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BEPOSITHOCTHBII U TEOMETPUYECKUM SI3bIKA ®U3UKA
B KOHTEKCTE ITPUHIIUIIA HAMUMEHBIIEI'O TEVMCTBUSA

B.O. Tepexosuu

PaccMoTpeHa BO3MOXXHOCTE OOBEIMHEHUST TEOMETPHYECKOTO SI3bIKa CIUT ¥ HOJIS, TeOMETpH -
YECKOro $13bIKa YEThIPEXMEPHOIO MPOCTPAHCTBA-BPEMEHH U BEPOSITHOCTHOTO SI3bIKa KBAHTOBOM
MexaHHKH. [IokaszaHo, 4TO Bce TpU sI3bIKA SKBUBAIECHTHBI KAKOH-THOO (hOpME IKCTPEMABHOTO
BapUALMOHHOTO TIPHHLIMIIA — MPUHLINIIA HAUMEHBILEro JeiicTBust. IIpuBOISTCS apryMeHThI B T0JIb-
3y CIOCOOHOCTH METOJIa MHTErPaioB 10 TpaeKTopusiM P. DeifHMaHa OOBSICHUTH CMBICT YaCTHBIX
(hopMyITMPOBOK TIPHHIIUIA HAUMEHBIIEro AeHCTBHS. JII1 5TOro HeOOXOIMMO 3aMEHHTH KIIACCHYe-
CKOE TPEJCTaBICHNAE O JBIDKCHUM OOBEKTOB MO YHHKAILHOW TPaeKTOPUU HPEICTaBICHHEM 00
OJTHOBPEMEHHOM JIBIDKCHHU 10 OECKOHEYHOMY MHOMKECTBY BOSMOXKHBIX TpaekTopuid. OTcrona
JIENIAETCsl BBIBOJL: AKCHOMBI KJIACCHUECKOH W PENATUBUCTCKOM MEXaHUKM SIBIIFOTCS 4ACTHBIMHU
ciaydasvu GeifHMaHOBCKOM (POPMyITPOBKH KBAHTOBON MEXAHHKH.

KinrodeBble €10Ba: NPUHLIMIT HAMMEHBILETO AEHCTBHS, IPUHLINUI [ aMUIIbTOHA, MHTErpaIbl
110 TpaekTopusiM DeifHMaHa, BEpOSTHOCTHASI IPUUMHHOCTD

Beenenne

B pamkax KOHKPETHBIX pa3/iesioB HAayKH Kakayro obmacte I[Ipuposs
TIPHHATO OIMHCHIBaTh OCOOBIM SI3BIKOM. B KOHTEKCTE JJaHHOW CTaThH IOJ SI3bI-
KOM pasJienia HaykH OyieM MOHMMATh He TOIBKO (pOpMalibHyI0 COBOKYITHOCTB
TIOHSITHH, aKCUOM, JIOTMYECKHX TPABHII, MATEMAaTHUECKOT0 ammapara, HO elle
W OHTOJIOTHIO, BKIIFOYAIOIIYI0 CMBICJIOBOE NMOHHMMAaHHWE NMPUYMHHOCTH U pe-
anbHOCTH [1].

B ¢wmsuke cocencTBYIOT SI3BIKH, OCHOBAaHHBIE HA TMOHSTHSIX CHII, TTOJS,
TIOTOKOB, YCTOHYHMBOCTH, T€OMETPHHU MPOCTPAHCTBA M BPEMEHH, CTATHUCTHKH,
BEPOATHOCTU | T.J. JIBIKEHHE MakpOOOBEKTOB OIMKCHIBAETCS Ha SI3BIKE CHIT
WM TOJISL. J[71s1 KOCMOJTOrnueckux 0OBEKTOB HICTIONB3YETCs SI3IK NCKPUBIICH-
HOTO TPOCTPAHCTBA-BpeMeHH. Bce 3TH SBBIKM OOBEIMHSIOT BOSMOXKHOCTB
TeOMETPUYECKOM PENPE3eHTAIH SBJICHNUH U OOBEKTOB M HAJIMYHE OJTHO3HAY-
HOW NMPHYMHHO-CIIEZICTBEHHOM CBSI3H, HO MX (DHITOCO(CKIE OCHOBAHMS PasiIy-
yarorcs. K BeposITHOCTHOMY SI3BIKY TEPMOJMHAMHKH, OCOOEHHO HEpaBHOBEC-
HOM, 10 CHX TTOp MHOTHE OTHOCSITCS KaK K CTaTHCTHYECKOMY TTPHUOIVKEHUIO
KJ1accnueckoi MexaHuku. [locie koneHrareHckoi popMyIHpOBKY KBAaHTOBOH
MEXaHUKU YacTh (DU3MKOB CMUPWIIHCH C HETIPHUMEHUMOCTHIO SI3bIKA TeOMeT-
PHMHM ¥ OJTHO3HAYHOM NMPHYMHHOCTH K MHUKPOOOBEKTAM, YacTh OCTAIUCH yBe-
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PEHHBIMH, UTO «BOJIHOBAsI TEOPHSI HEOOXOANMO JOJDKHA pacIionaraTh cpe/cT-
BaMH IS NEpPEeBOJa €e PE3YNILTATOB Ha SI3BIK MEXAHWKH OOBIMHBIX OOBEK-
TOB» [2]. TTOMBITKM CBECTH KBAHTOBYIO BEPOSITHOCTb K CTATHCTUKE WM CUH-
TaTh BEPOSITHOCTHOE ONMCAHUE HETIONHBIM TaK M He ynajauch. Bo3HHKIIO He-
CKOJIBKO MHTEPIIPETAIMiA (S36IKOB) KBAHTOBOM MEXaHHKH [3], pomomKaroTcs
TIOTBITKA HMCIIONB30BaHUsI BEPOSTHOCTHOTO SI3bIKA YISl OIUCAHMS KIlacchde-
cknx 00bexToB [4]. Ho mpobnema ocraercsi: Kak COBMECTUTh KIIACCUUECKUE
3aKoHbI [Iprpozbl 1 HEBO3MOKHOCTH OJTHO3HAYHOTO OIPEEIIEHNST KBAHTOBBIX
COOBITHI BO BpEMEHHU 1 IPOCTPaHCTBE?

P. dcitHMan cuMTAll, YTO «KAXKIBIA TPWIIHBIA (DH3UK-TCOPETHK 3HACT
IIECTh WM CEMb TEOPETHYECKUX OOOCHOBAHWI OJTHUX M TeX ke (PU3MIECKHX
¢axroBy [5]. Ho ¢uocodckie ocHOBaHHS TaKHX TEOPHI BO MHOTOM TIPOTH-
BOpEYAT JIPYT JIPYT'Y, & 3TO HE YCTPAMBAET YUEHBIX XOTS ObI 110 METOIONIOTHYe-
CKUM M 3CTETHYECKHM MoTHBaM. Ecim HaydHOe IOHMMaHue — He YTO MHOE, KaK
OCO3HAHWE CBs3eH [6], TO camMU CBSI3M OCO3HAIOTCS Ha S3BIKE HAYIHOrO COOOIIIe-
CTBa, KOTOPBIH, B CBOIO OYEPE/Ib, CBSI3aH C TOCHOCTBYIOIIEH napaqurMoit [7].
I[Nosyuaercst, 4To MOHMMaHHUE ONPEIENSIETCS OOIIETPUHSTHIM SI3BIKOM.

B nacrosieit cratbe onmckBaeTcs cioco0 CHSITHS YaCTH MPOTHBOPEUHIA
MEX/y TEOMETPHIYECKIM SI3BIKOM CHUI M TIOJISI, TEOMETPUUYECKUM SI3BIKOM He-
TBHIPEXMEPHOTO MPOCTPAHCTBA-BPEMEHH U BEPOSITHOCTHBIM SI3IKOM KBAHTOBOM
MexaHuku. [Ipepiaraemoe pelieHne OCHOBAaHO Ha WCITOJB30BAaHUN BapHaIOH-
HOTO AKCTPEMAITHHOTO MPHHITUIA — TIPUHIUNA HAMMEHBIIETO (CTAIMOHAPHOTO)
nericreust (ITH/T). Omsndeckuii 1 prmocodckuid CMBICIBI TIPHHIMTA PACKPBI-
BaroTCs Onaronapsi JOPMYITMPOBKE KBAaHTOBOH MEXaHWKH Yepe3 MHTErpalibl TI0
TPacKTOpHsIM (32 TIPUMEHEHHE TOr0 METOJIA B TIOCTPOSHHH KBAHTOBOM JJIEK-
TpomrHamukn P. Oeitaman momyaror HoOeeBCKyro mpemMuro).

To, 4TO IS KIAcCMYECKOH MEXaHWKH, KJIACCUYECKOH TeOpUH O
1 0011Iel TEOPHY OTHOCUTEIEHOCTH SIBIISIETCS] aKCHOMaMH, B paMKax H3Jiarae-
MOrO TOJX0/Ia — HE0OXOMMOE CJIE/ICTBHE KBAHTOBOW MEXaHHKH. YpaBHEHUSI
OCHOBHBIX Pa3/ieiioB (PU3HMKH MOTYT OBIT IPECTABIICHBI KaK YaCTHBIHN CITydaii
YpaBHEHHI KBaHTOBOM MEXaHHKH, a TEOMETPUYECKHE CITOCOOBI MPEICTaBIIe-
HUS IBIDKEHUS B 7-MEPHOM IPOCTPAHCTBE — KaK YJIOOHOE MaTeMaTHYecKoe
nprOIIKeHre Ooriee (hyHIaMEHTAITEHOTO BEPOSTHOCTHOTO TIPE/ICTABIICHHSL.

O Hay4yHOH TOITb3€ NMPHHIMIIA HAUMEHBIIEro NEHCTBHSI M3BECTHO JaB-
HO [8]. A.DHHIITEHH mHcai, 4TO BCIO OOIIYI0 TEOPUIO OTHOCHTENBHOCTH
MOXXHO pa3palboTaTh Ha OCHOBE MUMEHHO 3TOTO, «OJHOIO-€/JMHCTBEHHOIO Ba-
puarmoHHoro npuHImna [9]. M. Thnank cuutan ero Oonee yHUBEPCATHHBIM
3aKOHOM TIPHPOJIbl, YeM 3aKOH COXPAHEHHs SHEPIMH M MMITYJbCa, U YTBEp-
xnaai, yro nosromy [THJ[ «rocrioncTByeT Hasl BceMH 0OpaTUMBIMU SIBIICHHS-
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MH ¢m3ukm [10]. A. DIAMHITOH MHCANl YXKe O JBYX BEIUKUX O00OIICHHSIX
Hayku — [TH]I u Bropom 3akone Tepmoaunamuku [11]. T. Myp yOexzeH, uro
«3TOT TPHHLMI COCTaBISIET SAPO OONBINOW YacTH COBPEMEHHOW (u3K-
km» [12]. HTepec k UCCIen0BaHNI0 IKCTPEMAIBHBIX NPHHIIUIIOB, B YaCTHO-
cru [TH/I, He ocnabeBaeT, ocoOeHHO B (usuke [13].

J1i1st 000CHOBaHMS TIpeIyIaraeMoro perieHust OyzieT oka3aHo, YTo ypaB-
HEHHSI OCHOBHBIX (PU3MUECKHX TEOPHH SKBHBAIEHTHBI ontHOM 13 ¢opm [TH/I.
C omHo#t cTtoponsl, pasabie Gopmbl [TH]] 3KBUBAICHTHEI APYT APYrY, C IpY-
TOl CTOPOHBI, OHH MOT'YT OBITB NPEJICTABIICHBI KaK NMpeeIbHbIE CIy4an MeTo-
Jla UHTETpalioB 1Mo TpaekTopusiM P. DeliHMaHa, OCHOBAHHOTO Ha TMOHSTHUH
aMIUTUTY/IBl KBAHTOBOM BeposiTHOCTH. OTCIO/Ia IefaeTcsl BHIBOJ O MEPBUYHO-
CTH 3aKOHOB KBaHTOBOM MEXaHHKH.

quLIpe BapHaHTa OMUCAHUSA IBHKCHUA KJIACCHYECCKOI0 TeJ1a

Kax m3BecTHO, B (pM3HKeE CyIIECTBYET YeThIpe BapuaHTa, WM CIiocoda,
TIpeZICKa3aHys TPACKTOPHH TOJIeTa IS Tejia, OPOIIEHHOrO MOJT YTJIOM K TOpH-
30HTY [14].

Bapuanm Ne 1. Teopust HEI0TOHA TOBOPHT, YTO TEJNO 00J1aaeT HHEPIIH-
el ¥ MPUTATUBAeTCsl K 3eMJIe C ONPEAETIEHHON CHIION, 3aBUCHIIEH OT ero Mac-
cbl. JleficTBUTENIbHOE JIBIDKEHHE B KaXK/IbIii MOMEHT BPEMEHH SIBJIIETCS CyM-
MOH JIBIDKEHMH, BBI3BaHHBIX 3TUMH ByMsl npuuuHamu. CornacHo HeroToHy,
TEJIO UMeEeT BHYTPEHHEE «CTPEMJICHNE» JIBUTAThCS MPSIMOITMHENHO U C TIOCTO-
SIHHOW CKOPOCTBIO, HO «TTOYYBCTBOBABY JICHCTBUE Ha CeOs BHEIIHEH CHIIbI, OHO
YCKOPSIETCA WIM MEHAET CBOE JIBIDKEHHUE (BEKTOP CKOPOCTH) Ha OIPEAENICHHYIO
BEJMUHMHY 32 KayK/Iblii MHTepBal BpeMeHH. [Iperonaraercs, 4To cuia JeicTBY-
€T Ha PacCTOSHNH (HEJIOKILHO) M 3aBUCHT OT YJAJICHUs TeNa OT LIEHTpa TshKe-
cru 3emiH. 3Has HAYAJIbHOE MECTOIOJIOXKEHHE U BEKTOp HAYaIbHOM CKOPOCTH
TeJla, MOKHO 3aIlcaTh YpaBHEHHE JJIs1 BBIYUCIICHNS TOUEK €r0 TPACKTOPUH.

Bapuanm Ne 2. Tot ke noner Tena MOXKHO OMUCaTh B TEPMHUHAX TEOPHU
noist. B kaxmol Touke MpocTpaHCTBa MMEETCsl YMCIIO, Ha3hIBAEMOE IMOTEH-
LalIOM U MEHSIoIIeecs OT OAHOM TOYKM NpOCTpaHCTBA K Jpyroi. Ecmu
B JIFOOYIO TOYKY IPOCTPAHCTBA TIOMECTUTH TEJIO, Ha HEero Oy/eT JelcTBOBaTh
CWIa B HAIPABJICHWH, B KOTOPOM IOTEHIIMAN OBICTpEee BCEro yMEHBIIAeTcs,
a BeNIMYMHA CWIBI OyJeT NpONOpIMOHATIBEHA TOMY, HACKOJIBKO OBICTPO OH
YMEHBIIIAeTCs TIPY MepeMEelIeHHN W3 OTHOM TOUYKH B JIpyryro. Tpaekropust
JIBDKEHHMST TeNa ONpE/EseTCs CHIION B KaXK/I0W TOUKE MPOCTPaHCTBA U UHEp-
peld Tena. BekTop cuibl paBeH aHTUIPAAMEHTY MOTEHIMAIBHON 3HEPIUH,
WM Macce Tella, YMHO)KEHHOH Ha MaKCHMAaJIbHYIO CKOPOCTh YMEHBIICHHS
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noTeHnMana nois 3emid. Teno Kak OyATo «IpOLIyNbIBaeT» IPOCTPAHCTBO
BOKpYT' ce0sl M yCTpeMIIsIeTcs TyZa, IJ/ie TTOTEHIMal ToNIsl TATOTeHHs Oyzier
HanMeHbIMM. [lomneBast popMysIMpoBKa MO3BOJISIET MPECKas3aTh MOJIET Tea,
€CJTM M3BECTHO, YTO IPOMCXOUT B JIAHHBIH MOMEHT B TOUKAX, €0 OKPY)Karo-
mmx. OroBopka «B JJAHHBI MOMEHT» NPHHIMITHATIEHA, TIOCKOIIBKY B JIEHCTBH-
TEJILHOCTH TI0ZIOOHOE <IIPOLIYTIBIBAHKE)» TIPOCTPAHCTBA HE MPOUCXOIHT BO Bpe-
MeHH. K cokareHmro, 30aBUThCs OT MeTadop HE YAACTCs, MHAUE KaK OOBsIC-
HUTb, OTKY/IA TEJIO «Y3HAET) BEIMUYMHY TIOTEHIMANIA B COCETHIX TOYKaX?

Bapuanm Ne 3. 1ot criocod CUIBHO OTIIMYAETCs OT MEPBBIX JBYX B (u-
nocopckoM cMbicite. Ham He Hy)KHO 3HATh, YTO IPOUCXOAUT B COCEITHUX MO-
MEHTax BPEMEHH WM B COCEIHNX TOYKAX MPOCTPAHCTBA, — IOCTATOYHO 3HATH
HavyaJIbHOE W KOHEYHOE TOJIOKEHHE Tejla B TIPOCTPaHCTBE M BpeMeHH. [IpuH-
LM HAaMMEHBIIETro JEHCTBUS YTBEPIKIAET, YTO U3 BCEX BOSMOXKHBIX TepeMe-
IIEHUH TeNla U3 OTHOM TOYKH B JIPYI'YIO, COBEPIIAEMBIX 332 OAMH M TOT JKe
TIPOMEKYTOK BPEMEHH, peasTbHOM TpaeKTopueil Oyier Ta, Ui KOTOPOi HeKast
BEJIMYMHA, HA3bIBaeMasl «IeHCTBUEM», MMeeT MUHUMaTbHOe 3HayeHue. [TH]]
B popme ['amribToHa [15] mracurt, 9To Mo CPaBHEHUIO CO BCEMH BO3MOXKHBI-
MH TPaeKTOPHSMH BJIOJNIb EHCTBUTENBHOM TPAEKTOPHH TeJa PasHHIA MEXITY
€ro CpeJHIMH KWHETHYECKOH W TOTEHIMaIbHOW SHEPTHsMHU JIOCTHTaeT MU-
HumyMa [16]. 13 TTH/I BeBomsTest quddepeHimanbHble YpaBHEHUS! JIBIDKe-
HUS TEJa B TTOJIC CUJIBI TsDKECTH (ypaBHeHUs Diinepa — Jlarpamka) [17]. Kax-
JIOMy BUPTYaJIbHOMY ITyTH TeJla B MPOCTPAHCTBE COOTBETCTBYET HEKOE KOJIH-
YeCTBO JISWCTBHSL, HO TOJBKO ITyTh, Y KOTOPOTO 3TO YKCIIO MUHUMAJIBHO, SIBIIS-
ercst eficTBUTENbHBIM. VIMEHHO ero Mbl HaOIIOZaeM KaK peajbHbIH, U OH
B TOYHOCTH COBIIAJIAET C PE3YNIbTaTaMH BBIYUCIICHHH, TTOIydEHHBIX B TIEPBBIX
JIBYX BapuaHTax. Ho B 3TOT pa3 HaMm He HaJ0 JAyMaTh HU O Kakux cwiax. He
HY)KHa ¥ (DMKTUBHAsI CHJIa WHEPIMH, BEAb B OTCYICTBHE IMOTEHIMAIBEHOTO
TIOJISE ITyTh TeNa C HAaMMEHBIIMM KOJIMYECTBOM JISHCTBUSI — 3TO TIpsiMast C T10-
CTOSIHHOM CKOPOCTBIO, BJIOJIb KOTOPOH JIEUCTBUE MUHUMAITBHO [ 18].

Bapuanm Ne 4. B o0miel Teopur OTHOCHTENIBHOCTH HE CYIIECTBYET HE
TOJIBKO CHIIBI TIPUTSDKEHUSI, HO M TOTEHIMAIBHOTO IO TATOTEHHs, BMECTO
HHX €CTh €JIMHOE TEOMETPHYECKOE MPOCTPAHCTBO-BPEMS, HCKPHBIIEHHOE T10]T
BIIMSIHMEM Macchl 3eMiH. B aToM npocTpaHCTBe-BpEMEHH TeNO JIBIDKETCS TIO
WHEPLMH BJIOJIb OJTHOM M3 MHUPOBBIX JIMHUI MEX/y HAYaJIbHBIM M KOHEUHBIM
coObITisiMH. JIMHMS 5Ta Ha3bIBaeTcs reoje3ndeckoi. PopMa reome3naecKom
JIMHAM BBIYHUCIISIETCS Yepe3 YpaBHEHMS YETHIPEXMEPHOTrO MpOCTPAHCTBA-
BPEMEHH, a PE3YJIbTAT BHIUKCIICHNH B 3eMHBIX YCIIOBHSIX COBIIA/IACT C PE3YITb-
TaTaMH TpeX NMpebIayIX BapraHToB. DopMa reoe3ndeckoi JIMHAM TOYHO
ornuckiBaercs ¢ nomotsto [TH]I knaccryeckoit mexanviku [19]. M3 Bcex BO3-
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MO>KHBIX MUPOBBIX JINHHI MEXTY IBYMSI COOBITHSIMH JIEHCTBUTENIHEHON SIBIIS-
€Tcsl Ta, I KOTOPOH BENMYMHA COOCTBEHHOIO BPEMEHH Tella MMEET MaKCH-
MastbHOe 3HaueHue [20]. JIi1st cnaObIX TpaBUTAIMOHHBIX TIOICH M HEBBICOKHX
ckopocreit aror npuHIwn ceoaurtes k [TH/] B hopme 'amunbTona (BapraHT
Ne 3). 13 Bcex BO3MOXHBIX IyT€H Tela B YETHIPEXMEPHOM IPOCTPAHCTBE-
BPEMEHH €CTh TOJILKO OIMH ITyTh C MAKCUMAIIbHBIM COOCTBEHHBIM BPEMEHEM,
WA MyTh C MAaKCHMAJIbHBIM CTapeHHeM. DTOT ITyTh MBI M BOCIIPHHIMAEM Kak
JIeWCTBUTENBHBIN, WIN peanbHbIi [21].

®opmyIHpPOBKA KBAHTOBOI Mexanuku P. Meiinmana

B 1942 r. P. ®eiinman [22] ucnons3osan uaen X. I'toiirenca u O.T. Ope-
Helsl, paHee BaoxHoBuBLME O. lllpemmHrepa Ha €ro BONHOBOE YpaBHEHHE,
1 TIPEJIOKIT CBOKO (POPMYITMPOBKY KBAaHTOBOHM MexaHWKU. DeliHMaH 3aMeHIuT
KJIaCCHYECKOE TIPECTaBICHNE O JIBIDKEHHWH Tella 10 «OJWHOYHOW» W YHU-
KaJILHOM TPaeKTOPHH TPENCTABICHUEM O JIBWKEHHH 10 OECKOHEYHOMY MHO-
YKECTBY MBICIIUMBIX TPAEKTOPHH, YTO MaTeMaTHYECKH OIMCHIBACTCA (YHK-
IMOHAJIBHBIM MHTETPAJIOM 10 STUM TpaeKTOpusM. YacTulia JABIKETCS OITHO-
BPEMEHHO T10 BCEM BO3MOYKHBIM TPACKTOPHSIM, HO BOJIHBI BEPOSITHOCTH 3THX
IyTel racsTcsi B KOHEYHOM TOUKE TPAEKTOPHH TaK, YTO MaKCHMallbHast BEpO-
SITHOCTb OTBEYAET JICHCTBUTEILHOMY ITyTH, JUISi KOTOPOrO BapHalysl HEKOH
BEJIMUMHBI paBHA Hym0. [0 aHanorum ¢ KIacCH4eckoil MEXaHUKOM 3Ty BENU-
ynHy DefHMaH Ha3Baj JCHCTBHEM, KOTOPOE CBS3aHO C KBAaHTOBOW (pa-
301 [23]. Kak/p1ii BOSMOXKHEIN TyTh YaCTHIIBI CBS3aH ¢ M3MEHEHUEM (ha3bl ee
BOJIHBI BEPOSTHOCTH. BOMM3M NEHCTBUTENBHOIO IyTH BOJHBI BEPOSITHOCTH
HaXOoJATCs TIOYTH B OIHOW (hase U, B3aUMHO YCHJIMBAsICh, OPOXK/IAIOT 3HAYN-
TEITHHBIHN, HAOTIOIAEMBIN KaK «peaTbHbIN, 3¢hdekT. OCTaIbHbIC TyTH CYIIC-
CTBYIOT BIIOJIHE PEAITBHO (XOTSl MHOTJ@ MX HAa3bIBAIOT BUPTYAIBHBIMU WIIH
MBICIIUMBIMH), TIPOCTO OHM HAMH HE HAOJIOJAIOTCS, TOYHEE, BEPOSTHOCTD HX
HaOJroNleHnsT KpaliHe Mana. BeposTHOCT OOHapyKeHHs YacTHIBl paBHa
KBaJIpaTy aMIUIATY/IbI BEPOSITHOCTH (BOJHOBOM (DYHKIMHM) M SKBHBAJICHTHA
pe3yibraTam, ToTydaeMbIM MaTpUdHBIM MeTofioM [ eli3eHOepra 1 BOJHOBBIM
ypaBHeHueM IlIpenunrepa [24].

Knaccnueckoe Tej10 1 KBAHTOBAasi MEXaHHKA

Kazanock Obl, Kakoe OTHOIIICHHE UMEET KBAaHTOBAs MEXAaHHKA K IOJICTY
KJTACCHUYECKOTO Tea? 3aKOHBI JIsl OOBIYHBIX TEJ OTHO3HAYHBI M TOYHO TIPel-
CKa3bIBAOT WX TIOBEJICHWIC — MPH YeM TYT BEPOSTHOCTH MUKpomupa? Ho
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@eiiHMaH fenaer BBIBOJ O IIEPBUYHOCTH KBAHTOBOH MEXaHHKH OTHOCHTEIIHLHO
KJIaCCHYECKON MEXaHHUKU M TEOPHH OTHOCHTEBHOCTH, MOCKOIBKY (DyH/IaMEH-
TaJIbHBIE (PM3MYECKUE 3aKOHBI MOTYT OBITH BBIP@KEHBI B BUJIE TIPUHIIMITA HAV-
MeHblIero niericrust [25]. Jaxe cBsI3b MeXTy 3aKOHAMU CUMMETPUM U COXPa-
HeHWsl, c(OpMYITMpPOBAaHHasE B TeopeMe Herep, MOKOUTCS Ha NpUHIMIE Hav-
MEHBIIIEro IEUCTBHS, BHITEKAIOIIEM U3 3aKOHOB KBAHTOBON MEXaHUKH [26].

[Mo deitHMaHy, KIACCUYECKOE TEJO, TAaK K€ Kak (DOTOH WM SEKTPOH,
JIBIDKETCS Cpa3y IO BCEM BO3MOXKHBIM ITyTSIM (MHPOBBIM JIMHHSIM) MEXITY
HaYyaJIbHBIM U KOHEYHBIM COOBITHSIMU. Ho MOCKOMBKY (haza BOJHBI BEPOSITHO-
CTH OYCHP BEJIMKA, HAOOP MHUPOBBIX JIMHWM, BHOCAIIIX 3HAYUTCTHHBIN BKIIA]]
B BEPOSITHOCTb OOHApYXKEHHMsI KJIACCHYECKOTO Tella, COKPAIAeTCsl 10 Y3KOro
mydka. B mpezene aTo equHCTBEHHAss MUpOBas JIMHMS, NPECKa3aHHas Kilac-
CHYECKMM TIPHHIMIIOM HAaWMEHBIIEro JeicrBusi [aMuibToHa (BapHaHT
Ne 3) [27]. To, uro ¢hmsuka HeroToHa paccMaTpuBaceT Kak MPUUMHY U CIICICT-
BUe (YCKOpPEHHE TPON3BOIMTCS CHJION), KBAHTOBBIE «HHTETPAIBI IO ITyTSIM»
TIO3BOJISIET TPAKTOBATh Kak OajlaHC M3MEHEHHH B (haze, MPOM3BEICHHBIX H3Me-
HEHUSIMUA B KMHETUUYECKOM W TOTEHIMalbHOM sHeprusix [28]. Knaccuueckue
MEXaHWKA W TEOpHs IOJISI CTAHOBSTCS KOPOTKOBOJHOBBIM IPHONMKEHUEM
KBaHTOBOM MEXaHMKH, JICHCTBHE TPHUOOPETAeT CMBICI (ha3bl BOIHOBOW (DYHK-
1y, BorpIre HeT HeoOXomMMOCTH TpUOeraTh K OHSTHIO CHII, EHCTBYIOIIMX
Ha Teno. Tely J0CTaTOYHO OTHOBPEMEHHO IIPOMTH BCE BOSMOXKHBIE ITYTH U3
OJTHOW TOYKH B IPYT'YIO U «BBIOPATHY IMyTh, Il KOTOPOrO BEIMYMHA JCHCTBHS
MHUHMMaNTbHA [29]. BO3MOXHO, TEpMHH «BBIOpaTh» 371€Ch W3JIMILECH, BEIb
KJIacCHYecKasi TPaeKTOpHs «BBHIOMPAETCSH HE TENIOM, a MPABHIIOM CIIOMKEHHS
(a3 BOTHOBBIX (DYHKIIMI BOSMOXKHBIX TPAEKTOPHIA.

Mo o6pazHoMy BeIpaskeHHto 3. Taiinopa, oT 00beKTa, IepeMelatonero-
Csl C HEPENSITUBHUCTCKOM CKOPOCTBIO B OOJIACTH CJ1a00r0 IPOCTPaHCTBEHHO-
BpeMeHHOro McKpuBieHus, [Ipupona tpedyer: cremyil myreM HaMMEHBILErO
kommaecTBa JeiicTBrs! OOBEKTY, MepeMeIaronieMycs ¢ JIF000i BOZMOKHON
CKOPOCTBIO B 00JIACTH JIFOOOr0 KOHEYHOrO NPOCTPaHCTBEHHO-BPEMEHHOIO
WCKpuBIIeHws], [Ipupona KoMaHIyer: ciemyl IyreM MaKCUMaJbHOro crape-
wust! Ot anektpona [Ipupona tpebyer: uccnemyit Bee mytu! [30]. Taibmop npu-
Bomut cxemy, riae ITH], ¢ ogHOM CTOpOHBI, SIBISETCS YAaCTHBIM CIIy4aeM
TIPHHIIMITA MaKCUMAJIFHOTO CTAPEHUS, C IPYrod — YaCTHBIM CITy4aeM IPHHIH-
na DeifHMaHa «uccieayd Bce myTu». MiHaue roBops, Kaccuueckass MexaHH-
Ka— OIHOBPEMEHHO NpHOMKEHHEe W OO TEeOpHH OTHOCHTENBHOCTH,
1 KBAaHTOBOW MEXaHHUKH (CM. PHCYHOK).

Ionpobyem pacumputs cxemy Tainopa (ZonoaHeH:s] 0003HaYeHH! Tpe-
PBIBUCTBIMH JIMHUSIMH), UCHIONB3Ys ero ke Meradopsl. Komanny [Tpupomst
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Puc. 1. CoorHorrenre (popM MPHUHIHTIA HANMEHBIIIETO ICHCTBHUSI
[puHIMIT HANMEHBITIETO ICHCTBHSI — 3TO OJTHOBPEMEHHO NPUOITIKEHHE TCOPUH
OTHOCHUTEJIBHOCTH U KBaHTOBOH MEXaHUKK. Eciu BepHa Teopus CynepCIpyH, TeOpHs
OTHOCHTEIIBHOCTH CTAaHOBHUTCSI IPHOIIIKEHUEM KBAHTOBOIH MEXaHHUKH

«ccrelTyit Bee Iy Ti» MPHIOKHUM K TPOCTPAHCTBY JIFO00H pasMEPHOCTH M KpH-
BI3HBL. VI3BECTHO, YTO NPHHIMIT MAKCUMAJIBHOTO CTAPEHHSI TIPUMEHHM TOIIBKO
K IVIaJIKOMY 4-MEpHOMY ITPOCTPaHCTBY-BPEMEHH, M €CITH HCTIONB30BaTh armapar
KBAaHTOBOM MEXaHWKH JUTs1 TAKOTO MPOCTPAHCTBA, HEM30EKHO BO3HHKAIOT Oec-
KOHEYHbIE W @K€ OTpHULIATEbHBIE BeposTHOCTH. ONHO M3 MaTeMaTHYecKHX
PeLIeHHi 3TOH MpOoOJIEMBI TpeyIaraeT CoBpeMEHHas! TEOpHs CyHepCTpyH, Tpe-
Oys B3aMeH JIONIOTHATENTbHBIC M3Meperus [31]. Tlo ceromusmmHM mpesicTaBiie-
HUSIM, B KQXKIOH TOYKE 4-MEPHOrO MPOCTPAHCTBA-BPEMEHM HAXOAUTCS elle
IIECTh CBEPHYTHIX IPOCTPAHCTBEHHBIX M3MEPEHHIA.

Ecrm Teopust cyneperpyH BepHa (OKa3aTebCTB 3TOrO MOKA HET), MOKHO
TIPEITONIOMKHTD, YTO TPUHIIMIT MAKCHMAJIGHOTO CTAPEHHS TOXKE SIBIISIETCS] TpHU-
OIDKEHNEM METOa MHTETPAJIOB TI0 TpaekTopusiM. [Ipn yBermyennu maciirada
MYJIbCUPYIONIAs TKaHb MHOIOMEPHOIO 3alTyTaHHOTO IPOCTPaHCTBA-BPEMEHH
CXJIONBIBAETCS U CIVIaKUBaeTcs 110 4-MepHoro [32]. [IockonbKy TONBKO B HEM
MAaKpOOOBEKTHI YCTOMYMBBI, BCE BO3MOXKHBIE TpaeKTopuu B 10-MepHOM TIpo-
CTpaHCTBE B pe3yJbTare HHTEP(EPEHIIN CBOITCS K TPACKTOPHUSIM B 3-MEPHOM.
B TakoMm crimydae He TONBKO KilacCHYecKasi MeXaHHKa, HO M OOIIast TEOpHst OTHO-
CHTEITLHOCTH MOXKET CTaTh YaCTHBIM CITy4aeM KBaHTOBOH MEXaHHKH.
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Oocy:x1enue

K 0000mienysM NprHIMITA HAMMEHBIIETO AEHCTBHS BCErlla OTHOCWINCH
HaCTOPO’KEHHO, B TOM YHCIIE HM3-3a MPH3paKa 11es1eBoi NpuumHbL. OOOCHOBaHME
TIPOCTOTOM ¥ coBepieHcTBOM [1prposipl, TOHMMAaeMBIMHU TEJIEOIOTMYECKH, He
BIMCHIBAIOCH B HAYYHYIO MapaaurMy, 1 rocrenienHo [THJ npeBparuics B wuc-
TO 3BpHCTHYCCcKoe TpaBmiio. K mporuBHIKaM (rtocodckoit Tpakrosku [TH]]
orHocwuck XK. Mamamoep [33], K. Jlarpamk, K. Slkoou, A. Diamrreiin, U. Tpu-
roxud u ap. K. Jlanmonr mvmmer 06 O. Maxe, CYMTaBIImM, 9TO BApUAIIMOHHBIC
TIPUHIIMITEL MEXaHNUKU — He OoJlee 4eM Jpyrasi MareMariieckast (hopMysIMpoBKa
3axoHOB HbIoTOHA, HE coziepkaliast HHYero HOBOro, MPaB/ia, TYT ke JI00aBJIsET:
«...COBpPEMEHHasI MaTeMaTHKa He JaeT KaKOro-IMOOo JPyroro MeTosa, IpH Io-
MOIIIM KOTOPOro MOXHO ObUIO ObI C(hOPMYIMPOBATh KOBAPHAHTHYIO U B TO JKE
BpeMsi COBMECTUMYIO CHCTEMY YpaBHEHHU nosish» [34].

M. BopH nucai: «3akoH rpaBUTalM DHHINTEHHA, BKITIOYAIONMIA B ce0st
3akoH HbIOTOHa Kak mpeiesbHBIN cirydaid, MOXKET ObITh TAakKe MONydeH W3
SKCTPEMAJIEHOTO MPUHIINIIA), — HO, Ciemys Maxy, MouepKuBall, 4To SKCTpe-
MaJIbHOE OITFCaHHUE TOBOPHT HE O CBOMCTBE IPHUPOJIBL, @ O CTPEMIICHHH HaIlle-
ro MbIIUIeHUs K 3koHoMmuu [35]. [lpyrue yrBepxknatot, uro ITH]I umeer He
TOJILKO METOZIOIOTMYECKOe 3HAUYEHHE, @ BBIPAXKAeT €IMHCTBO U B3aUMOCBSI3b
TIPHHLIMIIOB CUMMETPUH, COXpaHeHus U npranHHocTH [36]; TTH/I obobmaer
HE TOJIBKO (DM3MYECKYIO NMPUYMHHOCTb, HO M 3aKOHOMEPHOCTb, HEOOXO/I-
MOCTb, BEPOSTHOCTb U CBA3b COCTOSIHMI [37]; 3aKOH COXpaHEHHs SHEPTUH, TaK
K€ KaK M JpYyrve 3aKOHBI COXPaHEHHs, MOXET OBbITh IMONydeH W3 ACHCTBUS
Y BapHaIMOHHBIX NMpUHIMIOB [38]. EcTh MHEHHE, UTO MIMEHHO B U3JIOKEHUU
deiiHMaHa KBaHTOBAsE MEXaHHMKa TpPEICTAcT KaK 000OIIEHNE KIAcCHYEeCKOM
MexaHuKH [39], a ucmons3oBanue (GeHHMAaHOBCKOTO MHTETpaJia Mo TPAcKTO-
pusiM 00ecTieYrBaeT SICHBIN M JIETaHTHBIH SI3BIK VTS OIMCAHMS TIepexosia OT
KJTACCUUYECKOW (PM3UKU K KBaHTOBO [40].

Coznatenu KBaHTOBOW MexaHMKH, Bcien 3a JI Oitnepom, AJL Jlarpan-
xeM 1 Y.P. 'aMuIbTOHOM, 3aMMCTBOBAIM ONTUKO-MEXAHUYECKYIO aHAJIOTHIO
reoMeTpudeckoi onTuky (mpuHImIbl Gepma u [oiirenca) 1 mexanvku (TTH/]
lammeTona) [41]. Ty ke anamoruro ucrionp3oBay . [wimwbept u A. DiiH-
IIITEHH, BBIMVCHIBAs YpaBHEHHS OOIIeH Teopun oTHOcHTebHOCTH [42]. [Tprme-
HEHHUE OJTHOW aHAJIOTMH B JIBYX Pa3HBIX SI3bIKAX OINMMCAHMS TOBOPUT B IOJIB3Y UX
obmHocTH. MOXKeT ObITh, IPHYMHA HE TOIHKO B METOIOJIOMMYECKOM YI00CTBE?

OOmrast Teopuss OTHOCHTEIHLHOCTH CIIOCOOHA OOBEIMHUTH MEXaHHKY
HetoToHa 1 Teopuio Moist ist IBIKEHHS] OOBEKTOB B 4-MEPHOM IPOCTPAHCT-
Be-BPEMEHH JII000H KPUBU3HBI, HO 3TOT SI3bIK HETIPHMEHNM Ha TUIAHKOBCKHX
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Macmrabax. ToMbKO OIMH SI3BIK YCIEITHO paboTaeT Ha BCEX TPEX YPOBHSX —
s3bIK, ucrionb3yronmii [TH/I. Ha ypoBHE 4-MepHOro mpocTpaHCTBa-BpeMEHH
ypaBHEHHS! DWHIITEIHA SKBUBAJIEHTHBI TIPUHIIUITY MaKCUMaJIBHOTO CTapEeHust
JUTst CBOOOTHON YacCTHITBI M MPHHLMITY HAMMEHBIIIETO AEHCTBYS TPaBUTAIMOH-
Horo nonsd. Ha ypoBHe KilaccHueckoro mpocTpaHcTBa ypaBHeHMs HbroToHa
Y ypaBHEHUsI TOJISI SKBUBAJICHTHB! IPUHIMITY HAMMEHBIIErO JEUCTBUS IS
CBOOOJTHBIX TeJ M ToNel pasHoii npupons! [43]. Ha kBaHTOBOM ypOBHE ypaB-
HEHVSI KBAHTOBOW TEOPUH TIONISI SKBUBAJICHTHBI METO/ly MHTETPajIoB MO TPaeK-
TopusimM. [locnenamii, B CBOIO Ouepesib, OOBSICHSET, MOYEMY HPUHIWI Hau-
MEHBIIIET0O JIeHCTBHS paboTaeT Ha JIpyrux YpoBHsX. Torja MMEHHO METOJ
@eifHMaHa OTBEYAET HA BOIPOC, IIOUYEMY KBAHTOBBIE, KIACCHUECKUE U PEIIs-
THUBUCTCKHE OOBEKTHI MTOYHHSIFOTCS OOIIMM TTPUHLIUTIAM.

SI3pIk onmcaHust (hH3UYECKUX OOBEKTOB HA OCHOBE IPHHIIMIIA HAUMEHb-
LIEro AEUCTBUS, OMUPAIOIIErocsl Ha TPAKTOBKY KBAHTOBOM MexaHMKH DeifH-
MaHa, IMEET PsiJI IPEHMYIIIECTB;

1. OcHOBHBIC (pH3HNYECKHE TEOPHH MOYKHO MPENCTABUTH B KAYECTBE €ro
TPUOITIKEHHH U YaCTHBIX CITydaeB. HeT HeoOXOMMMOCTH B MOHSITUH «CHIIa;

2. OOBSCHSIET MEPeX0f OT BEPOSTHOCTHOM MPUYMHHOCTH K OHO3HAY-
HOM. /1711 5TOr0 HEOOXOAMMO CBA3aTh IKCTPEMAITBHBIC PUHIIUIIBI C TIOHATHEM
BEPOSITHOCTH;

3. COOTBETCTBYET pe3ylibTaTaM HaOJII0/ICHHI OOBEKTOB B MUKPO-, MaK-
po- 1 Meramactrtadax, 3 dekTnBeH s J0OBIX CKOPOCTEH, TSl IPOCTPAHCT-
Ba JTF000! Pa3MEPHOCTH;

4. omMpaercs Ha MPOCTYIO CHCTEMY INOHATHH, UMEET MPOCTON U yHH-
BEepCATbHBIN MATEMATHYCCKHIT annapar — BAPUAIIOHHOE HCYHCIICHHUE.

KowneuHo, ectb crioxxHOCTH. METO MHTErPaoB 110 TPAGKTOPHSIM CTAIKU-
BaeTCsl C TPYAHOCTSIMM B KBaHTOBOH TeopHH Tonsl. HacropakuBaer u To, 4TO
¢dopmel TTHJ] mns otnensHBIX oOnacteid (GM3HKH CHIBHO paiuyatoTcs. Uto
o01ero Mexay pasHbIMH (hopMamu JIEHCTBUS — Pa3HOCTBIO KMHETUYECKOH
Y TIOTCHIMATTBHON 3HEPTUi B KIIACCHYIECKON MEXaHWKE, COOCTBEHHBIM BpeMe-
HEeM B 0OILel TEOPUH OTHOCHTEITEHOCTH M aMITTATYIIOH BEPOSTHOCTH B KBAHTO-
Boii Mmexanmke? [lodemy neficTBue Bcerma 3kcTpeMansHO? [lodemy ImroOast
(bopma neiicTBIS MIHBApHUaHTHA OTHOCUTENBHO MPE0Opa3oBaHNI IPOCTPAHCTBA-
Bpemenn? Kaxk feficTBre CBS3aHO C SHEPrUeH, MPOCTPAHCTBOM U BpeMEHEM?

31paBblid CMBICT MPOTECTYET W TMPOTHB TPEIIaraéMoro OOBSICHCHUS
cynmHoct sienenuit. Ecin TTH/] — He mpocto ynoOHBIN MeToN, a MHTerpaibl
TI0 TPAEKTOPHSIM — HE MPOCTO MoJIe3Hast MeTadopa, KaK CUUTAIOT OONBIIIHCT-
BO (DM3MKOB, TO KaK BO3MOYKHO, YTOOBI IPUBBIYHBIE 00BEKTHI OTHOBPEMEHHO
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HaXOIWIKCh B Pa3HBIX TOYKAaX MPOCTPAHCTBA-BPEMEHH, MYCTh JIaXKe BUPTyalb-
Ho? Ho camast pajmkanbHas unes s3bika, ocHoBaHHoro Ha ITHJI u vHTerpanax
TI0 TPAaeKTOPHSIM, 3aKTIOYAETCs] B TOM, YTO HE TONBKO KBAaHTOBBIE YACTHIHI, HO
1 JIFOOBbIE OOBEKTBHI «HICCIEAYIOT» BCE BO3MOXKHBIE COCTOSIHUSI M TPaeKTOPHH,
OKa3bIBASICh B PE3YIIbTATE X MHTEP(EPEHIIMH B COCTOSHIM FITM HA TPAeKTOPHH,
COOTBETCTBYIOIINX HEKMM 3KCTPEMAIbHBIM yCTIoBUsM. UTo B IeCTBUTENTBHOC-
T O3HAUAIOT ITH TEPMHUHBI MPUMEHUTENBHO K HeKMBOM Mateprn? Cam deiin-
MaH He BKJIIBIBAT B CBOM MeTo/1 (hIocO(CKOro CMBICHA, CYUTAs €ro JIUIIb
yI00HEIM (hOpMATIBMOM U yKas3biBas Ha Hemoctatku [44]. UtoObl MmpHHSTH
JIOTHKY KBAaHTOBOW MEXaHWKU B (hopmyrmpoBke DeifHMaHa Ui OOBSICHEHUS
KJIaCCHYECKUX OOBEKTOB, MBI BBIHY)K/ICHBI Oy/lleM NMepecMOTPETh B3IVISIBI Ha
peabHOCTh U MpuurHHOCTE. Besten 3a B. Ieiizen6eprom, B. @okom, J1. Bomom
u K. Ilormepom HaMm npuzaeTcs BEpHYTHCS K uaee ApUCTOTeNs O pa3BepThIBa-
HUM OBITHS U3 BO3MOXKHOCTH B JIEHCTBUTENLHOCTE, 4 KIIACCUYECKHI OJHO3HAY-
HBIH IETEPMUHI3M TIPHU3HATH YaCTHBIM MPHOMKEHNEM BEPOSTHOCTHOH (HO He
CTaTUCTIYECKOH) MPUYMHHOCTH.

3akirrouenne

Meroj1 B TEpMHUHAX UHTETPATIOB IO TPACKTOPUsIM, CO31aHHBIN DeitHMa-
HOM U1 (DOPMYJTMPOBKH KBAaHTOBOM MEXaHHKH, CIIOCOOEH 000CHOBaTh Mare-
MATUYECKH U OOBSICHUTH CMBICIIOBOES COJCPYKAHUE NPYTUX YACTHBIX MPUIIO-
sxernit [TH/1. J{st aToro docmamouno 3amenums Kiaccuueckoe npeocmaeie-
HUe 0 08UICEHUU 00BEKMO8 N0 OOUHOUHOU U YHUKATIGHOU MPAeKmopuu npeo-
cmasnenueM 00 0OHOBPEMEHHOM OBUIICEHUU NO OECKOHEYHOMY MHOJICECMEY
BO3MOJICHbIX (MBICIUMBIX) Mpaekmopuii. ITO BIDKCHUE OITICHIBACTCS (PyHK-
IHOHAJTHHBIM HHTETPAJIOM TI0 BCEM TPACKTOPHSIM.

To, 4TO ISl KJIACCHYECKON U PENSTUBUCTCKOM MEXaHUKU SIBIISIETCS aK-
CHOMaMH, C TOYKU 3PCHUS KBAHTOBOW MEXAHWKU CTAHOBUTCS HEOOXOIUMBIM
CNeACTBUEM. B pe3ynbrare ypasHeHus OCHOBHbIX pa3denos usuku mozym
Oblmb npedcmaesienvl Kaxk yacmuvlil cayuail keanmogou mexanuxu. TTH]]
KJTACCHYECKOH MEXaHHKH MOYKHO TPE/ICTABUTH KaK MPHOJIMKEHNE KBAHTOBOH
MEXaHWK{ TP Maciirabax, MHOTO OOJBIINX, YeM IUIaHKoBckue. OmHOBpe-
MEHHO 3TO MPUOITIKEHHE OOIIeH TEOPUH OTHOCHUTEITLHOCTH TIPU HU3KHX CKO-
poctsix. [pemmonaraercsi, 9YTo ypaBHEHHUs OOIICH TEOPUM OTHOCHTEITEHOCTH
MOT'yT PacCCMaTPUBATHCS KaK TMPUOIKCHIE KBAHTOBOM MEXaHHKH, TIPU KOTO-
POM MHOTOMEPHOE 3aITyTaHHOE MPOCTPAHCTBO-BPEMSI CXJIOMBIBACTCS JIO TJIa/I-
KOT'O YeTBIPEXMEPHOTO.



90 B.3. Tepexosuy

k k%

ABTOp BBIpaXKaeT UCKPEHHIOIO OIarofapHOCTh 3a MOMOIIL Tpodeccopy
N.C. ImutpueBy, a Takxke 3a MOJE3HYIO KpUTHKY mpodeccopam A.W. Jlvm-
kuHy 1 A.C. JIykpsHeHKo.
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Terekhovitch, V. E. Probabilistic and geometric languages of physics in the context of
the principle of least action

The paper discusses the possibility of unification of the geometric language of forces and
fields, the geometrical language of four-dimensional space-time and the probabilistic language of
quantum mechanics. The author shows that all the three languages are equivalent to one of the
forms of the extreme variation principle — the principle of least action. He argues in favor of the
capacity of Richard Feynman's method of path integral for explaining the sense of the particular
formulas of the principle of least action. For this purpose, we need to substitute the classical idea
of an object moving along a unique path for the idea of its simultaneous motion along an infinite
set of possible paths. Hence the author concludes that axioms of classical mechanics and relativis-
tic one are special cases of Feynman's formulation of quantum mechanics.

Keywords: principle of least action, Hamilton's principle, Feynman’s path integrals, prob-
ability causality
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