maBa 8. AnemMmeHTbl KBAHTOBOU MeXaHUKU

3agaun aTOMHOW (U3MKH pPElIaloTCsi METOJaMH KBaHTOBOW TEOPWH, KOTOpas NPHHIUIHAIBHO
OTJIIMYAETCS OT KJIACCUYECKON MEXaHUKH.

Pemenne 3amaun 0 IBMKEHUH Tela MAKPOCKOIIMYECKUX Pa3MEpOB OCHOBAHO Ha MPHUMEHEHUH BTOPOTO
3akoHa Hprotona. Eciin n3BecTHBI Cuilbl, ECTBYIOIIME Ha TEJIO, TO CHAa4Yajga Mbl HAXOAUM €T0 YCKOPCHHE,
3aTeéM — TPaeKTOpHIO, TOCIEe Yero — BCe MapaMeTpbl ABMkKeHHd. Ho B mMacimrabax aTOMOB IOHSTHE
TpaeKTOpUM TepseT cBOM cMbIci. CBOE 3HAaUEHHME COXPAHAIOT TaK Ha3blBaeMble MHTETpajbl ABMKeHUs. K
HUM OTHOCSITCA, B NEPBYIO OuY€pedb, SHEPIHs, UMIIYJIbC, MOMEHT BpallleHHs M 4€THOCTb. B KBaHTOBOM
TEOPUH 3TU BEIUYHHBI ONPENIENSIOTCS Cpa3y, MUHYS ATaIl BEIYMUCIECHUS TPACKTOPHH.

B ocnoBe pacuéroB nexut ypasHeHue Llpenunrepa. Pemus ero, Ml HaX0IuM HaOOp SHEPTETHUECKIX
YpOBHEH, KOTOPBI peanu3yeTcs B 3aJaHHOM MOTEHIMAjJe, a TakXke Moldy4aeM HHGPOPMALUIO
CTaTUCTUYECKOr0 XapaKTepa O BO3MOXHOM IOJIOKEHUH YaCTHULIBI.

8.1. YpaeHeHue LlipeduHzepa

VYpasuenue lllpemunrepa, kak 3akoHbl HploTOHAa W ypaBHEHWs MakcBeura, BRIBECTH Henb3s. OHO
OCHOBAHO Ha aHAJIM3E SKCIICPUMEHTAIBHBIX JaHHBIX U B MacIITa0aX aTOMOB OIMCHIBACT BOJHOBBIC CBOWCTBA
yactull. [lokaxkeMm cBs3p ypaBHeHus lllpenuHrepa ¢ BomHOBBIM makeToM. [l 3TOTO 3ammineM ypaBHEHHE
BOJIHOBOTO TTAKETa!

W (x,1) = Aj B-expli(kx - o) |dk,

—-Ak

rae B — ammmrtyna. bynem canrarts, uTo BenwmunHa B Kak GyHKIHS k paBHA HYIIO TIpH k < —Ak u k > Ak.
Torma o0macTbi0 MHTETPUPOBAHUS CTAHOBUTCS BCS YHCIOBast OCch. BecmomuHas cooTHomeHus ne bpoims-
OiiamreriHa (popmynbr (2.1) w (2.1a) mepBo# T1aBbl), TPUXOJUM K HOBOW 3allUCH BBIPAXCHHS IS
BOJTHOBOTO MaKeTa

(L) W(xo)=[d-exp %(px—Et) dp,
rIe

a2
h

[ponuddepenuupyem (1.1) mo BpemeHu:

(1.2) ihaa—lf:J‘E(p)-A-exp %(px—Et) dp.

[NosBneHnIo PHEPTUH B OABIHTErPAEHON (YHKIIMH COOTBETCTBYET ONEpaTop TU(PepeHInpOBaAHUS
0

E—>ih—.
ot

Ero naswBatoT onepamopom suepauu. IMiynsc, B CBOIO 04epellb, CBA3aH C OIEpaTopoM

0
— —ih—,
P : ox

B 4éM MOXKHO yoenuthes, muddepenuupys (1.1) mo x:



h oY i
i J.p . A-exp[g(px—Et)}dp.

Msbl paccMaTpuBaeM HEPEISITUBUCTCKYIO YacTUIy B OTCYTCTBHE BHEIIHMX IOJIEH, CJIE€JOBaTENIbHO, €€
SHeprus paBHa p2/2m. Eif MOKHO COMTOCTaBHUTH ONEPaTOp ABOWHOTO nu(PepeHINPOBaHHS IO KOOPAHHATE:

n oW 2 i
(13) o= f—m-A-exp[%(px—Et)}dp,
OTKyZa
2 2 2
T_p__) h° O

“2m 2mox’

Berunras (1.3) u3 (1.2), nomyuum

¥ n oY P’ i
h—+———= [ 4| E—Z—|-exp| —(px - Et) |dp.
: -[ ( 2mj exp[h(px )} P

ot 2m ox®

Bcé moapIHTErpaibHOE BRIPAKEHHE BMECTE C Pa3HOCThIO £ — p2 /2m pagno Hy0. CllE0BATENBHO,
oY W 'Y

(1.4) h—=———
ot 2m Ox

Me1 BeIBenu ofHOMepHOe ypaBHeHHe lllpeannrepa nist cBoOOAHON yacTHbl. Temeps ydITEM BO3MOXHOE
IIPUCYTCTBHUE BHEIIHUX IOJIEH:

hZ
E=—+U,

2m

3necs U = U(x, ) — NOTeHIMAIbHAs SHEPTHUS, 3aBUCSINAs TOJIBKO OJHOM KoOpauHaThl. BooOIie roBopsi, oHa
MOXET TakKe MEHAThCS cO BpeMeHeM. COOTBETCTBEHHO, MPHUXOJUM K OJHOMEPHOMY YPaBHEHUIO
lpenunrepa:
oY n oY
(1.5) ih—=-——+UY.
ot 2m Ox

O600menne Ha cayvail TpEX U3MEPEHUH CBOAUTCS K 3aMeHe MIPOU3BOJHOI 1Mo x onepaTopom Jlamnaca:
0’ o0 o 0
s>ttt =A
ox ox~ oy~ Oz

VYpasuenue lllpenunarepa ¢ NOTEHIUAIOM, 3aBUCAILIUM OT BCEX TPEX KOOPJIUHAT, UMEET BU/I

2
a6 X A U@
Ot 2m

Bekropy ummyibca B TpEXMEPHOM ClTydae COOTBETCTBYET OIIEPaTOp IpaJueHTa:



0 0 0
V=e —+e —+e —,
ox oy 0z

T7ie €y, €, M €, — CIAMHUYHBIC BEKTOPbI B HAIpPaBJICHUH KOOPAMHATHBIX oceil. B mporecce BhiBona Mbl
WCIIOJIb30BAIN CJICAYIONNE COOTHOLIEHHS MeX Ty (PU3NUIECKUMU BETMYUHAMHU U OTIepaToOpaMu:

E — ihg,
ot
P - E.V,
i
2 2 2
T:p_ N _h_vz :_h_A
2m 2m 2m

Omnepatop NpUHATO OTMEYATh «UIIANKOH». Hampumep, onepaTtop, oTBedaromuil pusnueckoi Benuuude G,

0003HaYaeTCA Kak G . B XBaHTOBO#1 MEXaHHUKE BBOJUTCS OI€paTOp SHEPTHUHU, UIIU OIICPATOP I'amunpTOHA

Ow no3Bosster 3anucath ypaBHenue Llpenunarepa ciaenyonmmM o0pa3om:

18 X fw.
ot

VpaBuenue lllpenunrepa comepKUT MHHMYIO €AMHUIY I, CIEIOBATENbHO, €TO pEILICHHE JOJDKHO OBITh
KOMIIJIEKCHBIM. DOTHUM OHO OTJIMYAeTcsl OT BOJIHOBOIO yPaBHEHHUS B KJIACCHYECKOM MexaHHKe. B kadecTe
IpUMeEpa pacCMOTPUM OJHOMEpPHBIN ciaydail. Knaccuueckoe ypaBHeHue

o*Y o 4
1.9 =c?
(1.9) or* ¢ Ox’

IIO3BOJIACT pa60TaTL OTACIBHO C JICHCTBUTEIBHON M MHUMOM 4acCTSAMHU lP, KaxKaast U3 KOTOPbIX MOAYNHACTCA
OIHOMY U TOMY 7K€ YPAaBHCHHIO. B camom Aacie, €Clin

(1.10) VY=u+iv,

roncuny— ,E[CI\/'ICTBI/ITGJ'ILHBIG (I)YHK]_II/II/I, TO YPaBHCHUIO (19), KOTOPOC MBI TCHIEPH 3alIUIIEM B BUAC

ou N 0% o o’u +ic? o'
1 =

ic
ot* ot’ ox? ox?

paBHOCHUJIbHA CUCTEMA OAMHAKOBLIX ypaBHeHHﬁ, KaKA0€ U3 KOTOPLIX COBIMAAACT C HCXOAHBIM:



o’u B , 0%u
a
v ,0
a

JeiictButenpHass 1 MHUMas 4dactd WV pasmenmmnnch. Mbl yOemuiInch, YTO B KIIACCUYECKOM CIIydae HET
MPUHIUITHAIEHON HEOOXOMMOCTH B KOMIUIEKCHOM TPEJCTABICHUH (XOTS OHO YacTO HCIOJIB3YeTCs s
ynoOctBa Beruucienni). s ypaBaenns peawnarepa »to He Tak. Pazmoxenue (1.10) BcTaBuM Temeps B
ypaBuenue (1.4):
2 2 2 2

Lou L ov h® 0u .h” O0v
ih——h—=—-———F5-i——.

ot ot 2m Ox 2m Ox

9TOMy YPaBHCHUIO DKBUBAJICHTHA CUCTCMa

ou W o'r
h— =———,
ot 2m Ox
o _w o
Ot 2m ox?’

B KOTOPOI NIEPEMEHHBIE U U V CBA3aHBI APYT C APYTOM.
Crpykrypa ypaBuenus lllpeaunrepa

JleBas yacTh [IpaBas yacthb
(E) = (D) +
U)

MOKA3bIBACT, YTO OHO OTOOPAXKAET 3aKOH COXPAHCHHS YHCPTHH.

VYpasuenue lllpenunrepa onpenesnser 3aBUCUMOCTh BOJIHOBOW (PYHKIIMU OT BpEMEHH U OT KOOP/IMHAT.
Kak BTOpOi1 3akoH HbIOTOHA OMMCHIBAET TPACKTOPUIO YACTUIIBI, Tak ypaBHeHue lllpenunrepa omnuceiBaer
SBOJTIOLIMIO BOJIHOBOW (DyHKITHH.

BrIxoq B KOMITJIEKCHYIO THIOCKOCTH SIBIISIETCS CIENCTBHEM TpeOOBaHUS, YTOOBI BOJHOBAs (YHKIHS B
0001 MOMEHT BPEMEHH TOJTHOCTHIO OIIpeesiach €€ HadalbHBIM 3HaueHneM. Clie1oBaTe-HO, ypaBHEHHE
lpenuHrepa DOMKHO COAEPKATh TOJNBKO TEPBYIO MPOU3BOJHYIO BOJHOBOM (YHKIMH IO BPEMEHH, HO HE
BTOpYy10. Ecnu OrpaHWYMTBCS TapMOHWYECKHMMH (DYHKIUSMH B JCHCTBHTEIBHON OOJIACTH, TO BOJIHOBOE
ypaBHEHHE 0053aHO COJIEPKaTh BTOPYIO MPOU3BOHYI0. B camoM nene, ogHOKpaTHOE AU QepeHITnpoBaHIe
MEPEeBOAMT CUHYC B KOCHMHYC M HaoOopoT. Ho komnebaHuMs MOryT OBITH OMNMCaHbI SKCIIOHCHTOW ¢
KOMIUICKCHBIM ToKa3aTesieM. E€ BakHOE CBOWMCTBO 3aKIIIOYACTCS B TOM, YTO MepBas MPOU3BOAHAS (DYHKIIUU
BO3BPAILAET HAC K HEHl caMO:

%exp(imt) =im-exp(io?).

[epetiném k 00CykIeHUIO (U3NIECKOTO CMBICIIA BOJTHOBOW (DYHKITHH.

2.1. BonnHoeasi pyHKUuUs1

Boeiknanku Mpempiaymiero pasjeia Mbl HPOBOJIWIM, HCIONB3YsS MPEICTABICHUE KIACCHUYECCKON
MEXaHUKHA O BOJTHOBOM Iakere. B ypaBaenun lllpenunrepa dyuakuus ¥ (r, £) mpruoOperaeT HOBBIA CMBICIL.
Ona Ha3bIBacTCsS BOJIHOBOW (DyHKIIMEH M OMMCHIBACT YK€ HE CYNEPIIO3UIMI0 KOJeOaHUil, HO COCTOSIHUC
peanbHO# YacTullel. [lepedrciuM OCHOBHBIE CBOHCTBA BOTHOBOM (DyHKIIUY.



BonHoBas ¢pyHKUUA KaK BEPOATHOCTb

B xBaHTOBOI MexaHUKe BCs MH(POPMALIKsS O YaCTHUIIC COACPKUTCS B € BOIHOBOM GyHKimu. C yuéTom
COOTHOIIICHHUS HEOTIPEICIEHHOCTEH, 3Ta HH(DOPMAIUs HOCUT BEPOSATHOCTHBIN XapakTep. A UMEHHO, KBaJpaT
MOJTyJISI BOJTHOBOW (PYHKIIMU MPOTIOPIIHOHANICH BEPOSTHOCTH WV HATH 4acTUIly B JaHHOW TOYKE B 3a/laHHBIN
MOMEHT BPEMEHU:

Q2.1) WP, =¥

3,I[CCB 3BE30YKAa 03HAYAET KOMILICKCHOE COIIPSAKECHUC. B OonbiinHcTBE 3aaa4, KOTOPBIC HaM BCTPETATCA B
z[aaneﬁmeM, HUMCET MECTO TOYHOC PABCHCTBO:

(22) W, =|¥0)|.

Breibop mexay (2.1) m (2.2) omnpenenseTrcsl CTENEHBIO JOKAMM3aIllMM YacTHUIBI B mpocTpaHcTBe. Ecmm
BEPOSITHOCTh HAWTH YaCTHUILy B YAAIEHHBIX TOUKAX MCUYE3AIOIIE Maa, TO HHTETpal

(2.3) j|\y|2dr,

B3STHI 1O BCEMY IPOCTPAHCTBY, CXOAWUTCSI. B KOHEYHOM HTOre MMEHHO 3TO U JeNacT BO3MOKHBIM
paBeHcTBO (2.2). Hao60poT, CBOOOMHO MBHIIKYIIASICS YaCTHIIA MOXET OBITh OOHApy)XeHa B JIOOOW TOUKE.
Unrterpan (2.3) 11 e BOJHOBOH (YHKIMH PACXOAMTCS M, ciejoBaTenbHO, |W|* He MOXKET CIyXHTh
BEPOATHOCTHIO HUKAKOH BEIMYMHBI. B 3TOM cilydae cripaBeayIiBO OTHOIICHHE

|‘P(r1,t)|2 _ W(r,t)
|‘P(l‘2,t)|2 W(l'z,l‘),

(2.4)

KoTopoe sBisieTcs ciaeacteueM (2.1). Hmwke HaM HeomHOKpaTHO OyIyT BCTPEUATHCS BOJTHOBBIC (YHKIIHH,
MOJIyJIb KOTOPBIX HE CTPEMHUTCS K HYJIO MPH yJNAJICHWU OT Hadalla KOOPJUHAT, JIMOO YOBIBAET CIUIIKOM
MeJIeHHO. XOTs JUIsl Takux (pyHKIuil He mMeeT cMmbicia (2.2), TeM He MeHee, OTHOUICHHEe 3HaueHuid W B
JIBYX Pa3HBIX TOYKaX IMPOCTPAHCTBA PABHO OTHOIIECHHIO BEPOSTHOCTEH 0OHAPYKHUTH TaM YaCTHITY.

MpuHUMN cynepno3numn

VYpapuenue lllpenauHrepa JIMHEWHO OTHOCHTENBHO BOJHOBOW (yHKimU. CleaoBaTellbHO, IJt00as
TUHEWHas KOMOWHAIUS

Y=CV¥, +CV¥,

ero pemenuid ¥, u W, Takxke ABISETCS €ro pelIeHUEM.

Takum o0Opa3oM, TUHEWHAas KOMOWHAIMS BOJHOBBIX (DYHKIMH 00s3aTElIbHO OMHCHIBAET HEKOTOPOE
COCTOSIHHE YaCTHIIBI (WM CUCTeMBI YacTull). B wactHOCTH, 1ipn C, = 0 monrydaem, 4To pelieHne YpaBHEeHHUs
lIpeauaTepa, M3BECTHO C TOYHOCTHIO IO MTOCTOSTHHOTO MHOMXHUTEIIA.

HopmupoBka

BCpOﬂTHOCTB W o CBOCMY CMBLICITY JOJIKHA YAOBJICTBOPATH YCIIOBUIO HOPMUPOBKU

25 [wrndr=1

Ecmm wactunia coBepimaet cBo€ ABMKEHHE B OTpaHHMYEHHON 00J1aCTH, TO, COTIIACHO MPEIBIIYIEMY pa3fely,
CYIIIECTBYET MHTETpalL:



26)  [¥(r,0)-¥(r,Hdr=C.

[Ipy BBHIMONHEHUH TOCIETHETO PABCHCTBA BOJHOBAs (YHKIUS MOXKET OBITh NIpeoOpa3zoBaHa Tak, YTOOBI
yCIIOBHE

@7 [¥Enwrndr=1

MMEJI0 MECTO Jake B TOM ciydae, Korma kKoHcTanTa C He paBHa €IWHUIC. A UMEHHO, yCIoBHUIO (2.7)
YJIOBJIETBOPSCT (PYHKIIHS

D=—

NG

CornacHo Cka3aHHOMY B MpeIbIOyLIeM pasfelnie, 00e 3TH (YHKLUUHN ONHCHIBAIOT OJHO U TO K€ COCTOSIHHE.
[Ipouecc nepexoga ot ¥ k @ Ha3piBaeTCs HOPMHUPOBKOH, a GyHKUIUs @ — HOPMHPOBAHHOW BOJIHOBOM
(hyHKIIHEH.

8.3 Tok eepossmHocmu

B razoaunamuke u3BECTHO YpaBHECHUC HECIIPECPBIBHOCTU JIA MMOTOKA BCHICCTBA

op . .
3.1 —+divj=0,
(3.1) 5, Tl

rae p — IUIOTHOCTD, a

(32)  j=pv

IIOTOK BEHIECTBA, ABUIKYIIETOCA CO CKOPOCTBIO V. OHo CIIpaBE€IJIMBO B TOM ClIy4a€, €CJIN HET HCTOYHUKOB U
CTOKOB YaCTHII. AHaJI0ruyHoe COOTHOIICHUE

33 P idivs=o
ot

MOJKHO BBIBECTH W IS IFIOTHOCTH BepoaTHOCTH W. CHauana mpoBeféM pacdéThl s OJJHOMEPHOTO Cydasl.
Jlist ompeneneHns BEKTOpa TOKa BEPOSTHOCTH S BocmoiibdyeMmcst ypaBHeHmeM Illpemmnrepa (1.4) mus
CBOOOHOM YacTHIIBI. 3aITUIIIEM ero TaKKe I KOMIUIEKCHO—CONPSKEHHON BOJTHOBOW (DYHKIIUH:

* 2 *
3.4 o = h 6‘12’ .
ot 2mi Ox
Taxk xak
O_W — g(\y*\y) - LP_@\{I + ly*a_\P’
ot ot ot ot



TO, TTOJCTaBIISIS ctofia BeipakeHus (1.4) u (3.4) ans npon3BoaHkIX 1o Bpemenu ot Y u W*, Haxonum

ow h ov” . 0¥

- Wy R\ A
ot 2mi ox ox
[ yor 0%
2mi Ox Oox Oox

[locnennee ypaBHEHHE TIPEACTABISIET COOOM aHAJIOT OJHOMEPHOTO ypaBHEHUS HETPEPHIBHOCTH, €CITH MTOTOK
BEPOSTHOCTHU MPUHATH PABHBIM

35 s=l |y _yo¥ |
2mi ox Oox

O06o00meHne Ha ciydail TpEX U3MepeHuit 1aéT ypaBHEHHE HETIPEPHIBHOCTH (3.3) ¢ AUBEpreHImeil BeKTopa

no .
(3.6) s:z—(\va—lw\{f )-

mi

Ou3nIeCKUd CMBICIT OTPEIETIEHHOTO TAKMM 00Pa30M IOTOKA BEPOSITHOCTH S MOYKHO BBISICHUTH, BEIYUCITHB
€ro JjIsl CBOOOIHOM YaCTHIIbI, TO €CTh, JIJIS BOJTHOBOM (PYHKIIMU BUIA

Y =Cexp (%pxj.

Hpon3}30):[Ha$[ d_ BBIPAKACTCA YCPE3 Y
X

d¥ ip i ip
37y P Lpx |=Bw.
S N eXp(hpr P

AHAJIOrNYHO BBIUHCIISIEM MPOU3BOJHYIO OT KOMILJICKCHO COHpSDKéHHOfI q)yHKLII/II/I:

Gaay X Py
dx fi

Moacrasmsst (3.7) u (3.7a) B (3.5), moryaaem

s=Lyy _yy.
m

Herpynno yoenurtscsi, 4To B TPEXMEPHOM CITydae MbI IPUXOAUM K Gopmyie

(3.8)  S=Ww.

Ona nonHoCThI0 aHasoruyuHa (3.2), rae posib INIOTHOCTH BBINOJHSET IJIOTHOCTh BEPOSITHOCTU W, a BMecTO
ITOTOKA MacChl j HallO TIOJICTAaBUThL BEKTOP S.

[ToTok BEpOSTHOCTH paBEeH HYIO B cliydae ACHCTBUTENHbHOW BOJTHOBOW (yHKIuH. ClenoBaTenbHO,
MOCIEIHSIS ONKCHIBACT (PMHUTHOE ABHKECHHUE, TO €CTh, IBUYKEHUE B OTPAaHMYCHHOM 001acTH MPOCTPAHCTBA.



8.4 OnepamopsbI husuyeckux eeslU4UH

B sTom paznmene Ml cobepéM BMecTe SIBHBIC BBIPRXKEHHsI ISl CAMBIX Ba)KHBIX JJIsI HAC OMEPaTOPOB.
Omneparop 3Heprun CBOAUTCS K TU(PepeHINPOBAHUIO IO BPEMEHH:

0

4.1 E=ih—,
(4.1) lat

a orepaTop NPOEKLUUH UMITYJIbCca Ha OJHY M3 KOOPAUHAT — K TU(PPEepeHINPOBAHUIO IO 3TOH KOOpIUHATE!

~ ho
(42) px =0

Amnanornyssie (opMyJIbl CIIPABEUIMBHI IS MPOESKIIMA MOMEHTA Ha JIBE IpYTHE OCH, a B TPEXMEPHOM CITyyae
BEKTOP UMITYJIbCA BBIPAYKAETCS Yepe3 ONepaTop rpaJueHTa:

(43) p= E.v.
1

HpI/I (I)OpMI/IpOBaHI/II/I OIICpaTOpOB MOXHO IIOJb30BATHCA COOTHOLICHUSAMU MCKAY KIACCHUYCCKUMU

BCIIMYMHaAMU. TaK, orneparop KHHETHYICCKOU OHEPTHUHU T C IOMOIIBKO COOTHOIICHUA

T=2P

BBIpAXKaeTCs MOCPEICTBOM orneparopa Jlaraca:

~ #>
(4.4) T=——A.
2m

B orcyTcTBHE BHEIIHUX NOJIEH IIOJHAS SYHEPTUS YACTHULIBI PaBHA €€ KHHETUYECKOW SHEPTUU:

E=T.

B kBaHTOBO# MeXxaHHKE 3TOMY (aKTy cOOTBETCTBYeT ypaBHeHue llIpennHrepa amst cBOOOIHON YaCTUIIBL:

E=T.
1501050
2
45 Xy
ot 2m

[Mocnenuss Gpopmyina seisercs obodmenneM (1.4) Ha ciaydail Tpéx M3MEepEHUH.
OnepaTop KOOPIMHATHI CBOIUTCS K MPOCTOMY YMHOXXEHHIO Ha 3Ty KoopauHaty. To ke camoe
CHPaBENIMBO | JUIA OTepaTopa, MPeACTABIAIONICro 00y QyHKIMI0 KoopauHaT. Hanpumep,

(4.6) ' =x", U=U(r).



B MOCJICAYIOIUX pa3aciiaxX MBI IO3HAKOMHMCH € OII€PpaTOpOM MOMCHTA BpalllCHUA.
C MaTeMaTU4YeCKOH TOYKH 3pCHUA YpPaBHCHUA KBaHTOBOM MEXaHHUKHU CBOJATCA K JIMHEMHOM 3aJadye Ha
COOCTBEHHBIC 3HAUCHUS C 3aJaHHbIMU I'PAHUYHBIMHA YCJIOBUSIMMU.

47) G¥,=G.-¥..

3necs W; — cobcrBenHble DyHKIHH, a G; — COOCTBEHHBIE 3HAYeHHUA omepatopa G. DU3MUECKHil cMBICT
(4.7) 3axirovaercs B cienyronieM. B pesyiabTate mu3MepeHuss MOKHO 00HAPYKUTH TOJIbKO Te 3HAYEHUS
¢uzuyeckoii BeJIMYUHBI, KOTOPbIE BXOJST B CIIEKTP COOCTBEHHBIX 3HAYEHHH eé onepaTopa.

CrieKTp cOOCTBEHHBIX 3HAUYEHHH MOXET OBITh KaK AUCKPETHBIM, TaKk U HempepbIBHbIM. Hanpuwmep,
HENPEPBIBHBIM ABJISETCS CIIEKTP MMITYJIbCca CBOOOTHON YyacTuIbl. [lokaxkeM 3TO sl ONHOMEPHOTO CiIydasl.
Brruucnum coGCTBEHHOE 3HAUCHHE p NPOEKLIUH UMITYJIbca Ha OCh X!

(4.8) p.¥Y=pY,
Wi

49 1¥_ ¢
i Ox

Pemenue nocneaHero ypaBHeHus

(410) W =Cexp %px

B KOMIUIEKCHOW (hopMe BBIPKAET «MTHOBEHHYIO (OTOTrpadurio» TIIOCKOW MOHOXPOMATHYECKOH BOJIHEI,
pacrpocTpaHstolleiics Baoyib ocu X. He yAMBUTENbHO, UTO MBI MOJIYYUIIM UMEHHO TaKO€ PEIlIeHHE, TaK Kak
MBI UCXOJWJIU M3 IMPEJCTaBICHHUS IJIOCKUX BOJH MpH MoiydeHuu ypaBHeHus lllpeaunrepa. Bpemennyio
4acTh BOJIHOBOW (DYHKIIH MBI YCTAHOBUM ITO3KeE.

OTMeTHM BaxHYI0 ocobenHocTs (ymkimu (4.10): kBampar eé Mmoxmyns paseH Koucrante |CJ™.
CrnenoBaTtenbHO, CBOOOTHO JIETSIIAsE YaCTHIIA C PABHOW BEPOSITHOCTHIO MOYKET HAXOJIUTHCS B JFOOOM TOUKE
npoctpancTBa. Kak yxke Obuto ckazaHo B pazzene (2.1), Takylo (QYHKIUIO HEBO3MOXXHO HOPMHPOBATH
MpUBEAEHHBIM TaM crocoOoMm. TakuM oOpa3oM, OHAa TPEICTaBIAET COOOW MpPHMEpP BOJHOBOW (YHKIIHH,
KBaJpaT MOJyJi1 KOTOPOH MPOTIIOPIMOHANIEH BEPOSITHOCTH B cMbIcie (2.4), HO He uMmeeT MecTta (2.1).

CpenHee 3Ha4yeHue.
B sroM pasmene MBI ¢ caMOro Havaja MpennojaraeM, 4TO BOJHOBas (YHKLUUS KBaAPaTUIHO
HWHTETpHUpyeMa, TO €CTh CyllecTByeT uHTerpan (2.6). Kak u3BecTHO U3 MaTeMaTHKH, CpeAHEE 3HAUCHHE < f >

(yHKIIH KOOpAWHAT f{X) OIpenensieTcs ¢ TOMOIIBI0 BEPOATHOCTH W(x) Kak

() =m0/ (x)dx.

st omepaTopoB, 3aBHCSAIINX TOJbKO OT KOOPAMHAT, STO OIpEICCHUE Oe3 BCIKUX HW3MCHCHHM
MEPEHOCUTCS B KBAHTOBYIO MeXaHHMKY. Hy»HO TOJNBKO BMECTO BEpPOSTHOCTH HAIKMCATH KBAApaT MOJIYJIS
BOJTHOBOU (DYHKITHH:

@110 (f)= j P (x)- f(x)- P(x)dx.



3/1eck HHTErpUPOBaHUE BeAETCS 110 BCell 00J1aCTH N3MEHEHHUS apryMeHTa X.
B o0mem cayuae, xorna ¢usndeckas BenumuuHa G He sBiIseTcsS (YHKUUEH KOOpAMHAT (Hampumep,
UMIIYJbC), €€ CpeHee 3HaUCHUE ONPEAEIIIeTCs] KaK

412 (G)=] P (x) -G (x) dx.

v * - (V3
[MoxsiHTerpabHas QYHKIMS COCTOUT U3 ABYyX coMHOokuTeneit: ¥ (x) u G'W(x) — pesynbprara Bo3aeHcTBHS

omeparopa @ Ha ¢yHkmo P(x). Dopmyna (4.11) sBusercs dacTHbIM ciydaeM (4.12), korma

f)=f(x).

[TycTh cucTeMa HaXOAWTCS B ONPEICIEHHOM COCTOSHHUH, COOTBETCTBYIOIIEM COOCTBEHHOMY
3HaueHUI0 (; U COOCTBEHHOMY BekTOopy — BonHOBOM (yHkimu WV;. Ecniu ¢usuueckyro Benumunny G
yCcpenHsaTh ¢ nmomMombpio QyHkuuu ‘V;, To cpenHee 3HaueHHE <G> paBHo G;. B 3TOM nerko yOemuthes,

roactasuB (4.7) B (4.12).
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