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"Kay38Jl bHOCTb, 06bi'lHO H8MI1 riOHHM8eM851, eCTb 1111Wb 

Mall851 'laCTH'lKa BCeMHpHO~ CB513H, (MaTepH81IHCTH'leCKOe no-

6asneHHe), 'laCTH'lKa Hecy6oeKTHBHO~, a 06oeKTHBHO peanb

HO~ CB51311". 

BsegeHHe 

HecMOTpH Ha cKpOMHyiO oueHKY, naHHYIO B.Vl. lleHHHbiM np11Hlllmy npH'lHHHOCTH ( Kay3anb

HOCTH), STOT npHHilliri 11MeeT BCe )Ke cpyHnaMeHT81lbHOe 3 Ha'leHHe B _HayKe, KaK npOCT~~Wa51 

cpOpMa CB51311 51BJleHI1~. 

Oco6eHHO sen11Ko 3Ha'leHI1e npHHUI1na np11'IHHHOCTH nnH cp11311KI1, np11'IeM He TOnbKO o6we

cpHnococpcKoe 3Ha'leHI1t!, HO Ba)f{Hel!wee 3Ha'leHI1e 11MeeT 11 Ta MaTeM8TH'leC K851 cp0pM8 1 B KOTO

po~ Bbipa)KaeTC51 npH'lHHHOCTb. 

B cospeMeHHO~ cp11311Ke MaTeMaTrl'leCKaH cpopMa np11'IHHOCTH ocHoswsaeTc H Ha nsyx cp113H

qeCKI1X 11neHx: a) Ha 11nee onHoponHoro 11 1130TponHoro npocTpaHCTBa - speMeHH 3HHWTel!Ha

~11HKOBCKoro 11 6) Ha Hnee nepeHOCa B3811MOne~CTBI151 cpH3H'leCKI1M11 ri01151MH (sneKTpOM8r'HHT

HblM noneM, riOJleM Me30HHblM 1 Hel!TpHHHblM 11 T. n.) • 

BMeCTe C T e M H3BeCTH0 1 'ITO npHMeHeHHe STI1X npHHUIHlOB K OC060 MallbiM pacCT051 HH51M 

H Mallb!M npoM e)K yTKaM BpeMeHI1 np11BOnHT K cp11311'leCKI1 HeneriblM BbiBOnaM: 3Hepr'H51 B3aHMo-

ael!CTBI151 'l8CTHU 11 Ha M81lhlX paCCTOHHI151X 11 C06CTBeHHa51 3Hep!'1151 'l8CTI1Il OK83hlB8!0TCH 6eCKO

He'lH0-60llbWHMI1. 

3TOT HeyaOBJleTBOpHTellbHhl~ pe3yllbTaT B03HHKaeT K8K B K B aHTOBOI, TaK H B KJlaCCH'lec

KOl! cp113HKe H, B03M0)KH0, yK83biBaeT Ha 06utee anH o6e11X KOHuenuHl! npOHCXO)KaeHHe Tpy a

x/ 
HOC Tel! 

§ 2. np11'li1HHOCTb B Kll8CCI1'leCKO~ dJI13HJ(e 

B Knaccl1'lecKol cp11311Ke pacnpocTpaHeHI1e cna6oro (nHHeiHoro) cHrHana 113 M11posol! To'l-

KH PI (X I t I) B M11pOBY!O TO'lKy ~2 (X 
2 

t 
2

) Onpeaen51eTC51 cpyHKUI1el rpHH8 ~ , KOT0p85J 

eCTb q)yHKUH51 p83HOCTI1 K OOpa11HaT TO'leK pI H Cj> 2 X = X I - X 2 t = t I - t 2 

B sTOM Bbipa*aeTCH ogHuOOAHOCTb npocTpaHCTBa-speMeHH. Tpe6osaHI1e H30TponHoCTH 

npOCTpaHCTBa - BpeMeHH npi1BOaHT . K TOMY, 'ITO cpyHKill151 rpHHa aOJl)KH8 3~BI1CeTb He npOCTO 

OT pa3HOCTel X , HO OT 'leTbipexMepHOI'O 11HTepsana . s 1 = X 2- t 2 
, HaKOHeU, OK83b!Ba-

eTCH B03MO)f{Hb!M BBeCTH HanpaaneHI1e BpeMeHB 11 HanpasneHHe no npOCTp8HCTBe HHOMY llY'lY 

1) l~t/itl=+l,7]=0 anH s 
2 < 0 11 7J = x/1 xl = ~ 1, l = 0 anH s 

2 > 0 

J.1TaK cpyHKUH!O rpHH8 M0)KH0 HanHCaTb BBI1ne: 

x/ / 1/ 
HeKoTOpbie cpHnococpcKRe sonpoCbi npH'lHHHOCTH H TeopHH nonH paccMoTpe Hbi B 

I 

3 



§==§(s 2
,t,7]) 

( 1 ) 

3Ta <PYHKUH!I HBnHeTC!I HHBapHaHrOM npeo6paauaaHH!I nopeaua. Tenepb nononHHTenbHO HaKnanbi

aaeTC !I Tpe6oaaHHe npH'IHHHOCTH: a) C HrHan He MO)K·eT pacnpOCTpaH!ITbC!I CO CKOpOCTbiO) npeBbi

waiOwe lt CKOpOCTb CB9Ta C 

6) CHrHan pacnpocTpaHReTCSI TOnbKO na npownoro a 6y nywee. 3TH Tpe6oaaHHSI npHBOLlHT 

K nanbHeltweit cne.uaanHaaunH <PYHKUHH 

'--

~ = ~ (s 2, + 1 , 0 ) 

. ~ = 0 

~ 

nn~ t = + 1 , TJ = 0 

HHaqe (2) 

Ha pHc. 1 noKaaaaa o6nacTb npocTpaacTaa-apeMeHH, rne <PYHKUHH ~ OTnH'IHa OT HynR. 3aMe-

THM 1 'ITO <tJypbe-KOMllOHeHTa OT ~ ( S ~ + 1, 0), 0603Ha'IHM ee qepea ~ ( {t), k) 1 3aBHCHT TOn b-

KO OT HHBapHaHTa rr 2 =Ct.1 2 -k 2 
: §(Ct.1 1 k) = F(Ct.1 2 -k 2) If OTnH'IHa OT HJnSI nHWb npH 

m 2 > 0 ; LlnSI m 2 < 0 Mbl nonyqHnH 6bi <tJyHKUHIO '§ ( S 
2

, 0 1 !_1 )oTnH'IHJlO OT HynSI B npOCTpaHCT

BeHHo-nono6HOlt o6naCTH H, cnenoaaTenbHO, npHBOLlS!lllJIO K CHrHa/!aM, pacnpOCTpaH!IIOlllHMCR co' 

CKOpOCTbi01 60nbwelt CKpOCTH CBeTa, 

OnbiT noKaabiBaeT, 'ITO npa 6onbWHX x H (accaMnTOTH'IeCKH) aonHoaoe none acerna 

nonycKaeT KOpnycKynS!pHoe TOnKOBaHHe, a 9TO 03Ha'la9T1 'ITO B 6eCKOHe'IHOCTH Mbi HMeeM Ha6op 

2 x/ m , ••• >O • . -BOnH C LlHCKpeTHbiMH 3Ha'leHH!IMH aenH'IHHbl m 2= m 2, m 2 , •• 
1 2 

¢ypw-KoMnoaeHTa F ( lt.l 
2 - k 2) HMeeT non10ca npa lt.l 2 .. k 2 + m: , a <PYHKUHH ·§ (s ~ + 1, 0) 

o co6eHHOCTH BHLla [) ( S 2 ) , B CHny CBOltCTB HHTepaana S 2 9Ta OC06eHHOCTb nepeH9C9TCSI H B 

o6naCTb ManbJX X 1 t (nHWb 6bi s 2 = 0) H TaM npaaeneT K H9)1{9nai'enbHblM 6eCKOH9'1HOCTSIM, 

TaKHM o6paaoM <PaaH'IeCKH onpaanaHHble nnH 6onbWHX x H npennono)KeHHH o6 

H30TpOn HOCTH npOCTpaHCTBa H apeMeHH. CaMH C 06oll nepeHOCHTCSI B o6naCTb 6eCKOH9'1HO ManblX 

X H 

II 3. n pll"'i!HI HOCTb B KBaHTOBOlt cbH3HK9 

KaaHTOBaH TeOpH!I, KaK 9TO HH CTpaHHO, BO BC9X OCH OBHbiX qepTaX COXpaHReT KnaCCH'Iec

KJIO KOHUellUHIO npH'IHHHOCTH. VfM9HHO, B KBaHTOBOll TeOpHH CHrHan ( HnH B3aHMOLl9llCTBHe) TaK

)Ke nepeHOCHTCSI <PYHKUH ell rpHHa D c ( s 
2

) ( KOTOpaS! TaK)Ke Ha3bJBaeTC!I npH'IHHHOll <PYHKUH9A). 

3Ta <tJyHKUHSI CBSI3bJBae T KBaHTOBbill nepeXOLl B 0Kp9CTHOCTH TO'IKH '1'1 C KBaHTOBbiM nepeXOLlOM 

xxl 
B OKpeCHOCTH TO'IKH '1'2 

3 OTnH'IH9 OT KnaCCH'i9CKOll <tJyHKUHH rpHHa 9Ta <tJyHKUHSI He pasHa HyniO H LliUI ·s
2 ·> Q 1 

OtlH S KO nHWb B MaCWTa6ex .. h /me (KOMllTOHOBCKOll LlnHHbl qaCTHUbJ}, .l].riSI TOro,_ 'IT06bJ 6bin0 

MO)KHO aa<tJHKCHpOBaTb <tJaKT HCllJCKaHHSI CHrHana ( KBaHTa) C nonO)KHTenbHOll 9HepraeA H3 OK-

peCTHOCTH '1'1 H <tJaKT nornOU19HHSI ero B OKpeCTHOCTH 'f'2 1 H906XOLlHM0 1 'IT06bJ 9TH 'oKp9CT-

HOCTH" 6binH LlOCTaTO'IHO 60nbWHMH. VfM9HH0 1 B COOTBeTCTBHH C COOTHOWeHHeM HeonpeneneH-

x/ L B KBaHTOBOit T90pHH nOnS! aenH'IHHa m onpenenHeT Macey qaCTHUbl 1 CB!I3aHHOit C pac-

CMaTpHaaeMbiM noneM. 

xx/ 
. npaauHn npH'IHHHocTH a ero o6bi'IHOll <Pof:Me 6bin Hcnonb3oaaH H.H. Boroni06oBbiM nnR 

Hoaoro npencTaaneHHH coapeMeHHOll TeopHH nonS! 21. 
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r-

HOCTH, LlnH KBSHTS-CHI'Hana C 3Hepr'He$1 £ H HMnynbCOM p p83Mepbl "OKp eCTHOCTeit" ']l I H 

LlOn.>KHbl 6biTb: no B:JeMeHH T » h/ t , no npocTp8HCTBY .T.., > h / p 

.Llanee 3TH oKpecTHOCTH He LlOn.>KHbi ~epeKpbiB STbCH (paccTOHHHe Me .>KLl Y HHMH I x! >> L 

I t I » T ) /3/ 
• KaK 6 bmo noKa3aHo M. ¢Hpu~M LlnH TO'le'lHbiX qacTHU, 

npH <~THX ycnosHHX caoitcTaa cpyHKUHH De ( s 2
) o6ecne'lHBSIOT 'lHCTO KnaccH'leCKYIO npH'IHH-

HYIO CBSI3b Me.>KLlY oKpecTHOCTHMH TO'leK '1'1 H P 2 ( T,e, CBSI3b aKBHBaneHTHyiO T oil , KOTo-

PYIO LlSeT cpyHKUHSI rpHH8 § ( s 2
, + 1 ,0). B ycnOBHSIX, KOI'Ll8 ' npHBeLle HHbl e BbiWe HepaaeHCTBa 

He BbinO/lHeHbl COOTHOWeHHS! Heonpe.lleneHHOCTe$1 B006!lle He ll03BOnHeT cygHTb o xapaKTepe 

npH'IHHHOA CBSI3H ('ITO npOH30WnO n03.>Ke, 'ITO p8Hbhie ? ) • 0TnH'lHe OT HynSI npH'lHHH0$1 cpyHKUHH 

D c (x) a npocTpaHcTaeHHOA o6nacTII npHBOLlHT K cymec:I"soaaHHIO npocTpaHcTaeHHbiX cpopM-

¢aKTopoa aneMeHTapHbiX '18CTHU F ( q) ( q -nepe.llaaaeMbi$1 'lSCTHue HMnynbC ). 

B COOTBeTCTBHH C TSKHM cpOpM-cp8KTOpOM 'l8CTHUe MO.>KHO npHnHC8Tb .>KeCTKOe npOCT

p8HCTBeHHOe pacnpe.lleneHHe 38pHLlOB H TOKOB, THna p ( x) = J F ( q) e lqx d 3 q • TaKoe .>KecT

Koe pacnpe.lleneHHe LlOnycKaeT pacnpocTpaHeHHe CHI'Hana OT nepHcpepHH qacTHUbi K e e ueHTpy c 

69CKOH9'1HO 60nbWOA CKOpOCTbiO. 

/4/ 
0JlH8KO B pa6oTe 6binO UOK838HO, 'ITO H B 3TOM cnyqae COOTHOWeHHe Heonpe.lleneHHOC-

TeA He n03BOnHeT "ynH'IHTb" 'i8CTHUY B pacnpoCTpaHeHHH CHI'Hana CO CKOpOCTbi0)60nbW e$1 CKO

pOCTK CBeTa. 

HecMOTpS! H8 OTMe'leHHOe OTnH'lHe npH'IIIHHOA' cpyHKUHII rpHH8 D ( s 2
) OT KnaCCH'leCKOA 

c 

cpyHKUHH rpHH8 § ( S 
2

, + 1 ,0),CHTY8UHSI C OCo6eHHOCTSIMH B KBSHTOBOA TeOpHH OCTaeTCSI B cywecT-

B9HHOM T8KOA .>K~ K8K H B KnaCCH'leCKOA TeOpHH; OC06eHHOCTH cpyHKUIIA pacnpoC TpaHeHHSI, ec -

TeCTBeHHble .llnH 6onbWHX X H t, HeyMOnHMO nepeHOCSITCS! B o6naCTH M8nbiX M8CWT860B npo-

CTp8HCTB8 II BpeMeHH. 

II 4. HeKOTOpbre B03MO.>KHbie o6o6meHHH npH'IIIHHOA 

XapaKTep oco6eHHOCTeA cpyHKUHA pacnpocTpaHeHHg yKa3biaaeT Ha Heo6xOLlHMOC Tb OTK838Tb

ca OT nepeHeCeHIISl M8KpOCKOnH'IeCKHX 38KOHOB pacnpOCTp8HeHHSl CHr'HSnOB (B03LleAcTBH$1) B o6-

naCTb OC060 MSnbiX M8CWT860B npOCTp8HCTaa-ape MeHH H nonbiT8TbCSI BH.llOH3MeHHTb HX, 

CK838HHOe Bb!We 0 3H8'1eHHH COOTHOWeHKSI Heqnpe.lleneHHOCTeA ll03BOnHeT paCC'lHTb!B8Tb 

HS B03MO.>KHOCTb UpHMHp9HHS! 06bi'IHOit cpopMbl M8KponpH'IHHHOCTH C HHbiMH cp0pM8MH MHKponpH-
' 

'lHHHOCTH B MSnbiX UpOCTp8HCTB9HHO-apeMeHHbiX o6n8CTSIX. 

PaccMOTpiiM .>Ke Tenepb HeKOTOpbre B03MO.>KHbre o6o6meHHst TeopHH. 

¢yHKUHH rpHHa; o6n8.ll810ll1He onHC8HHbiMH BbiWe oco6eHHOCTSIMH, CBSI3~Hbl C pacnpOCTpa

H9HHeM cna6b!X noneA, nOLl 1lHHS!IO!llHXCSI nHHeAHbiM ypaaHeHHSIM. 

/5/ 
KaK anepabre 6bl110 OTMe'leHo M. EopHOM , CHnbHbie nonH MOr'yT nOLl'lHHHTbCSI LlPYPHM, 

HenHHeAHbiM yp8BH9HHgM, B 3TOM cnyqae CKOpOCTb pacnpOCTp8HeHHSI CHI'Hana V 38BHCHT OT 

/6 7 8/ 
CHnbi H cpopMbl CHI'Hana (eM, ' ' ). 

5 



MbiX 

Han a 

Del!cTBI1TenbHO, xapaKTep11CT11K11 Heni1Hel!Horo ypaaHeH11H, aoo6we roaopH, OTnl1'iHbi OT npH-

dx = + c 
dt - -

, xapaKTepHhlX anH ni1Hel!Hol! TeOp1111. n oaTOMy CKOpOCTb Heni1Hel!Hor0 Cl1r-

V OK83biBaeTCH cpyHKU11el! HaiTpH)!{eHHOCTI1 ITOnH ¢ 11 ero npol13aoaHhlx 

dx 
dt 

± v ( ¢ ' j_p__ ' .E!i!__ ) • ax at 

2.!P_ . 
;rx 

P.!k. 
at 

(3) 

KaK 
!51 

6hlnO ITOKa38HO B , B HeKOTOphlX B8p11aHTax Heni1Hel!HOl! TeOp1111 aenl1'ii1H8 V MO-

)!{eT caenaTbCH MHI1MOl! , a r11nep6on11'ieCKOe ypaaHeHI1e nnH nonH npeapaTI1TbCH a ypaaHeH11e 

anni1ITTI1'ieCKOro TI1IT8. Bnan11 OT 11CTO'iH11K8 11 np11eMHI1K8 Cl1rHana (M bl MO)!{eM CK83aTb -

aaan11 OT qacT'Iiu) none 6yaeT no-npe)!{HeMy non 'ii1HHTbCH ni1HeihroMy ypaaHeH1110, a cj:>yHKU11H 

rp11Ha 6yaeT 11MeTb 06bi'iHbie OC06eHHOCTI1 TI1IT8 0 (s 
2

) • 0aHaKO B OKpeCTHOCTI1 qacTI1U 1 rae 

nonH aen11K11, xapaKTep oco6eHHOCTel! 6yneT 113MeH~TbCH. Hanp11Mep, a cnyqae npeapaweHI1H 

ypa a HeH11H B anni1ITTI1'ieCKOe, OC06eHHOCTb cpyHKU1111 rp11H8 11p11 

a 11a 1/ R 2 , rae R 2
= x 

2 + t 
2 

X -+ 0 t ... 0 6yaeT 11MeTb 

3TO B03 M0)!{HOe 113MeHeHI1e Tl1118 yp8BHeHI1H no.nH a6n11311 'i8CT11U HaiT OM11H8e T CI1Ty8U1110 H 3 

Kpbine CBMOn e Ta, neTilWero CO CKOpOCTbiO 6n113KOl! K CKOpOCTI1 3ByKa: K8K 113BeCTH01 T8M, rae 

MeCTHaH CKOpOCTb ITOTOK8, 06TeK8JO W ero Kpbin0 1 npeBOCXOai1T CKOpOCTb 3BYK8, a nn i1ITTI1 '-!eCK!1l! 

Tl1n ypaaHeHI11l npeapawaeTcll a rMnep6on !1'ieCKI1A . 

Ha p11c. 16 noKa3aHa o6nac Tb, rae np11'-111HHOCTb MO)!{eT CT8Tb aHOManbHoA. 3aMeTI1M, '-ITO 

H8pyW e HI1e p e nHTI1BI1CTCKOil 11HB8p118HTHOCTI1 a6n!1311 X = 0 , t = 0 llBnHeTCH TOnbKO K8 )!{y-

W11MCH 11 o 6ycnoaneHo TeM, '-ITO TO'-!Ka npocTpaHcTaa-apeM eHM , rne pacnono)!{eH 11CTO'iH11K no-

nil, Bbinene Ha TeM, 'ITO 11MeHHO B ee 0KpeCHOCTI1 Heni1Hei!HOe none C8MO cpopMHpyeT Cpeny nnH 

caoe r o pacnpo cTpaHeH111l. 

Bo3M O)!{HOCTb H3M e HeH!1H THna ypaaHeHHl! nnH pacnpocTpaHe HH H non11 a oKpecTHOCTH qac-

T11U 1 a aMeCTe C 3TI1M H H3MeHeHHil cpo p Mbl n ptl'l HHHOl! CBH3H 1 51BnH e TCH O'ieHb yaneKaTeJlbHOl! . 

O n HaKo HII KO MY ewe H e ynanocb Hal!TI1 KBBHTOBbiA aHan o r aToll Monemr TeoplHI nonH. 

OcTaeTCH TaK)!{e H e paccMoTpeHHbiM aonpoc o 6 H3MeH e HHilX onpeaeneHHH anM Hbi OTpe3Ka 11 

npOMe)!{yTK a a p e MeHH, KOTOp bie MO)!{eT ITOBJJ e'lb 38 C060l! HenHHel!HOCTb B pacnpOCTpaHeHH11 Cl1r 

\ 
nana . OnpeneneHHH A. 3 iiHw Tel!Ha 6e3ycnoaHO npennonaraJOT n11Hel!HOCTb CHrHana. 

§l_~~~~~~~~~~-~E~~~~~~£!~_8E~-~-~~~-~~S~!~2~~ -~~~~~~~~~~~~~~~~~ 

Mbi s11a e n 11 , 'iTO a oaHopo..:J. H OM npocTpaHcTae-speMeHH Henb3H H3MeHHTb 3aKoH np11'-111HHOl! 

CBH311 B M8Jl OM1 He 113MeHHH ee B 60JlbWOM . 803M0)!{H biJ.\ nyTb H3M e HeHHH noaCK83 biB8eTCH 11Defl· 

M 11 HenH HC i1H OC TH 1 OCBeWeHHb!MH B pa3nene a). 0TCTynneHHe OT 06bi'-!H biX 38KOHOMepHOCTel! pac-

npOCTp aH e HI1H CHrHana H8CTynae T He BCJOay, a JlHWb OKOnO HCTO'-IHHKOB H npHeMHHKOB CHrH8Jl8 1 

T. e. 861111311 '-!aCTI1U 1 HHb!MI1 C ll0B8MH TBM 1 rae ODHOpODHOCTb llpOCTpaHCTB8 HapyweH8 pacn ono

)!{eHH Oi{ TaM 'i8CTH Uel! . 3 TO yK83b!B8eT H8 B03MO)!{H0CTb HapyWeH11H 06b!'iHb!X 38KOHOB pacnpocT-

/9, 10/ 
paH e HHH CHrH8JlOB B6nH3H 'i8CTHU 

MaTeMaTH'-! e CKI1 aTa B 0 3MO)!{HOCTb ocywecTBnHeTcH 6naroaapH noHaneHHIO HOBbiX 11HaapHaH-

TOB, ITOMHMO S 
2

1 f 1 TJ • Def.lcTBHTenbHO c "18CT11uel! 11n11 c CI{CTeMol! B3811Monel!CTByJOWl1X 

'-!aC THU CBH38H aeKTOp llOnHOl! 3Hepr11H-11MllynbC8 q> ( £ 1 p ) , KOTOpbll1 KOMMYTI{pyeT C OTHo-

6 



, np.H-

3) 

Mo-

e 

.II 

a e 

t eT b 

) H ,'l 

J.e 

'i TO 

y -

.n.H 

c -

H 

t r -

c -

T-

x / 
CHTeJibHblMH K00p.UHH8T 8 MH H C .apyrHMH BHyTpeHHH MH .UHH8M H'ieC KHMH n e peMeHHbiMH noM H-

-~ 2 l,p',-m 2 ( MO HHB8pH8HT8 1 "' S B 0 3 HHKaiOT HOBbie HHBapaaH Tbi, T8KHe KaK 2 r.ae m 

MaCe a rroKOSI BCelt CHCTeM bi), 13 = ( p, S ) If .apyrae, 3TO ll03BOJISie T o6pa3~BbiB8Tb HOBbie . 

HHBa pH8HTHbie KOM6HH8UHH 1 HanpHMep1 TaKae: 

R
2
,I1 +I,'/1 2 

T
2
,1

3

2
/1

2
, 

(4 ). 

KOTOpbie s cacTeMe UM n epexo.aSIT B r 2 H t 2 
, cooTseTCTBeliao, H a .aanbHeltwe M Tpaac

¢opMapyroTcSI cornacao (4 ) a (4 1 )1121• 

8 CHJIY 9 TOI'O <;PYHKUHSI rpHHa, CBSI38HH8.11 C CHCTeMOlt 'i8CTHU
1 

MO)I{eT 6biTb 38llHC8Ha B sa-

.ae: 
§"'§(I ,I ,I). 

1 2 3 (5) 

HaJIH'iHe HHB8pH8HTOB 12 I 
3 

nossonSieT H3M e HHTb nose.aeHHe § B6JIH311 r 1 t "' 0. 

PHC, 16 MO)I{eT - 6biTb OllR.Tb HCllOJib30B8H .QJISI HJIJIIOCTp8UHH _nose.aeHHSI ¢yHKUHH § 

KOTopaS! npH R 
2 < a 

2 
HMeeT annHnTH'ieCKYIO CTPYKTYPY, a npH R 

1 
> a 1 nepexo.a 11 T s o6bi'iHYIO 

¢YHKUHIO rpHHa, C CHHI'YJIS!pH .JCTSIMH Ha KOHyce s 2 "' 0 , . 

no.ao6HbiM )l{e o6pasoM MO)I{eT 6biTb 113MeHeHa 11 npll'iiiHHaSI '¢YHKUIISI D c ( s 2 ) , ecn11 e e 

CBSI3biB8Tb He C BaKyyMOM, a C 'i8CTIIU8MH 1 llOMeWeHHbiMH B BaKyyM H HMeiOWHMH OTHOCIITeJibHYIO 

KOOp.UHHaTy X "'X 
1 

-X 
2 

H CyMMapHbiit HMllYJibC 

(6) 

n OJIH8.11 CXeMa ll0.U06HOI'O THll8 ewe He paspa60T8H8 H OCT8eTCSI He.IICHbi M K8KOlt MO.QeJIH 

TeOpHH llOJISI OH8 OTB e 'iaeT. 

B qacTHOCTH, He Hc c n e .aosaao 6y.aeT JIH co6n10.aaTbCH yHHTapaocTb M a TpiiUbi pacce SI HII.H , 

JlpyrHe B03MO)I{HOCTH .QJISI H3MeHeHH.II ¢opMbi npH'iHHHOCTH MOI'yT 6biTb CBSI3 8Hbi C H.Qeeit 

06 H3MeHeHHH r eoMeTpHH H8lllei'O npOCTp8HCTBa-s peMeHH .QJI.H MaJibiX npOCTp8HCTB e HHO-spe M e H-

HbiX 06J1aCTelt, -

0,aH8 H3 STHX 803M0)1{H0CTeit 38KJIIO'i8eTCH 8 ¢niOKTyaUH.IIX MeTpH'ieCKOI'O TeH3 0 pa g p.V 

KOTOpbie 8 npHHUHne MOI'yT 6biTb Bbi3BaHbi ¢ n !OKTY8UIISIMH Hynesolt 9HeprHH SaKyyM a, 

TaKoro po.aa ¢nroKTya UHH .JipHse.ayT K ¢nroKTyauHSIM npocTpaHcTse HHo-speMeHHoro HHTep-

sana 

2 s 

H, Cne.aosaTeJibHO, se e ¢YHKUHH1 TaKHe KaK § ( s 2
) 

(7) 

I 13 14/ 
OKa)l{yTCSI "pa3MbiTbiMH " ' . 

O.aHaKo aTH ¢nroKTyauHH, ecnH snHMHHHposaTb 6ecKoHe'iHOCTH, oKa3 biBBIOTCSI cywecTs eHH biMH 

a o6nacTHx npocTpaHcTsa-speMeHH nopSI.aKa L
0

"' ( hcX
3

) y,"' 0,82.10-
32

cM. (3.aecb x -rpa-

x/ 
3To o6CTOHTenbCTBO nossonHno K),M. LUHpOKOBy npasHJibHO pewHTb npo6neMy penHTHBHCT-

CKoro BOJI'iKa/11/, 
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B HTaU110HHaSI IIOCTOSIHHaSI), 3TH MaCUJ Tl16bi Ka.)!{yTCSI C1!11UJKOM Ma1!b!MI1, 'IT06bi HrpaTb CyilleCT8eH

HYIO p01!b B M11pe qacTI1U. BseneHI1e ' llpyroro MaCUJTa6a lll!SI cj:JnroKTyaU1111 8aKyyMa eo 03H8'!a

no 6hi H08YIO cj:JH311'!eC.KYIO T'HIIOTe3y1 C1!ellCTBI1SI H BHyTpeHHSISI HeiipOTI1BOpeqHBOCTb KOTOpoi! eme 

Llal!eKO HeHCCl!ellOBaHbl, 

!:l_:!S.~~I!.!..~~~'!.I( __ I!£.~S!E.~I!.S!.~~~~~~!!!:!: 
/15/ 

CTapaSI HLleSI NK8aHTosaHHSIN rrpocTpaHcTsa-speMeHI1 _ socKpecana HeCKOllbKO 

/16-18/ 
pa3 

C08peMeHHbie TeHLleHU1111 B pa3BI1TI111 3TOJt Hlle11 IIOKOSITCSI Ha rrpe llii01!0.)!{eHH11 0 He38K1!11-

/19/ 
ll080M xapaKTepe MeTp11KH B IIpOCTpaHCT8e 11MIIY1lbCOB , ~MeHHO HHTepsan B IIpOCTpaHCT8e 

HMnynbC08 p
1 

p 
2 

p s p 4. rronaraeTCSI paBHhiM 

( 8) 
da

2
= a dp dp 

~v ~ y 
Panl1yc KpHBH3Hbl 3Toro MeTpH'!eCKoro IIpOCTpaHCTBa 11rpaeT ponb npenenbHOro, o6pe3810LUero 

il) 
•• 0 Ka HOHH'!eCKH COIIpSI.)!{eHHbie K 3THM 11MIIynbCaM KOOpllHHaTbl 06hi'IHOrO rrpoc -HMIIyllbCa 

TpaHCTsa-speMeHI1 X 
1 

, X 
2 

, X 
3 

, X 
4 

OKa3biBaiOTCSI II pH 3TOM OIIepaTopaMH, HeKOMMYTHpy!OLUHMH 

Me.)!{ny co6o10 

( X~, XV ) = i b ~V • ( 9) 

Teop11SI CTpOHTCSI T8KI1M o6pa30M, 'ITO lll!SI MaCUJTa6o8 P. >> _!!_ oHa rrepexon11T 8 o6hi'I-
p 

HYIO TeOp1110, HCHO, 'ITO B 3TOlt TeOpH11 KOHUeiiUHSI 06bi'IHOlt npH'IHHHOC-¥11 OK83biB8eTCSI HeiipHron-

HOlt (no KpaltHelt Mepe B o6nacTSIX rrpocTpaHcTsa-8 peMeHH,..., _!!__ LLleltCT811TenbH01 Hen b3SI ro8o
Po 

pHTb_ 0 pacrrpOCTp8HeH11H CHT'Hal!a H3 TO'IKH P (x 1 x 1 x 1 x') s TO'IKY P (x 11 x 11 x 11 x 11 ) ecnH ca-
t 12S4 2 1234' 

MH KOOrlllH HaTbl 3THX TO'!eK OC T aiOTCSI HeorrpellelleHH biMH, 8 3TO~ TeOpHH rrpouecc pacnpOCTp8He-

HHSI cHrHana npHo6peT80 T cj:JH3H '!eCKHlt Cll:rHan l!Hlllb lll!SI llOCTBTO'IHO 6onbllli1X I x ~I , KOrlla 

MO.)!{HO rrpeHe6pe'lb rrpa80lt '!aCTbiO B ( 9), LlnH MeHblllHX MaCUJTa60B B3aHMOC8SI3b SIBl!eHHl! M<l

TeM8TI!'!eCKII MO.)!{eT 6biTb OIIIIC8H8 TOllbKO IIOCpe.llCT80M IIpOCTp8HCTB8 HMIIy1lbC08, Teop11S1 K8aH-

TOB81IHOT'O IIpOCTp8HCTBa-speMeHI1 He nony'!Hl!a eme 8II01!He IIOC1!ellOB8Te1!bHOrO pa38f!THSI, 

3aK l!IO'IeHHe 

np11HHTaSI B COBpeMel: HOJt TeOp11H cpopM8 IIpi1'1HHHOCTI1 BbiTeKaeT H3 OCHOBHbiX IIpOCTp8HCT

BeHHO-speMeHHhlX rrpellCT8B1!eHI!it, 

0Ha 3811MCTBOBaHa 1'13 M8KpOCKOIIH'!eCKOJt cj:JI1qi1!GI H B CHllY X8p8KTepa OC06eHHOCTelt cj:JyHK

Uf!H lp11Ha 8BTOM8TI1'!eCKH nepeHOCH TCSI B 6eCKOHe '!HO-Ma1!bie M8CUJT80bl, 3TO Ilp1180ll11T K IIOSI8-

neHHIO pacxollHMOCTelt ( 6ecKoHe'!HOCTelt) lll!SI pH .a a sa.)!{Hei!UJI1X cj:JH31!'!ecKI1X senf!'IHH, CBSI3aHHhiX 

C 31!eMeHTapHbiMH '!aCTI1UaMf!, 

Mbl paCCMOTpenH B 3TOlt pa6oTe HeKOTOpbie rrpell88p11Te1! bHbie TeopeTI1'!eCKHe CXeMbi, KOTO-

pbie COXpaHSISI M11KpOCKOIIH'!eC KYIO IIpH'IHHHOCTb CyUJeCTB e HHO BI1Ll0113 MeHSIIOT IIp11'1HHHOCTb Lll!SI 

Mal!b!X MaCUJTa6oB IIpOCTpaHCTBa-speMeHH, 

Mbl He 3HaeM
1 

KaKaSI 113 3TI1X CXeM 61!H.)!{e BCero IIOLlBOll11T HaC K HCTf!He - Mbl eme nrpa

eM C Hell 8 .)!{MypK11, 
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X 

1 8 

p I{ c. 1. 

Ha pHc, l a 38WTplfXOBBH8 o6nBCTb npo cTpBHCTaa-apeMeHH, 

pHH nng pacnp OCTp8HeHHH Clfr HanoB, lfCX OnHWHX H3 TOqKif p 
pHc, 16 nOKB 3aHa o6nBCTb B03MO)!(HOlt BHOMBnbHOlt npH'HfHHOCTH 
ypaaHeHHH nona), 

---- ---x 

1 6 

nonycTHMBH no o6hlqHolt Teo

• .LlaoltHolt WTpHXOBKOlt Ha 

(Hanp. snnHnTHqecKHlt THn 


