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Bsenenue

B pa6orax [1-8] 661 Ipe/JI0’KeH HOBBII MOAXO0/, K OMMCAHUIO TUHAMUKHA MATEPHU U €€ CTPYKTYDHI,
BKJII0OYas SJIEKTPOMATHATHOE W TPABUTAIIMOHHOE TIOJIsi, KOTOPBIA Jajiee OyJeT Ha3hIBATHCS TOIIOJIOTH-
Yyeckoil Teopueil pyHAamMeHTAJIbHBIX ToJieii uin cokpamenao TT®II. Oxuoit m3 ocobeHHOCTEH
JAHHOTO TOIXOA ABJISIETCS BO3MOXKHOCTD, UCXOJSI U3 T€OMETPUIYECKUX W TOMOJOTHYECKUX MPEICTaBIIe-
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3JIEKTPOMATHETH3MA, HO U KBAHTOBBIX SIBJICHUI, B TOM THCJIE 3JIEMEHTAPHBIX 9aCcTUIl. Takoii reomerpude-
CKUI TIOIXO/ IBJISETCS AJTbTEPHATHBHBIM K TEOMETPUIECKOMY TIoaxomy OOmieil Teopum OTHOCHTETEHOCTH
(OTO) [9]. B ormane or OTO romosnornyeckne u reomerpudeckue naen 8 TTOII npumeHsanch n3Ha-
YAJILHO HE K TPABATAIIMOHHOMY TIOJIO, & K 3JIEKTPOMATHATHOMY, W B TIEPBYIO OU€PEeIb, K TOHATHIO JJIEK-
TpUYECKOro 3apaaa. Ho Ha OCHOBE pa3BUTON MICOJIOMH 3TA TEOPUs OC/IY 2KUJIa U JJ1st HOBOI'O OIIMCAHUS
IPABUTALMOHHOIO 105, XOTsd 06L1as KOHCTPYKIMs PA3BUBAEMOl Teopuu 110Ka He 3aMkHyTa (cMm. [5]),
TEeM HE MEHee DsJi BasKHBIX IIPOOJIEM COBPEMEHHOH (DM3MKM HAXOJUT JOCTATOYHO SCHOE OObACHEHHE B
paMKax 3Toif Teopun. K HUM, HAIIpUMEP, OTHOCHTCS TOHNOJOTHIECKAA MHTEPIPETANUS 3JIEKTPUICCKOTO
1 6ApUOHHOTO 3apAJIOB, OObACHAIOMAA X JACKPETHOCTH. [€OMETPHYECKYI0 HHTEPIPETAIINIO MOy daeT
MOHATHE MACCHI W TTOHATHE BOJHOBOH (DYHKIIMEA YACTHI], 9TO CBOIUT BEPOATHOCTHBIN MOCTyIaT BopHa

reOMEeTPUICCKOMY TPUHITUITY.

Ocuosnoit upobsiemoit TT®II, na koropywo obpainaiocs ocoboe Buumanue B paborax [5, 8], saBois-
eTcsi OTCYTCTBUE B Heil (PUBUYECKON HIEOTOrHH, ¢ MOMOIIHI0 KOTOPOM MOXKHO OMUCATH IeOMETPOIMHA-
MUKy ¢bu3HIecKoii MaTepuaibHOl rumeprosepxHoctu V3 (®MT), BIOXKEHHOH B 0ObEMIIONICe
npocrpancrso W* na eqununy Gosbiero umcia niamepennii. Teomerpus npocrpancrsa 8 TTOII 6o-
qee mpocras, vem B OTO, u onpezensiercss BIOXKEHHEM TPEXMEDHOUW (DU3MIECKONH THUITEPIOBEPXHOCTH
B €BKJIMOBO TIPOCTPAHCTBO pa3meprocTH 4. [TosToMy Bce CBOMCTBA TAKO MMIEPIOBEPXHOCTH B JIIO00IH
3a/JAHHBI MOMEHT BPEMEHH ¢ OTIPEJIENISTIOTCS TOJIBKO OnHOM dbyHKImel F (X, t) — dyHnkupmeit Bbicorst. O-
HAKO, MOKA, HE W3BECTHA, (DU3MUECKAS TTPUPOIA CAMOI THUIEPIIOBEPXHOCTH W OKPYIKAOIIEH ee CPeIbl, HET
BO3MOKHOCTH C(POPMYJIMPOBATDH [MOJIHOCTHIO IIPUHIIUIILL Onrcanus ee JuHamuku. Ciieyer OrMeruTh, 910
noJi0bHas npobyieMa crosijia U Ha nepsbix dranax cozganus OTO. 91o ObLIO CBA3aHO € T€M, YTO MPAMBIX
JIAHHBIX O TOM, YTO ONPEJENSIeT CBOWCTBA KPUBU3HBI IPOCTPAHCTBA-BpeMeHU He ObLio. Pernenne 66110
HAWJIEHO B BUJIE MOCTYJIUPOBAHUS IPUHITAIIA HAMMEHDINEro JeficTBUsa B (DOPME BaAPUAIMOHHOIO TTPUHITH-
na ['mapbepra-ditnmreitna. dror mpuaimn Obut mpusiedeH B OTO Ha OCHOBE HEKOTOPHIX KOCBEHHBIX
uaeil, Kacalonmxcs WHBAPUAHTHOTO ONHMCAHUS JIWHAMUKN MATEPUHM U MATEPHUAJIbHBIX IMOJIEil B MCEBIO-
PUMaHOBOM MPOCTPAHCTBE-BPEMEHH, TIPU YCJIOBUHU, UYTO OHU JOJI?KHBI EPEXOIUTh B YPABHEHUS TEOPUU
Tsrorennss Hpl0TOHA B TIpesesie K MI0CKOMY TPOCTPAHCTBY-BpeMenu. [locaenmee TpeboBaHme SBISETCS
YACTHBIM CJIEICTBUEM TPUHIIUIS, COOTBETCTBUSI, NTPAIOIIETO BaYKHYI0 POJIb B COBPEMEHHO (hU3MKE.

B TTO®II permmenne chopMyTupoBaHHONK TPOOIEMBI TaKKe MIPUXOTUTCS UCKATH, OMUPAsICh HA HEKO-
TOpbIe KOCBEHHBIE AaHHbIe. Hampumep, Takoi KOCBEHHOM mHMOpMAIHE#l MOXKET CIY>KHUTb MpPeIeTbHbIH
epexo/l K CBOMCTBAM JIEKTPOMATHUTHBIX TOJIEil B BakyyMe. B ciydae ciabbix mosieit 3/1eKTpOMarHuT-
HBIE BOJIHBI B IIyCTOM MPOCTPAHCTBE PACIPOCTPAHSIOTCS ¢ (PUKCUPOBAHHON CKOPOCTHIO - CKOPOCTHIO CBE-
Ta U onuckiBaioTcsa ypasHenusmu I’ Agambepa. B TT®II takoii mepexon TakkKe JOJKEH UMETh MECTO.
Takxe, kak 1 B OTO, moymkeH CyIecTBOBATH MPEIEIbHBIN MEPEXO] K Teopuu Tarorenuss HbIOTOHA.
ITockombky TT®II mperenayer Ha onucaHue W KBAHTOBBIX sIBJEHHUIT, TO B HEll JO/2KEH CyIECTBOBATH
[IPEeIeIbHBIN IIePexo/] M K KBAHTOBOI Mexanuke. Bce 3Tu mpesesibHble mepexo/ibl ObLIn HAWIEHDI B yKa-
3aHHBIX BbIlIe paborax. Bce oHuM SBIAIOTCS CiI€ICTBHEM MATEMATAYECKUX CBOMCTB OIMUCAHUS JUHAMUKH
OMI' B pamMKax TpeITOXKEHHONH WHTEPIPETAIINN dJEKTPUIECKOTO 3apsiia, MAacChl U T.1. B cuiy Taxoit
MHTEPIIPETAINU BCE HEOOXOINMBIE [IJIsi COBPEMEHHO (DU3NKU aTpuUdyThl MATEPUN TIOSABJISIIOTCS B TEOPUH

B d)opMe MaTEeMaTUYIECKUX CBA3€i MEXKIY BBEICHHBIMU TIOJIAMU U 00 BEKTaMK T€OMETPHUHN U TOIIOJIOTHUH.

Bwmecre ¢ Trem s obocuoBanus T'TPII tpebyercs nposectu pyHIAMEHTAIbHBIN aHAINA3 COBPEMEH-
HOUM reomerpudeckoit reopun npocrpancrsa-spemenu — OTO. Takoit ananu3 HEOOXOIUM TI0 HECKOIbKUAM
npuanaaM. [lepBas U3 3TUX MPUYNH KACAETCS HEOOXOAUMOCTH O0bIICHUTE TO, Iouemy u3bpanubiii B OTO
crocob OMUCAHUs T€OMETPHUH MPOCTPAHCTBA-BPEMEHN W €€ CBA3W C MATEPUATBHBIMU OOBEKTAMU B HEM
[P MaTEMATUIECKON OE3yNPEedIHOCTH HE MOYKET CUMTATHCA (DU3MUECKU AJEKBATHBIM ODIIAM MTPEICTAB-
JIGHUSIM O MaTEPUHU KaK TAaKOBOU. BTopasi mpudnHa COCTOUT B TOM, 9TO TAKON aHAIN3 MOXKET /aTh HEIO-
CTAOIIME JJIEMEHTHI [JIsi OMUCAHUS JUHAMUKN TMTPOCTPAHCTBA, KOTOPhIE HEOOXOMMMBI [IJIsi 3aBEPIIIEHS
Bceit koutenmun TTOII.

YacTtudHO npenBapuUTesbHBIN aHAIN3 ODOCHOBaHUS HEOOXOIWMOCTH TEPECMOTPA BCEi KOHIEIINN
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OTO 6bu1 posesieH B pabore [7]. B naxnoit pabore MbI IpoBeeM Gostee JeTanibHOe UCCIIEeIOBAHNE TPY/I-
mocreit CTO u OTO, uro gacT HaM BO3MOXKHOCTH C(HOPMYITMPOBATH CIEUAIBHBIN TPUHITUIT TTOCTPOSHUS
Teopuil MaTEepPUN U TOJIEl, BKIIOYAIOIINI B Ce0sT MOHATHE TPOCTPAHCTBA U BpeMenu. @opmain3anus 3T0-
TO TIPUHIINATIA, B CBOIO OYEPeh, JACT BO3MOXKHOCTD MOJIYYUTh OOIIME CBEIEHUsT O TOM, KaK HEODXOINMO
GOpMYIMPOBATH YPABHEHUS JIMHAMUKY [IPOCTPAHCTBA KAK UIIEPIIOBEPXHOCTH, BJIOXKEHHON B 00bEMIIIO-
Iee NpPOCTPAHCTBO 4Yerbipex uamepenuii. HeoOXOAMMOCTh B TAKOM IMOJIXOJE CBA3aHA C TEM, 9TO BCs
xoutentusg TTOII onmupaercs HA COBOKYIIHOCTh MATEMATHIECCKUAX TOXK/IECTB, TO3BOIAIOINIAX C €IUHBIX
MO3UIHUIT MOCTPOUTDH BCIO COBOKYITHOCTH YPABHEHWN TUHAMUKYU 9aCTHIL, OOJIAJAIONIMX MACCOH, JIEKTPH-
YeCKUM U OAPUOHHBIM 3aPsIaMU, KOTOPBIE yIACTBYIOT B 3JIEKTPOMATHUTHOM U TPABUTAIIMOHHOM B3aWMO-
npeiicrBusx. OIHAKO B TEOPUH HE XBATAET JUHAMWYECKOTO TTPUHITUIIA, KOTOPBIH ObI BHIIEIW CPEIN BCEX
BO3MOXKHBIX BAPUAHTOB N€OMETPUIECKOM TUHAMUKN TPEXMEPHON IMIePIOBEPXHOCTH B O0bEMITIONIEM 1Y€~
THIPEXMEPHOM MPOCTPAHCTBE €INHCTBEHHYIO0, KOTOPasi OTBEYAET PEATU3YIONIEHCsS B AefCTBUTEIHLHOCTH
JUHAMUKA. DT MPodIeMa, ¢ (pU3NIECKOil TOUKYM 3pEeHUsi MOXKET ObITH C(HOPMYNIMPOBAHA KAK TMPObIeMa,
OTCYTCTBHS KaKUX-TU00 3HAHUI OTHOCHTEJIHLHO TOr0, KAKHMHU (PU3UIECCKUMHE CBOMcTBaMu obsiagaer ¢pu-
3UYecKas TUMEPIIOBEPXHOCTD KAK MATEPHATBHBIN OObEKT M KAKHMU CBO¥icTBaMu obJragaer “‘busndeckas
cpema’, OKpyzKamIas ee B 00beMITIONEM IIPOCTPAHCTBE YeThbipex n3mepennii. Takas popMyupoBKa cTa-
HOBHTCSI BO3MOXKHOM TOJBKO MOCTE TOr0, KaK OyIeT MPOBEIeH aHAIU3 JOMYyCTUMOTO OOIIEro OMMCAHUS
JWHAMUKA MATEPHUAIbHBIX 00BEKTOB C TOUYKHU 3PEHUST MAPKEPOB.

Ha mepBowm sTame B mpeagiaraemoit pabore mocie oocyxaerns ocHoBHbIX TpyaHocTeit CTO u OTO
dbopmymupyercs npunnun marepuaabaoctu @MI, orcyrereyromuii B CTO u OTO. 9ror npuHmun aBis-
eTcs TepepaboOTKO# pAIa 3aMeUaHmil, KACAIOIINXCS MTPODJIEM C MATEPUAIHLHOCTHIO IIPOCTPAHCTBA-BPEMEHN
B OTO u CTO, xoropwiit upusoauics B paborax [5,7]. Jasee s MareMaruieckoro BbIPAXKEHUsl IIPUH-
[UIIA MATEPUATBHOCTUH BBOJATCS MOHATHS IJI0DAIBHBIX U JIOKAJbHBIX MApPKEPOB. YPABHEHUS UX I[E€pe-
HOCA MOCTYJHUPYIOTCS KaK OCHOBHBIE yDABHEHWsI JTUHAMUKU MATEPUATBHBIX 00beKTOB. Vcxoas u3 aTux
yDaBHeHuil U onupasich Ha pe3yiabrarbl pabor [13—16], BeiBomgTCs B 001IeM Bujle ypaBHeHus s QyH-
JTAMEHTAJIFHOTO TOTeHImaa - dyHKnun BbicoTbl @MI, 3ammcanubie B TepMUHAX yPABHEHUS MMEPEHOCA,
MapKepOB. DTU YPABHEHUS U SABJISAIOTCS OCHOBHOI IE/IBIO JAHHOM pabOThI, KOTOPHIE TTPEACTABIAIOT OO0
WHCTPYMEHT, MO3BOIAONMINN (hOPMYIUPOBATH KOHKpeTHBIe Mojesn nquaamukn @M takke B TepMuHAX

JTUHAMUKHA MapKepOB.
1. Ilpuanummanababie Hegoctatku CTO u OTO

Onunm n3 ocHOBHBIX HegocraTkoB Crnenuanbaoii (CTO) u O6ueit reopuit oraocurensaoctu (OTO)
(cm. [7]) saBaserca memarepuaabHOCTh (buzmyueckoro npocrpancrsa. PopMaiibHO, N0 KpaiiHell Mepe B
pamkax OTO, wHOrIA TPOCTPAHCTBO-BPEMS MBICIUTCSA MATEPAATBHBIM OOBEKTOM, HA TOM €CTECTBEHHOM
OCHOBAHUY, 9TO OHO HAIEIAETCA (PU3NIECKUMU CBOHCTBAMU KpUBU3HBL. 1Ipobjema COCTOUT B TOM, 4TO
HUKAKHUX MPSMBIX U3MEPEHU M0 (DUKCAINN KAKUX-JIM00 3JIEMEHTOB 3TOrO MPOCTPAHCTBA, KaK MaTEpPH-
anpubIX 00bekTOB, B CTO u OTO He npeaycmarpuBaercs. TOT GaKT MOKHO CHOPMYTUPOBATH TPUMEDP-
HO Tak: TOUKM TpocTpancTBa-speMenr OTO HEBO3MOXKHO MOMETUTH HUKAKUM (DU3UUECKUM MapPKEPOM.
O HaKO 1IpU OTCYTCTBUM TAKOM IIPOLEYPbI IIPOCTPAHCTBO-BPEMsI HE MOXKET ObITb MHTEPIPETUPOBAHO
kak Mmarepuasibubiii 00bekT. Takum obpazom, B CTO u OTO umeercss marepus u HEMaTepUATHHBIH
00BEKT - TPOCTPAHCTBO-BPEMsl, KOTOPBIE TEM HEe MEHee HEKOTOPBIM 00pa30oM B3aUMOAEHCTBYIOT JPYT C
JIPYTOM.

A6cooTHOE TPOCTPAHCTBO KJIACCHYECKON MEXaHWKM TaKKe HE MATEPUAJIBHO, OJHAKO 3TO TPO-
CTPAHCTBO HE MMEET HUKAKUX IPYTUX CBOHCTB, KPOME OUEBUIHOTO CBOMCTBA MPOTSIKEHHOCTH. DTO O3HA~
YAEeT, YTO B PEAJHHOCTH PACCTOSTHUS B MPOCTPAHCTBE MOTYT U3MEPEHBI UCKIIIOYUTEIHLHO MEKIY MaTepPH-
AJILHBIMU TEJIAMU UJIM YACTIMU OIHOTO M TOTO Ke€ MATEPUAIHLHOTO Teqa. B mocieaHeM ciaydae TOBOPSIT
o anuue. OgHAKO HE O4YeHb yJ00HO IMOMHUTH MHOXKECTBO OTJEJIbHBIX PACCTOSHHUN M JJIMH MEXKJy TH-
raHTCKUM MHOXKECTBOM OT/IEJIbHBIX MATEPUAIbHBIX OOBEKTOB U UX COCTABHBIX YaCTeil — TOYeK. Y100HO

00bEeIMHUTD BCE ITH PACCTOSHUS B OOIIYIO0 HEIIPOTUBOPEYHMBYIO CXEMY — IPOCTPAHCTBO, MMEIOIee TPH
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u3mepenus. CorlacHo HAOJIIOIEHNAM KJIACCHIECKON MEXAaHUKHU, HEITPOTUBOPEUNBAS CXEMA, TIPEICTABIISET
coDO# MAaTEMATHIECKYIO0 KOHCTPYKITUIO — €BKJIMIOBO TPEXMEPHOE MPOCTPAHCTBO. [1oaToMy abcosroTHOE
€BKJIMIOBO MTPOCTPAHCTBO KJIACCUYECKON MEXaHWKN — 3TO HE MATEPHUAIbHbBIN 00BbEKT, & YA00HBIH CIIOCo0
ONMCAHUS MHOXKECTBA PACCTOSHUN MEXKy MaTepuaIbHBIMU TeJaMu. BaskHO KOHCTATHPOBATH, 9TO CaAMO
110 cebe abCOTIOTHOE MPOCTPAHCTBO KJIACCUYECKON MEXAHUKHU, ABJISAICH MATEMATUIECKON KOHCTPYKIUEHt,
HE OKA3bIBAET HA MATEPHUAJIbHBIE TEJIA HUKAKOIO BJIUSHUS, 9TO KAK PA3 HOCTYJIUPYETCs B IEPBOM 3aKOHE
Heiorona n npunmumnom oraocuresnbaoctu Lanuies.

Kopuyckynsipaas reopus csera HploroHa HE IPOTUBOPEYUIIA UJIEE HEMATEPUAIBHOCTH IIPOCTPAH-
crBa u Bpemenu. OT/Ie/IbHbIE YACTUIIBI CBETA ABJISJIACH HEKOTOPBIMU JIOKATH30BAHHBIMEI MATEPUATbHBIMA
O0OBEKTAMHU U B TOM CMBICJIE PACCTOSHUS 10 HUX BKJIIOYAIUCH B ODIIYIO CXEMY KJIACCUYECKON MEXaHUKHU.
O HAKO TPOTUBOpPEYNEM K 3TOMY (DAKTy HEMaTepHaTbHOCTH MPOCTPAHCTBA U BPEMEHU SBUJIACH BOJI-
HOBasi TEOPHs CBETa, KOTOPYIo chopmynupoBan Biepsbie deTKo [oiirenc. Ecin cBeT — 3T0 BOMHBI, TO
HEKOTOpas CPEea, B KOTOPOI 3TU BOJHBI PACIPOCTPAHAIOTCS, IOJKHA 3aIOJIHSATH BCE MPOCTPAHCTBO
meaukoM. B 3ToM ciiydae mmeeTcs BO3MOXKHOCTD IIPOBEPUTH CBOMCTBA, MO/IEIN MPOCTPAHCTBA KAK €BKJIU-
JIOBa, TPEXMEPHOTO MPOCTPAHCTBA, PACCMATPUBAS M3MEHEHUsT XaPAKTEPUCTUK BOJIH, MPOIIEIIINX 9e€pe3
mero. OHAKO B 3TOM CJIydae BO3HUKAET MPOOIeMa, ¢ HEOOXOIUMOCTHIO OTJIMYATH CAMO MTPOCTPAHCTBO OT
cpejibl, HaXoJdIneiicss B HeM. dra npobieMa ocTpo Berasa mnocse codmanus MakcBeaiom obiieit reopun
3JEKTPOMArHETH3MA, DTy CPEJLy, KOTOPYIO Ha3Baau 3(MUPOM, CIEA0BAIO OOHAPYKHUTH U YCTAHOBUTH €€
CBOICTBA.

Kak u3zBecrHo, B 9kciepumentax Maiikenbcona-Mopuiu a¢dup obHapykurh He yiaanock. CoOCTBEHHO
CTO nosiBusiach Kak Te€opusi, KOTOPasi HbITAETCs IHOCTPOUTH MEXAHUKY U 3JIEKTPOJUHAMUKY 0e3 HaJu-
qus 3¢upa — cseronocHoi cpenbl. B CTO ¢ momompbio npeobpasoBanuit JIopeHna yaaercs yerpaHuTh
U3 ypaBHEHWIH SJIEKTPOIUHAMUKY CIAraeMble, BOSHUKAIOIINE MMPU MEPEX0/ie OT OJHON WHEPIUATbHON CH-
CTeMbl OTCYeTa K APYyroil (Kak B aKyCTUKE), ABUKYIIEHCA PABHOMEPHO OTHOCUTEJILHO MEPBOH CUCTEMBI.
Opnako mpobjieMa Cpefibl IPpW 9TOM OCTaJIaCh B M3MEHEHHOM Buje. ECau 3/1eKTPOMATrHUTHBIE BOJIHBI -
9TO MATEPHUAIbHBIN OOBEKT, MEPEHOCAIINNA PErUCTPUPYEMYIO SHEPTHUIO, TO BOIPOC O TOM, 9TO COBEPIIIa-
er KojebaHus B TOYKE HAOJIONEHWS MPHU MPOXOIE Yepe3 Hee 3JIeKTPOMATHUTHOM BOJIHBI, OCTAaeTCs 0e3
orBera. [IpuxoauTcss B pe3yabrare MPU3HATH, YTO JIEKTPOMATHUTHOE TOJIE CAMO TIO ce0e SBJISIETCS CIie-
nuduyeckoit (GopmMoil MaTepuu, KOTopas HE HMEET MACChl M JPYIUX €CTECTBEHHBIX CBOWCTB BEIECTBA.

CoBepIieHHO AHAJIOTUYHAS CUTYAIUsi CYIIIECTBYET C JIIOOBIM IPYTHM TOJIEM, B YACTHOCTHU, TMOJIEM
Tarorenusi. B pe3ysibrare TOJIsT BHIIEISIOTCS B OTIEIHHYI0 KATErOPUI0 MATEPUHU, KOTOPAs HE UMEET HU-
KAKOI'O BEIECTBEHHOrO BOILIOIEHMSI, HO ODJIAAET PsiJIOM U3MEPUMBIX U HAOIIOMAEMbIX XapAKTEPUCTUK,
T.€. TOJIsE OKA3BIBAIOT U3MEPUMOE BO3/EHCTBHE HA BEIIECTBO.

Ho ecnu cBoiicTBa 371€KTPOMArHUTHOTO TOJIST B HEKOTOPOI CTEMEeHW CXOIHBI C BEIIECTBOM B TOM
CMBICJIE, YTO OHO COIVIACHO KBAHTOBOI Teopuu O0JIAJAeT OLPEIEJIEHHBIMU KOPILYCKYJISPHBIME CBO¥i-
CTBaMH, TO C IIOJIEM TATOTEHUS CATYAIUs OKA3BIBAETCS rOpPa3io CiaoKHeh. HuKakux KOPILyCKyJIsipHBIX
CBOWCTB TArOTEHNE HE MPOosiBisier. CUIbl B3aUMOIEHCTBHS ITOTO TOJIs C BEIIIECTBOM BO MHOTO Pa3 MEHb-
e, 9eM 3JeKTPOMarHuTHOro. Ho Tem He MeHee OHO OKa3bIBAET CYMIECTBEHHOE BO3JEHCTBHE HA Tesa
OOJIBIITOM MACCHI M OMPEIE/ISIET BCIO AMHAMUKY HeOecHbIX Tes. OIHAKO MOJjIe TATOTeHUs B 00JIaCTH MEXK-
Jly TeJIaMU CaMO TI0 cebe HIUKaK He MposABjgeT ceds. Jjig 00baCHeHrns TaKOrO MOBEICHNS IO/ TATOTEHUS
B koHIe XIX Beka ObljIa MpeIokeHa 00Iast uaes, ITO MoJie TATOTEHUS eCTh MPOSBJIEHNE CBOWCTB CaMO-
ro mpoctpaHcTBa. Ecim HeT cpeabl, TO HeOOXOIUMBIME CBOMCTBAMY MOXKET OBITH HAJIEIEHO TOJIBKO CaMO
npocTpaHcTBo. VIMeHHO 3Ta niest ObIIA MOJIOXKEHA B OCHOBY TEOPWUHU TATOTEHWsT DiHIITElHa B (popme
OTO, xors Gosiee pajukasibHas uues Opuia BolaBuHyTa panbiie Kauddopuom [10].

Kakuwm xe oopaszom B CTO permaercs npobieMa OTCyTCTBUS CPEIbI KAK MATEPUATHLHOTO OOBEKTA,
KOTOPBIA OBbLT ObI TIEPEHOCYUKOM 3JIEKTPOMATHUTHBIX BOJH W BMECTHJIMINEM APYyrux mojeii? s sTo-
ro B CTO npocrpancTBO-BpeMst HAJEJISETCsS CHENUATbHBIMU CBOUCTBAME, COCTOAIIUMEI B TOM, 9TO OHO
BJIMSIET HA JBUKEHUS MATEPUAIBHBIX TEJI, XOTs CaMO MO cede, KaK y2Ke 0TMEYaJOCh BbIIIe, HE sIBJISIETCS

MaTepUaIbHbIM OOBEKTOM. DTO BIUSHUE COCTOUT B TOM, YTO 6e3 KaKUX-IU00 JAPyTrux (pU3nIecKux MpH-
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9UH MEPEXO0/ OT OJHONW WHEPIIUAJIBHONW CHCTEMbBI OTCUETa, K APYroil MPUBOAUT K U3MEHEHWIO MACIITA00B
JUIVHBI ¥ BPEMEHU. DTO M3MEHEHNE 00HAPYKUBAETCS IIyTEM CPABHEHUS STAJIOHOB [IJINHBI U BPEMEHU TTPU
OJIM3KOM KOHTAKTE C ITOMOIIBI0 CBETOBBIX CHUTHAJIOB, T.€. SIBJISETCS (PU3NIECKU OOHAPYKUMBIM SBJICHU-
eM. BaxxHO TOTUepPKHYThH, YTO MPUYWHON W3MEHEHUS ITAJIOHOB JJIMHBI U BPEMEHW B JAHHBIX YCIOBUSIX
HE MO2KeT ObITb HMKAKOH (PU3MYeCKuil MexXaHu3M, IIOCKOJIbKY, corsiacHo neppomy nocrysary CTO, sBo
BCEX MHEPIMAJIbHBIX CUCTEMAX OTCYETa BCe (DU3MYECKHE 3aKOHbBL OJMHAKOBbI. TakuMm 00pa3oM, OsBJIsdeT-
ca Ppyspamentanbaoe nporusopeure CTO — HeMmarepuaibHbI 0OBEKT — IPOCTPAHCTBO-BPEMS, HMEET
BIIOJIHE M3MepHUMbIe (pU3UIeCcKue CBOiCTBA.

B OTO nemarepmaibHOE NPOCTPAHCTBO-BPEMS HAJEJSETCA eIne OOJBIINM YUCIOM  (hu3nde-
CKHUX CBOMCTB — KOMIIOHEHTAMM T€H30pPa KPUBU3HBLI YETHLIPEXMEPHOIO IICEBIOPHUMAHOBA, IPOCTPAHCTBA~
Bpemenn. Kpususna nemarepuaiabHoro npocrpancrsa-speMenn B OTO Biusger Ha ABUXKEHHE MaTepu-
aJIbHBIX TeJI U, O0jIee TOro, Onpee/nseT HAOIIOIaeMble CBONCTBA MATEPUAIBHBIX TEJI — WX B3aUMOIEH-
CTBHUE MEXKy CODOil C TIOMOIIBIO CUJI TATOTeHUs. Pe3yibraToM BKIIOYEHNS B TEOPUIO M MAaTE€PUATHHBIX,
U HEMaTEePHAIBHBIX 00beKTOB omHoBpemeHHo spisercsa Hagundne B CTO n B OTO psima mapaaokcos.
IIpumepom moxker cayxuth napagokc oausuenios CTO. B OTO xe sro, Hanpumep, addext YHpy, a

TaK2Ke He ycTpaHuMmast 1pobieMa ¢ sHeprueil rpaBuraluoHHoro noJs [11,12].
1.1. Kunemarudeckue mapagokcbi CTO u OTO

Bce oobsacaenns mapagokcos B CTO n OTO o6bIYHO CTPOATCSA Ha, JOKA3ATEIHCTBE MATEMATHIECKOM
HEMTPOTUBOPEYMBOCTH CAMON TEOPUU, & WPPAIMOHATIBHOCTh HEKOTOPBIX BBIBOJOB 3THUX TEOPHUl OOBIYHO
OTHOCHTCSl K HEBO3MOX@KHOCTHU IOHSATH PEAJBbHOCTh ¢ TOYKH 3PEHUs IMPAKTUYECKOIO OIbITA YEJIOBEKA,
JKHBYIIENO0 B MAKPOMHUPE KJIACCHYIECKON MexaHuKu. Hampumep, napajokc O6Ju3HEnoB Tpedyer s CBO-
ero obbsicHeHnsa (PakTa He “CHMMETPUIHOCTH CHCTEM OTCYeTa, B KOTOPBIX HAXOAATCS Oim3Hensl. Ecan
CPaBHUBATH CHUCTEMbI OTCYETA, JBUKYIIHECS APYT OTHOCHTEILHO IPYra PABHOMEPHO W MPSAMOJIUHENRHO,
TO BCe (pU3MIeCKUe 3aKOHbI B HAX OJMHAKOBHI U HET BO3MOXKHOCTH YKa3aTh MEXaHW3M BO3HUKHOBEHUS
PACXOXKIEHNS B CKOPOCTH XOJ1a YaCOB W M3MEHEHUs [JINHBI JinHeeK B HuX. COOCTBEHHO B 9TOM U COCTOUT
MapaIoKe Om3HenoB. B orHOmeHnn OGJU3HEIIOB 9Ta MPO0/eMa COCTOMT B TOM, YTO CTAPEHUE SBJISIETCS
buU3MIeCKUM TPOIECCOM, MPOUCXOAANIAM B KJIETKAX YKUBOTO Opranm3Ma. [IoCKOIbKy Bce du3myueckue
TIPOITECCHI B ODEWX CHCTEMAaX OTCUETa aOCOIIOTHO OJNHAKOBBI, TO OoJiee OBICTPOE CTapeHNe OCTABIIETOCST
Ha 3emiie OJIM3HENA HE CBA3aHO HU ¢ KakuM (usmdeckum MexaHu3mMoM. C hopMasibHOM TOYKY 3PEHUs
ACHMMETPHUIO MeXK 1y OJIM3HenaMyu MOXKHO HANTH, €CJId IPUHATH BO BHUMAHWE HAJMYUE 0OS3aTeTHHOrO
OTpe3Ka IyTH YJIeTAIoIIero KOCMOHABTA-OIN3HeNa, HA KOTOPOM KOCMUYecKuii Kopabib yckopsiercs. B
CHUCTEME OTCYEeTa, CBI3AHHON C yJIETAIONMM OJM3HENOM, BO3HUKAIOT CUJIbI WHEPIUH, & B CHCTEME OT-
cuera, CBA3aHHON ¢ 3emuteil, cut uHepiuu HeT. [109TOMY JIOTHYHO MPEIIONI0KNUTD, 9TO PACX0XKICHNE B
MMOKA3AHUAX YACOB U JIJINHBI JJMHEEK BO3HUKAET KAK Pa3 M3-3a HAJUYUUS CHJI WHEPIIUK B CHCTEME OTCIETA
ysrerarorero oau3nena. OIHAKO CUJIbI WHEPIIUN, BOOOIIIE TOBOPS, ABJISIOTCS KHNHEMATHIeCKUM 3P dHerToM
dbopMaIEHOTO MTPEe0dPA3OBAHS KOOPAWHAT OT OJHON CUCTEMBI OTCUETa K Apyroit. [ToaTomy sTa acummer-
PUYHOCTD UPPAMOHANIBHA ¢ (pusmaecKoit Touku 3penus. Cuiibl HHEPIUU B YCKOPEHHOM CHCTEME OTCYETa
HPOSBIISIOTCS TOJTBKO B BO3HUKHOBEHHM CHJI PEAKIIUU OMOPbI, JEHCTBYIOMEN HA KOCMOHABTA, KOTOPHIE
obecrreanBaOT ero ycKopenne. ByKBaabHO, yeTaroIero KOCMOHABTA, “IPUKAMAET’ K CTEHKe Kopabiid,
9TO M CO3JAET C TOYKH 3PEHUS MATEPUATBHBIX cul acummerpuio. OHAKO TPYAHO cebe TPeICTaBUTh, 9TO
HMEHHO BO3/IefiCTBHE CTEHKU KOpabiis Ha KOCMOHABTA SIBJSIETCS] TPUYWHON H3MEHEHUH B XO1e ero Owuo-
JIOTHYECKUX 9acoB. [Ipu TakoM 00bsICHEHIN MOYKHO TPEANOJIOKUTH, YTO JTI000e NeiiCTBHE CUJIbI PEAKITUN
OTIOPBI JTOJI?KHO TPUBOIUTE K U3MEHEHUIO JIJTMH STAJIOHOB 1 9acoB. HO mazke B 9TOM CIydae OCTAETCS HEsiC-
HBIM TO, MOYEMy peodpa3oBaHus JIOpeHIa He coIepKaT KaKuX-JIH00 CChIJIOK HA HAJIWYHNE CUJI WHEPIIUH.
TIpu “maremarndeckomM” OOBACHEHNN JAHHOTO TapagoKCa OOBIYHO OCTAHABIMBAIOTCS Ha caMoOM (pakTe
HAJIMYUsl ACHMMETDUU B CUCTEMAX OTCYETA, CUUTAs YTO CAMO HE MATEPUAJBHOE HMPOCTPAHCTBO-BPEMsi
“Kak-T0” yMyApseTCs BIUATH HA BCE YaChl W JHHEHKN HE3aBHUCHMO OT WX ycTpoiicrBa. Psm mpobmem

TakKoro poja obcyzxkaalcs B pabore Bprosuiiosna [11].
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B kauecTBe moka3aTesbCTBA TOrO, YTO COKPAIIEHUST MACIITA0OB B JABUKYIIEHCS CHCTEME OTCUYETA
HMEIOT MECTO B PEAJHHOCTH, YaCTO MPUBOAAT “MIOOHHBINH 3 derT”. IToT 3ddheKT cOCTOUT B TOM, 4TO
paCmaIaonnecss MIOOHBI, POXKIASICh B BEPXHUX CJI0SX aTrMOCKEephl, YCIEBAIT JT0JETETh 0 OBEPXHOCTH
Bemym. TToCKOMBKY BpeMsi WX KU3HU B JJAOOPATOPHOM SKCIEPUMEHTE B HEMOIBUKHON CHCTEME OTCUYETA
cocrapiger npumepno 2 - 1075¢, To jaxe upu cKkopocTu cBera 9T HACTHIBI He MOLIM Obl LPOHTH JI0
pacmnaza paccrosnue, bosbniee 600 M. Paccrosinue ke or obsacru, rje 3TU YACTHIBI POXKIAIOTCS, [0
[MOBEPXHOCTH 3€MJIH COCTABJISIET JeCATKH KIuiaoMeTpoB. QIHAKO Ciie/lyeT UMeTh B BULY, YTO HUKAKON pe-
AJIbHOM TeOpUHU MPOIIECCa PACa/a MIOOHA HA CErOMHANIHUYN eHb HeT. [109TOMy MOXKHO NPEeIIOI0KHUTD,
9TO CYIIECTBYET PeaNbHbIN (DUNIECKUIT MEXaHU3M, He CBS3aHHBIA ¢ npeobpasoBanusmu Jloperna, Ko-
TOpBIN 00bsicHsIeT (haKkT 3aMeqeHUsT pacliaja MIOOHA. DTO TeM OoJiee BayKHO, TOCKOJIbKY, KaK YyiKe
0TMevaJsoch, (pu3nvecKue MpoIecchl B COOCTBEHHOW CHCTEMe OTCYeTa U CHCTeMe OTCYUeTa, CBSI3aHHOW C
Semuteil, I MIOOHA, TOJI?KHBI OBITH OJUHAKOBBIMHU.

AnajlornyHbIe MPETEH3UN MOXKHO MPEIbIBATH B KOHIE KOHIIOB U K KJIACCUYECKOMY C TOUKU 3PEHUS
CTO obbscuenuto skcrmepumenta Maiikenscona-Mopman. OTcyTcTBHE 3aMETHBIX PACXOXKIEHUNH B CKO-
POCTH CBETa BIOJIb HAMpaBJIEHUS ABUKeHus 3emjn BOKPYr COHIIA U MEPHEHIUKYISPHO €My MOTYT
UMEeTh B OCHOBE OTPEE/IEHHbIN (DU3NIECKUN MEXaHU3M, HE CBSI3aHHBIN ¢ (hopMaIbHBIME TTPEOdpa30Ba-
uusmu Jlopenma. B TT®II ssiekrpoMarauTHble BOJIHBI ABJISIOTCH KOJ€OAHUAMU CaMOro (hbu3M4ecKOoro
[POCTPAHCTBA, SIBJSIOIIErOCs TUIIEPIIOBEPXHOCTHIO B obbeMtoeM npocrpanctse. Ho npu 3rom camu
npubOpbI TAKKE SIBIISIOTCS ONPEJIEJeHHBIMUA y9acTKAMU TOH Ke TuieprnoBepxHocru. VIMEHHO 3Ta cu-
ryaius, (PaKTUIECKH UCKIIOYAN0NIAs KaKoW-Tu60 3hup, Kak cpegy — MNePeHOCUYUK 3TEKTPOMATHUTHBIX

BOJIH, MOYXKET O0bSICHUTH PE3Y/IbTaThl IKCIepuMenTa Maiikesabcona-Mopiiu.
2. IlpuHnun MaTepuaJIbHOCTHI

PaccmarpuBasi npuBeneHHbINl Bblllle aHAJIU3 B KadeCTBe IPOrpaMMbl (pOPMUPOBAHUS KOHIEIIIUN
TPEXMEPHOTO IPOCTPAHCTBA KAK MATEPUAIHHOIO OOBEKTA, BBEJAEM CIIeNHUAIbHBINA PUHIIUAI MATEPUATb-
HOCTH, KOTOPBIH OyIeT OTIPABHON TOYKON B CO3JAHWH HEIIPOTHBOPEUNBON (PU3MIECKOI TEOpHUH IMOeit
u vactul. CyTb 3TOro NPUHIKIIA MOKHO M3JIOXKHTH B BHJE CIEAYIOIIEro yrBepxKaeHns: JIro6oi o06b-
€KT, KOTOPbIil oka3biBaer (pusmdecku usMmepumoe (0OHAPYKMMOE C IIOMOIBIO IPUGOPOB)
BO3/elicTBUe Ha MaTepPHUAJIbHBIE TeJa, JOJ2KEH CaM SBJIAThCI MaTEPUAJIBHBIM 00bEKTOM.

Jlms mpakTukn (pU3HIECKuX HCCAeIOBAHUN HAOMIOMAEMBIX BEIECTBEHHBIX OOBEKTOB 3TOT IIPHH-
AT He aeT 9ero-T0 0C00eHHO HOBOro. OHAKO B OTHOIIEHUU TMOHSTHN TOJISA, TPOCTPAHCTBA W BPEMEHU
JMAHHBII TPWHITUI TPUBOANAT K BAXKHBIM CJIEICTBUSM B OTHOIIEHUU UX (pusmdeckux cBoicTB. lasg mpo-
CTPAHCTBAa W BPEMEHW [IAHHBIN TPHUHIIAI WMEET, MO KpaifHeil Mepe, IBa CIOCO0a HETPOTHBOPEYUBOTO
BOILJIOIIEHUS .

Ilepsorit crtocob 1eMOHCTPUPYET KJIACCHIeCKasT MEXAHUKA, COTJIACHO KOTOPOH ITPOCTPAHCTBO U BPEMST
He 00J1aJAI0T HUKAKUMU CBOWCTBAMH MaTE€PUAJBHOCTH W CIYKAT B KadecTBe (hOPMAIHHON MATEMATH-
YeCKOM MO/Je N ONMMCAHUSA IJWH U PACCTOIHUMN C OJHOU CTOPOHBI, M TMEPUOAOB U JIJUTETHHOCTEN dBJe-
HUil ¢ Apyroit. 3/ech BAXKHO OTMETUTH, YTO PACCTOAHUS B aOCOIIOTHOM IIPOCTPAHCTBE KJIACCUYECKON
MEXaHUKU MOTUYT ObITh M3MEPEHBI W COIOCTABJIEHBI TOJIBKO ONPEIEIeHHBIM MATEPUAIBHBIM OOBEKTaM.
QusnyecKnii CMbICT UMEET TOJIHKO PACCTOSTHUE OT OIHOTO MATEPHAIBLHOIO TEJIA JI0 IPYroro, Xors (op-
MaJIbHO BCE MPOCTPAHCTBO MOKPBHIBAETCS KOOPAMHATHON CETKOM, KOTOpas OTPA’KAeT HEIPOTHUBOPEYUNBhIiA
cIrocob yaIoO6HOTO 0OODINEeH MHOXKECTBA N3MEPEHHUH PACCTOSAHUI MEXKIy MAaTepPHATLHBIMUA OObEKTAMH.
IIpu 3TOM mOCTYIUpPyETCsi, YTO MATEPHUATbHBIE OOBEKTHI €CTh HEYTO COBEPIIEHHO OTJNIHOE OT HEMATE-
PUAIBHBIX TTPOCTPAHCTBA U BpeMenu. [109ToMy B KJIACCHIECKON MEXaHUKE CIIOCOOBI M3MEPEHUs [IJINHBI 1
BPEMEHN OJMHAKOBHI BO BCEM MPOCTPAHCTBE W HE 3aBUCIT OT BHIOOPA WHEPIUAJIBHON CHCTEMBI OTCUETA.
DTOT TOCTYJIAT ABJISETCS JIUIL (DUKCAIMeH Hanbojee MpOCTOro COcoba YIOPSIOUNBAHUS PACCTOSTHUN
110 00bexToB. Ilpu 3roM orpanuyenue JeficTBUS 3TOrO HPUHIMUIA TOJIHKO MHEPIUAIHHBIMU CUCTEMAMUI
oTCcYeTa O0bACHIETCH BO3MOXKHOCTDIO MMOSABJICHNUS B HEMHEPIINAIbHBIX CUCTEMAX OTCYETA CUJI, MEHSIOIIUX

JJIMHY JIMHEEK U CKOPOCTH XOJa 1aCOB 3a CYEeT OY€BHIHBIX (bI/ISI/I‘{eCKI/IX MexaHn3MOB. B HemHepuuaJib-
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HOW cHCTeMe OTCYeTa BCerjia JOJKHBI BO3HMKATh, HAIIPUMEDP, CUJIbI PEAKIMH OINOPbI, 3aCTABJAIONINE
9TAJIOH yCKOPAThCsA. CHIIBI peAKINY OMOPbI, IeHCTBYIOIINE HA, YIPYTHE TEJIA, BHI3BIBAIOT UX OTHOCUTEh-
HOe yIjinHeHue uin cokpaiienue. B orimuane or 3roro 8 CTO u3MmeHenwne IIUHBI 3TAJIOHOB MPOUCXOIAT
Ipu Tepexoie OT OJHOM MHEPIMAJIbHON CUCTEMBI OTCYETa K JPYrOif, XOTd MEPBBIM MOCTYJIATOM 3TON
TEOPUU SABJILAETCH OAMHAKOBOCTH BCEX 3aKOHOB (DU3MKM B ITUX cucremax orcuera. [losromy mamenenue
macmtaboB jymabl u Bpemeraun B CTO He MOXKeT ObITh CBA3aHO HU € KAKUM PEATbHBIM (DU3NIECKUM

MeXaHUu3MOM BSELI/IMO/IefICTBHH MaTEPHUAJIbHBIX TEJI.

Bropoit criocod mHTEpIpeTanymn IPOCTPAHCTBA, COOTBETCTBYIONINH M31araeMoil HOBOM TEOPHUH, CO-
CTOUT B MPHU3HAHUU MPOCTPAHCTBA B KA4E€CTBE MATEPHAIBHOIO O0BEKTa, 00/IaIAI0IMIEr0 W3MEePUMbIMU
dusnveckuMu CBOMCTBAMHU. B 9TOM Cjiydae TOYKM ITOTO MPOCTPAHCTBA MPU3HAIOTCH MATEPUATbHBIMU
obbekTamMu, u JI000e M3MEHEHNE PACCTOSHUN MEXKTY STUMU TOYKAMU JOJIZKHO BBI3BIBATHCSA U O0bACHATh-
€ KOHKPETHBIMU (DUBUUIECKMMU MpUYNHAMEA. B KaduecTBe Cnocoba OMMCAHUS MeOMETPUYECKUX CBONCTB
TAKOI'O MAaTEPUAJIBHOIO IIPOCTPAHCTBA LPEJIAraeTcsd MOJIE/Ib BJIOKEHHUS TPEXMEPHON IVIaJKOU ruiep-
LOBEPXHOCTH B o0beMIIoliee deTbipexmepHoe npocrpancrso W4, Dra Moje/b 03Ha49aeT, 4To CBOMCTBA
TPEXMEPHOI MaTepPUabHON TUIEPIOBEPXHOCTH M3MEPUMBIM CIIOCOOOM OTJIMYAIOTCS OT CBOMCTB YE€ThI-
PexXMepPHOro 00bEeMITIONIEro MPOCTPAHCTBA. IIOCKOIBKY B 3Ty MOEIb BXOIUT HOBBIA MaTE€MATHYECKUt
0OBEKT — YeThIPpEXMEPHOE 00BEMITIONIEE TPOCTPAHCTBO U OTJAEIBLHO BPEMs, TO IIPU €INHOM UX ONMUCAHWUN
BO3HUKAET T4 YKe caMmas WCXomHasd auiaemma. Heobxoammo caears BHIOOD, MO0 MBI CAMTAEM, UTO ITO
MPOCTPAHCTBO SABJISIETCS JIUITh (DOPMAJIBHBIM CIIOCOOOM BBIYUCJIEHWS JJINH W PACCTOSHUN B HEM, JTUOO
MBI CUMTAEM, UTO ITO MPOCTPAHCTBO TAKXKE SABJAETCI MaTepUATbLHBLIM. B TepBOoM ciydae MBI MOKEM
OMMPATHCS HA HAII ONMBIT W3MEPEHUs] PACCTOSHUN B KJIACCUIECKON MEXaHWKe, TOCKOJIbKY a0COJIIOTHOE
[IPOCTPAHCTBO 3TOI TEOPUHU SABJIAETCH YACTHIO OObeMJIonero npocrpancrsa. [Ipu srom camoit ecrecrsen-
HO¥ MOZEJIBIO JIJIst BBIYMCJIEHU JJIMH B 3TOM Y€THIPEXMEPHOM [IPOCTPAHCTBE HABJISETCs YeThbIPEXMEPHOe
eBKJIMIOBO mpocTpancTBo W4, BO BCex TOYKAX KOTOPOrO JUIMHA STAJIOHOB OCTAaeTCs Hem3MeHHOM. Ilpu
3TOM ]IS TOrO, 4TOOLI TaKas IPOLEIypa MOIIA GBITH peainm3oBaHa, TpeOyerca Hammuue B W4 mare-
puasbubix 00bekTOB. Kak u B kiaccuueckoii mexanuke, B TT®II paccrogams MoryT ObITh H3MEPEHBI
TOJIBKO MEXK/Iy MaTepuajbHbiMu OO0bekTamu. Takumu marepuasababiMu o0bektamu B TTOII apasiorcsa

TOYKM TpeXMepHOoil (pusuueckoii Mmarepuanbuoil runepnosepxuocru (OMT).

Bo BTOpOM ciydae HEOOXOIMMO yKa3aTh MOJENIb MATEPHATM3AINN STOTO MPOCTPAHCTBA, KOTOPAst
Oy/leT OLpeeIsdTh ero reOMETPUI0 KakK MarepuaibHoro oobekra. OJHAKO B OTCYTCTBUE KAKUX-JIHOO
TOYHBIX CBEJEHHiI 00 9TOM MPOCTPAHCTBE CEJIATh ITO JIOCTATOYHO TPyAHO. B cuiay sToro mambosee
JIOPMYHBIM BBIOOPOM SBJISETCH MPE/IIOJIOXKEHIe, YT0 06BbEeMIIONee YeThpexXMepHoe npocTpancTso W4
SABJISAETCS AHAJIOTOM abCOJIFOTHOIO MPOCTPAHCTBA KJIACCHYECKON MEXAHWKW, HO MMEIONIUM HA €IUHUILY

bosbItiee 9ucio m3mepennii. Takoit moaxoa u ObLT IPUHAT paHee B 0Ocykmaemoit HoBoit Teopun TTOII.

OpHakKO B OT/IMYME OT KJIACCHYECKONH MEXaHWKM, B KOTOPOH CaMa MPAKTUKA (DU3UIECKOTO IKCIIEPHU-
MEHTa CTPOMJIACh Ha BO3MOYKHOCTHU PA3JIaraTh MATEPUIO HA OT/IEJbHbIe MaTepuaabuble Toukw, B TTOII
TIPUXOIUTCA OTPAHUYINBATLCS, TIO KpaifHell Mepe TOKa, PACCTOTHUSIMH TOJHKO MEXKIY TOYKAMHU CAMOM
Gu3MYECKO MaTepUasibHON I'MIIEPIIOBEPXHOCTH., DTO CO3/AET OIPE/EJIEHHbIE TPYAHOCTA B IOIBbITKAX
$OpMyTHPOBATH TEOPHUIO OOBEMJIIONIETO IPOCTPAHCTBA, ONMMPAACH Ha CTAHIAPTHBIE KJIACCHIECKHUE ITPHe-
MblI. [TocKOIbKY MBI HE BMeeM MIPeACTABICHUS O TOM, KaK YCTPOEHA MAaTepHUATbHASA THIEPIIOBEPXHOCTD B
MaJIOM, TO MOKHO ITOKa (POPMATBLHO MOMOXKUTHCSA HA MATEMATHIECKAE aKCHOMBI, COITIACHO KOTOPBHIM T'H-
MIEPIIOBEPXHOCTh B €BKJIMIOBOM IIPOCTPAHCTBE MOXKHO IPEACTABATDH B BHIE MHOKECTBA MATEMATHIECKUAX
TOYEK, KOTOPBIM MOTYT OBITH (POPMAIBHO COMOCTAB/IEHBI HEKOTOPBIE (PU3NIECKUE TTAPAMETPHI, HAIPHU-
Mep, TJIOTHOCTH MAaCChl, TJIOTHOCTH SHEPTHH, CKOPOCTh U T.J. B atom ciayuae OMI' mpeacraer B BHIIE
HeMpepBIBHOI 1 JazKke MVIAIKO# rumneprnosepxHoctn V3 € W4 ¢ pacnpemeseHHbIME Ha Heil (DU3NTECKIMH
BesmunHaMU. B pe3ysibTare mosydaemM 00beKT, COCTOSIINI U3 MHOXKECTBA, TOUYEK, (DU3UIECKUIT CMBICIT KO-
TOPBIX JIO KOHIIA HE OMPEIe/IeH, HO KOTOPBIE MOI'YT CJIY?KUTH XOPOIIEH MOIEIbIO /1 OIUCAHUS TUHAMUKA
marepuu. Crenyer mpapia IOAYEPKHYTh, YTO 9TH TOYKU HE UMEIOT IIPIMOrO OTHOIIEHUS K MaTe€pPUaib-

HBIM TOYKAM KJIACCHYECKON Wi KBAHTOBOW MeXxaHUKu. OObEKTHI 3TUX TEOPUil - YACTUIIBI, TPAKTYIOTCS
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B TT®II kak nporskennsle obnactn @MI, BblIeeHHbIE ONpe/IeIeHHBIM 00pa3oM (cM. [2-6, 8]).
Ilonaras W* eBKIMIOBBIM IIPOCTPAHCTBOM, B HEM BCEIVIA MOMKHO BBECTH JEKAPTOBY CHCTEMY KO-
opauHatr ciaeayomiero suga: X = (x1, T, T3, T4) = (X, u), /€ BbIIEJIEHA OJHA U3 KOOPAUHAT, B JAHHOM
caydae u = z, m opToronambHas eit TuNepNIOCKoCTh P ¢ 1eKapTOBBIMI KOOpIWHATAME X = (1, T2, T3).
Torna mr06as TuIepnoBepXHOCTh V3 € W* MOXKeT 6BITH ¢ MATEMATHIECKOH TOUKN 3PEHUS BBLIEICHA, OJl-

HO3HAYHO C MOMOIIBI0 OIHOH (DYHKIMHK BHICOTHI F (X, t) € TOMOINBIO YDABHEHNUSI:

u = F(x,t). (1)

Nmenno B takom Buje dusmyeckas marepuaibHas runepnosepxHocrb (OMI) onucwiBanacs B pabo-
Tax [5,8]. OnHako Taxoe BBIAENEHHE TOApasyMeBaeT, 9To B W4 mveercs BO3MOKHOCTL He TOMBKO HOp-
MaJIbHO, HO U (DU3UYECKHU, BBIIEIUTH runepiiockocts P3. Kak ykasbisanoch B [5,8], Takast rumneprioc-
KocTh B W BoImenserca maMu B popMe WHTYHTHBHOTO 00pa3a, OCHOBAHHOTO B IEPBYIO OUepe b Ha Mps-
MOJIMHEHHOM PACITPOCTPAHEHUH CBETA B BakyyMe. [I0CKOIbKY CBET TPOXOIUT CKBO3b MJIOTHYIO MATEPUIO
HE NPSAMOJMHERHO WK BOBCE HE MIPOXO/IUT YePe3 OT/IEIbHBIE MATEPUAIbHBIE OObEKTHI, TO MPEACTABICHIE
O IUIOCKOCTHOCTH HAIIEr0 MHUPA WHTYUTHBHO MPOJOJIZKAETCH B 0DJIACTH MPOCTPAHCTBA, 3AHATON ITUMU
obbexkTamu. TakuM 06pa30M, TUIEPIIOCKOCTD P> - 9TO COBOKYIIHOCTD HAIINX HHTYHTHBHBIX IPEICTAB-
nenwit mo orHomennio K ®MI' o pacmomoxkennn MaTepHATbHBIX 00BEKTOB JAPYT OTHOCHTETHHO IPYTa,
9TO MOYXKHO TPAKTOBATH KAK BHIOOD (DU3MIECKOH CHCTEMBI OTCUETA.

Cnemyst aromy aHanu3y u o0eil uiee, jgexaineil B ocaope runoresbl Kiunddopaa u Jitamreiina o
TOM, YTO MATEPUsA U MATEPUAJIHHBIE TTOJIS, TPABUTAIIMOHHOE U HJIEKTPOMATHUTHOE, TOJ2KHBI 00 bACHATHCS
CBOIICTBaMU T€OMETPHUHU HEKOTOPOTO MTPOCTPAHCTBA, U BPEMEHMU, JIOTUIHO CBA3ATh UX C T€OMETPUIECKAMHU
I TOMOJIOTHYECKIMH CBOHcTBaMU buamuecKoil rumepnosepxuocTr V2. Ho Temepb 3TOT MeTOn JOMKeH
onmmpaThcs He HA GOpPMATbHBIE COOOPAKEHUS THUIA BHIOOPA B KAYECTBE MJIOTHOCTH JIATPAHKEBOH (DyHK-
MU PPABUTAIMOHHOIO II0JIs CKAIAPa TeH30pa KpuBU3HbL Pudun, a Ha caMy UJIEOI0MMI0 MATEPUATBLHOCTH
dusznveckoit runeproBepxnocTu. Takasi ugeosorus, B IEPBYIO OYEPE/ib, JTOJZKHA OTPAXKATD CAM CMBICIT
OmpeeIeHnsT MATEPUATLHOCTH O0BEKTA, KAaK 00bEKTa, KOTOPBIH MOXKHO HADIIOAATD B (PU3UICCKOM IKC-

IepuMeHTe.
3. Cnocob onmcaHus CBOUCTB MaTE€PUAIBHON I'MIIEPHOBEPXHOCTA

Hawnbosee oueBuIHBIM CBOHCTBOM MATEPUATBHBIX O0OBEKTOB SABJSIETCS UX HAOIIOIAEMOCTD, T.€. BO3-
MOYKHOCTD CJIEJUTH 33 HUMH C MIOMOIIBIO TeX WU WHBIX MPAMBIX (PUHIECKUX U3MEPEHU. DTO 03HAYALT,
9TO KAXK/I0W TOYKE MATEPHUATBHOIO O0BEKTa MOXKHO COMOCTABUTH HAOOD (DU3WIECKUX MAPKEPOB, OTPa-
JKAIOMUX U3MEPUMBIE CBONCTBA, OTJIMYAIOIINE OHY TOUYKY OT APYruX. Takue MapKephl B THAPOIMHAMUAKE
HA3BIBAIOTCS JIATPAHKEBBIMU MAPKEPAMU U MPEICTABIISIOT COOO0M KOOPIMHATHI KAXKI0H MaTepUaIbHOM
TOYKU B HEKOTODbINH (DUKCUPOBAHHBI MOMEHT BpeMeHH. VIMEHHO Takwe JIArpaHKEBbhI MAPKEPbI SBJIs-
0Tcst Hanbosiee OOIIUM CITOCOOOM OMKUCATH JTIOOVIO TOABUYKHYI0 MATEPUAIBHYIO CPEIY B MOCIIEIYIOIIHe
MOMEHTBI BpeMeHHU. B CBsi3u € 9THM Jjisi ONMCAHUSI PACHPEJETICHUs MATEPUH B O0bEMJIIOINIEM YeThbl-
pexmeproM TpocTpancTBe W4 Takzke HeoGxoqmMo BBecTH HaGOp Mapkepos E%(xX,t), KOTOpbHIC euH-
CTBEHHBIM OOPA30M BBIIEIAIOT KAaXK/IyI0 TOYKY MATEPUH, HAXOJSIILYIOCS B HEM B TOYKE C KOOPIHHATON
X = (X1, Xo, X3, X4) B MoMenT Bpemenn t. Kak 66110 oTMedeno, 6yaeM momarath, ato W4 asngerca
€BKJIM/IOBBIM MPOCTPAHCTBOM W MOITOMY KOODAWHATHI X MOXKHO 0€3 OrpaHwdeHusi OOITHOCTH BHIOPATH
JIEKAPTOBBIMH.

IIpeamooKuM, 9T0 MaTepHaIbHbIH 06HLeKT uMeeT dopmy runepnosepxuocta V¢ paszmeprocru d,
BJIOYKEHHOI B o6bemiiommee mpoctpanctso VP pazmeproctn D > d. ®usndeckas MaTepHaTbHAA THITED-
MMOBEPXHOCTD BBIAEISET UCCIEAYEMBINl 0OBEKT, 8 00bEMITIONIEE TPOCTPAHCTBO HEOOXOMMMO 111 BHECEHS
B TEOPHIO STAJOHA CBONCTBA TPOTSIKEHHOCTH, CDABHUBAS C KOTOPHIM Yy HAC MOXKET MOSBUTHCS TPE-
crap/ieHre 00 M3MEHEHUH PAa3MEpPOB M paccTosdHmil Ha (u3maeckoit runepnosepxuoctu. [loa reomerpu-
yeckumu Mapkepamu e?(X,t), a = 1,... Oyuem pasee nonuMarb GyHKIMU KOODAMHAT OObEMIIIOLIEIO

IIPOCTPAHCTBA M BPEMEHM, KOTOPbIe CBA3aHbI ¢ KaxKJOH Toukoil rumepmnosepxuoctu V¢ C VP u nos-
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BOJISIIOT OTJIMYUTH OIHY TOYKY OZHO3HAYHO OT APYTUX TOYEK ITOH rumeproBepxuocTu. I1o anamorum c
TUIPOINHAMUKON, 3HAYEHNEM MAPKEPHOU (DYHKIMHA MOXKET CJIYKUTh 3HAYEHIE KOOPAUHATHI MATEPUATH-
Holt Touku B VP B OIIMH BhIZe/IeHHbII MOMeHT Bpemenu ¢ = (. [Ipenmosiaraercs, 9To CyIecTByer croco0,
X0Tst 661 OpMaTbHBIN, B MOMeHT BpeMenn t = 0 npoussectn n3mepenwe ef (X). Ucxomst u3 3T0r0, 9ncio
reoMerpudecKux Mapkepos e*(z1, xo,...,p), a =1,..., D 10/KHO ObiTb paBHO D He3aBUCUMbIX (DYHK-
uuii. [Ipu 3TOM BCe Mapkepbl TOYEK MATEPHATIBHOIO OOBEKTA CJIeyeT Pa3aeauThb Ha 1Ba Kiaacca. [lepsorit
KJIACC - 3TO TJI00aJIbHbIE MapKephl, BhlAesdomue (pu3niecKyo MaTepruaIbHyI0 THIIEPIIOBEPXHOCTD B
00BEMITIOIIEM TIPOCTPAHCTBE KakK Iesioe. UHCI0 TaKuX MapKepoB TOKHO ObITh paBuo M = D — d.
JlefiCTBUTEIBHO, MATEPHAIBHYIO IHIIEPIIOBEPXHOCTh Pa3MepHOCTH d B eBKIMI0BOM mpocrpancrtse VD B
MOMEHT BPEMEHHU ¢ MOXKHO 33/]aTh C MOMOIIBIO cucTeMbl m3 M ajrebpanveckux ypaBHEHUI:
ea(X,t) = C, = const, a=d+1,...,D.

3mech C'* — COBOKYIHOCTH HEKOTOPOTO HAOOPA BEIIECTBEHHBIX MOCTOSTHHBIX, BBLIEIAIONAS KOHKPETHY O
TUMIEPIIOBEPXHOCTH CPEIN BCEX BO3MOXKHBIX THIIEPIIOBEPXHOCTEH C APYTUMU 3HAYEHUSAMHU T[UIOOATHHBIX
mapkepoB. CoBokynHocTh dyHKImi €,(X, ) MOKHO paccMarpuBarb Kak M MapKepoB, KOTOPBIE MbI U
OyZIeM Ha3BhIBATH IIO0AMBHBIMU MapKepamu. VX 3HaYeHNs ONPEIeIsiioTCst B MOMEHT ¢ = () C TOMOIIBIO
TOI WiV WHOW M3MEPUTETHHOM TTPOIEIYyPhI U OCTAIOTCS HEM3MEHHBIMU B J1t000# Touke @®MI mpu 1r0061x
U3MEHEHUSIX €€ TeOMETPHUH.

Bropoit kitace MapkepoB n0sKeH BblIesaTh Touku camoit ®MI. D1u Mapkepbl OTPaXKkaior mepe-
memenne touek @MI' ¢ 3aganmbiMu (usmdeckumu cpoiicTBaMu Baosib camoit ®MI' mpu w3meHeHun
ee TeoMeTpur. JTH MapKepbl Oy/IeM Ha3bIBATH JIOKAJIBHBIMHU. DTO O3HAYAET, 9TO JIOKAJIbHBIE MapKe-
Dbl JOJIKHBL OBITH CBSA3aHBI C TAKUMU TIPEOOPA30BaHUAMY (DYHKIIMOHATIBHON 3aBUCHMOCTHU TJI0OATHHBIX
mapkepoB o1 X e,(X,t), koropbie He MensorT reomerpur @M a JuiIb CBOAATCA K 1epe0003HAUEHHUIO
€e TOYEK.

JIjist omEcaHns IBUYKEHUA TUIIepIoBepXHOcTH V¢ cO BpeMeHneM Tenepsb JOCTATOYHO BBECTH B TEOPUIO
YPABHEHVE TIEPEHOCA MAPKEPOB:

a a
%JrUl(x,t)%:o, a=1,...,D; +=1,...,D. (2)
Iosre U(X,t) ¢ kxomnonenramu Ut (X, ) Gyem Ha3bIBATD 1I0JIeM CKOPOCTH HePeHoca MapKepos. B1ob
VHTETrPaJIbHBIX KPUBBIX 9TOrO IOJId, T.€. MHTETPAJIbHBIX KPUBBIX CHCTEMBI YPaBHEHMIl:
dxt de®

- =UX,t), — =0
dt (X %), dt ’

3HAYEHU I'e€OMEeTPUYECKUX MapKePOB OCTAITCH IocTosHHbIMuU. 1losromy mose U(X, ) ckopo-
CTH TIEPEHOCA MAPKEPOB JIONMKHO B Teopuu guHaMuKu @MI' urpars 0CHOBOMOJATAIONIYIO POJIb, TTOCKOITb-
Ky C HUM CBsA3aHBI BCE€ OCHOBHBIE JIEMEHTHI JIBU?KEHUA MapPKEPOB U, KaK CJIEeJICTBUE, BCeit MaTepHaﬂbHOﬁ
CUMEPHOBEPXHOCTH. B cBA3M ¢ 9TuM ypaBHenue (2) MpeicTaBiageT co0Oi MATEMATHYECKOE BHIPAZKEHNE
BTOPOTO mocTyiara Marepuaibaoctu. Menrno: OCHOBHBIM MaTeMaTHYeCKUM BbIpakKeHUeM TMHA-
MUKU MaTepHUaIbHOU I'HIIePIIOBEPXHOCTH sIBjsgeTcs ypaBHeHue (2), a mose U(X, t) mepenoca
MapKepoB sABJIgeTcd PyHIaMEHTAJIbHBIM I0OJIEM OIMCAaHUs JUHAMUKUA MaTepPUATIHBHOTO 00b-
ekTa V4.

4. TpexMepHas MaTepuaIhbHas TUIePIOBEPXHOCTh B V4

B coorBercrBuu ¢ ocuoBHbiME moJOkeHUAMU TTOII dbusndeckas marepuajbHAs THNIEPITOBEPX-
HocTh V3 mMeer pasmepHOCTh d = 3 M BIOkKeHa B 00BEMITIONIEE eBKINI0BO TPOCTpancTBo V4 pasmep-
Hoctu d = 4: V3 € V. B sroMm caydae cpeqm ueThIpex MapKepoB ONWH M3 MapKepoB E?, KOTOpHIif
MBI OyZem gajiee 0003HAYATH KAK (DYHKIUIO ¢, SIBJISETCS TI00ATBHBIM MApPKEPOM, a TPU OCTAJIBHBIX —
JIOKQJIbHBIMH.,

[ockonbky dyrkmua ¢(X,t) — rmobanbubii Mapkep, To ®MI moxer 6bITh BBLIeTeHa B V* ¢

ITOMOIIBIO OJTHOTO AJIredParmvIecKOro yPABHEHMS:
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d(X,t) = ¢o = const. (3)

Ognako B8 TT®II mus onmcanusi reomerpun @MI' u pusmdeckux CBOHCTB MarepuasibHbIX OOBEKTOB,
KOTOPBIE MbI UIEHTUPUITUPYEM KAK GaCTHUIIBI MATEPHUH, UCIIOIb3yeTCst He (DYHKIUS ¢, & (PYHKIUS BHICOTHI
F(x,t), c nomouipio koropoit ®MI' Bbiiesisiercsi B COOTBETCTBUM C YPABHEHUEM:

F(x,t) =u =1 x=(v1,22,23), (4)
37€ech U — Koopaunata B YW, cooTBeTcIByIOmas OpToroHaibHOMY HAIPABICHUIO K HEKOTOPOH BbLIE/ICH-
Hoft rumepmockocTn P2 C V4| Ha KOTOPO# 3a1aHbl TeKAPTOBBI KOOPIHHATHI X = (71, T2, 73). NMenHO
sra pyukims, Hazsanaasg B TTOII ¢pynmamenTaabHBIM MOTEHITHATIOM, HTPAET BAXKHEHIITYIO POJIb B OIH-
canuu (PYHIAMEHTATBHBIX MOJIEHl — JIEKTPOMATHUTHOTO W TPABUTAIMOHHOTO. B 4acTHOCTH, perieHue
3a/1a9M TOTMOJIOTO-TEOMETPUIECKOTO ONMMCAHNS CBONUCTB IJIEKTPUIECKUX 3aPAI0B, FJIEKTPOMATHUTHBIX W
rpasutanuonubix mojeit B TT®II ocroBbiBaeTcsa Ha TOM, uTO (yHKIms BbicoTbl PMI' F cBA3bIBaeTCA
C JIOKQJILHBIMI MapKepaMy € Ha KayKJ0if pocToil Tonosorndeckoit stueiike (cMm. [2-5] n IIpusoxkenne) c

MOMOIITBIO Y PABHEHUS:
€
f=.7:0+§|e(x,t)|2. (5)

Bnech |e]? = R3(x,t) = (e!)? + (e?)? + (¢3)?, a Fy — 3navenne dbynkium F B ee 9KCTpeMyMe, MPUHA-
JIezKAIeM JAaHHON ddelike, a € = +1 B 3aBHCUMOCTH OT TOT'O, ABJALETCI JIU 3KCTPEMYM MAKCHMYMOM HJIA
MHHHUMYMOM.
VYpaBrenue niepeHoca Mapkepos (2) JO0JKHO 110 OUPEIEIEHUI0 UMETh TAKONH BU:
Oe* Oe*

—_ WX t)— = =1,...,4; i=1,....4.
8t +U( 7)amz 07 a’ b 9 ) 7’ 9 b (6)

Onnaxo B paborax [2-6,8] paccMaTpUBaINCh NCKIOUATEIHHO JIOKATHHBIE MAPKEPHI, yPaBHEHHUE MEpeHoca

KOTOPBIX MMEEeT TaKOH BUI:
3]
+—==0, a=1,...,3; a=1,...,3, (7)

e mosie V(x,t) GbLI0 3a/IaH0 Ha THIEPILTOCKOCTH P3 1 CBA3BIBAIOCH € 3IeKTPOMATHHTHBIM TIOJIEM.
B wacraOoCTH, OBLIO MOKA3aHO, 9TO C MOMOIIBIO BBEJIEHUs] T€OMETPUIECKOTO YCPETHEHUs! € IOTHOCTHIO
|.7|, pomb KoTOpOit mrpaer akobman mpeobpasopanna X = (v, 2%, 2%) — e = (e, €2, e?), MoxkmHO mocTpo-
UTh BCE OCHOBHBIE YPABHEHHUs KJIACCHYECKON W KBAHTOBOH (DUBMKM, a TAKXKE YPABHEHUs KJIACCHIECKON
TEOPHUU TPABUTAINU B PACIIUPEHHOM Buje. BbII0 TakkKe MOKAa3aHO, YTO HE3HAYUTE/bHAs MOAU(UKa-
[[UsT TEOPUY TATOTEHUS B KJIACCHUIECKOM BHUJIE MO3BOJISET JIETKO O0bSICHUTDL SBJIEHVE, HA3hIBAEMOE B CO-
BpeMeHHO! (usnke TemMHOit Marepueit. PaKTUIECKH ITO 03HAUAET, YTO KOHIIEMIUSA MAPKEPOB SBJISETCS
o4ueHb 3 HEKTUBHBIM HHCTPYMEHTOM JIJIsl PEIIeHNs psia TpodseM copemeruoit (pusuku. Ilosromy mMmox-
HO LIPEAIIOJIOKUTH, 4T0 ypaBHeHnus (6) Jyis JIOKAJIbHbIX MAPKEpPOB JOJIZKHBL PEAYyLUPOBATLCH K (hopme
ypasuenuii (7).

YpaBaenue jjisi TIOOATBHOTO MAPKEPA MOXKHO TelePh CKOHCTPYUPOBATH, UCXOMS U3 ONPeIe/CHIs
dyukiun BeicoThl. ITockonbky Ha @®MI' rnobanbHbI MapKep IPUHEMAET HEKOTOPOE ITOCTOSTHHOE 3HaYe-
HUE, TO MCXO/s U3 ITOrO MbI MOXKEM IOJIAraTh, YTO rI00aIbHbIA MapKep ¢ (X, t,u) ABJIdeTCs HEKOTOPOIl
dyHKIMEH CIeAYIONEro BUIA:

¢ =D(u— F(x,t)). (8)

Huddepennupys 310 ypaBHeHUe 10 X, t U U, W, 32aTE€M, UCKIIIOYAA U3 [OJIYyIE€HHBIX COOTHOIIEHUI IPO-

uzBoauyto pyukuuu P'(£), npuxonum K ciegyiomeil cucreme ypapaenuit s Gynkuuu o(x, ¢, u):

0 OF 0
0 _ 9700 193 )
oz’ oxt Ou
Ora cucrema ypaBHeHuil paccmarpuBajach B [7,14] u ouuceiBaer cueunuasbHbil KJacC BOJIH — Du-

Bepronbl. CBOpadmBas 3Ty CHCTEMY [0 WHJIEKCY i C IPOU3BOJbHBIM HEIPEPBIBHBIM BEKTOPHBIM I0JIEM

ut(x,t,u), IPEXOIUM K CIeyIomeMy ypaBHeHnro 41 (X, t, u):
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o¢ 9¢ 9¢ ;
0 @ — = g .
u8t+u£h“+0Lvﬂ8u 0, (u,VF)=u'F,. (10)
DTOMY yPABHEHUIO MOXKHO TPHUIATH TAKON BUJI:

a(b @ 8¢ 4 6¢ _

5t +U%(x,t) 90 +U (x,t)—au =0. (11)
31ech:

o u® (u,VF)

ITone U, 3amannoe 5a W*, ¢ kommomentamu U (12) sBasgercsa moaeM mepeHoca KIoGaTbHOTO MapKepa
na W*. U3 mocsemuero coorHomenus cienyer, uto kKoMmmonenty U4 mons U MOXKHO mpeacTaBuTh B

CJIEIYTOIIEM BHJIE:
4 o OF  OF
U =U%—+ —.
x> 0Ot
Crenosarennno, 3ta xKommonenTta U4 mona U ompenensercda TpOM3BOAHBIMU (BYHKIUH BBICOTHI F U
kommorentamu noas V. = (UL, U? U3,0), kacarembubivu K rumepriockoctsm P3. Caywait U4 = 0,

9KBUBAJIEHTHbBIA BbIIIOJIHEHUIO YpaBHeHudd:

OF . OF
o TV e

OTpeiesisieT ypaBHEeHre TepeHoca (pyHKIUU BBICOTHI U, KAK CJIEJCTBHE, JTOKAJIHHBIX MaPKEPOB.

:0,

3ameruM, 9TO COOTHOIIEHNUs (12) MOXKHO HECKOJIIBKO M3MEHUTH, UCXOJS W3 TOTO, YTO COOTHOIIEHHE

(8) MOXKHO 0GOOIIUTD, MOJIArAs:
¢ = 0(u— F(x,t,0)). (13)

D10 0600IIEeHNE CBA3AHO C TEM, YTO, pa3pelias ypaBHeHue (3) OTHOCUTENBHO U, IPUXOAUM K COOTHOIIIE-
HUIO:

u = f(X,t,(b)’

KOTOPO€E 9KBUBAJIEHTHO (4) IpH HEKOTOPOM KOHKDETHOM HOCTOSHHOM 3HaudeHuu ¢(x,t,u) = C' = const,
koropoe u Boimesnsger @MI. Tlpu Takom 00600IIEeHNN TI00ATBHBIN MapKep MOXKET OBITH MHOTO3HATHOMN
dbyuxumeit KoopaumaaT B W*, 4ro pacmupser qomyctuMyio cTpyKTypy ®MI.

Onddepentupys (13) o x,t n v u uckiIodas mpon3poanyio ®(£), mpuxoanm K TOMy ¥Ke ypapHe-
nuio (9):

oxi — tou’

00 _ 00, _ 0F(x1.0)

A;
ox*

, 1=0,1,2,3, (14)
¢=const
¢ TeM ormuneM, 9To GyHKIW F(X,t, §) COTEPKUT 3aBUCHUMOCTD OT ¢, KOTOPYIO He 3arparuBaer nud-
depennupoBanue o koopauHaTaMm u Bpemenu. Takum obpasom, Bce coornomenus (10), (11) ocraiorcs
CLIPABEJIMBBIMU U B 9T0M 0006LIEHHOM ciiydae, a B ypasHeHuu (12) HEOOXONMMO y4YUTbIBATD, Y4TO IIPO-

M3BOJHbBIE 1O &' B IPABOI YaCTU BBIYUCIIAIOTCS IIPU YCIOBUHU ¢ = const.
5. YpaBHeHUEe TeOMETPOIMHAMUKH BTOPOTO IOPSIKa

ITonygennoe ypaBHeHHe mepeHOCa TTOHATLHONO MapKepa coaepKuT BeKTopHoe U ¢ MpOn3BOILHBIM
€ro pacIpefe/ieHreM Ha BBLIEMeHHOH IHIepIIOCKOCTH P3. DTo 03HAMAET, ITO BBeJEHHE TTI06ATLHOTO
MapKepa [OKa He peIlaeT 3alady BBIICICHHS CPeH BCeX BO3MOXKHBIX THIOB mumamukn ®MI B W4
Ty, KOTOpasi COOTBETCTBYET PEAJBHOMY TOJIOKEHUIO Bemeit. s Toro, 9To0bl BO3HUK/IA TaKas BO3MOK-
HOCTB, HEOOXOIMMO TIOJIyYUTh HEKOTOPBIE CJIEICTBUS YPABHEHMIT, BHIBEJIEHHBIX B MPEILIAYIIEM Pa3ere,
KOTOPBIE MOYKHO CBS3aTh C HEKOTOPBIMH SICHBIMU TIO CBOei cyTn awHammdeckumu momensavu OMI. Ta-
KHMHU CJIE€JICTBAAMHU MOLYT OBITh yPABHEHHS BTOPOIO MOPSIKA s (), KOTOPbIE MOXKHO IOJYyYUTH W3
ypasuenuii (9) uiu (14), 1 KOTOPbIE MOXKHO [BbITATbCH MHTEPIPETUPOBATH, CPABHUBAS C TOH WJIM MHOI

dopmMoit TUHAMUKA KJIACCHIECKON M MAaTeMATHICCKOH (DU3UKHI.
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Boraucsienus GyneM npoBoauTh s 0600ienHoil cucrembl (14). s ymoOGcTBa BBEIEM BMECTO

BpeMeHH t mepeMeHHyIo

= ct, TIe ¢ — TOCTOsTHHAs, KOTOPas UTPAET Jajee POJib CKOPOCTU CBETA.
DTO MOJIE3HO CIAEIATH JJIsi CPABHEHUsSI C UMEIOIINMUCS KJIacCuIecKuMu Teopusivu. CBepHEM ypaBHEHUST

cncremsr (14)c KoMmoHeRTaM” ¢ AMATOHATLHON MATPHIIL §, MMEIOMeH BII;
g :diag(la_l7_1a_l)7 (15)

KOTOPasi UMUTHPYET METPUKY npocTpancTBa-spemern Munkosckoro. B pesysibrare mosmydnwm ciemyioree

ypaBHeHHe:
106

oz

Borunciss Temeph OWBEPTEHIINIO OT TPaBOit W JeBOH dacTell MOC/IeIHero ypaBHeHH, TPUXOIAM K CJIe-

= gijAj(¢,X)%, i=0,1,2,3.

JAyIOlleMy yPaBHEHUIO BTOPOI'O LIOPAJIKa:

5¢

- (16)

O¢ = % (|A<¢>, )2‘%) +0F5-

rie

o o 82 82 3 82
— 49 — —
=9 riow 9x0? az::l Oxe?

— oneparop I’Anambepa B KOOPAMHATHOM IIPOCTPAHCTBE-BPEMEHH, JefdCTBHEe KOTOPOro Ha (DYHKIIIO

F(x,t,¢) ocymecrBisercsa npu ycjaosuu ¢ = const. Kpome 31oro, BBeJIeHO 0003HaUEHUE:

A6 = g7, = (4006, = 3 (Aaor0))’

OrmernM, 910 ¢ HOPMATHHON TOUKY 3PEHUS BHIOOP MOCTOSTHHOW HEBBIPOXKIECHHON MATPUILHI §, TIO KOTO-
poii pousBoaUTCA CBepTKA B ypasuenuu (16), mpoussosien. Hanpumep, B KauecTBe MATPUIIBI § MOXKHO
66110 OB BHIOPATH JTI00YI0 HEBBIPDOXKIEHHYIO MATPHILYy ¢ CUTHATYpoi# (+,+,+,+) wm (+,+,—,—). B
9TOM CJIy¥ae BMECTO CTaHmapTHOro omeparopa I’ Anambepa B ypasuenun (16) mostBuiicss GBI omepaTop
€ COOTBETCTBYIOLIEH CUIHATYPON BIOPBIX 1IPOM3BOAHBIX. B yacrHOCTH, JUis curnarypst (4, +, 4, +) 910
6bw1 Ob1 Onieparop Jlamraca B derbipexMepHOM IpocTpaHcTBe. Takoit BbIOOD, OYEBUIHO, OTBEYAET JPY-
romy Bapuanty guHamuku @M, KoTopsIit MOT ObI peanTn30BaThCA B HEKOTOPOI APYTro# CHTYAIluH, €M
Ta, KOTOpas peann3yercs s Haimeit Beenermoii.

B mezaBucumMocTH OT BBIOOpa MATpHUIBL ¢;; ypapHenue (16) mpencrasisier co0oil ypaBHeHue Iu-
HAMHUKH TJI00AIFHOTO MAapKepa, KOTOPOE MOXKHO COMOCTABJISATH HEKOTOPHIM yPABHEHUSAM KJIACCHIECKOM
GbU3UKY C EIBI0 TOHUMAHUS €r0 WHTEPIPETAINNA C TOYKU 3PEHUs DKCIEpUMEHTa. B mepByr odepenb
CJIE/IyeT 3aMETUTh, U4TO MpuBeIeHHas obmasa dopMa ypasaenus (16) aBagercss oOIIUM U €CTECTBEHHBIM
CJTEICTBAEM MCXOIHOTO mocTyaara o ToM, 4o ®MI mpeacrasiisger coboit TpexXMepHYIO THIEePIOBEPXHOCTD
B W*. B cuity 9T0ro ypaBHeHHe COIEpKUT JBa (ByHKIHOHATLHLIX mapamerpa A = |A|? u P = [OF, cBa-

3aHHBIX MCKJIIOYUTEIHHO ¢ (pyHKIHEH BBICOTHI J:

A=|AP = (”S‘ﬂ) i(m & “’)) , a7)

¢p=const
3

O F
P:D.F_ :L.OZ Z 8$O‘2

Orcroma caenyer, uto reomerponnuamuka ®MI ompenensiercs aByms dyakmusamu A u P, KOTOpbIE

JIOJIYKHBI OBITH CBSI3aHBI C (DUBUYECKUMU BEJININHAME, KOTOPhIE U3MEPSIOTCS B SKcrepuMenTte. @akrude-
cku, eciid A u P npejcraBuTh B BUJI€ U3MEPUMbIX PACIPE/IETIEHUN HEKOTOPBIX (DU3MYECKHUX [TAPAMETPOB
marepuu, T0 coorHouenus (17) MOKHO OyJer paccMarpuBaTh B KadecTBe ypaBHeHUil s (yHIaMeH-

TajbHOro norenipana — (Gyukuuu Boicorbl F. C 9710i TOUKM 3peHust BbIOOP Marpunbl § B Buie (15)
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SABJISETCS JIUIIb CIIOCOOOM MPUBECTH TaKwWe ypaBHeHusi mjis JF kK dopme, 6in3koil K GHOpMe BOJTHOBBIX
ypaBHeHu# Kiaccudeckoi dusnkn. CMBIC TAKOTO BHIOOPA COCTOUT B MPE/MOJIOKEHUN, YTO B Mpeeie,
korga dyHKmuu A m P Majbl, 9TO MOXKHO, MO BCE# BHUINMOCTH, WHTEPIPETUPOBATH KAK OTCYTCTBUE
MaTepUU B MPOCTPAHCTBE, TTPOIECCHl M3MEHEHUsT J ¥ ¢ TOJKHBI OBITH MOIOOHBI PACTIPOCTPAHEHUO BOJTH

¢ HEKOTOPOiT (PUKCHPOBAHHON CKOPOCTHIO €, COBIAIAIONIEN CO CKOPOCTHIO CBETA.
6. Inrepuperanusa ypaBHEeHU reoMeTpoOgNHAMUKY

3aMernM, 9TO C TOYKH 3PEHUs M3MEPEHHIT, KOTOPBIE MbI MOXKEM [TPOU3BOIUTD, ABJSASCH 3JIEMEHTOM
DMT, ypapuenus (16) ¢ yuerom (17) He oUyeHb 1OJIE3HBI, IIOCKOJIBKY Y HAC HET, [0 KpaiiHeil Mepe moka,
undopmauu 06 obbemmomem mpocrpactse W4, B cuity 31oro ocobblil HHTEpeC IpeICTABIAI0T yPaBHe-
uus (17), KOTOpbIe OTHOCATCSA K (DYHKIUK BBHICOTHI M HE COAEPKAT 3aBUCUMOCTH OT nepemennoil u. Cama,
dyukms F(x,t,¢) dopmanbho 3aBucuT or 3uadeHust ¢ Ha ®MI. Ho sra 3aBHCHMOCTD SBISETCS UH-
CTO TTApaMEeTPUYECKO 1 (HAKTHUECKN He BiHsieT Ha (DYHKIMOHAIBHYIO 3aBHCHMOCTb F (X, t, ) OT X  t.
Bosee Toro, ecam Gyer n3BecTHA 3aBUCAMOCTH F (X, t, ¢)) OT X W ¢, TO 3aBUCUMOCTh (X, t, u) Gyaer omnpe-
JIeJIATHCA HenocpeacrBeHto u3 (8), mmbo u3 pemenns ypasuenus (16) wim (17) npu JOIOIHATEIHHBIX
FPAHUYHBIX WM HAYAJIBHBIX YCIOBUsIX. Takmm obpa3om, ms BbigcHenusa quHamuku @MI mHeobxommmo
COCPEIOTOYUThCs HAa MHTEpHperaiuy ypasuenuil (17) ¢ Touku 3penust GuU3M4ecKoro 3KCIepUMeHTa.

IlepBoe, Ha 4TO CiemyeT OOPATUTH BHUMAHUE, 3TO TO, 9TO YPABHEHUE:
OF=~P (18)

HMeeT OYEBUHOE CXOJICTBO C YPABHEHUEM KOJIEOAHMI TOHKOM TPEXMEPHO MEMOPAHBI B 4€ThIPEXMEPHOM
€BKJINIOBOM IIPOCTPAHCTBE MO fAeficteueM “‘cuibl’ P, oTHeceHHOit K equauie oobema @MTI, u mpuioxKeH-
HOH K MeMOpaHe BIOIb OCH U, OPTOTOHANBHON runepmnockocTr P € W, IelicTBUTeIbHO, yPABHEHHIE
KOJIE0AHUIT TOHKOM JIBYyMEDPHOI MeMOpaHbI MMeeT MOJOOHBIN BU/I, HO C PA3MEPHOCTHIO KOODIMHATHOTO
MPOCTPAHCTBA, MEHbINeH Ha eqwHUIly. s aBymepHoit MmemOpanbl QyHKIWS P eCTh OTHOIIEHNE BHEIII-
HEro MaBJIEHUs, TPUJIOKEHHOrO0 K MeMOpaHe, K IJIOTHOCTH Marepwajia MeMmOpanbl. B pesyaprare Mbl
MOYKeM TpakToBaTh ypapHerne (18) Kak ypapHenme KojebaHwmii ympyToii Tpexmeproit MmemGpanst V3 B
W4, nox neiicrsueM Hekoropoil “cuinl’ P.

IMockonbKy s Boraucaenus dyukuuu F (X, ¢, ¢) gocrarouno oguoro ypasuenus (18) upu nauuuuu

PAHUYHBIX U HAYAJbHBIX YCJOBUil, TO Bropoe ypaBHenue cucrembl (17):

2 3 2
OF(x,t,9) OF (x,t,¢)
A= —0 ) — E —_— . (19)
oz oz«
a=1 ¢p=const
JIOJKHO ABJIAThCS cieacTereM (18). Oanako npocroit ces3u Mexay (18) u (19) Het, MOCKONBKY HET Mpo-
cToit cBsi3m Mexkay dbyuruusavu P u A. Takast CBsi3h MOYKET TOSIBUTHCS, €CJTH UCTTOMB30BATH (hOPMATBHYIO
dakropuzanuo srux ypasuenuii, 104061yio coornowenusm (14) mis Gynkuuun ¢. O rakoil BO3MOXKHO-
cru pedb nofier nosxke. s dyskumu A umeercs (opmanbHas MHTEPIPETANUS KAK JArPAHKUAHA
suHeliHoi yactu ypasHenus (18). Onnako 9ra uHTEpHpETAlMs I0KA HE UMEeT GOJIbIIOro (hU3nIecKoro

CMBICJIA.
7. O611ne MPUHNUTBI JJUHAMUKY (DU3NIECKOll TUIEPTOBEPXHOCTHI

Nurepnperanus ypasaenus (18) kak ypasHeHus KojeOaHUH TpEXMEPHONH MeMOpaHbI B 4eThIPEX-
MEpPHOM €BKJIMI0BOM ITPOCTPAHCTBE MO JeiCTBHEM “‘CHJT’, OMUCHhIBaeMbIX (byHKIMEH P, mo3BOjIsgeT mpo-
AHAJIM3UPOBATH CMBICI W CBOWCTBA P ¢ TOYKM 3peHus M3BECTHHIX (PAaKTOB. [IepBbIM BayKHBIM (haKkTOM,
KOTOPBIT HEOOXOIMMO TIPUHUMATH BO BHUMAaHWE, sIBJSETCA BBITTOJIHEHNE B Halmei BeemrerHoii 3akona co-
XPAHEHUs SHEPIrUK Ha BCeX HADJIIOJAeMbIX HA CErOMHSAIIHMN JeHb Macmrabax. To, B 4aCTHOCTH, O3HAa~
4aer, 4ro caMo ypasHenue (18) 0JI2KHO, CKOpee BCEro, sBJIsThCsl ABTOHOMHBIM. YCJIOBUE aBTOHOMHOCTH

rapaHTUpyeT, YTO B AUHAMUKY CACTEMbI HE BMEIIUBAIOTCS KaKue-Iub0 cTopoHHME (DAKTOPBI, KOTOPHIE,
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KaK TPaBUJIO, MPUBOAAT K HAPYIIEHUIO 3aKOHOB COXpAaHEHWs MMITyIbca u dHepruu. llocmemnee o3ma-
JaeT, 9To cuja, aefictBytomasa Ha ®MI, nomxnra 3aBuceTh TOIBLKO OT mapameTpoB camoit ®MI' u ee
MTPOU3BOIHBIX:

P=PF, Fo,Foap )

B upocreiimem ciydae MOxKHO npeanosarars, 9ro Gynxuusa P(F, F o, F o 3, ..) ABHO 3aBUCUT TOJIb-
KO or camoii dbyukuuu F. B arom ciyuae ypasuenue (18) upescrasisier coboil HesuHelHOE ypaBHEHUE
Kaneitna-T'opoona, KoTopoe BCTpedaeTcss B PAa3THIHBIX (PU3UIECKUX MPUIOKeHusx. B gacTtHocTH, B pa-
6ore [16] OGbuiu HalieHbl TOYHbIE pelleHus HesmHeldnbx ypasuenuii Koeitna-T'opiona B Kiacce pusep-
touoB. [lonydennbre B 3T0# pabore pemienus: 0671a1a10T MHOTO3HAYHOCTHIO, YTO PEICTABIISETCS BITOTHE
mosie3ubIM 1 ucrosrb3oBanust B TT®II, B KoTOpoit MHOTO3HAYHBIE CTPYKTYPHI (DYHIAMEHTATBHONW TH-
[EePIIOBEPXHOCTH CBS3BIBAIOTCS ¢ GaproHamu [5].

Amnajioruunbie paccy:kKIeHus MOKHO OTHeCTH W K (dyHKIum A, mojaras, 4ro u ypasuenue (19)
TaK ke JOJKHO SBISATHCS aBTOHOMHBIM. B 3Tom ciayuae dynkius A momxna ObITh GYHKIHEH TOIBKO F
U ee IPOU3BOIHBIX:

A=ANF, Fo,Foap )

K coxkasenuro, noka He yCTaHOBJIEHbI LpsiMble cB#3u ypapuenuil (18) u (19) ¢ usmepumbiMu B
9KCIIEPUMEHTEe BETUIMHAME, TPYJIHO TABATH KaKHe-TuO0 yKasaHus M7 (PYyHKINOHAJILHOrO BbIOOpa P,
Kak QyHKIuH F u ee mpou3BOAHbIX. OJHAKO MBI MOXKEM YCTAHOBUTH HEKOTODBIE TOJIE3HBIE CBOWCTBA
9To#1 (DyHKIWMY, PACCMATPUBAsT HEKOTOPBIE MPEIE/IbHbBIE CATYAINN, KOTOPHIE JOJIZKHBI PEAIN30BhIBATHCS
B PEAJIbHOCTH.

B kauectBe mpumepa “mpocreiinero”’ cocrosaus ®MI' paccmorpum ypaBHeHus s QyHIAMEH-
TAJBHOrO MOTEHIINAJA, COOTBeTCTByIomue curyanuu: P = 0. B stom ciaydae monnoe ypasaenue (16)
[PEBPAIIACTCs B YPABHEHHUE CJIEAYIOMIEr0 BUJA:

0 0
0o = 5 (AR5,

CoorsercrBenno, ypasuenus (18) u (19) npuHEMAOT TaKO# BU;

OF =0, (20)
OF(x,1,0)\° = [0F(x,t,0)\ A
(Z5r?) -2 (%5) - 2y
a=1 ¢=const

IlepBoe ypaBmHeHne 3TOi CHCTEMBI IPEACTABIAET COOOM ypaBHEHNE CBOOOIHBIX KOJEOAHUN TPEeXMEpPHOit
TOHKOI MeMOpaHbI B YeThIpexMepHOM mpocTpancTBe. Pa3oBas CKOPOCTHb BOTH, BOZHUKAIOIIUX 338 CYET
KpaeBbix 3P dEKTOB, ONpesesaeTca YUCIOM ¢, KOTOPOe CBA3aHO ¢ cooTHomenusMu (15). dra cKopocTh
B 3KCIIEPUMEHTE, OYEBUIHO, SKBUBAJEHTHA CKOPOCTH cBeTa. OyHKIMS A B 3TOM Cllydae MpPeICTaBIsaeT
coDO# HEKOTOPBIH IKBUBAJIEHT IJIOTHOCTU SHEPTWHM TAKUX BOJIH, COOTBETCTBYIONINN KaXKIOMY KOHKDET-
HOMY perrnenuto ajis F. B 3TroMm ciaydae Takyio CHTyaIuio MOKHO cooTHecTH ¢ Kojaebammsamu OMI B
OTCYTCTBHE CJIOKHBIX TOIIOJIOIMYECKHX CTPYKTYP, KoTopbie comoctasisiorcs B TT®OII ¢ smemerTapHbI-
MH dacTanamu [5].

O 1HAKO PaBEHCTBO HyIIO P ABJIS€TCA OYEBUIHO OYEHb YACTHBIM CJIy9aeM BO3MOMKHBIX CHTYAIUI.
Xors MHOX)kecTBO pemienuii ypapuenue [I’Anambepa (20) comep:Kur OBIIUPHOE OIMHOKECTBO MHOIO-
3HaYHbIX pemenuit (cM. [13,14]) — puBepTOHOB, TeM He MeHee, PEIIeHUs U3 TOr0 MHOXKECTBA CAMU
o cebe HaBPSAJL K MOTYT JaTh YTO-TO TOJ00HOE pydkaMm Ywuiepa [5]. OaHaKo mJis TOro, 9To0bl TaKast
BO3MOYKHOCTB TMOSIBUJIACh, MMEETCsl PACHIMPEHHAsT BEPCHs WCIOJIB30BaHWUs pe3yabraroB pador [13,14],
n3jokeHHasi B pabore [16]. B aroit mocaenneii pabore ¢ MOMOIIBIO TEOPUH PHUBEPTOHOB, MHOTO3HAY-
HBIX DEIeHNil KBAa3UJINHENHBIX YPABHEHUI MEPBOrO MOPSIKA, OBIIO MOCTPOEHO OOIMPHOE MHOMKECTBO
MHOI'O3HAYHBIX PEIIeHuI MHOMOMEPHBIX HequHeiHbix ypaBuenmit Kieitna-T'opmona obmero Buma. T.e.

ypaBHEHUI BUJIA:

OF = F(F),
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rae F(F) — dyukuusa gocrarogso obIero Buia.
8. PuBepTOHBI M MHOTO3HA4YHbIe pellleHns ypaBHEHHHA reoMeTPOIuHAMUKNI

Wnes mocTpoeHnd perennii MHOTOMEPHBIX HeJTUHEHHbIX ypaBHennit Kneitna-l'opgona ¢ momoribio
PUBEPTOHOB CBOJMTCA K CiaemyromeMy. PuBepronamu OymeM HA3bIBATH PEIEHUS CUCTEMbl KBA3UINHEH-

HbIX ypaBHEHUH Cjle/lyIolero Buja:

o op
a? _Ba(qb)aa Oé—l,...

OO1mee permrerne 910 cucreMsr [13,14] MOXKHO 3anuCaTh B TAKOM BHJE:

, M. (22)

H(y,t+U((B,x)) =0, (23)

rae:

n
U(B,x) =) Ba($)2".
a=1
Ipocrbiv auddepentpanbubiv ciegcrsuem (22) sBisercs ypaBHeHUe:

0y = 2 (1Bf5.). (24)

TockombKy KOMIIOHEHThI BEKTOPHOrO mojid B(v) kak GbyHKIMU 1) TPOM3BOJIBHBI, UX MOXKHO BbIOpAThH
TaKUM 00pa30M, YTOOBI BBITIOJHSIOCH YCJIOBHE:

|B|2 = 0_27 (25)

rje ¢ — nocrosgHHas u3 coornomenuii (16). B pesysabrare ypasuenue (24) nepexonur B ypasuenue (20).
Bamerum, 4To B 3TOM Cciaydae Jis GyHKuuil ¢ aBroMaTuuecku OyIeT BbINOJIHAThCa ypasaenue (19) c
A = 0. D70 HenocpeacTBEHHO cieayer u3 ypasHenuii (22) u Boibopa dynkuuit B(¢)) B coorsercTBum ¢
(25).

Jist TOro, 9TOOBI MOIYYUTh AHAJOTMYHBIM O0pa30M pernenus ypapuenuil Tuna (18), HeoOXomuMo
paccMaTpuBaTh B KadecTse F (DYHKIUU CIIETYIOMEro OOIIero BUIA:

F= W(wawta¢ttv~'°)v (26)

re 1) — puBepToH, a W — mekoropas muddepennupyemast QyHKIUS CBOUX apTyMEHTOB, BUJI, KOTOPOI
OyzmeT ompenenaTbcsd MYHKIMOHAIBHBIM BuaoM dyHKInn P kak dyHKiun F u ee TpOu3BOIHBIX.

Hast mpocrorsl pacemorpuM caaydait F = W (1, ). Jas ymobera BBeIeM ITOMONHUTENBHBIE 060~
3HAYeHusa u = ¥y, v = YPy. [Ipomuddepennupyem (26) no HE3aBUCUMBIM MIEpEeMEHHBIM £* 1 t. B pesynb-
TaTe HAXOIUM: 5
Fo=Wypth o+ Wyuth o =WyBau+ Wua(Bau),

Fio = Wyu+ Wyuy.

HCIIOJIB3Yyd IIOCJIeIHEEe COOTHOIEHNE, HAXOIUM:

F o =B.F(,u) + ByFr.

3necn: ow
F ) = 27;
() =
W3 nocsesHero COOTHOIIEHNST OCIe HEKOTOPBIX mpeobpasosanmii ( [16]) crexyer:
OF — RFy, = R'uF + Q2 (UQEU — 2uF) +R (uF,w + Foug + u]-"t). (27)

31ech BBeIEHBI OO03HAUCHUS:

R=S"By), 9*=Y B2(y), B, = %Ba_
a=1 a=1
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B cayuae crenmambHoro BHIGOpa R = const = ¢~ 2 ypasrenue (27) mpeBpamaercs B ypapHeHHUe:
OF = RFy = 92 (uwF, - 2uF ),

KOTOpOe TiepexoauT B ypapHenne Kueitna-Topaona B caydvae, ecan dbyrkuus W (i, u) yaoBnerBopsier

YPaBHEHUIO:

w’F, — 2uF = u23 (u
’ ou

ow ow 0PW 1
22—t =t = G(W). 28
du ) a0~ "z = ¢ (28)
Ecnu W (4, u) siBiigercs perienuem 31oro 06bIKHOBEHHOTO b depeHIMaIbHOr0 ypaBHeHUst, TO PyHKIIUS
F(x,t) = W<¢(X,t),¢t(x,t)), rae ¥(x,t) — OQMH W3 PUBEPTHOB, SABJISETCs PENICHUEM HEJTUHEHHOro
ypasuenns Kieitna-T'opmona:

OF — ¢ ?Fu = G(F)

npu npou3BosbHOM Bbibope dyukimu G(W). 910 ypaBHeHre aBTOHOMHO U MOXKET CIYKHUTb B Ka4eCTBe
onuoro u3 BapuantoB ypasaenus (18). ITockosnbky Bbibop dyukuuu G(W) 3apanee He omnpenesieH, TO
CYIIECTBYET BO3MOXKHOCTb TOAOMPATH CBOWCTBA [OMYCTUMBIX DEIEHU, UCXOAd U3 BbIOOpa (DyHKIMH
G(W). BamernM, uro B [16] GbuLIH omucaHbl GoJiee OOIIME BADHAHTHI TIOCTPOEHNUS PEIEHNH ypaBHEHWUI
muna Kieitna-Topmona n menuHeHBIX TemerpadHBIX YPABHEHUI, OCHOBAHHBIE HA OOIIEil 3aBUCUMOCTH
(26). Xora Taxoil MOAXOM UCCIETOBAH HEIOCTATOYHO XOPOIIO C TOYKH 3PEHUs MOCTPOCHUs OOIMIEi MO-
penu junamuku OMI na ocnoBe ypasuenus (18), rem He MeHee, B OTCYTCTBUU LPAMbBIX CBA3€l MKy
mapamerpamu reomerpur @MI' u 0OBITHBIMEU SKCIEPUMEHTATBHBIMA JAHHBIMHU, TAKOH TOIXO IPEICTAB-
JISIETCsT BIIOJTHE €CTECTBEHHBIM [IJIsl PEIeHus MOCTaBIeHHbIX 3a1a49. OQHAKO PeIlleHrne TaKoro pojia 3a1a4

BBIXOAWT 33 PAMKW JAHHOW CTATHU.
9. Homonnenue. CiieicTBUS JUHAMUKU JIOKAJIbHBIX MapKepOB

IIpeapuaynpe mocTpoeHust IBJISIOTCS €CTECTBEHHBIM CJCACTBUEM IPUHIIAIA MATEPUATBHOCTH U €10
Bowtonienuss B (opme gunamuku mapkepos todek ®MI. Kak 6buio nokasano B paborax [2-6, 8], u3
yPaBHEHUH TUHAMUKHU JIOKATBHBIX MAPKEPOB BBITEKAIOT BCE OCHOBHBIE YPABHEHWS] TUHAMUKHU YACTHIL U
duzmgeckux noeit, BKI0Yas 3JIeKTPOIUHAMUKY, TEOPUIO TPABUTAIIMN U MEXAHUKY B (popme Moauduim-
poBaHHO# Teopuu HbioTOHA M KBAHTOBYIO MeXaHUKY. JI7IsT BBIsSICHEHUS POJIN, KOTOPYIO UI'DAET ypaBHEHHE
rnobaabaoro mapkepa B TT®II, moe3Ho paccMOTPETh OCHOBHBIE TTPUHITUITHI BHIBOA YPABHEHUI COBpE-
MeHHBIX (PUBUIECKUX TEOPHil M3 COBOKYIHOCTH ypaBHEHHUil mepenoca mapkepos (7). Onmpasch Ha BbI-
BOZIBI [2-5], mMOKaykeM, UTO BCe 3TH YPABHEHUS SIBASIOTCS, (haKTHIECKH, CIEJICTBHEM TOJIHKO ypABHEHMIT
(7) B HEKOTODOIi UX €CTECTBEHHON UHTEPIPETALUN.

IlepBorit mar cocrour B BBIBOAE AUMMEPEHIINATBHOTO yPABHEHNS COXPAHEHWSs ILTOTHOCTH J =
| det (86“ / 83@0‘>|, rae e = e%(x) — JsokajbHbie Mapkepbl Ha ®MI. JleiicrBurenbho, us (7) ciemyer
ypaBHeHHE I J:

% + div (VJ) —0, (29)

rae 'V — BEKTOPHOE Iojie mepeHoca MapkepoB ¢ kommonentamu V<. IlockosbKy MapKepbl TOTKHBI
urparh QyHIaAMEeHTAIbHYIO poab B Teopuun, T0 B T T®II npemmaraercs, 9T0 COXPAHAIOMIAICS IIOTHOCTH

J Mmoxer pacCMaTPUBATHCA B KQ9ECTBE IMJIOTHOCTU MACChl MATEPUN Py, , UCXOJAd U3 (bOpMyJ'[C

pm = moJI(e), M:mo/JI(|e|)dV, (30)
v

e wHTerpas Gepercs mo o6beMy KOOpANHATHOTO TTpocTpancTBa P2, KoTopoe 3aHMMaeT paccMaTpuBae-
MBI 371eMeHT MaTepun, M — mMacca MarepuajgbHOIrO TeJa, a My — HEKOTOPBII Pa3MEpPHbIH MHOKUTEb.
Dyuxius [(|e|) — uaBapuaHT, CBA3aHHbBI ¢ METPUKON LPOCTPAHCTBA MAaPKEPOB, OLPEIEISOmuii OT-

KJIOHEHUs OT 3aKOHa Tarorenus Hprorona tuna “remuoit marepun”. Ilogpobuoctu cmorpure B [2-5, 8].



[IpuHnyun MaTepraaIbHOCTH IPOCTPAHCTBA U (DYHIAMEHTAJILHBIE OIS 53

Hajmawme coxpausiomeiics miIoTHOCTH J TMO3BOMAET BBECTH B TEOPHIO FE€OMETPHYECKOE YCPETHEHUE IIIst
mo6oit pyaknuu f(X) COracHO MpaBUITY:

1
ﬂﬂ—qu&Nﬂiu—JJHMMV (31)

e, Kak u B (30), nATerpan Gepercs 0 06beMy TOMOIOTHYECKO# adeiikn Vg € P2, B 9acTHOCTH, MOYKHO
BBECTH CPEJTHUE KOOPIWHATHI MATEPUATHLHON JACTUIIBI, MOJIATas:

X« ZF:/ﬁaJdV (32)
Vo

CKOpOCTH U YyCKOPEHUSsI, CBI3aHHBIE CO CPEIHUMHI KOOPIUHATAMY, UMEIOT TAKOW BHU/I:

Xa
o _ Ldt — / Ve Jav, (33)
Vo
2)(04
A — Ldtr = / (gtva + VﬁaiBV“) JdV.
Vo

Ecau dopmanbHO mpencTaBUTh I0Jie IepeHoca MapKepoB V B BH/IE COBOKYIHOCTH BHUXDPeBOM YA u
IOTeHIAIBHON VX dacTeit:
V= —’YOA + VX,

rIe Yo - pa3MepHasi II0CTOAHHAs, TO [OCJeiHee ypaBHeHue B (33) MOXKHO PACCMATPUBATH KAK YDABHEHUE
HyuroTona ycpemHeHHOTO ABMIKEHWS 3apsSyKeHHOM YaCTHUIBI B YCPEJTHEHHOM 3JIEKTPOMATHUTHOM MOJE C

BEKTOPHBIM HOTeHIHamtoM A [2]:

d2Xxe — I — —
3nech EuB— yCpeAHEHHbIE HAIPA?KEHHOCTDb JIEKTPUYECKOTO U UHAYKIUA MATCHUTHOrO MHOJIEI:
— 10A> 99 — —
E=—- — ——, B=rotxyA
c ot oxe roRx

F, — xBauToBas 1006aBKa B CHJIBL, JeficTByromue Ha dactuny u U (X, t) — IOMOTHUTEIbHDIN TOTEHIINAT:
1 2
Ulx,t) = =5IVI" = x¢ = %0c®, (35)

[PE/IIOJIOKUTENLHO UIPAIOIINI POJIb CHJI yCPeAHeHHbIX cusl Tarorenus (cum. [2]). [Ipu 3agannom noren-

uuasie U(x,t) coornoiienue (35) MOKHO paccMarpuBaTh Kak ypaBHenus xkobu:

1
xe + 5 (IVXI2 + 290 (A, VX) + IA[2) + 7000 + U = 0. (36)

Ut (DYHKIUH X, KOTOpasi MPEICTABJIeT CODOH B 3TOM ciydae (DyHKIHUIO JeHCTBUS IjIsd JACTHUIIHI B
3JIEKTPOMATHUTHOM T0JIe ¢ motennuagamu ¢ u A u B ckassipaoMm moje ¢ norernuantom U. OTcioga xe
cieayer, 9ro (byHKIus

U = /| J]eX/" (37)

rie h — nmocrosanasa Ilnanka, ymosimersopser ypasuenuio Ilpemsuarepa:

v 1, 2
ih =2 ( iRV — 70A> U+ (70@ - UG)fo, (38)
rae ¢ — moTeHIMAI SJIEKTPUIECKOTO TIOJIsS U
K2 AlJ
ve=v - A (39)

2
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Taxkum obpasoMm, ycpeauenue (31) aBTOMaTUYECKH IIPUBOAUT K yPABHEHUAM KBAHTOBON TEOPHUU U KJlac-
CHYIECKOIl MeXaHWKu B (pOpMe YCPEeTHEHHBIX YPABHEHWI NBUKEHUSI C TEOMETPUYIECKON HHTEpIIpeTaei
BOJTHOBOM dyHKIMH (37).

ToneBasi yacTh TEOPUU CTPOUTCS HA TOXK/ECTBAX, CBA3AHHBIX JIOKAJIbHbIMU Mapkepamu e%(x). Oc-
HOBHO# IpUHIKI, coracHo Kotopomy B TT®II Bo3unkaroT ypaBHenns GyHIaMEHTATBHBIX TOJIEH, COCTO-
UT B TOM, 9TO BCe (pyHIAMEHTAJIBHBIE MO/ SIBJIAIOTCA (DYHKIUAMHU OT CAMUX MApPKEPOB W UX MPOW3BOI-
wbix. [lycTh €*(x) — Mapkeps! kKak GyHKIMU KoopauHaT £, o = 1,2, 3 Ha BbIIEJICHHON B 00'bEMIIIOIIEM
npocrpanctie runepmiockoctu P2 € W* u spemenu t. CoBoKymHOCTD 3Hauennit GyHKImMit e?(X) MOKHO
paccMaTpuBaTh KaK HEKOTOPOe KOOPAMHATHOE TPOCTPAHCTRBO £ ¢ MeTpHKOil, MHIYIIPOBAHHOI 0TOGPa-
skenuem: P2 — E3. Q1o npocrpancrso E? Gyuem HasblBarh IPOCTPAHCTBOM MapKepos. B npocrpancrse

MapKePOB BBIIOJHAIOTCH JBa OYeBUAHBIX JudDePeHIraIbHbIX TOXK/IECTBAS

Oe® 0 e
et~ > Pen (

— | =4ni(e 40
£ ) = tate). (40)
re e = (el,e? e®) — paauyc-BekTOp Ha JeKapTOBOI KapTe MpOCTpaHCTBa Mapkepos, |e|? = (e)? +
(€2)2+(e3)? u §(e) — menvra-dynxuus upaka ¢ HocUTeeM B Hauaje KOOPIWHAT 1eKapToBoil KapThl 3.
IToce TpeoGpaszoBanis B KOOpAMHATH Ha P3 Toskaectra (40) TpeBpamaoTest B CIeIyiolye ypaBHeH s

0
“ = 4nG((le)pm. 5 D = dmpe, (41)

Do

I7Ie BBEJICHBI CJIEAYIONIe 0003HATCHUSA:

o AmmeG 2 0 o I 0z
9773 LeDlJle e’ b= \e|36 de’
N
e*dlnl(e)
e = - Xk), =1+ -—"
p ;ew(x x), ((R) =1+ F=—=

Muoxkuresns G — nocrosgunas rarorenusi Hpiorona, hyHKIust o,y €CTb IWIOTHOCTD MACCHL, 3aIaHHAS COOT-
HowenueM (30), pe — LWIOTHOCTH JIEKTPUYECKOIO 3apsi/ia, IPEACTABIIAIONIAs COOO0I ILIOTHOCTD TOYEUHbIX
3apsi/I0B, CBA3aHHBIX C KPUTUIECKUMHU TOYKAMU (DYyHIAMEHTAJIHLHOrO norennuana J. Bosee moapobmyio
undopmanuio cM. B paborax [2-6,8]. B pesynbrare, Toxaecrsa (41) npuHUMAIOT CTAHAAPTHBII BUJL yPaB-
uenwnii Ilyaccona s HAOps»KeHHOCTH @ TMOJS TATOTEHHs (C KOMIOHEHTAMU ¢%) W NePBOrO ypaBHEHHS
MakcBenaa a7 mos saexTpudeckoii maaykmun D (¢ kommonentamu D). Eme omaa mapa ypaBHeHmit
NOJIy9aeTCsl HeMOCPEACTBEHHO U3 (7) ¢ MOMOIIHIO HEKOTOPBIX IIPEOOPa30BaHUii, JETATN KOTOPBIX MOXKHO
HailiTh B [4,8]. DTy mapy ypaBHeHuit MOXKHO MPEICTABUTH B TAaKOH (hopme:

% = —rot([D X V}) —47p.V, (42)
% — —1ot([g x V]) ~ 47G¢(R)pn V. (43)

3necy V — noJie mepenoca MmapkepoB. Ilocieauss mapa ypaBHEHU TPeICTaBIseT COO0i aHAJIOTY ypaBHe-
HUN WHIYKIUA 3JEKTPOMATHUTHOTO U TPABUTAIMOHHOTO mosiei. OcraspHble 1Ba ypaBHeHus Maxcsesia
daKTUIECKN CBA3BIBAIOT MATHUTHOE U JIEKTPUIECKOE MOJIst U TPEOYIOT OTCYTCTBUSI MATHUTHBIX 3aPSII0B.

B ,ILaHHOfI TEOPpHUHU HAIIPA2KEHHOCTb MAaIrHUTHOI'O IIOJId UMeeT TaKOI BU/I:
1
H=--DxV]+Voy, (44)
C

rae ®y — M3HAYAIBHO IPOU3BOJILHBIN TOTEHIUAJ, OCTABJIAONIUI ypasHeHre (42) HEU3MEHHBIM, BbIYUC-

JAeMbIii U3 YpaBHEHUA OTCYTCTBUA MATHUTHBIX 3aPATOB!:

divH = 0.
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VYpasuenue (43) npencrapiser coboii ypaBHEHUE UHIYKIMKA TPABUTAIUOHHOIO IOJIs, KOTOPOE aHa-
JIOPMYHO YPABHEHUIO MHIYKIUK 3JIEKTPOMArHUTHBIX Tosieii (42). Takum 06pa3oM, 3T0 ypaBHEHUE B CO-
YeTaHWM C TEPBbIM ypaBHeHueMm cucrembl (41) mpeacrasiser CO6Oi pACIIUPEHWE TEOPUH TATOTEHUSI
Hororona. CMBICJ 3TOrO pacIIipeHus COCTOUT BO BBEJCHNUE B TEOPUIO BUXPEBLIX MOJIEH HAIPSAXKEHHOCTH
I'PABUTAIIMOHHOLO 110J15 U, KaK CJlejcTBue, rpapumaruurioro nojis £ = (g x V] + V@, ¢ norennuaiom,
KOTODbIil Takzke 110 aHajnoruu ¢ (44) ciepyer HaxXOAUTh U3 yPABHEHUsI OTCYTCTBHU DABUMATHUTHBIX
3apAI0B:

divZ = 0.

Best coBOKyMTHOCTD TIPeICTaBIIEHHBIX YPABHEHU 0Opa3yeT MOJHYI0 CHCTEMY YPABHEHWH JJIs OMMCAHUS
byHIAMEHTAIBHBIX JIEKTPOMATHUTHBIX W PABUTAIMOHHBIX mojelt, koropbie B TT®II okasbiBaroTcs
TECHO CBA3AHHBIMH, MOCKOJIBKY Hampszkennoctu mogeii D u g OoTyIMYAIOTCA Wb CKAJIAPHBIMA MHOMKU-

TeJIAME JIPYT OT JIPYTa U copepsKaT B cBoeil 3amucu dyHgamentaasaoe noie K:

a0z el _ AmmeG
K= G D= oK 9= 500 (el K. (43)

Takum 06pa3om, u3 cucreMbl (7) CIEAYIOT BCE OCHOBHbIE YPABHEHWs COBPEMEHHOMN (DU3MIECKON KapTUHDI
mupa. B TT®II sta kapTrHa JOMOJIHSIETCS TOMOJOTHYECKOH WHTEPIpETAINel 3JeKTPUIEcKOro 3apsia,
9TO 00eCmeunBaeT O0bSICHEHNE 3aPSIIOBBIX CBOMCTB 3JIEMEHTAPHBIX YACTHUIl, BKIIOUAS YJIEKTPUIECCKUN U
GaproHHBIH 3apsianl (cM. [2,5]). B 9T0ii cxeMe nMeeTcst OUH U3bsTH, COCTOSIININ B TOM, 4TO it (DYHKINH
R = |e|, urparomeii BazkHY0 POJIb B TEOPHHU, HET yPABHEHMUsI, OMUCHIBAIONIETO U3MEHeHHe 3TOol (hbyHKIUn
co BpemeneM. OQuHako, 1ockosbky R corsacuo (5), cBsa3ana ¢ GhyHIAMEHTAJIbHBIM [HOTEHIMAJIOM JF, TO
HEJIOCTAIOIUM yDABHEHUEM siBJISI€TCs ypaBHeHue jJid J, poJb KOTOporo urpaer ypasuenue (18) mpwu

HEKOTOPO# MHTepIperannu PyHKINNA “BHEITHErO TaBIeHUs .
3akiroueHmne

Oobmas Teopus OTHOCHUTEIBHOCTH MPOJIOXKUJIA IyTh K COBEPIIIEHHO HOBOMY MOAXOIY B (hbU3NKE —
OMMUCAHUIO CBOMCTB MATEPUU W MOJEi, ONUPadACh Ha CBONCTBA HEEBKJINIOBOW reOMETPUU MPOCTPAHCTBA-
Bpemenn. @akruueckn, omarogaps nmenno OTO, mogeuanch B (pu3MKe TaKWe KOHIIEMINN, KaK TEOPUN
Bennkoro obbegunennst uan teopun “Beero”’. OIHAKO B TIPOIECCE PEATIM3ANNHA TaKUX OOHEIUHSIIONMIAX
ujeil BoldBuUIICA Lesiblil ps, upodsem obmei konuenuuu OTO, 4ro moc/iy2Kunj10 OCHOBOM J1JIs MHOXKECTBA
MONBITOK MOCTPOUTH ee 000DIIEHNsI, KOTOpbIe Obl pemaiyu XoTd Obl 9acTh 3Tux mnpobiem. C mMaremaTu-
yeckoil Touku 3penus e KoHuennus OTO sBeiryisgaur BnonHe agexksarHoii. TeM He MeHee, IIPOOJIEMbI,
HaIpuMep, 3Hepruu rpasurannoHHoro noss jmmaioT OTO 3akoHYeHHOCTH M HE JAI0T BO3MOXKHOCTH
aJeKBATHO CBA3aTh C KBAHTOBOU Teopwueii. B Hacrogreil pabore ObLIO MPOIEMOHCTPUPOBAHO, 9TO TJIAB-
wbiM HegocrtaTrkoMm u3bparHoro B CTO u OTO mytw kK reomerpusanuu (HU3NKK SIBJISETCS HAIEJIEHUE
bu3nUecKuMru CBONCTBAME HEMATEPUAJBHBIX OOBEKTOB, B YaCTHOCTH, CAMOTO MPOCTPAHCTBA-BPEMEHU
Ditammreitna. cxoms w3 3T0ro, mpodaemMa SHEPTHH MPEJICTABIISIeTCS eCTECTBEHHOM 1 TpeOyIoIeil pere-
HUSA JIJIS XOTh CKOJIbKO-HUOY/Ib PEAIbHOM TEOPUH MATEPHUU.

OCHOBHBIM BBIBOZOM JIaHHOH pabOThl MOXKET CJIYXKHUTb yKa3aHWe Ha TO, YTO JJisd IOCTPOEHUS TeO-
pum, KoTopas ObI BKIIOYATIA B CeOsI KOPPEKTHBIM 00PA30M JIEKTPOMATHATHOE W TPABUTAIMOHHDBIE TIOJIH,
KBAHTOBbBIE YACTHIILI C IJEKTPUIECKUM M OAPMOHHBIM 3apAlaMu, U JaKe “TeMHYI0 MaTepui”’, HeoOXo-
JEMO TPHUB/IEKATH N3HAYAIBHO TPUHIUI MATEPHATLHOCTHA MIPOCTPAHCTBA. DTOT MPUHITAI NCKIIOYUAET U3
TEOPUU HEMATEPHUAJbHBIE OO BHEKTHI, KOTOPHIE HETBHO MOTYT ObITh HA/Ie/I€HbI (DU3NIECKUMU CBOWCTBAMH,
9TO ¥ TMPUBOJUT K PA3IUYHBIM MAPATOKCAM IIPU BHEITHE HEMPOTWBOPEUYUBOCTHA TEOPUU C MATEMATHYIE-
CKOU TOYKHN 3pEHUS.

Kpowme dhopMymnpoBKr MPUHIIATIA MATEPUATIBHOCTH TPOCTPAHCTBA B PAOOTE TPEIJIOKEH CIIOCOD €ro
obmeit peanu3anum, KOTOPbIit ObI 1ajl BO3MOKHOCTD U3HAYATIBHO (DOPMYTHPOBATD T€OMETPUIECKYIO TEO-
PHIO B T€DMUHAX MATEPUAJbHbIX YacTull 1 00bekToB. Takoil moaxox recuo casazan ¢ TTOII [2-6,8], uro

Jaer bostee TiTyOOKOe oOOCHOBaHME 3TOit Teopuu. B mammHoit pabore (popmaabHO ObLTa pemreHa mpodaema,
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TTOII BeiBoma ypasuenus qunavuku ®MI, onupasics Ha 0b1He pencTaBieHus 0 GyHIaMEeHTAIbHBIX U
reOMEeTPUIECKUX Mapkepax. TeMm He MeHee, TeOprs He MOXKET CINTATHCA 3aKOHIEHHOHN, TTOCKOJIBKY B Heil
OTCYTCTBYIOT Wjeu 00Iero onucanusa Gpyukuuu P B ypaBHeHuu reomerpomuaaMuku (18), ocHOBaHHbBIE
HA YKCIEPUMEHTAIBHBIX JAHHBIX. [IpobIeMa COCTOUT B TOM, YTO TAKUX HKCIEPUMEHTAILHBIX JAHHBIX HA
CEroJIHANIHUI MOMEHT BpeMeHnu HeT. B pabore mnpeajioxkeH myTh BbIBOIA 00mmel ¢popmbl P, onupasch Ha
moA00p 9To# (DYHKIUHU, UCXO/Is U3 AHAIU3A PELIeHHil 9TOr0 ypaBHeHus B Kjacce puBeproHoB. O IHAKO

TaKOW aHAIM3 BBIXOIUT 34 PAMKH JTAHHON PaOOTHI.
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