J—_[eKI];I/ISI 9. ypaBHeHI/IH peJIHTI/IBI/ICTCKOﬁ KBaAHTOBOI MeXaHUKWU AJisd JIEIITOHOB.

A. A. Kenapuc
(6 aBrycra 2004 r.)

B sroit Jlekiun npusegeno obobienne ypaBuenus upa-
Ka, OTHOCSIIIIEECST K JIBYM JIEIITOHAM OJTHOTO MOKoJieHust. Kpome
TOr0, 3aIIMCAHO YPAaBHEHIE KBAHTOBOW MEXAHWKH JJIs BUPTY-
asibHOro JienroHa. OTesIbHO PACCMATPUBAETCS CIIy4aii, KO-
rIa BeJUYUHA JIeUCTBUsT 3HAYUTEIBHO OTINIAETCS OT MOCTO-
aunoit [lnanka. B konme Jlekmun chopmynupoBano ypaBHe-
HP€ KBAHTOBOIM MEXaHHKH 110 OTHOIIEHUIO K BOJIHOBOW (hyHK-
MY TPOCTPAHCTBA-BPEMEHU JIEIITOHA.

I. BBEAEHUE

B nmacrosmeit Jlekiun st yao0CTBa M3JIOXKEHUS MBI
OyZeM HCIIOIb30BATH CJIELYIONe 0003HAYEHUST JJIs UH-
nekcoB. MHmekcsl, obo3HaYaeMble OOJIBITUMHI JIATHHCKU-
mu OykBamu A, B, I, K u Tak jajsee 6e3 1mudpbl BHU3Y
[IPUHUMAKOT 3HAYEHUS

(32,13,21,0,42,14,1324,34,1,2, 3,123,134, 234, 4,124) .

Te ke unmgexcsl, no ¢ mudpoit 1 sauzy (A, By, 1, K1 u
TaK Jajiee) IPUHAMAIOT 3HAYCHUS

(32,13,21,0,1,2,3,123).

Te ke unpexcol, HO ¢ 1udpoii 2 Buusy (Ag, Ba, Iz, Ko u
TaK Jajiee) IPUHUMAIOT 3HAYCHUS

(32,13,21,0).

Te xke unpexcol, Ho ¢ nudpoii 3 Buusy (As, Bs, I3, K3 u
TaK Jlajiee) IPUHUMAIOT 3HATCHUS

(21,0).
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€CTh CTPYKTYPHBIE MaTPHUIIBI TEX YKe ajiredp BO BTOPOM
C2KaTOM IIPEJICTABJICHUN.
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€CTh CTPYKTYPHbIE MATPUIILI TEX K€ aJredp B TPETheM
CXKaTOM IpeJicTaBieHny. HamoMHUM, 9TO TIepBOe CyKaToe
[IpEeJICTABJICHIE COOTBETCTBYeT Teopun Jlupaka, Bropoe —
teopun Ilaynu, a Tperbe — Teopun [pemqumnrepa. 1 gem
BBIIIIE CXKATHE, TEM MeHee TOYHO IPEeJCTaBJIeHbl CTPYK-
TYPHBIE MATPUIIBI.

[Toce ykazaHHBIX 3aMeYaHMiT CHOBA [TEPEHIEM K ypaB-
mermnio upaka. OHO 110 pekueMy OyeT Jjisi HaC OCHO-
BoOIOJIararonuM. B mpuHSATHIX HaMu 0OO3HAYEHUSIX OHO
BAIIUIIETCs CJISIYIONIM 00pa30M

(CiAlBl ai + me C COA1B1> . wBl =0.

h
WNrak ypasuenne /Iupaka HCIOJIB3yeT HETOUHBIE, COOT-
BETCTBYIOIIUE IIEPBOMY CXKATHIO CTPYKTYPHBIE MATPHIIHI.
Orcrojla BO3HMKAET eCTeCTBEHHOE CTPEMJIEHUE IIepery-
caTb ypaBHeHue Jlupaka Jisi TOYHBIX CTPYKTYPHBIX MaT-
put. Ho Torma Mbr 10/2KHBL IepeiTi OT BOJTHOBO# (DyHK-
mun YP1 k BostHOBOI dynKIHHN ¥P, nMerommell B 1Ba pa-
3a OOJIbIIIE KOMIIOHEHT. Il HOMOMHATEIbHBIM “JIAIITHIM
KOMIIOHEHTaM HEeOOXOIMMO JaTh COOTBETCTBYIOILYIO WH-
tepuperaruio. B Jlekiun 5 ObI7I0 BBICKA3aHO IPEIITIOJIO-
JKEHHE O TOM, 9TO MOYKHO ITOIIBITATHCS “JIMIITHIE’ KOMIIO-
HEHTBI BOJTHOBOI (DYHKIIUHU KMCITOJIb30BATH JIJIsl OIMCAHUST
3JIEKTPOHHOI'O HEHTPUHO, & BCIO BOJTHOBYIO (DYHKITHIO OT-
HECTH K JIBYM YACTHUIAM TIEPBOT'O MOKOJIEHUST — JIEKTPOHY
1 3JIeKTpOHHOMY HefiTpuno. /lasee Mbl paccMoTpum 0600-
[IEHHOE YPaBHEHUE PEeJIITUBUCTCKO KBAHTOBOM MeXaHU-
KU, COOTBETCTBYIOIIEE TIEPEXO/Ly K TOUHBIM CTPYKTYPHBIM
MaTPHUIIAM U BEPHEMCS K ITOMY HPEJIITOJIOKEHHIO.

II. OBOBIIIEHHOE YPABHEHUE
PEJISITUBUCTCKOU KBAHTOBOI
MEXAHUKMN

O606muTh ypapaenne lupaka MOxKHO 6bLIO ObI HOP-
MaJIbHO, 3aIIMCAB B HEM TOYHbIE CTPYKTYPHBIE MATPUIIBL.
O/1HaKO, TAKOM IIOX0Jl MOXKET IIPUBECTU K OIIUOKE, Tak
KaK TePExX0JI OT C’KATOrO MPEJCTABICHNUS] K TOUHOMY €CTh
[I€PEXO0JT, OT YACTHOTO K ODINEMY U MOYXKET OBITH HE OHO-
3HAYHBIM. [109TOMY MBI HOCTYIIUM MHAYE U BOCIOJIb3YEM-
Cs1 CaMbIME OOIIMMU COOTHOIIEHUSIMHY, [IPeIHA3HAYEHHbI-
MU JIJIsi ONUCAHUSI KBAHTOBBIX SIBJICHUIl, — KBAHTOBBIMU
mocrysaTaMu. A UMEHHO BOCIOJIB3YyEeMCsI COOTHOIIEHUEM
(19) Jlekruu 1, 3ammcaB ero B CJIEAYIOIIEM BHJIE
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Jlanee mpugaauM 3TOMY COOTHOIIEHUIO (bOPMY ypaBHE-

vust upaka. st 9T0Oro ymMHOXKUM ero obe 4YacTu Ha
crpykrypusie Koncrantsl CMNp | Tlomyaum



CMNL%?MwL(x): %OMNL'CLKI'pIM'¢K- (2)
(Kak mpuHATO, [0 NOBTOPAIOIIUMCSI UHIEKCAM IIOPA3Y-
MeBaerTcsd CyMMUPOBaHUE. )

C Hammeil TOYKU 3peHrs 3TO YPABHEHNE U CTh ypaBHe-
HU€ PeJISTUBUCTCKON KBaHTOBOW MEXaHMKH B CaMOM 00-
mem Buze. OrrajnkuBasch OT Hero, OyjaeM mckarb 0600-
HieHne ypapHenus JIupaka Ha TOUYHbIE CTPYKTYPHBIE MaT-
punbl. Iyt 9TOro mocraBUM CJIELYIONIMI BOIPOC: IIPHU
KaKUX YCJIOBHsIX ypaBHeHHe (2) CBOAUTCS K yPABHEHUIO
Hupaka? Bo-iepBbIx, muddepeHmpoBanne B JIEBOH da-
CTM yPaBHEHUs JOJI?KHO BBIIOJIHATHCS TOJIBKO II0 KOOP-
JUHATAM 00Pa3yIoNiero MpoCTPAHCTBA U BOJTHOBAS (DYHK-
[Usi JOJIPKHA 3aBHCETh OT TUX KOOpAWHAT. BO-BTOPBIX,
CTPYKTYPHBIE MATPHUIIHI IOJI?KHBI OBITH 3AIMCAHBI B IIE€P-
BOM CKaToM npezcrapiennn. C y4eToM 3THUX ABYX 00-
CTOSITEIHCTB ypaBHeHne (2) IPUHIMAET BU/T
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DTO ycjaoBHE MOXKET OBITH BBIIOJHEHO TOJIBKO B OJIHOM
clydae: ec/id CTPYKTYyPHbIE MATPHUIIbI SIBJISFOTCS CUM-
pomamu Kponekkepa. Cpemu marpmn, CMNip  tomnko
marpuma CONip - yrnosrersopser stomy ycosmio. Cpe-
m marpur, Clig 1 stomy yenosuto yiosmeTsopsior pe
MaTpHUILL *
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B pesynbrare MbI mostydaeMm, YTO TpEThe yCJIOBUE CBOJIAT-
cd K CJIeIyIOIEeMy

pOO +p340 = —mec.

DTO COOTHOIIIEHNE HE TPEICTABISIET COOOI HEUTO HEOXKH-
narnoe. s CTO caenyer, aro p = —mec. (Cum. Jlexmun
1 u 8.) Ilosromy mosrydyeHHOe ycJIOBHE, BO3MOMKHO, €CTh
yrounerue CTO. asee MbI OyieM 1OJIaraTh

0 34
p = p = —-—
0 0 B
IloaTBep:KieHIEM 3TOTO COOTHOIIEHUS OYJIeT IOy dIeH-
HBIA pe3ybTar.
Ha ocnoBannu mpuBeeHHBIX COODparXKeHMiT ypaBHEHNE
Hupaka MOXKHO 3aIUCATh CJIEIYIONIAM 00Pa3oM

me
Cm Ny Ot (o) + 57 (CNige 04+ CNg 34) - 051 = 0.
W renepb, Hepexois OT NPHOJIMZKEHHBIX CTPYKTYPHBIX

MaTPHIL [IEPBOrO C2KATHUA K TOYHBIM MATPHUIAM, ITOJLY IHUM
nckomoe obobienue ypasuenus Jlupaxa.

*Cwm Paszgen I Jleknuu 4.

O™V, L Ot (z) + 2E

57 (CVko + CNgza) - = 0. (3)

IMonsarno, uro 3aech Takxke CVgo = 6V B ommune or

CNsa.

Jns  1eficTBUTEILHOTNO PEryJIsIPHOrO  TIPEJICTABJICHUS
asiredbpbl Kimmddopaa S KOMIIOHEHTBI BOJIHOBOI (DyHK-
i ¥ (x) mpecrassaior coboit mecTHAIATE JTeHCTBE-
TeJIbHBIX (DYHKIMIE. B KOMIIJIEKCHOM MPEJCTaBICHUN BOJI-
HOBast (DYHKIIUS COMAEPIKUT BOCEMb KOMILJIEKCHBIX KOMITO-
HEHT BUJA!

,lpl?) — i¢32 + ¢13 , ,(pO — i¢21 + wo )

,¢'14 — i1/142 + 1/114 , 1/}34 — il/il324 + 1p34 ,

¢2 — ,“)/}1 + 1)/}2 , ¢123 — ,“)/}3 + 11)123 , (4)
,‘p234 — i1/1134 4 1/}234 ) ¢124 — i1/14 + 1/)124 .

1 B KBaTE€PHUOHHOM TIPE/ICTABJICHUN KOMIIOHEHTAMH BOJI-
HOBO# (DYHKIINU SBJISIIOTCS YeThIPe KBATEPHUOHA, BUIIA:

yo :aI’L/)32 +b[1/113 +i1/)21 +¢O,
‘1/34 :alw42 +b[¢14 _’_Z'w1324_"_,(/)347 (5)
OB =yt +bIyp? +i® 12
\11124:a11/)134+b11/)234+i1/14 +,¢)124.

HpI/IBe,HeM YpaBHEHUA KBAHTOBOUWl MEXaHUKH I10 OTHO-
OIEHUIO K KBATECPHUOHHBIM KOMIIOHEHTAaM:
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Tenepp HAM HEOOXOIMMO BBISICHUTH HA3HAYEHHE KOM-
[TOHEHT BOJIHOBOI (DYyHKITMH, YHCJIO KOTOPBIX B JIBa pasa
6oJibie, uem B Teopun upaxka. [ljist aToro obparmmcest K
cmandapmmomy TPeJCTABIEHUIO YPABHEHUs] KBAHTOBOM
MEXaHUKH.

ITI. CTAHOAPTHOE IIPE/ICTABJIEHUE.
1. CranzmapTHOe mpeJicTaBjieHue ypaBHeHus Jlupaka.

CrayaJia HATIOMHAM KaK 3aIllUChIBAeTCs ypaBHeHue Jlu-
paKa B CTAaHIAPTHOM MPEJICTaBICHIH. A 3aTeM TPUMEHUM



TOT K€ TIpHeM K TOJIy9eHHOMY HAMW YPABHEHHIO KBaH-
TOBOU MEXaHUKHU.

Bocnonb3syemcest ypaBuenunem Jlupaka B KBaTepHUOH-
HOM TIpejicTaBjeHnd, mpusejeHHoM B Pazesne 11 Jlekiumn
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IIpeobpazyem stu ypaBuenus cierytomum obpazom. Cra-
Jajia CJI0XKUM IIEPBOE yPaBHEHHE CO BTOPBIM, & 3aTEM BbI-
qreM u3 nepBoro sropoe. [losryunm

. . me
10401 — 10" Ogipo = 7g01,

—i 042 + 10" Oup1 = %@2» (8)
rae o = U0 + U2 g, = U0 — W'23, Tagag zammcs
ypasuenus JInpaxa Ha3BIBAETCA CTAHIAPTHLIM IIPEICTAB-
nerneM. OHO 0COGEHHO YOOHO JIJIs TIEPEX0a K BTOPOMY
CJKATOMY IIPEJCTABJIEHIIO, TO eCTh K Teopuu Ilaymm, Ko-
ria W23 — W0 y propoe ypaBHEHHE CTAHOBUTCHA TPHBH-
aJIbHBIM. JIefiCTBUTEILHO, BLINOJIHSS 3aMEeHy

\IIH\II-eXp(—i%O, @H@-exp(—i%t),
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Jlajiee BOCIOJIB3yeMCsl aHAJIOTUYHBIM IIPUEMOM JIJIsi
0DOOITIEHHOTO ypaBHEHUsT KBAHTOBOU MexaHWKH. lloury-
qeHHy0 (POpMy 3aIUCH YpaBHEHUsI TakxKe OyjaeM Ha3bl-
BaTh CTAHJAPTHBIM IIPEJICTABIEHUEM.

2. CrangapTHOe IpeacTaB/ieHne O00OGIIEHHOTO
yPpaBHEHUSI.

ITpeoGpasyem ypasuenusi (6) ciemyomum o6pas3oM.
CHadvaJia CJIOXKUM [IePBOE yPABHEHUE CO BTOPBIM & TPEThe
¢ geTBepThIM. [lomyanm
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10401 — 0% Bap1 = — 2, (10)

h

rae o = WO + U3 g oy = U123 1 W'24 3arem BeraTeMm
U3 YeTBepTOro TpeThe, 8 U3 BTOPOr0 ypaBHEHHs: IepBoe.
TTomyanm

i84X2+anaaX2 =0,
’ia4X1 —i0° aaxl = 0, (11)

rae x1 = U2 — w1 g o = U0 — W34, Takum obpazon,
crcTeMa U3 YeThIpexX ypaBHeHuil mpeodpa3yeTcs B JIBe CH-
creMbl U3 JByX ypaBHeHuit. OHa U3 CHCTEM IIPEJICTAB-
JisgeT ypaBHeHue Jlupaka s 9acTHIBI ¢ MACCOM, OTIHY-
HOIT OT HyJISA, a Apyras MpeacTaBiseT ypapaenue Jupaka
JIJIST 9aCTHUIBI C MACCOi, paBHOI HyJt0. OTCIOa BhITEKAET
CJIeJIyIONIasi MHTEPIPETAINS KOMIIOHEHT BOJTHOBOM (hYHK-
IUN.

IV. KOMIIOHEHTHI BOJTHOBON ®YHKIIUU U
JIEITTOHBI.

B stom pasmesne maanM mHTEPIPETAITNIO KOMIIOHEHTAM
\I/O + \1134’ \11123 + \111247 \11123 _ \111247 \I]O _ \1134 BOJTHOBOLL
d)yHKI_[I/II/I KaK BOJIHOBBIM (byHKLLI/IHNI Pa3HbIX YaCTHUIIL.

Hama waTepnperamnusa onmpaercss Ha CIEIYIONe CO-
OOpaKEHNUsT:

1. Ilonyyennsle ypaBHEHUS PEJIATHBACTCKON KBAHTO-
BOIl MEXaHUKHN MOXKHO IIPeJCTaBUTh B BUJE JBYX
CHCTEM ypaBHEHHH, KaxKJasd U3 KOTOPBIX OTHOCHT-
¢ K JBYXKOMIIOHEHTHO! BOJTHOBOI (DYyHKITHH.

2. HezaBucuMoCTh yKa3aHHBIX JIBYX CHCTEM yDaBHE-
HUIl IPYT OT JpyTra I03BOJSAeT OTHECTU 3TU CHUCTe-
MBI ypaBHEHUN K pa3HbIM dacTuiiaMm. [Ipuaem ogna
U3 TUX YaCTUIl UMEeT Maccy, OTJIMYHYIO OT HYJId,
a Jpyras uMeeT Maccy, paBHYIO HYJIIO.

3. Ilpu nepexome or 06001eHHbIX ypaBHeHuil (6) K
ypaBHeHusiM JIupaka, KOTJa COCTAB/ISIONAE KBa-
TepHHOHHLIE KoMIIOoHeHTHI W34 1 U124 mpupasausa-
forca WO u U'23 coorsercrBenno, Kommonenta WO
HEePexoJuT B Ae6Y10 KOMIIOHEHTY BOJHOBOH (DyHK-
mun Jdupaxa, a koMmnoHenta a ¥'Z3 mepexomur B
NPaecyto KOMIOHEHTY BOJIHOBOH (qyHKImu Jupaka.

VkazaHHbIE 0GCTOATENHLCTBA TTO3BOJIAIOT MTPEJICTABATD
caTyarnuio caeayiomuM obpaszom. Ilosmydennnie ypapme-
HUS PEIATUBUCTCKON KBAHTOBOI MEXaHUKH OTHOCATCS K
JIBYM YaCTHUIAM, BOJIHOBBIE (PYHKIUU KOTOPBLIX HMEIOT
JIB€ KOMITIOHEHTBI. DTHUMM YACTUIAMHU ABJSIOTCSH JIEIITO-
HBI OJIHOTO TTOKOJICHHs. TO €CTh, YaCTUIBI OJHON M3 Iap:
9JIEKTPOH U ero HefArpuHo {e, v, }, MIOOH U ero HeHTpUHO
{u,v,}, T-nenron u ero weiirpuno {7, v, }. B namewm ciy-
4yae HEeTPUHO pAacCMATPHBACTCH KAK JIBYXKOMIIOHEHTHAST
gactuna. OHaKO HABJIIOIACTCA TOJBKO JIEBOE HEHTPUHO.
DTO 06CTOATENHLCTEO MOXKHO OOBSICHATH TEM, 9TO B3a-
UMOJICHCTBUS, B KOTOPBIX YYaCTBYeT IIpaBoe HEeHTpUHO,
ocy1abJIeHO B CPABHEHUU C JIEBBIM HefTpuHo. B omHOl U3



CIIEYIOMINX JIEKIHiT OyJIeT MOKa3aHO, 9TO TAKOe OCJiad-
JIEHHE UMeeT MECTO.

Bormpoc 0 ToM, WeM OTJIMYAOTCsl BOJIHOBBIE (DYHKITHH
(u ypaBHEHHsI KBAHTOBOI MEXAHUKHU) JJIsd YACTHI] KarK-
JI0r0 U3 MOKOJIeHuit, 0611 paccmorpen B Jlekmuu 5. Ha-
[IOMHUM, 9TO 9TH OTJIUIHA MBI CBSI3aJIM C OCOOEHHOCTSIMU
KOMILJIEKCHOT'O IIPEJICTABJIeHNsI ITPOCTPAHCTBA, JEHCTBUS
S4. D10 mpencTaBICHNE COOTBETCTBYET 3AIUCH aareOphl
S4 B Buze npousBeneHus S3 X S1, npuyueM 000l U3 BEK-
TOPOB €21, €13, €32 MOXKeT ObITH BBHIOpPAH B KaveCTBE OC-
H06H020 HAZUCHOTO BEKTOPa aarebpnl Sy (cMoTpure pas-
nest 1T Jlexkuuu 5 ). Ilepsbiii caygail 6bl1 HOCTABICH B
COOTBETCTBUE BOJTHOBBIM (DYHKITHSM YACTHUI] IEPBOTO 10~
KOJIeHUsI {e,V,}, BTOpoOii ciry4ail IOCTaBJIEH B COOTBET-
CTBHE BOJHOBBIM (DYHKIIUSIM YACTUI[ BTOPOTO TIOKOJICHUSI
{1, v, }, TpeTnil ciydait mocTaB/IeH B COOTBETCTBHE BOJI-
HOBBIM (DYHKIIUSIM YACTHUI] TPETHETO MOKOJEHUs {T, vy }.
KomnoneHTsl BOJTHOBOM (DYHKIMH OJHONW YACTHUILI, KaK
[IPpUHSATO, Oy/IeM HA3BIBATH NPasoli U Ae801, 1 0003HAYATH
HIDKHUAM WHJIEKCOM, COOTBETCTBEHHO R m L.

Ha ocHoBaHWM W3JI0’KEHHOTO YCTAHOBUM CJIEYIOIIEe
COOTBETCTBUE MEXK Iy KOMIIOHEHTAMH BOJIHOBOM (DyHKIINN
u enronamvu. KoMmmonenTsr BostHOBOMH (byHKImE 14, re
A npuHUMaeT 3HAYEHUs

32,13,21,0,42, 14,1324, 34, 1,2, 3,123, 134, 234, 4, 124,
pa3bmBaIOTCs Ha UEThIPE TaCTH:

JieBagd KOMIIOHEHTA JIEKTPOHA
er = ‘110(1/)32771113,71’21:7/’0) 4 ‘1134(1/142,1/)1477111324:7/’34)’
IIpaBas KOMIIOHEHTa 3JICKTPOHA
€Rp = ‘1’123(1/)1,¢27¢371/J123) 4 ‘1’124(¢1347¢234,¢4,¢124) ,
JIeBad KOMIIOHEHTa e-HeUTPUHO
Ve = ‘1’123(1#1,1/’271#371#123) _ \11124@13471/}234,1/)471[]124) ,
npaBagd KOMIIOHEHTa e-HEHTPUHO

Vep = \1/0(77[)3271/}13’771)21777[)0) _ \1/34(7#4277#1471/}132477#34) .

KomMrioneHTBI BOJIHOBBIX (DYHKITUIT JIEIITOHOB BTOPOTO U
TPEThEro NOKOJIEHUI OTJINYAIOTCA OT BBIIEIIPUBEIECHHBIX
IUKJIMYECKOI ITepecTaHOBKOI TPOCTPAHCTBEHHBIX UHICK-
COB:

JUIsL MIOOHA W p-Helitpuno 3 — 2,2 — 1, 1 — 3;

JUTdd T-JIENTOHA U T-HehWTpuHO 3 — 1,2 —3, 1 — 2.

V. YPABHEHUE PEJISTUBUCTCKOM
KBAHTOBOW MEXAHUKW JIJI1
BHUPTYAJIbBHOTO JIEIITOHA

B Paznene IV Jleknuu 8 MbI OJTy9i/In KBAHTOBOMEXa-
HUYECKHUIT orrepaTop JJjisi BUPTYaJbHOTO JIenTOHa. B mep-
BOM C2KATOM IIPEJICTABJIEHUI OH 3AIIMIIETCS:

i C’aKl 4 ﬁ C4K1L1 + i Ca4K1L

p = 12
p Oz ™ gpa Oxot (12)

1

3ameHnsist 9TUM orepaTopoM omeparop Jlupaka B ypas-
mennn Jlupaka, THOJyYUM ypaBHEHUE DPeEJISITUBUCTCKOM
KBAHTOBOI MEXaHWKHU JIJIT BUPTYAJIBHOTO JIEIITOHA!

0
<C4K1L - _|_C(G,K1L +CQ4K1L

b Oxd b oxe b Qgad
m. ¢

+T COAlBl) ! wBl =0. (13)

N B KBAaTE€PHUOHHOM IIpeJACTaBJIEHUN

o -g®
me C yo
+ 7 1 ) P12

Boubmie noka mo IIOBO/Iy 9TOI'O ypaBHE€HUdA HaM CKa3aTb
Hevero.

—q 1] o0 4 5 -c%| _9 a® 9
( v 1 Ox* + Oz + Oxat

=0
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VI. YPABHEHUE PEJISTUBUCTCKOM
KBAHTOBOM MEXAHUKW JI51
ITPOM3BOJIBHOT'O BEKTOPA JENCTBUA

PaccMoTrpenHble ypaBHEHUST PEJISITUBUCTCKO KBAHTO-
BOIl MeXaHUKU OBbLTM BBIBEJIEHBI, MCXOJsl U3 ypABHEHU
crpykrypbl (15) Jleknuu 1 s anreGpbl BEKTOPOB Jeii-
crBus S. OJHAKO 9TH ypaBHEHWS CTPYKTYPBI OBLIU I10-
JIyYEHBI U3 TOTO YCJOBUS, YTO BEJIMUNHA, JEACTBUS HAXO-
auTcs BOM3n 3HadeHus: mocroguuoi [lmanka. Cremosa-
TEJIbHO, YPABHEHUsI PEJISITUBUCTCKON KBAHTOBOW MEXaHM-
KU TaK»Ke OTHOCSTCs K 9ToMy ycjosuto. [losromy ypas-
HEHUE PeJIATUBUACTCKON KBAHTOBOM MEXaHUKU JIJIsl TIPOU3-
BOJIBHOT'O BEKTOPA, JAEHCTBUST HEOOXOINMO OCHOBBIBATH Ha
boJiee OOIUX ypaBHEHUSX CTPYKTYpbl. PaccmoTpum Ta-
KUe ypaBHEHUs] CTPYKTYPbI. MBI 110 IpeXKHEMY HCXOJIUM
13 3aKOHA YMHOXKEHUS BEKTOPOB JefCTBUsI

52%51052 (].4)

W COOTHOIIIEHU, BBITEKAIOMNX U3 YacTHOIO Jnddepen-
IMUPOBAHUS ITOTO 3aKOHA

d1S = %dSl o 52, (].5)

dQS = % Sl o dSQ . (16)

Kpome Toro mam mouaobnTCst 3aKOH YMHOXKEHUsST 00paT-
HBIX BEKTOPOB

S =(Sy)to(S) - h (17)

Kak u B Jlektiuu 1 paccmorpum BTOpOi#t quddepentim-
ast dody S. W3 (14) ju1st Hero mMeeT MecTo

1
dgdlg = ﬁ dSl o dSQ . (18)



Hns dSy u dSe n3 Beipakennit (15)u (16) momydgaem
dSQ :h'(Sl)ilonS, dSl :h~d150(52)71.
(19)

Ucnounpsys (19) u (17), miusa Broporo nuddepennmaa
HOJIy 9UM

dod1S = d1S oS odyS. (20)

DTO COOTHOIIEHWE W MPEICTABJSET COOOH ypaBHEHHE
CTPYKTYPBI JIJIsT TIPOM3BOJILHOIO BEKTOPA JEHCTBUSI.

[Tepexost K KOOpJMHATHOI 3aIlCH BEKTOPA JI€HCTBUSI,
[TOJTY 9UM

g1 -dyd1 ST = (e 0cgoer) doST (ST . d; S
W3 BbIparkeHus s MPOU3BeIeHNsT OA3NCHBIX BEKTOPOB
ELOEQOER :€['CILP'CPQR
IOJTYy YAM
dady ST = dp ST (S™HQ - dySE (CFgR - ClLp).

Kaxk u npex e, onpeessist diS Kak BOJTHOBYIO (DYHKIIHAIO
1), OJIyYMM KBAHTOBBIE YpaBHEHUs B juddepeHuaiax

dop? = (CTpp - CFgr) da ST (S™H9 -l
nu3 KOTOprX CﬂeﬂnyT KBaHTOBBIE HOCTyﬂaTI)I
O’ = (C'Lp - CPqr) p™y (571 .

VmMHOXKast 06e 4acTh pPaBeHCTBA HA MTOCTOSTHHBIE CTPYK-
typst CME; anre6per D, mosyamm

CME L opp! = CMEL(Clpp - CPoRr) pfy (STH9 -
(21)

DTHU COOTHOIIEHUsI MTPEJICTABJISIIOT CODON YypasHeHus pe-
AAMUBUCTNCKOT, KEAHMOBOT METAHUKU OAA NPOU3BOALHO-
20 sexmopa deticmeus. B ToMm ciaydae, Korjia ypaBHeHHs
PEJIATUBUCTCKON KBAHTOBOM MEXAHUKH PACCMATPUBAIOT-
cst BOJIM3U 3HAYEHUs BEKTOPA JeiiCTBUA

§9=8"=h, (STH?=(5"1)" =

u3 (21) momyuum ypasHenue (2). B aupakoBckoM mpu-
OamKeHnn, Korma B JeBoit wactu M = m u

R _ ,0 _
Py =Po= —IC,
nMeeM

O™ 0T +meCBpg - (S7H9 - yE =0.

VII. YPABHEHUE 1JIsI BOJTHOBOM
OYHKIINN ITPOCTPAHCTBA-BPEMEHI
JIEIITOHA.

B Jleknuu 8 MBI mMOKa3aju, 9TO IPOCTPAHCTBO-BPEMS
JIETITOHA SIBJISIETCST ajirebpoil. A pa3 Tak, TO ypaBHEHUsI
CTPYKTYPBI 9TOi aJredpbl

1
dgdl.’t = E dlx o dgfﬂ . (22)

MIPEICTABISIOT OO0 KBAHTOBBIE IMMOCTYIATHI 10 OTHOIIIE-
HUIO K BOJIHOBOH (DYHKIMH IIPOCTPAHCTBAa-BPEMEHU Y =
dl.ﬁ:

1

dxy = —=xodzx. 23

X= 2 X (23)

DTO0 ypaBHEHNE MOYKHO 3aIlACATH JIJIsI KOOPMHAT BOJHO-
Boit pynkmun x! = dyx!:

1
dx* = = Oy - dat XK (24)

MOo2KHO JIOIYCTUTH, YTO KOOPJUHATHI ITPOCTPAHCTBA--
BPEMEHHU JIEITOHA SBJISIOTCS (DYHKIIUAMHA €r0 JeHCTBUS.
Tora KBaHTOBBIE MOCTYIATHI TPHOOPETAIOT BUI:

aXL 1 L —1\I K
asM:E+CKI'(p Vo X (25)

3amnuiem 310 ypaBHeHHe B ¢dopMme ypaBHeHus lupa-
ka. Jlj1st 9TOro ymMmHOYXKUM 00€ 9acTi ypaBHEHUs HA CTPYK-
TypHbIe MaTpuisl anrebpst Dg — TCME L nonpazymesas
cymmupoBanue 1o uugekcam M u L. B pesyabrare mosy-
YUM YPAGHEHUE OAA BOAHOBOT PYHKUUL NPOCTPAHCMEA-
8peMeHY, AENMOHG B CAMOM ODINEM BUJIE

ox*
+~YMK
O e

_ %JrcLKI . (pfl)IM +CMKL 'XK ) (26)
Jlasiee pacCMOTPUM YACTHBIN CJIydail 9TOr0 ypaBHEHHUSI, C
Harreil TOYKYU 3peHust Hanbojee eCTeCTBEHHBII.

Bun omeparopos muddepennnpoBanns M0 KOOPIHHA-
TaM JIeHCTBHUST MBI YCTAHOBUM HA OCHOBAHUU CJICTYIOINX
coobpazkenuit. B teopun IlIpeaunrepa BekTop jeiicTBust
(1o aHAJIOrNH ¢ BOJHOBOM (DYHKIHEH) MMeeT CJIe Iy IoMue
KOMIIOHEHTHI

S:€oso+€21 521

lyist 3TOro BekTOpa orepaTop auddepeHIMPOBaHUS UMe-
eT BUI

0 0 0 5
a5 ~950° Taguc -

A KBaHTOBOMEXaHUYECKUIl OLEPATOD BBIIVISJUT CJIELYIO-
muM 00pa3oM

0

ﬁ — @ +00KL 4

ﬁ +021KL . (27)



B reopuu ITaynu BekTop jeiicTBus (110 AHAJIOTUY C BOJI-
HOBOH (QYHKIMeli) UMeeT CIIeyIONe KOMIIOHEHThI

S =¢eg SO + €921 521 + €13 513 + €32 532.

st 3TOr0 BeKTOpa orepaTop AuddepeHIIMPOBAHUS NMe-
er BUJ

a _ a 0 8 21 a 13
95— 950° T Toagme Tagm

0
32

A KBAaHTOBOMEXAHUIECKUH ONEPATOP BBITJISIUT CJIE/Ty-
oIUM 00pa3oM

. 0 0
p= @ +COKL + 8521 +021KL +
0 13K 9 32K
9313 C LJFTS?’Q o3k,

Teopun JIlupaka COOTBETCTBYET KBaHTOBOMEXAHUIECKU
orrepatop ¢ 8-10 KOMIOHeHTaMu. B namem, nanbosee 06-
IMeM CIydae UUCJI0 KOMIIOHEHT KBAHTOBOMEXAHUIECKOTO
omnepaTopa pasBHO 16.

Hagee Jj1st IPOCTOTHI UBJTO2KEHUST Mbl OCTAHOBUMCS Ha,
omeparope, cCooTBeTcTByfoIIeM Teopun [laymu. 3arem Mol
OylIeM WCKATh BJIMSHUE JefCTBUs JIENITOHA HE Ha BCE
[IPOCTPAHCTBO-BPEMsI, & TOJILKO HA €r0 T€OMETPUYIECKYIO
qacTb. Kpome Toro mbl 6yjieM mojiararhk, 9To 0OpaTHBII

mvmyise (p~ 1Y a AMEET TOJIbKO OJIHY KOMITOHEHTY

1
-0 _ 1
(p )o— me
C yuerom TOro, 4ro
11
Rmc b’
HOJIY 9MM UCKOMOE yPABHEHUE
0
+ 0K, 21K + 13K,
(C noggo T 0T g O g
1
+ 32K L Ki _
+'C lLlaS32)Xl+ﬁX1—0- (28)

Wi B KBaTepHUOHHBIX KOMIIOHEHTaX ™

1 8 -1 8 b I 3
1 980 '[[1 a5 "[[1] 9s13
T 0 Im X° _
—a 7| 59 +7_i 1 ) ‘Xlgg =0.

DTO ypaBHEHUE YKJIET CBOETO PEIeHUsI.

*Bui, cTpyKTYyPHBIX MATPHIL PACCMOTPeH B Jlekiuu 7.

VIII. BBIBO/IbI

1. BosinoBast pyHKIus Jjist aiaredpsl AeifictBust S co-

CTOUT U3 YeThIPEX KBATEPHUOHHBIX KOMIIOHEHT, J[BE
13 KOTOPBIX B JINPAKOBCKOM ITPUOJINKEHUN IIEPEXO0-
JIAT B JIEBYIO, & J[BE APYTH€ B IPABYIO KOMIIOHEHTY
BoJstHOBO# (byukmmu /Iupaka. B aTom cocrout oma
U3 MPUYUH, [0 KOTOPOIl BBINEYKA3aHHBIE YeThIPe
KOMITIOHEHTBI HHTEPIIPETUPYIOTCS KAK KOMIIOHEHTHI
BOJTHOBO# (DYHKITHH JIBYX YACTHUII, & UMEHHO JIEIITO-
HOB OJIHOT'O TIOKOJICHUSI.

. B KOMIIJIEKCHOM IIpejICTaBIeHNN BOJIHOBOM (DyHK-

I[UU JICIITOHOB OJTHOT'O HOKOJICHUsI KJIIOUEBYIO POJIb
urpaer 0A3MCHBIN BEKTOp €21 anrebpsr Kianddop-
nma. Opaako ¢ ajdrebpamveckoil ToOUYKu 3peHust Oa-
3UCHBIl BEKTOP €21 PABHOIIPABEH OA3UCHBIM BEKTO-
pam €13 U £32. OTCIO/Ia CIIE/IyeT, 9TO OTMEUYEHHBIE
0a3uCHbIE BEKTODPHI JOJIZKHBI OBITH TOCTABJIEHBI B
COOTBETCTBUE TPEM ITOKOJIEHUSIM JIEITOHOB. DTO CO-
obpakeHue I03BOJISIET 3AlMCATh KBAHTOBBIE YpaB-
HEHUs JIJIsl JIENTOHOB TPEX IOKOJIEHUH.

. ypaBHeHI/Ie KBAHTOBOII MEXaHUKN JJI BUPTYaJIbHO-

r'0 JIENTOHA MOMHUMO orreparopa Jlupaka BKIOYaeT
OIIepaTOP CHJIBIL.

. ypaBHeHI/IH KBAaHTOBOU MeXaHUKHN KaK N3BECTHbIE

TaK U IPUBEJCHHBIE B HACTOMAIIEH paboTe OTHOCATCS
K 3HAYEHUSIM BEKTOPa JefICTBUSI, OJIM3KUM K 3HAtE-
nnto nocrostaHoM [lnanka. B obmewm ciyaae meob-
XOJIUMO TIOJIb30BaThCs ypaBHeHusiMu (21).

. Tak kaxk IIPOCTPAHCTBO—BPpeEM« JICIITOHA ABJIAETCA

areOpoil, TO UMEET MeCTO ypaBHEHHE KBAaHTOBOM
MEXAHUKU JIJI BOJTHOBON (DYHKIIMH TPOCTPAHCTBA
BpeMeHHn. B cumiy cuMMeTpHH MeXKIy IPOCTPaH-
CTBOM JIEfiCTBUSI S U IMIPOCTPAHCTBOM—BPEMEHEM
X MOXKHO JOIyCTUTH, YTO BOJHOBas QyHKIUS
IIPOCTPAHCTBaBPEMEHU 3aBUCUT OT KOOD/IMHAT
BEKTOpa JeiCTBUS.



