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JIEKIINS 3

KBanToBasi pmnsmuka

Jlnuna BosHBI je-Bpoitis

h h
M = — = —.
p 2mkE
CooTHOIIIEHNE HEOTIPe Ie/IEHHOCTeH
AxAp, > h.

h2
<AZ*><Ap>> > T

CooTHoIleHne HeopeIe/IeHHOCTeH paboTaeT TOJIBKO JIJIsi COIPSI?KeHHbIX BemanH. Ha-
npumep AzAp, MoxKeT OBITH PABHO HYJIIO.

Hunbe Bop mokaszast, 9To 1j1s SHepruil ToyKe eCTh COOTHOIIIEHNE HeOolPeIe IEHHOCTEI:

p Ap Ax
2m’ m? = AP ’
AEAt ~ h.

Bpemst — 310 He nmepeMenHas1, a mapamerp.

Ecin cucrema »KuBeT Kakoe-TO KOHEYHOe BpeMsi T (HaIpuMep BO30YK/IeHHbIH aToM):

AFEAt ~ h — AEAT ~ h.

Bropoe — 3T0 TO, YTO HEJIb3d TOYHO MPOBEPUTH 3aKOH COXPAHEHUsT SHEPTUN.
Kaxknoit dpusndeckoit Besmanne f Mbl CTABUJIN B COOTBETCTBHUE OIEPATOP:

<f>=int)*fipdr, F=x=U)=Ulx), f(z)=f(z).

— omepaTopbl QYHKIWI 0T KoopanHaThl. OmepaTop UMITyIbca

p = —ihV.
2 0 2
p A p 1 . 9 h
2m = 2m Qm( ihv) 2m

2
Haiijiem pe3ysibTaT nIpuMeHEHHS OIEePAIIT dd?xQ K (PYHKIUHU COS T:

& d (d , d 9 .
——x cosy = — | ——x"cosx | = — (23:cosx—a: Smx) =
dx dr \ dz dx
=2cosx — 2rsina — 2rsinz — 2% cosx = (2 — x)? cosx — 4x sin .

To ecTb onmepaTop — 3TO TO, UTO HYZKHO JleJIaTh ¢ PYHKINEN, Ha KOTOPYIO OH BO3/Ieli-
CTBYET.

KBa,ZLpaT BOJIHOBOIA d)yHKH‘I/II/I IIOKa3bIBaCT BEPOATHOCTL HaXOXKJICHUA JaCTUILI B JaH-
HOM MeECT€ IIPOCTPaHCTBaA.


http://lectoriy.mipt.ru

http://lectoriy.mipt.ru 2u3 7

Jleknua 3. KpanroBas dusnka

st BostHOBOI# (bynkIiun [HIpeauarep Hammcas BOJIHOBoe ypaBHeHne. PaccMoTpum, Kak
MOJTyYUTH €T0 JIJIsi CBOOO/IHON YACTHUIIBI ¢ UMITYJIHCOM P.

* _ _p
or2  h?

Tenepb 1mojcTaBUM 3Ty BOJHOBYIO (DYHKITUIO B YPaBHEHHE

o [ iE
ot (7) v

iy 20w R .
Rot = o~ amtV =Y

[Tonyuaercs ypaaenue Illpeaunrepa s cBOOOIHON TaCTHIIHL:

i i O
“hor VT T

Y= —— o

T+Uy =Hy

— HecTamuoHapHoe ypaBHeHue lllpeauHrepa, onmuchIBaIOIEe CUCTEMY.

Ho wmbr 6y1em nMeTs €710 O CTAalMOHAPHBIMU CHCTEMAaMM, TO3TOMY HY?KHO CTaIlmoOHap-
noe ypasuenue Illpenunrepa. CranmonapHoe COCTOSHUE XapaKTePU3YeTCss TOJIbBKO SHEp-
rueif. 9To 3HAYUT

o

ot
W(r,t) =(r) = f(t).

[IpencraBuM (DYHKIUIO B TAKOM BHJIE

0,

) 0 .
Y = in Iy = ),
7 %1&-1’ %g—{—%ffld}—cons’c—ﬂ

H+ = Ev — ypasuenue llIpeaunrepa jijis cTalinoOHAPHBIX COCTOSTHUN MJIM HAXOXK JICHUE
cOOCTBEHHBIX 3HaUYEHUil oreparopa ['aMuIbTOHA.
of

iha = Ef = f(t) = const * et

N3 coornomenns je-Bpoilid cieryeT, 4To 3Ta KOHCTAHTa U €CTh SHEPIHUs.

Permm 3a/1ay 0 HAXOXKJIEHUU CTAIMOHAPHOTO COCTOSTHUS. PaccestHie Ha MOTEHITNA b
HOIT cTynenbke. Kak Oyjer BecTn cebs gacTuiia, IpuIeTaomast K MOTEHITNATY BeJTMIMHON
Uy. Haganbnas sHeprug gactunnl E.
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Puc. 3.1.

[ToTennuast 3a1aeTcs CIEIYIOINUM 00Pa30M:

0 0
U(a:): , T <
Uo,.fL'>O

st mepBoit obJ1acTu:

n* d?

Hi, = E ——— 4+ UNW=E
wl wb ( 2mdl’2 + )d} ’17[},
d2'¢1 2m
ez T Ee =0
wl = 1% eik1z —|—A efik:lm,
2mE
ky = =
st BTOpOIt obsracTu:
dzwg 2m
g2 ﬁ(UO — E)i, =0,

— Befik:gz + eik:lm
w2 N /)
0
IIOCKOJIBKY Ha OECKOHEYHOCTH BOJIHOBAA (I)YHKHHH JOJIZKHa CTPEMUTHCA K HYJIIO.

2m

k/‘gzﬁ(

U - E).

Ho dyukmusa momxna ObITh eaunasd, jijid obsactu 1 u obractu 2.
Hyx#0 100aBUTH pU3HMIECKUE YCTOBUS:
1. KoneuHocrtn

(o) = 0.

2. 1 — HempepbIBHA.
[IycTh ecTh pa3pbIB, TOT/Ia B KAKOW-TO TOYKE BEPOATHOCTH OY/IeT Pa3HOii, 9TO HEBO3-
MOYKHO.
oY
3. ¥ — rmazkag, T. e. 7 — HeNpepbIBHA.

[Tycrh ecTh cKavoK B IPOU3BOJIHON. PaceMoTpuM §-OKpeCTHOCTD.
040

1/1’(0—5)—1#(0—1—5)—/(U—E/)wdx—Aw*\Zéjéo.

0-9 A —0
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Puc. 3.2.

Puc. 3.3.

[IpousBejieM CIMBKY BOJTHOBBIX (DYHKIM (CITUTH PEIEHNUE), T. €. CAeIaTh TaK, 9TO0bI
BOJIHOBasi (DYHKIIMS Y/IOBJIETBOPSLIA IPUBEJIEHHBIM BBIIIE YCIOBUSIM.

1 —iky/ky
1+ ik2/k1
B 2
1+ ik2/k1
To ectb Mbl Hann pemnieane ypasuenus [IIpeaumrepa.
Tenepb paccMOTpH BTOPOI cJiydail, Korja sHeprusi 9acTuiibl 6osibine 6apbepa (Hajba-

PbEpHOE paccesiHue YacTUIIbI).
Cpazy manmireMm oOIIuil BT BOJHOBBIX (DYHKIMIL Jj1si 06enx obJracTeii:

A+1=B, }

ik —tkix
1/11—61+Ae 17

Py = Be
CmuBka:
A+1=B,

(b — k2)(B — 1) = k2B,
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2k
ki k)

k1 — ko
ki ks

To ecTh mostyuaeTcsi, 9T0 HECMOTPSI HA TO, YTO SHEPIUS YACTUIIHI OOJIBIIE, CYIIECTBYET
BEPOATHOCTH OTPaXKEeHusd ee OT Dapbepa.

Hy:xH0 onpejie/inTh BEpOATHOCTH TOT'O, YTO YaCTHUIIA, 00JI1a/Ial0Ias SHeprueii 60JIbIIe,
qeMm Oapbep, IPOoiiIeT Yepes Hero.

st aTOoro ucnosb3yor kKoaddurmenT npoxoxaenus. Ho ckopocru ciieBa u criipaBa —
pa3HbIe. HOTOK JOJIZKEH 6bITb HereprBeH.

B

D=7
J1

) [2F
J:P*U:W’F E?

) 2F
J1 = |1/}1|2 —
m
) 2 —-U
J2 = |w2|2 - -
m

Ho nockobky
2mkE

h2

) 2F
J1= W1|2\/ = 1% kh/m,

2FE-U

2
= ki,

j2 = |’¢2|2 = 32 * k’zh/m

TOF,IL& MOZKHO IIepeliucaThb BhIpazKEeHHE:

G Ak

D - —_
I (k1 + ko)?

Eciu obparuTh aBUZKEHUE 9aCTUIBI, TO HUYEro He U3MEHUTCsI, T. K. ypaBHenus [lpe-
JIMHIepa OJIMHAKOBBIE. BEpOSITHOCTD MTPOXOXKICHUST 9acTUIbI depe3 6aphep cJieBa U CIIpa-
Ba — OJIMHAKOBBLIE.

Tenepp paccMmorpuM, 910 OyIeT, ecan 6apbep KOHEUIHON MIUPUHBI. DHEPIUs JaCTUIIBI
MeHbIIIe, UeM BeJIMUnHa Oapbepa.

¢1 — 1% ei/h\/2mEm +A % e—i/h\/ZmEm7

wg — o % ei/ﬁ\/QmEx’

¢2 — B« efl/h\/Qm(UfE)z )
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Puc. 3.4.

[To-xoporiremy, MbI JIOJIZKHBI ObLIA PACCMOTPETH BCE BOJIHBI, KOTOPDIE TIEPEOTPAXKAIOTCS
B Oapbepe. Ho ecin BemmunHa SHEPrun YacTUILI OTJIUYHA OT BBICOTHI Oaphepa, TO BKJIA/I
9THUX BOJIH IIPEHEOPEXKUMO MaJl.

: 2
D= % _ :2312 — o~ ’¢2‘2(a) = exp [—Q/E\/Qm(U - E)CL] .

Tenepn, mycThb y HAC €CTh OAphep KAKON-TO XUTPO (POPMBI.
TyT Toxke OymeT MPOXOKIeHNE JaCTHUIbI depe3 Dapbep, HO KOIMDPUINEHT 3allIChIBa-
€TCsl C TIOMOIIBIO MHTErPAJIA:

exp —2/h/\/2u(U—E)dx

31ech
1

— 9TO IIPUBEJIEHHAA Macca, T. K. Macca bapbepa MOXKeT ObITh CPaBHUMA C MacCO#l YaCTUIIbI.

Puc. 3.5.
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Korma takoit adpdexkt obHapykuam Ha Oymare, TO CIUTAIU, YTO ITO TOJHKO MaTeMa-
THYecKuit pokyc, a Ha caMoM Jieie TpoHukHoBeHus Het. Ho B 1927 rojay pycckuii puszuk
lamoB 0OHAPYKUII, UTO AJTHMDA-IACTUIA MOYKET TYHHEJTUPOBATD.

Puc. 3.6.

WurepecHo, 910 eciin 9acTuIia HAXOIUTCS 10T 6apbepoM, TO ee KHHETHIeCKast SJHEPI s
[IPU TOM JI0JI2KHA ObITH oTpuniateabnoit. Ho ecyi MbI onbITaeMest JIOKaJIN30BaTh YACTUILY
B 9TO0i1 00J1aCcTH, TO Cpady BO3HUKHET Takoi Ap, UTO SHEPIrHsl YACTUIIbI OKAXKETCs HaJ|
GapbepoM.
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