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OcHOBHbte A1-1HaMH4eCKHe aem14a-tHbl MexaHHKI-1 nocTpoeHbt Ha ABYX 

¢YHAaMeHTaflbH~X CBOHCTBSX npoCTpSHCTBeHHO-apeMeHHOrO KOHTio1Hyy

Ma - Ha ceoHcTeax .O,t(HOPOAHOCT.I-1 -H lo130TponHocn1'. Ceot1cTeo OAHo

POAHOCTH npH80AHT K 3SKOHSM COXpaHeHJ.1R B ¢opMa~ ABH>t<eHHR, HQ

CR~YIX OOCTynaTeflbH~H xapaKTep, CBOHCTBO H30TPOOHOCTH COOTBeT

CTBeHHO o6yCfl08flHBaeT COXpaHeHHe AHHSMH4eCKHX BeflH4HH 80 Bpa

~aTe.nbHbiX ¢0pMax ABH>t<eHHR. K · nepeoH rpynne cOxpaHRIOIJ.IHXCR ee

.nH41o1H OTHOCRTCR 3HeprHR H HMOYJlbC, KO 9TopoH - MOMeHT HMOYJlb

ca H COel,lHS.flbH~H BeKTOp, OTBe4.310W,HH 3aKOHY COXP,SH6HHR ABH>t<eHHR 

46HTpa MaCC. CneAYR pa6oTe/l/, 3TOT BeKTOp 6yAeM. HS3btBSTb MO

MeHTOM 3tteprlo1H *. XapaKTepHo He T01lbKO 8~AeneHHe ee111o14HH 8 

OTAe.nbttWe COBOKynHOCTH: a/ 3HepntR H HMOYflbC, 6/ MOMeHT HM

ny.nbCa H MOMeHT 3HeprHH, HO H no.nHaR CSMOCTORT6.flbHOCTb 3THX 

COBOKYOHOCTeH H SH8110rlo1R 8 HX CTpyKTypax - HMny.nbC OTHOCio1TCR 

K 3HeP1HH TaK me, KSK MOMeHT ~MOYI1bCa OTHOCHTCR K MOMeHTY 3Hep

rJ.1H.' KaK npaaa-tno, a !pH3H4eCKHX TeopHRX nonb3YIOTcft" TO!lbKO nep

aoH 4SCTbiO SHa.norHH, a HMeHHO - SHSI101HeH M6>t<AY HMOYI1bCOM H 

MOM6HTOM KMOY11bCa.MOM6HT HMOYJlbCa,ecJlH B~6paTb COOTBeTCTBY~He 

o~eHHWe KOOPAHHBT~, MOmHO paCCMaTpHBaTb KaK o6o~eHH~H HM- , 

nynbc, conpR>t<eHH~H o6o6~eHH~M KOOPAHHaTaM. B 6onbWHHCTBe cny-

4aea 3TO nopo~ABJlO y6e>t<AeH~e B TOM, 4TO CTPYKTypa MOMeHTa HM

nyJlbCa He HMeeT oco6oro 3HB4eHHR A11R nOCTP06HHR TeOpHH, no

CKOJlbKY OHa CBOAHMa K H3BeCTHOH CTPYKType HMny.nbca. HanpHMep, 

CTPYKTypa TeopHH .. raMHnbTOHa-.ffKo6H /r-P./ OCHOBaHa Ha COOTHOWe

HHM MemAy 3HeprHeH H HMOYI1bCOM, H Ha TOM ~aKTe, 4TO nocneAHHe 

a~pama~TCR 4epea cKanRPHY~ ~YHK~H~ AeHcTBHA. CTpyKTyPa TaKHX 

eenH~~H, K8K MOM6HT HMnyflbCa H MOM6HT 3HeprHH1 8 TeOpHH He HC

OOJ1b3yeTCA~ MoMeHT HMnyJlbCa 3AeCb MOJKeT OORBHTbCfl IlHWb B Ka-

4eCTBe op6HTa.nbHOro MOMeHTa. EcnH paccMinpHBaiOTcR, rHpocKon~tt4e

CKHe CHCTeM~, TeOpHA r-R TaK>t<e CTPOHTCR Ha COOTHOW6HHH MemAy 

3HeprHeM H HMnyllbCOM, C TOH JlHWb pa3HH~eH, 4TO 3TH B6J1H4HH~ 

onpeAe.nfi~TCA 8 npocTpaHCTBe o6o~eHH~X KOOPAHHaT - yr.noe 3H.ne

pa. 

* B cne~HanbHOH TeOpKH OTHOCHTeJlbHOCTH, rAe npocTpaHCTBO H 

BpeMR o6DeAHHeHbt B OAHO 4-MepHOe npoCTpaHCTBO, Coxpa·H~HHe MQ

MeHTa 3.HeprHH o6ycnoeneHO H30TpOnHOCTbiO npocTpaHCTBS BpeMeHH 

OTHOCHTe.nbHO noeopora B nnoCKOCTH (x.t). 
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Tenepb paCCMOTpHM CHCTeMy 11neTa~Hi1 rl-1pOCKOn 11 , T.e. CJ.1C

TeMy, 06IlaAa~~~ ABYMA BHAaMH CTeneHeH CB060A~: BHyTpeHHMM 
H BHeWHHM. 8HyTpeHHHe CTeneHJ.1 CBOfiOA~ - 3TO Bpa~aTeilbH~e CTe
neHJ.1 CBOfiOA~ rJ.1pOCKOna B C06CTBeHHO~ CHCTeMe OTC4eTa; SHeWHJ.1e 
CTeneHJ.1 CB060A~ OTHOCRTCA K ABHmeHH~ ~eHTpa TA*eCTH rHpOCKOna 
KaK T04e4HoH MaCCbl. ,llJlR OnHCaHMA ABH*eHHA CHCTeM~ 11IleTa10tqHH 
rHpOCKOn 11 B paMKaX ¢QpMa11H3Ma r-fl He06XOAI-1MO BBOAHTb q,yHK~HIO 

Ae~CTBHR OT WeCTH nepeMeHH~X, TPH H3 KOTOPbiX OTHOCATCR K spa
~aTeilbH~M /BHyTpeHHHM/, TPH- K BHeWHHM CTeneHAM CB060Abl. 
KaaHTOBaHHe TaKOH CHCTeMbl npHSeilO 6bl K ypaBHeHHIO KBaHTOBOM 
MexaHHKH, a AaHHOM cny4ae - K ypasHeHJ.110 WpeAHHrepa, s weCTH
MepHoM npOCTpaHCTBe. 

MOAeilb 11JleTa~e-ro rHpOCKOna 11 8 npeAeilbHOM CI1Y4ae MOH<HO npH
HRTb 3a T04e4HYIO 4aCTH~y, 0611aAa~y10 C06CTBeHHbiM yrnOBbiM MO
MeHTOM /CYM/. no3TOMY C ~H3H4eCKOi1 T04KJ.1 3peHHA H COrllaCHO 
npWH~Hny COOTBeTCTBHR CileAOBailO 6bl OH<HAaTb• 4TO 4aCTH4~ COT
I1H4HbiM OT HYilR CnHHOM AOil*Hbl HMeTb B Ka~eCTBe CBOerO KI1aCCH-
4eCKOrO aHanora HMeHHO TaKHe KI1aCCH4eCKHe 4aCTH~bl, T.e. 4ac
TH~bl, o6naAa~He CYM. EcnH npHHATb TaKoe ~H3H4ecKoe cooTseT
CTBHe, TO He06XOAHMO paapafioTaTb H COOTBeTCTBY~HH ¢QpMa11H3M 
KnaCCH4eCKO~ MeXaHHKH, KOTOpbiH, C OAHCH CTOpOHbl, onHCbiBail 6bl 
KnaccH4eCKHe 4acTH~bl c CYM, c APYroH - npH KBaHTosaHHH nepe
XOAHil 6bl B COOTBeT·CTByiO~Hti q,opMai1H3M KBaHl.OBO~ MexaHJ.1KYI, OnH
CbiBa~HH 4aCTH~bl CO CnHHOM. 

8 HaCTOAtqeti pa6oTe noKa3aHO, 4TO B npHHijHne TaKYIO TeOpHIO 
MOH<HO C03AaTb, eCilH HaPRAY C ypasHeHYieM f-fl Ha CKailRP~YIO ~YHK
~HIO AeHCTBHR, aanHCBHHYIO Ha OCHOBe COOTHOWeHHR MemAY 3Hep
rHeH H HMnyilbCOM, paCCMaTpHSaTb CHCTeMy ypasHeHHH Ha BeKTOp
HY~ ~YHK4HIO, nocTpOeHHYIO Ha OCHOBe COOTHOWeHHH MemAY MOMeHTOM 
HMnyilbCa H MOMeHTOM 3Hepr.HH. 8 KBaHTOBOM CI1y4ae 3Ta CHCTeMa 
ypasHeHHH nepeXOAHT 8 ypaaHeHHR KSaHTOBOH MeXaHHKH AilR 4aCTH~ 

CO CnHHOM 1. 

1. COOTHOWeHHR MemAY MOMeHTOM 3HeprHH H MOMeHTOM HMnyJlbCa 

8 HepenRTHBHCTCKOH MeXaHHKe 

0CHOBHbiM COOTHOWeHHeM KI1aCCH4eCKOH MeXaHHKH M~ 6yAeM Haa~
BaTb COOTHOWeHHe MemAY 3HeprHeH H HMnynbCOM, KOTOpOe B HepenR
THBHCTCKOH o6nacTH HMeeT CileAY~HH npoCTOH BHA: 

/1. 1/ 

r,qe E- 3HeprHR, P- aetcTOP HMnYilbCa. 
C noMO~b~ paAHyca-seKTopa 1 H onepa41o11o1 aeKTOpHoro H cKan~p

Horo YMHOmeHHR B~paH<eHHe /1.1/ MOmHO npeACTaBHTb B SHAe CHCTe-
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Mbl ypaBHeHHall, JlHHeai!HbiX no BeKTOpy t.1MOYJ1bCa p:. C 3TOJ:1 4eJ1biO 

onpeAeJlt.1M BeKTOp MOMeHTa HMOYJ1bC8 o6~4HWM cnoco6oM! 

.... _,. ..., 
M s[rx p]. 

/1.2/ 

..., .... .... 2 ... ... ... 
[pxM].rp -ps, S•(rp). /1.3/ 

TaKHM o6pa30M, MW npt.1XOAHM K cneAYIO~eH CHCTeMe OAHOPOAHWX 

anre6p8H4eCKHX ypaBHeHHH: 

M-rlxp]. 
.... .... .... ":!: 

2mEr •. [pxM]+ vs. 
/1.4/ 

s-(rp). 

C~cTeMa /1.4/ COAeP*~T /1.1/. Ae~cTB~TenbHo, nocKOnbKY MW aa

eeAOMO npeAnonaraeM cy~eCTBOBaHHe HeTpHBH8JlbHbiX peWeHt-tall /1.4/ 

/B K84eCTBe He38BHCHMWX peWeHH~ /1~4/ MO~HO Bb16paTb KOMOOHeH

TW BeKTOpa 1 /, TO onpeAeJlHTenb D CHCTeMbl /1.4/ paBeH HYJliO, 

T.e. 
/1.5/ 

4TO AOKaawaaeT Hawe YTBep~eHHe. 

CMwcn Ka~oro H3 ypaaHeHHH /1.4/ ACeH: nepaoe onpeAenAeT 

MOMeHT HMOY11bCa, BTOpOe - MOMeHT 3HeprHH, KOTOpblall HMeeT BHA 

T •. J....[ p xM]. 
2m 

/1.6/ 

BTopoe ypaBHeHHe /1.4/ MOmHO TaKme paccM8TPHB8Tb K8K paaAene

HHe P8AHYCa-aeKTopa 1 Ha HOPM8JlbHyiO H OPOAOJlbHYIO BeKTopy HM

ny11bCa cocTaanA~He. OpH 3TOM 
~ 

.... ... .... ... 1 ...... 
r-r +r 11 , r,•·-{PxMJ, 

.1. ~ 2mE 

~ ps 
ru ... ~,, /1.71 

~ 
~ 

rAe r~- HOpMaJlbHaA COCTaBJlA~aR, r 0 - OPOAOJ1bH8A COCTaB11AI0~8A 

BeKTOpa f • 
CTPYKTypa CHCTeMw /1.4/ TeCHO CBA38Ha C npo~ecCOM ~aKTOpH-

384HH COOTHOWeHHA /1.1/. 4T06bl yT04HHTb 3TO BbiCK83bi88HHe,nepe

nHWeM /1.4/, HCOOJ1b3YA 6a31o11C M8TPHU, OaynH ;(us. ,u.., ,uz )'/l/: 

• + i(;Kil-<;P)(;r). 

,. ..., ,. .... ,. ... 
2mE(u r )•(• p)(s+i(uM)). 

/1.8/ 
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noACTasnRR nepsoe so sTopoe HnH sTopoe a nepsoe, nony4HM 

/1.9/ 
T.e. ¢aKTOpH3a~H~ /1.1/ B 6aa~ce MaTPH~ naynH. TaKHM o6paaoM, onpeAeneHHR MOMeHTa HMnynbCa H MOMeHTa 3HeprHH nony4a~TCR B pe3yJ1bTaTe ¢aKTOPH3a4HH OCHOBHOrO COOTHOWeHHR /1.1/. noR8neHWe C0>1H0Bb1X MaTP>14,;: B /1.8/ >1 /1.9/ He C11y4aHHO: B KBaHToBOM CJ1y4ae ypa8H8~HR /1.8/ onpe,qenR~T CTpyKTypy ypa8HeHH~ AflR 4aCTH~ co cnHHOM, 8 KnaccHYeCKOM cny4ae, KaK 6yAeT noKaaaHo Aanee, OHH OnpeAenR~T CTPYKTYPY KJ1aCCH4eCKHX ypa8H8HHH ,qn.A 4aCTH4 c CYM. 

2. Ponb BeKTOPHOH ¢YHK~HH 8 MOAH¢H~HPOBaHHOC1 T80PHH f-R 
KaK H38eCTHO, B T80PHH r-~ 3HeprHR H HMOYJ1bC S~pa~a~TCR 4epea CKaJlRPHYIO $yHK4>110 /<!>yHK4>110 Aei!CTBWR 8 j: 
~ as P•·-,, 

ax /2. 1/ 
a ypaBH8HHe Ha ¢YHK~H~ S nOJ1Y488TCR nyTeM no,qCTaHOBKH /2.1/ B /1 . 1 I 

aslaS2 -:-:•·-(-). .at 2m ax · /2.2/ 
Ecnw 8=8* (X • c) - peweHwe ypaBHeHWR r ->I /2.2/. rAe c C"x ,cy,cz>-· - OOCTO.AHHble" 11HTerpHpOB8HHR, TO T.paeKTOPI-1.R ABHmeHH.A 6y,qeT onpe,qenRTbC.A H3 ypaSH8HH.A 

as ~ ac ·=-o. /2.3/ 
~ 

~ rAe b - HOBbU1 nOCTO.AHHblc:i 88KT0p, npH48M, eCJ1H B Ka·4eCTBe C B3.ATbl Ha4aJ1bHW8 3Ha48HH.A KOOPAHHaT, TO B8KTOp ~ 6yAeT COOTBeTCTBOSaTb Ha4aflbHOMy 3Ha4eHH~ BeKTOpa HMnynbca. 
no,qCT8BHM Bb1P8*8HH8 AJ1.A HMnynbCa H3 /2.1/ 8 Onpe,qeneHHe MOM8HTa HMnynbca /1.2/ H Bb14HCJ1HM ,qHeepreH~HIO seKTopa M: . ... ... .... ... d1vM-r rotp-p rot r. 

noc K011 b KY rot p = rot (grad 8 ) = 0 
div M=o. 

H rot?= o. TO 

/2.4/ 
Ha /2.4/ Cne,qyeT, 4TO MOM8HT HMOYJ1bCa MO>KHO n'pe,qCT8Bi-1Tb KaK poTop OT HeKOTOpOH BeKTOPHOC1 ¢yHK4HH U, T8"K 4TO 

~ ~ 

M=rotU. 
/2.5/ 
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TaKKM o6paaoM. aHanorH~HO /2.1/, rAe HMnynbc s~pa*aeTcA 

4epe3 CKan~pHy~ ¢YHK~H~, MOMeHT HMriynbca npeAcTaBnReTCR 4epe3 

seKTOpHy~ ~YHK~HO. OnpeAenHM aapaHee, KaKy~ ponb npHaBaHa aw-
~ -

nonHRTb aeKTopHaR ¢yHK4HR U a TeopHH. CKanRpHaR ¢-YHK4HR AeH--

CTBHR n03BOJ1ReT OOHCaTb TpaeKTOpHC ABH*eHHR KJ1aCCH4eCKOH 4ac

TH4~• ~CHO, 4TO 4aCTH4~t ABH*eHHe KOTOPWX fiyAeT OOHCWBaTbCR 

aeKTOPHOH ¢-YHKttHeH U, o6naAa~T AOnOilHHTeilbH~MH BHYTPeHHHMH 

CTeneHR~ CBOfiOAW· AflR nonHoH KOHKPeTH3a4HH 3THX~CTeneHeH cso-

60AW He06XOAHMO COCTaBHTb ypaBHeHHR Ha ¢-YHK4HIO U. 

Ha cpasHeHHR /1.2/ H /2.5/ s~AHo, 4To cy~ecTsyeT onPeAeneH

HaR CSA3b Me*AY aeKTOpaMH 1 H U. HaHnpocTeHWHH BHA 3TOH. CBR3H 

04eBHAeH· 
/2.6/ 

f(x,y,z)- npoHasonbHaR ~HK~HR KOOPAHHaT. B~pameHHe /2.6/ no

KaablsaeT, 4TO u 3BBHCHT KaK OT r, TaK H OT 8 • 0AHaKO, C tteilbiO 

cocTaaneHHR ypasHeHHR Ha U, Heo6xoAHMo on'PeAellHTb 3Ty aaswcH

MOCTb 6onee KOHKPeTHO. M~ OnpeAeJlHM ee C!leAY~HM o~a30M. 

nycTb s•- peweHHe ypasHeHHR r-R. TorAa onpeAenHM u(t,S) TaK, 

4T06bl 
~ 

U(i",t,S{t,t))\ S=S* =COnst. /2.7/ 

,llanee fiyAeM paccMaTpHBaTb TOJlbKO TaKHe S, KOTOpble R-BilRIOTCR pe

WeHHeM ypaBHeHHR f-R. 
nonHaR npOH3BOAHaR no X H tOT /2.]/ pasHa HY!lC, 003TOMy 

auk au" as auk aUt as 
__ .,.._,---J: -:, -:= _,_, -:( k. f = 1,2,3). 

axe as axe at as at 
. /2.8/ 

Y4HTwsaR /2.8/, ~opMyny /2.5/ MOmHo npeo6paaosaTb TaK; 
. ~ . 

~ ~ au as 
M=rotU = [-x-J. /2.9/ 

as ai 
CpaeHeHHe a~pameHH~ /1.2/ H./2.9/ npHBOAHT K aasHCHMOCTH 7 
OT t): 

/2. 10/ 

a - npOH3BOJ1bHaR OOCTOAHHaA. 

noACTaBHM /2.10/ B CHCTeMy /1.4/; npHHHMaR BO SHHMaHHe co

OTHOWeHHR /2.8/t noilY4HM CileAY~O CHCTeMy AH¢¢-epeH~HanbH~X 

ypasHeHH<l nepeoro nopflAKa AnR U(it,S): 

M=rotif. 
2m.£!!~[px fAJ + p&, 

at 
~ 

s ·divU. /2. 11/ 



Cy~ecTay~T H APYrHe nyTM nony~eHHR ypaaHeKH~ AriR U.s ~acTHOCTH, OHH .QaHI:II 8 pa60T ax !2.81. 
Hano)l(eHHbU1 ·cnoco6 YA06eH TeM, .L1To nerKo noaaonReT BBOAHTb 

a ypaeHeHMR /2.11/ BHeWHee .none. BeeAeHHe 3neKTpOMarHHTHOro 
nOllR B 3Ty CHCTeMy 6y~eM npOH3SO~HTb COr~aCHO ~3BeCTH0MY cno
co6y HYAfiHHeHHR 11 HMnynbca ~ aHeprHH: 

.. e .. p·,. il+ -A, 
c 

E .. E-e.p, /2.12/ 

rAe (</> }.)- noTeH4 .. allbl 3JleKTpOMarH .. THOro nOllR. noACTaBJlRR/2. 12/ 
B /2.11/, nDllY4"M ... .. .. e .. au M =·rotU +-{Ax -1 , 

c as 
au atl e... _... .. .e .. 2m-·-e¢ -·~[{p+-A)x M]+(P+ -A)·s. at as c c 

... e .. a ... s =·divU +-(A-U). 
c as .. 

/2. 13/ 

TaKOB OKOH4dTenbHYH BHA ypaBHeHHH Ha U C y4eTOM 3/leKTpoMarHHT
HOIO nOllR. He ~MeeT CM~Clld n~TdTbCR HX peWaTb, nOKa He RCHa 
~H3H4eCKaR MOAellb, K OOHCdHH~ KOTOpoH OHa npHrO~Ha. He 3HaR 
~H3H4eCKoH MOAellH, M~ He B COCTORHHH B~4HCI1HTb ~YHK~H~ AeHcT
BHR S~nOCKO/lbKY He onpeAelleH raMHllbTOHHaH AaHHOH 3aAa4H. floa
TOMY Mb1 OOCTYOHM CJleAYIOU.4HM o6paaoM. 3aMeHJIR .SeKTOP 

P3P+~K c 
Ha onepaTop 

; =L,+~l.L 4 • a; c as • 12. 1 1 
npeo6paayeM /2.13/ B COOTBeTCTBy~ee A"¢$epeH4 .. allbHOe ypasHe
HHe BTOporo OOPRAKa. Hcnonb3YR 0603Ha4eHHe /2.14/ H BBOAR one
paTop 

a a " ::-:-,e¢-:, • at as /2.14'/ 

aanHWeM 3TO y_paBHeHHe B BHAe CHCTeMa, 

/2.15/ 
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.. 
3aMeHa seKTopa HM.nynbca ~ Ha· AH!l>$epeHLU·1a.nbHbiH onepaTop 

npe,ACT8BJ1ReT H3SeCTHY~ npo4eAYPY nepeXOA8 OT xapaKTepHCTH4e

C~HX ypaBHeHH~ K BOflHOBbiM, ocy~eCTBflReMYM B MOAH~H4Hp098HHO~ 

TeOpHH [-R'4/0Ha, a- OTJlH4He OT KB8HTOB~ MeX8HHKH, He BbiBOAHT 

aa npeAenw KnaccH4ecKoH MexaHHKH. flpeo6paayeM ypasHeHHe /2.15/, 
pacKpbiB6R ABOti.HOe BeKTOPHOe npOH3BeAeHHe. npH 3TOM He06XOAHMO 

y4eCTb KOMMyTa~HOHHble COOTHOWeHHR Alllt onepaTOpoB "xs, rr ys 

"zs • 0HH HMe~T BHA 

£" ·" 1 ~!l...J<.L,, 
xs ys c a.~ /2. 16/ 

[" " 1 = .!\.J{y.,L, 
zs"xs cas 

H - seKTOP HanpRmeHHOCTH MarHHTHoro nonR. 
B peay.nbTaTe nony4HM ypasHeHHe BToporo nopRAKa 

' .. ' 

a .... 1 2... e }{ a .. ",-w=---fr w +--[ x-,w}. 
as 2m 8 2mc as 

/2. 17 I 

HeTPYAHO yBHAeTb aHanorH~ /2.17/ c ypasHeHHeM OaynH AflR cnH

Ha I. 8 Knacca.t4eCKOM cny4ae ypaBHeHHe /2. 17 I ona.tcblaaeT Bblwe

ynOMRHYTYIO CHCTeMy 11neTaiOI.ltt-t~ rHpOCKOn 11 HnH KnacCH4eCKYIO MaTe

pHanbHYIO T04Ky, o6naAa~IO CYM. 4To6~ noKaaaTb aTo, HaM Heo6-

XOAHMO CHOBa BepHYTbCR K ypaBHeHHRM nepaoro nopRAKa. 

nony4eHHOe ypaBHeHHe nepaoro nop~AKa AilR /2.17/ 6yAeT ~<MeTb 

0Tfli14H~H OT /2.13/ BI<A: 

· ... 1 ... ~ e ... ... 
-" U--[P" )U+-[J<xU]. 

t2m 8 2mc 

nepexOAR K 0603Ha4eHHIO .. ... au ... ... ... 
p=·-,, r=p + aP,. 

as 
nony4HM anre6paH4ecKoe ypaaHeHHe 

4TO 

... 2 ... e }{~ .. 
(E-P /2m)p-[ xU]. 

2mc 

B /2.20/ ycTaHoaneHa CBR3b Me~AY 

/2. 18/ 

/2. 19/ 

/2.20/ 

/2.21/ 

BBeAeM HOBbl~ /nOKa HeH3BeCTHbl~/ BeKTOP 5, opToroHaflbHbl~ BeKTo

paM p H U, T.e. 
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8~6epeM f TaK, YTtiSY HMenO MeCTO paaeHCTBO 
~ ~ 

U ~ ( 8 X p ] • /2,22/ 

DOACTaBilRR /2.22/ a /2.20/ H Y4HTbiBaR /2.21/, nony4HM 
~ 

[E- P2/2m-~( K~)]p=O. I I 2mc 2.23 

DocKOilbKY ;ff. 0, TO 

- .. 2 e ... ~ 
E=P /2m+-(){ s). 

2mc /2.24/ 

/2.25/ 

MO>KHO 3ani-1CaTb KaK ~11:), OTBeLiaeT 3Hepri-11-1 B3ai-1MOAe.~CTBI-1.R Mar
HI-1THOrO MOMeHTa C MarHHTH~M noneM. no3TOMY ~H31-14eCKaR TpaKTQB
.Ka seKTOpa S KaK aeKropa CYM KJ1aCCH4ecKoH. 4acn:u"'bl yH<e RCHO 
cne~yeT H3 /2.24/. 0AHaKo 3To 6~no 6~ He TaK nerKo CAenaTb, 
ecnH 6~ Mbl) 3aBeAOMO He 3HanH CTpyKTY.PY AaHHOro B3~U4MOAeHCTBHR .. 
no3T9MY Heo6xoAHMO e~e noKa3aTb, 4To eeKTop C AeHcTBI-1TenbHO 
COOTBeTCTByeT ~YM. 

BepHeMCR K npemHeMy onpeAeneHHD CBR3H ~e~y eeKTopaMH P 
.. 0: 

~ a i.l ail 
p =-'= 11m -· /2.26/ as a~o as . .. ... ... 

ToT (J>aKT, 4TO p H U B3!1-1MHo-opToroHanbH~, 03Ha4aeT, \.ITO L\U 
eCTb H3MeHeH~e seKTopa U np1-1 noeopoTe Ha yron L\8. T.e. 

/2.27/ 

- e,Q~HH4H~H BeKTOp, BOKpyr KOTOpOrO npOH3BO,QI-1TCR noBopOT. 
~3MeHeHHe ~yHK~I-11-1 ,Qe~CTBHR npH TaKOM OOBOPOTe a~pa>KaeTCR 4e
pea yrnoso~ MOMeHT 

AS=L M. /2.28/ 
r,Qe L =·~ ecTb co6cTeeHHbll1 yrnoeoH MOMeHT s HanpaeneH.J.1H iL ae 
DOACTaBHB /2.28/ H /2.27/ B /2.26/, n011Y4HM ao ' ~ ~ ' 

p =-,=[!'..xU] , 
ils L 

DoAcTaanRR /2.22/ a 
~ 

p=[~x[Sxp]]=p 

8 

/2.29/, 
(~) 
-y:-'• 

/2.29/ 



nocne.AHRR 4>opMyna H noKa3bl&aeT, 4TO BeKTOP ~ eCTb BeKTop co6-

CTBeHHOrO YiilOBOrO MOMeHTa. 

TaK~M o6pa30M, Mbl BOCCTaHOB~Il~ raM~nbTOHMaH H ~M~H4eCKY~ 

MOAenb c~cTeMbl, on~cblsaeMo~ seKTopHo~ ~YHK~MeH Ae~cTBHR. ra

MIIIJlbTOHH.aH·/2.24/ COOT8eTCTByeT KJlaCCH4eCKOK 4BCTio11.~e C tY_M. 

$yHK4KR Ae~CTBHR onpeAenReTCR H'3 ypaaHeHHR r-R c raMt-tilbTOtt~a

HOM /2.-24/, 4e_pe3 KOTOPYIO HaXOAHTCJI Tp~eKTOpMR ABH>KeH~R 4a(:

TI14 c CYM. 1\nH peweH11H ypasHe_H11H /2. 18/ H~o6xolji1Mo aeKTop if 
113 /2.20/ 

e .. ..,. ... 
; = -[ J( XU]} ( J( s) 

2mc 
noAcTaBMTb a /2.18/. BeKTOpHaR ¢1YHK"-'""R U MOlKeT 6b1Tb npMMeHeHa 

AnR onpeAeneHMR nonRpH3B4HH H ce4eHHR paccenHMR 4aCTH4 c CYM~ 

3. nepeXOA K ypaSHeH~IIM KSaHT.OBOa:i Me-xaH-HKIII. 

KsaaMKnaccM4eCK~H npeAen 

BoriHoeoe ypaeHeHHe /2.17/, onHcwea~ee KnaCCH4eCKYIO 4aCTH-

4Y C C06CTBeHHbiM YiilOB~M MOMeHTOM, n03BOnReT cpaSHHTeflbHO ner

KO nepeXOAHTb H3 K11aCCH4eCKOH 06JlaCTH B KB8HTOBy!O. 3TOT nepe

XOA ocy~eCTBJlReTCR nyTeM CTaHAaPTHOiO npeACTasneHHR ~YHK4~H 

~ ~ s ~ ~ · I" w (x, )=w0
(x,S)exp(-iS n). /3.1/ 

noCK011bKY B 3TOM npeACTaeneHMH 

a... ... i ....... 
-w(x,S) =- ..,.w(x,S), 
as 11 

TO B ypaBHeHHH /2.17/ onepaTop aaS AOCTaT04HO 38MeHHTb Ha 

-i/t, 4T06bl /2.17/ Tp8HC¢10pMHPOBa110Cb B KB8HTOBOe ypaBHeHHe. 

B peaynbTaTe nony4HM ypaaHeHMe naynlil AilR cnHHa I: 

........ ~ ... 
"t w =11 w + ilie [ J(~ ~ l 

-- xw • 
2mc 

3Aecb 

"t =-rli-L.-e.p, at 
• .L a e ~ 
11::: m~ +-A. 

ax c 

/3.2/ 

06paTHbl~ nepeXOA 113 /3.2/ K KilaCCI14eCKOM¥ ypaBHeH><IO /2.17/ 

MO)I(HO 6bJnO 6~ npo_AeJ1aTb, nOAe11HB /3.2/ Ha 1i2 H 3aMeHfl:fl: -i/t 
Hci onepaTOp a/ aS • 0AHaKO TaKa.A npOU.e.AYPa He COOTBeTCTByeT 

TP8AH4~0HHOMY cnoco6y nepexoAa M3 KBaHTOBO~ B KJ1aCCM4eCKY~ 

MexaHHKY. Tpa.AH.U.HOHHbiH cnoco6 nepexoAa H3 _ypaaHeHHH KBaHToaoH 

9 



MeXaHHKH. 8 COOTBeTCTBYIOLqHe ypa8HeHHR KJlaCCHt4.eCKdH MexaHHKH ~ 
OCYI.lleCT811ReTCR 4epea nPeAe11bHbiH nepexoA ri"p~ 1: .. 0. OpH 3TOM 
sonHo8aR ~YHK~HR npeAcTaBnReTCR 8 8HAe K8a3HKnaccH4ecKoro paanO~eHHR no t 

w - (w a +*1 fi+ ... w .'fi• + ... )exp( -,iB/irJ /3.3/ 

H nOACTaBnReTCR B ypaaHeHHe /3.2/. 8 peaynbTaTe npH t=O no-
11Y4HM. 

£<..?!. _,e~J+...Lc.?!.,+!..Jthw =O. /3.4/ at 2m at. c o 

npeAnonaraR, LITO Wo~-0 H3 /3.4/' nony4aeM ypa8HeHHe r-JI. npH 
i:O 4JleH, OTSeTCTBeHH~H 3a 83aHMOAeHCT8He CnHHa C MarHHTHbiM 
noneM, HC4eaaeT, nOCKOJlbKY OH HllteeT nopRAOK 'fi .• AzlR YLieTa cnH
H08blx·3~KTOB He06XOAHMO pacCMOTpeTb nepsbiH nOPRAOK no t B 
CHCTeMe ypa8HeHHH /3.2/, nony4eHHOH B pe3yJlbTaTe nQAcTaHOBKH 
/3.3/ B /3.2/ H rpynnHpOBKH 4neHOB no nopRAKaM napaMeTpa t. 

flpe*Ae 4eM nepexoAHTb K o6cY*AeHHIO nepsoro noPRAKa no t 
npH611H*eHHR ypa8HeHHR /3.2/, paccMOTPHM ea.qe OAHY aaKoHOMep
HOCTb Ha npHJrotepe L.lacntQ. 6ea CRHHa, a aaTeM o6o6aqHM ee. Ha cny
LiaH 4aCTH~ co cnHHOM I. 

PaccMOTPHM ypa8HeHHe WpeAHHrepa 

di L'l' • !.. _.L ,ljl • at 2m ax2 /3.5/ 

/3 .4' I 

B HyneeoM npH611H*eHHH nony4HM 

[~+-1-c>s JP, =o at 2m ax o • /3.5'/ 

4TO paBHOCHnbHO ypaBHeHHIO r -~, nOCKOnbKY 'I' 0,1 0. 8 /3.5/ 'I' 0 
ocTaeTcR HeonpeAeJleHHOH. B nep80M npH611H*eHHH nonyLIHM ypa~He~ 
HHe Ha '1'0 = '1'0 ~.t) 

a'l'o 1 as a 1 a2s 1 6! -,+ -- _,_'1'0 +--'I' =0 3. at m ax ax 2m ax2 0 • 
EC11H YMHO)f(HTb /3.6/ CJleBa Ha 'If O H COOTBeTCTBYIOLqHM o6pa30M 
npeo6paaosaTb, TO nOJlY4HM ypaBHeHHe Ha W02 

' 2 
a'l'o 1 2 
"jr+mdiv('l'0 gradS)-o, /3.7/ 

KOTopoe COBnaAaeT C ypasHeHHeM HenpepbiBHOCTH. 0TCIOAa ClleAyeT 
HHTepnpeTa4HR W~ KaK ¢YHKQ,HH nJlOTHOCTH. 
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YpaaHeH~e /3.6/ MO~eT ~Tb aan~caHO KaK npo~aBOAHaR $pewe 

nO 8 QT ~YHK~~OHana 

<I>(S) .. [ ~+ ..1..( a~ )2l'l'o. 
at 2m ax 

~eHCTBHTeJ1bHO, B~4~CnRR npo~3BOAHY~ ~pewe no 8 
11Y4~M 

'2 
o a'l'o 1 as a'l'o 1 as 

-·<1> (S) =-+ -·-·-·+-·-'I' 
as at m ai ai 2m ai2 ° 

/3.8/ 

OT /3.8/, no-

/3.9/ 

1.4To cosnaAae_T c nesoti 4aCTbiO ypaaHeHHR /3.6/ .. nycTb S=S* -eCTb 

peweH~e ypasHeH~R r-R. TorAa 

<t>(S)I ,=0, 
S =S· · 

/3. 10/ 

Ha OCHOae paaeHCTB /3.10/ Mbl MO>KeM, 3HaR /3.9/ /T,e. nepaoe 

npH6Jl~)l(eH~e/, BOCCTaHOBHT-b BHA .Bbl_pa>KeH~R /3.8/ /T .e. Hyneaoe 

npl16ffi1l4<eHHe/. 
np~MeH1o1M 3TOT MeTOA K CmiHY I. flOACTaBJ1RR /3.3/ a /3.2/ 

B nepBOM npH6m1>KeHHH_, OOilY4HM ypaBHeHHe 

aWO 1 .. a .. 1 Is .. 1 J(. ~ 
-+-(P-..,..-)vi0 +-·--:;-W0+-[ xw0 ]=0. at m ax 2m ax2 2mc 

/3.11/ 

YMHO>KaR era cKanRpHo Ha W0 , Mbl CHoaa nony•.n1111-1 6bl ypaaHe-

H~e_ HenpepbiBHOCT~ AllR $YHKU,HH OllOTHOCT~ Vf O • 

KaK HaaecTHo, a KBa3HKnacc~4ecKOM npH6n~~eH~~ nepabl~ nopR
AOK no i, KOTOpoe COAep>KHT ypaeHeHHe Ha aMnJlHTYAHY~ 4aCTb BOll

HOBO~ ~YHKU,HH, y>Ke BKI1~4aeT -HH~pMaU,HiO 0 CnHHOBbiX CTeneHRX 

CB060Abl '"4aCn1U,bl. ( APYrOti CTOpoHb1, a pa3J10)1(eH-H-H AJlR BOllHOBOH 

$YHK41-11-1 MbiCOXpaHReM TOllbKO HyneaoH nOPRAOK not, n03TOMY ypaa

HeHa.ie HenpepbiBHOCTioot, TaK )f(e, KaK H ypaBHeHI-ie f-.R, OTHOCI-iTCR K 

o6J1aCTI-1 KilacC-H4ecKot.1 MexaHHKH .• Tenepb Mbl enpaee aaAaTbCR ao

npocoM: ABI-i~eHHe KaKHX 4aCTHU, ~nHCbiBaeT ypaeHeHHe /3.11/ B 

KllaCC~4eCKOJ.1 MeXaHHKe7 Ha 3TOT Bonpoc MO)I(HO OTBeT~Tb, o6pa~a

RCb K Bblpa)l(eHI1RM /3.10/. flOCKOnbKY /3.11/ npejiCTaai1MO a B11A8 

rAe 

~\S)=[(~+e<f>)+...L( a~ +.!'..AJ2Jw0 + ....Lc j{ xUJ. at 2m ax <: 2mc 

• /3.12/ 
~ . 
_,=wo 
liS 

·ll 



TO S .S* eCTb peweHHe ypaaH-eHHJII 

4> (S) -0, /3.13/. 

T. e-. ypaaHeHHR r -fl c raMHflbTOHHaHOM AJlft 4aCTH4hl c CYM. 
TaKHM o6paaoM, MW ycTaHOBHnH ABYCTOpoHHee cooTBeTCTBHe 

Me*AY KBaHTOBWM ypaBHeHHeM AJlR COMHa 1 H KflaCCH4eCKHM ypaa
HeHHeM AJlR 4aCTH4hl c co6crseHHWM yrnoswM MOMeHTOM. EcnH Ha 
ypaBHeHHR /3.2/ nepeXOAHTb K ypaBHeHHRM KnaCCM4eCKOH MeXaHH
KH-, ._TO AOCTaTO"'HO orpaHH4HTbCJt nepBWM KBa3HK118CCH-I.IeCKHM npH-
6ntot)f{eHHeM no il, HrHOPHPYR .HyneEJoe .npH6S'K1)1(eHHe •. TorAa COOTBeT
CTBHe Me)f{AY cnHHOM H C06CTBeHHhiM yrnOBhiM MoMeHTOM 6YAeT AO
CTHrHyTO. OpH peweHMM ypaaHeHMR /3.11/ <l>YHK~H~ Ae~cTBMR He
o6xOAHMO onpeAenRTb H3 ypaBHeHHR f-fl C raMHflbTOHHaHOM /2.31/. 
PeweHHR /3.11/ MoryT 6b1Tb npHMeHeHw AJlR _onpeAen_eHHR nonftpHaa
LlHH H Ce4eHHR pacceRHHR 4aCTHI.l C COfiCTBeHHbiM yrnoBbtM MOMeHTOM. 
3aMeTHM, 4TO aHanorH4HaR· CHTYa4HR HMeeT MeCTO H B TeOpHH f-fl 
AflR 6eccnHHoswx 4aCTH4. EcnH a paMKax 3ToH reopHH nonwraTbCJII 
OOflY4HTb Ce4eHHe pacceRHHR, TO He06XOAHMO 3HaTb ~YHK4HO nnor
HOCTH, T.e. pewaTb ypa&HeHHe /3.6/,'KOTOpoe COOTBeTCTByeT 
nepBOMy OOPJIIAKY no t 4neHy B KBa3HKnaCCH4eCKOM pa3flO)f{eHHH 
ypaBHeHHR WpeAHHrepa. 

4. Co6cTBeHHbiH yrnosoH MOMeHT B penRTHBHCTCKOH MeXaHHKe 

B penRTHBHCTCKoH MexaH~Ke o6~enpHHAT~M RBnReTCJII cneAY~~ee 
onpeAeneHHe co6cTseHHoro yrnoao·ro MOMeHTa/51. EcnH pacc~aTpH
saTb CB060AHY~ 4aCTH4Y B ee CHCTeMe nOKOR, TO K HeH npHMeHHMa 
Hepen~THBHCTCKaR TeOpHJII. no3TOMY 4eT~peXMepH~H BeKTOp COHHa 
S~ COBnaAaeT B CHCTeMe OOKOR C TpexMepH~M BeKTOPOM S 

#- (0,8). /4.1/ 

3TOT 4eTwpexseKTOp OPTOrOHa/leH 4-HMOY/lbCY B tH~TeMe OOKOJII /rAe 

sll==·(O,S) , rf =·(mc,O) I, a noaToMy a npoHaaonbH-01':1 CHcTeMe oT
C4eTa 

S~P~=·O. /4.2/ 
B npoH3BOllbHOH CHCTeMe OTC4eTa 6yAeT TaK*e 

#s~ •-s 2
• /4.3/ 

no CBOHM TpaHC$QpMa~HOHH~M CBOHCTBaM KOMOOHeHT~ BeKTOpa Co6-
CTBeHHOrO yrnoaoro MOMeHTa /KaK H BCAKOro MOMeHTa B penRTH
BHCTCKO~ MexaHHKe/ JIIBflRDTCR npOCTpaHCTBeHH~MH KOMnOHeHTaMH 
aHTHCHMMeTPH4HOro TeHaopa s~v • BeKTOP sA CBR3aH c 3THM TeH
aopoM nocpeACTBOM COOTHOWeHHH 



/4.4/ 

.Qanee Mbl 6yAeM nOilbxoeaTbCR 8blpa>KeH\4eM co6cr-eeHHoro yrnoaoro 

MOMeHTa C nOMOl4b10 S ll • 

0cHOBHOe COOTHOWeH\4e peJlRTHBHCTCKO~ MeXaHHKH /COOTHOWeHI4e 

MemAy 3HeprHe~ 14 14Mny11bCOM/ HMeeT 814A 

AHanori44HO TOMY, KaK aro 6blno noKaaaHo a §1, ~aKropHsa~H~ 
/4.5(.AaCT HaM Clo1CTeMy ypaeHei-sH~ A.flR MOMeHTa HMny.nbCa. 0Ha 6y

AeT HMeTb Blo1A 

m2c2x;.=IfM~,\ +P;.•· 

S=·rf'x~ . 

/4.6/ 

C14cTeMa /4.6/ npeAcrasnReT cHcreMy OAHopOAHbiX anre6pa144eCKHX 
ypaBHeHHH, onpeAeJlHTeJlb KOTOpbiX paaeH neso~ 43CTH /4.5/. 

AHT\4CI4MMeTpi44Hbl~ TeH30P MOMeHT8 14MnyJ1bCa MO>KeT 6b1Tb aan\11-

CaH 4epe3 BeKTOpHyiO ¢YHK~HIO 

MtJ.v =-.ap.uv -avu ll ' /4.7/ 

rAe Uv=·D 11(x,S). 3aBHCJ.1M.OCTb Uv or S MO}I(eT 6b1Tb onpeAeJleHa 

T3K >Ke, K3K B /2.]/: 

Uv(x,S(x))l S=S* = const, 

S* - peweHHe penRTI4BI4CTCKOro ypasHeHHR r-~. 

Aanee, nepexoAR OT ypaBHeHH~ /4.6/ K A~¢$epeH~~anbH~M ypas
HeH~RM H BKn~4aR 3neKTpOMarHHTHOe 833HMOA€~CT8He no npaBHny 

P, ~ !!- _,J!..A;.-L= "' • 
A axA C as AS 

/4.8/ 

npHAeM K cneAY~~~M ypaBHeHHRM: 

/4.9/ 

/4.10/ 
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Ho, a cHny aKTHCHMMeTpH4HOCTH w~ 

" " .fV =.J..(" •" ).fV -~F UI'V • sp. sv 2 Sf' sv 2c f.lv 

noaTOMy /4.10/ MO*eT 6WTb npeo6paaoaaHO K BHAY 

("2 _,m2.!)s- ~ F uw .o. 
II . 2c IJ.V /4.11/ 

npoBOAR aHanorH4H~e HepenRTHBHCTCKOMY cny4a~ paCCY*AeHHR,BBe
AeM TeH30p co6CTBeHHOrO yrnosoro MOMeHTa SIll' , TaK 4TO 

/4. 12/ 

noAcTaanRR /4.12/, a /4.11/. nony4HM 

2 2 2 22 e ltV E'/c •. P+WC+-·F s, 2c p.v 
/4.13/ 

KoTopoe cosnaAaeT c H3BeCTHWM swpa~eHHeM 3HeprHH AnR KnaccH4e
cKo~ 48CTH4~, o6naAa~~e~ C06CTBeHH~M yrllOB~M MOMeHTOM. 

YpaaHeHHR /4.9/-/4.10/ a KBaHTOBOM cny4ae nepeXOART a ypas
HeHHe npoKa B ¢opManH3Me WT~Kenb6epra. 

s. CKo6KH nyaccoHa AflR co6cTBeHHOro yrnoaoro MOMeHTa 

OnpeAenRR co6cTseHH~H yrnosoH MoMeHT 48CTH~W a KnaCCH4e
CKOH MeXaHHKe, M~ AOfl*HW onpeAenHTb AnR Hero H CK06KH nyaCCOHa. 
CooTHOWeHHR AJ1R CK060K nyaccoHa AOJl)!(H~ HMeTb TOT >Ke BHA' 4TO 
H AJ1R MOMeHTa .HMnynbca /&/. HaH6onee Ba>KH~MH RBilR~TCR ClleAY~He: 

ls.c,s1 1-sz, fs1 ,szi•Sx, fsz,syl .. sx, /5.1/ 

f 
~ ...... ... ... 
F ,(sn)l.,[ nx F ], 

... ~~ ~ 
rAe F (x,p)- npoHasonbHaR 41YHKI.lHR x H 

YpasHeHHR ABH>KeHHR AJlR seKTopa CYM 
380HCWBa~TCR 8 BHAe 

-4i...~ 8 ,it I, 
dt 

/5.2/ 

p; n- eAHHH4H~H seKTOp. 
4epea CK06KH nyaCCOHa 

/5.3/ 

rAe raMHllbTOHHaH H, cor naCHO /2,24/, HMee·T BHA 

e ....... 
R-Ho +-·O<s). 

2mc 
0PHHHMaR 80 BHHMaHHe 

Is .H0 1- o • 

. 14 

/5.4/ 

/5.2/ H 



nony4~M ypaaHeHHe npe~ecCHH aeKTopa CYM s MarHHTHOM none 

ds e ~}(~ 
--,~-[sx ]. /5.5/ 

dt 2mc 

OpH nepexoAe s KBaHToByiO MexaH1o1KY -Mbl noTpe6yeM Bb1nOnHeHHR 

TeX ~e KOMMYTB~HOHHbiX COOTHOWeHH~ AfiR onepaTopa CnHHa ~ 4TO 

H COOTHOWeHHR CK060K nyaccoHa AJlR CYM. '3To COOTBeTCTBYeT o6-

~eMy npaBHilY nepeXOAa H3 KnacCH4ecKoH B KBBHTOBYIO MeXaHHKY 

B ~OpMaJlH3Me CK060K nyaccoHa, 3AeCb HBH6onee HHTepeCHbiM RBilR

eTCR COOTHOWeHHe 

/5.6/ 

- aHanor COOTHOW€HHR /5.2/. 0HO noKa3biBBeT, 4TO 

~ ' s •. _ 
2' 

/5.71 

fAe r (r x, r y , rz) - H3BeCTHble TpeXPRAHble MBTPH""bl. npeACTasne

HHe /5.]/ HMeeT CnHH 1, 3TOT pe3YI1bTBT RBilReTCR e~e OAHHM Ao

Ka3aTeilbCTBOM cooTaeTCTBHR MoAenH CYM KBaHTosoH MOAenH cnH

Ha I. 

npHilO>KeHHe 

B pa6oTe 141 MOAH~HllHPOBaHHOe ypasHeHHe r-R npt.u~eHReTCA AIUl 

nepeXOAa B BOflHOBOe ypaaHeHHe KflaCCH4eCKO~ MeXaHHKH. 3~Cb M~ 

paCCMOTpHM, KaKO~ CM~Cfl MO*eT 6~Tb npHAaH BOflHOBOMY ypaBHeHH~ 

KflaCCH4eCKO~ MexaHHKH. B MOAH~H~HpoaaHHO~ TeOpHH r-R BBOAHTCR 

~YHK~HR, 3aBHCR~aR OT KOOpAHHaT H Ae~CTBHA, TaK 4TO 

O(i,S)\
8

_
8

• ~const, 
/0.1/ 

an an as an an as -=··-·---. at as at -=--=-=~'o ai as ax 

TpaHc¢opMHposaHHOe no ;n.1/ ypasHeHHe r-~ 3anHc~eaeTCR B BHAe 

- ~ _fl.'L+.l.c~)
2 =o. 

as at 2m ax . 
/0.2/ 

YpaeHeHHe ;n.2/ MO>KHO ·npHHATb aa ypaaHeHHe xapaKTeplo1CT'-1K AJIR 

KflaCCH4eCKOro BOflHOBOrO ypaBHeH~R 

/0.3/ 
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TaKHM o6pa30M BBOAHTCR BOnHOBOS ypaBHeH~e B KnaCCH4eCKy~ MexaHH:Ky. 6J.~txapaKTepHcTHKH /n. 3/ eCTb ypaeHeHI-1R ABHmeHHH, aanl-1-caHH~ 8 06~4HO~ raMHflbTOHOBOH ¢opMe. 
YpasHeHHe /n.3/, aoo5~e rosopR, aanHcaHo ¢opMa!lbHO. 4To6~ nPHAaTb eMy CMbiCil, Heo6XOAWMO onpe,qem1Tb 3aBHCHMOCTb ¢ (X,S) OT 8 11 pacKpb!Tb ypaBHeHHe /n. 3/ npH 8 ~S *. /lnR ~YHK~H>1 qi(X,S) npHMeM Ty >Ke 3aBHCHMOCTb OT S • 4TO H AJlfl !l (i,S ), TaK 4TO 

ql(x.s)~p(x)n cx.s). 

-~anee nonomHM, 4To 

n (x,S)Is~s• ~ o. 
Ha /n.4/ HaXOAHM 

aq1 ap an _,,..._(! + -pf ax ax at 
a2

"' a2 a an a2n .::...x... ,~ 2.L.-n + 2 !!.E.-, - + ..,.,..... P • ait 2 ax 2 ax ai a x 2 

noAcTaonRR ;n.5/ e ;n.3/, nonY4HM ypaeHeHHe Ha 

~~+~ ~ .£!... + _1_ /s 'l'~o. at m aX aX 2m at 

;n.4/ 

;n.s; 

~ ~ an 'I' (x) ~ p (x) _,, as 
;n.6; 

KOTOpoe cosnaAaeT C ypaBHeHHeM Henpep~BHOCTH /3.6/. 
3aM6THM, OAHaKO, 4TO ypaeHeHHR /0.3/ H /n.6/ H~eHTH4H~ TOJ1bKO npH S.::S*, r,qe S*- eCTb peweHHe ypasHeHHR r-fl. no-CKOflbKY /n.6/ aaBeAOMO 3am1CaHO TO.ilbKO AJ1R 8 :8*, TO BOilHOBOe ypaaHeHHe /n.3/, HeCOMH6HHO, RBnReTCR 5onee O~HM, 4eM /n.6/. YpaBHeHHe /n.3/ OTKp~aaeT nepcneKTHBY HOBO~ CTyneHH ~OpManHaa~HH annapaTa K!laCCHYeCKOM MexaHHKH. 
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