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B crarbe maercs ¢mnocodckas HHTEpIpETAIHS MOIX00B K CO3/IaHNI0 KBAHTOBOW TEOPHUHU
rpaBUTALMU. AHAIM3UPYIOTCS KIIOUEBBIE JUIsl JTAHHOM 3a7a4M acleKThl 0OIel TeOpUuH OT-
HOCUTENBbHOCTU U CTaHAAPTHOM MOAEIH, IPOSCHAETCS COAEPKAHUE COOTBETCTBYIOIIUX I10-
HATUH (TpaBUTALMs, YaCTULA, TT0JIE U Ap.). YCTaHABIMBAKOTCS IPUYUHBI IPOOIEMATUYHOCTH
CO371aHNsl KBAHTOBOW TEOPUHU T'PaBUTALMH, IIPEAIATaeTCsl MHTEPIPETAUs CYLIECTBYOMMX
npobJeM, B 4aCTHOCTH, 00CYKIaeTcst mpodIemMa HECOBMECTUMOCTH YPaBHEHUI KBAHTOBOU
TEOpUU U O0IIeH TeOpUr OTHOCHTENbHOCTH. Onupasch Ha pumocodckuil aHamu3 paaa co-
BPEMEHHBIX PE3YJIBTaTOB M3 O0JIACTH TEOPETUIECKON (PU3UKHU, aBTOP YKa3bIBAET BO3ZMOXKHOE
HaMpaBJICHUE UL CO3JaHMs KBAaHTOBOM Teopuu rpaBuTanuu. OHO (HopMUpyeTCs MyTEM CO-
BMEIICHUS CIISICTBUI HEKOTOPBIX KOHIENIIHI CTPYHHOM TEOPHH B TOJIOTpahuuecKoro MmpuH-
LAIIa CO CBOMCTBAMM KBAaHTOBO-MEXAHMYECKOM 3aIlyTaHHOCTH. MCTOpHYECKH CYMTAIOCh
(akTHYECKN aKCHOMOM, YTO MHUP YCTPOCH JIOKAJIBHO, T. €. HE MOXET OBITh B3aMMO/ICHCTBUI
yepes MyCcToe MpoCTpaHcTBO. B Teopun rpaButanmu HeroToHa BO3HUKIIA po0ieMa: cuia Tsi-
TOTeHHS PACIPOCTPAHSIIACh MTHOBEHHO U 0e3 mocpeHnKoB. CKOJIb YTOTHO y/aJeHHbIE TeNa
B3aMMOJICHCTBOBAJIH JIPYT C JIPYTOM HEJOKAJIbHO. DTO ObUI MaTEeMaTHUECKH BHI30B (hH3HKE
TOTO BpeMeHH. Briocneactsuu npobiemMa rnoirydnsia HO3UTUBHOE PellieHHe: TPaBUTAIMIOHHOE
B3aMMOJICCTBHAE PACIIPOCTPAHSIETCA C KOHEYHOU CKOPOCTBIO — CKOPOCTBIO CBeTa. Tak ke
PELIMIICA U BOIPOC OTCYTCTBUS IMOCPEIHUKOB — MMM CTaJM I'PAaBUTOHBI, PaBJa, TMIOTETH-
yeckue. OHaKo COBpeMEHHasi KBAHTOBAs TEOPUS 10JIs He JIOKaJIbHa (CJIEACTBHE 3aIlyTaHHO-
CTH), IpU4YeM B 000MX CMBICIIAX: JIJIS IIepe/laul B3auMOJICHCTBHS HE Hy KHbBI KaK BpPEMEHHBIE
3aTpathl, TaK U MpeJCTaBleHHe 0 (PU3NYECKUX MOCpPEeIHUKax. B caMoM CHIIBHOM CMBbICIe
peyb UJET O TOM, YTO CaMO MPOCTPAHCTBO HE JIOKAIBHO (IIPU MPUHATUU MHOTOMEPHOCTH).
IToka3biBaeTcs, 4TO 3aIlyTAHHOCTb, 110 BCEH BUJUMOCTH, TyaJIbHO CBSI3aHA C FpaBUTALlUEH, U
HEJIOKAJIbHOCTB SIBJISIETCS CBOMCTBOM MHOIOMEpPHOro nmpoctpanctsa. [Ipobiema B ToM, 4TO
ATOT pe3yibTaT OyKBaJbHO HE MPUMEHHUM K Halllel peaJlbHOCTH U OMUCHIBAET BO3MOXKHBIE (C
TOYKHM 3PEHUS BO3MOXHOI'O MHOT00Opas3us 3aKOHOB (pu3uKu) Mupbl. OOCy)KaaeTcs, MOKET
JIM, HECMOTPS Ha 3TO, TEOPUSI OCTABAThCS HAYYHOUH U SBJISATHCS XOPOLIUM MPUOIMKEHUEM K
HaOIronaeMoi pU3NYeCKOl peaabHOCTH.

* Crarpsl MOATOTOBIICHA B Xofie NpoBeneHus uccinenoBanus (rpant Ne 17-01-0029) B pamkax IIpo-
rpammbl «Hayunsiii ¢pon HarmoHnanbHOTO MCCenoBaTeNbCKOro yHIBEpcuTeTa “Bricimas mkona
sxonomukn” (HUY BILD)» B 2017-2018 rT. 1 B paMKaxX rocyJapCTBEHHOUN MOJACPKKH BETYIIUX
yHuBepcutetoB Poccutickoit @enepanuu «5-100».
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IMocTranoBka npodsaembl. Kak u3BecTHO, mpobieMa co3aHus TEOPUU KBAaHTOBOMU
IpaBUTALIMU KPOETCS B HECOBMECTUMOCTH JIBYX INIABHBIX TEOPUI COBpeMeHHOU (u-
3uku: oOued teopun otHocuteabHOCTH (OTO) u kBanToBOM Teopun nosst (KTTI).
[Tocnennsis, Mo cyTH, IPEACTABISIET COOOM pe3ysbTaT CUHTE3a KBAaHTOBOW MEXaHUKHU
u cnieuuanbHoi Teopun oTHocuTenbHOCTH (CTO). ITockonbky B CTO Het rpaButa-
uuu, KTII ee takxke He Bkitogaer. OTO, HanmpoTuB, — 3TO T€OpHUs TPABUTAIIUU, HO
OHA OMMCBIBAET MAKPOMUP, MUP, B KOTOPOM IMPOSIBICHUS CUJIbI TATOTEHUS OYEBU/I-
HBI, HaOI0aeMbl HeBOOpYkeHHBIM 1a3oM. KTII onuckiBaeT MUKpOMUP, B KOTOPOM
JIEHCTBUE TPaBUTAIINU TIPOSBIISIETCS KpaiiHe ciabo.

N. HproToH noxkasai, 4To cujia rpaBUTAlMOHHOTO B3aUMOJICMCTBUS TEN MPOIIOP-
[IMOHAIbHA UX MaccaM U 0OpaTHO MPOMOPIIMOHAIBHA KBAIpaTy PacCTOSHUS MEXKITY
HUMU. C OZHOW CTOPOHBI, 3TO O3HAYAET, YTO YEM OJIMKE PACIOJIOKEHBI Tella, TEM
Oonbiie cuia taroreHus. C Apyroil CTOPOHBI, KOTJIa MacChl OYEHb Mallbl, OOHApY-
’KUTh TPaBUTAIMOHHOE B3aMMOJCUCTBUE TPYAHO, a €CIIU peub UIET O MacuTabax
TUIAHKOBCKOW JIJTMHBI', TO HAONIOJCHUE TEXHUYCCKU HEBO3MOXKHO, XOTS KIMEHHO Ha
ATOM MaciTade AOKHbBI (UTYpPUPOBaTh TPAaBUTOHBI — MIEPEHOCYUKU TPABUTAIIMOH-
HOT'O B3aUMOJEHCTBHUS.

Takxum oOpazom, B CTaHZapTHOW MOJEIH, OMUCHIBAIOIIECH MUD AJIEMEHTaPHBIX
YaCTHUII, TPABUTAIIUU HET, U JII0ObIE MOMBITKH BKJIIOYUTH €€ B TEOPHUIO 10 CUX MOp HE
yBeH4anuch ycrexom. [Ipu nepexone k MUKpomaciiTadaM BO3pacTalOT KBAaHTOBbBIE
duryKTyanuu, NpuBOAAIIUE K OECKOHEUHBIM 3HAUEHUSIM B PEILICHUSX COBMEIICHHBIX
ypaBHeHu# kBaHTOBOM Mexanuku U CTO. I'paBuTaniioHHoe nosie nepectaer ObITh
[JIaIKUM: TIPY 3aTISIIBIBAHUN BCE JAJIbIIIE BIIyObh MUKPOMUPA, OHO HAUUHAET CHUJIb-
HO (ykryupoBarh (k. Yunep HazBanm 3T0 COCTOSIHUE KBAaHTOBOMW TMEHON) B COOT-
BETCTBHH C MPUHIIUIIOM HEOMpeaeIeHHOCTH | eiizendepra.

C KJacCcMYeCcKOl TOYKH 3pEHHUs CYIIHOCTb IMPOOJIEMBbl MOYKHO BBIPA3UTh Clle-
JTyIOIIMM 00pa3oM: KBAaHTOBAsl TEOpHUs IpaBUTALIUMU JIOJDKHA YUUTHIBATH KBAHTOBA-
HUE TIPOCTpaHCTBa-BpeMeHH, MOckoibky B KTII dusnueckne BenTudnHBI KBaHTY-
I0TCSL (COCTOSIT U3 IUCKPETHBIX MOPLMIT). 3HAUUT, U TPABUTALIMOHHOE TOJIE TOJKHO
KBaHTOBaThcs, ogHako B OTO ono mmaakoe. M BakHEHUIIMN MOMEHT: KBaHTOBas
MEXaHMKa JMHEHa, B To BpeMs kak OTO — HeT, 1 3T0 cepbe3Has mpodiieMa COBMe-
CTUMOCTH TEOPUHU.

C ¢dunocodckoil Touku 3peHus nMpodeMy MOKHO IMOCTABUTh TaK: HET SICHOCTH
B BOIIPOCE O TOM, KAKMM UMEHHO 00pa30M HHTEPIIPETUPOBATh rpaBuTanuio. Kinaccu-
YECKUM SIBIISIETCS TPEJICTABICHHUE O TPAaBUTAIMOHHOM I10JI€, KOTOpOe 00eCreurnBaeT
MIEPEHOC B3aUMOAECUCTBHSI. MOKHO TOBOPUTH HE O TOJIE, @ O YaCTHUIAX-IIEPEHOCUH-
Kax, HO 3TO TI0 CyTH OJTHO U TO K€ — BCE JIETI0 B BBIOOPE CIOBAPS: BO3MYIIIEHUE TIOJIS
MBI Ha3bIBaEM YaCTULIAMH, OTCYTCTBUE BO3MYILIEHUI BBIIVIANAT [IAJKUM IIOJIEM.

OTO npennaraer paccMarpuBaTh I'PABUTALMIO KAaK MCKPHUBJIEHUE MPOCTPAH-
CTBa-BpEMEHH, BHI3BAHHOE MACCHUBHBIMU OObekTamu. UeM Oosnblie Macca (U MI0T-
HOCTh), TEM CUJIbHEE HCKpHBIEHHE. Tera B MpOCTpaHCTBE, HANPUMEp, IUIAHETHI

,6-1073° MeTpoOB — ecTecTBEHHAs €AMHALA JUIMHBI, IPEATIOIaracMblii MUHUMAJIBHBIN pa3sMep mpo-
L' 1,6:1073 MeTpoB — ecTecTBEHHas € a earoarae an a3zme 0

CTpPaHCTBa, Ha KOTOPOM pa60TaIOT HN3BCCTHBIC 3aKOHBI.



56 Teopus u memoOon02usi HAYKU U MEXHUKU

CoOnHEYHOM CUCTEMBI, JBHKYTCS MO T€OAE3UUYECKUM MpsiMbIM. VIckpuBiieHHE TIpO-
CTpaHCTBA, BbI3BaHHOE COJIHIIEM, CO31a€T BUAUMOCTD TOT0, YTO 3B€3/1a «IIPUTATUBA-
€T» IUIaHEThI. XOTsI IPAaBUJIbBHEE CKa3aTh, YTO OHM MAJAI0T K €€ LIECHTPY B pe3yJIbTaTe
KPUBH3HBI TIPOCTpaHCTBa-BpeMeHH. [lomobnas hopmynupoBka aenaer pa3sroBop O
TPUTSHKEHUN» OCCCMBICIICHHBIM, T. K. HIUTO HUYEro He TsSHeT. bonee Toro, B T€O-
pur DUHIITEHHA YCKOPEHHOE JBWKCHHE WM NPUTSHKCHUE DKBUBAJICHTHBL. Takum
0o0pa3oM, rpaBUTAIMS MOXKET OINHUCHIBATHCA KakK IBMKEHUE, CTelH(]HUKa KOTOPOro
oIpeziesieHa UCKpUBJIEHUEM ITpocTpaHcTBa-BpeMeHu. [loatomy OTO He Hyxnaercs
B TIOHSTHH TPABUTOHA (KaK HEKOM caMOCTOSTEILHON (PU3HIEeCKOi CynHOCTH). B Hem
HauMHaeT Hy)1aTtbcsi CTaH1apTHas MOJEINb, ONKUCHIBAIOIIAA HA JAHHBIA MOMEHT BCE
B3aMMOJEHCTBUS, KPOME I'PABUTALIMOHHOIO, KOIJIA MBITAETCS BKIIOUUTH OIMMCAHUE
I'PaBUTALMOHHOTO B3aUMOJICUCTBHUS.

CrtpyHHBIE TEOPETUKHU (HOPMYIUPYIOT IPOOJIEMY TaK: TEOMETPUUECKU YACTHUIIBI
B CTaHIapTHON MOJENIM HE UMEIOT MUHUMAJIBHBIX pa3MepPOB. ITO TOYKH, a TOUKH
MOTYT OBITh OECKOHEYHO MaJibl (MEHbIIE MIAHKOBCKOW JIMHBI). COOTBETCTBEHHO,
¢uryKTyanuu npocTpaHCTBa-BpEMEHHU MO0 Mepe OECKOHEUHOTO MPOIBUKEHHSI BIIIYOb
CTaHOBATCS OECKOHEYHBIMU U TMPUBOIAT K OECKOHEUHBIM SHEprusiM. Teopus cy-
MEePCTPYH NpeiaraeT OrpaHUuYUTh MUHUMAJIbHBIA Pa3MEpP YaCTHUI, YTO MO3BOJISET
n30exarh OCCKOHEUYHOCTEW B PEIICHUSX YPAaBHEHHM. DTH 4YaCTUIIBI Ha3bIBAIOTCS
cTpyHaMu (M OpaHamu) U GUIypHUPYIOT (TUIIOTETUYECKHU) HA MacuTade mopsiaka
MJIAHKOBCKOW JUUTMHBI.

3anyranHocTb. OueBuHO, yTo KTII 1 OTO no-paznomy BUAST MUP, CTPOSIT-
csl Ha pa3HbIX npuHnunax. [Ipu aTom 06e Teopun 3KCIEPUMEHTATBHO MOATBEPK/IL-
HbI, UX JAHHBIE COMIACYIOTCS C OINBITOM, a 3HAYUT, HET OCHOBAHHUI T'OBOPUTH, YTO
BCE€ JIEJI0 B TOM, YTO OJ{HA U3 TEOpU B AEHCTBUTEIHLHOCTU HeBepHa. CTaBUTH IMOJ
comHenue OTO memiaer u To, 4TO 3TO MepBasi 3PPEKTUBHAS TCOPUS TPABUTALUH,
oObsicHsromas ee mpuponay. KTII B cBoro odepens nmpeiaraeT MEXaHu3Mbl, KOTOPHIE
HIMPOKO MCIIOJIB3YIOTCSl Ha TIPaKkTUKe — OHa «paboTaeT». BMecTe ¢ TeM MOXKHO J0-
IIyCTUTb, YTO 3TH TEOPUH SBJISIFOTCS HEMOJHBIMU — HE YUUTHIBAIOT BECH KJIACC SIBJIC-
HUH, Ha ONMKCAaHUE KOTOPBIX MPETEHIYIOT. DTO BO3MOXKHO: TAK, HA[PUMEP, MEXAHUKA
HreloTona, 6e3yciioBHO, pabOTaeT U COIacyeTcsi ¢ SKCIEPUMEHTOM; €€ PACXOXKICHUE
C PeaTbHOCTHIO CTAHOBUTCS 3aMETHBIM TOJILKO Ha OYEHB OONBIINUX WM, HA00OPOT,
Ha OYEHb MAJICHBKUX MacIuTadax.

Xopo1110 U3BECTHO, YTO A. DUHIITEIH CYNTA KBAHTOBYIO MEXAHUKY HEMOJIHOMN
TEOpHUeH B CHIIy €€ MPOTUBOPEUHS KIACCUUYECKUM (DU3MUECKUM IMPEICTABICHUSIM U
3apaBoMy cMbIcTy. OHa Kak OyJITO 3aCTaBIsI€T OTKA3aThCS OT MPUBBIYHOTO MOHSATHUS
peanbHOCTH?. HECMOTpS Ha CBO#T aBTOPHTET, K cepenuue XX B. DUHINTEHH ocTaCs
YyTh JIM HE €IMHCTBEHHBIM, KTO HE IPUHUMAJI KBAHTOBYIO MEXAHUKY.

OWHIITENHA HE YCTPauBalo, B YACTHOCTH, TO OOCTOATENBCTBO, YTO B COOTBET-
CTBUHU C COOTHOIIIEHHWEM HeompeeneHHocTel [eiizenOepra mosokeHne u UMITYITbC
YaCTHUIBI HE MOTYT OBITh U3MEPEHBI OAHOBPEMEHHO. JTO MPOUCTEKAET U3 CBOMCTB
KOPITYCKYJIIPHO-BOJTHOBOTO Jyaju3Ma KBAaHTOBOM MEXaHUKU (TPUHLIUI JIOTOJI-
HUTEJIBbHOCTH). [TocKoNbKy YyacTuila, KOrjila Mbl €€ He HaOIromaeM, BeJeT ceOs Kak
BOJIHA, JUIsSl OIMCAHUSI BEPOSITHOCTH HAXOXKIEHUS €€ B TOM WJIM HHOM MECTE UCIIOJIb-
3yIOTCSI BOJTHOBbIE (DYHKIMHU (aMIUIUTYABI BEPOSITHOCTH): C KaXKJIOW YacTUlIel CBS-
3aHa BOJHOBas (QyHKIMA. B TOT MOMEHT, KOT1a MBI U3MEPSIEM MOJ0KEHUE YACTHIIBI,

2.0 npo0iieMe peaiu3Ma B KBaHTOBOW MexaHuke cM. [CeBasibHuKOB, 2016; Kaprienko, 2015].



Kapnenxo U.A. dunocogcras unmepnpemayus co8pemennvix n00X0008... 57

JIOKAJIU3yeM €€, pealiu3yeTcsl KaKoe-TO €€ BEPOSITHOE IMOJIOKEHHE (3TO Ha3bIBAIOT
KOJUTAIICOM WJIM PEAYKIIMEed BOJHOBOW (PYHKIIMH), & BCE OCTAJbHBIE BEPOSTHOCTHU
NajgaroT 10 HyJ. [[puHIMInanbHO BaXKHO TO, 4TO JO U3MEPEHMS 4acTULA HE UMeEa
KAKHX-TO KOHKPETHBIX IT0JI0KEHUU U UMITYJIbCOB.

B 1935 r. Ditnmireiin Bmectre ¢ H. [lomonsckum u b. Po3eHoM Hamucan cra-
ThIO, B KOTOPOM MpPEACTaBUI MBICIEHHBIN dKcriepuMeHT (T. H. DIIP-akcnepumenT),
MpeAnoiaraplinii U3MepeHrne napaMeTpoB MUKpPOOOBEKTa O€3 HEMOCPEICTBEHHOTO
BO3CHCTBHSI Ha caM OOBEKT. Pe3ynapraT MOXKHO OBLJIO MHTEPIPETUPOBATH TAKUM
0o0pa3oM, YTO OMNpe/esieHHbIe UMITYJIbC U IMOJIOKEHUE YaCTHIIbl — CKpPBIThIE Mapa-
METPBI — CYIIECTBYIOT JI0 U3MEPEHHUS], TPOCTO YPAaBHEHUSI KBAHTOBOM MEXaHUKHU HE
MTO3BOJISIFOT UX BBIYUCINUTG. M, 3HAYUT, KBAHTOBask MEXaHUKA HETIOJIHA.

CyTb DKCIIEpUMEHTA TaKOBa. Y HAC €CTh JABE YacTUllbl A 1 B, KoTOpbIEe MBI O-
Jy4uu B pesynbTare pacnana yactuiel C. B pusuke cymecTByeT 3akoH coxpaHe-
HUS UMITYJIbCa, COMIACHO KOTOPOMY CYMMApHBIN UMITYJIbC A U B paBeH ucxonnomy
umnynabcy C. 3HaYUT, MBI MOXKEM U3MEPUTh MUMITYJILC YaCTUIBI A U pacCUUTATh
HUMITYJIBC YacTHUIlbI B, HUKakuM 00pa3oM He B3auUMOJICUCTBY4 ¢ nocnenuei. [lanee,
y>Ke 3Hasi UMITYJIbC YacTullbl B, u3mMepsieM ee KoOpAMHATY U TaKUM 00pa3oM y3Ha-
€M €€ UMITYJIbC U MECTOIIOJIOKEHUE OAHOBPEMEHHO, Hapylllas MPUHLHI HEOIpe-
nenenHoctH [eizenbepra. CiaegoBaTenbHO, 3TOT IPUHIIUIL, 3aKII0YaeT DUHIITEHH
C COABTOpPaMHU, JIMIIb OTPAXKAET HEMOJIHOTY HAIIMX 3HAHWI HU3-3a HEYIOBJIETBOPHU-
TEJIbHOCTH KBAaHTOBOW TEOPHUM — €€ YPABHEHHSI HE COBEPIICHHBI U HE MO3BOJISIOT
y3HaTh TO, YTO UMEET MECTO Ha camoMm jene. [IpaBaa, MOXKHO caenaTh MPOTUBO-
MOJIOKHBIN BBIBOA: MpUHLMI [ eiizeHOepra nelcTBUTENbHO padoTaeT, U KBaHTOBAs
MeXaHHKa 00BEKTUBHO OMHUCHIBAECT pealibHOCTh, a DIIP-skciepuMeHT moka3bIBaeT,
YTO U3MEpPEHUE NTapaMETPOB OJHOM YACTUIBI MTHOBEHHO OTPA)KaeTCs Ha mapame-
Tpax JAPYroi 4YacTHUIIbI, T. €. OHHM Kak ObI 0€3 3aTpaThl BpEMEHH Ha Mepeady CUrHa-
Ja B3auMOCHCTBYIOT?. OJTHAKO OCHOBHOM BOIIPOC Kacajcsl TOTO, YTO e CUUTATh
bu3nyecKoll peaibHOCTHIO.

[Tapagokc OiHmTeliHa—Ilogonbckoro—Po3eHa (BO3MOXHOCTh HapyUICHUS
NPUHIMIIA HEONPEACICHHOCTH) BbI3BAJl HEIOYMEHHUE U MOPOJUI CHOPHI B Hayy-
HOM coobiecTBe. CuTyalus HeSICHOCTH coxpaHsiachk A0 1964 r., koraa J[x. bemnn
nokasan [Bell, 1964]*, uro MOXXHO TIPOBEPUTH, CYIIECCTBYIOT JIM Ha CaMOM JI€jie
B KBAHTOBOW TEOPHH CKPBITHIE MAapaMETPbl WM HET. ETO pacyersl MOJy4YusiIn Ha-
3BaHuE «TeopeMa bemnay (n3HauanbHO «HepaBeHcTBa bennay). B 1980—-1982 rr.
OBLIN MOCTaBIeHBI YOS IUTEIbHBIE SKCIIEPUMEHTBI, B KOTOPBIX Y1aJI0Ch TPOBEPUTD
HepaBeHCTBa besra®. BeIICHUIIOCH, 9TO BOJHOBAs (DyHKIIMS, JIe)KaIias B OCHOBE
ypaBHeHus IlIpénmarepa, mpeacTaBiaseTr coOOW IOTHOE ONMHUCAHWE ITOBEIACHUS
yacTull (10 U3MEPEHUs YacTUIIbl HE UMEIOT KOHKPETHBIX napameTpoB). CrenoBa-
tenbHO, DIIP-3kcriepuMeHT Ha caMoM Jiefie MoKa3all, 4YTO U3MEPEHUE TapaMeTpOB
OJTHOM YaCTHUIIbI MTHOBEHHO OTPAKAeTCs Ha Ipyrou yactuue. s 3Toro yacTuisl,
burypupymoIme B MBICICHHOM JKcnepuMenTe DitHmTelna—[logonsckoro—Po3e-
Ha, JOJKHBI OBITh 3alyTaHHBIMU: 3allyTaHHBIE YACTHUIIBI CKOPPEIUPOBAHEI, T. €.

3 MrHOBeHHas Iepeaya CHIHAA 3alpeIeHa: MAKCHMAIbHAs CKOPOCTh PACIPOCTPAHCHHMS CHTHANA

B IPOCTPAHCTBE paBHA CKOpocTH cBeTa (mpumepHo 300 000 km/c).

Wnrepnperanuio pesynprara bemna cMm. B: [ApiinHos, 1984].

Onucanue MoCiIeAHNX HKCIIEPUMEHTOB, IMOATBEPKAAIOIINX HapylleHHe HepaBeHCTB bena, cM. B
[Giustina et al., 2015; Shalm et al., 2015].
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pe3yNbTaThl U3MEPEHUS OHOM U3 HUX Cpa3y TOBOPST O TOM, YTO TAKUE KE PE3YIib-
Tarel OynyT y Apyroi. [lomydeHnue 3amyTaHHBIX YaCTHUIl PeabHO OCYIIECTBUMAs
TeXHUYecKas 3a7a4a. [[pyHIUnIraIsHO BaXHO, YTO /10 U3MEPEHUSI HEM3BECTHO, Ka-
KOBBI OyIyT XapaKTepUCTHUKHU U3MEPSEMON YaCTHUIIbI (Yalle BCETO TOBOPST O CIHU-
HE — MOMEHT UMITYJIbCa, KOTOPBI MOXET OBITh MO-Pa3HOMY OPUEHTHUPOBAH), OHU
BbIOMpAIOTCs ciiyuyailHo. Ilpu nM3MepeHun Mbl MOXKEM OOHapyXUTh M HanMeHee
BEPOATHBIE MapaMeTpbl. BeposTHOCTh 03HavaeT, 4To, npoBojas udMepenus 1000
pas3, Harpumep, B 900 ciryyasix Mbl 0OHApYKUM YacTHUILy ¢ HauOoyiee BEpOSTHBIMU
napaMeTpamu.

O10 siBNeHHE (MTHOBEHHOE B3aMMOJCHCTBUE) HA3BIBACTCSI HEJIOKATBHOCTHIO U
MOJIPHIBAET KJIACCUYECKHUE MPEACTABICHUS O TOM, Kak ycTpoeH Mup. ComiacHo mo-
CJIETHAM, MUDP YCTPOEH JIOKAJIbHO: YTOOBI MONACTh U3 TOYKU A B TOUKY b, HY»KHO
MPEOI0IETh KAKOE-TO PACCTOSTHUE; YTOOBI HEUTO YBUIETh, HYKHO JTOKJIAThCS, TTOKa
OTPaXCHHBIM CBET JOJETUT 0 HAC, YTOOBI YCIBIIIATh — JIOXKIAThCA, MTOKa JOMIYT
KojiebaHus Bo3ayXa U T. 1. HenokalbHOCTB e TOBOPUT O TOM, YTO CYILECTBYIOT
CKOpPPEJIMPOBAHHBIE COCTOSIHUS — OHU BCET/Ia OJMHAKOBBI, KaK OBl JaJIeKO HE ObLIN
pa3HECEHBI B IPOCTPAHCTBE 3allyTAHHBIC YACTUIIBI.

HesokanbHocTh. Kak BO3MOXXHA HENOKIbHOCTH? McTOopuyecku mpeacras-
JIEHHE O TOM, YTO MUP YCTPOEH JIOKaJbHO, YCTaHABIMUBAETCA B (DU3MKE MO3IHETO
HoBoro Bpemenu. Pazymeercs, Bcerna maBeHCTBOBAJIO MUPOBO33pPEHUE, COTNIACHO
KOTOpPOMY JUIsl TOTO 4YTOOBI monacTh U3 A B b, Hy’)KHO MpPEONONeTh PacCTOSHUE B
npoctpancTe. HenokanbHOCTH OblJIa HEBO3MOXKHA, BO BCAKOM CiIydyae, B MUPE Ma-
TE€pUAIbHBIX SBJICHUN: YTOOBI C TEJIAMH MPOUCXOIUIN KaKue-In00 U3MEHEHHUsI, OHU
JIOJIKHBI B3aUMOJIEHCTBOBATh HEMOCPEICTBEHHO. J[pyroe €10 Mup JyXOBHBIX sIBJIE-
HUM, CBOOOIHBIN OT 3aKOHOB (PU3UKH (CYILIECTBOBAHHUE TAKOTO MHUPA SIBHO MOJaraiu,
Hanpumep, P. Jlekapr u I. JleliOuum®).

®usuka HproTOHA HE COBCEM JIOKAJIbHA: aHIVIMMCKUN YUYEHBIW JOIMYCKAJI OCO-
Oy1o Mpupoay rpaBUTAIMK, €r0 HEe CMYIIAN0, YTO OHA He JoKalbHa. HbioTOH mpu-
3HABAJICS, UYTO HE 3HAET, YTO ITO 3a CUJA, HO OHA JIEWCTBYET MIHOBEHHO BO BCEM
KOCMOCE, €1 He HaJ|0 MPEoJ0JIeBaTh paccTosiHUA. Toapko DUHIITENH MOKa3ai, 4To
3TO HE TaK: FPaBUTALIMOHHOE B3aUMOJIEHCTBUE PACIIPOCTPAHSAETCS C KOHEYHOM CKO-
POCTBIO — CKOPOCTBIO CBETA'.

TakuM 00pa3oM, HETOKAIBHOCTh MPUCYTCTBOBAJIA B (PU3HUKE, HO CBA3BIBAIACH C
CWJIaMH, MaTepuaibHasi IPUPOIa KOTOPBIX OTPULIATIACH UJIU Oblla HEsICHA.

Cy1iecTBOBaIM IPYTHe MOAXOAbI, COTIACHO KOTOPBIM MOHSTHS JOKAJTbHOCTH U
HEJIOKAJBbHOCTU TPAKTOBAIMCH B KauecTBe (pukTuBHBIX. Tak, M. KanTt momaran mpo-
CTPaHCTBO (TaK >k€ Kak M BpeMs) ampuOPHO (OopMOIi YyBCTBEHHOCTH, TEM CaMbIM
yKa3bIBas Ha €0 WUTIO30PHOCTh. [IeHCTBUTENBHO, C TOJOOHOM MO3UIINH, JIOKATHHOCTh
Y HEJIOKAJIbHOCTh — HE CYIIIHOCTHBIE XapAKTEPUCTUKHU PEATBHOCTH, & BCETO JIUIIb BO3-
MOXHBIE (POPMBI BOCHIPUSATHSI, 00YCIIOBIEHHBIE BOCIIPUHUMAIOIINM CO3HAHUEM.

¢ B NpUHIUIE uaes pasaenenus uaet ot [lnarona u Apucrtorens. Y [lnarona Mup aenusics Ha uje-

ANBHBIA (MHp UJCH) B HEKOe MOJ00He 3TOr0 MUpa — MHUP TEHEH, KOTOPhI OOBIZICHHOE CO3HAHUE
BOCIIPUHUMAET KaK peasibHbIi, Y APHCTOTENS — Ha MOITYHHBIH W HA/UTYHHBIH: Ha UTyHHBIH €CTh
KBHUHTACCEHIINS, 00JIaCTh IIATOrO dJIEMEHTa, IJie (PU3KMKa HUKHET0 MUpa He padoTaer.

CKOpOCTB CBETa HE SBISETCS MAaKCHMAIILHON, HHQIISIIMOHHOE paclIMPEHUE HaIIeH BCEJICHHOW Ha
VIAJICHHBIX PyOeKax MPOUCXOIAT CO CKOPOCTSIMH, HAMHOTO IPEBBIMIAIONUMH CKOPOCTh CBETA.
CKOpOCTB CBETa CYMTACTCS MAaKCHMAIBHON CKOPOCTBIO, C KOTOPOH MOXKHO TepenaBarh HH(popma-
1110 (B MPOTUBHOM ClTydae HapyIIaeTCsl MPUHIUAT IPUIUHHOCTH).
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Ho nac B maHHOM ciyyae MHTEPECYIOT HE MEHTaJbHbIE MPOILECChl, a (Hu3m-
YEeCKHe, U C TOYKU 3PEHUs] KBAHTOBOW MEXaHUKHU, HEIOKAIbHOCTh (PU3MUYECKH pe-
anbHa — OHA JIOKAa3bIBACTCSl (PAaKTOM 3aIlyTaHHOCTU yHaJICHHBIX YacTull. Ho 4ro xe
O3HAYaeT HEJIOKAIBHOCTh, KAKOB €€ CMBICIT®? OUeBUIHO TOJIBHKO, YTO OHA CBSI3aHA C
3aIyTaHHOCTBIO.

Mpbiciaennblii 3xkcnepuMeHT. [lonmpoOyem pa3zoOpathesi, kKak paboTaeT 3amy-
TaHHOCTb Ha IPUMEPE MBICICHHOTO AKCIIepuMeHTa. [lomycTum, 4To y Hac €CTh JIBa
AlIMKa (KBAaHTOBO-MEXAHWYECKH 3allyTaHHbIE). 3amnis/iblBas BHYTPb, Mbl UMEEM
[IAHCHI YBUETH pa3HoOe (B MPUHITUIIE, TAM MOXKET JIEKaTh BCE YTO yrogHo). C Touku
3peHUs KBAHTOBOW MEXAHUKHU J0 aKTa U3MEpeHHUsl (HaOJIIO[IeHNs1) B HUX HE HAXO/IUT-
Cs1 4YTO-TO KOHKpeTHOoe. To, YTO TaM HaXOAUTCS, B PEaJIbHOCTU OMHUCHIBAETCS CyIEp-
MO3UIIUEH — CyMMOM BEPOSITHBIX COCTOSTHUM. Ecnu ecTh BEpOATHOCTH OOHAPYKUTH
B SIIIUKE KaMEHb, OymMary, HOKHUIIbI WJIA HUYTO’, TO JIO aKTa U3MEPCHUS B SIIUKE
HAXOJIUTCSI BCE NEPEUUCIIEHHOE, HO B CyNEpPHO3ULMU. B MOMEHT M3MEpeHHs Ciy-
YalHBIM 00pa3oM (T. €., YTO BaXKHO, HEMPEICKAa3yeMO) OMPEIEISICTCS, YTO TOKaKET
NEPBBIi SIIKUK, U ’TO MTHOBEHHO 00YCIIaBIMBAET TO, YTO OyJIeT OOHAPYKEHO BO BTO-
poM siuke. Hampumep, cocTosiHie B SIIMKax 3alyTaHO TaKUM 00pa3oM, 4TO MpHU
MOSIBJICHUH B MEPBOM OymMaru BO BTOPOM OKakeTcsl HUUTO. OJJHAKO O KOHKPETHOM
XapaKTepe 3alyThIBaHUSI — KAK KIMEHHO CBA3aHBI SIIIIUKU — Mbl HUYETO HE Y3HAEM J10
TeX MOp, MOKA HE CPAaBHUM PE3YJIbTaThl, IO3TOMY OIATH-TAKU Nepeaada Gu3nyecko-
IO CHUTHaJIa CO CKOPOCTBIO, MPEBBIIAIONIEH CKOPOCTh CBETA HEBO3MOXKHA: HUKAKas
uH(}OpMaIs CO CKOPOCTHIO, IPEBBILIAOIIEH CKOPOCTh CBETA, B HEJIOKAJIBHBIX CBS-
351X HE MepeaaeTcs.

OTKpbITHE SIIMKA 03HAYAET KOJIJIATC BOJTHOBOM (DYHKIIMU U TIEPEXOJT C MUKPO-
YPOBHSI Ha MAKpPOYPOBEHDb (MOXKHO CKa3aTh, UYTO Mbl HE HA0JIOJa€M CYIEpIIO3ULUN
KaMHsl, JIUCTA, HOKHUIl U HUYTO U3-3a JCKOTePEHIIMH — HEU30€KHOTO CMEIICHUS
KBaHTOBBIX COCTOSIHMM € OKpyxarolieil cpenoit). Komnmarnc BonHOBO#M (yHKIIMU
BCET/Ia CUUTAJICSI HEOOPATUMBIM: €CIIA y>K Mbl OOHAPYKHJIU B IEPBOM AIIUKE OY-
Mary (4To, COTJIACHO MPEJJIOKEHHBIM YCIOBUSAM, BBI3BIBACT IMOSBICHUE HUYTO BO
BTOPOM SIIIUKE), TO y>K€ HUYETO HE U3MEHUTh. J{OMyCTUM, Mbl OUE€Hb XOTEJIH T0-
SBJICHUSI BO BTOPOM SIIIMKE KAMHS, HO M3BECTHO, UYTO €TI0 BBI3BIBAIOT HOXKHHUIIBI
B niepBoM. OHAKO TIPU OTKPHIBAHUM TEPBOTO SAMIMKA MBI HE 3HA€M U HE MOXEM
3HaTh, YTO B HEM OKaXKETCHl.

B 2006 r. Ha ocHOBe TeopuH ci1adbix KBaHTOBBIX u3Mepenuit [ Korotkov, Jordan,
2006; Katz et al., 2008; Merali, 2008] Obu1 MpeTOKEH METOI, TO3BOJISIONINAN CIe-
JIaTh KOJUIariC BOJHOBOM (yHKIMHU oOpatuMbIM [Aharonov, Albert, Vaidman, 1988;
Hosten, Kwiat, 2008]. CyTp cinabbIx u3MepeHuil B TOM, 4TO U3MepseMas CUCTEMA
«cnmaboy» B3aMMOCHCTBYET C M3MEPUTETbHBIM MpuOopoM. Crnabbie U3MEepeHus He

8 CYHIGCTByCT 00BSICHEHHE HEJIOKANbHOCTH U 3allyTaHHOCTHU, NPCAJIOKCHHOC I[)K KpaMepOM, —

«TpaH3akMoHHas uHTepnperauns» [Cramer, 1986]. Ona ocHOBaHa Ha WIee, YTO BOJHBI BEPOST-
HOCTU (PM3MYECKHU peajbHbI: YaCTHIIBI HUCITyCKAIOT 3aMa3bplBaBUIyI0 BOJHY (MAYIIYIO BIEpEa BO
BPEMEHH) U HACTYHNAIIIYyo (MAYIIYI Ha3ald BO BpeMeHM). BOIHBI OT pa3HBIX UCTOYHUKOB IacsT
JIpyT Ipyra, B pe3yJbTaTe Yero Mpeaes B CKOPOCTH CBETA HE HAPYILIAETCs, HO IIPH ATOM CBSI3b MPO-
UCXOAUT MIHOBEHHO. CBo0 KoHIenuuio Kpamep oCHOBBIBaE€T Ha TEOPUU BPEMEHHOM CUMMETPUU
VYunepa—@eiitnmana [Wheeler, Feynman, 1949]. Teopus Kpamepa nprumeuarenbHa TeM, 4TO KO-
JIarc BOJTHOBOW (D)YHKIIMH, TPOUCXOMISIINNA B TIpoliecce U3MEPEHHsI, OKa3bIBACTCS BHEBPEMEHHBIM.
Koneuno, B peajbHOM 3KCIEPUMEHTE peub 1UIa Obl 00 3JIEMEHTAPHBIX YAaCTHIAX (XOTS 3aIyTarb
MOXKHO U aTOMBI).
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MIPUTOJIHBI JIJIs1 HAOMIOIEHUS OIMHOYHBIX YACTHUII, HO XOPOIIIO pabOTarOT Mpu HAOIIO-
JIEHUU OOJBIIOT0 UX YHCIIa B OIMHAKOBOM KBaHTOBOM cocTossHMM. CyTh METO/a B
TOM, YTO, BbIpa)Kaschb 0OpPa3HO, MOXKHO MOIVISACTh B IIEJIOUYKY SIIMKA, HE OTKPbIBas
€ro COBCEM, U €CJIM TaM HaXOAUTCS HE TO, YTO HaM HYKHO, 3aKPBITh ILIEJIOYKY, U
MOIOKIaTh, TIOKA MOSIBUTCSI TpEOyeMoe.

31ech BO3HUKAET IpodieMa: 4ToObl UMETh BOBMOXKHOCTD JKJaTh, HY’KHO COXpa-
HSTh COCTOSIHUE 3allyTaHHOCTU MEXIy AlukamMu. OJHAKO AEKOTEpEeHIMsl CO Bpe-
MEHEM pa3pylIaeT 3allyTaHHOCTb M3-3a HEM30€KHOTO CTOJKHOBEHHS KBAHTOBBIX
00BEKTOB C OKpysKaroiei cpeaoi. [1o Bcelt BUIMMOCTH, TEOPETUUECKU CYIIECTBYET
croco0 coxpaHeHHs: TpeOyeMOro COCTOSIHUSA JJIUTENIbHOE BPEMSI, XOTSI TEXHUUYECKHU
TaKoe CpeacTBO Moka He nocturnyto [Ranada, 1990; Irvine, Bouwmeester, 2008].
DT0 03HAYAET, YTO 3aIlyTAaHHOCThH MOTJIa Obl HCTIOJIb30BaTHCS KaK CPEICTBO yIpaBe-
HUS PEaIbHOCTBIO — MyTEM MOATOHKHA MUKPOMUpA TaK, YTOObI B MAKPOMHUPE TTPOUC-
XOJIUJIO TO, YTO HaM HY’KHO.

HenokanbHocTh 1 mpocTpancTBO. OQHUM U3 KITIOUYEH K TOHUMAHUIO SBJICHUS
HEJIOKaJbHOCTH MOXET OBITh KBAaHTOBAsI TEJIETIOPTALIUs, KOTOpas 0e3 3amyThIBaHUS
HeocymecTBuMa'’. Ipy0bo roBopsi, moj| TelenopTanueii ToHuMaeTcs rnepeaada Xa-
PaKTEpUCTUK OOBEKTA M3 OAHOTO MECTa B Jpyroe. Peub uier He O TeiaenopTauuu
CBOICTB MakpOOOBEKTOB, a O TEIEMNOPTALMU CBOMCTB OT/IEIbHBIX YACTHLI.

Paccmotpum kBaHTOBYIO Tenenopranuto ¢poroHa. Y Hac ectb Tpu QotoHa 1, 2
u 3. ®oronsl 2 U 3 3amyTaHbl. 3aja4a COCTOUT B TOM, YTOOBI MepeaaTh KBAHTOBOE
cocrosture ¢otoHa 1 u3 Touku A B Touky b. HeBo3MOXHO M3MEpUTH COCTOsIHHE
¢dorona 1 (omycTuM pedb HUIET O BEPOSITHOCTH OPUEHTAIIMU CIIMHA (JOTOHA) B TOUKE
A u mepenarb pe3yinbTaTbl B TOUKY b, 4T00BI Tam Ipyroit GOTOH OpUEHTUPOBAJICS
Tak >xe. M3mepeHue BHeceT u3MeHeHust B GOTOH 1, 1 MBI HE OyJeM 3HaTh, KAKUM
OH ObLT 10 u3Mepenus. [103ToMy 1 HY>KHBI J1Ba 3anyTaHHbIX (poToHa 2 U 3; HOMED 2
HaxonuTcs B Touke A, HoMmep 3 B Touke b. Texunuecku BO3MOXKHO U3MEPUTDH 001N
CIHH JBYX (JOTOHOB OTHOCUTEIHHO KaKOM-HUOYIb U3 OCEM, UTO MO3BOJIUT MOTYYHUTh
uH(GOPMAIUIO O TOM, KaK CBS3aHbl CIHHBI (POTOHOB 1 M 2 (MX WMHAMBHUAyaIbHbBIC
CIHHBI MPU 3TOM Heu3BecTHHI). Takum o6pazom, cocTosiHue potona 1 mepemaercs
¢dorony 2 (onu 3amyThiBatoTcs ). [lockonbKy Teneps U3BECTHO, Kak (GOTOH 1 CBS3aH C
¢$hoTOHOM 2, M U3BECTHO, YTO 2 U 3 3aIlyTaHbl, TO MOXKHO BBIUHUCIUTH, KaK CBSI3aHBI |
u 3. Ocraercs nepenars HaOmoAaTe sIM B TOUKY b nHpopmanmio o cea3u 1 u 3. 3Has
3Ty CBSI3b, OHM MOT'YT COBEPLINTH HEOOXOAUMBIE orepanuu ¢ GoToHOM 3, 4TOOBI OH
CTaj] UJICHTUYEH 1.

3nech HeoOxonuMbl mosicHeHus. KoHeuHo, u3Mmepsis CBsi3b CMHOB 1 U 2, 5
BJIMSIIO HA HUX U, TAKUM 00pa30M, MHE OIATh HEU3BECTHO UX UCXOAHOE COCTOSHUE.
Jljis 5TOrO M HyHa Mapa 3amyTaHHbIX (JOTOHOB 2 M 3 — MEHsIs aKTOM HM3MEpPEHUS
cocTosiHUEe 1 U 2, 1 TeM caMbIM MEHSIO COCTOSIHUE (pOTOHA 3, TIOCKOJIBKY OH CBS3aH
c 2. To ecTb, HarIpuMeEp, B IPOLIECCE U3MEPEHUSI CTAHOBUTCS U3BECTHO, YTO CIIUHBI |
U 2 OIMHAKOBBIC, 3HAYUT, U y 3 OH Takoi xe. CrenoBarenbHo, GOTOH 3 1aeT BO3MOXK-
HOCTb Y3HaTh O BJIMSHUM MU3MEPEHHUs, U, pacroiaras 3Tol MHpOpMaluen, MOKHO
YCTPaHUTh BbI3BAaHHOE HapyllleHue, caenaB (poToH 3 TakuM, KakuM Obul 1 10 n3Me-
penusi. @oToH 3 0CTAeTCs MPHU 3TOM €IMHCTBEHHBIM HOCUTEJIEM TOIO M3HAYAIBHOTO
COCTOSIHMSI, B KOTOPOM Haxoauiics GoToH 1, Toraa kak coctosHue Gporona 1 uaMeHu-

10" SkcrepuMeHTBI O KBAHTOBOM TEIEMOPTAINN HA CETOHSAIIHMI 1eHb OCYIIECTRBICHB MHOTOKpAT-
HO, cM., HaripuMmep, [ Takesue et al., 2015; Wang et al., 2015].
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JIOCh OTHOCHUTEJBHO MEPBOHAYANIbHOTO. OnrcaHHas poLeaypa NOATBEPAKIAET TEO-
peMy o 3ampeTe KBaHTOBOTO KiioHupoBaHus [ Wootters, Zurek, 1982]: HeBO3MOXKHO B
TOYHOCTHU BOCIIPOU3BECTH (KJIOHUPOBAThH) HEU3BECTHOE KBAHTOBOE COCTOSIHHE.

KBanToBas Tenenopramnusi, Kak SsCHO U3 CKa3aHHOTO BBIIIE, HE HAPyLIAET Orpa-
HUYEHUE Ha CKOPOCTh Mepeadn CUrHaja: ajs nepeaadd HHGopMaluu o cBs3u 1 u
2 u3 rouku A B b motpeOyercst Bpems (mpoueaypa nHGOpMUpOBaHuUs OyIeT ocyIile-
CTBJIEHA CO CKOPOCTHIO MEHBIIIEH, 4YeM CKOpOCTh cBeTa). To ecTh y3HaTh 00 00IIuX
napaMmeTpax CIyTaHHBIX (POTOHOB MOXHO TOJIBKO MOCIIE€ UX CPAaBHEHUSI.

Wnest cBA3M HEJNOKAJIBHOCTU U MPOCTPAHCTBA MOJIYYaeT CBOE PA3BUTHUE B TEO-
pun cynepcTpyH. B aToif Teopun npeanonaraercst (3To moOOUHOE CIEACTBUE TIPU-
HATHSI CTPYH B KauecTBE (PyHTaMEHTAIBHBIX YACTHII' ') cyliecTBoBaHue 10-MepHOTo
npocTpaHcTBa-BpeMeHu (9 mpocTpaHCcTBeHHBIX U 1 BpemenHOe)'?. Camo mo cede
NPEANONIOKEHUE O CYIIECTBOBAHMM JOMOJHUTEIBHBIX W3MEPEHUN HE SBISAETCS
4EeM-TO IKCTPAOPIAMHAPHBIM, €Ille DUHINTEIH, OCHOBBIBasICh Ha padoTrax T. Kamyts
u O. KreiiHa, NpeaioKUBIIMX S-MEPHOE MPOCTPAHCTBO-BPEMS, JOIMYyCKal TaKylO
BO3MOYKHOCTb B IEJISIX MOCTPOCHUSI «Teopuu Bceroy. KieitH o6ocHoBan HeHabIIt0-
JAEMOCTh YETBEPTOTO MPOCTPAHCTBEHHOI'O MU3MEPEHUsSl €r0 KOMIIAKTHOCTHIO. Tak,
JIOTIOJTHUTENIHHBIE M3MEPEHUsI OKa3bIBAIOTCSA B CTPYHHOW TEOPUU CBEPHYTHIMU IO
IUTAHKOBCKUX MaclITaOoB (KOMIAKTU()UIMPOBAHHBIMH), U TIOTOMY OHM HEHaOJIIo-
JTa€MbI B MAKpOMHUPE, HO UTPAIOT BAXKHYIO POJIb B MUKPOMUPE, a 3HAUUT, KOCBEHHO U
B MakpoMupe (HarmpuMmep, 3a7aBas CBOMCTBA AIEMEHTaPHBIX YaCTHII).

[lo ananoruu ¢ TpeMmsi U3BECTHBIMU U3MEPEHUSMH Ka)K]10€ HOBOE U3MEPEHUE
MOXXHO paccMaTpuBaTh KaK JOMOJHUTEIbHYIO BOBMOXXHOCTh MEPEMEIIECHHUS B TIPO-
CTpaHCTBE. DTU JOTOJHUTEIbHBIE BO3MOKHOCTU MOTYT O3HAdyaTh HEJIOKAaJIbHBIE
CBSI3M MEXIY TOYKAMH B MPOCTPAHCTBE-BPEMEHHU'’, T. €. MTHOBCHHOE IMepeMe-
nieHue 0e3 3arpar BpeMmeHu. JlaHHas TOuka 3peHUs] UHTEPECHA TE€M, YTO SIBJICHUE
HEJTOKAJIbHOCTU AKCTPANOJIUPYETCS CO CBOMCTB CBS3M 3allyTaHHBIX YaCcTHUI[ Ha
CBOIICTBA CaMOro MPOCTPAHCTBA, KOTOPOE MpPEACTAaBISET cCOO0W apeHy JeHCTBHUS
nosiel u yactuil (MMOO0 MpeACcTaBisieT cOOOM caMM MMOJS M YaCTUIIbI). DTO BOJI-
HE MPABOMEPHO, YUUTHIBASI YKA3aHHYIO BbIIIE SKBUBAJICHTHOCTb YaCTHUIl U MOJEH.
[Ipeanonoxenue, 4TO MHOTOMEPHOCTh M HEJIOKAJbHOCTh — JIBE CTOPOHBI OJTHOU
MeJalii, OYeHb MHTEPECHO U MOXKET OTKPBITh HOBYIO IJIaBy B CO3JIaHUM TE€OPUU
KBaHTOBOM rpaButauuu. Ho kak, eciiv 3To BepHO, CBS3aTh 3allyTAHHOCTH C pa3Mep-
HOCTBIO IPOCTpAaHCTBA?

3anyraHHOCTH U rpaBuTanmus. Ha nmomois npuxoauT pe3ynbTaT, HEJAaBHO, B
2015 r., momyuyeHHsli rpynnoi ¢pusukos. Ilepen Tem, kak IPUMEHUTH €T0 B HAILIUX
TEOPETHUUECKUX MOCTPOCHUAX, BHECEM HEKOTOPBIE MPEIBAPUTEIbHBIC TOSICHEHUS.

" Ecmu roBoputs Gosiee TOUHO, IPHYHHA COCTOUT B TPEGOBAHMH COITIACOBAHHOCTH C JIOPEHII-KOBAPH-

AHTHOCTBIO, UTO B IPUMECHEHUH K (PU3MKE 03HAYaeT HEM3MEHHOCTh BHJIA YPaBHEHHI TP Tepexo/ie
K TOW WJIM WHOW KOHKPETHOW CHCTeMe OTcUeTa. DTO Ba)KHO, HAPUMED, TIPH MPEoOpa30OBaHUAX B
YETHIPEXMEPHOM MTPOCTPAHCTBE.

B M-teopun, 0600maromei pa3inaaple BEpcHr TeOpun cTpyH, 10 mpocTpaHCTBEHHBIX U 1 Bpe-
MEHHOE.

CwM., Hanpumep, [Markopoulou, Smolin, 2007]. JI. CMonuH ¢ coaBTOpamMu B psjie paboT pa3Ben-
BAeT UJCI0 KBAHTOBOW METICBOM IPaBUTALUM, IJI€ MEXKAY JIFOOBIMU TOUKAMHU IPOCTPAHCTBA MOTYT
CYIIECTBOBaTh HeJOKaNbHbIE CBA3H. Kak pa3 MMEHHO 3TO U MOXKHO MHTEPIPETHPOBATH KAK MHOTO-
Pa3MEpHOCTH: B TPEXMEPHOM MPOCTPAHCTBE Y TOYKH BCETO HECKOJIBKO HEMOCPEACTBECHHBIX CBSI3CH,
B MHOTOMEPHOM HX YHUCIIO BO3PACTAET.

12

13
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I". ’t Xoodt npogemonctpuposai tot dakr [‘t Hooft, 1993]", uro Bcst urdop-
Manusi 0 JF0OOM OOBEKTE COINCPIKUTCS Ha IUIomaau ero moeepxHoct' . To ecTh
uH(dOpMaITU UCUEPTIBIBACTCS HE 00hEeMOM 00BEKTa, a €ro MOBEPXHOCTHIO. ITO OT-
KPBITUE TIOTYYHIIO Ha3BaHUE royiorpaduueckoro npuanumna'®. [To cytu aTo o3Havaer,
4TO 3-MepHasi pealibHOCTh SIBJSIETCA Toyiorpaduueckor mpoekiuel nupopmaiuu,
3aKOJMPOBAHHOM Ha yAJE€HHOW 2-MEpPHON MOBEPXHOCTH.

Panee C. Xokunr, mpumenuB KTII k depHbIM IbIpam, nokazan ¢GakT U3ayde-
HUS YepHBIX JbIp (Ha ocHOBe paboThl . bekeHmTeiiHa), B mpoiecce KOTOPOTO OHU
TepsitoT Maccy. OaHaKo, MOCKOJIbKY 3a MPEAebl TOPU30HTA COOBITUN YEPHOU IBIPHI
HUYETO BBIPBATHCSA HE MOXKET (UepHasi JAbIpa MOIVIONIAET CBET), BCsAKast UHPOpMaIus,
ynaBIas Tyaa, ucye3aeT. Takum o6pa3oM, HHPOpMAIHs TepsAeTCs — UCXOASIIEe U3-
Jy4YE€HHUE HE UMEET HUYEro OOLIEro ¢ MONaBLUIMMU paHee B bIpy yactuuamu. [lore-
ps uHGOpMaLIUKA TPOTUBOPEUUT KBAHTOBOM MEXaHHKE, T. K. TAKOE MPeoOpa3OBaHUE
ABIIACTCS HE YHUTAPHBIM, a KBAHTOBAsI MEXaHWKAa OCHOBaHA HA YHUTAPHBIX MPeoo-
pa3zoBaHuAx. Ha myTu co3maHusi TEOpUM KBaHTOBOM IpaBUTALlMK BCTAET MapagoKc,
MOJYYUBIINI Ha3BaHHUE «IOTepy MHPOpMAKU» (YepHBIE ABIPHI MPEACKA3bIBAIOTCS
OTO, HO BCTyNarOT B MPOTUBOPEUYNE C KBAHTOBOW MeXaHUKOM). [ paBuraius B uep-
HBIX JbIPAX JIOCTUTAET MAKCUMAJIbHBIX 3HAYEHUH, U, OYEBUIHO, UMEHHO OHA SIBJIACT-
st IpOOJIeMOM ISl KBAHTOBO-MEXaHWYECKOTO OMMUCAHUS TIPOUCXOISIIIETO.

B 1997 r. ctpyHHBIM TeopeTukoM X. MaigaceHoi Oblia nmpeasioskeHa rumnoresa
o AdS/CFT-pyansHoctu [Maldacena, 1999]. CyTh rumoressl 3aKIt04aeTcsi B TOM,
YTO KBAHTOBAasl TPAaBUTAILUS B aHTHU-IE-CUTTEPOBCKOM S-MEPHOM MPOCTPAHCTBE Y-
anbHa KoH(popmHOM Teopun noss (Bapuant KTII) Ha 4-MepHOI MOBEPXHOCTH 3TOTO
mupa'’. [TockonbKy KOH(GOPMHAS TEOPHS TOJII YHUTAPHA, TO JyallbHasi €l Teopus
KBaHTOBOW TpaBUTALIMM TOXE JOJKHA ObITh yHUTapHOU. Ecnu Tak, To nHpopma-
s He Tepsiercs. pyrumu cioBamu, BCs MHPOpPMAlLMS O MHOTOMEPHOM OOBEKTE
3amugpoBaHa Ha 00bEKTE MEHbIIEH pa3MEePHOCTH, OKPYKAIOILIEM ATOT OOBEKT. DTO
O3HayaeT, nH(pOpPMAIUsl COXPAHSIETCs, B CIy4yae U3JIy4eHUs XOKHUHIa OHAa BCE-TaKH
BO3BPALIAETCS BMECTE C U3JTyYCHUEM.

Pa3ymeercs, Ham Mup, HACKOJIBKO HAM U3BECTHO, HE ABJISIETCA S-MEPHBIM aHTH-
Jle-CUTTepOBCKUM. Ilocimennuii, HarlpuMep, XapakTepUu3yeTcs MOCTOSHHONU OTpULia-
TEJIbHON KPUBU3HOW MPOCTPAHCTBA U OTPULIATEIBHON KOCMOJIOTMYECKOM MOCTOSIH-
HOM, B TO BpeMsl KaK HaOJIOJAaeMbIil — MOJIOKUTEIBHOM KOCMOJIOTUYECKON MOCTO-
asHHOU. To ecTh pe3ynbrar MaijgaceHbl OMUCHIBAET KAKYHO-TO WHYIO PEAIbHOCTD.
Ho, TeM He MeHee, OH OUY€Hb BaX€EH, T. K. IPEJIOCTABIsAET MATEMATHYECKHI anmapar,
MO3BOJISIFOLIMI OCYIIECTBIISITH IEPEBOJ C SA3bIKA CIOXKHOW MHOTOMEpPHON Teopuu
Ha S3bIK 00JIee MPOCTONW TEOPHUM C MEHBIIUM YUCIOM M3MepeHuil. B uwactHocTH, B
MIPUMEHEHUH K YEPHBIM JIbIPaM 3TO MOXKET 03HA4YaTh, YTO MIPOUCXOIAIINE «BHYTPH»
KBaHTOBO-TPABUTAIIMOHHBIC MPOIECCHI SBISIOTCA Tojorpaduyueckoll MpoeKIuen

14

Jlyis Teopum CTPYH 3TOT pe3yabrar ucnonb3osan JI. Cacckun [Susskind, 1995].
15

Tounee, monHast ”HPoOpMaIus 00 00bEKTe MPONOPLHUOHATFHA TUIOIIAAN €0 TIOBEPXHOCTH, a HE ero
00beMy — B 9TOM cIielIU( KA KBAHTOBOH TOJIOTPAMMBEI.

CBoeoOpa3Hoii mpeATedei ronorpaduueckoro nmpuHIuna spusercs «Mud o nemepe» I[lnarona.
Mup uzei «mpoerupyer Hall TPEXMEPHBIH MHUpP (B TAKOM ClIydae MHP HJCH JOJDKSH OBbITh JIBY-
MEPHBIM).

OTcrona cieayeT, YTo OUeHb CIOKHBIC, TPAKTHUECKHA HEBBIYHCIMMBIC BEIIN OKa3bIBACTCS BO3MOXK-
HBIM BBIYHCIISTH B 00Jiee MPOCTOM MAaTeMaTHYSCKOM ariapare JIpyrol Teopuu, TyaabHOM MO OTHO-
IIEHUU K TIEPBOH.

16

17
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CKOIJICHUS YacTUIl Ha WX NoBepxHOCTU. ClieoBaTenbHO, BO3MOXKHO aJ€KBATHOE
OMHMCaHUE MAKPOCKOMMYECKUX OOBEKTOB U TPaBUTALIMOHHBIX 3(PPEKTOB, THTUIHBIX
st OTO, ¢ moMOIIBbI0 KBAHTOBO-MEXaHUYECKUX HHCTPYMEHTOB.

B 2015 r. JI. JTuna, M. Mapkomnu, X. Oorypu u b. Croiika [Lin, Marcolli, Ooguri,
Stoica, 2015], ucmonb3ysi MaTeMaTUKy roJorpapuueckoi JyalbHOCTH'S, IOy IHIIH
pE3yAbTaT, KOTOPBIM MOXKHO MHTEPIIPETUPOBATH KaK J0KA3aTEIIbCTBO CBSI3U MEXKIY
KBaHTOBOM 3alyTaHHOCTBHIO M rpaBuTanuei. Mcmonp3yst nHpopMaInio 0 KBaHTOBOK
3allyTAaHHOCTU B 2-MEPHOM MPOCTpPaHCTBE (B KOHPOPMHON TEOPUHU TOJS — Bapua-
uuu KTII), oHM BBIYUCIUIIN TNIOTHOCTh SHEPTUH, KOTOPasi B MPOCTPAHCTBE OOIBIION
pPa3MEpHOCTH PACCMaTPUBACTCS KaK UCTOUHUK IPABUTALMOHHBIX B3aMMOJICHCTBUM.
BepHee, cnenyeT BbIpa3UThCsS TaK: KBAHTOBAsI 3aIlyTAHHOCTH SIBIISIETCS YCIOBUEM
IUIOTHOCTH DHEPTHUH, U ATO YCIOBUE IOJDKHO YIOBIETBOPATH Oyay1lel TeOpUn KBaH-
TOBOM I'PABUTALINH.

Takum 00pa3oM, 3amMyTaHHOCTh M TPABUTAIMS OKAa3bIBAIOTCS AyajbHO CBS-
3aHHBIMU: TO, YTO MPOSBIISIETCS B BUIE KBAHTOBOM 3allyTAHHOCTH B IPOCTPAHCTBE
MaJioi pa3MEepHOCTH, CTAHOBUTCS TPAaBUTALIMOHHOM B3aUMOECICTBUEM B IPOCTPAH-
cTBe Oombliel pazmMepHocTu. Ecnu nanHas uHTepnperanusi BepHa, TO 3HAUUTEIb-
HBIU LIar B CTOPOHY CO3JaHKSI KBAHTOBOM TEOPUHU I'PABUTALIUU CIIECIIAH.

3akirouenne. [IpeanokeHHbIM B CTAaTbe MOAXOZ IPEANONAraeT, YTO HOBas
TEOpHs TpPaBUTALIMM JTOJKHA ocHOBBbIBaThCs Ha cuHTe3e OTO, KTII, romorpadu-
YeCcKoro npuHuuna ((pusnka 4epHbIX JIbIP) U TEOPHUH CTpyH. KiltoueBbIM MOMEHTOM
OKa3bIBAETCS CBSI3b KBAHTOBO-MEXAaHUUYECKOM 3amyTaHHOCTH (M MPOUCTEKAIOIICH
U3 HEe HEJIOKAJIBHOCTH) CO CBOMCTBAMM MPOCTpaHCTBa-BpeMeHH. Vcmonb3ys ro-
jgorpaduyecKuil MPUHIUI, CTAHOBUTCS BO3MOXKHBIM MOKa3aTh, YTO IPaBUTALIUS U
3alyTaHHOCTb JyallbHO CBSI3aHBI, T. €. KaK Obl SBIISIOTCS BBIPAXKEHUEM OJHOTO U
TOTO €, HO B MUpax pa3HOW pasmMepHOCTHU. TakuM 0Opa3om, pemraercs mpooe-
Ma KBaHTOBAHUS: TNIOTHOCTh SHEPTUHU, KOTOPask OKa3bIBACTCA UCTOUHUKOM T'PaBHU-
Tallul B MHUpEe OOJbIIEeH pa3MepHOCTH, KBAHTYETCS — SHEPrusl TucKpeTHa. B To
K€ BpeMms 3TO comacyercs B nostHoM mepe u ¢ OTO — B mpocTpaHCTBE-BpEMEHU
BO3HUKAET rpaBUTAIMA B PE3YJbTaTe €r0 UCKPUBIICHUSI MACCUBHBIMU OOBEKTaAMU.
OpHako Kak Mbl 3HAEM U3 M3BECTHOTO YpaBHEHMs DWHINTEWHA, Macca U YHEPTHS
CBSI3aHBI, 9TO MPAKTUYECKU OJHO U TO XK€ (YUUTHIBasi KOOPPUIUEHT — CKOPOCTh
cBera B kBajpare). Eciu maakoe npoctpancTtBo-Bpemsi OTO He kBaHTyeTcCs, TO
JUISl SHEPTUU TAKOTO OTPaHUYCHHUS HET.

Ho ecTh cepbe3Hoe Bo3pa)keHUE, KOTOpOE ObLIO yKE€ KpPaTKO YHOMSHYTO.
KitoueBble yka3zaHHbIE 37€Ch PE3yIbTaThl ONMKUCHIBAIOT HE HaUly (pU3NYECKYIO pe-
aJbHOCTb, @ OJIHY (MJIM HECKOJIBKO) U3 MHOXKECTBA BO3MOXHBIX. [Ipobiema B ToMm,
yTo jHaHamadT Teopuu cTpyH gomyckaer 10 500 BO3MOXKHBIX MUPOB, U HE CYIIIe-
CTBYET HMKAKOTO Crioco0a y3HaTh, KAKOW M3 HUX Halll, — B CTPYHHOM MaTeMaTHUKe
HET TAKOTO0 MHCTPYMEHTA.

[Ipu sTOM paboume TEOpUH CYNEPCTPYH OIMUCHIBAIOT CYNEPCUMMETPUYHBIE
MUPBI, B KOTOPBIX Y 0030HOB U (PEPMHUOHOB €CTh CyNepIapTHEPHI, UICHTUYHbBIE UM
[0 BCEM XapaKTepUCTHKaM, KpoMme criuHa. Takum oOpa3zom, 0030HHOE U (hepMHOH-
HOE ToJIsl Mpeobpa3yroTcs apyr B Apyra. Hampumep, 171s 1eKTpoHa JOKEH ObITh

8 Onn ucnomssosamm, B uactHOCTH, pesynbrar [Ryu, Takayanagi, 2006]. Takke Mo Teme CBS3M
KBaHTOBOW TPaBUTAIIMH U 3aIlyTaHHOCTH CM. HOBeimue uccnenoBanus: [De Boer, Heller, Myers,
Neiman, 2016; Chen-Te Ma, 2016].
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cyneprnapTHEp CAIEKTPOH, a 1t (hoToHa — (hoTHHO. BMecTe ¢ TeM, MOYKHO CYUTATh
YCTaHOBJICHHBIM, YTO HAIll MUP HE CylIepCUMMETPHYCH. Bo-TIepBbIX, cyneprapTHe-
PBI 710 CUX TOp HEe 0OHApYKEHbI (€CJIM OHU U €CTh, TO OHU HE TOYHO CUMMETPUYHBIL,
a HaMHOTO MaccuBHee). Jlasee, B CynepCUMMETPHUYHOM MUPE KOCMOJIOTHYECKAs 1O~
CTOSTHHAsl B TOYHOCTHU paBHO HYI0. Ho 3T0 Mup, B KOTOPOM HEBO3MOXKHA OOBIYHAS
XUMHS, & 3HAYHT, HE JIOJDKHO OBITh U HAC, JIIOMICH.

Takum 00pa3oM, COBpEMEHHBIC TEOPUHM OKA3BIBAIOTCS YIOOHBIMU TPHUOITH-
KEHUSIMU K HAIlleMy MUpPY, MaTeMaTHKa CYNEepCHMMETPUYHBIX TEOPUM — ym00-
HBIM UHCTPYMEHTOM, TTO3BOJISIONIEM OMMCHIBATh MUPBI, «JISKAIIHE TTOOTU30CTH»
OT Hamiero B cTpyHHoM janamadte. Ho ocTaeTcs Bompoc, HACTOJNBKO JIM XO-
pOIIU 3TH NMPUOIUIKEHHS, YTOOBI UX PE3yabTaThl IEPEHOCUTH Ha HaOII0aeMYIO
peanbHOCTh? ECTh M TapaHTHs, 4TO YKa3aHHBIN pe3ynbTaT, CBSI3BIBAIOLINN Tpa-
BUTALIMIO C 3allyTAaHHOCTHIO, BEPEH JJISl HAlle KOHKPETHON (Pu3nueckou aei-
CTBUTEJILHOCTH WJIM 3TO MPOCTO Maremarudeckas urpa? Takux rapaHTHil HET,
€CTh TOJIKO OINpeJeSieHHass BEPOATHOCTh. Pa3pemnTs JaHHBIH BOIPOC MOT OBl
HKCIIEPUMEHT, HO Ha HBIHEIIHUI MOMEHT HET TEeXHHYECKOW BO3MOXKHOCTH IS
€ro MpoBEJCHMUS.
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The philosophical interpretation of modern approaches to creating
the quantum theory of gravity

Ivan A. Karpenko

National Research University Higher School of Economics. 20 Myasnitskaya Str., Moscow, 101000,
Russian Federation; e-mail: gobzev@hse.ru

The article is devoted to the philosophical interpretation of the several approaches to the cre-
ation of a quantum theory of gravity. The analysis of the key aspects of the General theory of
relativity and the Standard Model, the clarification of the relevant concepts contents (gravity,
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particle, field, space, etc.) are conducted for this purpose. We establish the causes and origins
of the creation of the quantum theory of gravity problematical character, give the interpreta-
tion of the existing problems. Therefore, the article shows a fundamental difference between
realities described by the two leading modern physical theories. Classical science is based
on common sense and intuitive representability, while the microcosm cannot be directly ob-
served and therefore is out of the representable sphere. This is probably the part of the reason
for the incompatibility of the equations of quantum theory and general relativity. On the basis
of the philosophical analysis of the results of some modern theoretical physics concepts,
the article presents the direction of creation a quantum theory of gravity. This direction ap-
pears to be the combination of the consequences of several concepts of the string theory
and the holographic principle to the properties of the quantum-mechanical entanglement.
The phenomenon of nonlocality is discussed separately. Historically, it has been considered
axiomatic that the world is organized locally — i. e. there can not be interactions (without
intermediaries) through empty space. In Newtons theory of gravitation this has become the
main problem: the gravitational force has had no intermediaries (and has also propagated
instantly). Any remote bodies have interacted with each other not in a local way. In fact, it has
been a mathematical challenge to the physics of that time. Later the problem has been solved
in a positive way: the gravitational interaction propagates with a finite velocity — the speed
of light, and thus the inconvenient question of instantaneity has been solved. The question of
the absence of intermediaries has been also solved — they are gravitons, but the hypothetical
ones (although, recently recorded gravitational waves have become indirect confirmation of
this — the perturbations of the gravitational field). However, nonlocality has returned not for
long. Modern quantum field theory is nonlocal. Moreover, it is nonlocal in both ways - both
the time costs and the concept of physical intermediaries are unnecessary for the transfer the
interaction. In the strongest sense of nonlocality we are talking about the fact that the space it-
self is nonlocal (this becomes possible if the multidimensionality is allowed). In the quantum
field theory nonlocality is a consequence of the quantum entanglement. The entanglement
is most likely dually connected with gravity, and the non-locality is a characteristic of the
multidimensional space. The problem lies in the fact that this result is not literally applicable
to our reality and describes the possible worlds (in the context of the diversity of the laws of
physics). The article establishes that, despite the mentioned, the theory remains scientific and
still appears to be a good approximation to the observed physical reality.

Keywords: philosophy of science, quantum gravity, cosmology, general relativity, quantum
field theory, holographic principle, string theory, AdS/CFT correspondence
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