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JIEKITNS 8

OanoBpeMeHHasi T3MEPUMOCTDh (PUBMIECKHI BEeJIMINH.
KsanToBbIii octimsiigTop. CooTHoIIeHe HeonpeieJIeHHOCTel

8.1. OgHOBpEMEeHHasi N3MEPUMOCTDb (PUBMUECKUX BEJTUINH

B obrmiem ciydae cocTostHEe CUCTEMBI 33/1a€TCs HE OJIHON BEJIMIMHON, 8 HeCKOJIbKIMH,
HO 9THU BEJIUYUHBI JIOJKHBI OBITH OJHOBPEMEHHO u3MepuMbl. T'peboBanns K u3nIecKoi
BeJIMUNHE 3aKJIFOYAIOTCS B CJIEYIOIIEM:

— Hasmune y Bo/IHOBOI (DYHKIIUN COCTOSIHMIT, B KOTOPBIX OHA MMEET BIIOJIHE OIIpe/ie-

JIEHHOE 3HAYCHIUE;

— Takwue coCTOSTHUS JTOJIZKHBI COCTABJISTD IMOJTHBII 0a31C B IIPOCTPAHCTBE COOCTBEHHBIX
BEKTOPOB: JII000E JIPYroe COCTOSHUE JIOJIZKHO OBIThH Cylepro3uriueii 6a30BbIX COCTO-
AHUHA.

Eciu iBe BeTMInHbBI OJJHOBPEMEHHO U3MEPUMBI, TO COOCTBEHHOE COCTOSTHUE OJTHON BEJIH-
YUHBI SIBJISETCS, OJIHOBPEMEHHO, COOCTBEHHBIM COCTOSTHUEM JIpyroii BejnduHbl. CoOCTBEH-
HbIE€ COCTOSIHUSI — COOCTBEHHBIE BEKTOPA OIEPATOPOB, OTBEYAIOIIUX COOTBETCTBYIOIIIM
GUBTIECKIM BEJITIHHAM.

[IycTh ecThb jBe busnmyUecKre BEJIMIHMHBI, KOTOPbIE OTBEYAIOT OIIEPATOPAM Au B. Tpe-
OoBaHMe OJIHOBPEMEHHON M3MEPUMOCTH 3AITUCHIBACTCS CJIEIYIOIMIIM 00Pa30M:

Ala,b) = ala,b) 8.1)
Bla,b) = bla, b) ‘

L[JIH TOTIO, YTOOBI BeE (i)I/ISI/I‘{eCKI/Ie BEJIMYUHBI ObLIN OTHOBPEMEHHO U3MEPHUMBI, OII€Epa-
TOPBI 3TUX BECJINYIUH JOJIZKHBI KOMMYTHUPOBATDb:

AB = BA.
Onpenenenune 8.1. Paznocts Bemvann AB u BA Ha3bIBaeTCsI KOMMYTaTOPOM:
[A, B] = AB — BA. (8.2)
PaccemotpumMm criejtyroniee cBOMCTBO:
CsoiictBo 8.1. Kommymamop npedcmasasem coboti aHmMuapmumos onepamop.

(] Oneparopsr A u B sBIAIOTCA ollepaTopaMi HEKOTOPBIX (PU3NIECKUX BEJTUIUH, TT0-
9TOMY OHH SABJISIOTCS SPMUTOBBIME. Paree OBLIO MOKa3aHO, UTO

(AB)' = BA.

Takum obpa3oM, oreparop, COOTBETCTBYIONMINI POU3BEJICHUIO JIBYX OIEPATOPOB —
Heobs13aTeIbHO SPMUTOB. OH sSIBJISIETCST SPMUTOBBIM TOJIBKO B CJIydae, KOraa

(AB)' = BA = AB. (8.3)

BamnuieM KOMMYTATOP, SPMUTOBO COIPSIZKEHHBINH K KOMMYTaTopy (8.2):

A A

[A,B]' = (4B)

A A

— AB=—[A, B,

|
W
=
[
Sy
o
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TO €CTb KOMMYTaTOp — aHTHIPMuUToB oreparop. M
CrieioBaTeIbHO, KOMMYTATOP MOYKeT OBITH ITPEJICTABIEH B CJIEIYIOIIEM BHUJIE:

N

TO ectb C' — SPMUTOB OIIEPATOP.
JloKaxKeM CJIe/IYIOINLYIO TEOPEMY:

Teopema 8.1. /[as mozo, umobv. dee pusuveckue SeAUNUHDL OBIAYU 00HOBPEMEHHO U3-
MEPUMDBL, HEOOTO0UMO U QOCTATNOYHO, YMOOYL UT ONEPAMOPDL KOMMYMUPOBAAL (4IMOobbL
KOMMYMAmMop Ovila paser Hya0).

(] Jlokaxkem HEOOXOIUMOCTb.

IIycte aBe dbu3ntIecKue BeJTHTHHBL OAHOBPEMEHHO U3MEPUMBL, TO €CTh y HUX HMEIOTCS
obmue coberBennsle cocrosnus (8.1). IoaeiicrBoBas Ha nepBoe Beipaxkenue B (8.1) ciesa
onepatopoM B, a ma Bropoe Beipaerme B (8.1) ciea omepatopom A, momyim:

BA|a,b) = aBla,b) = abla, b)
AB|a,b) = bAla, b) = bala, b)

PaznocThb 9TUX JIBYX BbIpasKeHU OKaXKeTCs paBHOW HYJIO:
(AB — BA)|a,b) = (ab— ba)|a,b) = 0. (8.4)

[TockombKy sm060€e cocrostuue cucTeMbl | W) MOKeT OBITH MPECTABICHO KaK CYIEepIIo-
3UIHsT COOCTBEHHBIX COCTOSTHUN |a, b):

V) = Z Capla, b),
a,b

~ A

TO KOMMYTaTOPOM o1epatopoB A u B MOXKHO 110/1eficTBOBaTh Ha IIPOU3BOJIHLHOE COCTOSI-
aue |V):
[A, B]|¥) = E [A, Blla,b) = 0]¥) =0,
a,b
COTJIACHO BBIpazKkeHUio (8.4).

Taxum 06pazom, HeOOXOIUMBIM YCJIOBHEM JIJIsI OJHOBPEMEHHON M3MEPUMOCTH (pusnde-
CKUX BEJINYUH, TO €CTh HAJUYHUSA Y HUX OOIMUX COOCTBEHHBIX (DYHKIINI, SIBJISETCH KOMMY-
THPYEMOCTH U3 OIIEPATOPOB.

okazkem Tenepb Jg0cTaTovHOCTh. [lycTh KOMMyTaTOD

[A, B] =0.

JlokazkeM, 9T0 B 9TOM cJrydae orneparopbl A u B umeror ob1ue coOcTBeHHbIE (DyHKIUH.
[Iycrs y omeparopa A ectb cOGCTBEHHOE COCTOSIHUE |a):

Ala) = ala). (8.5)

A ~

[ToseiicTBOBAB Ha 9TO COCTOSIHME OIEPATOPOM B, a Ha pe3ysbrar omeparopoM A, mo-
JIVUUM, TIOCKOJIBKY OIlepaTOPbl KOMMYTHUPYIOT:

A(Bla)) = BAla) = a(Bla)). (8.6)
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Takum obpazom, omepaTop A, JIECTBYs HA BEKTOD B|a>, BO3BpAIIaeT TOT K€ CaMBbIii
BEKTOp C COOCTBEHHBIM 3HAYEHUEM «.

CJ1e10BaTe/IbHO, PE3Y/ILTATOM JeHCTBUs onepaTopa B Ha coGCTBEHHOE COCTOSIHHE |a)
SIBJISIETCS] BEKTOD, SABJIAIONINNCS COOCTBEHHBIM COCTOSTHHEM OllepaTopa A.

Bosmozxnbl 1Ba cirydast. B mepBoM citydae a — HEBBIPOXK IEHHOE COOCTBEHHOE 3HAYEHNE,
TO €CTh 3HAYEHUIO i COOTBETCTBYET TOJBKO OJIMH COOCTBEHHBIN BEKTOD d.

Corunacho (8.5), (8.6), cymiecTByer JiBa COOCTBEHHBIX BEKTOPA, IPUHATIEZKAIIUX OJIHO-
My HEBBIPOXKJIEHHOMY COOCTBeHHOMY 3HadeHuio. CjieoBaTeIbHO, 9TH COOCTBEHHbIE BEK-
TOpa HIPOIOPIUOHAILHBL APYT JAPYTY, TO €CTh

Bla) = Aa),

rae A — ko3bduimeHT npornopruoHaIbHOCTH.
Bropoii ciaydait cooTBeTCTByeT TOMY, 9TO ¢ — BBIPOXKJIEHHOE COOCTBEHHOE 3HAYEHUE,
TO €CTh CYIIECTBYET HECKOJIBKO COOCTBEHHBIX BEKTOPOB

la, ) = |a,1),]a,2),...,|a,T), a=1...m (8.7)

rae 7 — KpPaTHOCTL BbBIDO2KICHUA.
[TozeiicTBOBaB ONepaTopoM B Ha cobcTBeHHOE COCTOsIHUE |a, ()

HOJIy9UM BEKTOD, KOTOPBIii Gy/1eT cOOCTBEHHBIM BEKTOPOM oreparopa A (j1oka3areibeTBo
AHAJIOTUIHO TIEPBOMY CJIyYalo):

A(Bla, B)) = ala, ), I1<y<r

Ota dopMmysia oTpaxkaeT (pakT, UTO PE3yJIbTUPYIONIHI COOCTBEHHBIN BEKTOP MOXKET
OBITH JIFOOBIM U3 COOCTBEHHBIX BEKTOPOB, OTBEYAIOIINX BHIPOKICHHOMY COOCTBEHHOMY 3HA~
YEHUIO, ITOCKOJIBKY CYIIEPIIO3UIAs COOCTBEHHBIX BEKTOPOB

S csla, 8) (8.8)
B=1

~

TaKZXKe sIBJISIeTCA COOCTBEHHBIM BEKTOPOM oreparopa A.
[MogeiicrBoBas omneparopa A Ha (8.8), mOJTyIHM:

A Zcﬂa,@ = aZcﬂa, B).
B=1

B

Bce BekTopa (8.8), npunayiexkariye coOCTBEHHOMY 3HAYEHUIO (, COCTABJIAIOT TIOJIIPO-
CTPaHCTBO, MOCKOJILKY JII00asi UX JuHeliHasd KOMOMHAIUS J]aeT TO Ke caMoe COOCTBEHHOE
3Havenue a. VI3 9TuX BEeKTOPOB MOXKHO COCTaBUTh KOMOMHAIINIO, KOTOpas Oy1eT coOCTBEH-
HBIM BEKTOPOM OIlepaTopa B:

BZCHCL,ﬂ) :)\ZC;M, o). (8.9)
B o
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i HaXOXK AeHUS MCKOMOM JIMHEITHO KOMOMHAIINN HEOOXOIMMO OIIPE/IeITUTh 3HAUEHUS
k03 durmenTos cg. i1 9T0ro yMHOKIM JIEBYIO U IIPAaBYIO YacTh BhIpazkenus (8.9) ciieBa
Ha |a, ). B 9TOM citydae B paBoil 9acT OCTAHETCS TOJBKO IMPOU3BE/IECHIE AC,:

Z(a, a|Bla, B)es = Aeq.
B

B »Toit 3anucu cojiepKuTcs cucTeMa U3 1 ypaBHEHUIL:

Biicy + Biacp+ - + Bire, = Ay
(8.10)
Brlcl + Br262+ st Brrcr = )\CT

Jlj1st KpaTKOCTHU, TIOCKOJIBKY @ OJJMHAKOBO B Opa-BEKTOPE U KET-BEKTOPE, 3AIIUIIEM YCJI0-
BHUE HAJUYINS HETPUBUAJIBLHOTO PENIEHNS B CJEYIONEM BUJIE:

| Bag — Mag| =0 (8.11)

Orrocurenbao A serepmuHanT (8.11) mpescrapiisier coboit MOJIMHOM CTEIEHH 1

TO €CTb CYIIECTBYET 7" pelleHui

)\17/\27"'7)\7’7

KOTOpBIE OY/IyT AefICTBUTENBHBI, IOCKOIBKY B — 9PMHUTOB OomepaTop.
BbIunc/IMB 9TH 3HAYEHUsI U TOJCTaB/sAs A\; B cucremy ypashenuii (8.10), cMoxkeM BbI-
pa3uTh BCE OCTAJIbHBbIE KOI(PDUIUEHTHI Yepe3 Cq:
(1)
€1

e

0
I7le BEpXHUI WHIIEKC COBIA/IAET C WHJIEKCOM TOJICTABIISIEMOrO 3HAUEHUS .

Benuunny kosddunumenTa ¢, HECI0:KHO HaWTH, TOTPeOOBaB, 9TOOBI HOPMa COOTBET-
CTBYIOITIEr0 BEKTOpa ObLIa paBHA eIMHUIE. AHATOTUIHO MOXKHO U3 JIHHEHHBIX KOMOMHATIHI
COGCTBEHHBIX BEKTOPOB OIEpaTopa A, IPHHAIICKAIIUX OIIPE/IeeHHOMY BBIPOZK ICHHOMY
COOCTBEHHOMY 3HAYEHUIO, HAWTHU JIMHENHHbIe KOMOMHAIINK, KOTOPbIE OYIYyT COOCTBEHHBIMU
BekTOpaMu oreparopa B. Teopema moxazana. B

C dusnyeckoil TOUKM 3peHUs yTBEPXKIeHne TeopeMbl 8.1 MOHATHO: ecyin JiBe (pusnte-
CKHe BEJIMUHHDBI, KOTOPBIM OTBEYAIOT COOTBETCTBEHHO OepaTopbl A 1 B, 0HOBpeMeHHO
U3MEPUMBI, TO OIIEPATOP

AB — spuuros.

DT0 BO3MOXKHO, coryiacHo (8.3), TOJIKO B TOM CJIydae, KOrja

BA=AB = [AB]=0.
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8.2. CooTHolIeHne HeollpeeIeHHOCTe

PaccmoTpum city4aii, koria pusntdeckne BeJININHBI He KOMMYTUPYIOT U, CJIEIOBATE b
HO, OJTHOBPEMEHHO He M3MepPUMbI. B 3TOM ciiytae CyIecTByeT CBs3b MEXKLY BEPOSITHOCTSI-
M pa30poca ITUX BETUIUH OKOJIO CPEJIHEr0 3HAYCHUS.

[Iycrb cymecByer Hekoropoe coctositue |W), KOTOpoe MOXKHO IIPEJICTABUTE CIIEIYIO-
M 00pa3oM:

) =) alf.  flfi) = filf).

)

B srom ciiyuae cpesHee 3HaveHUe BeJIMYIUHBL [ OIPEJIE/IS€TCS CJIEYIOIIIM 00pa30M:
f= (U0 =" |al’f.
i

PaccmoTpum  rpaduK  3aBUCHMOCTH  BEPOSITHO-
cru |c;|? snavenuit f; (cm. puc. 8.1). Pasbpoc okoio
CPeJIHero 3HaveHUsl HA3BIBACTCA JUCIIEPCHEIA: / \\

f = Yl - TP = - DA 1 \

/\|C1’|2

PackpbiB CKOOKM B 9TOM BBIPAXKEHUU, TOJIYIHM
CTIEJTYIONIY 0 (POPMYITY:
- = 9 - —
2 _ f2 2
=20+ =r-0,
TO €CTh JIUCIEPCHUs PaBHA PA3HOCTU CPEJIHEr0 OT
KBaJIpaTa (PU3NIECKOil BEJIMYUHBI U KBaJIpaTa CPEJIHErO ee 3HAYeHUS.

Ecimm nBe BemuyuuHBI HE KOMMYTHPYIOT, TO CYIIECTBYET CBA3b MEXKJLy JIUCIIEPCHS-
MU 9THX JBYX T€JI B Pa3JIMYHBIX COCTOSHUAX. DTa CBA3b HA3BIBAETCH COOTHOIIIEHUEM
HeolnpeaeIeHHOCTEM!.

B nmreparype mHOrjIa yIOMUHAETCS MPUHIUIT HEOIPEJIEJIEHHOCTH, KOTOPBI He CTO-
UT TYyTaTh C 9TUM COOTHOIeHneM. Ha jekuax g mocTpoeHns KBaHTOBON MeXaHWKU
OBLII CIIOTL30BAH IPUHITAI CYTIEPIIO3UINN COCTOSIHUI U MpUHIKT cooTBeTCcTBUs. OTHAKO,
OKa3bIBaeTCsd, KBAHTOBYIO MEXaHUKY MOYKHO IIOCTPOHUTD, MOJIb3YACh IMPUHIAIIOM HEOIIPe-

JeJaeHHoCTell, YTo 1 ObLI0 caenano [aiizenbeprom.
[Iycts ecThb jiBe HEKOMMYyTHUpYyIomue Besndaudbl F' u G:

%'y

Puc. 8.1.

[F,G] = iC, ct=C,

T0 ecTb C' — SPMUTOB OIEPATOP.
CocraBum omnepatopbl f U § CJIEIYIONIM 00pa30M:

A ~ J— ~ J—

f=F-F, §=G-G.

A N

B sTom ciyuae mucnepcusi omepatopoB F' u G MoxKeT OBITH 3alliCaHa CJIe Ly OIIM
obpaszoM: o
SF = f2.  6G = 2.

~

Beejiem Takzke omeparop A ciieyromuM 06pasoM:

A= f+ (& +i&)d,
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rae &1, s — MPOM3BOJIbHBIE JIEfICTBUTEIBHBIE YHCIA.
DPMHUTOBO CONpszKeHHbII onepatopy A omnepatop Al mpunmvaer su;:

= ft+ (& —i&)g' = f+ (& —i&)g,
HOCKOJIBKY IPeJIoaraeTes, 9to f u ¢ — (pU3HdecKue BeJUIUHbL, TO €CTh
=1, i'=3g.

Herpynnao nokazars, 4To

~

[F,G)=[f+F,§+G|=[f,q), (8.12)

MTOCKOJIbKY YUCJIO BCErJa KOMMYTHPYET C OLEPaTOPOM.

C dusnyeckoil TOYKHM 3pEHUs 9TO MOHATHO, MIOCKOJIBKY MPHU TapaslIebHOM [EePEeHOCe
KOOD/MHATHOf OCH X JIUCIEPCHs He MeHseTcs. PaccMoTpuM cpejiHee 3HaMeHne Ipousse-
nennst oneparopos Al u A:

AtA = (B|ATA|W) = (AT|AD) > 0,

IIOCKOJIBKY
(AU|AY)
€CTb CKaJISIPHOE IIPOU3BEJIEHNE BEKTOPA C CAMUM CODOIl.
Bocmiosb3oBasimch BeipazkenneM orneparopa A depes3 f u §7 1Moy duM:

~ ~

AA= 2+ (@+ )P +6(fa+af) +i&(fg—af) =
— 5 +89(E + )+ &(fa+af) — 60, (8.13)

rie
iC =f,q].
Beipazkenne (8.13), o4ueBuHO, JOIKHO OBITH HEOTpUIATEILHBIM. Jj1s1 TOTO, 4TOObI

HOJIyIUTh YCIOBUE, IPU KOTOPOM KBaipaTudHast (hopma Oy1eT HeOTPUIIATEIbHA, BBLIEIIM
B (8.13) mostHbIT KBapaT:

—_— Y% — 2 (A
_ fa+af (fg+gf> ¢ C)
Atd = 5f+(§1\/_+ \/—> Y fzﬁ—m —m>0-

Bsenem oneparop: . R
o Javal
24/0g\/0 f

B sToMm cirydae HepaBeHCTBO TPUMET CJIETYIONIAI BUT;:

(©)°
SF1-F)> L = 6fég>r (8.14)

Herpyano nokazars, 4To
r < 1. (8.15)
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A~

st 9TOT0 HEOOXOIMMO COCTaBUTHL omneparop B
B=f+&j.
3areM HETPYIHO IOKa3aTh, UTO yCJIOBHE
B'B>0

PaBHOCUJIBHO UCKOMOMY ycJIoBHIO (8.15).
CrenoBaresbHo, HepaBeHCTBO (8.14) MOKHO YCHIINTD CIIE/YIONIM 00PA30M:

17,4

>
6fdog > 1

Benuuuny 7 npunaro Ha3biBaTh perpeccmeit. Paccmorpum ee dpusmyeckuii ¢MBICI.
Ecmu 6b1 dusnaeckne BesmauHbl f W ¢ ObLIM HE3ABUCHMBI, TO, COTJIACHO BBEJIEHHOMY

OIpeJIeJIEHHUIO,
=0.

3|

Ecnm ke BeMYMHBLI He HE3ABUCHMBI, TO IPOU3BEICHNE OIEPATOPOB (PUBMYECKUX Be-
JIMYMH MOYKET OKa3aThCs He paBHLIM Hy/uo. [Ipu mepexone oT KIacCHYecKoil MEeXaHUKH K
KBAHTOBOH TaMUJIBTOHMAH CTPOUTCS CJICLYIOMNM OOPa30M: COOTBETCTBYIONIUE KIIACCHYe-
CKUue CbI/I:SI/IquKI/Ie BCJIMYINHBI 3aMCHAIOTCA Ha UX OllepaTOPLI.

Ecim B Kaccm4ecknx BeJIMYMHAX BCTPEYAeTC MPOU3BEJCHUE JIBYX (PU3MYECKHX Be-
muaud A n B, a oueparopbl A n B, oTBevaioniye 3TuM BeIMUHHAM, He KOMMYTUPYIOT, TO
epexo/l K TaMUJILTOHUAHY OCYIIECTBJIETCS CJIEAYIOMNM 0Opa3oM:

AB - AB + BA7
2
HOCKOJIBKY B 9TOM CJIydae OIlepaTop B IPaBOil 9acTH — SPMUTOB.

Bocnonb30BaBImmch TUMI pacCy K IeHUSME JIETKO IOKa3aTh, 9YTO OIEePaTop ' — 3PMU-

ToB oneparop. Boipazkenue (8.14), cormacuo (8.12) u Tomy, 4To

SF=6f,  6G=2dg

3AIATIETCS CJIETYIONTIM 00pa30M:

SF 6G > (8.16)

ITpumep 8.1. CooTHolleHne HEONPEIEIEHHOCTE MEXK/Iy KOOPAMHATON W UMITYyJIbCOM B
COOTBETCTBYIOINIEM HAIIPABJIEHUN JIEPKO HOIydnTh u3 (8.16). Omeparopsl p, U & HE KOM-
MYTHPYIOT

[P, 2] # 0.

Haiijiem sror KOMMyTaTop. st 3T0r0 mojeiicrByeM STUM KOMMYTATOPOM Ha BEKTOD
cocrosinus |V¥) B KOH(MDUTYPAIIMOHHOM PEICTABICHAN:

=Y v(@)a). (8.17)
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[Homyumm, aTo

- oy i O AN
ol ) = it (@) ~ (a(-in)) =
, A G . N
_—zhﬁf—zhx%+zhx%——zh\ﬁ = [P, 2] = —ih. (8.18)

Ot BBIGOpA IIPEICTABICHH Pe3y/IbTaT JeHCTBIA KOMMYTATOPa He 3aBUCAT. B nMITyIbe-
HOM TIPEJICTABJIEHUH (P-TIPEeJICTABICHUN ):

. T,
Pz = Pux, T =ih o
Pz
[ToseitcTBOBAB 9TMM KOMMYTATOPOM Ha BOJHOBYIO (DYHKITUIO B P-TIPEJICTaB/ICHUN

T) = alp)lp),

p

HOJIy9UM TOT Ke pe3ysbraT, 9To u B (8.18).
CreoBaTesIbHO, COOTHOIIEHNE HeompeeieHHocTell (8.16) mpumer ciieIyomnuii BT

ﬁ2
dxdp = T (8.19)

B cayaae, korya oneparopsr F' u (G cOOTBETCTBYIOT OllepaTopaM KOODJIWHATHI U HM-
nyJsibca, coorHorenne (8.19) HaJI0 MOHUMATD CJIE/LYIONIIM 00PA30OM.

AN(z)? 2 Ala(p)?
1/
1
2/
= op
>$ >p
Puc. 8.2. Puc. 8.3.

[IycTn pacupenenenne BepoATHOCTH HAXOXKIEHUs (DU3NIECKON BEJIMUIUHBI B HEKOTOPOI
TOYKE MPOCTPAHCTBA (B KOH(MUIYDAIIMOHHOM IIPEJICTABIECHNN) UMEET HEKOTOPOe CPejIHee
sHaveHue T u juctepcuio 0x (cm. puc. 8.2). BeposTHOCTH OIOHAPYYKUTH YACTHUILY € HEKO-
TOPBIM MMITYJILCOM (B UMILYJIbCHOM TIpejicTaBieHnu) (cum. puc. 8.3) TakyKe UMeeT CpejiHee
3HAYMEHUE P U JUCIEPCHIO OP.

Ecin «cxkumaTh» pacipejiesieHrne B KOHQUIYpaIrmoHHOM TpejcTtapiennn (1 — 2), 1o
B UMITYJILCHOM TIPEJICTABJIEHNN 3TO pactpeesenne Oymer pacmupsthes (17 — 2). Takum
00pa30M, COOTHOIIIEHIE HEOPEIEJIEHHOCTH B CIyUae, eC/IU JIBE BeJIMYNHbBI He KOMMYTHDY-
0T TPUBOJIUT K TOMY, YTO YMEHBIICHNE pa3dpoca OJIHON HEKOMMYTUDPYIOMEH BEeTUIHHBI
[PUBOJUT K YBEJMICHUIO PA3dpoOca JPyroit HEKOMMYTUPYIOIIEH BETMIHHBI.

HO IOPAAKY BEJINMYUHBI BCEr'Zla MO2KHO CHUUTATL, 9TO

ApAx ~ h.
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8.3. KBaHTOBBIII oCHUIIATOD

Bajiada 0 KBAHTOBOM OCIIIJLISITOPE UCTOPUIECKH MMEET BaXKHOE 3HAUCHUE: U3ydast ITY
3ajia4ay, ['aiizeHOepr OTKPHLT KBAHTOBYO MeXaHUKY. Ec/in qacTuiia HaxoiuTcst B HEKOTOPOM
MOTEHIINAJIBLHOM II0JIE B PABHOBECHUU, TO COCTOAHUE PABHOBECUA COOTBETCTBYET MUHUMYMY
MOTEHIINAJIBHON SHEPTUN.

Boymsu MmuHuMyMa OTKJIOHEHHE BCEr/ia MOYKHO IPEJCTaBUTh B BHJE KBaJIPaTUIHON
AIlIPOKCUMAIIUH:

ka?
V(:E) = BN (8.20)
B knaccudeckom citydae ypaBHeHUE KOJeOaHU UMeET CJIeTYIONUH BUIL:
mi=kxr = I+4+wr=0, W= —.
m

[Torenruan (8.20) B 3ToM cirydae yJI00HO BBIPAZUTH CIIEYIONMM 00PA30M:

2
V(z) = UL~
2
[Iycrb ecTh HEKOTOPON mapabomyecKuil moreH-
mast V (z) (em. puc. 8.4). Ha npornuibix jiekiusix 6bi- M V(z)
JI PACCMOTPEHBI TPH CJIydasl JIBUKEHUsI IaCTUIIBI B
3aBUCHMOCTH OT €€ SHEPIUH 110 OTHOIIEHUIO K 3HaYe-

HuAM moTeHnmasta Vi u V, Ha 6eCKOHEYHOCTH:

I: E>V,2V

III : Voz2Vi>FE

~
e
T

[Tpu nBrMzKeHMM B IapabOIMYIeCKOil IMOTeHINAb- Puc. 8.4.
HOI1 sive peasuzyeTcd cirydaii 111, To ecTh BOBMOXKHBI TOJILKO IUCKPETHBIE YPOBHE SHEPIHH,
IOCKOJIbKY 3HaYeHne MOTEeHIMAIoB Vi u Vo crpeMutces K +00 (eM. puc. 8.5).

Vpasnenue IIpeaunrepa IpuMeT cIeayrOmuil BUI;

AE
R d*v 2 V(z)
S e Y 2y~ By \ /
2m dx? 2 \ /
Cy1iecTByeT MpaBmjio, COIJIACHO KOTOPOMY IIpU periie- \\ /
HUHU 3aJa4 yA00HO II0JIb30BaThCA Oe3pa3MepHBIME IIepe- \ 7
MEHHBIMI. PasMepHOCTDb SHEpPTUy U UMITY/IbCa: \ /
[Eo] =hw = [po] ~ VmE = Vmhw. (8.21) %

CrenoBaTeIbHO, Pa3MEPHOCTH KOOPINHATEI UMEET CJIe- Puc. 8.5.
AyIOmuil BUI;
h h
o] = H =1/ (8.22)
D mw

Ecii raMuIbTOHRAH 3aICcaH CIIeyonmM obpasoM (OymeM pemars 3a1ady B KOHDU-
[YPAIHOHHOM [PEJICTABICHUN ):

o) 2
A D mw”
H=-— 7,
2m+ 2

(8.23)
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TO yJIOOHO BBECTH CJejytorue 6e3pa3sMepHble BeTMIHHbBI:
P
= p=L

x 0 Do

Q=
Famuibronunan (8.23) B 9TOM CiIydae IPUMET CJIELyIONUi BII:

-~ mhw - mw? kA
H = . 22
2m P+ 2 mwQ 2

hw(P? + Q).

[TockoyibKy TaMUJIBTOHHAH UMEET pa3MEpPHOCTH SHEPIUuU, TO €CTh u3MepsgeTcd B hw,
MOXKHO 3aITUCaTh:

N A N 1 - A
H= hu}Ho, HO = 5(732 + Q2>

B ﬂaHbHeﬁﬂleM IIpu pelneHmnm ypaBHeHI/IH HeO6XO,ZLI/IMO YIUTBIBaThb, 9YTO SKCIIOHCHIIH-
aJIbHO pacTyliee PelleHne Ha 000MX KOHIAX JIOJKHO OTCyTCTBOBATH (cM. puc. 77). Bynem
peliarh 3Ty 3aJady He MPsIMbIM HHTerPUPOBAHUEM, a APYTHM CIIOCOOOM, KOTOPBIA HOHA-
JIOOUTCST TaKzKe B CJIEYIONIEM CeMecTpe, KOrja OyJaeT pacCMOTPEHO U3JIyUeHue.

Bynem nckath perenue ypaBHeHUs

ﬁoﬂ’) :5‘\I’>'

Bresiem s1Ba omnepartopa: X ) A )
Q+1iP it — Q— 1P
V2 V2

~

B kmaccuaeckom mpescraBiennn, eciau () UMeET PasMEpPHOCTb KOOPIUHATHI, a P —
Pa3sMepPHOCTH UMITYJIbCaA, TO

(8.24)

a =

a ~ e—zwt, CLT ~ ezwt
TO eCTh OyJIyT COOTBETCTBOBATH SKCIOHEHIMAILHO PACTYIIEMY U MAJIAIONIEeMy DEIeHuIo.
st oneparopos P 1 ( BBIIOIHSETCs COOTHOIIEHHE HeolpeienenHocTelt. KommyraTop
9TUX OIEPaTopoB, cornacuo (8.21), (8.22) u (8.18), pasen:
P A [ﬁazv ] [Axa ﬁ] ih .
P,Ql = = =—— = —i.
vm

S
:«
>t
=t

[IpousBeieHme omepaTopoB, coracHo (8.24), mpuMeT cireryromuii BuI:

i QP+ PP +i[P,Q]
aa’ = 2

1
(732 +Q*+1). (8.25)
I[lepecTaBuB MeCTaMH ONEPATOPHI & U @, IOy auM:

ata = it QQ; Q. 7] 1(732 +Q*—1) (8.26)

Berara u3 (8.25) Beipakenue (8.26), moydnM 3HAYUCHHE KOMMYTATOPa OLEPATOPOB G
~1.
na':
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N3 strx cooTHOIEHN BUIHO, UTO Oe3pa3MepHbIil TaMuIbTOHuAH H(y MOXKeT OBITh 3a-
[IICAH B CJIEYIONIEM BH/IE:

. 1 - A 1

st HaXOXKJIeHUsSI CPEJIHEro 3HAUEHUs OllepaTopa

A

N =a'a
Oy/IeM UCKaTbh pelieHne CJaeyIoero ypaBHeHus:
N|U) = \|B).
YMHOXKWUB JIEBYIO U IIPABYIO €ro 4acTh Ha (\If\, IIOJIyI1M, YTO:
(UIN]W) = \(¥[W) >0,

tak Kak (V|W) — ckaJspHOe MPOM3Be/IeHne BEKTOPa COCTOSHESI Ha CaMOro cebsl.

Ha cremytorteit JieKnun mpojioizKiuM 9TO PACCYK/IEHUE U YBUJNUM, YTO MOYKHO, HE pe-
masi ypaBHerus IllpeauHrepa, MOJIydnUT CIEKTP SHEPrUil W, CJIe/I0BATE/IbHO, BOJHOBBIE
PYHKIUN OCIIUIIIATOPA.

Takoe paccMoTpeHme BayKHO, TIOCKOJIBKY B Ja/IbHEHIeM TPU PACCMOTPEHUN OCITULISI-
TOPOB B 3JIEKTPOMArHUTHOM IIOJIe, JeilcTBHe omepaTopa 4! Ha cmucTemy OyIeT COOTBET-
CTBOBATb PoKieHnio dporona. /leficTBue oneparopa a Ha cucremy OYJIET COOTBETCTBOBATD
norsomennio GoroHa, a omeparop N GyLeT COOTBETCTBOBATD CPeIHeMY 1HCIy (POTOHOB.
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