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CpaBHHUTE CKOPOCTh AJICKTPOHA Ha TEpPBOMl OOPOBCKON OpOUTE C HEOMPEAETIEHHOCTHIO
CKOpOCTH 3JIEKTPOHA B aTOME BOAOPOAA, Mosaras pazmep aroma nopsaka 0,1 Hm.

OneHuTe MUHUMANIbHYI0 KHHETHUECKYIO HEPTHUIO IEKTPOHA, JIOKATU30BAHHOIO B 00JIACTH
pasmepom | = 0,1 um.

DeKkTpoH ¢ KuHeTHnueckoi sueprueii 7'= 10 3B nokanu3oBan B o0iactu pazmepoM | = 1 MkMm.
OreHHuTe OTHOCUTEIBHYIO HEOIIPEEIEHHOCTh CKOPOCTH 3JIEKTPOHA.

Kunernueckas sHeprus T 37€KTpoHa B aTOME BOJOPOJIa COCTABIISIET BENMUMHY nopsaka 10
3B. Hcnonb3ys COOTHOIIEHHE HEOIpPENeNIEHHOCTEeH, OLEHUTe MUHHMMAaJbHbIE JIMHEHHbIE
pa3Mepsl aToMa.

DJEeKTPOH B aTOME BOJOPO/ia MEpeLell C YeTBEPTOro SHEPreTUUECKOro YPOBHS Ha BTOPOM.
Onpenenure SHEPTUIO UCIYLIEHHOIO IIPU 3TOM (OTOHA.

Onpenenure 3HEpPruto GOTOHA, UCIYCKAEMOI'0 IIPH MIEPEXO/IE MIEKTPOHA B aTOME BOJIOPOJIa C
TPETHETO SHEPreTUUECKOr0 YPOBHS HA OCHOBHOM.

Beruncnute JUIMHY BOJHBI e Bpoiiiist i mpoToHa, IBIKYIIErocs co ckopocthio V = 0,6¢ (¢
— CKOPOCTh CBETa B BaKyyme).

Onpeznenute OTHOCUTENBHYIO HEONPENEIeHHOCTh Ap/p MMITyJabca JBMXKYILEHCS 4YacTHLIBI,
€CJIA JJOIIYCTHUTb, YTO HEOIIPEAEICHHOCTD €€ KOOPAMHATHI pPaBHa JUIMHE BOJIHBI ¢ bpoiiis.
[Tyuoxk HeliTpoHOB sHepruu 1 3B nagaet Ha kpuctami. bparrosckue peduiekcsl 1-ro nopsaka
HaOmomatorcss mpu  11,8°. Yemy paBHO paccTOsIHME MEXAY KPUCTAIUIMYECKUMU
IJIOCKOCTSIMU?

Omnpenenurte pe3ynbTaThl AEUCTBUS ONEPATOPOB Ha yKa3aHHbIE (PYHKIIUU:

A-9 f(x)=sinx; A-9 f(x)=x>+3e*; A:i, f(x)=e>;
dx dx dx?
A:(;j_x , B=3, f(x)=x>+3e*: (A+ é)f(x);
A:di, B=x, f(x)=e*: ABf(x); (A+B)f(x).
X
KoMMyTHPYIOT 1 MeK/y cO60ii TIpUBEICHHBIE HIKE OIIEPaTOPBL:
A=x, B=y
. D
A=—, B=
o y
A=2 B=x
OX
A= i%, B=f(x) (omeparop f(x) o3HauaeT ymHO)eHue Ha hyHKIHIO f(X))



12. Jlan onepaTop A= aﬁ . Ilokasxute, uT0 (A+ XXA— x): A? —x%-1.
X

13. KoMmMyTHpYIOT 711 MEX Iy OO0 omepaTopsl (§+ xj , (% - xj -?

14. ITokaxkute, 4TO:

AB|=-|8.A]
AM ,A”J: 0 JU1st JIFOOBIX HATYPAIbHBIX YKCET M U N
A2 8| AlAB+ |4 BJA
AlB.CJ+ Bl A+ 6 |AB]=0
15. Jluneen nu oneparop:
Af =exp(f)
+o0
Af = [ fox
16. BomonHseTcs U cooTHomenue Af =const f [ NpUBENEHHBIX HIDKe GYHKIMH 1
OTepaTopoB?
. ~ d
f =sinkx, A=—
dx
~ d?
f =sinkx, A=—
dx
~ d?
f =expkx, A=—
P dx®
o d?
f =coskx n f =c,sinkx+c, coskx, A:d_2
X
1 -
f==—, A=x
X

17. Tokaxwure, uro ecaum K — cobcrBenHoe 3HaueHwe omeparopa A, 1o K" — cobGcrBeHHOE
3HaueHue oneparopa A".

18. TTokaxwute, uto ecnmu Af =kf u Ag=mg,rae A - IMHEHHBII onepaTop, TO 1l IMHEHHON
xoMOuHamu @ =C, T +C,g Oyner BeImonHATECS A = const @ tpu K =m.

19. [lokaxute, 4YTO ecinu WY1 U Y2 — JBE COOCTBeHHbIe (GYHKIUU omneparopa H ,
COOTBETCTBYIOIIME pa3IMYHBIM COOCTBEHHBIM 3HaueHUsM E1 u Ez, To ux mrobas nuneitHas
KOMOWHaIUsI He OyZIeT ABJISTHCS COOCTBEHHOM (PyHKIMEH aToro onepatopa H .

— ~aike —ikx . . ">

20. SABnsiercs i QyHKIHS T(X)— ce” +C,e " cobcTBeHHOM hyHKUUEH oneparopa p; ?

A n* d? ~ h o
21. SIBnsroTcs U ONMEpaTOPHl SPMHUTOBEIMK: @) T =————;0) M, =—-—7?
2m dx I Op

Haiiiute kommyTatopst: a) [y, p,]; 6) [|\7IX,X]; B) [|\7IX, y]; 1) [I\7IX, p.1; n) [I\?IX, p,1;e)

[M,,M,1; %) [M?,M,]1;3) [, x*]; u) [H2, X].
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[IpeameT KBaHTOBON MEXaHUKH U KBAHTOBOU XMMHH.

CraHoBJIeHHE KBAaHTOBON MEXaHUKHU.

Teopus u nocrynatel bopa.

DJIEKTPOH — BOJIHA U YACTHUIIA.

[Tpuniun neonpenenennoctu. [Ipunmun ['amunerona. ®opmMyna MiI0CKON BOJHBI.
BepositTHOCTHOE paccMOTpEeHHE 3JIEKTPOHA U MUKPOYACTHII.

VYpaBHeHHE CBOOOIHBIX KOJIEOAHUN CTPYHBI, 3aKPEIUICHHON Ha KOHIAX.

[TpuHIMI cynepno3ULMK (HATO0XKEHHSI) COCTOSTHUM.

Omneparopsl. CBoICTBa KBAHTOBO-MEXaHUYECKUX OMEPATOPOB.

. CBolicTBa 3pMUTOBBIX OI1epaTopoB. CIIEKTPBI OIIEPATOPOB.

. CoOcTBeHHBIC (DYHKIIHH.

. OniepaTopbl KOOPJAUHAT, UMITYJIbCA, SHEPTUH (TAMUJILTOHUAH ).

. Oneparop MOMEHTa UMITYJIbCA B ACKAPTOBBIX U B CPEPUUECKUX KOOPANHATAX.

. CoGcTBeHHBIE (PYHKIIMU M COOCTBEHHBIE 3HAYEHHUS OTIEPATOPOB M, U M2,

. Kputepuii BO3MOXHOCTH OJTHOBPEMEHHOTO U3MEPEHUS ABYX (PU3NUECKIX BETUYHMH Ha SI3bIKE

OIIepaTOpOB.

Kommyrartopsl oneparopos. IIpuMepsl KOMMyTaToOpoB, KOMMYTAallMOHHBIE COOTHOLICHHS.
CBs13p HEOINpeAeNeHHOCTH IPU OJHOBPEMEHHOM OIPENEICHUM 3HAauY€HUN B cllydyae He
KOMMYTHPYIOIIUX oneparopoB. Maremarnyeckue oxunanus. CpeaHue 3HaUCHUS.

3aKOHBI COXPAaHEHUs U CTallMOHAPHBIE COCTOSHUS.

JIBI>KEHUE SJEKTpPOHA B OJHOMEpPHOW IOTEHIMAIBHONW sIME C OECKOHEYHO BBICOKMMU
CTEHKaMH.

JIBI>KEHHE 3JIEKTPOHA B IByMEPHON OECKOHEYHO IITyOOKOH MOTEHLMAIBHON sIMe.
OnekTpoHHOe BepeTeHO. CIuH.

Curyanust co MHOXECTBOM IEKTPOHOB. [IpHHIMI TOKIECTBEHHOCTH MUKPOYACTHII.
Omneparop nepecraHoBKU. [IpyHIINIT aHTUCUMMETPUU.

Opb6utans. Ciun-opoutans. Jlerepmunant Ciatepa.

Bapuanuonsslii MeTOI.

Bapuanuonnsiii metox Putna.

Teopust BO3MyILIEHHH.

Meron Xaprpu-doka

DNeKTpOHHAs TJIOTHOCTb.

OpbGurtanbHast Mosienb aToma. KBaHTOBBIE yHnCTa.

CkpbITast cUMMETpUsi BOAOpPOJHOro aroma. IIpeoOpazoBaHuEe KOMIUIEKCHBIX OpOWTanei B
BELICCTBCHHBIE.

Papuanbusie pynkuun. Chepuueckue pyHkunu. Mi30BeposTHOCTHBIE TOBEPXHOCTH.
OJeKTPOHHBIE TEPMBI U KOH(UTYpaLIUH.

['uOpunn3anus Npu CTOJIKHOBEHUSX aTOMHBIX U MOJIEKYJIIPHBIX CHCTEM.

MonexynspHas CTpyKTypa.

OcoOennoctu npubmmkenus bopua-Onmnenreiimepa.

Monexkyia Bogopoza C o3uiuil KBaHTOBOW MEXaHUKHU

Monekyna Bogoposa no ["aiitnepy u JIoHnoHy.

Pacuer Oyraguena no meroxy MO.

[Topsinku cBszeit. Taaexc cBOOOIHOM BaJI€HTHOCTH. 3apsibl Ha aTOMax.



IIpumep IK3aMeHANIMOHHOTO OUJIeTa

Meron Xaprpu-®Poxka.

OHGHI/ITe npeaci TOUHOCTHU AV, C KOTOpOﬁ MOXHO OIIPEACIINTD YaCTOTY HU3JTY4YCHHUSA aToOMa,

cumras cpenHee Bpems xm3HN atoma A7 = 108 ¢. Kakyto momo ot wactoTsl GoToHa ¢ A =
5000 A cocrapnser Benmuunna A1?

OHpGI[eJII/ITC CpCAHCC 3HAUCHUC r2 B OCHOBHOM COCTOSIHMH aTOMa BOAOpOJa.



