AJBbHOCTH.
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18.7.5. O6bekThl u3 Tomoca Sets’”

Buioxkenue Honenbr u npunsTbie ynpoienus (OMyCKaHHE CUMBO-
JIOB © ¥ ) 1I03BOJISIET LPEACTABUTH OObEKTbl 1 MOP(U3MbL TOLIOCA
Sets™”” B Gomee HAIJISHOM BHIE, YAOOHOM i MPAKTHIECKHX
BbIYUCJIEHUT.

IIpuBenem KpaTko HEOOXOAWMBIE HAM CBEIEHUS U (DOPMYJIBI,
Kacaommecs Torocrol monemn Sets™” s CIT [262, ¢.75-78).

Ihadkan npamas, usu 2aa0kue JetiCEUMEALHBIE YUCAA:

R =(C*(R).
Towka'®:

1=/0C*(R)/(x).
Hnpunumosumanv, 1-20 nopadka:
D =/(C>*(R)/(2*) = {z € R:2* = 0}.
Hrnpunumosumanne:
A = (C=(R)/(ml, ).

rjue m5{7 y — unean dbyHKIMIT, TMEIONUX HYJIeBOi PocTOK B 0.

0
Jeticmeumensvroe wucao 6 craduu LA = (C*°(IR™) /I — 1o Kacc
skeuBanentnoctu f(z)mod I, rme f € C°(R") = A.
Hngunumosuman 1-20 nopadka 6 cmaduu LA (3nement u3z D) —
sro xyacc f(z)mod I ¢ f? € 1.

Hugunumosuman 6 cmaduu (A (ssement uz A) — 3ro Kiacce
f(x)mod I, takoii, 410 nna KaxKION ¢ € m?o} C C*(R) ume-
eMm ¢po f el

DQynryus us R 6 R 6 cmaduu LA — aro xmace F(x,a)mod w*(I),
rme F e C*°MRxR") nur:RxR"— IR" — npoekuust; 7*(I)
— uneajt, nopoxaéuubiil {f o : f € I'}. Ilosromy npencraBuTeb
F ¢ysxmun w3 RE ects dynxmua F(—,a) € R®, zapucamas
r1aako or napamerpa a € IR™.

3Yepes (f1,..., fr) obosmauaercs wmmean wombrma C(IR™), mopoxien-
HBIH DYHKOUAME f1,..., fr € C°(IR"™), T.e. umeomuil Bux Z§:1 gifi, roe
g1y, gk € C°(IR™) — npoussosbubIe ryagkue HyHKIUY.



368 I'nasa 18. HEKJIACCUYECKAS JIOTHKA...

18.7.6. Ilepexoami oT cTaguu (CIEHBI) K CTAAUN
(cuene)

IMepexox or cuenst (craguu) (A k cuene (craguu) B — 310 MOp-
bU3M MeXKIy CTaIUIMU

(B % (A. (18.19)

Mopduszm P ocymectBiser nepexo OT THIIEPIPOCTPAHCTBA R;} A
K TUIIEPIPOCTPAHCTBY R;}B. Yb6enumcs B 3TOM.

ITycrs, nanpumep, LA = (LC°(IR") n (B = (C*°(IR™). Torma
nepexon  Mexay cTagusMu JAeTcs TJIAJIKAM O0TOOpayKeHneM

¢:R™>b—acR",
a = ¢(b).

B Takom caydae merpuka
gE:) (2%, ..., 2%, a)da'da® — orda"’ — ... — oppda™ (18.20)
TUTIEPIIPOCTPAHCTBA RZL 4 TIpeobpasyeTcs B METPUKY

g4 (2%, ..., 2%, 6(b))da'da* — o1 [dp! (D)) — ... — o [d6™ ()]
(18.21)
TUIIEPIIPOCTPAHCTBA R?B.

18.8. MmuoroBapuaHTHBI Mup

Ucnonb3oBarne MHTYHITMOHUCTCKON CHUHTETHIECKO# auddepen-
uuasibHoit reomerpun Koka-JIosepa (CAL), B koropoit nose se-
ImecTBeHHbIX unces IR 3aMeHsieTcss Ha, KOMMYTATHBHOE KOJIBI0 R
u nuddepeHnnanbHOe WCUnCIeHre cBoauTCs K anrebpe [250], ¢
HEOOXOIMMOCTBIO PHUBEIO K IPUBJIEIYEHUIO TOIMOCOB B KAYECTBE
HHTEPIPETAIMA TEOPUH.

B pesynbraTre Mbl npumin K MEHOroBapuantaomy Mupy. Kax-
Abrit BapuanT Mupa — 9TO pasmmaHbIe COBOKYIHOCTH R}, MHTEp-
IpeTanuii coOLITHIT T U3 IPOCTPAHCTBA-BpeMenn R*:

Ry ={(a° ...,2%a): (2%, ...,2% a) € R*, a € R™},
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OCHAIEHHBIE METPUKAMHEA

4
Z gir(x, a)dz'dz" mod I,
ik=1

zeRY acR™, A=C>(R™)/I,

u I — ugean kombia C°(IR™) [262].

MHuoro3ua9YHasA JOrAKA CTAHOBUTCSA NPUYINHON MHOTOBAPHAHT-
HOCTH SIBJIEHWH, W KAXKIbIil BAPUAHT TaK YK€ peasieH, Kak u JII000it
APYIOu.

18.9. Speculatio

1. U nest ncmonb30BaTh WHTYUNMOHUCTCKYTO JIOTUKY IPUBJIEKA-
resbaa. OHA IPUBOJAKUT K COBEPIIEHHO HOBOMY MATEMATHYIECKOMY
anmnapary u Jaer HaJeXK/y Ha OTKPBbITHE HOBbIX (DU3UUECKHUX 3a-
KOHOMepHOCTeit, HoBoro BUeHuss Buernero Mupa.

Eciu nanra wies npaBuiibHasi, TO OIBIT €€ IOATBEPIUT. JTOT
TE3WC OTPAXKALT KYJBTYPHYIO TPAIUIINIO COBPEMEHHOTO (DU3UKA.
OHako, «pa3Be MOXKeT ObITh TAKOI OTBIT, KOTOPBIH COOTBETCTBO-
BaJ1 Ob1 uee? Bens BCE cBOeOOpa3me nien Kak pa3 B TOM U COCTOWT,
9TO OIMBIT HAKOT/IA HE MOXKET BIIOJHE COOTBETCTBOBATH eii». Tak
Bospasui [unnep na dpazy [ére: «Crano ObiTh, s MOry pajio-
BaThCsl, UTO, CAM TOTO HE BeJas, 000 UIESIMU W J1ayke MOTY
BHJIETH UX Iv1a3aMuy (nut. mo crarbe LeiizenGepra [25, ¢.246-247].).



I'maBa 19

Nuryuinuonncrckas
Teopusl TPaBUTAINNI

B 370it ritaBe cTpouTCS WHTYHIIMOHUCTCKAS TEOPHsi TPABUTA-
s Ha ocHoBe Cunrernyueckoit quddepennuanibHoil reomeTpun.

ITepexon or kmaccmwdeckoro anudepeHIuaIbHOrO W HHTe-
rpasbpHOro ucuamciienus K ananudy Koka-J/loBepa o3madaer mepe-
X0/, OT KJIACCUYECKOW JBY3HAYHOI JIOTMKHM K UHTYUIUOHUCTCKON
sioruke. Teopust MHOKECTB HE MOYKET yIKe CJIYKUTh CITOCOOOM WH-
Teprperanuu 00bEeKTOB TAKOW TEOPWH, W MPUXOIUTCS HCIIOIb30-
BaThb TeOpuIo riagkux Tonocos (cum. Ipunoxenue A, § A.6). To-
MMOCHBIE MOJIETH MPEJICTABIIAIOT OKpY2Katoiuii Hac Brernrauit Mup
60J1ee MHOIOIPAHHBIM, MHOTOBAPUAHTHDBIM, HAJEJTEHHBIM HOBBIME
PU3NIECKUMHU CBONCTBAMM.

@usnyeckue BEJUYUHBI B 3TOH MHPUHATO3UMAIBHON Teopuu
MOT'YT UMETh HECKOHEYHO MAJIble 3HAYCHMS. BECKOHEYHO MaJsiast Be-
JIMYWHA — 3TO, K TpUMepy, s1eMenT obbexta D = {d : d*> = 0}, xo-
TOPBI MOXKET OBITH MpOMHTEPNpeTupoBaH B cmaduu LC° (IR™) /1
kak raagkas Gyakmus d(a) € C°(R™), d*(a) € I (cm. § A6).

Kakas ¢dwusuka mMokeT HAC OKHUIATH, €CJIU MBI PACCMOTPUM
ypaBHeHUs DUHINTEHA, B TTPABON 9aCTH KOTOPHIX CTOUT HHOU-
HUATO3UMAJIBHAS TJIOTHOCTh MATEPUn’!

370



19.1. MHTYUIMOHUCTCKUE YPABHEHUS SUHIITENHA 371

19.1. HMHTYUNHMOHUCTCKUE YypPaBHEHUd
QiinmTeiina

19.1.1. Cuayuaii, korga dpusndecKkrne KOHCTAHTDI
— 3TO AeHCTBUTEIbHBIE YHCJIA

Vpasuenus ditamreitna 8 C/I, onuckiBaome rpaBUTAIMOHHOE
IoJie, CO3/1aBaeMOe HEKOTOPOI MaTepUaJIbHOM CUCTEMOI, B caydae,
korga ¢, G € IR, mOKHBI UMETh CIIeIYIOMni BUI:

1
R — igm(R —2A) = Ty, (19.1)

&G

= 1

C

19.1.2. Cuayuaii, kKorga ¢pu3ndecKkne KOHCTAHTDI
HEe ABIAIOTCA AeliCTBUTEIbHBIMHU YHCJIa-
MH

IIpeamonoskum, uTo (pusnIeckne KOHCTAHTHI ¢, G HE SIBJISIOTCS
JefCTBATEIbHBIMA YUCJIAMU U UMEIOT BUJT,

c=co+d, G=Gy+0, (19.2)
rjie
Co,GOEIR, d,éGD
Torma
B 87 Go+9
— = OTT G =
A cé + 463(1
92 2
_ 87rf0 3 7T5G0d+ 8725 _ 3757Td5, (19.3)
Co Co Co o

YpasHeHus JHHIITEHA B 9TOM CIIy9ae HAZO 3aMUChIBATE B TPEK-
ueM Buge (19.1), HO ¢ yuérom Beipaxkenus (19.3) mis .
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19.2. IlpuHIUI 3KBUBAJEHTHOCTHU

Takxke, kak B OTO, mas m06oi#t ganHO# TOYkKU (o € R™ cyie-
CTBYET JIOKAJIbHAs KAPTa, B KOTOPOii

gik(u’ﬁo) = TNik,

0g;

aicf (zo) = 0, (19.4)
é‘k(xo) =0.

TMocnennee pasercteo B OTO TpakTyercss KAK MPUHIWIT SKBUBA-
seatHoctu (cM. § 3.3). PaBencrso myso cumBoioB Kpucroddens
B KJIACCHMYECKOW PUMAHOBON M€OMETPUH, KaK TOBOPHUJIOCH B § 3.3,
MOKHO JOOUTHCS HA KPUBOIL, HO HE METUKOM B HEKOTOPOH OKPECT-
HOCTH TOYKHU .

Onpegnenenne 19.1. Di(n) = {x = (z},..,2") € R"
Vij(xtz? = 0}. Humem x ~q y, eciu x — y € Dq(n).
Oxanako B ryafKoit mH(MUATO3MMAIBLHON PUMAHOBON reoOMer-

prn mmeercst MuoxecTBO O(20) = { € R™ : & ~1 2o}, 1 A74
so6oit & € O(xg) cnpaBeJIuBBI paBeHCTBA [254]

Gik (T) = Nk,

9y

ai k() =0, (19.5)
;k(f) =0.

B camom neste, eCi © ~1 X, TO & = To+0, 6 = (01, ...,0p),0;0; =
0. Torga, npumensisa dbopmysbt (18.8), (19.4) umeem:

gir(z) = gir(z0 + 6) = gir (o +Z5J agljk z0) = gir(Zo).

Jlasee, 10O onpemeeHrIo YaCTHON MPOU3BOIHOI,

9y
gir(@ + (0,.1,0,d,0,...,0)) = gur(@) + 5 (@)d (19.6)
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s moboro d € D, wm, 3mauur, aus aoboro d € D, Ta-
koro, uro dd’ = 0 pna moboro' d € D. Iockonbky z +
<O7...,O,d,0,...,0) = Xp + (61,...,(2‘,1,5]‘ + d,6j+17...76n) n
(61, ...,(5]‘_1,(5]'-1-3, 0j+1, eery0n) € D1(n), T0 2+(0, ...,0,&,0,...,0) S
O(x0) u, clienoBaTeIbHO,

gir(z + (0, ...,0,d,0,...,0)) = n. (19.7)

Moncrasnas (19.7), moxydaem

ngif (z)d = 0. (19.8)

Teopema 18.2 cmpaBejjinBa U B TOM CJIy9ae, €CJIM OIPDAHUYHUTD d
BBIGOpOM uncen d € D, takux, 9ro dd' = 0 pma moboro® d' € D.
Crenosarensho, u3 (19.8) nomygaem (9g;/0x7)(x) = 0.

Takum obpa3om, MbI mOTydaeM 0OoJiee YIOBIETBOPUTETHHYIO
GOPMYJIIMPOBKY NPUHIMIIA, SKBUBAJIECHTHOCTU [0 CPABHEHUIO C

OTO B dopwme (19.8).

19.3. WaTyunmoHucrckoe cdepudecku-
cummeTrpuvdHoe perntenue I[IIBapir-
mniabaa-Kotiaepa

19.3.1. IlouyrmBakyymHbIe YypaBHeHus DiiH-
miTeitHa

PaccmarpuBaem ypasuenus: ditamreiina 8 CAI' ¢ HeHyseBbiM n0-
YMUBAKYYMHLM TEH30POM IHEPTUU-UMILYJIbCA:

_ 8nG

1
R, — §gik(R —2A) = = d - ugug, (19.9)

gikuuuk = 17

L Mocraro4no mus KoHedHOro uncaa dnces d € D.
2Cwm. HpeabIAyLee NIPUMeIaHune.
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rJie IWIOTHOCTh Marepuu d € D — nNpou3BOIbHO B3sTbIH nHMUHU-
TO3UMAL.

Hexknaccryaeckas MIIOTHOCTh BAKYYMHOI MaTepPUN COTVIACYeTCs
C TIPUBBIYHBIM 3aHyJEHNEM MTPABOM YacTh ypaBHEHUH DUHIITEHA
B CJIy4ae BaKyyMa B OOINEil TeOpUU OTHOCUTEIHHOCTH, TOCKOIBKY
B KJtaccugeckoMm ciay4dae d = 0.

19.3.2. Cdepuyueckn-cUMMETPUIHOE PeEIleHNne

PaccvoTrpum ciydaii, KOria TpaBUTAITMOHHOE TIOJIE SBJISIETCS CTa-
THYHBIM U O0JIQTaeT IeHTpaabHOW cuMmmerpueii. IlenTpanabras
CUMMETPUS MO O3HAYAET, ITO MHTEPBAJ TPOCTPAHCTBA-BPEMEHNT
MOKeT OBITH B3ST B BHUIE

ds? = e’ dt? — A dr? — r2(de? + sin? 0 - dp?).

[IpocThie BBIYUCIEHNS TPUBOAAT B PE3YAbTaTe K CJIETYIOITIM
YPaBHEHUAM:

/ 1 1
1 12 Y "\
T ) AT =
(19.11)
X 1
e <T2 _ T) + 3= A = TP, (19.12)
0= »Ty. (19.13)

3mech mrpux o3HagaeT audepeHmpoBaHne 1Mo 7, & TOYKa — Tud-
depeHimpoBaHue 1o t.

Ypasuenue (19.11), kak ussecruo [149, ¢.235], aBnsercs cien-
creueM ypasrenuit (19.10), (19.12), (19.13) u 3akoHa cOXpaHeHWs

T%, =0. (19.14)
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ITosromy B masbHeiimem ypasuenue (19.11) onyckaewm.
Bozbmem
T = ¢ pu'uy,
T.€. PACCMATPHUBAEM IIBLICBUIHYI0 MATEPUIO. 3IECH p — IJIOTHOCTD
LBLIM B IIPOCTPAHCTBE, KOTOPYIO OyJeM CYMTATh B JajlbHEHIneM
MMOCTOAHHON BEJIMUNHOM.

Cunras Teneph, YTO CUCTEMa, HAXOAUTCA B COITyTCTBYIOMIEH CH-
cTeMe KOOpAMHAT, MoTydaeM, uto u; = (e2,0,0,0), a u? = gFu; =
(e7%,0,0,0). Takum obpazom, Ty = c?p, T} =T =T3 =0, u
ypasuenus (19.10), (19.12), (19.14) upumyT coaenyroumii Buj;:

/

[V 1 1 _

—e (7’ + T'2> ﬁ — A = O7 (19.15)
1 N 1
- 2
- —- - — — —A= 19.1

e (r2 r>+r2 c“p, (19.16)
oV =0. (19.17)

Wmiem pentenne srux ypasaenuit. [Tockonbky p u A mocrosin-
Hbl, 10 ypasHenue (19.16) Herpyuno upounrerpuposarb. B camom
nente, TPUHAB e~ 34, U, TOTyvaeM:

u'r+u=1—(A+x?p)ri (19.18)

Pemast ogHopomHoe ypaBHeHWe u'r + 4, HAXOOWM, 9TO U =
Ar~! rtme A = const. Takum 06pa3oM, pelleHHe HEeOIHOPOIHO-
ro ypaBHEHUs Oy/IeT UMEeTh BUI:

IMoncrasnsas ero B (19.18), BeiBomuM ycaoBue Ha A(r):
A(r) =1— (A + »2p)r.
Nurerpupyem 310 ypaBHEHUE M TOJIYYaEM, UTO

A 2 3
A(r):r—i( +%3€ pIr + C.
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Orcrona

2 )2
u(r):l—i(/\—'_};c o +g.

Wnu, Bo3Bpamasch K MPeKHAM O0O3HAYEHUSM,

2 \,.2
eroq o W O (19.19)
3 r
3uech C' — MOCTOsIHHASL MHTEIPUPOBAHUS.

Paccmorpum teneps ypasuenve (19.17). Herpyamo 3aMerutn,
gto p = d, V' = d npm mobom d € D ABIAETCS €ro peIeHu-
em. Takum 0Opa3oMm, U3 CymIECTBOBAHUS TAKOrO OObEKTa, Kak D,
CJeyer, 9To, KPOMe KJIACCHYECKHAX PEIIeHui

(p=0&V #£0)V{I =0&p#0)V(p=0& 1 =0),

CYIIEeCTBYIOT M JIpyrue, HeKJjaccuuecKue. IlepBblil U3 yKazaHHbIX
KJIACCUYEeCKUX CJ1ydaeB HPUBOJUT K U3BECTHOMY KJIACCHYECKOMY
pemenuio [IBaprmmmuabaa. PaccMoTpuM HeKacCHYecKuit crydait
pemenus ypasuenus (19.17), xorga obe BeJMYuMHBL p U V' OIHO-
BPEMEHHO HEOTIEJUMbBI OT Hy/d. B 3TOM cilydae TEH30p SHEeprum-
UMILY/IbCA CTAHOBUTCA UH(PUHUTOZUMAILHBIM.

[Moncrasnsas (19.19) B (19.15) u yunureBas (19.17), nomygaem:

3

+IA- + = =0. (19.20)

v ] C  Ar? 2 xc?p O
3 3 r3

r

OTcroga J1erko 3aMeTUThb, 9TO %A + T% HEOTIEJIUMO OT HYJIS.
Kpowme TOro, mpu pacCMOTPEHUH 3TOTO BbIPAYKEHWsT B HEKOTOPOI
vogenun C/IT B cragum 1 3T0 BBIpaXKEHWE CTAHOBUTCS DPABHBIM
HYJIIO, 9TO BO3MOXKHO JIMIIb B TOM ciiydae, Korga u A u C' B 3710i
crajuu paBHbl Hys10. Takum obpasom, 3akio4daem, 4ro C u A

C _ Ar?

TaKzKe HeOOPATUMBI, & BHAYMT, U -~ — ~3— HeoOpaTumo. Vcnonbsys

rerepb (19.17), npeobpasyem (19.20) x By

C  Ar? xc?pr? wclpr 2 C
1+ = - — = —=A-r——
v ( L S B ) 3 30T
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U, 9TO 3KBHBAJIEHTHO,

1 2

—lPpr — A — Cr 2

V=3 & : (19.21)
1+ Crt — ZAr? + 2o pr?
3 6
Pemas 310 ypaBHeHue, Haxonum,
C A% xcpr?

=In{l+— - — 19.22
v=In|l+ . 3 + 6 ( )

Toacrapiss 3Tu 3HAUEHHS Ui A U U B BbIpazkeHue s ds2,
[I0JIyYaeM, 4TO

2 2
d§:O+0mmeT+C>W_
T

2 \,.2 -1
_Q_UH{fWr+C> e
T

—r%(df? + sin? 0 - dp?). (19.23)

9Ty MeTpuKy Oyaem Ha3pBarh perenuem IlIBapimuinia mo-
YTUBAKYYMHOI'O YpaBHEHUs DUHINTEHHA.

EcrecrBenHo cunrarb, 4TO I'DABUTALMOHHOE IIOJI€ HE HUMEET
CHHTYJIAPHOCTEH BO BCEM IPOCTPAHCTBE. DTO O3HAYAET, YTO MET-
puka He nmMeer ocobennocteit B r = 0. Ilosromy OyneMm cuamrarh,
uro C' paBHO HYyJT0. VICX0/1s1 13 3TOrO M yMHOXKasl IPABYIO U JIEBYIO
gyacrb ypasuenus (19.20) na p, noaydaem, 4ro

2Mp = 3c?p? (19.24)

u, KpoMme Toro, A — Heobparumast BeJiIMUMHA KOJIbUA R.
Jpyrumu cioBaMu, MaTepus WMEET HEKJIACCMYECKYIO ILIOT-
HOCTbH, & TPABUTAIIMOHHOE TIOJIe UMEET BH/I

2,5 _ 92 A 2 3,2\ 1
d52=(1+(%6p6 )r)dtz—(l—( +’;Cp)r> dr?—
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—r%(df? +sin? 0 - dp?), (19.25)

. 1
ul = ,0,0,0

(3ec?p — 20)r?
e

B riaako TomocHo# Momenu CHHTeTHYIecKoi nuddeperimaabHoi
reomerpuun Koka-JIoepa B craguu 1 (cm. § A.6.3) sra merpu-
Ka COBITQIAET ¢ METPUKOM MPOCTPAHCTBA-BpeMeHn MUHKOBCKOTO.
I'pyb0 roBOpSs, HEKJIACCHUECKUI <«IMbLIEBUIHBIN> BAKyyM HMeEeTr
«OeCKOHETHO MaJjIoe» ¢jraboe rpABUTAIIMOHHOE TIOJIE.

19.3.3. HMuTepnperamnuu UHTYHUIAOHUCTCKOTO
pentenusa IlIBapummabaa-Koriepa

ITouTnBakyyMHbBIE ypaBHEHUs] DIHIITENHA, yCJIOBUS WHMUHUTE-

3UMAJIbHOCTH OJId KOCMOJIOTHYECKOM MOCTOSHHON W HJOTHOCTH U

UX COOTHOLIEHUE
20p = xp?

na cragun® (A = (C°(IR™)/I npuHEMAIOT C/Ie YOIl BT

Rip(a) — %gik(a)(R(a) — 2A(a)) = »p(a)ui(a)ur(a)modl,
foA(a)=0mod I, (19.26)
fop(a)=0mod I, (19.27)
2A(a)p(a) — #p*(a) = 0 mod T (19.28)

nast moboro f € md, rne s € R™.
Pemrenne g;; B 3TOM cIydae MOXKHO 3alMCATH CJELYIOITUM 00-
pazom?:

3Teopus rmaaxux Koser gana B Ipmnoxennn A, § A.6.
431ech u gasee paccmarpusaercs ciaydai C = 0.
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gir(a)dz'dz® = <1+zp(a) g 210 7"2) da® —

s (19.29)

1 L(ep(a) + Aa))r?)

o mozymio I - C®(IR™ x R*).

— r%(d6? + sin? 0dp?)

IIponnmiocTpupyeM BBIMNIEONMCAHHBIE YPABHEHUS HA, HEKOTO-
PBIX KOHKPETHBIX MPUMEPAX, OTPAHMINBASICH CIYIaeM KOHETHO-
MTOPOXK IEHHBIX UJIEAJIOB.

Cragus 1

Kaaccruaeckoit ob1mieit Teopuu OTHOCUTEIHLHOCTH OTBEYAET CTa-
musg 1. B sroit cragum merpuka (19.25) saBjgercda MeTPHKOIL
IPOCTPAHCTBA-BpeMeHr MUHKOBCKOTO:

1 0 0 0
0 -1 0 0

Gik (tv T, P, 9) = 0 0 —7"2 Sin2 0 0 3
0 0 0 —r?

r.e. A u p paBubl HyJ0. JleficTBUTENBHO, /1151 HHOUHATOZUMAIIOB

n3 A

o(p(a)) = ¢(p(0)) + ¢'(p(0))p' (0)a + o(|al). (19.30)

IMockombry ¢(p(a)) € I = (a), To ¢(p(0)) = 0. CienoBarennbHo,
p(0) = 0, Tak xaK @ € m?o}' Torma p mod I = 0. Amanormano
A modI=0,CmodI=0.

B aroit craguun merprka (19.25) coBmajaer ¢ METPHKOI CIieri-
AJBHOI TEOPHUH OTHOCHTETbHOCTH. TakuM 0Opa3oM, KOCMOJIOTHYIe-
CKas MOJIENTb C 9TOl METPUKOil MOXKeT ObITh Ha3BaHa 0OOOITEHHOI
MOJIEJTBIO CIENMATILHON TEOPUN OTHOCUTEIHHOCTH.

Cragusa D = (C>*(IR)/(a?)

B sTom caygae

1
goo(a) =1+ g(nczpl — 2A1)ar2 + Char™1,



380 I'napa 19. MHTYUIMOHUCTCKAS TEOPWS I'PABUTALIMU

—1
1
qi1(a) = — (1 — g(KCQpl + Ap)ar? + C’lar_1> ,

a IpYTHe (i), ABIAIOTCA KIACCHYECKUMU. [IefCTBUTEIBHO, KaK ClIe-
ayer u3 (19.30),

©(p(0)) = ¢'(p(0))p'(0) = 0.
IMockonbky |y = 0, ¢'|y = 0 maa mexoropoit okpecrrocTu 0,
rorga p(0) = 0. Takum o6pasom, p mod I = pya, p1 € R. Anaso-
rugao A mod I = Aqja, A € IR.
Cragus D, = (C™(R)/(aPT!)

3mech notydaem

p 2 .
goo(a) =1+ Z {(/{c ok~ 2A4) 4 Ck] a”,

— 6 T
"L/ (kEp + Ag) Ch B
911(0)[1;<3'T2r>ak] 5
A=MNa+ ... +A,a?, p=pia+..+ppa?,
20p = % p?.

19.4. H3mMeHeHHEe CUTHATYPHI ITPOCTPAH-
CTBa-BpPEMEHN

Bamerum OueHb UHTEPECHbI (aKT: CUrHATYPA UHTYUIUOHUCT-
ckoit merpuku IIBapmmuipaa-Koriepa g¢;; 3aBucur or BHIA
byukmmit A, pu C.

Hampuwmep, B craman D = (C°(IR)/(a?) p mod I = pia,
A mod I = Aja, C mod I = Cya, tae p1,A1,C; € R cyrsb nipo-
crole BemecrBenHble gucia (mpu C' = 0 ycaosue (19.24) Bbimosn-
usiercst ausd Beex a € IR). CuenoBareibHO, IPABUTALIMOHHOE O~
qe gir(a) He sBiseTCS CAabBIM B COOTBETCTBYIOIIEM TISAITHMEPHOM
POCTPAHCTBE—BPEMEHH ¢ KoopanHaramu (t,r, 6, ¢, a), u CUrHATY-
pa B R‘}D MOKET MEHSThCS.
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19.5. AmnHTUrpaButamusg

Hus  pewenus Isapummibua-Kornepa (19.25) 6 cmaduu
(C*(IR)/(a®), xoraa A,p 3aBUCAT TOJLKO OT OIHON MepeMeH-
Hoili, HarpuMep or a € IR [1, ¢.295], paccmarpuBas ciaydail A =
Aia, p = p2a?, umeem

1
goo(a) =1+ 6(nc2p2a —2A;)ar?. (19.31)

I'paBuranmonsas cuia B OCcTOsHHOM 1oJie [113, ¢.327]

ch

0
fo= {—&Calnx/%+

02
o [0 (o) — 0 (90)] ”
900 | 528 Joo 0z \ goo c )’

1— —
2
JeficTByIOIas Ha MPOOHYIO0 YACTHUILY, PABHA

fo= me? [%02p2a — 2/\1] ar (mod(a3))
r— — 3/ .2 1 )
6y/1—v?/e [1 + 6(%c2p2a — 2A1)ar2}
fso = f@ = 0.
CremoBaTenbHO®,
mc? 2
=i | (e e oo
f<p = f0 = 0.

IIycts po > 0, T.e. WIOTHOCTH MATEPHUH MOJIOKUTEIHHA.

5Hcnonpayerca dopMaabHag hOpMyIIa:

1

1 =l14+a+a?+a®+..=1+a+a%(mod(a?)).
—a
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Ecmu r # ¢\/(3/2)3p2/|A1], 10 Ha Kaxzpoit chepe paguyca
7 [PU [EPeXOe M3MEHSIONErocs MapaMerpa G 4epe3 3HavYeHue
a(r) = 2A1/(5ec?py — 2/3A3r?) nampabienne BeKTOP-CUIBI f Me-
HSI€TCS HA TPOTUBOMOJIOKHOE, T.€. TPABUTAIMOHHOE TPUTSKEHUE
3aMEHSITCST Ha TPABUTAIMOHHOE OTTAKMBAHIKE.

Ha cdepe r = ¢1/(3/2)p2/|A1| rpaBuranms nepexoqur B aH-
TUIPABUTAIMIO IPH [IEPexojie a depe3 3nadenue a = 0.

Taxum 06paszom, MOKEM HAOIIOAATH AHTUTPABUTAIIHIO JIJIST JITO-
6oro r > 0.

Awnanoruynoe sapienue s merpuku (19.31) B Kiaccuyeckom
caydae 6b110 ormmcano B § 10.2.2.

[Tapamerp a Kak B KJIACCHYECKOM CJIydYae, TaK U B UHTYHUIUO-
HUCTCKOM, MOYXKHO PACCMaTpuBaTh Kak 5-10 Koopaunary. [Tosryda-
€M, UTO TIPHM CMeHe OPAHBI TT0 Mepe TMPOIBUKEHNST B H-MEPHOM HaI-
Ke TDABUTAINS 3aMEHSETCS HA AHTUTDABUTAINIO. Y DABHEHHE [IJIst
6asika B MHTYAITHOHUCTCKON T€OPUH IPABUTAIINN — 3TO YPABHEHHUS
Jtst (PU3UIECKUX KOHCTAHT, 3aBUCSIINX OT @ W [MPEJICTABIEHHOE B
kuure [77]. B knaccuueckom cirydae npuberaror, Kak HPaBUIIO, K
MHOTOMEPHBIM OOODIIEHWAM OOIIEH TeOPUH OTHOCHTEILHOCTH.

19.6. Speculatio

1. OxHOlt M3 caMbIX SIPKUX HJel COBPEMEHHON KOCMOJIOIHU
ABJISIETCS TIpeacTaBienne ob spommonmn Beenernnoii. Omgmnako, co-
IJIACHO yPABHEHWSAM JUWHINTEHHA, YeThIpEXMepHas reoMerpus (VG
C METPUKOU ¢;; COOTBETCTBYET YETHIPEXMEPHOMY HAIOJTHEHUIO
cyocrannueit Mupa coObITHIT, OMUCHIBAEMOl TEH30POM SHEPTHH-
nvnyabca Ty, Ho orcioma 3akaiodaemM, 9T0 KOJIb CKOPO CyOCTaH-
nus Jlana cpady B gopme derbipéxmepHoro Mupa, To npedonpe-
deaern, BCe €€ TPEXMEpHBIE Cpe3bl, T.e. €€ pa3MeIeHus B Tpo-
CTPAHCTBE BO BCE BPEMEHA, TO HUKAKOH IBOJIIOIUY HUYETO CYIIETO
He cymiecTByer. JIpyrumu ciaoBaMu, 980410UUA BCETO JUIID HILITIO-
3us, JEKJapupyeMas Kak HaydHbli (akT mcciaemoBaTesieM, BbI-
HY>KJEHHBIM IIPOCMATPUBATh 4YeTbipémepubit Mup cobbituii mo-
3TAIHO, CPe3 3a CPEe30M, MHAYUEe TOBOPS, BO BpDEMEHU, W He TTPU3HA-
IOTAM PEATHHOCTH MPOCTPAHCTBA-BPEMEHH.



ITpunoxxenne A

DJieMeHTapHbIe TONOCHI

Tomoc — 3T0 YacTHBIH caydait 6osiee OOIEro TOHITHS Kamezo-
pus. Teopust Kareropuii 6a3upyeTcs HA IBYX MEPBUYHBIX NOHSATH-
AX: 00BEeKMbL U MOPPHU3MDL.

A.1. Kareropun

Omnpenenenne A.1. Kamezopus K Bkaiodaer B cebs:

1) obobektnr A, B, C, .. ;

2) mopdusmsl f, g, h, ...

3) kaxkaprit MopdusM [ cBazan ¢ aByMs obbektamu A, B; miep-
BBIli HA3BIBAIOT OOJIACTHIO OmpeseseHns MOpdu3Ma, a BTOPOH —
obnacrbio 3Hadenuii. Mcnons3ytores obosnavenus [ : A — B
wmn AL B;

4) s Kaxaoro obbekTa A MMeeTcs TOXKIECTBEHHBIH MOp-
duzm 14 : A — A;

5) ans Kaxaoit napbl Mopdusmos f 1 A — Bug: B — C
onpeejieHa koMmnosuius mopdusmos go f : A — C. Komnosunus
JIOJIPKHA YIOBJIETBOPATH IBYM YCJIOBUSIM:

(i) Bakon uupentuanocru. Eciu nan mopdusm f : A — B, 10
lpof=fufols=Ff.

(ii) Bakon acconmaruHocTn. Ecim nausr Mopdwusmer f @ A
—B,g:B—C,h:C —D,10(hog)of=ho(gof).

383
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CosokymaocTs MopdusmoB w3 A B B 0003HAYAlOT Kak
Homy (A, B) uinu upocro kak Hom(A, B).

IIpumep A1l. IIpocTbiM, HO OYEHDb BAXKHBIM IPUMEPOM KATEro-
pun siBisiercst Teopusi MHOKecTB Kanropa Sets. O6bekTbl 310i
kareropuu — 310 MHOxKecrBa A, B,C, D, ... a mopdusmMbr — 0r00-
paxennsi f : A — B, g: C — D, ... u3 MHOXXECTBa, B MHOYKECTBO.

IIpumep A2. Teopusa Tonomormyeckux mpocrpancts Top Tax-
K€ SIBJISIETCSI IPUMEPOM KaTeropuu. Ke o0beKThl — 3TO TOMOIOTH-
qeckue npoctpancTsa X, Y, Z, T, ..., a MOphU3MbI — HETIPEPHIBHBIE
orobpaxenus f: X — Y, g: Z —1T,...

Ilpumep A3. IK30THYECKUM MPUMEPOM KATETOPUU SBJISETCSH
kareropus N. Ona 001a1aeT TOJBKO OTHAM OOBEKTOM, 0003HA-
JaeMbIM Kak [N, a MOpPHU3IMAMHU SBISETCS HATYPAJbHBIE UHCIIA
0,1,...,n,..., u umeior oHu 3amuch B ciaexayiomem suze: 0 : N
— N,1: N — N,...n: N — N,.. Komnosurueit moppu3mMos
N ¥ M SABJSIETCS HATYPAJbHOE YUCJIO 1.0 M = N + m. Eaunnynas
crpenka 1y oobekTa N 3amaercs gucaom 0.

JBoiicTBennasi kareropus. Eciu nana kareropusi K, T0 jerko
crpoutcst deoticmeennas kamezopus K. Ona nmeer te ke ca-
MbI€ O0BEKTHI, 9TO Kareropus K, a MOPGU3MBI MOIYIaAIOTC U3
Mopdu3MoB kKareropun K «0OpalneHneM CTpeaKuy, T.e. ecau B K
ectb Mopduam f: A — B, ro B K°P paccmarpuBaercs MOpdu3M
f:B— A.

Onpenenenne A.2. Mopdusm f : A — B HasbBaeTcs Mmo-
HoMOpPusmom, eciu i 060 mapel Mmopduismos g : C — A,
h:C — A us pasencrBa fog= foh cienyer g = h.

Onpenenenne A.3. Juazpammoti B kKareropun K Ha3bIBaeTCA
COBOKYIIHOCTb 00'beKTOB A;, Aj, ... BMECTe C HEKOTOPbIMU MOP(u3-
mamu f 1 A; — Aj MEXIy OTAEILHBIME O0BLEKTAMU W3 3TOU Jra-
rpaMMbl (MeKLy JAHHOMN Mapoil 00HEKTOB MOXKET ObITh HECKOIBKO
MOp(hU3MOB, & MOXKET U He ObITh UX BOBCE).
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Junarpamma

A

X

Y

7 B

HA3BIBAETCS JeKaAPMOEbLM K6A0PAImoM, €CIN
1) ona kommyTaruBHa, T.€. ko f = hog;
2) st m06bix ¢ 1 C' — X, ¢ : C — Y, nist KOTOPBIX KOMMY-

TATUBHA, IUArPaAMMa, p
C X
Y k,

Y 7 B
cymiecrByer eauHcTBeHHbI Mopdusm j @ C — A, Takoif, 4ro
IHarpaMmma,

N
I A—FX
f
) g
Y
KOMMYTATHBHA.

Omnpenenenne A.4. Konycom nns quarpammbl D ¢ oObeKkTaMu
A;, Aj, ... nazpiBaeTca Taxoit 06bexT C' BMecTe ¢ MOpdu3MaMu f; :
C — A; nns Kax10ro oobekra A; u3 D, 4To guarpaMma,

)
A

Y

C

A
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KOMMYTaTHUBHA Jyig jiioboro Mmopdusma g : A; — A; u3 D.
Konyc pig nuarpammbr D o6o3nadaem uepes (f; : C — A;).
Oupegesienne A.5.  IIpedes duazpammo, D ects xouyc (f; : C

— A;), Takoii, 9ro ns moboro apyroro kouyca (f] : ¢! — A;)
nnsg D cymecrByer emuHCTBeHHBIH MopdusMm f i C' — C, mug

KOTOPOI'O HarpaMma
A;
I \
C
f

O/

KOMMYTATHBHA JJisd KaxK10ro oobekra A; us D.

Juarpamma kKonewras, €I OHA COCTOMT UX KOHEYHOTO YNCIIa
00BEKTOB ¥ KOHEIHOTO IUCTIa MOP(MU3MOB.

Onpegenenne A.6. Kareropus K Ha3bIBaeTCS KOHEUHO TOA-
H0l, €CJIM OHA COMAEPIKUT Mpees 000 KOHEIHOH JHarpaMMbl.

Koneunsrit 06bekT. Ilycts D — nycras guarpaMmva

)

T.e. 6e3 00bekTOB U 0e3 mMopduzmor. Torma kouyc mjas D — 310
npocro J000i 06bekT. (Her nukakux mopdusmos). Ilpeaen mis
nycroit D ectb o0bekT C, Takoii, uro moboro oobekta C’ cyme-
cTByeT enuHCTBeHHBIA Mopdusm [ : C' — C.

dror yauBuTesbHbBI 00beKT C' MOTydaer CrernuaibHOe Ha3Ba-
HUE KoHeuhoili 005exm u 0003HaAYAETCA Kak 1.

B kareropun muOX)eCcTB Sets KOHEUHBIH OOBEKT — 3TO JII000e
O/THORJIEMEHTHOE MHOYKECTBO.

Ompenenenne A.7. O6bekT 1 Ha3LIBAETCA KOHEUHBIM, €CIIH
JUIST KarXKI0ro o0bekTa A CylecTByeT OIWH U TOJBKO OIUH MOP-
¢uszm u3z A B 1.
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A.2. ®ynkropwl. Kareropus ¢dyHKkTO-
pos &N

Qynrmopom F n3 xareropun K B kareropuio £ Ha3biBaeTcs GyHK-
ST, KOTOPasi CTABUT B COOTBETCTBHE:
1) xaxgomy obbexty A Kareropuum K obvekr F(A) xarero-
pun &;
2) kaxgomy mopdusmy f : A — B xareropuu K mopdusm
F(f): F(A) — F(B) kareropuu &, Takoii, 9410
a) F(1a) = 1pcay;
b) F(go f) = F(g)o F(f) nns n06bix mopdusmos f, g,

JlJIsl KOTOPBIX OIPEJIEIeHa KOMIIO3ulus g o f.

Kareropus dynkropos. Ilycrs mansr ase kareropun K, €. Ilo-
crpouM kamezoputo dynkmopos EN, obbekTaMu KOTOPOIl ABIIs-
iorcst yakTopst u3 K B £.

Onpenernm Mopdusmbr kareropun £X. Bozpmem gsa dynk-
ropa FF: K = EuG: K — & Moppusm 7 : F — G obsex-
ma F 6 obsexm (G Ha3BIBAETCS ecmecmeerHuiM Npeobpasosaru-
em dyrkTopa F' B dyuxkrop G u cocTouT u3 cemeiicTBa MOpdu3-
MoB {74 : F(A) — G(A), tne A — moboit obbekT Kareropun K}.
Ipuuém mopduszm 74 @ F(A) — G(A) Takos, 4ro Jjst 1106010
Mopdusma [ : A — B auarpamma

TA
A F(A) G(A)
f EF(f) G(f)
B F(B)—2— a(B)

KOMMYTaTHUBHA.

Mopdusmbl T4 HA3BIBAIOTCI KOMTOHEHTMAMU TTPEOOPA30Ba-
HUASA T.
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A.3. Tomocsl

Teopust KaTeropwuii pa3BUBAIACH OJTOE BpeMsi 6€3 KAaKOTO-ub0
CEepBhE3HOTr0 K HEil OTHOIEHUST CO CTOPOHBI MaTemMaTukoB. OHa pac-
CMAaTPUBAJIACh KAaK IK30THYECKAsi Teopusi 000 BCEM W TPO BCE.
MmenHo 3T0 HEe CIOCOOCTBOBAIO €€ UCIOIB30BAHUIO TIPH PEIIeHUN
MHOIHX BaXKHBIX HAYYHBIX 33/1a4.

B 1960 r. A. T'poTenauk MpUIéI K OTKPHITHIO KJIACCa KATero-
puii, KOTOPBIA BIIOC/IEICTBUU HA3BAJ TOMOCAMU U KOTOPBIE SBJIS-
0TCS MCKJTIOYUTENBHO CJIOXKHBIME TEOPETHKO-MHOKECTBEHHBIME
KOHCTPYKIusiMu». Tonocer I'poTeninka nuMenu HemocpecTBEHHOe
OTHOIIIEHUE K BOCTPEOOBAHHON B MATEMATHKE TEOPUH MyYKOB.

«JIoBep Kk koHIty 60-X TOZOB 3aMeTHJI, YTO KaXK Ablit Tormoc I'po-
TEHJUKA MMeeT O0bEKT UCTHHHOCTHBIX 3HAYEHU, a CaMO JABYX-
3JIEMEHTHOE MHOXKECTBO { UCMUHA, A0HCH} MOKHO PACCMATPUBATD
KaK «O0BEKT MCTUHHOCTHBIX 3HAYEHUN» B KATErOPWH MHOXKECTB.
OtuM GyHIAMEHTAJbHBIM OTKPBITHEM ObLIa 3HAYUTEIHHO ITPO-
JBUHYTa pa3paboTKa TeOpWH TOMOCOB. B pe3ysabrare mOsSBUIIOCH
MOHSITHE KJIACCH(PUKATOPA MOJ00BEKTA, KOTOPOE, B CBOIO 09EPE/Ib,
BBOJUT B OOUXO/I MOHATHE «IIOJ00BEKTAY, ABJISIOMIErOCs KATerop-
HBIM AHAJIOTOM TOHSTHS TOAMHOXKeCTBa. Kiaccudukarop moi-
00bEKTOB 0003HAYAETCS TIOCPEACTBOM {2, M CJIEICTBUEM CYIIIECTBO-
BAHUs TAKOTO OOBEKTA SBJISIETCS BCE TO, YTO MBI MOXKEM CKA3aTh
o nomobbekTax A obbekTa D U 9TO MOXKET ObITh IEPEBEIEHO B
paszrosop 06 orobpazkenusx D B 2»%. B urore ssemenTapHsiii To-
noc (T.e. ero cBoiicrBa MOryT ObITh OLKUCAHDLL B LIEPBOLIOPSIKOBOM
sI3bIKE) OBLIT ONpPENEeNIEH KaK JIeKApTOBO 3aMKHYTas KaTeropus C
KJIACCU(PUKATOPOM TOI00HEKTOB.

Tomockl OKA3aIUCh TEMU KATErOPUSME, KOTOPbIE JOCTATOYHO
OnM3KM K Kareropum MHOXKeCTB Sets. Teopuss MHOXKECTB CTaja
OMJIOTOM MaTeMaTWKA XX BEKa, OTYACTH OJarogapsi TOMY, 9TO
00/1a/1aeT BO3MOXKHOCTBIO JIETKO TOPOXKIATh OOBEKTHI, KOTOPHIE
HAILTA [TUPOKOE HCIOIB30BAHUE TIPYU PEIIEHUU CAMBIX Pa3HO06-
pasHbIX 3a7a4. Pedb uaer o 1eKapTOBBIX MPOU3BEIEHUIX OObeK-

6Kapmenko A.C. Jloruka Ha py6erke THICSUIEIETHS.
— http://www.philosophy.ru/library/logic/karpenko/01.html



A.3. TOTIOCHI 389

TOB, & TaK:Ke 00 00bEKTaX, COCTOAIIMX W3 TOTO, ITO Ha SI3BIKE TEO-
PUM MHOXKECTB HA3BIBAETCSA MHOKECTBOM OTOOPazKEHUH M3 0JJHOTO
MHOXKECTBa, A B JIpyroe MHOXKECTBO B, T.e. 0 MHOXKECTBaX BUIA
BA = {f: A — B}. KpoMe TOro, yIuTHIBAETCS TO, ITO TIOTMHO-
KecTBO A MHOXKecTBa, D ONUCHIBAETCS C MOMOINBIO XapaKTepu-
cTuaecKoil (byHKIUKU X 4, KOTOPast IPUHAMAET 3HAYEHUE B JBYX-
ssemenTHOM MHOXKecTBe {0, 1} (={10kp, HcTHHA}). DTH CBOjICTBA
kareropuu Sets 6epyTcs B KAYeCTBE OCHOBHBIX [IPU Cy2KEHHU TEO-
pHUHU KATErOpHil 10 TEOPUU TOTOCOB.

Onpenenenne A.8. Ilpoussedernuem o0bekTOB A u B Ha3bIBa-
eTCsl IPesiesl AMarpaMMbl, KOTOPas COCTOUT TOJLKO U3 JBYX 00b-
ekToB A v B u He mMmeeT Hu 0aHOTO MOpdu3Ma. /11 mpon3Benenust
UCTIOIB3YeTCst 0bo3Hauenne A X B.

ITockonbky A X B — KOHYC, TO HMEEM JHAIPAMMY

A B
px ﬁ;B

Ax B

ryie MOpMU3MBI P4, Pp HA3BIBAIOTCS NPOEKUUAMU.

Ilycrs marsr oobekTol A, B, C, D u mopdusmbr f : A — C,
g : B — D. Torma cymectByer eIuHCTBEHHBIH MOpdu3M f X g :
A X B — C X D, a1 KOTOPOro KOMMYTATUBHA, AAarpaMMa

Al ¢
*
p% \\\pC
AXxB fxg ~ OUxD
//
B / PD
B g D

Mopdwusm fx g: Ax B — C x D Ha3siBaeTcsd npouseederuem
mopdpusmos f u g.



390 Ilpunoxenune A

Onpenenenne A.9. Kareropus K gomyckaer axcnonenyupo-
6aHuUe, eCITU

1) B Heil cymecTByeT IPOU3BEICHNE JIIOOBIX ABYX OOBHEKTOB;

2) ecmu s JIOOBIX IBYX 00beKTOB A u B cymiectByer 00b-
ekt B4 («orobpaxenne» obbekta A B 00beKT B), Ha3bIBAEMBI
aKcnonenyuarom, 1 MmopbusM ev : B4 x A — B, na3biBaeMbiil
MOPPUMOM 3HA%EHUA, TAKUE, 9TO st JTI00bIX 00bekTa C' 1 MOp-
duszma g : Cx A — B cymecrByer enuHCTBeHHBIN MopdusMm g : C
— B4, 119 KOTOPLIX KOMMYTATHBHA, THATPAMMA

BAXA &‘

gxX1a B

CxA

Muorue KaTeropuu 00JATAIOT MPOU3BEIACHUSMU, HO TOJHKO
HEKOTOPbIE UMEIOT IKCITOHEHITAAJIBI.

Omnpeneaenne A.10. Kareropun ¢ npousBeneHusIMu, B KOTO-
PBIX KaxKjas mapa O0bEeKTOB UMEET SKCIOHEHIHAT, HA3BIBAIOTCH
Jdexapmoso 3aMKEHYMbLMU KATETOPUSTMI.

Onpegenenne A.11.  Kaaccugpuramopom nodobsexmos s
kareropuu K HazbpiBaercs 00bekT ) BMecte ¢ mopdusmom T : 1
— ), Tako#i, YTO BBINOJIHSIETCS CIEIYIOMAs

Q-akcumoma. [ist kaxmoro monomopdusma f : A — D cyme-
CTBYeT eIUHCTBEHHbII MOpdu3M X5 : D — (2, 115 KOTOpOro Jua-
rpaMma §

A D

! Xf

= Q0

ABJIAETCA JEKAPTOBBIM KBaJIpPAaTOM.
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3mech gepe3 | : A — 1 obo3HaYEH eMHCTBEHHBIH MOPQU3M U3
Asl.

Mopdusm X ¢ Ha3BIBACTCA TAPAKMEPUCTIUNECKUM, TN TAPAK-
mepom mopdusma f, a 00bekT 2 — Kaaccupuyupyrowum 00seK-
mom. Mopdusm T HOCHT HA3BAHUE «HUCTHHAY.

Tepmun «knaccu@uKATOp MOI00BEKTOBY 11 () CBA3aH C TEM,
4yro J1060#1 Monomopdusm f : A — D HocuT HazBaHue nodobsek-
ma obbekTa D. B reopunm Kareropuit mosmo6bEeKTBI — 3TO AHAJIOTH
monMHOXKeCcTB A C D B Teopun MHOXKECTB.

CiieicTBEEM CYIIECTBOBaHUs KJiacCUpUKATOpA MOI00HEKTOB
Q) saBJyisiercsa BCE TO, YTO Mbl MOXKEM CKa3arb O MOJ00bekTax A
obbekTa D m 9TO MOXKeT ObITh MepeBeIeHO B pa3roBop 006 0T00-
paskennsx Xy D B Q.7

Omnpenenenne A.12. Oaemenmaphsili monoc — 3TO IEKAPTOBO
3aMKHYyTas KaTeropusi, 00J1a ai0mas KIacCu(PpuKaToOpoM.

A.4. Jloruka Tormoca

Paccmorpum coBokymHOCTh Sub(D) Beex momoObeKToB ofbekTa
D. MoxHo (cM. [30]) na Sub(D) onpeaennts onmeparmu U, N, \ u
oTHOmEeHne C, AHAJIOTHIHBIE ONEPAIUAM O0bEIMHEHNS], TIePecetde-
HUS, JONOJHEHUS W BKJ/IOYEHHUsI, ONPEIEIIeMble B TEOPHH MHO-
JKECTB.

Ho? B orsimume ot Teopun muoxkecrs, Sub(D), B obimemM ciy-
Jae, He gBasgercsa OymneBoit aarebpoii. Ilockonbky Gynesa amredpa
CBA3aHa C KJIACCUYECKON NBY3HAYHOI JIOTMKOW, TO IOBOPAT, 4TO
TOTIOCKI, B 0BIIIEeM cjydae, MOAIUHSIOTCH HEKJIaCCUIeCKOoM
JIOTHKE.

Touoc nazbiBaercs 6y.aesvim, eciau Sub(D) saBisiercs OyJieBoii
anrebpoit. st OyseBa TOmoca CpaBeIinB 3aKOH UCKJIIOYEHHOTO
tperbero [30, ¢.172] u ar06ble Apyrue yTBEp:KAHUS, KOTOPBIE J10-
Ka3yeMbl B paMKax Kjaccu4ueckoii jsoruku [30, ¢.173].

"Kapmenko A.C. Jloruka Ha py6eske THICSIEIETHSI.
— http://www.philosophy.ru/library /logic/karpenko/01.html
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Takum o06pa3oM, B TPOM3BOJILHOM TOIIOCE, B OOINEM CIIy-
4ae, JeHCTBYIOT 3aKOHBI HHTYHIIHOHUCTCKOR JIOTHKH, & COBOKYII-
HOCTB Sub(D) sBsIeTCS TaK HAa3bIBAEMOH aszebpot Ietmunea [30,
c.196].

A.5. Tomocer Bn(X), Top(X), Sets® u
M-—Set

Kareropusimu, Kak rOBOPUJIOCH BBIIIE, SBJSIOTCA TEOPHS MHO-
xkecrs Kanropa Sets, cocrosiinast u3 muoxkects (06beKThbI) 1 OTOO-
paxennii (MOp)U3MBI), U TEOPHS TOMOJOTUIECKUX TIPOCTPAHCTE
Top, cocrosilias U3 TOLOJOIMYECKUX LPOCTPAHCTB (OObEKTbI) U
HEpepBIBHBIX 0Tobpaskenuit (Mopdusmbr). Ho 310 mpocreiimue
npuMepbl Kareropuii. Huxe Ham moTpeOyroTcss Oojiee CJI0XKHO
YCTPOEHHBIE KATETOPHH, ABIAIOIIIECH TOMOCAMH.

Kareropust £ HasbBaeTcss Ma.a0l, €CIM B HEl COBOKYITHOCTH
mopbuzmos Hom (A, B) uz A B B nua mobbix obbektos A, B
SIBJITIOTCSA HACTOANMME MHOXKECTBAMH, T.€. O0bEKTAME KATErOPUH
Sets.

Teopema A.1. Ecau £ — maaas Kamezopus, mo Kame20pus
Sets® asasemes monocom. ]

A.5.1. Tomoc Bn(X)

IIycts X — memycroe MEOKeCTBO. Paccaoernuem nad X Ha3bIBaeTCA
napa (A, p), rune A — muoxecrso u p : A — X — orobpaxkenue.
O6bekramu kamezopuu Bn(X) ecex paccaoenutd nad X apis-
forcs paccnoenus (A, p), a mopdmsmamu f : (A,p) — (B,q) —
orobpakenus f : A — B, st KOTOPBIX KOMMYTATUBHA JHATPAM-

Ma A ! B
N/
X
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Kareropus Bn(X) asasgerca Tomocom [30, ¢.103].

A.5.2. Tomoc Top(X)

Iyvox — 70 paccmoerue, 00IATAIONIEE HEKOTOPON TOMOTHUTETh-
HOIl Tomosioruwaeckoit crpykrypoit. Ilycte X — Tomosmormueckoe
[IPOCTPAHCTBO.

ITywxom nad X nazwviBaercs napa (A, p), rae A — romoJiorude-
CKoe mpocTpaHcTBo U p : A — X — HempepbIBHOE O0TOOparKeHue,
ABJISITONIEECS JIOKAJTbHBIM ToMeoMopdu3mom. Ilocaeaunee o3uaxa-
eT, 9TO KayKIasA TOYKA T € A MMeeT OTKPBITYI0 OKPEeCTHOCTH O,
KOTOpasi MOCPEICTBOM p romeoMopdHO orobparkaercs Ha p(O,),
ABJISIONIEECS OTKPBITHIM B X .

O6mekramn kamezopuu Top(X) nyuwxoe nad X sBASIOTCS
nyuku (A,p), a mopdbusmamu f : (A,p) — (B,q) — HeNpepbIB-
Hble orobpaykenusi f : A — B, Takue, 94TO AMarpamMmma

f

A - B

X

KOMMYTaTHBHA.
Kareropusi Top(X) siBAsfeTcs TOMOCOM W HA3bIBAETCS NPO-
cmpancmsennvim monocom [30, ¢.110].

A.5.3. Tomoc Sets®

Kareropus P, B KOoTOpOIi /T100BIe OB OOBEKTA P, CBA3AHBI HE
bostee YeM OTHMM MOP(PU3MOM p —> ¢, HA3BIBACTCA KaMeE20puet
npednopsadra. Ecim P ectb COBOKYIHOCTb BCEX OOBEKTOB KaTero-
pun P, To Ha P MOXKHO BBECTH IPEINOPSAIOK =:

p = ¢ TOTJIAa W TOJIBLKO TOTAa, KOTnaa B Kateropwu P
CYIIECTBYeT MOPDU3M P — q.
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Otnomenne < 0061a1a€T CBORCTBAMU:

1) pediekcuBHOCTD, T.€. JJIsi KAXK/I0I0 P BBIIOJIHEHO P = P;

2) TPAH3UTUBHOCTD, T.€. €CIU P X S U § < ¢, TO P = .

Takum 0Opa30M, OTHOIIEHHE = — 3TO OOBIYHOE OTHOIIEHUE
npeanopsaaka. Ciemosarenbuo, P = (P, <) — gactu4no npemy-
MOPSiJIOYEHHOE MHOXKECTBO, KOTOPOE SIBJSIeTCS YaCTHUYHO YIOPs-
JIOYEHHBIM MHOXKECTBOM, €CJIH OTHOIIIEHHE = YJIOBJIETBOPSET CJie-
JLYIOIIEMY YCJIOBUIO:

3) aHTUCUMMETPUYHOCTD, T.€. €CJIU P < ¢ U ¢ =< P, TO p = q.

O6parHo, eciin JAHO YaCTHYHO MPEIYNOPIOUeHHOe MHOXKE-
crBo P = (P, <), TO Jlerko CTpPOMTCH Kareropusi HpPeIiopsi/i-
ka P. E€ 00bekTbl — 3TO 37eMeHThl MHOXKecTBa, P, a mopdusm
p — @ MMeeT MeCTO, eCjii 33J[aH0 OTHOIeHne p = q. Pedurek-
CUBHOCTDb IIPETOpsiIKa OOecrevunBaeT CyniecTBoBaHHe MOpbu3-
MOB 1,, & TPaH3UTHBHOCTb — BO3MOXKHOCTb OOPA30BBIBATH KOM-
O3UIUNA MOP(PU3IMOB.

Eciun P — xareropus npemnopsanka, 1o kareropus Setst ss-
JISIETCST TOTTOCOM.

A.5.4. Tomoc M—Set

[Mycts M = (M, *, e) — Mmoroua® u X — MPOM3BOIBHOE MHOKECTBO.

HeiicrBuem \ mononma M na X Ha3piBaeTcsa 0TOOparKeHHE A :
M x X — X, yIOBIETBOPSIONIEE YCIOBUIM:

1) A(e,xz) = x nns moboro = € X;

2) A(my, Mma, ) = A(my * mg, x) mag mobbix mqy,me € M u
e X.

[Tapa (X, \) nazsiBaercsa M-MHOKeCTBOM.

Bsomum orobparkenue A\, : X — X, monaras, 910

Am(z) = A(m, z).

Bce M-MmHOXKecTBa paccMaTpuBaeM KakK OOBLEKTHI KaTErOpPUu
M-Set. E€ mopdusmbr cocrosr uz orobpaxenuii f : (X, \)

8Momnoumom HazmiBaeTcs Tpoitka M = (M, *,e), rme 1) M — HexoTopoe
MHOXKeCTBO; 2) * : M x M — M — Ommapras onepanms Ha M, KOTOpas
aCCONMATHBHA, T.e. T * (Y *z) = (x*y) *x2; 3) e € M — eqununa, st KOTOPOH
Tke=e*xT =IT.
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— (Y,u), tne f : X — Y — orobpaxenue, (X, \), (X, \) — M-

MHOXKECTBa, U Juarpamma

KOMMYTAaTHUBHA JJIs JiI000oro m € M.
Kareropuss M—Set asnstercs Tonocom [30, ¢.114].

A.6. TI'magkume TOIIOCHI

A.6.1. (C°-koJbia

Omnpenenenne A.13. C°°-K0oabyo0 — 3TO YHUTAPHOE KOMMY-
TATUBHOE KOJBIIO A, Takoe, 9TO KAXKIOW TyIaakoi byHkmuu f :
R™ — IR™ moxkno conocraButh A(f) : A — A™ co cBoiicrBaMu:

1) A(pr;) = m, pri : R" — R, pri(at, ..., 2") = 2%, 7 :
A" = A, miay, ... an) = ag;

2) A(id) = id;

3) A(f o g) = A(f) o A(g).

Ouesnnno, aro A : f — A(f) — romomopduzm.

Paccmorpum  aBa mpoumssombabix C°-kombiia A u B. Ha-
3oBéM (' -z2omomoppusmom C®-koneny, A u B romomopdusm
v : A — B, makoif, 4r0o Jjsd KaxKJo# TIaakoil (yHKIUH
f:IR"™ - R™ xBazgpar

A" — B"
A(f) 4 +B(f)
A™ 5 B™

KOMMYTATUBEH.
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IIpennoxenne A.1.  Koavyo C(IR"™) - ceo60dnoe C™ -Konb-
40 ¢ N MOPOAHCIBOULUMY, AGAAOUUMUCA Npoexyuamy (T1, ... x™)
— . "

IIpumep A4. Kombro R[[ X1, ..., X,]] dopMaIbHBIX cTEMeHHBIX
psiioB siBsiercst C'*°-kosbiom [262, p.19].

Ilpumep A5. Kombuo ayampubix wmcen Rle] = R[X]/(X?) =
C>(R)/(z?) — aro C>®-kombuo [262, p.19].

IIpemgoxkenue A.2. Ilycmo A — smo C*°-xoavuo, a I — udean
6 A (8 meopemuko-Koavye6om cmoicae). Kanonuueckas npoexyus
p: A— A/l undyyupyem na A/I empyxmypy C™-xoavuya, npes-
pawas p 6 C°°-20momopdusm. ]

Karteropusi C koHeuHo mnopoxkaéHHbix C-kourerr. Yepes
(f1, .-, [r) obo3Haunm uaean xkoabia C°(IR"™), 1OpOKAEHHDBIH KO-
HeyHbIM 4YucjaoM bysrumii fi,..., fr € C®(IR"™), 1.e. 1eMeHTbI
9TOrO Ujeasta UMET BUJ

k
> gifi,
=1

rae gi, .-, gr € C°(IR"™) — npoussosbHbIe TaagKue QyHKIUH.
Unean I = (f1,..., fr) HA3BIBAETCH KOHEUHO NOPOHCIEHHDLM.

Oupenenum Kareropuio C, 06beKTaMu KOTOPOil sIBJISIIOTCS KO-
Heuno nopooscdénnse C°°-koibiia, T.e. Koubla euga C°(IR")/1,
rae I — KoHeuHO mopoxAEHHbIH umeas KoJbia C°(IR™).

Mopdwusmer kareropuu C — 310 C'°°-roMOMOpdU3MBI BHIA
O :C*(R")/I - C*(IR™)/J.

Herpymao mokazarh, 910 oTobpazkenne ® MOXKHO SBHBIM CIIOCO-
OOM TIPEJICTABUTH KAK KJIACC SKBUBAJEHTHOCTH IJIAJIKUX (DYHKIH

¢:R™ — R",
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Takux, 910 Ays goooro g : R™® - IR €I gop € J. Jlge Takue
dynkuun, @ u @', OyayT SKBHBAJEHTHBI, €CJOM UX KOMIOHEHTBI
9KBUBAJICHTHHI 1O MOIYJIIO J, T.€.

oi—pied  Vi=1,n.

Ilpenaoxenne A.3. /Ias xasicdozo 2400%020 MH02000pa3USA
M™ C>®(M™) - Koneuno noposicdénnoe C>-koavyo [263]. n

Ipennoxenne A.4. IIycms U C IR"™ — omxpwmoe mmodsice-
cmeo, xu(r) — zapaxmepucmuueckas Gynkyus muoocecmea U.
Tozda

C®(U) = C*(R")/(y - xv(z) — 1)

Caedosamenvro, C°(U) — amo koneuno nopostcdérnnoe C'™ -xonv-
Yo. L]

Konpoussenenue B kateropuu C. Konpomssenenne ? 18yx Ko-
HEYIHO MOPOXKIEHHBIX C'°°-KOJIeI] OMPE/IEIIeM KaK MeH30PHOE NPo-
udgedenue c60600HBLT KOAEY, CIEYIOMUM 00PA3OM:

Co¥(R")/T @xC*(R™)/J = C=(R"™)/(I,]),

rae (I,J) = (Iom + Jom) — urean xombua C(R"™), u
o IRn+m — IR", T & ]Rn+m — IR™ — MTPOEKITNH.

Ipepnoxenne A.5. Ilycmo M7 u M3 - dea esaadkux mmo-
2oobpasua. Tozda [262, p.26]

C®(MP)®ecC (M) =2 C° (M7 x MJ").
Ecau U C M* vV C M3 — omxpumoie MHOHCECTNEA, O
C®U)RC® (V)= C™(U x V).

9Ompeesenne KOMPOU3BENEHNsS ABYX OOBEKTOB B TTPOM3BOIBHON KaTero-
puu nauo B [30, c.66].
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3aMKHYyTble KOHEYHO MOPOoKAEHHBIe C'°-KoubIia. [losoxum
Ty : C*°(R") — R[[z1, ..., xy]] — oTOOpazKenue, conocrapisioniee
ka0l rmagkoit dymkimuu [ : IR® — IR eé pasnoxkenue B psif
Teiinopa B uyne, T.e. f — > 2D f(0) — paz Teiinopa B z = 0.

«

Amnanoruuno onpejesum 1 orobpazkenue T}, CONOCTABIAIONIEE
dbynxkmpm f € C°(IR") eé pasnoxkenne B psn Tefinopa B Touke
z € R™.

Onpenesenne A.14. C*-konpuo A suma C°(IR")/I nasbl-
BaeTCHd 3AMEHYMbM, eciu aus joboil Gyakuuu [ € C*(IR")
BBINOJIHACTCS CJICIYIONIEE YTBEPKJICHUE:

Ve e Z(I) T.(f) € T.(I) = f e,
snech Z(I) = nN{f~1(0) | f € I}.
Germ-onpeleéHHbIe KOHEYHO MOPOXKAEHHbIe C°°-KOoJIbIIa.

Onpenesienne A.15. C*-kompuo A suma C*°(IR")/I nazw-
BAETCS germ-onpedesénnoim KoAbYOM, €CITI

VeeZ(I) flz€llz=f€l,
st moboit f € C°(IR™).

Baeco mox  f|, wunonumaem obpaz f B CP(IR") ~
C"’O(]Rn)/m‘?m}, rie m?w} ={f:R" >R |V, fly, =0}

3aMKHYTBIE U (erm-ONpeaeEHHbIE KOJIbIA ABJIAIOTCS MOIKA-
teropusmu kareropuu C.

A.6.2. Tmaakmnii Tomoc

Bwmecro xareropun C paccMoTpuM JIBONCTBEHHYIO K HEll kame2o-
puto aokycos L. 3uaaur, L = CP.

Eciu A — o6bekr kareropuu C, T0 0ObEKT JIBONCTBEHHON KaTe-
ropun L obo3uaunm kak {A. Takum obpasom, 00bexT LA, nmenye-
MBIt 40Ky com, corocrasier C-kombiry A = C*°(IR")/I. Beogum
crenyioiiee obozHadernue: LA = (C>°(IR™)/I.
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Takke BMeCTO KaTeropuii 3aMKHYTHIX U Zerm-Onpeae e HHbIX
KOJIEI] BBOJSTCS JBOMCTBEHHBIE K HUM KATErOpUU, 0003HATAEMbIE
F u G coorBercrBenno. st HUX BEPHO CJIEAYIOIIEE BKIIOYEHUE:

GCFCL

Orpunarensubim GhakToM siBisiercss 10, uto G, F, L ne nmeror
BCeX OOBEKTOB CTEIEHM, T.€. 00bEKTOB BHUIA, CA'B. Opnnako cyrie-
CTBYIOT TIOIPY2KEHUsI, KOTOPbIE HA3BIBAIOT G.a00ceHuem Honedol,

y: L — SetsLop,

y:G — G =Sets®”",
y:F— F= Sets™”

B KATErOPWH, SIBJISIOIMNECS TOMOCAMM.
Baoxenne Moneasr comocTapisier Kax) oMy o0bekTy £ A kare-
ropuu L hom-dyukrop Homy,(—,LA), r.e.

y(LA) = Homy,(—,LA).
Cooreercrsenno, m1isg G u F umeem:
y(lA) = Homg(—,tA) n y(lA) = Homp(—,lA).
st moboro oobekTa [ B u3 kareropun G
Homg(¢{B,tA) C Homg({B,lA) C Homy({B,lA),

no3TOMY OyZieM PacCMATPUBATH TOJBKO TOTIOC Sets™”, Tak xax
BCE TIOJIyY€HHBIE HAMU TOJIOKHUTEIHHBIE PE3yJIbTaThl OYIyT aBTO-
MaTHYIECKH MePeHOCUThCT Ha G n F.

Taxum obpazom, posib Kobia R B Mozenn Sets™” Oyzner ur-
parb hom-dyuxrop Homp(—,C*°(IR)). Herpymuo nposeputs,
UTO TO KOJILIO HE JIOKATIbHOE (CM. [262]).

Opnako orpanwmdenne 31oro hom-dgyHkropa Ha Kareropusx G
u F maer HaMm KOJIbIIa, Y/IOBIETBOPSIONINE aKCHOME JIOKAJIHHOCTH.
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A.6.3. O6bekThl TOnmoca Sets'”

Paccymorpum erie HeKOTOPBIE OCHOBHBIE OOBEKTHI, MOHITHS 1 (PaK-
L°P
ThL TVIQJIKOIO aHAIu3a B Mojenn Sets™ .

F/Ladmm npAMaA UAU 2/Lad7~sue GEWLECTNBEHHDBLE YUCAA:
R = (C®(IR),
a TaKXKe
R™ = (C>(R").

Touka'®:

1= (C%(R)/(x).

Hnpunumosumanv, 1-20 nopadka:
D =/(C>®(R)/(z*) = {x € R:2* =0}.
Hnpunumosumanoe:
A = (C™(R)/(mly,),
rae mf{]O} — ugean GYHKIWI, UMEONIINX HYJIeBO# pocTOK B 0.

Torna, nomoxus (A = (C*°(IR")/I, noxyaum:

1) undunuroszumanom 1-ro nopsizika d (smement u3z D) B cra-

mun (A masesaerca xmace d(a)mod I, takoit, uto d? € I, rae
de C*(R"),aecR™

2) undunnTozuMaiom k-ro nopsaka 0 (ssement uz D) B cTa-
mum (A maspiBaerca kmace d(a)mod I, Takoit, ato 6¥t! € I, rae
e C*(R"),ac R

3) undurnTozMManoM § (T.e. smementom A) B craanu (A Ha-
3biBaeTcd kiace 0(a)mod I, Takoil, 9To Jjid KaxKI0ro ¢ € mf{’o} C

C=(R), po s € I

10Yepes (f1, ..., fr,) obosmawaercs umean xombma C(IR™), mopork8HHbIH

dysrmpamu  fi1,..., fr € C°(IR"™), re. umeomuil Bui Zle gifi, TOe
g1,y gk € C°(IR™) — npousBosIbHBIE TaAAKHE DYyHKIUH.
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4) nmeficTBUTENBHBIM 4HCIOM x (dmeMeHTOM R) B craamu
(A maspBaercda Kiacc sxBusasentHocru z(a)mod I, rme © €
C*(R"), a€R"

5) TOJIOXKHUTEILHBIM YHCJIOM p B crazun (A Ha3bIBaeTCs KIace
p(a)mod I, Takoit, aro mma mekoroporo g € C*(R"), g(a) -
x>o(p(a)) — 1 € I. (Buech x>0 — Xxapakrepucruyeckas QyHKIUs
g {x € R:x > 0});

6) dbynkumeii f : R — R B craguun {A Ha3bIBaeTCS KJIACC
F(z,a)mod 7*(I), rme F' € C*°(IR x R") u 7w — mpoeknust IR X
R" — R", 7*(I) — uneas, nopoxkaéunpiii {gow | g € I}.

Cnenosarensno, dynknua f(z) € R mpencrasnserca npu
unrenperauun Gynkuuein F(— a) € RE, rnaako 3aBucameit or
napamerpa a € IR";

7) dbyskuus f : [a,] — R B cragum (A — 310 Kiacc
F(z,a)mod (mf] 5. 1), rne mg 5 ={g: R - R | g(x) =0, z €
o, 81}

8) snauennem Gyuknuu f € R 5 uncne v € R B craaun (A
HasbiBaercs Kiaace F(x(a),a)mod I, rne F(x,a)mod 7*(I) — un-
reprperarys Gyukiyn f u x(a)mod I — uHTEpIpETANMS YUCIIA T;

9) npoussopnoii dyukuuu f : R — R B craguum (A =
LC*>°(IR™)/I na3piBaeTCs KJIACC

OF (z,a)

o mod 7*(I),
rae F(x,a)mod 7*(I) — narepnperanust Gyuxnun f [262, p.82].

Takum obpaszom, paBeHCTBO

f+d) = f(z)+ f(z)d

B KJlaccuveckoii narenperannn B cragnn LA = (C°(IR"™)/I nmeer

BU,
F(z(a) + d(a),a) = [F(z(a),a)+

182 (() )d2(>

Td(a) 2' a A mod I =
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OF (z(a),a)
Oox

3aech Mbl yuimu, uto d € D npencrasiserca dbyukuueii d(a), Ta-
Koii, aro d?(a) € I u nyHkr 8);

= |F(z(a),a) + d(a)| mod 1.

10) ompenenennbiv maTErpasom byakmun [ : [, 5] — R Ha
orpeske [a, 8] B cragnm LA = (C°(IR™)/I na3wiBaeTcst Kiace

B
/F(x,a) dz mod (m[; 4,1),

«

rae F(z,a)mod (mf7 5, 1(a)) — narepnperanus dynxium f.
Toraa jerko 3aMeTuThb, 9T0 ecu f, g : R — R, y1oBiIeTBOPAIOT
cBoiicTtBy f' = g, TO

£(t) = £(0) + / o(s) ds.

11) Hyzesoit snement kosibia B craguu A — sro 0 mod I, a
emuHnna Koabua B craanu YA — 3ro 1 mod 1.

12) ®yukmun e®, sin(z), cos(z) — 3TO KOHCTAHTHI O0b-
ekta R (a mounee, Homy,(—, (C®(R)"“™ ™) ~ Homy (- x
(C*(IR),(C*(IR))), mosTomy mHa cragum (A OHM WHTEPTPETHDY-
IOTCSI CJIEIYIONTAM O0Pa30M:

e’ = e"mod 7" (I),

sin(z) = sin(x)mod 7* (1),
cos(z) = cos(z)mod 7*(I).

Bepubr dhopmyibt

exp(z) >0, exp =exp, exp(0)=1.



SaKJII0YeHue

MaTepuio Kazkablff BUAMT meper cob6oii,
cojZiepKaHue HaXOJUT JIUIIb TOT, KTO UMe-
eT Kakoe-HUOYyIb [1eJ10 [0 Hero, a ¢gpopma
SIBJIAETCS TAMHOM 11 OOJIBIINHCTBA.

Tére, [28, c.155]

Kakoe 6b1 onmcanmne ¢pusndeckoit Peanbrocrn Bol mHe Hamm
Obl B KHUTAX, BCEIIA y¥ COBPEMEHHOTO (hU3WKA BO3SHUKAET TyBCTBO
HEY/IOBJIETBOPEHHOCTH TPOYUTAHHBIM. UeI0BEeK HAIleil uCTopmde-
CKOI1 3110X" BechMa obpa3oBaH; Buemnuit Mup, KOTOpbIil eMy m10-
CTYIIEH, HAIIOJIHEH MHOXKECTBOM pPa3AuywHur Bernei. IIbirascey mo-
HSTh WX Da3/IMdue, UCCJIEIOBATEh BHIMYCKAET HA BOJIIO JAHHBIN
9eJI0OBEKY M3HAYAJIBHO IyX TpoTuBOpedns. Jlyx mporuBopeuns He
Ma€T yMy COIVIACUTHCS C 4eM-Iub0 Oe3 TeHW COMHEHUS.

JItoau KazKI0it MCTOPUIECKOM SMOXH MPEICTABILIOT BHerHmii
Mup mo-cBOoeMy, U TOBOIBHBI 3TUM MPEICTABIEHUEM TAJIEKO He BCe
U He BCET/a.

Byap Bce ucropwdeckue 3moxu momOOHBIMA JAPYT JAPYLY, TO
He ObwIO Obl AMHAMHUYECKU PA3BUBAIOIINXCH HCTOPUYECKHUX I10-
craemoBarenbrocTed. VI duem GOJIbINE PA3IMYIHBIX HCTOPUYECKUX
3TOX, TeM OOJIbITIE PA3IUIHBIX MUCTOPUIECKUX IMOCJIEI0BATETHHO-
cTeil, T.e. MapaJlIeIbHBIX BCEJEHHBIX-PeabHOCTel. Pa3auune wmc-
TOPUYECKHUX SI0X ODYCIABINBAET MHOTOBAPMAHTHOCTH PeasbHo-
CTH, MHOYKECTBEHHOCTb MHUPOB-BCEJIEHHBIX B eiuHOM DBreminem
Mupe.

YesioBek, CO3HAHNE, YCTPAHEHBI U3 Kilaccndeckoit pusuku. [1o-
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sromy Héuro, ocTaBmmces B oquHOYeCTBe, omeepdesaem!!, cramo-

BSICH mamepued, 13 KOTopoi co3man Bremuuit Mup, cymectBys
B HEM, He HYXKJAsICh B CYNIECTBOBAHUN JTyXa-CO3HAHUSI.

Bosspamienune co3nanus B (Hu3MKy HAYAIOCH C MOMEHTa,
OCMBICJTIEHUsST CY?KJEHUH, BBIABJICHHBIX B KBAHTOBOW MEXaHW-
ke. Hemesépdocms nyxa-co3HAHUS 3aCTABIsIeT YCOMHUTHCS B
TBépaocTH Marepuu. Ho B TakoMm ciaydae B 9€éM pa3indne MexK-
JIy TeM, U3 4Yero «CAeJIaHA» MATEPHUs, U TEM, U3 Yero «CIEJIAHO»
cozuanmne? Mex /1y siBbIO U CHOM?

YenoBedyeckoe cO3HaHWE, TOYHEE, MHOYKECTBO WHIWBUIYAJIb-
HBIX CO3HAHMUM, Oco3HaBast KOM@POpPTHOCTHL BHemrero Mupa, MeHs-
10T ero cojepakanue. V1 370 NPOUCXOAUT HE TOJBKO HOCPEICTBOM
MAaTEPUAIHHON JeATEJIHbHOCTH Y€JI0BEYEeCTBA, HO M IOCPEICTBOM
KBAHTOBOH KOppENAInu cocTaBagiommx Buermunit Mup momcn-
CTeM, OJHA UX KOTOPBIX — ujaen-paHTa3uu JIOAEH, a Ipyras — Ma-
tepuasbHad llpupoza.

Ho mox#O mbrtatbes ndaMmenats u dopmy Buerraero Mupa. 1 8
TOM MUCTOPUYECKON III0XE, IJ/I€e PACKPHLIN €€ TaiiHy, JII0/I1 Paccesis-
I0TCS IO Beelt BeeleHHoit 1 coBepiaioT MyTEIeCTBUS BO BpPEMEHH,
kak B IIpomioe, Tak m B Byaymiee, Kak BO CHe, Tak W HAsBY.

1 Crena TBepsa, uepe3 Heé He IpORIENIL, TPAMBAH TBEPI, HE OTCTYIIHIITH —
3apexeT, 1 T.A. 11 370 BCE cOOpaHO W3 aTOMOB, KOTOPBIE TaK JaJeKH APYT OT
Apyra, 9T0 (PAKTUIECKH U CTEHA, X TPAMBAH CyTb IIyCTOTA.



Oxonuen mpa3aHuk. B 3ToM npejcraBieHbe
Akrepamu, ckasan s, ObLIN AyXH.

U B BO3myx€, U B BO3yX€e MPO3PATHOM,
CeepmmuB CBO# TPy, PACTASIIN OHU. —
Bor tak, momobuo mpu3pakam 6e3 miIoTH,
Korna-unbyab pacraior, CJIOBHO JIbIM,

U tygamu yBeHIaHHBIE TOPBHI,

W ropaenuBbie ABOPIBI U XPAMBI,

1 nmasxe Bech — 0 Ja, BeCh 1Map 3eMHOIL.
1 xak oT 3TuxX OecTeeCHbIX MacoK,

Ot HUX HE COXPAHUTCH U CJIEIA.

MbI co3maHbl U3 BEIECTBA TOTO JKe,

Yro nammu cabl. I cHOM OKpy:KeHa

BCH Hallla MaJlIEHbKad 2KU3Hb.

V. llekcnup «Byps»



Jluteparypa

(1]

Anexcannpos A.J[. 3ameuanue 0 IpaBMIAX KOMMYTAIUH U yPABHEHIH
IIpeaunrepa // Hoknaxer AH CCCP. 1934. T4, 4. C.198-202.

Anekcangpos A.Jl. O nmapagokce DiiHmTeiHA B KBAHTOBOH MexaHuke //
JToxknaaet AH CCCP. 1952, T.84, 2. C.253-256.

Anekcangpos A.JI. O cumbicine BonuoBoil (ymknum // Hoknager AH
CCCP. 1952. T.85, 2. C.291-294.

Anekcangpos A./l. CBA3p M LPUYMHHOCTH B KBAaHTOBOH obsactm / B
xH.: CoBpeMeHHBIH geTepMUHN3M. 3aKOHBI Tpupogsl. M.: Mbicas, 1973.
C.335-363.

Ammes B.I'., Bragumupos }0.C. Ypasuenus Ditnmreiina Kak KHHEMATH-
4eCKHM MHBApHAHTHBIE YDaBHEHUsS Ie0JIe3NIECKUX B CYNEPIPOCTPAHCTBE.
IIpenpunt NT®-74-7. — Kues: uzg-so UT®, 1974.

Anzapeesa O. Heckonbko cinoB Ha a3bike Beemennoit // Pycckuii penop-
Tep. 2010. Ampesns 8-15.

Apnosurt P., Tusep C., Musuep K.B. /lunaMmuka obuieif TeOpHU OTHO-
curesnbHOCTH // DiHmrelinoBckuii c6opuuk. 1967. — M.: Hayka, 1976.
C.233-286.

Bapruru P.O. HekoTopsie COOTHOIIEHNS MEXKAY (PU3UIECKUME KOHCTAH-
Tamu // Hokaagst AH CCCP. 1965. T.163, 4. C.861-864. — Pexum zo-
cryna: URL: http://www.univer.omsk.su/omsk/Sci/Bartini/s2.htm.

Baprunu P.O. Crareu mo dusuke u dunocobun / Cocrasurens A.H.
Macnos. — M.: «Camoobpazosauues, 2009. — 224 c.

Beiircorn I'. Pazym u npupoma. — M.: Kamxkasiit gom «JINBPOKOM>»,
2009.

Bépke V. IlpocTpancTBO-BpeMsi, TeoMeTpusi, KocMmojorus. — M.: Mup,
1985.

Buwm k., Opaux II. ['mobanapHasa JjopenneBa reomerpusa. — M.: Mup,
1985.

406



JINTEPATYPA 407

Bopucos I0.®. dxcnepuMenTaaIbHOe 0OOOCHOBAHHE TEOPUM OTHOCHTEJb-
HOCTH, HJeaju3M, NO3UTHBH3M H Marepmamm3m // Maremarngeckue
CTPYKTYDPBI U Monenupoanue. 2012. Brin.25. C.63-65.

Bpenon I'. Beenenue B Teopuio KOMIAKTHBIX TPYII IIpe0bpa3oBaHUii. —
M.: Hayka, 1980.

Bpuns /., Yunep [x. Hoseitmmue npobsiemst rpasuranmm. — M.: WJI,
1961.

Bepnazgckuit B.U.. Hayunas MbIcab Kak miaHeTHoe ssiaenue. M.: Hayka.
1991.

Burrenmreiin JI. Jloruko-dunocobcekuii rpakrar / C6.: Pumocodcrue
paborsl. Hacte 1.— M.: 'mozuc, 1994.

Baagumupos 10.C. Cucremsl oTcueTa B Teopuu rpasuranuu. — M.: Duep-
rouzgart, 1982.

Baamumupos 10.C. PazmepHOCTh DU3HIECKOr0 MPOCTPAHCTBA-BPEMEHN
u obbeauHeHue B3auMogelicTeuit. — M.: MI'Y, 1987.

Beitns I'. OrHocuTensHOCTs [/ DiiHIITeRHOBCKUA cGopHUK. 1978-1979. —
M.: Hayka, 1983. — 390 c. — C.92-108.

Baacos IO.II. IIpumenenwe kaHOHHYECKOro ¢OpMaIn3Ma ApPHOBHTA-
Jezepa-MusHepa K TOYHBIM BOJIHOBBIM perrerusM A. Ilepeca, mpenpuaT
nn-ta Teop. dhuzuku AH YCCP, UTD-71-48P. Kues, 1971.

Bopob6ses O.10. Denrosnorusi. — Kpacuosipck: Uzn-so COY, 2007.

Tafinenko I1.11. [IpoGsiema Bpemenn y KaHra: BpeMsi KakK alpuOpHast
dopmMa IYyBCTBEHHOCTH ¥ BHEBPEMEHHOCTH Belnei B cebe.
URL: http://www.chronos.msu.ru/RREPORTS /gaidenko_ problema.htm

Tayxman M.X. Anre6pa curumaryp. — M., 2004. — 816 c.

Teitzenbepr B. U36pannsle dunocodbckre padborsl. — CI16.: Hayka, 2006.
Teiituur A. Uaryunuonusm. — M.: Mup, 1965.

I'éte 1.-B. U36pannsie punocodckue npoussenenus. — M.: Hayka, 1964.

I'ére U.-B. N36pannbie cCOYMHEHUs 110 ecTecTBO3HaHWiO. — M.: M31-BO
AH CCCP, 1957.

Tomono6osa A.C., Kpeuer B.I'., Jlanmuunckuit B.I'. Teopusi oTHOCUTEH-
HocTH u rpasuranusa. — M.: Hayxka, 1976.

Tonpaonart P. Tonocer. — M.: Mup, 1983.
TI'pun b. Tkanb xkocmoca. — M.: Kuamxkusiit gom «/IMBPOKOM>», 2011.

Tyccepnb 9. @eroMeHOIOrHS BHYTpeHHEro co3Hanus Bpemenu | Cobpa-
aue counHenuit. T. 1. M.: «['HO3mC», 1994.

Ty AK. O rpaBuranmonnom anasore apdexra 3eemana // U3Bectus
By30B. Pusuka. 1973. 9. C.30-33.



JINTEPATYPA

[46]

[47]

48]

[49]

Ty A.K. O BpeMeHHIIOJOOHBIX 3AMKHYTHIX TJIAJKUX KPHUBBHIX B 0bmIeit
Teopun oTHOCUTENbHOCTH // W3BecTus By30B. ®usuka. 1973. 9. C.33-36.

'y A.K. K npobieme onpegesieHus rpaBUTAHOHHO-HHEPIIHAILHOIO U3-
ayuaenust / Pen. xypH. «3Bectus By3os. Pusnkay. Tomck, 1974. Tem.
B BUHUTU Per. 3225-74.

Ty AK. O BHemmHeM CKaJSIPHOM TIOJie YEePHON JBIPHI B TETPAI-
HOH Teopmu rpaBuranmm // Marepuanbl TpeTheH OTYETHOH HAydHO-
npakTrdecKoll KoHdepenmuun OMckoro ynupepcuTera. Owmck: OmI'Y,
1977. C.60-61.

Ty A.K. Hosoe pemenne ypassenuit Ditunrreitna-Iupaka // 3secTus
By30B. ®u3uka. 1979. 8. C.91-95.

Tyn A.K. 3ameuanue k npobueme lempmronsuna-JIn // Jokm. AH CCCP.
1979. T.249, 4. C.780-783.

Tyn A.K. Tonomormueckas cTpykTypa Bcemenroi Iemesrs // 3BecTus
By30B. @u3uka. 1980. 6. C.109-110.

Tyn AK. Xapakrepusalys 5J€MEHTApHBIX JIBYMEDHBIX reomMeTpuii //
Cub. mar. k. 1981. T.22, 6. C.54-64.

Ty A.K. V3meHenune TOmooruu Gpu3ndeckoro IpOCTPAHCTBA B 3AMKHY-
TOM Beesennodt // MsBectus By30B. @usuka. 1982. 5. C. 23-26.

Tyn A.K. Kocuuueckuii xopabnb, paspymaromuii npoctpancreo? //
Texanka mosogexxku. 1983, 11. C.14-16.

Tyn A.K. Hapymenne cBs3roctu ¢usngeckoro npocrparcrea // Usse-
ctus By30B. Pusmka. 1983. 8. C. 3-6.

Ty A.K. BaanmoeiicTBue II0CKOH IPABATAIIMOHHOM BOJIHBI CO CKAJISIP-
ubiM noieM // Wssectus By3os. @usuka. 1983. 1. C.46-49.

Ty A. K. BoccranoBienme cuMMeTpuil MPOCTPAHCTBA IIPH TOIOJIOTHYIE-
ckux nepectpoiikax // Tesucel noknanos 6 CoBeTCKON rpaBUTALIMOHHON
KoHpepernuu. M.: U3-so YIH um. IL.JIymym6s1, 1984. C.87-88.

Ty AK., ®umknna I'B. Junavmura cummerpuii (DH3UIECKOTO IPO-
CTPAHCTBA U TEOPHUS SKBUBAPHUAHTHBIX Gopau3MoB // V3BecTus By30B.
Dusuka. 1988. 10. C.76-79.

I'ym A.K. Xponoreomerpus u 3x3oruteckue IR // Beecorosnas xonde-
PEHIHUsI IO TEOMETPHHU «B IesioMy. Te3ucel moxkaanos. Hosocubupck: UM
CO AH CCCP, 1987. C.36.

Tyn AK. Dksoruueckue IR* B Teopuum rpasmramum / C6.: T'pasuTta-
mus u pyHJAMEHTaAbHbe B3aumogehcreus. — M.: U3-Bo YIH wuwm.
IL.JIymym6s1, 1988. C.64-65.

Ty A.K. TeopeTuko-TOMOCHBIH HTOAXOM K OCHOBAHUSAM TEOPHH OTHOCH-
rensrocTr // Jokm. AH CCCP. 1991. T.318, 6. C.1294-1297.



JINTEPATYPA 409

[50]

[60]

[61]

[62]

[63]

Ty AK. DK30TH4YeCKHEe IepeMEIeHnsl B IPOCTpaHcTBe-peMenu // Jlo-
GageBckuiil u coBpeMeHHas reomerpust /| MexxayrapoaHas koudepernus
K 200-smetuio co nusa poxiaenus H.M.JlobaueBckoro. Te3ucwl g0Ka1a10B.
— Kazanb, KI'Y, 1992. 9.2. C.23-24.

Ty A K. Mamuna BpeMeH¥, KDOTOBbIE HOPBL M 9K30THYECKHUE TJIAKUE
crpykTypst. — Jen. B BUHIUTH (1992), 2267-B92. — 39 c.

Ty A.K. YpaBHeHUe CKAJISIPHOTO OIS B TETPATHON TEOPUH IPDABUTAITHHN
// Yaenmniit coBer mar. dax. OMI'Y. — [en. B BUHUTU 02.12.92, 3426-
B92. 12 c.

Guts A.K. The process of creation of wormholes in space-time // Teo-
peTudecKue U SKCIEPHMEHTAIbHbIe IPOGIeMEl TPABUTAINY. Te3UCH 10-
Kj1a10B. 8- Poccufickas rpasuTanmnonnas kKoudepenuus. Mocksa: PTA.
1993. C.168.

Ty A K., Temugos B.B. [IpocTtpancTBo-Bpems kak Tomoc I'porenanka
// 8-a Poccuiickas rpaBuTanuoHHas KoHdepeHiusa. Te3nucs 0KIag0B.
Mocksa: PT'A. 1993. C.40.

Tyn A.K. Muoromepras rpaguranus u kiaacc Logbuitona - Bes // Mex-
JyHApO[HAasl IIKOJIa-CeMUHAD <«MHOrOMepHad rpaBUTAIMs U KOCMOJIO-
rusy. Te3ucsl qokaaaoB. Apocaasan: ATTTY. 1994. C.13.

Ty A.K. MHoromepHas rpaBuTanus ¥ MaliuHa Bpemenn // 3Bectust
By3oB. @usuka. 1996. 2. C.14-19.

Ty A.K. Mamuua BpeMeHr KaK pe3yJbTaT CBEPTHIBAHUS TPOCTPAHCTBA-
BpeMeHu B npyxuHy // Teoperndeckue m 9KCIEPHMEHTAIBHBIE TPOOIIE-
MBI rpaBuTanuu. Te3ucs AokKJganoB 9-if Poccuiickoifl rpaBHTAIIMOHHON
xoudepenruu. Yacrs 1. Hosropog, 24-30 urousa 1996 r. M., 1996.

Ty A.K. JlokanpHasa npobuema exsmroasna-Jlu // Maremarudeckue
CIPYKTYpPEL U Mogenuposanue. 1998. Brmm.2. C.30-33.

Ty AK., 3Barunmnes A.A. VHTYUIMOHUCTCKAS JIOTHKA W CUTHATYpPA
npocrpancTBa-spemennu // Jlornka m npuiaorkeHms. MeKIyHAPOX. KOH-
depennus, mocsamnt. 60-meruro FO.JI. EpmoBa. Te3ucs! goknamgos. Hoso-
cubupck: u-1 nuckper. mar-ku u nadopmaruxn, 2000. C.38-39.

Ty AK. MuorosnaduHas JIOTHKa W MHOTOBApUAHTHBIA Mup // Jlo-
rUKa W TPUIOKeHusi. MexkayHapoa. KOoH(epeHius, nocssi. 60-jgeTuro
FO.JI.EpmoBa. Te3ucwl moknamgos. HoBocubupck: WH-T guckper. MaT-Ku
u uadopmaruku, 2000. C.36-37.

Ty AK., Jlantes A.A., Kopobunsin B.B., ITayrosa JI.A., ®pomosa
FO.B. MaremaTndeckue MOEJIN CONMAJBHBIX cucTeM: Y 4ebHoe mocobue.
— Owmck: OMI™Y, 2000. — 256 c.

Tyn A.K. M=uorosapuantHass wucropus Poccum. —  M./CIIG.:
ACT/Ionuron, 2001.

Ty A.K. Croxacrruieckue CBOMCTBAa BpeMeHHU U IpocTpascTsa // Mare-
MaTH4YeCKUe CTPYKTYps U Mogenuposanue. 2001. Bem.7. C.94-103.



410 JINTEPATYPA

[64] Tyu A.K., To6perko M.A. [lepudnbie cTpyKTypsl oTHOmeHu#t Kymako-
Ba B MHKPOYKOHOMEKE // MareMarnmdeckue CTPYKTYPEL H MOAEIHPOBa-
aue. 2003. Brim.11. C.88-96.

[65] T'ym A.K., To6perko M.A. MaKpOSKOHOMUIECKHE IEPBUIHBIE CTPYKTY-
pot otHomenu#t Kynakosa // MaremaTuueckue CTpyKTYPBL U MOJEIUPO-
Baune. 2003. Buim.12. C.130-133.

[66] T'ym A.K. Daementsr Teopun Bpemern. — Omck: Mzparenscreo Hacmenne.
Huamnor-Cubups, 2004. — 364 c.

[67] Tym A.K., Enxuna O.C. Onucanue paBHOBecHit HA PHIHKE TPY/Ia C TOMO-
mpio crpykTyp Kymnakosa-Muxaiinmngenko // Martemarudeckue CTpyK-
Typel u Mogenuposanue. 2005. Berm.15. C.112-115.

[68] I'yy A.K., ITasemesa E.B. Mamunna BpeMeHH, Pa3pbIBEL IPOCTPAHCTBA
u 4-mepHBIe KpOTOBBIe HOPHI // BectHuk KpacHOSIPCKOro rocyaapcrBeH-
"HOro yuuBepcutera. 2005. .7. C.138-142.

[69] Tyu A.K. Ypapuenus jyis GU3NIECKUX [10JI€il 1 BpEMEHH B MYJIBTUBEDPCE
// Maremarmaeckue cTpyKrypsl u Mogenuposanue. 2006. Bein.16. C.51-
55.

[70] Tyn A.K. KBauToBOE pOKAeHHE (DU3NIECKOH PEAJBHOCTH B MATEMATH-
4eCcKOe ONHCaHne 0co3HaHus // MareMaTnyecKue CTPYKTYDBL U MOJEJIH-
poeanme. 2007. Bri.17. C.47-52.

[71] Tym A.K. Xpororeomerpus. — Omck: OO0 «Yrullak», 2008. 340 c.

[72] Tyn A.K. OcuoBsl kBanTOBOU KubGepHeTnku. — OMck: Ionurpaduaeckuii
merntp KAH, 2008. — 204 c.

[73] Tyn A.K. ®opmysnsr tuna l'aycca-Borne-epHa As ICEBAOPUMAHOBBIX 1
PUMAaHOBBIX MHOroo6pasuit u ¢popmysna Xupnebpyxa // Maremarudeckue
CTPYKTYpHI U Mozenupoanue. 2009. Bouim.20. C.12-26.

[74] Tyu A.K. Crnocob pacuera CKa4KOB SHEPIHH NP U3MEHEHUH PasMepHO-
CTH NPOCTPAHCTBA U BPEMEHN // MaTtemaTugyeckue CTPYKTYPBI U MOZe-
nuposanwue. 2009. Beim.19. C.78-84.

[75] T'yn A.K. Jloruka, mysnbrusepc u anturpasuranus // C6. Tesucos Mex-
nyHapoAHoit KoHdepeHInu «CoBpeMeHHbIe TPOOIeMbl TPABUTAITUH, KOC-
MOJIOTHH U penaTEBHCTCKOM acrpodm3uku RUDN-10». — M.: PYIH,
2010. — C.70-71.

[76] Tyn A.K. Cro ner abcomtorHoro Mupa cobbituii Munkosckoro / Ilo-
HMCK MAaTEMATHIECKUX 3aKOHOMEpHOCTeH Muposgauus. Pusmdeckue uien,
noaxonsl, KoHnenuun / (mox. pes. M. M. Jlaspertsesa, B. H. Camoiino-
Ba. — HoBocubupck: Akanemudeckoe m3n-so «[eos, 2010. (M36pannsie
Tpyasl VII Cubupckoil MexIUCIUIIMHAPHONW KOH(pEpeHIu:u o MaTe-
MaTHIeCKUM mpobyieMaM QU3NKH TPOCTPAHCTBA-BPEMEHH CIIOKHBIX CH-
creM, nocBamenHo# 100-meruio mokmaga I Munakosckoro «IIpocrpan-
ctBo u Bpemsy (DIIB-2008), Hosocubupck, 21-24 cenrsabpa 2008 r.;
Bour.7). C.13-45.



JINTEPATYPA 411

[77]

[78]

[79]

Ty A.K. Qaementsr Teopun Bpemenu. — M.: Uzgarenscto JIKU, 2011.
- 376 c.

Ty A.K. Meradusuka Bpemernu u 3serrosorust // Tp. X Mexgyrapos-
HOM KOHMEpeHUN MO0 PUHAHCOBO-aKTYAPHOH MATEMATUKE U IBEHTOKOH-
Beprennuu texuosoruit. Kpacrosapck: KI'TOU/COY, 2011. C.121-126.

Ty A.K. Meradusuka Bpemenn u peanbuoctu / C6.: «Meradusuka.
Bex XXIs. Boim4. — M.: Usn-Bo «<BITHOM. Jlaboparopust 3nanunity,
2011. — C.255-274.

Ty A.K. Muorosapuantuas BcesenHas U TeOpHs HCTOPHUIECKHUX IIO-
crepoBarensHOCTeR // MareMarndecKue CTPYKTYPBL U MOAEIUPOBAHUE.
2012. Beim.25. C.70-80.

Ty A.K. AHTHTDABATAIIUS B KJIACCHYIECKOH W MHTYMIIMOHUCTCKONR TEO-
pusix rpasuranun // Bectank Omckoro yrmsepcmrera. 2012, 2. C.83-87.

T'yu A.K. Akcuomaruku A.JI.AJleKCaHIPOBA [1Jisi KBAHTOBOW MEXaHUKY 1
Teopuu oTHOCHTEabHOCTH // BecTHrK HOBOCHOMPCKOrO rocyapCTBEHHO-
ro yuusepcurera. Cepus: MaTeMaTHKa, MEXaHUKA, nHpopmaruka. 2012.
T.12, Bemr.3. C.19-30.

He Pam 2K. Juddepennupyembie MHOTOOOpa3usa. — M.: UJI, 1956.

Hoita . Crpyrrypa peassnoctu. — Mxkesck: HUIL «Perynsipnast u xa-
oTrYeckas AmHaAMUKay, 2001.

Jy6posun B.A., Houkos C.I1. CoBpemennas reomerpus. — M.: Hayka,
1979.

Eranosa M.A. Ananutudeckuii 0630p uje U 3KCIEPUMEHTOB COBPEMEH-
no#t xpororeomerpuu // den. 8 BUHUTU. 1984. 6423-84.

Eranosa I1.A. Ilpupoga npocrpancrsa-spemenu. — HoBocubupck: U3 a-80
CO PAH. ®unmman «<I'EO», 2005. — 272 c.

Eropos A.Jl., Eropos U./I. ®eHoMeH BO3HUKHOBeHUsI. OT peasbHOCTH K
cumeicay. — M.: I3a-Bo dus.-mat. sut-per, 2009.

Upannnkas O.I. O606mennsie npeobpazosanns JlopeHna u ux mpume-
Henud. — Munck: «Hayka u TexHukar, 1969.

WUudensy JI., llnebansckuit E. /Ipmxenne n penarusmsm. — M.: WJI,
1962.

HNocudbsau A.I'. Bonpochl eIMHOK TEOPUH 3J1E€KTPOMArHUTHOI'O U I'DaBU-
TAIMOHHO-UHEPIUAJIBbHBIX HoJe#. — Epesan, 1959.

3axapoe B./I. 'paBuTannOHHbBIE BOJIHBI B TEOPUM TATOTEHUS DUHIITEHHA.
— M.: Hayka, 1972.

3enpgosuu A.B. Amanor sdderra BeemaHa B paBUTAIMOHHOM IIOJIE
Bpamaromeiica 3se3ant // [ncema B 2KOT®. 1965. T.1. Bemr.3. C.40-43.

3eappoud f.B., HosuxkoB U./1. Teopus TATOoTeHUs U SBOJIIONHS 3BE3/I.
— M., Hayka, 1971.



412 JINTEPATYPA

[95] Beabposuu £.B., HoBukos U./1. CTpoeHue u 9BOIONHUS BCETEHHON. — M.:
Hayxa, 1975.

[96] 3empmamos A.JI. Xpomomerpmueckme HHBapmaHTBL. — New Mexico:
American Research Press, 2006.

[97] *Kyxosckuit B.Y., Kpesunuk B./1., Cemenos M.B., Tepuos A.W. KsanTo-
BoIe 3(pexTs B Me30ckonudeckux cucremax. 1.I. Ksanrosoe Tynuemn-
pOBaHHE ¢ guccumnanuei: Ydyebuoe nocobue. — M.: OPusndeckuil dakyib-
Ter MI'Y, 2002. — 108 c.

[98] Kamke . Cnpasounuk mo 0ObIKHOBEHHBIM gudepeHnuantbHEIM yPaB-
"eruaM. — M.: Hayka, 1976.

[99] Kant U. Kpuruka gucroro pazyma. — CII6.: Uza-so «Taym-ayrs», 1993.

[100] Kaur W. O ¢popme u NPHHIUNAX YYBCTBEHHO BOCIPHHUMAEMOrO U yMO-
nocruraeMoro mupa / Meradusnaeckne HaIa1a €CTECTBOZHAHUA. — M.:
Meicap, 1999. CII6.: I31-B0 «Taym-ayTy, 1993.

[101] Kant U. Mbicau 06 ucTuHHOI oleHKe Kubblx cui (1746 r.).

[102] Kanpa ®. [MTayruna kmsuu. — K.: «Codusr; M.: «Temnocy, 2002. —
336 c.

[103] Kempos B.M. Bzammoces3b GOpM ABUKEHHUS MATEPUH U HX Kiaaccudu-
kamus / [IpocTpancrso, Bpems, asuxkenne. — M.: Hayka, 1971.

[104] Koseipes H.A. AcTpoHOMHYECKOE NOKA3ATEIBCTBO PEAJBLHOCTH YEThI-
pexmepHO# reomerpun MuakoBckoro / B KH.: [IposiBIeHIE KOCMEIECKAX
dakTopos Ha 3emie u 3Be37ax. — M.-JI., 1980. — C.85-93.

[105] Kouuep II., @uoiig 3. [magkue nepuoandeckue oToOpaykeHus. — M.:
Mup, 1969.

[106] Komomsesa H.II., ITonos B.H. KamuGposounste moss. — M.: AToMu3aar,
1972.

[107] Kocranmos D.A. Tlcuxodusnoaorus CoO3HaHUA M GECCO3ZHATEIBHOTO. —
CII6.: ITurep, 2004. — 167 c.

[108] Komcramrmros M.IO. O KMHEMATHYECKHX CBOHCTBAX TOMNOJIOTHMYECKH
HETPUBHAJBHBIX MOAeseil mpocTpaHcTBa-BpeMenn // W3Bectus By30B.
Ouzuka. 1992. 12. C.83-88.

[109] Kynaxos I0.1. Teopus dusngeckux crpykryp. — M., 2004. — 847 c.

[110] Kynaxos 10.1., Bnagumupos 10.C., Kaprayxos A.B. Beegenne B Teo-
puto GU3NUECKUX CTPYKTYP U OHHADHYIO reoMeTpodu3uky. — M.: Apxu-
Mmez, 1992.

[111] JIaBperTeer M.M., Erarosa I1.A., JIyner M.K., @®omunbx C.®. O an-
CTAaHIMOHHOM BO3jelicTBuu 3Be3] Ha pesucrop // Hoxa. AH CCCP.
1990. T.314, 2. C.352-355.



JINTEPATYPA 413

[112] JlaBpenrber M.M., Eranosa M.A., JIyner M.K., ®omunsix C.®. O pe-
rucrpanun ucTrHEOrO nosoxkenus Conrna // Hokm. AH CCCP. 1990.
T.315, 2. C.368-370.

[113] Jlamgmay JI.I., JIudbmung E.M. Teopus nomsa. — M., 1967.

[114] Jlomonocos M.B. Ilonnoe cobpauue counnenuii. T.1. — M.-JI.: W3a-B0O
AH CCCP, 1950.

[115] Jlommrans I.®. Anamu3 6eckoHedno majubix. — M.-JI.: I'TTU, 1935.

[116] JleGemes FO.A. MHOrosmKkoe MHpO3gaHie. IBEPETTHUECKAS AKCHOMATH-
ka. — M.: @upwma JlezKe, 2009.

[117] JleGemes IO.A. MHOroMMKOE MEPO3JaHHE. DBEPETTHIECKAS IPATMATH-
ka. — M.: @upwma JlezKe, 2009.

[118] JIeBuu K. Teopus moss B conuanbubix Haykax. — CII6.: Peun, 2000.

[119] JleBuu B.P. Teoperuueckue OCHOBLI CTATUCTHIECKONR PaJMOTEXHUKH. —
M.: Paguo u cBas3p, 1989.

[120] Max Burru Ix. O6mas Teopust OTHOCHTEIBHOCTH U KOCMOJIOTH. — M.:
WJI, 1961.

[121] Mamappamsunu M. Kapresmanckue pasmbmmutenus. — M.: Kynbrypa,
1993.

[122] Mamappamsunm M. Kanrnasckue Bapmanum. — M.: <Arpad», 2000.

[123] Mesnep JI2x. 3aKOHBI COXPAHEHHSI B TETPAJIHON TEOPHU TDABUTAIMH /
B ¢6.: I'paBurarnus u Tomosorus. Akryasnbabie npodgemsr. — M.: Mup,
1966.

[124] Musmep ., Topr K., Ymrep Ix. I'pasuranusa. T. 2. — M.: Mup, 1977.

[125] Munkosckuii I'. IIpocrpancTso u Bpems. B kH.: [IpuHiun oTHOCHTEIH-
moctu. — M.: Aromm3znar, 1979. — 332 c.

[126] Minkowski H. Die Grundlangen fiir die elektromagnetischen Vorginge
in bewegten Korpern // Nachr. Konig. Ges. Wiss. Gottingen, math.-
phys. KI. 1907. S.53-111. Pycck. nepeBoxa: DitHiTeitHOBCKM 6. 1978-79.
— M.: Hayka, 1983. — 390 c.

[127] MunTo B. JlenykTuBHAsl U HHAYKTHBHAs Joruka. — MuHck: Xapsecr,
2002. 252 c.

[128] Munkesuu H.B. Cucremsl oTcyeTa W KOHCTDYKTHBHBIH HOAXOM K Ha-
GuronaemblM B 00meil Teopun OTHOCHTENBHOCTH / DiHmMTEHAHOBCKHIE CO.
1971. — M.: Hayka, 1972. — C.67-87.

[129] Munxesuu H.B. @usndeckue 10is1 B 001€# TEOPUM OTHOCHTEILHOCTH.
— M.: Hayka, 1969.

[130] Moswaroe B.MI. Bpems u co3mamme. Kpuruka QeHOMEHOIO-
rudeckoir dumocopun. — M.: Beicm. mk., 1998 - 144 c. -
URL:http://www.philosophy.ru/library /mol/00.html



414 JINTEPATYPA

[131] Haiiccep V. [losnanue u peanpuocth. — M.: IIporpecc, 1981.

[132] Hosukos U.JI. Anasaus pabomu mawurs epemeny, [/ 2KITD. 1989.
T.95, N.3. C.769-776.

[133] Hoseitmme npobaemsl rpapuranun. — M.: WJI, 1961.

[134] Heroror . MaTtemarnueckue Hadasa HATypaJabHOH dbunocodmum. — M.:
Hayxka, 1989.

[135] Ocunosckuit M.E. Tonosnorus BemecTBeHHBIX Ipynn Jlu HeGOMbIION
pa3mepnocru. III. — Ilpenpunr UT®-72-149 P.K., 1972.

[136] IManemesa E.B. Bkiaj COHHOPHBIX JyXOB B HHTEPMEDPEHIUIO KBAHTO-
BbIx wacTun // Maremarudeckme CTPyKTypH H Momeauposanue. 2002.
Boin.9. C.142-157. — arXiv: quant-ph/0207083.

[137] Ianemesa E.B. CnmHOpHBIE @O C HYJIEBBIM TEH30PDOM SHEPIHA-
uMmiymnbca: Jluc. Ha COUCK. y4eHOU crem. Kaud. d.-M. HayK. — OMck: OM-
TV, 2004.

[138] Ilanemesa E.B. Bremnss kpusu3Ha 3-MEPHOrO IPOCTPAHCTBA U SHEPre-
TUYECKHe 3aTPAThl, HeOOXOUMbBIe [Jisi 00pa30BaHust 4-MepHON KPOTOBO#H
HOpEL // MaTemaTudeckue CTpyKTYpBL 1 Mofenuposanue. 2005. Borm. 15.
C.89-96

[139] ITarmsm X. Pa3ywm, ncrura u ucropus. — M.: IIpakcuc, 2002. — 296 c.

[140] Ilenpoys P. Tenu pasyma. B nowmckax naykw o cosHammu. Y.II. —
Mockea/xxeBck: VH-T KOMOBIOTEPHBIX HCCIenoBanumii, 2005. — 352 c.

[141] Tumenos P.M. uddepennuanbuble ypaBHEHHsS — HACKOABKO OHH
onpasgane? — URL: http://re-tech.narod.ru/inf/sinergy /rv.htm

[142] Pacésa E., Cuxopcknit P. Maremaruka meramaremaruxku. — M.: @M,
1972.

[143] Pameecknit I1.LK. Pumanosa reoMeTpust u TeH30PHBIN aHasm3. M3x.3. —
M.: Hayka, 1967.

[144] Pommues B.JM. Teopust TAroTeHUs B OPTOrOHAILHEOM pemepe. — M.: Ha-
yKa, 1974.

[145] Pomamnos A.H. Jlopennesa ¢hyHKIMs PacCTOSIHUA U IPUYHHHOCTE: Jluc.
Ha COHUCK. y4eHOH cTem. Kaua. pus.-mart. Hayk: — HoBocubupck, Mucturyr
varematrukn CO PAH, 2002. 120 c.

[146] Psmpamnn JI. Bakpyusennbre maccaxu. — M.: YPCC: Kumxkabli mom
«JIMBPOKOM>, 2011.

[147] C6rrro IO.I. CTONKHOBEHHE JI€KTPOMATHATHOR BOJIHBL C TDABATALIA-
oHHBIM TosieM // ZKDT®. 1972. T.63, 3. C.737-744.

[148] Cemunap H. Byp6aku 3a 1989 r. — M.: Mup, 1991.
[149] Cumar Hx. O6mas teopus orrOCHTeNbHOCTH. — M.: T1JI, 1963.
[150] Cmupros B.1. Kypc Berceit maremarnku. 1.2, — M.: Hayka, 1974.



JINTEPATYPA 415

[151] Comnmkos C.A. OTpakeHne HEHTPHHO OT IIE€PECOBCKON IDABHTAIUOH-
uoii Bonust. — Jlen. 8 BUHWUTU, 4824-82 en. P2K ®usuka, ped. 15607
(1983).

[152] Cnenbep 3. Anre6pamnyeckas romosorus. — M.: Mup, 1971.

[153] Cycypun I.9., Jlepamer A.E. Pemenune TerpaaHoro ypaHeHus DHH-
mwreiira npu kamubposke rerpas [[Isuarepa-Pognvesa // I'paBuranms u
Teopusi oTHOcuTenbHOCTH. Kazaus: M3a-8o KI'V, 1968. Brrn.4-5. C.129-
135.

[154] Tamypa U. Tononorus ciaoermit. — M.: Mup, 1976.

[155] Tenemar K. dnements Tonosornu u auddepennupyemere MEOrootpa-
3ust. — M.: Mup, 1976.

[156] Teitnop ., Yusuep Jxx. ®usuka npocrpancrsa-spemenu. — M.: Mup,
1969.

[157] Ymuep Hxx. Ilpensunenne Ditnmreitna. — M.: Mup, 1970. — 112 c.

[158] ¥Ycmenckmit IT.J. Tertium organium / Yerseproe m3mepenme. — MH.:
Xapsect, 1998. — 832 c.

[159] Dnopenckuii II.A. Counnenus B 4 1. T.4: ITucbma ¢ Jansuero Bocroka
n CosoBkoB / coct. u 06w, pea. urymena Anaponuxa (A.C.TpyGagesa),
I1.B.®mopenckoro, M.C.Tpybauesoit. — M.: Msicab, 1998. — 795 c.

[160] ®noperckwuii IT1.A. Nxorocrac. — M.: ACT, 2001.
[161] Dok B.A. Teopus mpoCcTpaHCTBa, BpeMeHH U TaroTenus. — M., 1955.

[162] Domenko A.T., ®ykc JI.B. Kypc romoronuyeckoii romonoruu. — M.: Ha-
yka, 1989.

[163] ®ykc [A.B. Koromonoruu Geckonednomepubrx anredp Jlu. — M., 1984.
[164] Xaiinerrep M. Bortue u Bpems. — M.: @osmo, 2003. — 510 c.

[165] Xearacon C. duddepernuanbaas reoMeTpus 1 CHMMETPUIECKHE IIPO-
crpaucTBa. — M.: Mup, 1964.

[166] Xopram /Ixx. Konen nayku. — CI16.: Amdopa/Ispuka, 2001.

[167] Xoykuur C., Dunuc x. KpynnomacmrabHas CTPYyKTypa IPOCTDAH-
crBa-spemenn. — M.: Mup, 1977.

[168] IIpubax B. Hauasbuslil kypc Teopuu crpyH. — M.: Exutopnan YPCC,
2011.

[169] Diinep JI. Juddepennuansroe ucaucaenune. — M.-JI.: TUTTJI, 1949.
[170] Dituzepxapt JI.II. PumanoBa reomerpusa. — M.: JI, 1948.

[171] Ditmreiinbs A. Ddupb u reopia ornocuressHocTy / O dusndeckoi
npupoxts unpocrpancrsa. — bepauns: CJIOBO, 1922.

[172] Dmreasc @. Juanexruka npupogst. — M.: I34-B0 nosnumt. sut-py, 1969.



416 JINTEPATYPA

[173] Anuesckuit B.II. ['paBuTannoOHHbBIE CHHIYISIPHOCTH ¥ HAPYIIEHHUE IIPU-
aurHOCTH // U3B. By30B. ®m3mka. 1985. 4. C.41-45.

[174] Alty L.J. The Generalised Gauss-Bonnet-Chern Theorem // J. Math.
Phys. 1995. V.36. P.3094-3105.

[175] de Andrade L.C.G. Ghost neutrinos and radiative Kerr metric in
Einstein-Cartan gravity. — arXiv:gr-qc/0204084v1 (2002).

[176] Aldrovandi R., Pereira J.G. An introduction to teleparallel gravity. —
Instituto de Fisica Tedrica, UNESP S&o Paulo, Brazil, 2007. 107 p.

[177] Anderson E. Geometrodynamics: spacetime or space? — arXiv: gr-
qc/0409123v1 (2004)

[178] Asselmeyer T. Generation of Source Terms in General Relativity by
differential structures. — arXiv: gr-qc/9610009.

[179] Asselmeyer-Maluga T., Krol J. Topological quantum D-branes and wild
embeddings from exotic smooth R*.
URL: http://ru.arxiv.org/PS_cache/arxiv/pdf/1105/1105.1557v1.pdf

[180] Asselmeyer-Maluga T., Brans C.H. Gravitational sources induced by
exotic smoothness.
URL: http://ru.arxiv.org/PS_cache/arxiv/pdf/1101/1101.3168v1.pdf

[181] Asselmeyer T. Generation of source terms in general relativity by
differential structures // Class. Quant. Grav. 1996. V.14. P.749-758.
URL: http://ru.arxiv.org/PS_cache/gr-qc/pdf/9610/9610009v1.pdf

[182] Asselmeyer-Maluga T., Brans C.H. Cosmological anomalies and exotic
smoothness structures. — arXiv: gr-qc/0110043 (2001).

[183] Asselmeyer-Maluga T., Brans C.H. Exotic smoothness and physics:
differential topology and spacetime models. — Singapur: World Scientific
Publ., 2007. — 322 p.

[184] Atkatz D. Quantum cosmology for pedestrians // Am. J. Phys. 1994.
V.62. P.619-627.

[185] Atkatz D., Pagels H. Origin of the universe as a quantum tunneling
event // Phys. Rev. 1982. V.D 25. P.2065-2073.

[186] Avez A. Formula de Gauss-Bonnet-Chern en métrique de signature
quelconque // C.R. Acad. Sci. Paris. 1962. T.255. P.2049-2051.

[187] Barcelo C., Visser M. Traversable wormholes from massless conformally
coupled scalar fields // Phys. Lett. 1999. B466. P.127-134; gr-qc/9908029.

[188] Bauer H. Mathematische Einfiihrung in die Gravitationstheorie
Einsteins. — Leiptzig, 1922.

[189] Bekenstein J. Nonexistence of Baryon Number for Static Black Holes
// Phys. Rev. 1972. V.D5, N.6. P.1239-1246.

[190] Bell J.L. A Primer of Infinitesimal Analysis. — Cambridge University,
1968.



JINTEPATYPA 417

[191] Biesiada M., Rugh S.E. Maupertuis principle, Wheeler’s superspace and
an invariant criterion for local instability in general relativity. — arXiv:
gr-qc/9408030v1 (1994).

[192] Bizaco Z., Gompf R. Elliptic surfaces and some simple exotic IR*’s //
J. Diff. Geom. 1996. V.43. P.458-504.

[193] Brans C.H. Localized Exotic Smoothness // Class. Quant. Grav. 1994.
V.11. P.1785-1792. — arXiv: gr-qc/9404003 (1994).

[194] Brans C.H. Exotic Smoothness and Physics // J. Math. Phys. 1994.
V.35. P.5494-5506. — arXiv: gr-qc/9405010v1 (1994).

[195] Brans C.H., Randall D. Exotic differentiable structures and general
relativity // Gen. Rel. Grav. 1993. V.25. P.205.

[196] A’Campo N. Feuilletages de codimension 1 sur les varietes de dimen-
sion 5 // Comment. Math. Helv. 1973. V.47. P.54-65.

[197] Cacciafesta F. Una proprietd di bordismo dei fibrati principali // Atti
Acan. Naz. Lincei. Rend. C1. Sci. Fis., Math. e. Natur. 1973. V. 54, No.5.
P.750-754.

[198] Candel A., Conlon L. Foliations I / Graduate Studies in Mathematics
Volume. V.23. American Mathematical Society. — Providence, Rhode
Island, 2000.

[199] Candel A., Conlon L. Foliations I / Graduate Studies in Mathematics
Volume. V.60. American Mathematical Society. — Providence, Rhode
Island, 2003.

[200] Cantwell J., Conlon L. Leaves of Markov local minimal sets in foliations
of codimension one // Publicacions Matematiques. 1989. V.33. P.461-
484.

[201] Cartan E. Sur les varietes a connexion affine et la theorie de la relativite
generalisee // Ann. Ec. Norm. Sup. 1923. V.40. P.325-412; 1924. V .41.

[202] Cartan E. La méthode du repere mobilé. — Paris, 1935.

[203] Chern S.S. Pseudo-Riemannian Geometry and the Gauss-Bonnet
Formula // Ann. Acad. Brasil Ci. 1963. V.35. P.17-26.

[204] de Andrade L.C.G. Ghost neutrinos and radiative Kerr metric in
Einstein-Cartan gravity. — arXiv:gr-qc/0204084v1 (2002).

[205] DeWitt B.S. Quantum Theory of Gravity. I. The Canonical Theory //
Phys. Rev. 1967. V.160, N.5. P.1113-1148.

[206] DeWitt B.S. The many-universe interpretation of quantum mechanics
// The Many-Worlds Interpretation of Quantum Mechanics / Eds. B.
DeWitt, N.Graham. Princeton/New Jersey: Princeton University Press,
1973. P.167-218.

[207] Dolgov A.D. Cosmic antigravity. — arXiv: 1206.3725v1 [astro-ph.COJ| 17
Jun 2012. URL: http://xxx.lanl.gov/abs/1206.3725



418 JINTEPATYPA

[208] Einstein A. Riemann-Geometrie mit Aujrechterhaltungdes Begriffes des
Fernparallelismus // Sitzungsber. preuss. Akad. Wiss., phys.-math. K.1.
1928. S.217-221.

[209] Everett Hugh III. "Relative State" Formulation of Quantum Mechanics
// Reviews of Modern Physics. 1957. V.29, No.3. P.454-462.

[210] Everett Hugh III. Theory of the universal wave function // The
Many-Worlds Interpretation of Quantum Mechanics / Eds. B. DeWitt,
N.Graham. Princeton/New Jersey: Princeton University Press, 1973.
P.3-140.

[211] Freedman M.H., Taylor L.R. A universal smoothing of four-space //
Journal of Differential Geometry. 1986. V.24, no.1. P.69-78.

[212] Gerlach U.H. Derivation of the Ten Einstein Field Equations from the
Semiclassical Approximation to Quantum Geometrodynamics // Phys.
Rev. 1969. V.177, No.5. P.1929-1941.

[213] Godel K. An Example of a New Type of Cosmological Solutions of
Einstein’s Field Equtions of Gravitation // Rev. Mod. Phys. 1949. V.21,
no.3. P.447-450.

[214] Gompf R., Stipsicz A. 4-manifolds and Kirby Calculus / Graduate
Studies in Mathematics. Vol.20. American Mathematical Society
Providence, Rhode Island, 1999.

[215] Griffits J.B. Colliding plane waves in general relativity. — Oxford Univ.
Press, 1991.

[216] Guts A.K. Time Machine as 4-Wormhole in the spring space-time //
14 Internat. Grav. Conference. Workshop A.3. Mathematical Studies of
Relativistic Field Equations, 6-12, August 1995, Florence, Italy. 1995.
A.106-A.107.

[217] Guts A.K. The mean number of 4-wormholes in the universe
// 14 Internat.Grav. Conference, Workshop B.4. Theoretically and
Mathematically Oriented Cosmology, 6-12, August 1995, Florence, Italy.
1995. B.77-B.78.

[218] Guts A.K., Grinkevich E.B. Toposes in General Theory of Relativity.
Preprint gr-qc/9610073. — URL: http://xxx.lanl.gov/abs/gr-qc/9610073

[219] Guts A.K. Time machine as four-dimensional wormhole. — arXiv: gr-
qc/9612064. — URL: http://xxx.lanl.gov/abs/gr-qc/9612064

[220] Guts A.K. Final stage of evolution of geometry and topology of space-
time // Abstracts of AMS. 1997. V.18, no.3. (924-51-77).

[221] Guts A.K. Restoration of the Past and three Principle of Time. — arXiv:
physics/9705014. — URL: http://xxx.lanl.gov/abs/physics/9705014.

[222] Guts A.K., Zvjagintsev A.A. Solution of the vacuum Einstein
equations in Synthetic Differential Geometry of Kock-Lawvere. — arXiv:
physics/9909016.



JINTEPATYPA 419

[223] Guts A.K., Zvjagintsev A.A. Interpretation of intuitionistic solution of
the vacuum Einstein equations in smooth topos. — arXiv: gr-qc/0001076

[224] Guts A.K., Zvyagintsev A.A. Interpretation of intuitionistic solution of
the vacuum Einstein equations in smooth topos. — arXiv: gr-qc/0001076.

[225] Guts A.K. The Relation of Uncertainty for Radius of the Universe //
Spacetime & Substance. 2000. V.1, N.4(4). P.163-164. (Ukraine, KhNTU).

[226] Guts A.K., Shapovalova M.S. Large fluctuations of time and change
of space-time signature. — arXiv: gr-qc/0012106v1 (2000). — URL:
http://xxx.lanl.gov/abs/gr-qc/0012106v1s.

[227] Guts A.K. The Deutsch theory of the Multiverse and physical constants
// Gravitation & Cosmology. 2003. V.9, .1 (33). P.33-36.

[228] Halliwell J.J. Correlations in the wave function of the universe // Phys.
Rev. 1987. V.D 36. P.3626-3640.

[229] Halliwell J.J. Introductiry lectures on quantum cosmology // In:
Quantum cosmology and baby universes / Eds. S. Coleman, J.B. Hartle,
T. Piian and S. Weinberg. — World Scientific Publishing Co. Pte. Ltd.,
1991. P.159-244.

[230] Haefliger A. Feuilletages sur les varietes ouvertes // Topology. 1970.
V.9, no.2. P.183-194.

[231] Heithecher J. Aquivarianter Bordismus mit Vektorfeld // Math. Ann.
1978. B.234. S.1-8.

[232] Hicks N.J. Notes of Differential Geometry. — M.: Mup, 1982.

[233] Hochberg D., Visser M. General dynamic wormholes and violation of
the null energy condition. — arXiv: gr-qc/9901020.

[234] Hilbert D. Die Grundlagen der Physik // Gottinger Nachr. 1915. S.395.
[235] Hilbert D. // Gottinger Nachr. Math. Phys. KL 1917. S.53.

[236] Hilbert D. Die Grundlagen der Physik // Math. Annalen. 1924. B.92.
S.1-32.

[237] Hilbert D. Gesammelte Abhandlungen. — Berlin: Dritter Band (Verlag
von J. Springer), 1935. — P.258.

[238] Hurder S. Exceptional minimal sets and the Godbillon-Vey class //
Ann. Inst. Fourier, to appear.

[239] Hurder S. Foliation geometry/topology problem set [DmexTporHsIii pe-
cypc]. URL: http://homepages.math.uic.edu/~hurder/

[240] Inaba T. Resilient leaves in transversaly affine foliations // Toéhoku
Math. J. 1989. V.41. P.625-631.

[241] Jaco, W., Shalen, P. Seifert fibred spaces in 3-manifolds // Mem. Amer.
Math. Soc. 1979. No.220. 192 p.



420 JINTEPATYPA

[242] Kamenshchik A.Y., Kiefer C., Sandhéfer B. Quantum cosmology with
big-brake singularity. — arXiv: gr-qc/0705.1688v2.

[243] Kiefer C. Quantum geometrodynamics: whence, whither? // Gen.
Relativ. Gravit. 2009. V.41. P.877-901.

[244] Kiefer C., Sandhéfer B. Quantum Cosmology. — arXiv: 0804.0672v2.

[245] Kanti P., Kleithaus B., Kunz J. Stable Lorentzian wormholes in dilatonic
Einstein-Gauss-Bonnet theory // Phys. Rev. 2012. D85. P.044007.

[246] Kanti P., Kleihaus B., Kunz J. Wormholes in Dilatonic Einstein-Gauss-
Bonnet Theory. — arXiv: gr-qc/1108.3003v2 (2012).

[247] Kao W.F., Chiao Tung. A note on 4-dimensional traversable wormholes
and energy conditions in higher dimensions. — arXiv: gr-qc/0306004v1.

[248] Katsube Y. Principal oriented bordism modules of finite subgroups
of $3 // Hiroshima Math. J. 1977. V.7. no.1. P.71-91.

[249] Kim J.H. Homothetic maps of distinguishing space-times // Bull.
Austral. Math. Soc. 1990. V.42. P.483-486.

[250] Kock A. Synthetic Differential Geometry. — Cambridge University Press,
1981.

[251] Kock A. Geometric construction of the Levi-Civita parallelism //
Theory and Applications of Categories. 1998. V.4, No.9. P.195-207.

[252] Kock A. A geometric theory of harmonic and semi-conformal maps
[Daexrponneit pecypc|. — arXivimath/0306203v1l [math.DG| 12 Jun
2003
URL: http://ru.arxiv.org/PS_cache/math/pdf/0306/0306203v1.pdf.

[253] Kosniowski C., Ossa E. The Structure of the Bordism Module of
Oriented Involutions // Proc. London Math. Soc. 1982. V.44. P.267-290.

[254] Laat T. Synthetic Differential Geometry. An application to Einstein’s
Equivalence Principle. Bachelor thesis for Mathematis and Physics &
Astronomy. — Radboud University Nijmegen, 2008. — 40 p.

[255] Lavendhomme R. Basic Concepts of Synthetic Differential Geometry. —
Netherlands: Kluwer Academic Publishers, 1996. 320 p.

[256] Lawson H.J.-Jr. Foliation // Bull. of the Amer. Math. Soc. 1974. V.80,
No.3. P.369-418.

[257] Loinger A., Marsico T. On Hilbert’s gravitational repulsoin (a historical
note). — arXiv: gen-ph/0904.1578v1 (2009).

[258] Malament D.B. The class of continuous timelike curves determines the
topology of spacetime // J. Math. Phys. 1977. V.18, No.7. P.1399-1404.

[259] Milnor J. On simply connected 4-manifolds / In ”Symposium
International de Topologia Algebraira” (Univ. Nac. Autonoma de Mexico
and UNESCO, Mexico City), 1958. P.122-128.



JINTEPATYPA 421

[260] Moller C. Further remarks on the localization of the energy in the
general theory of relativity // Ann. of Phys. 1961. V.12. P.118-133.

[261] Moller C. On the crisis in the theory of gravitation and a possible
solution // Mat.-Fys. Medd., K. Dan. Vidensk. Selsk. 1978. V.39, No.13,
31 p.

[262] Moerdijk 1., Reyes G.E. Models for Smooth Infinitesimal Analysis. —
Springer-Verlag, 1991.

[263] Moerdijk I., Reyes G.E. Spaces Versus Continuous Spaces In Models
For Synthetic Differential Geometry // Journal of Pure and Applied
Algebra. 1984. V.32. P.143-176.

[264] Morris M.S., Thorne K.S., Yurtsever U. Wormbholes, Time machines,
and the Weak Energy Condition // Phys. Rev. Lett. 1988. V.61, no. 13.
P.1446-1449.

[265] Morris M.S., Thorne K.S. Wormholes in spacetime and their use for
interstellar travel: A tool teaching general relativity // Am. J. Phys.
1988. V.56, N.5. P.395-412.

[266] Morita S. Geometry of Characteristic Classes / Translations of Math.
Monographs. V.199. — AMS, 2001.

[267] Nashed G.G.L. Vacuum Non Singular Black Hole in Tetrad Theory of
Gravitation [aexrponnusiii pecypc]. — URL: http://arxiv4.library.
cornell.edu/PS_cache/gr-qc/pdf/0109/0109017v1.pdf

[268] Nashed G.G.L. Energy Momentum Complex // Brazilian Journal of
Physics. 2010. V.40, no.3. P.315-318.

[269] Orlik P. Seifert Manifolds // Lectures Notes in Math. 1972. N.291.

[270] Osinovski M.E. Highly mobile Einstein spaces in the large // Commun.
Math. Phys. 1973. V.32. P.39-50.

[271] Panov V.F. Interaction of plane electromagnetic-gravitational waves //
Sov. Phys. J. 1979. P.1303-1307. (Izv. VUZ. Fiz. 1978, no.10. P.65-70).

[272] Panov V.F. Collision of plane electromagnetic-gravitational waves //
Sov. Phys. J. 1979. P.532-536. (Izv. VUZ. Fiz. 1979. no.5. P.91-96).

[273] Panov V.F. Interaction of plane gravitational waves with variable
polarization // Sov. Phys. J. 1980. P.989-993. (Izv. VUZ. Fiz. 1979. no.9.
P.79-84).

[274] Pelletier, F. Quelques proprietes géométriques des variétés pseudo-
riemanniennes singuliéres // Annales de la faculé des sciences de
Toulouse 6¢ série. 1995. T'.4, no.1. P.87-199.

[275] Pellegrini C., Plebanski J. Tetrad fields and gravitational fields // Mat.-
Fys. Skr., Danske Vid. Selsk. 1963. V.2, No.4, 39 p.

[276] Petkov V. Inertia as a Manifestation of the Reality of Spacetime / In:
Relativity and the Nature of Spacetime. — Berlin-Heidelberg: Springer
Publ., 2005. — 305 p.



422 JINTEPATYPA

[277] Reventos A. On the Gauss-Bonnet formula on the odd-dimensional
manifolds // Tohoku Math. J. 1979. V.31, no.2. P.165-178.

[278] Rovelli C. Quantum gravity. — Cambridge univ. press, 2004.

[279] Schlosshauer M. Experimental motivation and empirical consistency in
minimal no-collapse quantum mechanics // Ann. Phys. (N.Y.). 2006.
N.321. P.112-149. — arXiv: quant-ph/0506199 (2005).

[280] Sharif M., Bushra Majeed. Teleparallel Killing Vectors of Spherically
Symmetric Spacetimes // Commun. Theor. Phys. (Beijing, China). 2009.
V.52. P.435-440.

[281] Schweitzer P.A. Codimension one foliations without compact leaves //
Comment. Math. Helv. 1995. V.70, No.2. P.171-209.

[282] Seifert H. Topologie dreidimensionaler gefaserter Rdume // Acta Math.
1933. V.60. P.147-238.

[283] Sladkowski J. Strongly gravitating empty spaces [Electronic Resourse].
arXiv: gr-qc/9906037.

[284] Sladkowski J. Exotic Smoothness and Astrophysics [Electronic
Resourse]. arXiv: 0910.2828v1 [astro-ph.CO]. - URL:
http://arxiv.org/abs/0910.2828v1.

[285] Sladkowski J.S. Gravity on exotic IR* with few symmetries // Int.J.
Mod. Phys. 2001. D. V.10. P.311-313.

[286] Stong R.E. Free S! actions // Math. Ann. 1977. V.226, no.2. P.151-153..

[287] Swinburne R. Space and time. — London and Basingstoke: The
MacMillan Press, 1981.

[288] Szekeres P. Colliding gravitational waves // Nature. 1970. no. 228.
P.1183-1184.

[289] Talmadge D., Ray J. Ghost neutrinos in general relativity // Phys. Rev.
1974. V.D9, no.2. P.331-333.

[290] Talmadge D., Ray J. Ghost neutrinos in plane-symmetric spacetimes
// J. Math. Phys. 1975. V.16, no.1. P.75-79.

[291] Talmadge D., Ray J. Neutrinos in cylindrically-symmetric spacetimes
// J. Math. Phys. 1975. V.16. P.80.

[292] Tanno S. A formula on some odd-dimensional Riemannian manifolds
related to the Gauss-Bonnet formula // J. Math. Soc. Japan. 1972. V.24,
No. 2. P.204-212.

[293] Taylor R.L. Smooth Euclidean 4-spaces with few symmetries //
Geometry & Topology Monographs. Volume 2: Proceedings of the
Kirbyfest. 1999. P.563-569. — arXiv: math.QT /9807143

[294] Teitelboim C. Nonmeasurability of the Baryon Number of a Black-Hole
// Lett. Nuov. Cim. 1972. V.3. P.326-328.



JINTEPATYPA 423

[295] Teitelboim C. Nonmeasurability of the Lepton Number of a Black Hole
// Lett. Nuovo Cim. 1972. V.3. P.397-400.

[296] Thurston W. Non-cobordant foliations on S% // Bulletin Amer. Math.
Soc. 1972. V.78. P.511-514.

[297] Torres Castillo G.F. Ghost neutrino fields in flat space-time // General
Relativity and Gravitation. 1987. V.19, No.7. P.699-705.

[298] Uchida F. Cobordism groups of semi-free S1- and S3-actions // Osaka
J. Math. 1970. V.7, no.2. P.345-351.

[299] VcGruder C.H. Gravitational repulsion in the Schwarzschild field //
Phys. Rev. V.23D, no.12. P.3191-3194.

[300] Vilenkin A. Creation universes from nothing // Phys. Let. 1982.
V. 117B. P.25-28.

[301] Visser M., Barcelo C. Energy conditions and their cosmological implica-
tions. — arXiv: gr-qc/0001099.

[302] Visser M., Kar S., Dadhich N. Traversable wormholes with arbitrarily
small energy condition violations. — arXiv: gr-qc/0301003.

[303] Weinberg S. The first three minutes. — New York, 1977.

[304] Weyl H. Raum, Zeit, Materie. — Berlin, 1923. — 346 s.

[305] Weitzenb6ck R. Invarianten Theorie. — Noordhoft: Gronningen. 1923.

[306] Wu Zhong Chao. Scalar plane waves in general relativity // J. Phys.
A. 1982. V.15. P.2429-2434.

[307] Yodzis P. Lorentz cobordism // Commun. Math. Phys. 1972. V.26.
P.39-52.

[308] Yodzis P. Lorentz cobordisms // Gen. Relat. and Gravit. 1973. V.4.
P.299.



PU3NKA PEAJIbHOCTHA

Anekcanp Koncranrunosuu [yir

Penakrop /1.B. Unbuna

JInnensus JIP 020380 or 29.01.97.
ITommucano B meuars 18.09.12.
Dopwmar 84 x 60 1/16. Ileq. x. 26,5. Yu.-m3z. m. 27,71.
Tupax 200 k3.

ITomrpaduaecknii nearp KAH
res. (3812) 24-70-79, 8-904-585-98-84
644050, Owmck, yn. Kpacubtit myts, 30
Jlmensua IIJIJT 58-47 or 21.04.97 1.



