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JIEKITUS 6

Nvnynascroe npejscrasienue. II1oTHOCTE TTOTOKA BEPOSATHOCTMH.
OO01ume cBoiicTBa OJHOMEPHOI'O JABUXKEHUS YaCTUIIbI

6.1. IMmmmysibcHOe mpeacTaBJ/ieHUE

PaccmoTrpuM uMmIy/ibCcHOE TIpeJiCTaB/IeHIE BEKTOPA COCTOAHUSA JYacTHll. Paszdepem cHa-
qaJia cIydail OJJHOMEPHOT'O JIBUKEHUSI.

BekTop cOCTOsIHUS YaCTUIbI B KOH(MUTYPAIMOHHOM TIPeJICTaBIeHnH (B KOTOPOM B Ka-
JecTBe (PU3NIECKUX BEJIMINH BHIOPAHBI KOODJAMHATHI) UMEET BUJI;:

0) = d(w)|e).
@

[TockosibKy BeMUMHA & TPUHUMAET HEIIPEPBIBHbIE 3HAYEHUS, 3Ty CYMMY CTOUT IIOHU-
MaTh B CMbICJIe UHTerpaJa Jledera.

Ecim B kavyecTBe (hbusmyuecKkoil BEJIMYUHDBI, OIPEJIE/IAIONIEe BEKTOP COCTOAHUS, B3ATh
COOCTBEHHBIE COCTOSHUS MMITYJIHCA YaCTUIII, TOTJIA

W) =Y ap)lp) =) _v(@)l). (6.1)
(@)

(p)

3Hasi BEKTOP COCTOSIHUS B KOH(MUTYDPAIMOHHOM MPEJICTABICHUN, MOXKHO BBIYHCIUTH
BEKTOD COCTOSIHUS B MMITYJIbCHOM IIPEJICTABICHUN. YMHOXKUB ypasenue (6.1) ckajuspHO
Ha (x|, Oy InM:

w(z) = a(p)(z|p). (6.2)
(p)

Touno Tak »Ke MOXKHO HANTH BEJIMYUHY aMIIATYAbI COCTOSHES B PA3JIOKEHUH 110 MM-
mysabcaM. YMHOKHUB (6.2) cieBa ma (p|, MOy <IHM:

a(p) =Y _v(z)(plx).
@

Ha camom jiesie, HaJI0 TIOHUMATD, YTO O], YMHOXKEHUEM, HallpuMep Bbipaxkernust (6.2)
Ha (x| mompasymMeBaeTcs CIeyIoNas OmePaIlis:

(2W) =) () (zlr) Y o(a)our = v(@).
(@) (@)

B cuny oproronajbHOCTH COOCTBEHHBIX COCTOSTHUI, CKaJISPHOE IIPOU3BEIeHIE

(plz) = (z|p)". (6.3)

Haiiiem coOGCTBEHHBIIT BEKTOp MMILYJIbCa |p) B KOH(MUIYPAIMOHHOM IPE/ICTABICHIN.
Bynem cumrarh, 9T0 COOCTBEHHBI BEKTOP MMITYJIbCA, MPUHAJJIEKAIIUN 3HAUEHUIO P’ —
CcOOCTBEHHBIN BEKTOP OmepaTopa p:

plp’) =p'lp). (6.4)
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[IpeacraBum BeKTOD |p') B KOHMDUTYPAIIMOHHOM IIPE/ICTABICHIN
P) =) dyla)a). (6.5)
(")

OmepaTop p m3BecTeH B KOH(MDUTYPAITMOHHOM TIPEICTABICHUN (IIOCKOIBKY PACCMATpPHU-
BaeTCsl CJIydail OJHON MepEeMEeHHOI, 3aIuIeM MPsIMble TPOM3BO/HBIE BMECTO YACTHBIX )

d
s _in
P Zd:v

B srom ciryuae ypasaenue (6.4) MoxkKeT ObITh 3aIMCAHO CJIELYIOIIIM 00OPa30M:
. d?bp
IACE Z th— o) = Z%
(=')

CpaBHUBasi J[Ba IOJIy9€HHBIX BBIDAKEHUsI, MOJYUIUM CJIEJYIONee ypaBHeHne (3HaK
[ITPUX Terepb MOXKHO OIyCTUTH ):

dyp

_ihd_xp = pp.

Permenne sToro auddepeHnuaibHOr0 ypaBHEHUS UMEET CJICJIY IO BT

Py(x) =A- e%px,

rae ¥,(T) — aMIUITY/a COCTOSHES, OTBEYAIONAsd BEKTOPY COCTOSHUS C OIPEICTCHHBIM
UMITYJIBCOM B KOODJIMHATHOM IIPEJICTABICHUN.

CHeKTp UMITYJIbCOB CILIONIHOM, TIO9TOMY HOPMUPOBKA BOJTHOBOI'O COCTOSIHUS OCYIIIECTB-
JisieTcst Ha 0-(YHKIIUAIO:

(plp") = 0(p' — p).
B koudurypannoHHoM IpoCcTpaHCTBE

“+o0o
ol = AP [ e e (6:5)
—0o0
N3BecTHO ciemyroriee npejcTasieHue jgeabra-pynknun Jupaka:

+oo

/ et de = 2o

—00
Takum 0b6pazom, Bbipazxkenue (6.6) mpuHUMAET CJIEAYIONTIIIT BHII:

1
RV orh

CiieioBaTe/IbHO, BEKTOD COCTOSIHUS B UMITYJIbCHOM IIpocTpancTie (6.5) npejcrapiisier-
cd caepyromeit GyHKIred:

(plp) = |A] 27T5< - > |A227hé(p' —p) = A=

1 i

Yp(T) = W@m-


http://lectoriy.mipt.ru

http://lectoriy.mipt.ru 3usz 12

Jlektus 6. mirysibenoe mpejcrapienne. OOIue cBOMCTBA OJITHOMEPHOI'O JIBUKEHUS

Dyukrws ¢, () — CKaJIApHOE MPOU3BEICHNE BEKTOPA COCTOAHNUS |T) 1 |p)

Yp(z) = (2|p).

DTO MO3BOJIAET MepeiiT OT KOH(MUTIYPAITMOHHOI'O IMPEJICTABICHUsT K UMITYJIbCHOMY U
naobopor. CiieroBareibHo, coracuo (6.2)

U(r) = (6.7)

1 ;
pres / e’ a(p) dp

Ammnryna a(p) Beipazkaercs depes () anamorundnoii popmystoit. YaursiBas (6.3),
HOJIYYUM CJIEJIyTOIee BbIpazKeHue:

+oo
! —iP (1) da
a<p>=%/en V(@) da. (6.9)

Dopmyier (6.7) u (6.8) ompenesistior, COOTBETCTBEHHO, TIEPEXOJT OT UMITYJIbCHOTO TIPe/i-
CTaBJICHUA K KOHd)I/IpraLH/IOHHOMy n or KOHCbI/IpraHI/IOHHOFO K UMITYJIbCHOMY.

C MareMaTU4IecKOi TOYKM 3PEHUs 3TU 3HAUEHUsI eCTh aMILIUTy A6l Dypbe. DTOT nepe-
XOJI MOZKHO O0OOIIUTL Ha TPEeXMEpHbIH ciydaii. B ciydae, Korja BEKTOP COCTOSHUS JIJIsk
TPpEXMEPHOI'O ABUXKEHUA 3allMCbIBACTCA B BUIE

Zw nr) = Z (2)1P),

(™)

IJle T0JT BEKTOPOM 1* IIOHUMAIOTCsl OJJHOBPEMEHHO KOODJIMHATHL T, Y, 2
®opmyset (6.7) u (6.8) IpEMYT B 9TOM Cirydae CJICLYIONHA BUI:

Y(F) = 27Th Gy Hf 77 a(p) dp, dp, dp.

a(p) = 27rh oAz jff —3PT 7) dx dy dz

MOCKOJIBKY MHOXKUTEJIb [0 KaXKJI0H U3 KOOD/MHAT IPOIOpIonaieH (2mh)
@opmysbl (6.9) MO3BOJISAIOT pelaTh HEKOTOPBIE MPAKTUYIECKUe 3aja49u. PaceMoTpum
CJIELYIOIIUHA IpuMep.

-1/2.

IIpumep 6.1. /[yt Toro, 9ToObl yOEIUTHCA B CYIIECTBOBAHUU

%)
aaTunporoHa B JlyGHe ObLT ocTpoen yekopurtesb (eM. puc. 6.1).
DHeprusi, HEOOXOAUMAS JIJIsl PEaKIUH
p1+p2—>p+3p D
BBIUUCJISIETCST TI0 cJteiytoreii hopMmysie (ecjim CIuTarh, 9TO BTO-
poiif IPOTOH W3HAYAJILHO TIOKOUJICS ): Puc. 6.1

S = (Bl +I_92)2 =m®+2me; + m® > (4m)2 = g >7Tm.

EC.HI/I BBECTU KOHCT&HTy C:
g1 > Tmc® ~ 7 I'sB.
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Ycekopurenb B [IyOne ObLT criocobeH pa3orHaTh MPOTOHBI /10 sHeprun nopsaka 10 ['9B.
B CIIA B Bepkimi cyimecTBoBaJl YCKOPUTEIb, SHEPIUsI KOTOPOro He jocturaja 7 [9B.

Ecmm paccmarpuBarh paccesinue IIpoTOHA He Ha MPOTOHE, a Ha sape, TO MOKOAINI-
Csl IPOTOH UMeEeT HEKOTOPOe UMITYJIbCHOEe pactipejierenue (cM. puc. 6.2). CiemoBare/ibHO,
CYIIECTBYET CJIydail, Koraa, Ka3aaoCh Obl, IOKOSIIUIACS IIPOTOH ABUKETCA HABCTPETY Iy U-
Ky (1).

B stom ciyuae mopor peaknum Oyaer mmke, mosromy Cerpe m UembepieH cMorim
B 1955 romy Ha yckoputese B BepK/u MoJlyduTh aHTUIIPOTOH, & 3aTeM U aHTUHEHTPOH.

Paccmorpum JieficTBre oreparopa KOOPJMHATHI B UMITYJILCHOM IpejicTaBieHuun. s
OJHOMEPHOIO CIIydad:

By = S v ) = 3 ale) ). @[\
(@) @) 1 9 @

[TozeitcTByem orepaTopoM I Ha BEKTOP COCTOSHUSI: 2
zla'y = 2|2’). Puc. 6.2.

CirefioBaTeIbHO, JefCTBHE omeparopa & B KOHMUIYDPAIMOHHOM IIPEJCTABIEHUN CBO-
JquTest K ymMHOXKeHnto dbyskimn ¢ (z') Ha 2’. B uMmiryscHOM mIpejicTaBieHun:

B, = alp)ilp) =D b(p)lp)-
(p)

@)

YMHOKHB 9TO BbIPazKEHUE CJIEBA HA BEKTOD |p), HOLyIUM aMILIuTysy b(p):

b(p) = > _(plip))a(p), (6.10)

pl

rie (p|Zp’) — marpuna oneparopa & B UMILYJIbCHOM IpejicTaByiernn. [Ipu ymMHoKeHnn MaT-
PHIIbI Ha BEKTOP-CTOJIOEIL (B JIMCKPETHOM CJIyUae), Pe3yJIbTaTOM TaKzKe sIBJISEeTCsl BEKTOP-
croJberr.

Boraucsars 9Ty MaTpuily yJI00HO B KOODPIUHATHOM ITPEJICTAB/ICHUN:

+o0
1

2rh

—00

(plzp) = e P e dy,

DTOT MHTErpaJjl PACXOJIUTCs M0 abCoTIOTHOMY 3HadeHuio. [lompobyem 3armcarh ero B
BHUJI€ HCKOTOPOU IIPOU3BOIHOM:

+00

1 A d i h d
s\ — = o (@' —p)z - /o

—0o0
Coornorenne (6.10) HEOOXOIMMO TTIOHUMATH Kak uHTErpas Jlebera, mosromy

+oo
b(p) = / L. dip,fxp' — pa(y) dp. (6.11)

—0o0
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ik} KypcCa MaTeEMaTUIE€CKOI'O aHaJIn3a U3BECTHO, 9YTO €CJIN

y(z) = /y(:c’)é(:c’ —x)did = % =— /y(x’)%d(x’ —x)dz’.

CrenosaresibHO, Beipaxkenue (6.11) mpuHUMaeT CJeyronumii Bu:

b(p) = _;di’—f) = ihdczi—gf).
[t HATJISITHOCTH PACCMOTPHUM CJIEJTYIONIYIO TaOJIUILy:
Qusnueckas | Konduryparumonnoe | VmmyibcHoe
BeJIMYINHA [Ipe/ICTaB/ICHIE IIpeJICTaBIeHNEe
7 7 ihV,
7 —ihV, P

QusnyeckuM BeJIndIuHAM JIOJXKHBI OTBeYaTh SPMHUTOBBI omeparopbl. [lokaxkem, 9rTo
orepaTop UMITY/IbCa B KOH(MUTYPAITMOHHOM IIPEJICTaBJIeHIN SPMUTOB. PaccMoTpum orepa-

TOP:
. d
L=\—.
dx
B sTOM cilygae SpMUTOBO COIPAKEHHBIN OEPATOp JOJIZKEH YIOBJICTBOPATDL CJICILYIO-
1My COOTHOLIEHUIO:

(D|L|W) = (LTD|w). (6.12) :

U [yCTh T MEHSETCS B HEKOTOpOM mHTepBase (a,b) (cm.
Byznem caurarh, 9T0 Ha KOHIAX HHTEPBAJIA

O(a) = O(b), U(a) = W(b).
B obmem citydae MOXKHO yCTPEMUTH
a — —00, b — +oo,

a dyakuun ® u ¥ Ha KOHIAX MHTEpBaja CUATATh PABHLIMU HYJIIO.
B srom ciryuae Boipazkenune (6.12) npumer ciielyommii BuL;
o du b o [l dDN”
/CID*)\—d:U = P \U —)\/ v = —/ N— ) Udz.
dx u dx dx

a a a

CrenoBaresibHO, coryacHo (6.12), SpMUTOBO CONPSIZKEHHBI OMEPATOp:
Pt— L
dx

Yro6b! oneparop L 6b11 paBen L Heo6X01mMMO, YTOObI
TO €CTh BEJIMUNHA A JOJKHA OBITH IHCTO MHUMOI BEJTMIHHON.

CrieioBaTeIbHO, OIIEPATOP MMITY/IbCA B KOH(DUTYPAIMOHHOM IIPEJICTABIECHUN U OTlepa-
TOP KOOPJAMHATHI B UMITY/IbCHOM IPEICTABIEHUN SPMUTOBHI.
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6.2. II1oTHOCTH TTOTOKA BEPOSITHOCTH

Banuriem ypasaernue [IIpeaunrepa B KOHMUTYPAITMOHHOM [IPE/ICTABICHUN:

A NIV R A (6.13)
th— = —— ) , =0, )
ot 2m ! 2 2
XOTsI TIOTEHIUAJ, OYE€BUJIHO, JIOJI?KEH OBITH JeiCTBUTEILHBIM, 9TO0BI OriepaTop [aMuibTo-
Ha ObLI SPMUTOBBIM.
KowmmiekcHo conpsizkenHoe ypasuenuto (6.13) ypasuenue [llpennrrepa umeer Bu:
ov* h?
—ih = ——AU" + (V] —iVo)U*. 6.14
ot 2m (i 2) (6.14)
Yuuoxkus ypasuenne (6.13) ma U*, a ypasnenue (6.14) na W, u BeIYTS U3 IEPBOTrO
yPaBHEHUST BTOPOE, MOJIYYUM:

0 h?
h—(U* ) = ——— (VAT — WAT*) + 20V, |02 1
i (U0) = — )+ 2V |0 (6.15)
rie
U = |02

Broipaxkenue B cKOOKax B IpaBoil yacTu Boipaxkenus (6.15) jierko npeobpasoBarh clie-
JIYIOIIIM 00Pa30M:
VAV — WAY* = div(V*VI¥ — UVI™),

IIOCKOJIBKY:
div(U*V¥) = U*AV + VIV,
div(UVI*) = WAT* + VIV

Vuuoxkus Bhipazkenue (6.15) na / fj> TOJIYTIMM, UTO:
0 - 2
—a|\11\2:d1V]—7—1‘/2]\1’\2, Vo =0. (6.16)

BekTop j B 9TOM BbIpakK€HUU UMEET CJIELYIONINI BU/I:
th

2m

j= (U*VT — UV ), (6.17)

PaccmoTpuM dpusmiaeckuit CMBICTT 9TOrO BhIpazKeHus. 3aKOH COXpaHeHUs 3apsaia B -
depenruaibHoOit hopMe UMeeT BU/T:

9p
ot

Dta GpopMy/ia BEIpAXKaEeT, 9TO YMEHbBIIIEHNE 3apsijia B HEKOTOPOM 00beMe PABHO IIOTOKY
Jepes3 MOBEPXHOCTh, OKPYZKAIOIILYIO 3TOT 00bEM.

2 ([ pav = fjias
)

Beipazkenue (6.17), o cyiecTBy, Belpazkaer To xke camoe. [IycTh B HEKOTOpOM obbeme

(em. puc. 6.4)
{[f1w2av

+divj = 0.
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CYIIIECTBYET BEPOATHOCTH HAWTU YACTHUILY B 9TOM OObEME.
OTa BEPOSITHOCTb MOXKET U3MEHUTHCH, MOCKOJBKY YaCTHUIIbI
BXO/ISIT WJIN BBIXOJAT U3 3TOTO 00beMa, CJIeI0BATETHHO

—% {[[1wav = {f jids.

9TO BBIpaXKeHHE eCTh He UTO MHOE, KaK 3aKOH COXPAHEHUs
BEpOSITHOCTH, B KOTOPOM BEJIHUHHA ], 381AI0MAsCs BbIPAsKEeHH- Puc. 6.4.
em (6.17), npexcrasisier coboil MIIOTHOCTH MOTOKA BEPOSITHOCTH.
B cayuae 3apsiia .
J = pu.
B Beipaxkenun (6.17)
—ihV — olepaTop UMIIYJIbCa.

I[Tose B ero Ha Maccy m, HOIYYnM orneparop ckopocTr. Kosdbdumment 1 / 9 104BJIA-
eTcs, TIOCKOJIbKY B CKOOKe B BbIpazkenun (6.17) nBa wieHa, npudaeM BTOPOH WIE€H paBeH
KOMIIJIEKCHO COTIPsizKEHHOMY TepBoMy. Takum oOpa3oM, BbIparkKeHHe B CKOOKEe — YHUCTO
MHUMasl BEeJIMYNHA, U, CJIeI0BATEIbHO, j’— JIeCTBUTEIbHAS BEJIMINHA.

TakuM 06pa3oM, j — IVIOTHOCTD [OTOKA BEPOSATHOCTH. 11yeTh BOMHOBAs (DYHKIIHS HMe-
€T CJICAYIOIUNA BUJ;

U — A(;)ew(?),
riae A(7) — neiicrBurenbHas GyHKIUS.

[Moxcrasnsst rakyo dyuknuio ¥ B Bbipaxkenue (6.17) yBuIuM, 9TO TPOM3BOJHbIE
no A(7) nmpomajyT, mosTomy:

j= _@wwgp = EWW. (6.18)
m m

Taxum oOpasoM, ycJIoBHE TOTO, YTOOBI
j#0

3aKJII0YAETCA B TOM, YTO BOJHOBas (byHKIMs (AMILIUTY/Ia COCTOSIHUSA B KOH(UIYDAIMOH-
HOM I[IPOCTPAHCTBE) COJIEPIKAJIA 3ABUCSIILYIO OT PACCTOsIHUS (hasy.
B ciyuae, korja
p =k,

Boipazkenue (6.18) mpumer creyronmit Bus:

. hk .
j=—IA] = vp,
m
[IOCKOJIbKY
F=hk = =21

B HekoTOpBIX 3aav9ax YacTUIa UCUe3aeT Wk, Hao0OpoT, poxkpaercd. Hampumep, npu
paccestHI HETPOHOB Ha sijipe HEKOTOPbIE HEHTPOHBI PACCEMBAIOTCsI (M 9TO OINUCHIBASTCS
ypasuernuem Illpeaunrepa), a HEKOTOPbIE MOTYT MOTJIOIIATEHCS .

B sTom ciydae mosiHas BEPOSITHOCTH HE COXPAHSIETCS, MOITOMY AK€ €CJU MOTOKA
BEPOATHOCTHU HET, TO €CTb

divj = 0,
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HaJIU4ne 9IeHa, IMPOIOPIUOHAIBLHOTO Vo, pudueM
Vo <0

B ypaBrernuu (6.16) o3HavaeT, 4TO BEPOSITHOCTH HE COXPAHIETCH.

B sTom citydae BepogTHOCTD OyJieT naiaTh. B HeliTpoHHO# (busnKe, Ipu pacCMOTPEHUN
paccestHUsI Ha sIpPax MHOT/IA MOJIB3YIOTCA KOMILJIEKCHBIM IOTEHIHAI0OM Va, MHUMasT 9YaCTh
KOTOPOT'O OIKCBHIBAET MCYE3HOBEHUE (POXKIICHIE) YACTHIL.

6.3. O61Iue cBolicTBa OJJTHOMEPHOTO JIBU2KEHUS YaACTUIIbI

PaccmoTpum nipocteitimuii cirydait — oJlHOMEpHOE JIBUKEHUE JacTullbl. 11o3amee Oyaer
[IOJIY9€HO, 9TO JIBUKEHNE B ChePUIECKOM I10JI€ MOXKHO CBECTH K OJIHOMEPHOMY JBUZKEHUIO

[0 PaIuyCy.
Cranumonapuoe ypasuenne Illpeaunrepa umeer ciielyrOnmii BII;:
HVU = BV,
cJIe10BaTe/IbHO
h? >0
——— 4+ V(2)¥ = EV.
2m Ox? + V(@)
[lepenumiem 310 ypaBHeHHUE B CJIELYIOIIEM BUJIE:
v, 9 2m(E — V(x))

D10 ypaBHeHUe — JinHelHoe quddepennnaibHoe ypaBHEeHue BTOPOro MOPsIIKa, UMe-
IoITee JIBa JIMHEHHO He3aBUCUMBIX perenns. O0Imee pernieHue ompe/esgercs KaK Cynepo-
3UTHS JIBYX PENIeHuil ¢ JIByMs He3aBUCUMBIMIA KOHCTaAHTAMM.

Ecnn cymecTByoT 1Ba HE3aBUCUMBIX PEIeHUs], TO JeTePMUHAHT

! /
LT 0
v Uy
KOTOPBII HA3BIBAETCS JETEPMUHAHTOM BPOHCKOrO, MOCTOSHHBIN.
[TostyunTh Teopemy 0 COXpaHEeHUH JieTepMUHaHTa BPOHCKOIO MOYKHO TeM 7Ke CIIOCOOOM,
Kak panee ObLIO MOJIYyYeHO BhIPpayKeHne JIJisl INIOTHOCTH MOTOKa BepoaTHOocTH. Heobxoammo
ypasaenue (6.13) ymuoxute #Ha Vo, a ypasuenue (6.14) ma Wy u BBIYECTH U3 OTHOIO

yPpaBHEHUA JIPyToe.
B knaccnyaeckoil MexaHUKe BeJIMYNHA

2m(E — V(x))

ObLTa OBl paBHA KBaJIPATy UMITY/IbCA, TTOCKOJIBKY

o P P(a)
E=— = — E — 22m = "2 . 2m = pP(x).
5 + V(x) o +V(z) = ( V(z))-2m 5 Zm =P (x)
CretoBaTesbHO,

2
2 b (7)

k: (x) - hz Y
rye k*(x) — KBaJIpaT IepeMeHHOro BOJHOBOTO BEKTODA.

B kiraccudeckoil MexaHUKe BeJInInHa

2
p*(z)
2m
TO €CTh MHHUMBIH UMILY/IbC B KJIACCHIECKOIN MeXaHKe HeIOyCTHM.

E—-V(z)= > 0,
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Pemas ypasuenne Illpenunrepa s Heko-
TOPOTO CJIOKHOTO ToTeHImaa (eM. puc. 6.5) Ha
BCEM MHTEpBaJe

x € (—00,400), S

B 3aBUCHUMOCTH OT dHEPI'MH MO2KHO ITIOIIaCTU KaK I/l
B 00J1aCTH, T/IE

k*(x) > 0, e

Tak U B Te, [Je Puc. 6.5.

k*(x) < 0.

[Ipu sueprum F; KjaaccudecKas 9acTHIA MOYXKET JIBUTATHCH TOJBKO BHYTPHU <«SIMbBI», a
Toukn A u A’, rje SHeprust YaCTUIIBI COBIAIAET C TOTEHIUATIOM — TOYKHA OCTAHOBKHU JIJIs
KJIaccnieckoil acturpbl. Ecin ke sHeprus paBHa Fh, TO epeMerienne YacTHIIbI OTPAH-
YeHO TOYKON B.

Ecim ke sneprusa

E = E3a

TO KJIaCCHYeCcKas JaCcTHUIa MOXKET OKa3aThCsd B JIIOOOH TOYKE MPsIMOIL.
PaccmoTpum BHawase ciemytonuii ciydait. [Iycts nmorenmmasn V' mocTossHHBIN 1

E-V>0 = E>V, k* > 0.

CanemosaresnbHo, ypasuerne [llpeaunrepa (6.19) npumer cieayomuii Bu:

d>v

W —+ kQ\I’ =0 = U = cle“m + Cgeiikx.

Takum 06pazoM, B KJIaCCHIECKOH 00JIaCTH CYIIECTBYIOT JIBa OCIUJIIMPYIONINX perre-
nusd. B Hekaccudeckoit obiactu

E-V<0 = E<V = §k=-5 %2 > 0.
B srom ciyuae perienne ypasaerust [penunrepa (6.19) npumer cieyiommii Bui;:
U = c1e” + cpe” 7,

TO €CThb B HEKJIACCUYIECKOW obJiacTu pereHne OyaeT JudO SKCIIOHEHINAJIbHO pacTyllee,
JIOO IKCIIOHEHIINAIBHO aIA0IIee.

Pacemorpes ciioxkubiit morernuan V(x) (em. puc. 6.5), cMOXKeM OIpeIenTh, 9To Cy-
[IECTBYIOT TP 06J1aCTH (B 3aBUCMMOCTH OT SHEPIUH ), KOTOPbIE COOTBETCTBYIOT TpeM (bu-
SBUYECKH PA3/IMIHBIM 00JIACTAM JIBUXKEHUS.

IIycThb j1s orpejie/IeHHOCTH

Vo> V.
OmnpeiesiuM 3TU 06JIACTH CJIELYIONTUM 00Pa30M:
() : E>V, 2V,

(I1) - Vo> FE >V
() - E<Vi<VW
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KauecTBenHblit xapakTep JIBUKEHUsI HE 3aBUCUT OT (DOPMbBI HOTEHIIHAJIA, & 3aBUCHAT
JIIIb OT SHEPIUHU 110 OTHOIIEHUIO K ACUMIITOTHYCCKUM 3HAUECHUAM ITOTEHIHAJa Ha OECKO-

HEYHOCTH.
PaccmorpuMm BHavase nepsyio obsactb. [Ipn

T — +o00, V = Vs,
u perierue OyaeT UMeTh BUJI:
U — Cleikga: + 026_““”.
Bribepem perrerne takoe, 910

\Ijl eikgx
T—r—+00

Pemmenne W mpejcrasisger coboit MOTOK MJIOTHOCTH BEPOATHOCTH (TIOTOK YACTHILHI),
ujymeit ciaesa HanpaBo. Ha JieBoM KOHIE ocu o MOXKET CyIIeCcTBOBaTh HE TOJILKO Habera-
foras, HO U OTpaKeHHAasT BOJIHA:

\Ill —_— ozneiklx + a12€7ik1x7 (620)
T——00

[PUYEM BEJUUUHBL (), 3ABUCAT OT SHEPIUH U ABJISIOTCH (DYHKIUAMI IOTEHIAIA,
a = a;(E,2(V)).

Bropoe perrenne Bo3bMeM paBHBIM KOMILJIEKCHO-COIIPSIZKEHHOMY. DTO YI00HO C/Ie/IaTh,
nockosibky Wy m W] — nmHeitHO He3aBHCHMBIe perteHnd. Torma

T ot emMT Uy = U e (6.21)

T—r—00 T—r+00

[Ipu crammonapHoil 3a/1a4e TPOU3BOIHAS 110 BPEMEHU paBHa HYJIIO, TIO3TOMY JTOJIZKEH
COXPAHATHCS MTOTOK BEPOATHOCTH J:

s a]x
divy=—=—=0 = j, =const.
B IEPBOM CJIyda€ IIOTOK BEPOATHOCTHU IIPpU T — +00 PaBEH:
. hks
J+o00 = —— = Jupowm.

a IIpu r — —OO U3 PaBEHCTBa IIOTOKOB CJIEAYET, 9YTO

) hk . hk
J—oc0 = #GQHF - |0412|2) = J4oo = WQ (6'22>

B Boipaxkennu (6.20) mepBoe cjiaraemMoe 0TBEYAeT IaJAIONIell BOJIHE, & BTOPOe — OT-
PaKeHHOI, II09TOMY MOXKHO BBECTH CJIEJIYIOIINE OlpeIe/IeHNS:

Onpenenenue 6.1. KoaddunueHT IIpoXoXKIeHUS CJieBa HAIIPABO

D:jI.TPOLu.: ]- 2@
Juan. |0411| ky
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Onpepenenune 6.2. KoaddpunmeHnT orpakeHust

R _ j:OTp. _ |a12|z'
jna,a. |0511‘

[Momenus coorromienue (6.22) Ha kq, TOJIYyIUM, 9TO

k
|CV11|2 - |0412|2 ==

Ky
HO,ZLGJII/IB, B CBOIO O49€pPE/ib, 9TO COCTOAHUE Ha |0411|27 HIOJIyIUM:

10612|2 . ko

1 & 1-R=D = R+D=1

a ’Oén|2 B k1|0411‘2

DTO eCTeCTBEHHBIN PE3Y/IbTAT, MOCKOILKY MOTEPeil BEPOSITHOCTU HET, MOITOMY YacTb
aTAk0Ieil BOJIHBI IIPOXO/IUT CKBO3b 0APBhEP, & JacTh ITON BOJHBI OTPAYKAETCS.
Bosmoxkno, aTo sneprusd
E = E;.

B knaccudeckoit MexaHUKe JaCTHIIA C TAKOM
SHEeprueii, noiias 10 Touku A, orpasurcs or Oa-
pbepa 1 HaYHeT JIBUKeHe B 0OpaTHOM HallpaB-

aernu (cM. puc. 6.6). B xkBanToBoit Mexanuxe,
COIJIACHO HOJTYyYeHHBIM De3y/IbTaTaM, BO3MOXK- =
HO ToAbapbepHoe (TYHHEJIbHOE) MPOXOXK-
JeHNUe YaCTUIbI. Vi
Bropoii Hekaccuuecknii a3pdexT 3aKoda- v
eTcs B TOM, 9TO IIPH SHEPrUH ==
E=E>V, Vx Puc. 6.6.

B KJIACCHYIECKOI MeXaHUKe JacTHUIla He OTpa3maach Obl OT Gapbepa, a B KBAHTOBOI Mexa-
HHUKE BO3MOXKHO HaA0apbepHOEe OTParkeHue.
KosdpdunmenT mpoxoxkienne cripaBa HAJIEBO U CJEBa HAIIPABO OJIMHAKOB JIjIs JITFOOOTO
norennuaia. [lycrs, nanpumep, norennuan V(x) umeer ciemyrommuii Buj (em. puc. 6.7).
Jl1st Toro, 4ToOBl onucaTh ABUYKEHNE CIIpaBa Ha- AE
JICBO HY?KHO, YTOOBI IIPU

V(z)
T — —00 U, = ¢ the, /

TO €CTb CYIIECTBOBaJIA TOJIbKO BOJIHA, PACIIPOCTPaHA-
Iollascs HaJeBo.

B cinyuae I qBykpaTHO€e BBIPOXKICHNE SHEPIUH OT-
BedaeT, ¢ (PU3NICCKOIT TOUKY 3PEHHs, TOMY, U9TO BO3-  ——— L
MOYKIO JIBIKCHHE CJIeBA HAIPABO U CHPaBa HAICBO. o Tee
YMHOKHB JIEBYIO ¥ IIPABYIO YacThb Bbpazkenus (6.20)
Ha (5, & JIEBYIO U IIPaBYIO YacTh BbhIpazkenus (6.21)
Ha (v1], U BBIUTA U3 LIEPBOI'O BhIPAKeHUs BTOPOE, IIOJIYyUUM B JIEBOIl YaCTH TOJILKO BOJIHY,

Puc. 6.7.

ITPOTIOPITMOHATIHLHYTO

efiklz.
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Taxum obpazom, BosiHOBas (PYHKIUS, OTBEYAIOINIas JBUKEHUIO CIIpaBa HaJIEeBO Oy/IeT
UMeTh CJIEIYIONINI BU/T;:
U = OjIQ\Ill + 0411\112.

Ha IIpaBOM KOHII€ B 9TOM CJIy4dae
N L
U = ape™ +ape ™,

[IprYeM IepBoe cjlaraeMoe B 9TOM BBIParKEHHH OTBEYaeT OTPaKEeHHOI BOJIHE, a BTOpOe —
I TaroIen.
CrenoBareibHO, KO3 MUIIMEHT OTPaKeHUsT IPUHUMAET CJIe YOI BUI:

CrenoBarebHo, KOI(hDMUIMEHT TPOXOXKJICHUs CIIpaBa HAJIEBO U CJIEBA HAIPABO JIeii-
CTBUTEJIbHO OJIMHAKOB M He 3aBUCUT OT (hOpMBI HOTeHIma bHoro 6apbepa V(). Panee
obLT0 MoKa3ano, uro W n U* obpatumbl o Bpemeru. COOTBETCTBEHHO ITOMY, JBUKEHIE
B IIPSIMOM U OOPATHOM HAIlPABJIEHUHU ITOBTOPSIET JPYT JAPYTra, TO €CTh KOI(MPMUIIMEHT TPO-
XOXKJIeHHs Dapbepa OJIMHAKOB ¢ 06€UX CTOPOH.
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