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§1, BBe.nenne 

PaccMoTp:UM Knacc c~amrpHbiX noneu ¢ ( x, t ) 1 ITO.rl'lllHSIIO!!IllXCSI 

ypaBHeH:UI01 BbiTeKaiOIIIeMy ll3 pensrTHBllCTCKll-llHBapnaHTHOrO narpaH)I{ItaHa 

K (1) 

(3.necb ¢ 
t 

j_p_ ¢ _li:_ ) • CaMo ypaBHenne rnacnT: 
d l X dx 

A¢ + 28 ¢ . + C¢ 
tt tX XX 

Q I ( 2) 

I cf>tx I ¢XX 
- BTOpbre npoH3BO.rlHhre1 a .Koa¢¢nuneHTbi A· 1 

C - cyTb ¢yHKUllll cp t ll cp x • ITo~e · cp (X, l ) 1 ITOA'IllHSIIOIIIe-

ecsr 9TOMY ypaBHeHHI01 B l!IllpOKOM Knacce $yHKUllll 2 (K) - He , co,nep)l{llT CllH

rynsrpHOCTeii1 a Ba)I{Heiimne HHTerpanbHbre BenH'IHHhi1 KaK-To: aneprnsr1 HM

*/ rrynbC ll T,IT, OKa3b!BaiOTCSI KOHe'IHb!Mll , YpaBHeHHe ( 2) pa,nnKanbHO OT-

n:uqaeTCSI OT paCCMOTpeHHhlX ,no CHX rrop B KBaHTOBOll Teopllll rronsr TeM1 

. 'ITO HMeeT KpHBOnHHeiiHbie xapaKTepHCTllKll, LfT06bi rro,nqepKHYTb 9TO OTnll

'IHe1 Mbi naahrBaeM ero "cymecTBeHHo nennneiiHbiM noneM" •· B noKanbnoii 

*I , 6 11 I 3 - - .. · 
- CM, KnaccnqecKyro pa oTy ~ aMeTHM1 'ITO pBJ::m npocTOTbr Mbi BhrrrH-

cbrBaeM narpaH)I{llaH , ( 1) .nnsr .rlBYXMepHopo MHpa; , 

\ 
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CHCTeMe KOOpllHHaT, rne KoaljlqmuneHT 8"' 0 0 CKOpOCTb ~acnpoCTpaHeHHSI CHI'- : 

Hana (B3aHMO)leHCTBHS!) 

u =v c 
A 

U (cp t 1 cp X (3) 

li 3aBliCliT OT llpOll3BOllHhiX nong cp t , cp , ITono6HaSI cnTyaung nMeeT 
X ' 

MeCTO H B rpaBHTaUliOHHOM none,· B 3aBliCliMOCTH OT KOHKpeTHOI'O Blllla na

rpaH:lKllaHa ( 1) H HattanbHhiX naHHh!X 9Ta CKOpOCTb MO:lKeT 6b!Tb: a) BCIOllY 

MeHbWe CKOpOCTH CB.eTa B nycTOTe C. 1 6) B HeKOTOpbiX- o6naCTSIX llpOC,T-

paHCTBa-BpeMeHn, npn 6onbwnx cf>t /b. cf>x /b (3necb b ..:. none, H3MeHSIIO-

wee MacwTa6 ue~~HeilHocTn) 6onbwe .c 1 HaKoneu B) B03MO:lKH0 1 'ITO B He-

KoTopol! o6nacTII cTaueT MHIIMOII - aTo cocToHune MO:lKHO ua3BaTb "cBeTo
. */ - . ? 

BhiM KonnancoM" • Hcno, 'ITO B cnyttae a) npnMeHHMh) o6bi'!Hhie npaBnna 

KBaHTOBOH TeopHH nonS!, H KBaHTOBaHlle 'MO:lKeT 6b!Tb BBe.lleHO nocpe.llCTBOM 

KaHOHll'!eCKOI'O npaBnna, a HMeHHO: 

" " [ n < x ', o > cf> ( " X ' 0) ]-= ih8 (x'-x"), (4) 

" rne ·TI - onepaTop KaHoHnttecKoro nMnynbca, cp - onepaTop,no~g n, 

KaK o6hrttuo: [AB].= AB-BA , Bo3HHKaiOwaSI npn aToM 3anatta uaxo:lKneung 

co6cTBeHHhiX 3Hattennil: onepaTopa faMIIllbTOHa H linn 3a.11atta · Bhi'!HcneHIISI 

S -MaTpli~bl IT,PellCTaBnSIIOT HCKniO'!HTenbHbie TpyllHOCTH, 

B nocnenuee speMSI nMeeTcSI ycnex B peweunn KnacciittecKoil: 3a.llattn 
. ' . . ·. . ,· : /4/ 

Kown nnSI- ypaBHeHnil: nonSI, BhiTeKaiOWIIX H3 narpau:lKnaua ( 1) • 
' ' . ~I I 

B aToil cnTyaunn uaM npencTaBnSieTCH none3H~IM cnepBa :npn~ecTH Me-

TOlliiJ{Y pewemm KBaHToBo-MexaunttecKoil: 3anattn c onuoil: cTeneH~IO CBo5onhi, 

Ii:MeiOwe.li TaK:lKe "cywecTBenHo ueniiueil:uhril:" narpau:lKnau, nonpa:lKaiOmnil: na

rpaii:lKil:auy ( 1). 

x/ · · ' . · .. · ' > ·· 12 3/ 
Pauee g Ha3b!Ban 9TO oco6oe COCTOSIHHe "KOMKOM co6btTliH": (cMo' 

0 
), 
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§ 2. ,.I1pocie:H:rnasr cymecTiieHHi> Hennire:H:HaSI 'cricTeMa '' ;. 

I1o)l,T8KO:H: 'CI1CT9MOH Mbl oy)leM no)lpaayMeBaTb cncTeMy ·c::OJlHOH · 

·CTeneHbiO csooOJlbi, onncbmaeMyro narpaH>ImaaoM: 

K I "2 ( ) .= 2 P -u q (5) 

rAe t v2 
- onepaTop KnHeTnqecKo:H: sa~pr~~. p = ·~f. . ~ on~~~;op cKo-

pocTR, U .( q ) - onepaTop noTeaunanbHo:H: · saeprnn; npennonaraeTcSI, :'ITo" 

cflyHKURSI u' ( q) = 0 AnSI I q ,,;·a 11 RHTe~pnpyeMa' 'B RHTe~Ba~~ (~a' +a ) . 
"' ' ' . . 

n cflopMyno:H:: 

I1 
.... .... . ... ... 

<Ei>' = _I [ M.( K·) p + P. M (K ) ] 
.'·. 2 

.',: 

3Aecb 

" af M(K ) aK ( 7) 

ecTb o·nepaTop Macchi. CnMMeTpnaoaaHHbiH onepaTop cflyaKiinn faMnnbTOHa, 

B COOTB9TCTB~I1 C. cflyHKUI19H narpaJI)I(8 ( 5) 1 RMeeT BHJl:. , 

·,. I .. ,.,,. 
u ·,;. -· ( n P 

2 

5 

( 8) 

( 8) 

( 9) 

.. 

., 

,• 

.... 



R~ 

'·· 

\" 

D.anee, corn.;tCHO K8HOH:Ii'I8CKOMY rrpaBHny KBaHTOBaHHSI, ll:MeeM: 

"<";•: " ... [ n , g l itl . ' ' . . ' ( 10) 

<f>opMynbi ( 5) t ( 6) t ( 7) BM8CT8 .C KBaHTOBb!M ycnOBil:8M (10) OIIpenenSIJOT 

paccMaTpll:BaeMyJO M8XaHil:'18CKy!O Cll:CT8MYo 3ana'la· 3aKnJO'Ia8TCSI' B Haxom-
o, • 

Jl8Hil:ll: C06CTE!8HHb!X 3Ha'leHil:ll ll: C06CTB8HHb!X cpyHKUil:ll onepaTopa faMHnhTO-

"· Ha H (8). . 

Ha ~op~;nb;: ( 6) Bll:JlHo, 'ITO B paccMaTpHBaeMoil aanatte Mace a ~B
nSieTCSI orrepaTOpOMo noaToMy CBS13h Memny~CKOpOC,Th!O. 'laCTil:Ubl p" ·= .d ·9,.. 

' .· . . . : . d t. '. 
" . . 

ll: KaHOHil:lJaCKil:M ll:MIIynhCOM ll OKa3biBaaTCSI CTOXaCTil:lJ8CKOllo. 3TO ·o6-. 

CTOSITenhCTBO MOmHo paCCM8Tpll:B8Th ll:, C ll:HO:il: Toit:K~ 3p8Hil:slo HMaHHO MOmHO 
' . j 

C.llll:T8Th, liTO Macca OCTanaCh IIOCTOSIHHOH ( paBHOH 1) t a ll:3M8HHnaCh MaTpll:-, 

Ka BpeMean; HMaHHO aneMeHT BpeMeHH naMeHSiaTCSI Teneph cornacao cpop-
x/ . 

Myne 

dr=·....L_dt 
M( K) 

( 11) 

3To cooTHollieane noncKaSbiBaeT, 'ITO aan6onee uenecoo6pa3HbiM npen?~aB .. 

neaneM nnH pemeHHSI rrocTaBneaaoil: aa)lattn HBnSIEiTds'I ·npencTaJ3neane, B. Ko-
~ ' 

TopoM onepaTop K nnaroaanea. ( "K := npencTaBneane), nnn npyroe 

npencTaBneane, 6nnaKoe K aeMy. 

§3. npll:B8Jl8HHe raMHnhTOHHaHa K JlHaroHanhHOMY BHJlY 
• ~· • ! . ~ • . 

06paTHMCSI K "K npencTaBneHHJO. B aToM rrpencTaBnaHHH H3 ( 6) · 

H ( 7) cnenyeT: 

x/ CxonHaSI CHTyaUHSI HMeeT MaCTO .B TaOpHli OTHOCHTanhHOCTH, rne 

BM8CTO t MO)I{HO paCCMaTpHB8Th C06CT,~emi:oe BpaMSI dr '" __!!!:a. d t 0 
3Jl8Ch m - 3aBHCSIII!aSI OT CKOpOCTH Macca 'laCTHUb1 1 a Rio - no8JroSIHHaSio 

6 



" 
- ~ l CK, :j'q" I.}{',~~) [ M <i{'~'). + M d :') ] . ( ){', ,_·;;. ' _K ~, ) = iftOK",:K, 
K''' ~' . ' I :·.-.;· • 

- •; ':_. 'L 

nepemuueM Tenepb (7) B BH.rte: ;_< 

. .l. [ M <f. ') + M ( J{~") 1 ( K, I ·,. " . ~ ",..,'j j(,) . 
2 

. . . pq-'{P .. ·.··. _t .. "··., ·,··· 

. ,. ,. 

-[M(K''')-M.(K'-)](K'J ~ I.K'") (K"! IPJ.K "1 
! ' 

~~ ' ' ' .... 

i 1i aK. ·.. 'K ,, 

Hcxo.rtiioe. npJI6JiiimeliHe SaKniotiaeTCSI B npeHe6pe>K9HHH B (7") 'lne

H.BMH, ·. co.rtep)l{iuuuM:H p83HOCTll''Macc, M ( K:")- M (K")n. M ( K ,'") - M (K , ) 

riO 'cpaBHSHHio' C. 'lneHaMH, ··co.rtep>Ka~HMU cyMMy M~ccf pasyMee~cSI; 9TO 

npn6nn>KeHHe Mal\<io>KH~ lie ::npn· -~cex snna:x iiarpaH:lkilaHa 2 = 2 (K ) n· ·no..; 

TeHu~aiu:iHofi "aa~prmr U Cq·) ~-· 0H6 6y.rteT ''reM :ny<trne, 'ISM' MEiHhrne: Hei:tnaro

HanhHhie <tri.eHhi (K' 1. 4'1 K·'') no·'cpihmeHnro: c :JlJiarominhHhiMH: s aToM· npn-

6nJI>K'eHHH COOTHOmemie ( 7") np~HHM89T BH.rt: 

< K ~ I .. p q - q p" I· K " ( 7 ... ) 

. '': '1' -~·: .. ~ ! • • ' 

' .,..A·,~. \·' ,·.;· ... · l ;:1.: 
['p q J,;.. i:t. * -! I ( 12) 

. · .... ',, .. 

., 

'. 



rae 

1i* 11 
. M(Kl 

', ( 13) 

. . ., 
3Ta cflopMY:na" 'siBnsieTc:sr K:moqeaott. · Oaa noKaabtBaeT, . "'TO B nepBoM, npH"7 . . 
6nH:lK9miH aeno CBOllHTCSI. K 3aMeHe fiOCTOSIHHOft nn·aaKa Ha "9cflcfleKTHBHYtO 

nocTosraay10"' ta* , srBnSIIOIIly!Ocsr cflyaKuHeA K • BenH"'HHa M (K) H~pa- · 

eT ponb nepeMeaaott MaCCbio ._;-, 

VIa ( 12) H ( 13) BHllH~, "'TO npH 6onbwHx_aHa"'ea.HS!x _BenH"'HHbi M ( K) 

cHcTeMa "'pacKBaRTOBbtBaeTi::sr"', TaK· KaK B 9TOM cny'l:ae 1i* ... 0 • Hanpo:-

Tin~, npH ManbiX M ( K ) scflcfleKTHBHasr nocTosraaasr . 'li * cTaaoBHTCsr 6onbwoft, 
.. A A·. . . " 

H · q T8K:lK9 CTaHOBSITCSI 6onbWHMH KB8HTOBbi9 · cflnyKTY:811HH BenH"'HH p 

H Mbi npHXOllHM K KpaftaeMy KBaaToBoMy . cny"'aiO. B 9TOM · .cny"'ae Hcxoa

aoe npH6nH:lK9HKe CT8HOBHTCSI CO.MHHTenbHblMo EcnH, BepayTbCSI K aaan_OI"HH 

C KB8HTOBbiM non eM cp ( x, t ) 1 OfiHCbiB89MbiM ypaBH9HH9M ( 2) 1 TO cnyqati 

1l * ~ 0 cooTBeTcTBOBan 6bt cHnbHbiM cflnyKTyauli:sM . B cKopocTH pacnpocTpa

HeHHSI CHI"Hana U HnH1 B nepeBOll9 H8 Sl3b!K I"80M9TpHH1 - CHnbHbiM KBaH-

. · .~-. x/ T. 6 TOBblM .. 't'nyKTY8IlHSIM MeTpHKH o · 8K8SI HCKniO"'HTen&HaSI OCO _eHHOCTb 9TO-

I"O'· !:my'iasr aaeT HaM npaBO BblllSnHTb H3 llPYI"HX. H ll8Tb aMy_, oco6oe _ H83B8HH8 

cny"'aSI "'.cynepKBBHTOBOI"O .nonsr"' {HnH·•cynepKB8HT(!BOA CHCT8Mbi"')~ 
. . " . ·'. 

\ , 06paTHMcsr Terre pb K- npHaeaeaHIO onepaTopa · K · K . aHaroaanbaoMy . 

BHllY • VIa .scflcfleKTHBHOI"O COOTHOW9HHSI . aeonpeaeneHHOCTeti ( 12) cneayeT1 "'TO 
A . 

onepaTop p B KOOPllHH8THOM -~pellCT8l;ln8HHH, MO:lK9T 6biTb, ~~fiHC8H B BHlle: 

A 
p · .. .i"fi* ~ 

d q 
(·14) 

.xl Casr3b cymecTaeaao aenHHeAaoit :·-TeopHH c, MerpHKoA 6bUJa' y:lKe· aa
- Me"'eHa ~ pa6oTe/6/ H onHcaaa nottpo6Hee B pa6oTaxl7 I H/8/ • 

. 8 

J .. 



'I 
l 

\~·,····:··· ~- l ' ' 

j l 
'I . ; 

'\ 

" 
Hs ( 5) .. cnenyeT,_ ,'ITO B aToM npe.r:t~Taane!i:HI onepaTop K paaea: 

" K 
2 

tl * .. ,d., u ( ) 
---·--- q. 

2. ~q2 
( 15) 

TaK 'ITO ypaaa:ea:He .r:tnst co6cTaea:a:l:.rx <jlya:KuHH: aToro onepaTopa 'P x ( q .> 

sanHW9TCSI B ,_BH.r:te: i .• , .. 

1i* d 2 . 
[---+U(q) 

2 dq2 
qiK < q > K '~~K (q 

,I ~ 

B cHny npHHSIThlX paa:ee.orpaa:HtieHHH: a:a noTea:uHan U 

HM910T aCHMnTOTH'I9CKHit BH.r:t: 

r.r:te 

p .. y2K /il* 

( 16) 

( 17) 

( 18) 

H · N K ecTb a:opMHpoao~a:bdi MHO>KHTenbf KOTOpbrit MO>K9T 6biTb a:a!t.r:tea: 

o6biTIHbiM MeTO.r:tOMi ¢yHKUHH WK(q), o6p~sy~T .opToroa:anbHYIO cHcTeMy 

<jlyHKUHA: 

I 'P * < ) "' ( ) dg ... a < K' ·- K ". K'q .TK,q ( 19) 

' . ' " 
( n'pH ycno~HH, 'ITO cneKTp onepaTopa K - tie'npepbiBea:) i COOTBeTCTBYIOW:HA 

> ' "' " 

·aToMy npennono>KeHHIO BH.r:t .onepaTopoB K , H H ycnoauo .( npH p=O ) 

"· H306pa)kea: 'Ha pHc. 1. OnepaTop H ·. MO>KeT HM9Tb H JlHCKp9THbiA cneKTp. 

9 
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'· 

·. ,. ·, 

,. ' 

' •1\ 

·~ 
~' . .. 

: ·': ' 
,, ,, 

·,. .. ; 

'· 
" ... 

Pnc. 1. BHn. onepaTopoB K H . H', npn p = 0 

113 ¢opMynhi ( 8) en en yeT, 'ITO ypasHeHHe nnSI coocTBeHHhiX tPYHKUHfi IJIE ( K) . 
' " onepaTopa raMHnbTOHHaHa H 

" H IJI :e.E IJI 
E E 

( 20) 

B. "K ':.., npencTaBneHHH oyneT HMeTb BHll:. •,''l '' ~ .... 

- r , • 1 ' ·, '. 1\ ,._ ,·· '• '- .· · 'I.· 

T(K') (IJI~(K') +~ 'jtM(K')·~MCK") l (K'fU IJ\")IJI~ (K")d.K' 
. .· (21) 

I 

-=E IJIE(K'.) 

rne .MaTpH'IHhifi aneMeHT noTeaunanbJJ,dfi. ::JHeprHH. pasea: 
« ' ; •• ,, • • • ; • • ··-. 

4 

CK' I U I K,; ) .,.~j IJij{, (q,) U(~). 'li K',{it) dg 
• ~ ·, • • ~ • .. ~- f" ·~ 

( 22) i 

• 
·. ? ,· ' --~ ()~-t i ;..,.. .. ,., 

10 



YpaaaeaHe ( 2,1) SIBnSieTCSI. nHaeftHbiM H MomeT 6biTh perueao o6bi"IHbiMH 

npHeMaMHo 
'. ' ' 

B "'acTa'ocTH, ecnH . ·u(q) Mano, To s nepsoM ,npH6nHmea~m ·nony"'H~ 

AnSI co6cTBeHH,biX 3Ha"'eHHft aaeprHH 

(23) 

H C06CTB9HHbn !flyHKilHH: 

( 24) 

' '. 

TipH"19M !flyH_KilHSI cp. (K) onpeAenHTCSI< !flopMynoii: E . 

¢E '(K) · ... t- f[M (K) + M (-K?] (K)/U I K') X 'j", 

( 25) 

x'l 1 +i"B[E-T(K')ll dK' 
E-T(J{') 

Pac'cMoTpeHHbiii npoc'roft npHMep noKaSbiBaeT, 'ITO B saAa"'e o KBaH

ToBaHHH cyruecTseliao aenHaeftaoro nonSI rna~HaSI npo6neMa saKmo"'aeTcSI 

.B Bbi6ope 6naronpHSITHOrO npH6nHm9HHSI AnSI ·M~TpHKH npOCTpaHC~Ba-spe
M9HH, KOTOpaSI (:TSHOBHTCSI , CTOXSCTH"'HOH 1 B :c~ny CTOXSCTH.JHOCT~ OC..; . 

. HOBHOii M9TpH"'9CKOii BenH"'HH~I· CKOpOCTH pacnpocTpaHeHHSI CHrHana,' u ( cp , cp )x/, 
______ ...;_ ___ ~·. _ _;··;.__ · , X. t. 

x/ /4/ 
3To coo6pameHHe noATBepmAaeTCSI TaK:li<e pesynETaTaMH. pa6oTbi . , 

rAe noKasaao, "'To.ycnex B pemeHHH cymecTseaao aenHHefiaoii saAS"'H oc
HOBbiBaeTCSI aa nepexolle oT AeKapTosoft CHCTeMbi KoopllHHaT ( x, t) H KPH-:- · 
sonHHeftaoft (a, {3) 1 ocH. KoTopoft cosnaA~uoT c aanpasne~HSIMH xapaKTepHCTH-

' "19CKHX KpHBbiXo 

11 

.. 



. . , §4. Ksan1-6J3ami:e cymecTBeimo 'aammeH:noro nong . 

. 05p~THI\.C51 _Tenepb K .K~aHTOBaHHJO nong,_ onHcbmaeMoro narpan~ma-
... • • • -. .,. ' •· f • • • 

HOM THna ( 1). H enoc peJlcTsea·aoe npHMeHeHHe MeTOJla 1 onHcan~oro B § 3, 
• ~ • .• • • ."l . ' • • 

Tpe5osano 5bt npHBeJleHH51 K JlHaronanhHoMy BHJlY onepaTopa 

" K l " :r < ¢2 
t 

A 

¢2 
X 

( 26) 

:.·~ . 

B Ka)!{b.oH: TO'IKe npocTpancTBa-speMeHH ·x == (~. t ) , pacnono)!{eHnoH:· Ha Ka

KOH:-im5o npocTpaHCTBeHHOnOJl05HO.H nosepXHOCTH a,(x) o -STa 3.BJlatia BCTpe.

qaeTC51 C TpyJlHOCThiO paUHOHanhHOI'O onpeJleneHH51 onepaTopa tiaCTOTbl 

.~ = y- V2 -m 2 8 (x ) . B KOOpJlHHaTHOM npo.cTpaHCTBe ~(X".) • n~aToMy 
MbJ H35HpaeM JlPYI'OH nyTh, OCHOB8HHbiH ·Ha·.TO~ o5CT051TerihCTBe,: .'ITO· B 

onpeJlenennoM Knacce. ixarpamKHaHoB. ( 1) H HatianhHhiX JlaHHhiX, a¢¢eKTHB

Ha51 · nocTo51HHa51· nnaHKa : ti * MO)!{eT oKaaaThC51 ManoH:, _a, cneJloBaTenhno, 

'• CHCTe'Ma 5yJleT HaXOJlHThC51 B. COCTOSIHHH, 5nH3KOM K B03MO)!{HOMY. COCT051-

HHIO KnaCCH'ieCKOI'O nong. ~TO coo5pa)!{eHH9. n03BOn51eT ITpHMeHHTh anSI pe

meHH51 38Jl8'IH 0 KB8HTOB8HHH Cyll!eCTBeHHO-HenHHeHHOI'O non51 MeTOJl cj:JyHK-
. . /8/ . . 

;· 
! 

l 

UHOHanhHOI'O HHTerpHpOB8HH51 no nyTSIM • CornaCHO 3TOMY MeTOJlYt Bon-

HOB851' cj:JyHKUH51 }JI I v (x) ~ / u (x) t 1 I . , onHCbtBarouiag coc~o51HHe, B KO-

TopoM none·¢ .. (x,' tJ=v(x) B MoMeHT. speMeHH·· t ost:i, ecnH 

HH t"' lt HMenOCh'COCTO.SIHHe C cp(xi,t1)==u(x) • paBHa:· 
. . 

' I' . . ..... ' ' : 
· · . .'!r's I ¢< x; t> I . · · 

IJI,I,v(x),•t2/ u(x.), t 1 1 "',J.e · · · d01¢(~,t) l 
' . 
!·. ; 

~I . ·.' -~~. ~:.. ': -.\ .~: . .:: .. 

B MOMeHT BpeMe-

I ,·. 

,· ( 27) 

• ,f .,.. .~: ·.' i • r. ~) :; ' ; 1"),. :···· 

I'Jle. 
.. ~ . -. .. ... · .. · . ( 

• ~ .. i ,f,l( ·t. 
t2 
fdt fdx f'(J{) 

' : t~ '(28)'' S 1¢ (x,t) 
tl 

12 
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J 
l 
I 

I 
l 
I 

. I 

I 
l 
\ 
r 
' 

I 
I 

· eeTb Knaee~'leeKoe .oelieTsiie, a 2. ( K) - Knaeeii'IeeKIIli narpaH>Kl!aH ( 1) • 
• . ',''•,'t ' .. ' 

cl>yHKUIIOHanbHOe IIHTerpllpOSaHIIe S ( 27) :. npOll3SO.!liiTeSI no seeM 'nyTSIM' 

(no seeM nonSIM cf>(x,t) , ·se.oy!IliiM oT n'onSI·cf>(x,tt)= u (x) K nomo cf>(x.t2)= 

=v(x) ).· 

ITonaraSI, 'ITO none Mano oTnii'IaeTeSI oT Knaeeii'IeeKoro, nono*IIM: 

cf> (x,t) =¢ {x,t) + t{l {x,·t) , 

r.oe cf> (x, t ) - Knaeeii'IeeKoe none, II pasno*UM narpan~maH ( 1) · s pH.o: 

2 < K> +.L af <cf> t/1 -cf> t/1 > + ..M.. Q{t/J t/1 > 
11 aK t t x x 21 t x 

+ •.• (30) 

3.oeeb Q { t{l · t{l ) - Ksa.opaTII'IHaSI clJopMa: 
t x· 

(30 

tt tx XX a g t. g t g - KOHTpasapuaHTHbili 'reH30p •. Ero KOMnoHeHTbl paSHhi: 

r.oe 

l2. a 2. 
·U = --2 I 

aK aK 
f .. ~/M, 

aK 

(32) 

(33) 

a 2. . 
a M - epe.onee sHa'leHIIe speMeHII -- Ha Knaeeii'IeeKoli TpaeKTOpiiii 

aK 
(ep<e(7)). 
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3aMeTHM, qTo ypaBHeHHe: 

Q(2..L,..£.L),o 
at ax. 

(34) 

onpeaensreT ceMeii:cTBO noaepxHocTeii: f ( x, t) "' const , KOTOpbte cyTb 

noaepxHOCTH !flpoHTa pacnpocTpaHeHH,SI cnrHana ( cnaooro paspbtBa, 
'- /2 3 6/ ' ' 

CMo ' 1 
) B llpOCTpaHCTBe C MeTpHKOii:: 

.: 

ds 2 "'g dt 2 +2g dtdx + g dx 2 

tt tx · XX 
( 35) 

rae g , g , g - KoaapnaHTHbtii: MeTpn.qecKHii: TeHsop, B oTnnqne 
·tt tx XX 

OT KOHTpaBapHaHTHOrO TeH30pa (32). 

ITpn noacTaHOBKe !flyHKUHH narpaH~a. B3SITOii: B Bnae psraa (30) 

B ( 28), BTopoii: qneH, coaep~amnii: nponsaoaHhte B nepaoii: cTeneHn, ncqe

saeT B cnny KnaccnqecKnx ypaBHeHnii: rronsr (2), noaToMy, rronbsysrcb 

( 27), ( 28) n ( 30), nonyqnM: 

I 

· 1P I v(x), t
2 

/ u(x), t
1 

I "'eh-"
8 

Kn x 
(36) 

I 
x f e h" fQ (!/It 1/1 x ) d t dx dOI!/J(t,x) 

rae, KaK. n B (13), nono~eHo: 11* "7 'hIM ·-

E~nn H3BeCTHO KnaccnqecKoe pemeHne x/, To, KaK 1cneayeT ns ( 36), 

saaaqa CBOaHTCSI K rayCCOBbJM KBaapaTypaM B !flyHKUHOH81lbHOM rrpOCTpaH-

x/ /4/ 
CM. paooTy • 

14 

CTBe !)_{ I_"' (x, t) I . ITpn 8TOM uenecoo6pa3HO < BBeCTH TaKyiD CHCTeMy 

KoopaiiHaT ( e . r). B KOTopoii: aneMeHT anHh!>J ds 2 llpHHHMaeT Bna: 

ds 2 dr 2 d e2 ( 35') 

B 'aTOM cnyqae KpHBbJe r = r {x, l) H e = e { x, l ) . SIB1ISIIDTCSI xapaKTepnc~ 

KaMn ypaaHeHnsr (2). Ms (36) anaHo, qio KnaccnqecKne npn6nn~eHnSI 
x/ ToqHee, qeM MeHbllle alfl!fleKTHBHaSI IIOCTOSIHHaSI ITnaHKa . _ 
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