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JIEKITNS 5

Ypasuenne Illpemnuarepa. HopmupoBKa BOJHOBBIX (DYyHKITIIA
HeIIpepbIBHOIO criekTpa. CranmoHapHbIe COCTOSHUSI.

5.1. IIpuanun coorBercTBusd, ypasHeHue lllpenunrepa. Oneparop I'amuib-
TOHA Pa3JIMYHBIX CUCTEM

Ha ocnoBanum mepBoro mnocrysara KBAHTOBON MEXaHUKH 33/[aHUE BEKTOPA COCTOSTHUS
B MOMEHT BpEeMeHHU ty JOJIZKHO OIPeeaTh ero B JI000H JIpyroil MOMEHT BpEeMeHHU t:

(U)yy — W), = U(t,10)|T)s,-
Brrio nmokazano, 4To orepaTop U— YHUTAPHBIA, TO €CTh
Utu = 1.

B ciyuae, korja ¢ Majio otmmdaercd oT to

~

|\Ij>to+§t = U(t() + (51}7 t0)|\11>t0- (51)

BareMm Ha MPOIILIOH JIEKITMH ObLIO MOKA3aHO, YTO €CJIM YHUTAPHBIA OIEPATOpP 3aBUCHT
OT OECKOHEYHO MAaJIOW BEJIUYMHBI U

N

Ulto, to) = 1,
TO R R
Ut +6t,t) = I +iKdt+ O(6t%).
B sToM BhIpakenun K — PMUTOB oIlepaTop, TO €CTH
K=K,

JI1e c-umcest YHUTAPHBIH OllepaTop aHaJormdeH BeimdnHe €. [Ipn MabIx 3HAYCHH-
axX Q

e ~ 1 +ia+ O(a?).

C TOYHOCTBIO JIO YJIEHOB HOPSIKA 5t2, BbIpazKeHue (5.1) IPUHUMAECT CJCAYIOINUN BUAJI:
) R
|U), + &&'\P) + O(6t%) = (I + iKot + O(5t%))|V),.

B sTom BbIPpazKECHUU

1[0), = W),

IIO9TOMY C TOYHOCTBIO OO0 YJICHOB IIOPAIKa 5t2 IIOJIYIUM CJieAyIoliee BbIpazKeHue
0 .
5/0) = K19), (5.2)

rie K — spMuTos omeparop.

Panee 66110 J1oKa3ano, 9T0 HU3NIECKON BEJIMUYUHE OTBEYAET SPMUTOB oreparop. Mme-
€T MeCTO U OOpaTHOe YyTBEPXKJECHUE: SPMHUTOBY OIEPATOPY OTBEYAeT HeKas (hu3mdecKasd
BeJIMYMHA.

JIj1st TOro, 9TOGbI IOHSATH CMBICI oepaTopa K, Heo6XomuMo chopMy/IIpOBaTh elIe
OJWH IIPUHIIUITI IIOMUMO IIPpUHITHUIIA CYII€PIIOSUIINN COCTOSTHUIA.
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Onpepenenune 5.1. IIpuHIIMIT COOTBETCTBUS 3aK/II0YAETCS B TOM, UYTO IIPHU OIPEIe-
JIEHHBIX YCJIOBUSIX KBAHTOBas MeXaHUKa JTOJI?KHA TIEPEXOINTH B K/TACCUIECKYIO, & JIeficTBIe
OIIEPATOPOB, OTBEYAIOIMINX (PUUICCKUM BEJIMIUHAM, JOJIXKHBI CBOJUTHCA K YMHOXKCHHIO
BEKTOPA COCTOSIHUS Ha COOTBETCTBYIOIIYIO BEJIUIUHY.

Yro0Bl paccMaTpUBaTh TPAEKTOPUN, BEKTOP COCTOSHUS HAJO ONMCHIBATD B IIPEJICTAB-
JIEHUH, Tyl (PUBUIECKUME BEJTHINHAMU SABJISIFOTCST KOO/ IMHATHI.

Pazobbem Bce mpocTpaHCTBO Ha KJIETKH, B KarKJIOH n3 &
KOTOPBIX PACIIOJIOKUM JETEKTODP, KOTOPBIii OIIpeIe/sieT Har- (%Y%)
auare B KiaeTke dactuisl (cM. puc. 5.1). Torma Takume Ko-
OPJUHATHI Oy/IyT (PU3BNIECKUMU BEJTMIHHAMMU.

[IpescraBum BeKTOp cocrostHus |W¥) ciemyromum obpa-
30M:

&V

W) = > e t)wyiz),  Falriy; ). (53) 4

5 Puc. 5.1.
[Tokaxkem, 910 (PyHKITHISA w(rn, t) OITMCBLIBAET JIBUKEHUE

10 HEKOTOPOIl TPaeKTOPUHU.
Paccmorpum caenyromuit npumep. BoJsiHOBast onTuKa, onepupyroiiast BOJTHAME, IIepe-
XOJUT IIpU MaJIbIX JAJIMHAaX BOJIH B F€OMETPUYICCKYIO OIITUKY (OHepI/IpyIOHLyIO ﬂy‘{aMI/I).
Mezk 1y TeoMeTpUYIecKoil ONTUKON M KJIACCUIECKOW MEXaHWKOM, OlepupyroIieil Tpaek-
TOPHSIMHU, CYIIECTBYET OIpPeJIe/IeHHasi aHAIOrUA (CM. puc. 5.2).

— Apt®
BousHOBast U= Ae - | T'eomerpuueckas
-
OIITHKA Pmin(1,2) OIITHKA,
(BOJIHBI) (rynm)
PUHITAT
HAVMEHBIIETro
Bommosas neiicteug | Kraccuaeckas
MEXaHUKA - MEXaHUKA
(TpaekTopun)
Puc. 5.2.

Pacnpocrpanenue cseta MexK Ty JIByMs TOYKaMU Mogdunsercs npunmnuiny Pepma.
[Iepexom 0T BOJIHOBOIT ONITUKHU K T€OMETPUIECKON OCYIIECTBIISETCs CJIELYIONUM 0Opa-
30M:

U = Ae',

rine U — HanpsizkeHne 371eKTPUYeCKOro WJIM MarHUTHOTO T10JIs

(¢ — 3iiKoHaJI.

Pacmpocrpanenue jydeit Mexk/ 1y JIByMs TOUYKAMU (CM. puc. 5.3) HOIUHSAETCA YCJIOBUIO
MUHUMYMa 3UKOHAJIA:
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B kmaccumyeckoit MexaHUKe CYIIECTBYET IMPUHITUAIT HAU-
MEHBIIIEro JICHCTBUsA. AHAJOIMIHO TOMY, KaK OCYIIECTBIIs- 2
eTcd Iepexo/l OT BOJITHOBOW ONTUKM K I'€OMETPUYIECKOH, I10-
po0yeM OCYIIEeCTBUTH IIePeXo/l OT BOJHOBOW MEXaHUKU K
KJIACCUIECKOIL.
[Iepexo/1 OT BOJIHOBOI ONTHKU K N€OMETPUIECKON OCy-
[IECTBJIACTCS IIPU YCJIOBUHU, YTO JIJINHA BOJIHBI MHOI'O MEHb-
1Ile PACCTOSAHUA MeXKJly ToUyKaMu 1 1 2, KoTopoe IIPOXOJIUT
CBeT

AL L. Puc. 5.3.

DTO O3HAYAET, YTO HA ydacTKe (DPOHTA BOJIHBI JIyYU HAIPABJIEHDbI MEPHEHIUKYISPHO
dbponty (cm. puc. 5.4). B aToM ciyuae ¢ MOXKHO 3aIllUCATH CJIEYIONUM 06PA30M:

¢ = —wt + kF. (5.4)

Paccrosnne BIOJIb BOJIHOBOT'O BEKTODa

1 A
k-L>1 = L>»-—=X=—.
k 27
IIpu 3TOM BBIIOIHSAIOTCA CJICLYIONIUE COOTHOIICHIUS:

- Op
14 ’ ot

CretoBaTeIbHO, 110 aHAJIOTHH C UCIIOJIb30BAHMEM TTPUHITATIA M-
HUMYMa 3UKOHAaJIa IIPU IIEPEX0/ie OT BOJHOBON MeXaHUKN K KJIacC- Puc. 5.4.
CUYIECKON HeOOXOIUMO HCIIOIb30BATh MPUHITUI HAUMEHBIIEro JIeHCTBUS.

—W.

B srom ciayuae dyukuuio ¢ B Beipakenuu (5.3) HEOOXOIMMO 3aIIUCATH CJIELYOIIIM
obpaszoM:
.5
P(7 1) = Ae'r, (5.5)

rie h BBOIUTCS JIJIsI COOJIIOIEHUS] PA3MEPHOCTH.

B sTom BhIpaxkenuu jeiicreue S — QyHKIMA KoopauHat 1 BpeMmenn. Kosddurnment A
TaKKe MOXKET 3aBUCETh OT KOOPJMHAT U BPEMEHHU, HO, KAK U B CJIyyae C SUKOHAJIOM, IIPO-
M3BOJHBIE OT JEHCTBUsI S 110 KOOpAMHATAM M BPEMEHU JIOJIXKHBI 3HATUTE/IHHO IPEBBINIATH
npou3Bo/IHbIe 0T A MO 3TUM Ke TepeMeHHbIM. B aToM ciiyuae Bbipazkenue (5.2) mpumer
CJIEAYIOUINI BUAJI:

o _i0s 56
ot hot v (5.
ITOCKOJIBKY T3, Y, Z); 9TO HE KOOPJAMHATHI YACTHIL, & KOOPAUHATHI I€TEKTOPOB, HAXOMATINXCST
B OIIpPeJIeJIEHHBIX sYeiiKax.
[TpousBoHbIe JIeICTBUS 110 BpEMEHN U KOOPIMHATAM PaBHbI:

os

ot
rne H — dyuknua ['amuibrona,
P — 00OOIIEHHBINH TMITYJIhC.

~H, VS=7,

B mpocreitrem caydae 0000IEHHBIN UMITYJIBC P ompeiesisieTcs KaK OOBITHBI UMITYJIC:

P = mu.
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Beipazxkenne (5.6) B KIacCH9IeCKOM TIpejiesie TPUHUMAET CJIeJIY 0NN BI/T;

o 1
— = —(—H)Y. (5.7)
ot h( )

CorytacHO TPWHIUITY COOTBETCTBUSI, JEHCTBUE KJIaCCUIecKoil dyHKmmm [amMuabroHa
OTBeYaeT B IPEJIeTbHOM ciIydae JIeCTBUIO ollepaTopa ['aMuibToHa

H— H.
Cpasnusast Beipazkernst (5.7) n (5.2), mosyanm:

OY(T,t) ?
—— =iK = K=—-—-H.
ot 4 h
B npesene B kBaHTOBOM cjiydae pyHKIUA ['aMUIbTOHA JIOIZKHA IIEPEXOJIUTh B Ollepa-
top lamuibrona. B pesynbrare nosyanm ypaBuenue IlIpenunrepa B nanbosee odiem

BUJIE:

e, ~
i |0) = H|T), (5.8)

e H — oneparop 'aMuibToOHA, COOTBETCTBYIONIUI KaccuiecKoit pyukimu ['amuibrona.
Haiiyiem Buj oneparopa ['amuibrona B HEKOTOpPBIX ciaydasdx. lJist oTaesbHOI 4da-
cTulibl GyHkiug ['aMubToHa UMeeT BU/I:

P
m=" v,
2m
riae V() — moTeHIuagbHas SHEPIUs.
CrenoBaTesibHO, 9TOOBI y3HATH BUJL oniepaTopa ['aMuibrona HEOOXOIUMO y3HATH BUJ
oIepaTopa UMILYJIbCa

~

o~

=2 v (5.9)

- 2m
[Iponuddepentuposas Boipazkenue (5.5) M0 KOOPAMHATAM, MOJTY THM:

- - i

Bocnosib3yemest IpUHIIAIIOM COOTBETCTBUS, YTBEPKIAIONINM, YTO YMHOYXKeHIe Ha (hu-
3UYECKYIO0 BEJIMINHY (B JAHHOM CJIydae — HUMITYJIbC) OTBEYAECT JCHCTBUIO OIIEPATOPA MM-
mysbca. Ilepenecs B IpeIbLIyIIeM BhIPayKeHNH KOIMDUIIEHT / f B JIEBYIO 9aCTb, IIOJIY-
9UM OIlepaTop UMILYJIbCa B KOODAWHATHOM IIPEACTABJICHUN:

— iV =P = p=—ihV. (5.10)

Do mosposisier HaiiTu Bu oneparopa amuibrona (5.9). K nmocrynaram KBaHTOBOI
MEXaHUKH, MMOJYIEeHHBIM U3 IPUHIUIA CYIEPIO3UINH, JJ00ABUTCI TPETHl IMOCTYJaT, 10-
JIYYaIONuiicss U3 MPUHIUIIE, COOTBETCTBUSI.

Onpenenenue 5.2. Tperunii mocTyjIaT KBAaHTOBOII MEXAHUKM 3aK/I0YAETCS B TOM,
yTo ypasHenue Illpeaunrepa, rie H— OIIEPATOP, COOTBETCTBYIOMUN GyHKIMN ['aMiib-
TOHa, 3anmchbiBaeTcs B Buje (5.8). A omeparop UMITyJIbCa YaCTUIBI B KOOPIXHATHOM MIPE/T-
craBjIeHny 3aaeTcs BoipazkenneM (5.10).
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B nanbueiimiem OyeT MOJIy9IeHO, YTO ONEPATOP UMITYIbCa MOXKHO 3alliCaTh TaKKe B
JIPYTUX TpeJICTaBIeHusX. [Ipu BBeleHnr TIpeJIe/IbHOTO nepexojia (5.5) BliepBble BBOIUTCS
KBaHTOBas nocrogunas h. CpaBHUBas I'PAUEHT ITON BEJIMYMHBI ) C IPAJIMEHTOM SIKO-
HaJla, HOJyYnM:

7
h

CpaBHuBasl IIPOM3BOJHYIO 10 BPEMEHHU BbIpazkeHus (5.5) W MPOM3BOIHYIO IO BpeMe-
HU SUKOHAJIA W YUYUTbIBas, UTO (PYHKIUS ['aMUIbTOHA, HE 3aBHUCAINAA OT BPEMEHU, 9TO
SHEpPrud, IIO3TOMY

=k = p§=hk

&
—=w = &=hw.
h
Taxum obpaszoM, IpeiesIbHbII ITepexor cooTBeTcTByeT runore3e [lnanka u pesyibra-
TaM, KOTopble ObLIN ToJrydenb [HITapkom.
PaccMoTpuM HECKOJIBKO pas/IMIHBIX raMUIbToOHHaHOB. JlJIsi cucTemMsbl, cocTosimei

13 ABYX YaCTUI] BEKTOP COCTOSHUS IPHUMET CJICAYIOMINIA BHI;
|71, ).

ITo mpexkHeMy OyeM CcUNTaTh, YTO B KayK/I0# KJETKE IPOCTPAHCTBA €CTh JETEKTOD,
durcupyrommit monaaHNe YacTUIL B ONpeJleJIeHHble KJIETKH W YMEOINi pa3indaTh 3TU
qacTurpl. B 9T0oM citydae BeKTOp cocrostHus |W) mpuMeT cieryomuii BuI:

U) = > (i, 7, )|, 7).
71,72
VYpasuenne [pemunrepa (5.8) He m3menurcs, a onepaTop [aMHUILTOHA ITPUMET CJle-

JYIOIIA BUJ;

~ ~

S PP
H= V(|7 — ) + V(i) + Va7
2m1 + 2m2 + (’7”1 7“2’) + 1(7”1) + 2(7’2),

rie V(|7] — T|) — moreHnmaibHast SHEPTUsT B3AMMOJIEHCTBIS MEZKJLYy IaCTHIIAMHU.
VYpasuenue [Ipeaunarepa B 9ToM ciydae OyJeT cojiepzKaTh MIeCTh IePEMEHHBIX KOOP-
JOUHAT.
Paccmorpum Teneph raMuIbTOHHAH YaCTHUIIbI, HAXOISIIENCS B 3JIEKTPOMAarHUT-
HOM T11oJie. B cirydae Kyraccmdeckoil 9acTUIbl B 9JIEKTPOMArHUTHOM TI0JIe HEPEJISITUBUCT-
CKO€ BbIpazkeHus /10 (pyHKIUE ['aMUIbTOHA UMEJIO CJIeLY IOl BUI:

= N\ 2
—<P_E ) + e, (5.11)

H=mdc +
2m

re P — 0OOOIIEHHBI UMITY/TbC YaCTUIIBI, B KJIACCHIECKOM ITPEICTABICHUN UMEIOITUI CJie-
AyIomuil BUI;:
N L € -
P=p+-A, P = mu.
c
[Ipu mepexojie OT KJIaCCUIECKON MEXaHUKU K KBAHTOBOI omeparop l'aMmibToHA, CO-
riiacHo (5.11) ¥ IPUHIUILY COOTBETCTBUS, OKAYKETCS PABHDBIM:

~ N2
: (P-4 s
H =mc® + g + ey, P = —ihV. (5.12)

Paccmorpum BazkHOe cBoiicTBo ypauenus [Ipemunarepa.
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CBoiicTtBo 5.1. Keanmosas mexanuka o6pamuma no 8PEMEHU.
OO0 Bamennm B ypasaenun [1Ipeunrepa (5.8)
t—t = —t.

Eciu B34Th KOMILJIEKCHO COIpsizKEHHOE 3HadeHne oT obenx dacteil ypasuenus [lIpe-
JIMHTePa, TO JIeBasi 9acTh, OYEBUIHO, HE M3MEHUTCH:

oY
ot

Cunenosarensio, ypasuenne [Ipeaunrepa o06paTMo 110 BpeMEHUM, €CJIM 3aMEHUTh
*
¢ — ¢ )

a 'aMIJIBTOHWaH OCTaeTCd HEeUM3MEHHBLIM IIPpHM KOMIIJIEKCHOM COIIPDAXKEHMM:

ih—— = "

A

H*=H.

B cayuae mpocroro Famusbronnana (5.9) 910 TpeboBaHme, 0Y€BUIHO, BBITOTHIETC.
Kasasocs 6b1, uro st oneparopa Favusbrona (5.12) 910 yejioBre HEIPUMEHUMO: OH
MEHSIETCs ITPU KOMILIEKCHOM conpsizkeHuu. OTHAKO, He OBLIO YITEHO, UYTO IIPU OOPAIEeHUH
BpeMEHU BEKTOP-IIOTEHIIMA/ MEHsIeT 3HAK Ha IIPOTHBOIOJIOXKHBIN, IOCKOJILKY IIPU OTpPa-

2KEHHNUN BPEMEHU HaIIPAXKEHHOCTD 9JIEKTPUYIECKOI'O I1I0JIAA HE U3MEHACTCA, a HAIIPA2KEHHOCTD
MaTr'HUTHOI'O IIOJId MEHAET 3HaK

t—st'=—t, A——A (5.13)

IIOCKOJIBKY
H=10tA = —H=—rotA=rot—A.

B sT0M cirydae, Ipu KOMILJIEKCHOM COTIpsizKeHun ramusibronnana (5.12) u samene (5.13)
BBIIIOJTHAETCH YCJIOBHE OOPATUMOCTH 110 BDEMEHHI

A —, ~ -,

H*(=A) = H(A),

4qTO 1 Tp€6OBaJIOCb JOKa3aThb. |

5.2. HopMmupoBKa BOJHOBBIX (PYHKIIMIT HENPEPBIBHOTO CHEKTPA

[Tycth Tereph usnmveckasi BeJINIMHA UMEET He f o df
TOJIbKO JINCKPETHBII, HO ¥ HEIIPEPBIBHBI CIIEKTD (CM. rdrrmnmnnbdann
puc. 5.5). Ilycrs B HEKOTOPOIT O6IACTH f [

Lf1: fma] Puc. 5.5.

dusnueckas BeTMINHA UMEET JIUCKPETHBIE 3HAUEHUST, & 3aTeM IPUOOpPeTaeT HellPEPLIBHBIE.

B kadectBe 6a3uca B 3TOM cjIydae HEOOXOJIMMO PACCMATPUBATH HE TOJIHKO JTUCKPET-
HbI€, HO U HCIIPEPbIBHLIC COCTOAHUI. B 9TOM CJIydae€ BEKTOP COCTOAHMHIA MO2KHO 3allCaTb
CJIEJTYIOIIUM 0Opa30M:

0y =Y anlfa) + / a(Pf) df,
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re | f) — HeKoTopoe COCTOsTHUE M3 HEelPEPBIBHOTO CIEKTPA.
JIMcKpeTHBIE COCTOAHMSA JIEMKO HOPMUPOBATH HA, €IMHHAILY:

<fn|fm> = Onm- (5.14)

[TockoJIbKY JUCKpPETHBIC W HEIPEPLIBHBIE COCTOAHUS UMEIOT Pa3/JInIHble COOCTBEHHbBIE
3HQYCHUA, TO

(fulf) = 0. (5.15)

Besmuuny a,, jerko Haiitu, yMHOXKHUB BeKTOp cocrosinust |W) cuaesa Ha (f,| (To ecrb
CIIPOCIPOBAB €ro Ha | f,,)):

an = <fn‘\Ij>

Haiiziem, kakoe TpeboBanme HeoOX0MMO HAJIOZKUTH HA COCTOSAHUS HEITPEPBIBHOT'O CIIEK-

Tpa, 4TOObI
a(f) = (f1¥).
B sTom ciyaae

alf) = / 1 alf) df' (5.16)

HOCKOJIBbKY, corytacHo (5.15) coCTOsIHMSI ¢ JUCKPETHBIM CIIEKTPOM OPTOTOHAIBHBI COCTOSI-
HUSAM C HEIIPEPHIBHBIM CIIEKTPOM.

Becw unrerpas (5.16) orobpazkaercst B Hekoropoe 3Haderne dyukiuu a f). 1o Bo3-
MOXKHO B TOM CJIydae, KOIJla CKaJIspHOe IponsBe/ieHue cocrostuuii | f) u |f') ectb mesbra-
dyukiuga Iupaka

(f1f) =o(f = F).

Haiinem, Kkax B 9TOM cirydae OyIeT BbIPaKaThCs CKaJsIPHOE ITPOU3BEIeHTE
(W]w).
JluckperHasi 4acThb yKe M3BECTHA

(W) aprexcp. = Z Apm(fol fin)-

n,m

[lepekpecrHast YacThb (CKaJSPHOE MTPOU3BEJIEHNE JUCKPETHON YaCTH Ha HEIIPEPBIBHYTO
UJIM HENpepbIBHOW Ha JMCKPETHYIO) obparmaercs: B HOJIb coryiacHo (5.15). HenpepbiBaast
4aCTh OY/IeT UMETh CJICIy O BU/L;:

{[a(rra(r)ir ) dr'df = [ a*(F)a(£)s(F — f)df df.

Uurerpupyst 310 Bhipazkenue 1o f’ u 3aMmenus, coryiacio (5.14), BbIpazkeHue JiIst JHUC-
KPETHOI YacTH, IMOJyYUM CJeJIyIollee BbhIpayKeHne Jijisl CKAJIIPHOTO MTPOU3BE/IeHNS:

W0y =3 Janf? + / a(f)Pdf =1,

IIOCKOJIBKY BEKTOP COCTOSIHUS JIOJIZKEH OBITH HOPMUPOBAH Ha €JIUHHUILY, ITOOBI KOIDDUI-
€HTBI UMEeJIU CMBIC/I BEPOSITHOCTEIA.

B sTom cirydae:

1) |a,|* — BepoOATHOCTHL TOrO, YTO MPU U3MEPEHHH OyJIeT MOJIYIeHO 3HAYeHHUe f.
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2) a(f)?df — BepogaTHOCTD TOTO, UTO NIPU U3MEPEHUU OYJIeT TIOJIyYeHO 3HAYCHUE B HH-
TepsaJe df:
AWy pqr = la(f)[* df.
Crnenoarenbio, Benmauna |a( f)[* IMeeT cMbIC IIIOTHOCTU BEPOSTHOCTH.
Ecin nornmars Besmanny (5.3) kak unrerpad JleGera

[0) = > b Dl yso =) = [[[ 0@ IR av,

TO B KOOPJIMHATHOM IIPEICTABICHUH 1) OTBEYAET aMILJINTY/Ie BEPOATHOCTH.
BeposTHOCTB TOTO, 9TO KOOPAUHATHI OKAaXKYTCA B HEKOTOPOM obbeme dV paBHa

dW = || dx dy dz.

Takum o6pazom, [1)%| Takxke UMeeT CMBICJ IJIOTHOCTH BEPOATHOCTH. B mepBoM 110-
cTyJaTe KBAHTOBOM MEXaHWKHU OBLIO BBIIBUHYTO TPEOOBAHHS KOHEYHOW HOPMBI BEKTOPA
COCTOSIHUSI, OJTHAKO:

0, f#/f
oo, f=/f

B KOHTHHYYME€ H€JIb34 BbIAC/IUTL, HaIIpUMEP, UPpPpalUOHAJIbHOE YUCJIO. MoxkHo BbIL/IC-

JIUTHh TOJBKO HEKOTOPYIO OKPECTHOCTb.
Pu3nIecKNM COCTOSTHUEM sIBJISIETCSI CIydaii, Korjga f 6epercs B HEKOTOPOM HHTEpPBaJIe.

Bsas dusuteckoe cocrosinme | f)g, Takoe, 910
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oIy YuM HaOOP COCTOSAHUN B HEKOTOPOM MHTEPBAJIE.
Takoe duznydeckoe cocrosinue, 6E3yCIOBHO, HOPMUPYEMOE
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IIOJIYyYUM, 4YTO 3Ha4YEHUE 3TOr0 MHTErpasa PaBHO eIUHUIE.

Takum obpazoM, TpeTuil mocTyIaT KBAHTOBOI MEXaHUKU CTOUT JOHOJHUTH CJe/Iy-
FOIIUM 00pa30M: HEHOPMUPYEMbIE COCTOSTHUS JIOIYCKAIOTCS TOJBKO B TOM CJIydae, eCiiu
U3 HUX MOYKHO COCTaBUTb HOPMUPYEMBIil ITaKeT BOJIH B CKOJIb YIOJTHO MaJioil 06/I1acTH.

[IpocTpaHcTBO ¢ KOHEYHOII HOPMOIi, KaK M3BECTHO, HA3BIBAETCS T'MIBOEPTOBBIM IIPO-
crpancreoM. Cocrosinue |f) — MOHOXpOMaTH4Yeckoe coctosiaue. MOHOXpOMATHUECKIX CO-
CTOSAHUI B IIPUPOJIE HE CYIIECTBYET — YaCTOThI BCErJla U3MECHAIOTCA B OIIPEJICJICHHBIX IIpe-
JeJiax.

MonoxpomaTuieckne COCTOTHUA JOIYCTUMbBI, TTOCKOJILKY U3 HUX BCErJla MOXKHO COCTa-
BUTH (PUBUYIECKOE COCTOsIHUE ¢ KOHEYHON HOPMOIA.
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5.3. Cpeanee 3HaveHne (pu3mdecKoii BeJIMINHbBI

Panee 6b110 BBeIeHO MOHATHE CPEIHEro 3HadeHus oneparopa. Ilycrs dpusndeckoii Be-
juauHe f orBedaer omeparop f

f—=1,
cpejiHee 3HAYEHNe KOTOPOro B HEKOTOPOM cocTosiauu |W) paBHO
f=(Y|f1w). (5.17)

[Ipesgcrasum cocrostiue |W) B BuJe CYNEPIO3UIUN COOCTBEHHBIX COCTOSIHUT BEJIHYN-

HBI f:
Uy =" anlfa),
n

rje

Flfa) = Falfa)-

B stom ciryuae cpennee 3uadenne oneparopa (5.17) npumer cieyronmit Bus:

F =" aamlful flfum):

n,m

[TockosbKy cocrosinue | f,,) — cobcTBeHHOE COoCTOsSIHUE oreparopa f, To

n

?: Zazamfm<fn|fm> = Zazamfménm = Z |an|2fn-

n,m

DT0 BbIpazKeHHe BIOJHE €CTECTBEHHO, TIOCKOJILKY |a,|? — BepogTHOCTL TOroO, 4TO B
pe3yabraTe OnbITa 3HaYeHNe (PU3NIECKON BEJININHBI OKAYKETCS PABHBIM fi,.

Takum obpasoMm, cpejiHee 3HaUYEHNE OllepaToOpa COBIAIAeT CO CPEeIHUM 3HaYeHneM (-
3UYECKOI BeJMYUHBL. DTO BhIParKeHHe UMeeT MeCTo, ecyiu cocrosuue | W) 3anucano B Buje
CYIIEPIIO3UINY COCTOSHUI TOM Ke caMoil (DU3NIECKOil BeJIMInHbl f.

Banuriem Tenepsb cocrosare ketW Kak CymMMy COCTOSIHUI 1O APYTroit (pu3mveckoit Be-

JITYWHE -
) = an’gn>~

Cpeniaee 3Hadenne oreparopa f MO-TIPeXKHEMY PABHO:

~

A

F=(WIf19) = b {gnl flom)-

B stom cirydae

eCcTh MaTpulla orneparopa f B IpeACTABICHAN, TJe B KadecTBe (PU3NIECKON BEJIMIMHBI
UCIIOJIb3yeTCsl BEJIMUNHA (.

Ecim B KadecTBe Oa3MCHBIX BEKTOPOB MCIIOJIb30BATh BEKTOPA COCTOAHUI JIpyroit ¢dpu-
3UYECKOM BEJIMYINHBI, TO CpeHee 3HAUCHNE BEJIMIUHBI f OKaXKeTCs paBHBIM:

F=> 0 fambm.
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B maTpuyHOM BHE 9TO BBhIpasKeHNE MOXKHO 3aIMCATH CJCTYIONUM 00pa30M:

Jiu o fin by
f:(1>b27"'7bn) : . : :
foo oo fan by,
B 6asuce cobcTBeHHBIX BEKTOPOB orieparopa f mMarpuiia f, uMmea Obl UuaroHaJIbHBII
BU/I.

5.4. CranmoHapHbIe COCTOSTHUS

[IycTh raMuibTOHMAH HE 3aBUCUT OT BpeMeHU. B KJraccuiecKoir MeXaHuKe B 9TOM CJIy-
Jae OH COBIIaJaeT C SHeprueil.

Yr10o0b!I HAMTH SHEPTUIO B KBAHTOBOI MeXaHNKe, HeOOXOIMMO PEIINTD CJIe/IyIolee ypaB-
HEHME B KOODJIMHATHOM IIPEJICTaBJICHUN:

F[’(pn> = 5n|80n>7

rJe €, — coOCTBEHHbIE 3HAYCHU,
|on) — cooTBeTCTBYIOMUIT N-OMy COGCTBEHHOMY 3HAYEHUIO BEKTOP COCTOSHUSI.
Pemenue ypasuenus [lpemunrepa Oyaem nckatb B BUJIE:

(W) = T(8)|en)-

[Moxcrasnsst sTo pemenne B ypasuenue penuurepa (5.8), moydanm:
. 0 - L OT .
W) = HIW) = ih o) = HlonT = eilen)T.

CJIG,ZLOBaTeJIbHO, JJIA BpeMeHHOfI JaCTU ypaBHEHUE ITPUMET CJIC,ZLyIOHJ‘I/II'?'I BUI:

dr
h— =¢e,T.
ih— €

Pemenue 5T0oro ypaBHeHHUS BLIPAXKAETCA B 3KCIOHEHIIMATILHOM BUJIE:
T = Ae nent,
Takum oO6pasoM, gacTHOE pentenne ypapaenus LIpeaunrepa nMeer cieLyrommii BU;

i€

) = Ae™Hg,). (5.18)

Permenue (5.18) ¢ onpeenenHoii sHEprueii, Korjia raMuIbTOHUAH HE 3aBUCHT OT BPEMe-
HI, HA3BIBAETCsI CTAIMOHAPHBIM PeIlIeHneM (IOCKOJIbKY CTAIMOHADHBIE COCTOSTHUS —
COCTOAHUA C ONPEACTCHHON 3Hepmef/’1).

CdopmymupyeM cBOCTBa CTAITMOHAPHOI'O COCTOSHUS:

CsoiicTBO 5.2. B cmayuonapHom cocmoanuu cpednee 3navenue 10000 Pusuveckotl ee-
AUMUHDL, He 3a68UCAULET, 0M BPEMEHU, OCMAEMCA NOCTNOAHHBIM.
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~

O Ilycrs dusnveckas BequunHa f U ee oneparop f He 3aBUCAT OT BpeMeHH. B aToMm
caydae, coryiacHo BeipaxkenusiM (5.17) u (5.18)

ient ient

[=(Uf19) = [APe & e™ + (pul flon) = |A[*(pnlflon) = const,
IIOCKOJIBKY cOOCTBEHHBIE 3HAYCHUS oreparTopa f HE 3aBUCAT OT BPEMEHMU. |

CsoiicTBO 5.3. Bepoamnocmv NOAYHEHUA MET UAU UHBLE 3havenull duduveckotll eeau-
wuHol f, HE 3a8UCAWLET, OM BPEMEHU, TAKHCE NOCMOAHHA.

O B crammonapuom cocroguun |We,)

an = (f|Ver) = A%er=nt(fl,),

rJie MaTPUYIHBIN 371eMeHT ( f|p,) He 3aBHCAT OT BpeMeHH.
Bepogaraocts W B 3TOM Citydae:

W = |a,|* = a’a, = const,

9710 1 TpeboBasoch goka3arh. M

CranuonapHoe COCTOAHHE TI0 CBOHCTBAM HAIIOMHHAET CTOSYYIO BOJIHY: B HEKOTOPOI
TOYKE ITPOUCXOIAT KO.He6aHI/IH, OJJHaKO UX aMIIJINTY/da HE MEHACTCH.

Paccmorpum cyneprio3unnio JByX CTaIlMOHAPHBIX COCTOSHHUI C SHEPIUAMU £1 U E9:

(W) = cre” 751t 4 cpemwE2t,

[Ipu BBIYKC/IEHUH CPETHErO 3HAYeHU (PU3NIECKON BEJIMIMHBI 00A3aTe/IbHO BOSHUKHYT
[IePEKPECTHBIE YJICHBI, 9TO IPUBEJIET K 3aBUCUMOCTH OT BpeMeHH. Takum obpa3om, cyrep-
No3UIKUs ABYX CTAIIMOHAPHBIX COCTOSHUI He SBJIAETCS CTAIMOHAPHBIM COCTOSHHUEM.
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