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BBE/IEHHUE

Keanmosas ¢uszuxa — oagH U3 CaMbIX UHTEPECHBIX PA3JICIIOB COBPEMEHHOU
@usuxu. OHa chopMHupoBaIach B MEPBOM TPETH ABAIIATOTO Beka B paborax M.
[Tnanka, H. bopa, B. 'eiizenbepra, I1. JIupaka, B. [1aymm, 3. [lIpéauarepa u MHOTHX
apyrux. Keanmosasa ¢usuxa M pa3paboTaHHas HECKOJIBKMMHU TOJaMHU PaHbIIE meo-
pusi omHocumenvbHocmu A. DUHINTEHHA B KOPHE U3MEHIIHA HAIIA TIPEICTABICHUS 00
OCHOBaX MHPO3/IaHUs, O MPOCTPAHCTBE U BPEMEHH, IIPEACTABICHUS, JIE)KABIIUE B OC-
HOBE BCE Kaccuieckou ¢husuxu BIJIOTH A0 KOHIA 19-ro Beka.

KBanrtoBas ¢usnka sBIsSETCS caMOi COBpPEMEHHON 4acThi0 00IIero Kypca ¢u-
3UKU. 3HAKOMCTBO C 3THM pa3JIeJIOM Kypca 3HAUUTEIbHO PACIIMpSET HAIlW 3HAHUS O
MPUPOJIEC, a B YEM-TO U 3aCTABJISIET MEPEOCMBICIUTh HAIIU MPEJACTABICHUS 00 OKpY-
YKAIOILEM HAC MUDE.

Cam tepmuH «KBanToBas ¢usuka» (mnm «KBaHTOBas MEXaHMKa» KaKk OCHOBA U
HaJaJIbHAsl YaCTh KBAaHTOBOU (pu3ukm) TpeOyeT mosicHeHus. B nmurepaType ucmomiab3y-
eTcsl Tak)Ke Ha3BaHUe «BoiHOBasi MEXaHUKA», UTO MPUBOAUT B 3aMEIIATEILCTBO TEX,
KTO HaYMHAET U3y4aTh 3TOT pa3/esl U 3HAKOM CO IIKOJbI C MPOTUBOCTOSIHUEM Hayu-
HbIX KON Heiorona u ®@penens. UToOb! n3bexaTh HEMOHUMAHUS, IpUBEAEM Ooee
MOJTHOE Ha3BaHUE ATOro pazjaena pusuku — «BoaHOBas MexaHMKa KBAaHTOBY, U3 KO-
TOPOTO BUAHO, YTO KBAHMOBAS u3uKa u3yuaem 3aKOHbl, ONUCLIBAIOWUE NOBEOECHUE
yacmuy (KOPnycKyi, K8AHMO8), UCNOAb3YS OJisl 9M0O20 NOOX00bl, CNPABedusvle OJis
ONUCAHUS BOJIH, CONOCMABIIAS OBUINCEHUIO YACMUY MamemamuiecKue o0beKmol, aHa-
JIO2UYHBLE BOJIHAM.

KBanrtoBast ¢usuka sBISIETCS HE TOJBKO OJHUM M3 CaMbIX KPAaCHUBBIX U UHTE-
PECHBIX pa3AenoB (U3WKW, HO W HAuOOJee TPYIHBIM IJIsi U3YYCHHS U TTOHUMAaHUSI.
TpyaHOCTh TOHMMAaHUS 3aKOHOB KBAaHTOBOW (DPM3HMKHU CBSI3aHA C TEM, YTO YEIIOBEUYECT-
BO HE 00JaJaeT MOBCEIHEBHBIM ONBITOM MPUMEHEHHS 3TUX 3aKOHOB. 3aKOHBI KBaH-
TOBOW (DU3UKU MPOSBIISIIOTCS JUIIL B MUKPOMHUPE, OMPEAEISIIOT MOBEICHHE MHUKPO-
4acTull (ATOMOB U UX COCTABHBIX YacTeil), 0€3yCI0BHO, OKAa3bIBAIOT BIUSIHUE HA MaK-
pOMUD, HO HE UMEIOT B MAaKPOMHUPE aHAJIOTOB.

Kak u B u3y4eHHBIX paHee pazzenax (U3uKH, a, ObITh MOXKET, U B TOPa30 00JTb-
el CTENEeHH, JUISl YCTICIIHOTO N3yYEHHsI BOMPOCOB 3TOr0 Hanbosiee COBPEMEHHOT 0 pas-
aena (pU3MKK pelIeHre 3a/1a4 ABJSIETCS] COBEPIIIEHHO HeoOXoauMbIM. Perienue 3aqau He

€CTh CaMOIIEJIb, @ €CTh CPEJICTBO MOCTHUKEHHS 3aKOHOMEPHOCTEN KBAHTOBOM (PU3UKH.



1. KBAHTOBO-OIITUYECKUE SBJIEHUA
l.1. Tumortesza Ilmauaka. dPoToHE

Metonuueckue pexomenganmuu. K cepenune XIX Beka ObUIH XOPOIIO H3YYEHBI
OINTHYECKHE (BOJHOBBIC) CBOICTBA M3My4EHHUS: MHTEeppepeHuus, Audpakius u T. 1.
(OTu BOIpOCH OBUTH TOJBKO YTO PACCMOTPEHBI B pasneine «OnTuka» Kypca oOimei
¢usukn.) Ognako k koHiy XIX Beka ObUTM OOHApYKEHBI SABJICHUS, SBHO MPOTUBOpPE-
Yaliyue BOJHOBBIM MPEACTABICHUSIM O MpHpojae u3nydeHus. YToObl pa3pemuTs npo-
tuBopeunsi, Makc Ilnank B 1900 rogy BeICKa3asl TUIIOTE3Y O TOM, UTO U3AYUEHUE NO-
2flouaemcs U UCNycKkaemcs (a nosace Ovlio NPU3HAHO, YMO U PACNPOCMPAHAEMC )
nopyuamu (Keanmamu, KOpnycKyiamu), mo ecms 0CoObIMU YACMUYamMu (3mu 4acmu-
Ybl no324Ce ObLIU HA36AHBI YOMOHAMU), DHEP2US, MACCA U UMNYTILC KOMOPbLIX Onpede-

JLIOMCA 8bIPANCEHUAMU

he h
W, =hw=ho=—=mc*, p=— 1.1
& S ome pEo (1.1)

¥ HEpa3pbIBHO CBS3aHbI C UX BOJHOBBIMH XapaKTePUCTHKaMH. TakuM oOpa3om, oka-
3aJ10Ch, UTO U3IYYEHUEe — MO NOMOK Yacmuy (KOpnycKyl, KeaHmos) — homoHos, Ko-
mopuvie npu 3mom 061a0arom G0IHOBLIMU c8oticmeamu!

CBoiicTBa ()OTOHOB KaK YaCTHUI[ JOCTATOYHO HEOOBIYHBI. Tak, OHU ABHKYTCS
TOJIKO CO CKOPOCTBIO CBETA, HE UMEIOT MAcChl MOKOS (MMEIOT PEISTUBUCTCKYIO Mac-
Cy), 00JagaroT SHEPTUCH, UMIYILCOM, CIIMHOM, HO BMECTE C TeM MOTYT UHTephepu-
poBaTh, MOTYT IOTJIOMIATHCA YACTHIIAMM BEILECTBA, IPU 3TOM HcCue3asi, a UX dHep-
THsl, IMITYJIbC, MOMEHT UMITYJIbCa MEPEXOAST K MOTTIOTUBIIKUM UX YACTHUIIAM.

HecmoTpst Ha HEOOBIYHOCTD psifia CBOWCTB (DOTOHOB, ATH YACTHIIBI, OE3yCIOB-
HO, TMOAYUHSIOTCA (PyHIAMEHTAJIbHBIM 3aKOHAM MPHUPOABI: 3aKOHAM COXpaHCHHs
SHEPrUH, UMITYJIbCa, MOMEHTA UMITyJIbCa, pactpeaencHuto [ nooea.

KBanToBbie (KOpITyCKYyJspHBIC, TUCKPETHBIE) CBOICTBA AJIEKTPOMATHUTHOTO
U3TyUYEHHs MPOSABISIOTCA B sABiIeHUU (poTodddexta, a3pdexre Komnrona, B ombiTax
bore no peructpanuu pOoTOHOB MO CXEMe COBMAJCHHUI, B KOPOTKOBOJIHOBOM OOpBI-
BaHUU TOPMO3HBIX PEHTTEHOBCKUX CIIEKTPOB M BO MHOKECTBE JIPYTUX SBIICHUH.

HcTopudecku CIOXHUIOCH TaK, YTO paHblle 0OpaTHiIM BHUMAaHHUE HA BOJHOBBIC
CBOICTBA ATHX 4YacTull. OJHAKO B 3TOM pa3liele Mbl PACCMOTPUM Te€ SIBICHUS, T/
MPOSIBISIOTCSA KOPITYCKYJIIPHBIE CBOMCTBAa M3IIy4eHHUS U OOBSICHEHHE KOTOPBIX BO3-

MOYHO TOJIBKO B PAMKaX KBAaHTOBBIX IIPEACTABICHUN O IPUPOJIE U3ITYUECHHUS.
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['unoresa [1nanka 1 NOHMMaHWE MPUPOJBI U3ITyYEHHUs] ObUIO MEPBBIM IIArOM K

BO3HUKHOBEHUIO IIEJIOT0 pa3jiesia 3HaHHU: KBAaHTOBOW (DU3UKH.

Bomnpocs! Aj1s1 caMOnIpoBepKu:
* Cdopmynupyiite runotesy Ilnanka
» [lepeuncauTe OCHOBHBIE CBOICTBA ()OTOHOB.
* 3anumure GopMyJIbl JUIsl OCHOBHBIX XapaKTepUCTUK (POTOHOB. [ToueMy MMEHHO 3TH

XAPaKTCPUCTUKHU CICAYCT CUUTATD OCHOBHBIMH?

3apgaua 1. (1) Ilemexon, cTos Ha MepeKpecTKe, YBUAE, YTO KpacHbIi (690 HM)
cBeT cBeToopa cMeHuscs Ha 3eneHbld (510 am). DOTOHBI KaKOM SHEPTUH HECYT UH-
dopmanuio 1) o 3ampenieHuun nepexona; 2) o paspeuieHuu nepeitu ynuuny? (OTBeT
JaiiTe B 3JIEKTPOH-BOJIbTAX.)

3amaua 2. (1) DkpaH KuHO3aja OCBEIIACTCS SIPKUM CHHUM cBeToM (440 HM).
Uemy paBeH UMITYJIbC, KOTOPBINA NEepeaacT dKpaHy Kaxbid 1) moriomeHHbi GOTOH;
2) oTpaxkeHHbII POTOH?

3agaua 3. (1) [[Beromy3bIKalibHas YCTAaHOBKA Ha JUCKOTEKE «3aJTUJIa» 3ajl YHC-
TBHIM >KeAThIM CBEeTOM (560 HM). DOTOHBI KaKOW MACChI 3aMOTHIIN TIPU STOM 3aJ1?

3anaua 4. (1) B xabunere ¢mrooporpaduu rcciieqoBaHUuEe MPOBOJAUTCS MSATKU-
MM PEHTICHOBCKMMH JIydaMH, (OTOHBI KOTOPHIX HMMEIOT 3Hepruio 6,62:107"° JIxk.
MoXHO JM B 3THX Jiy4axX MOJYYUTh 4eTKoe (He «pa3MbiToe» Audpakiueit) nzobdpa-
KeHue 00Je3HETBOPHBIX OakTepuil pazmepoM 1,2 MKkm?

3agaua 5. (1) Ilpu pabore siepHOro peakTopa HM3Iy4darOTCsl raMma-KBaHTHI,
uMeronue 3uepruto 150 MaB. Uemy paBHa 4acTOTa COOTBETCTBYIOIIETO U3TYyUEHUA?

3agaua 6. (2) ['enuii-HEOHOBBIN Jla3ep U3Ty4daeT KPacHBI CBET, JAJIMHA BOJIHbI
koToporo 0,64 MKM, a MOIIHOCTh M3iIydeHus 55 MBT. Ckonbko (pOTOHOB M3ITydaer
ATOT Ja3ep KaXKIyI0 CEKyHY.

3amaua 7. (2) Ilepenatuuk paauoctaniuu «EBpona Ilntoc» paboraer Ha yac-
tote 101,9 MI'n. MomHocts ero uznydenus 750 Br. Kakyro Maccy yHOCAT OTOHBI
ATOr0 U3JIY4YEHUs 3a CYTKH padOThl nepeaaTynKa’?

3agaya 8. (2) MouHOCTh cHUTrHajIa Ha BXOJE COTOBOro TenedoHa CTaHIapTa
GSM-900 (pabotaet Ha yactore 920 MI ') nomkHa ObITh HE MeHee 3,5 MKBT. Ckoibko
(OTOHOB JTOJIKHO KaXKAY0 CEKyHAY MOIIOIIATHCA aHTEHHOU TenedoHa?

3agaua 9. (2) Anbda-yacTuia npu TOPMOKEHUH MOXKET UCITYCTUTh MAKCUMyM

yeThIpe PotoHa ¢ qiuHoM BoHbI 200 HM. KakoBa CKOPOCTh O-4aCTHIIhI?
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3amauya 10. (2) DnekTpoH, ckopocTh KoTOporo cocranisiia 10% oT ckopocTu
CBETa, PE3KO OCTAHOBWJICS W UCIYCTHJI TPH OJWHAKOBBIX (oToHA. OmpenenuTh uX

JJIMHBI BOJIH.

l1.2.doTtondbdpexrT

Metoanueckue pekoMeHaanuu. SAsnenue BaemHero Gotodddexra 3akiroda-
€TCSl B BEIPBIBAHHUH DJICKTPOHOB C TIOBEPXHOCTH MeTauia (OTOHAMHU M3TydeHUs (CBe-
ta). Kak npaBmino, oquH GOTOH BEIOMBAET OJWH DJIEKTPOH. 3aKOH COXPAHECHHS dHEP-
TUH, 3alIUCAHHBIN JI 3JIEKTPOHA, OTJIOTUBIIETO (DOTOH, MOTYUYUIT HA3BAHUE YpAagHe-

Hus Dunwmetina 0as pomosghghexma:

qu = Aebzx + I/Vkmax (12)

doTtoapdexT He HaOMOAAETCS, €ClIM IHEPTHsl POTOHA MEHBIIE pabOThI BBIXO-
na. [IpegensHoe, rpaHUYHOE 3HAUYEHUE SHEPTUH (HOTOHA (YACTOTHI, ATUHBI BOJIHBI CO-
OTBETCTBYIOLIETO W3JIy4YEHUs) HA3bIBACTCS KpACHOU cpanuyen omospgpexma n,

OYCBU/IHO, OIIPCALCIISACTCA YCIIOBUCM

W, =4 (1.3)

¢rp 8bIX

Kak npasuino, kpacHas rpanuna ¢porordpdexkra HaxoauTcs B yabTpaduonero-
BOM (B KpaiiHeM ciiydae, (UOJIETOBOM) IMANa30He IJIMH BOJIH.

[Ipu BKIIIOUEHUU (POTOITEMEHTA B IJIEKTPUUECKYIO IEMb SJICKTPUUECKUN TOK
(poTOTOK) TpEeKpaTUTCs, €CIM MOJAATh HAMpPSIKEHHE, MPEMATCTBYIOIIEE ABIKEHUIO
JIEKTPOHOB OT KaToJa K aHOLY (TaK HA3bIBAEMOE 3anuparowjee HanpsdiceHue). ITOo

HaIPs’KCHUC OIPEALCIIICTCA YCIIOBHUEM

W, =eU (1.4)

k max 3an

U SIBIISICTCSI, OYEBUIHO, 3aKOHOM COXPAaHECHUS MEXaHWYECKOW DHEPTUH, 3alMCAHHBIM
IUISL IBHDKCHUS DJICKTPOHA B JICKTPOCTATUYECKOM MOTEHIMAIBFHOM Tone. M3mepenue
3aMUPAIOIET0 HAIMPSDKEHUS] TpU uccieaoBaHuu (PoTodddexra — HaASKHBIA CIIOCco0
M3MEPEHUS] KWHETHYECKON YHEPT U BRIOUTHIX U3 METAIUIA 3JIEKTPOHOB.

Jlnis pemienust 3aga4 Ha (oTod((HEeKT HE0OXOAUMO 3HATH PAOOTHI BBIXO/A AJEK-

TPOHOB U3 MCTAJIJIOB. Onn MMPpCACTABJICHBI B ITPUJIOKCHUHN 3.



Bonpocs! Aj1s1 camonpoBepKu:

» Kak KOHKPETHO MPOSBIISIOTCS KBAHTOBBIE CBOMCTBA CBETA B ABJICHUU (HOTOIPPeK-
Ta?

* MOHO 1 OOBSICHUTH BOJIBTAMIIEPHYIO XapaKTEPUCTUKY 3JIEKTPOBAKYYMHOTO (O-
TO3JIEMEHTA, HE MPUBJIEKasi KBAHTOBBIX cooOpaxeHuii? Ecnu oHn HEOOXOIMMBI, TO
JUJIS1 4ETO KOHKPETHO?

* OT 4ero J0JIKHA 3aBUCETh CKOPOCTh (DOTOEKTPOHOB, €CIIU MPEANOIOKUTh, YTO
CBET 3TO JIEKTPOMArHuTHas BOJIHA?

* 3anuuuTe ypaBHeHHe OWHIITEHHA s poroaddekra. SABngerca nu 3TO ypaBHe-
HUE CAMOCTOSITEIbHBIM 3aKOHOM WJIM MPEACTABIISIET COOON YaCTHBIN ciydaid KaKo-
ro-1mbo 6osee od1ero 3aKkoHa?

» Kak npumensiercst potorpPexT B TeXHUKe?

3anaua 11. (1) Onpenenuts KpacHyto rpanuily gorosddekra ais cepedpa.

3amaua 12. (1) Yemy paBHa paboTa BbIX0J1a AJIEKTPOHOB U3 HEU3BECTHOI'O MeE-
Tajia, eciau (POTOTOK MPEKPALIAETCS MPU YBETUUCHUH JJIMHBI BOJIHBI MaJAIOIIEr0 13-
nyuenus a0 0,32 Mxm?

3agaua 13. (1) C kakoil HauOOIBIIEH CKOPOCTHIO JIEKTPOHBI MOKUAAIOT (HOTO-
KaToJ, €CIIA JIEKTPUUYECKUN TOK depe3 (POTOIJIEMEHT MpeKpallaeTcsl Mpu Hampsixe-
Huu 1,4 B?

3agaua 14. (1) OnpenenuTs MaKCUMaIbHYIO CKOPOCTh (POTOIJIEKTPOHOB, BbI-
PBIBaEMBIX U3 BOJb(pamMa U3ydeHHUEM ¢ JUIMHOU BOIHBI 180 HM.

3amaua 15. (2) Uemy paBHa HanMeHbIIAs JJIMHA BOJHBI B CIIEKTPE TMaJIAl0IIETO
Ha JIMTUEBBIA (POTORIEMEHT U3ITyYEHHMs], €CIIM 3alHpalollee HANPSKEHUE OKa3ajoch
paBsHbM 0,83 B?

3amaya 16. (2) Haiitu 3amepkuBarolly0 pa3HOCTb MOTEHIMAJIOB ISl Kajus,
€CJIM €T0 TOBEPXHOCTh OCBeMIaeTcs cBeToM ¢ yactoroit 800 TI .

3agaua 17. (2) JlnvHa BOJHBI U3TYYEHHS, BBI3BIBAIOLIETO (POTOTOK B YCTAHOBKE
no uccnenoBanuio pororddekra, 250 HM. OTOTOK MPEKpaALIACTC PU MUHUMAIIBHOM
3afiepKuBaroliel pasHocty norenuuanos 0,96 B. Haiitu paboTy Beixona.

3anaua 18. (2) Ha noBepXHOCTh TUIATUHBI NAAAIOT JTYYH JJIMHOU BOJIHBI 50 HM.
Kakast gonst sHeprum (poToHa pacxojyercss Ha COOOIIEHHE KMHETHYECKOW SHEpPIHH

dboTo351eKTPOHY?



3agaua 19. (2) Unoraa nabmonaercss MHOTOPOTOHHBIN (OTOADHEKT, KOTOPHIN
COCTOUT B BBIPBIBAHWUHU 3JIEKTPOHOB IPH OJHOBPEMEHHOM MOIJIOIIEHNN HECKOJIBKUX
doTtoHOB. OmnpenenuTe KpacHyIo TpaHuily Tpex$oToHHOTO GoTodddeKTa s 1e3nsl.

3agaua 20. (3) Kakoii MakcuMaibHbIA 3aps] MOXKHO MOJYYUTh Ha aTlOMHUHHE-
BOI MbUIMHKE (IIapuKe) paguycoM 12 MKM IpU OCBEIIEHUHU €€ (POTOHAMHU, COOTBET-

CTBYIOIIMMU KpacHOU rpaHunie Goroddekra B rmiaTuHe?

1.3. Dppext KomMnrtoHna

Metoauueckue pekoMmenaauuu. Jpdext Komnrona 3akimoyaercs B mosiBie-
HUU B PACCESTHHOM M3JIyY€HHUU BOJH OOJbIIEH JUIMHBI IO CPABHEHUIO C MagalolIiM
U3ITyYEeHUEM U CBSA3aH C paccenBaHuEeM (DOTOHOB Ha CBOOOJHBIX 3JeKTpoHaX. OOBbsic-
HUTH 3P Pext KomMnToHa ¢ BOJTHOBOM TOYKH 3pEHHS] HEBO3MOXKHO.

Jlsis 3IeMeHTapHOro akTa paccesHus (OTOHAa Ha CBOOOJHOM 3JIEKTPOHE BbI-

IMOJIHAKOTCA 3dKOHbI COXPAaHCHUS SHCPIUHU U UMITYJIbCa
' R Y —
W,=W,+W,.; Dy=Dy+D, (1.5)

Pemas cucremy 3THX ABYX (TpeX) ypaBHEHHI (BTOPOE ypaBHEHUE BEKTOPHOE! ),
MOKHO IOJIYYUThb, YTO U3MEHEHHE JIJIMHBI BOJHBI PACCESIHHOIO M3JIY4YEHUs IO CPaB-
HEHUIO C MaJAI0IIMM HU3JIyYEeHUEM 3aBUCUT TOJBKO OT yIja ¢, I0J KOTOPbIM pacceu-
BaeTcst GoToH. OOBIUHO 3aMHUCHIBAIOT BBHIPAKEHUE HE ISl «HOBOW» JJIUHBI BOJHBI, a
JUTSL PA3HOCTU MEXAY JUIMHAMH BOJIH JOIOJIHUTEIBHOTO U OCHOBHOT'O U3TyYEHHUS

A—AO:AZ:L(I—COS(p). (1.6)

mc

MHO}KI/ITGJ'IB, COCTOHHII/Iﬁ nu3 q)YHI[aMGHTaJ'IBHBIX ITOCTOAHHBIX

A =L:2,42-10712 M, (1.7)
m,c
HA3bIBACTCSA KOMNMOHOBCKOU ONUHOU 8OIHbL INEKMPOHA.

W3meHeHne AJIWHBI BOJIHBI B a0COJIOTHBIX YHCIAX CTOJb Majio, 4To dddexT
KomnTona 3ameTeH nuip A8 KOPOTKOBOJHOBOIO (3KECTKOI0) PEHTTEHOBCKOTO M3-
ay4yeHus. TeM He MEHee OH SIBISIETCS] HEONPOBEPKUMBIM JTOKA3aTEIbCTBOM KBaHTO-
BBIX (KOPITYCKYJISIPHBIX ) CBOMCTB U3JIy4YEHHUS.

[Ipu pemenun 3ama4y U3 3TOro paszena HEOOXOIUMO MMETh B BHIY, YTO B pe-

3yJIbTaTe paccesHusi (POTOHA HIEKTPOH MOXKET MONYUUTh PETSATHUBUCTCKYIO CKOPOCTH.
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CBsI3p MEXly KNHETUYECKON SHEPIHEN PEISITUBUCTCKOM YaCTULIBI M €€ UMITYJIbCOM H3-

BECTHA U3 MCXAaHWKHU W JJI 3JICKTPOHA UMCCT BU

W, =cyp*+m’c® —mc’. (1.8)

HamomMHuM, 4TO 9acTHIly CIEAYyeT CUMTATh PEISITUBUCTCKOMN, €CIIM €€ KUHETH-
YyecKasl SHEPTHUsI CPAaBHUMA C SHEPTHUEH MTOKOS YaCTHIIBI.
Bonpocsl 111 caMONIpOBEPKM:
» Kakyto u3 3akoHOMepHOcTel 3¢ dekra KoMnTona HEBO3MOKHO OOBICHUTH, OCTa-
BasiCh B paMKaX BOJIHOBBIX IIPECTABICHUN?
» Brieaute dhopmyiny (1.6) uz 3akoHoB coxpanenus (1.5).

* B yewm 3akitouaercs npakruyeckoe 3nauenue apdexra Komnrona?

3agaua 21. (1) Ha ckonbko M3MEHUTCS JUIMHA BOJHBI MSTKOTO (4 > 0,2 HM)
PEHTT€HOBCKOTO U3IIyYEHUs, PACCEIHHOTO Mo yriioM 60°, Mo CpaBHEHUIO C U3ITy4e-
HUEM, 13JIaI0IIUM Ha MUILICHb?

3anaua 22. (1) PeHTreHOBCKOE M3IIyYeHUE IJIMHON BOJIHBI 87,3 M HOPMaIbHO
najaeT Ha METAJUTMYECKYI0 MUIIEHb. BOJIHBI Kako#l JIMHBI OYyT pEerUCTPUPOBATHCS
B OTPa)KEHHOM HU3JIyYeHUU?

3agaua 23. (2) B pesynbprare CTOIKHOBEHHS CO CBOOOIHBIM 3JIEKTPOHOM PEHT-
reHoBckui (oToH ObuT paccessH Ha yroa 120° Ilpu sToM nimMHA BOJIHBI €T0 CTaja
paBHa 5, 45 M. OnpenenuTs SHEPruto (HOTOHA IO PACCESTHHUSI.

3agaua 24. (2) Kakyro sHEpruo mojayduT CBOOOIHBIN JIEKTPOH, paccesiBIINI
(OTOH PEHTTE€HOBCKOTO U3IyUeHUs JUTMHOU BOJIHBI 25,1 im Ha yron 120°?

3agaua 25. (2) ®otoH ¢ ’Heprueit 102 k3B npu B3auMoaecTBUU CO CBOOO/I-
HBIM 3JIEKTPOHOM ObLI paccestH Ha yroi 90°. Haittu umiysbc paccessHHOTo (oToHa.

3agaua 26. (2) ®oTOH U3TyUYEHUS, JUTMHA BOJIHBI KOTOPOTO PaBHA KOMITTOHOB-
CKOHM, ObUI paccessH Ha CBOOOJHOM JJIEKTPOHE TakK, YTO JUIMHA BOJHBI PACCESTHHOTO
U3ITydeHust okazanach B 1,293 pasa Oosnbiie, yem nagaroniero. [lox kakum yriom ObuT
paccesiH ¢GoToH?

3apaua 27. (3) ®oroH qnuHOM BONHBL 5,22 M pacceuBaeTcs Ha yrou 60° Ha
cBOOOHOM 3iekTpoHe. Ornpeaenuts dHepruto GporoHa (B IIEKTPOH-BOJIbTAX) MOCIHE

paccesiHus U UMITYJIbC, TIOJYUYEHHBIN 3JIEKTPOHOM.
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3amaua 28. (3) ®otoH paccenBaercss Ha CBOOOHOM 3JIEKTpPOHE. J[IrHA BOJIHBI
¢orona no paccesuus 4,13 nm. Kunetnueckas sHeprus snexktpona otaauu 0,144
M»5B. Haiitu yrou, moj KOTOpsIM paccenBaeTcsi GOTOH.

3amaua 29. (3) ®oroH anuHON BOMHBI 3,25 MM paccenuBaeTcsi HA CBOOOJHOM
aneKTpoHe Ha yroua 90°. OnpeneauTs UMITYJIbC 3JIEKTPOHA OTAAYH.

3amauya 30. (3) Ilog kakuMm yriioM K HalpaBJICHHUIO MaJArOUIEro Jyda CTaHET
JBUTATHCS 3JICKTPOH MOcie paccesHust (HOTOHA, €ClIM JUIMHA BOJHBI MAJArOIIEro M3-

nydenus 3,58 nm, a paccesstHHOro 7,52 nM.

1.4. TennoBoe M3nNydyeHHUE

MeTtoauueckue pekoMeHAalUHU. JI1000e Hazpemoe meno uiyuaem 1eKmpo-
MacHumHule 6onHbl! V3IydeHne CUIIbHO HArpeThIX TeJl 0OHAPYKUBAETCS HETOCPECT-
BEHHO OpraHaMu YyBCTB 4eJioBeka (u3imyuyeHue ColHIa, JaMIibl HaKaJuBaHUs, KOCTpa,
HarpeToro Metaia). MznyueHue MeHee HarpeTbIX Tejl, XOTA U HE BUAHO, TEM HE MEHee
CYILIECTBYET U OOHapyXUBaeTCsl Mpubopamu (HarpuMep, MUKPOBOITHOBBIMU JaTYMKA-
MU aBTOMOOMJIBHBIX OXPAaHHBIX CHCTEM WJIM aBTOMATUYECKH OTKPBIBAIOLIUXCA JIBEpEH,
pearvpyromuyMi Ha U3JIy4eHHE Tela MpUOJIMKAIONIerocsl yeaoBeka). TerioBoe u3iy-
YEHUE TEJI HE CIIEYET MyTaTh C OTPAKEHHBIM WM PACCEIHHBIM TEJIAMU U3ITyYECHUEM,
KOTOPOE YIaJo Ha 3T TeJla OT APYTUX UCTOYHUKOB U3TyUCHUS.

CBoiicTBa TEMJIOBOIO M3Ty4YeHUs! (MHTEHCUBHOCTb, JMAIa30H JIJIMH BOJH, pac-
npe/eieHe UHTEHCUBHOCTH M3ITyYEHUS 10 IJIMHAM BOJIH) OIPENEIISIOTCS XapaKTepu-
CTHKaMH TIOBEPXHOCTH Tejia U ero temrieparypoi. Haubonee npocTast Mojenb Harpe-
TBIX T€ — MOJIeTb abcomomuo yeproeo mena (AUT). CpoiictBa m3nmyuenuss AUYT on-
PEAEIIAIOTCS TOJIBKO Er0 TEMIIEPATYPOU.

Nznyyenne AUT npuHSITO XapakTepu3oBaTh MO0 uUcnycKamenbHol cnocoOHO-

CMbio T (a)) (ee TaxKke HA3BIBAKOT CHEKMPATbHOU NIOMHOCMbBIO dHEPEeMU4ecKoU cee-
mumocmu), 100 CNeKMPaIbHOU NIOMHOCHbIO U3YYEeHUS U, (a)) CBs13b MEXly HUMHU

st AUT onipenensercs npoctoit opmyIioit

(@) =<1, (o) (1.9)

OTH 1BE XapaKTEPUCTUKU OTPakaloT JIBa MOAXOJA K OMMCAHUIO CBOWCTB TEI-
JIOBOTO M3JYYEHHS] U YACTUYHO IyOJUMPYIOT APYr Apyra, MO3TOMY 3]1eCh MbI pac-

CMOTpPHUM JIMIIb IICPBYIO U3 HHUX.
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IHepeemuyeckol c6emumocmoio
B
[R]= —fj (1.10)

HA3bIBAETCSl DHEPTHUsl, UCITYCKAEMbI B €IMHUILYy BPEMEHU €AUHUIIECH MOBEPXHOCTH
U3JIyYarollero Tela o BCEM HAlpaBJIEHUSIM B MpeAeiaxX TeJIEeCHOro yriia 27, TO €CTh B
npezenax nojaynpocTpaHCTBa.

Hcnyckamenvhoii cnocobHocmsio

rT(a)):ch]Z (111)

HA3bIBAETCS DHEPreTHUECKasi CBETUMOCTh HArpeToro Teja B y3KOM MHTEpBaJie YaCTOT
dow, mpuHaIIeKAMUM auana3ony (w;, w+dw). CMBICT CHEKTPaIbHOW TUIOTHOCTH
YHEPreTUYECKON CBETHUMOCTU F7 () MOXHO CHOPMYIUPOBATH TAKXKE CIEAYIOIINM
oOpa3zoM: mpousBeneHue rr (w)dw NpenacTaBiIseT coO0M IHEPTUI0, U3IYYAEMYIO C
€MHUIIBI IOBEPXHOCTH B €IMHUILY BPEMEHU B MHTEPBAJIC YACTOT dw BOJIHM3U YaCTOTHI
.

O4eBHIHO, YTO WHTETPUPOBAHUE CIEKTPAIBHOM IUIOTHOCTH SHEPreTHUECKON
CBETUMOCTH (HUCITyCKATEeILHOM CITIOCOOHOCTH) MO BCEMY JAMAIa3oHa YacTOT M3ITyYCHUS

HaCT SHCPICTHUYCCKYIO CBETUMOCTD
R, = [r(@)do. (1.12)
0

Toznowamenvhoti cnocobnocmovio (K03(p(HUIUEHTOM MOIVIOIIEHUS) a, Ha3bl-

BaeTcs Oe3pa3MepHas (u3MyecKas BEIWYMHA, MOKA3bIBAIOIIAs, KaKas 4acTh MaJaro-
IIETO Ha TEeJO M3JIYYCHUS U3 Y3KOT0 WHTEpBaJia 4YacTOT dw, MPUHAICKAIINX TraTa-
30HY (@, w+dw), OyeT MOrJIoIIeHa TEJIOM.

Jist m3IIydeHns Tell CrpaBeAsIMB TaK Ha3bIBaeMblid 3akoH Kupxroda. omuoue-
HUe UCNYCKAMENbHOU CNOCOOHOCMU meNa K e20 NOo2IoWamenbHol CHOCOOHOCMU He
3asucum om nNpupoOvl mes U AGIAeMCs YHUBEPCANbHOU (YHKYUel Yacmomul (OUHbL

80JIHbL) U memnepamypuvl — pynkyuei Kupxeogpa
v

(@) _ p () (1.13)

a, (o)
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[Tockonbky AUT mornomniaeT Bce majarolliee Ha Hero U3Ny4eHue, To, OUeBUIHO, s
AUT

a,=1; r(o)=f(0), (1.14)

TO €CTh HCITyCKaTenbHast criocoOHocTh AUT coBmagaeT ¢ yHuBepcanbHON (QyHKITUCH
Kupxroda.

HcnyckarenpHasi cltoCOOHOCTH TEJ, CBOMCTBA KOTOPHIX OY€HBb OJM3KH K CBOM-
ctBam AYT (a, 3HauuT, 1 yHHBepcanbHas GyHKIUS Kupxroda) mzmepsercs dKcre-
PUMEHTAIBHO.

W3 aHanm3a SKCIIepUMEHTAIbHBIX JaHHBIX (SMIMPHUECKU) OBIITN TIOTyUYEHBI 3a-

koH Credana—bonbiimana

R, =oT* (1.15)
Y 3aKOH cMmenleHns Buna

Ayl =D (1.16)
rieoc =5,67032-10° %, b=0,0029m-K.

MHorouuciieHHbple TONBITKU B KOHIE XX Beka TEOPETUYECKHU ITOIYyUYUTh YHU-
BepcabHyI0 (yHKIMI0 Kupxroda He mpocTo 3aKkaHYMBAIKNCh HEYynauel, HO U TIPUBO-
WA K HETPEOJOIUMBIM TIpoTuBOpeursiM. (B ucroputo Gpusmku 3T IpOTUBOPEUHS
BOIILIM TIO/1 Ha3BaHUEM yabmpaguoiemosas kamacmpogha.)

JIJig HU3KUX 4acTOT C AKCIEPUMEHTAIbHBIM TpadukoM coBrajana gopmyna Pe-

nes—/l)xunHca

7 (@) =KL (1.17)

B A7t
KOTOpasi, OJJHAKO, COBEPIIICHHO MPOTUBOPEUMIIA SKCIIEPUMEHTY B 00JIACTH BBICOKHX
qacToT.

[To3:xe Obina moyyeHa popmysa Buna

3 h
hw 2

fTB(a)): 472_202 e w b (118)

XOpouIo OIMmUChIBarOmas 3KCICpruMEHT JJII BBICOKHUX YaCTOT U IPOTHUBOpCHalias €My B

HU3KOUYACTOTHOW 00JIaCTH CHEKTpa.
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JIvue mocne Toro, kak Makc Ilnank copmynupoBan 3HaMEHUTYIO THUIIOTE3Y
(HOCAIYIO €r0 UMs1) O JUCKPETHOM XapaKTepe U3IyYEHUsI SHEPIUU HAarpeThIMU Teja-
MU, UM Obla TMOJlyuyeHa TakK HasbiBaeMmas gopmyna llnanka, uneanbHO COOTBETCT-

BYIOIIast SKCIIEPUMEHTaIbHOMY TpaduKy yHUBEpcaibHON QyHkinn Kupxroga

3 -1
fT(a)):%(eh%T —1) (1.19)
4 c
Bonpocsl 111 caMONIpOBEPKM:

» VuupepcanbHas ¢pyHkius Kupxroda B dopmyne (1.19) sBusgercs dyHKIUEH ITUK-
andeckoit yactoThl. [IpeoOpasyiite ee Tak, 4ToObl OHA cTana (yHKUUEH ITUHBI
BOJIHBI U3ITyYEHHUS.

* Hcnonb3ys yHuBepcasibHyto ¢yHKuuio Kupxroda kak QyHKIHUIO IIMHBI BOJIHBI
U3ITyYEHHUs], TIOJyYUTe 3aKOH cMellleHnsi BuHa - 1JIMHY BOJIHBI, HA KOTOPOW MHTEH-
CUBHOCTh U3JTyUY€HHUs MaKCUMaJbHa.

» [lonyuute u3 popmyisl [lnanka popmyny Panes-/xunca.

» [lonyuute u3 hopmyinsl [lnanka hopmyny Buna.

3agaua 31. (1) K Beuepy >kapkoro COJHEYHOTO JHS 3aKOMYEHHAs CTEHa CTa-
PUHHOIO JOHAOHCKOTO 31aHus nporpenack 10 30 rpagycoB no Lenbcuto. CKOIbKO
DHEPIUHU 3a OJHY CEKYHIY M3JIy4aeT Ka)KIbli KBaJIpPaTHBIM METP 3TOM CTEHBI BCKOPE
nociie 3axona CoJHIa.

3agaua 32. (1) B ycnoBum npenpinymiei 3agaud HaWTH JUIMHY BOJIHBI, HA KO-
TOPYIO MPUXOUIICT MAKCUMYM UCITyCKaTEIbHOM CTIOCOOHOCTH.

3agaua 33. (1) Beruucnuts Temneparypy nosepxHoctu Cupuyca, €Ciu 3a CyTKU
3500 KBamPATHBIX KHIOMETPOB €r0 OBEPXHOCTH u3aydaroT 14,1-10%* [ sHeprum.

3apnauya 34. (1) BelunciuTe JUIMHY BOJHBI, COOTBETCTBYIOUIYI0 MAaKCUMyMy B
CHEKTPE U3IIyUYECHHUS ANEKTPUUECKOMN JTAMITOUKH, Temneparypa HuTu kotopoi 3000 K.

3agaua 35. (2) MomHOCTh, U3ily4aemasi abCOJIFOTHO YEPHBIM TEJIOM, COCTaB-
asier 10 kBT, MakcuMyM HU3IIy4eHus NpuxoAuTcs Ha AUHY BoJHBI 0,80 mxmM. Ompe-
JEIUTH TUIOIIA b U3TY4YarolIeil TOBEPXHOCTH.

3agaua 36. (2) Temneparypa abcomoTHO uepHoro Tena cocrasiser 900 K.
Onpenenutps, Kak U Ha CKOJIBKO OHAa M3MEHHTCS, €CJIM JIJIMHA BOJHBI, OTBEYAIOIIAs

MUKy CHEKTpa u3inyuyeHus, yeeanuurcs Ha 0,40 MxM.
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3apaua 37. (2) 13 cMOTpOBOro OKHa 3aKalOYHOM TMEYH, UMEIOLIEro JUaMeTp
6,0 cM, execekyHaHO u3inydaercs 81 /[ sHeprun. DHepreTudeckasi CBETUMOCTb 3TO-
ro OKHa B YETBHIPE pa3a MEHbIIE, 4eM a0COIIOTHO YEPHOTO Tela, UMEIOLIEr0 TaKylo
xe Temneparypy. KakoBa remneparypa neun?

3anaua 38. (2) Dnexrpudeckas gammna MomHOCTEI0 100 BT umeeT Bonbdpamo-
BYIO HUTh J4iuHON 19 cm m nnamerpom 100 Mxm. Ota HuTh HarpeBaercs 1o 3000 K.
Bo ckonbko pa3 oTin4aeTcs UCIyCKaTellbHask CIIOCOOHOCTh HUTHU OT UCITYyCKATeNbHOM
CIIOCOOHOCTH a0COTIOTHO YEPHOTO Tea?

3agaua 39. (3) Ckonbko 3Hepruu uzinyqaer Harperasd 10 1200°C merannnyeckas
IJIACTHHKA pa3MepoM 25 cM” 3a 34 ¢ B JMana3oHe yacToT oT Hys 1o 52 TI'm, eci ee
U3JTyYCHUE B 3TOM JHara30He OJIM3KO K N3ITyUYEHUIO aOCOIFOTHO YEPHOTO Tea.

3agaua 40. (4) CkoJIbKO SHEpruu 3a 5,7 ¢ u3iydaeT 3,6 cM” IOBEPXHOCTH TeJa,
Harperoro no0 remneparypsl 800 K, B uatepBane wactor ot 75 no 100 TI'n, ecim B

9TOM AHAIla30HC 4YaCTOT MOIJIOoMAaTCIbHasz CIIOCOOHOCThL 3TOr0 Tena OIpCACIIACTCA

BbIpaXKeHHeM a, (@) = exp(ha)/ (kT )) :

2. BOJJHOBBIE CBOMCTBA BEIIECTBA

2.1.T'unorte3a ne bpouns

Metoauveckue pekomengaunu. B 1924 rony JIyu ne bpoiinb BbIABUHYI T'H-
OTE3y O TOM, YTO YACTHIIAM BEUIECTBA MPHUCYIIN BOJHOBBIE CBOMCTBA. OH MuUcal: «
B onrtuke B TeueHHe cTONIETUN MpeHEeOperaau KOPIyCKYISIPHBIM CIIOCOOOM paccMOT-
pEHUs TI0O CPABHEHUIO C BOJHOBBIM; HE Jeliajach JIM B TEOPHH BEIIECTBa oOpaTHas
omunbka?» Jlyn ne bpoiisb mpeasiokuil COMOCTaBUTh JIBHXKEHHUIO YaCTUIl BOJHY (Tak
Ha3bIBa€MYI0 BOJIHY Jie bpoiiss), 1muHy BOJIHBI KOTOPO#, MO aHAJIOTUX CO CBETOBBIMHU

kBaHTamu (cM. popmyiry (1.1)), MOKHO BBIUUCIUTH IO MPOCTOM popmyiie

it Q.1
muv

OTO yTBEpXKACHHE B HCTOPUU (UMKU TIONYyUUIIO HA3BAHUE 2unomesvl oOe
bpoiina.

Hannuue BOJIHOBBIX CBOWMCTB Yy YacTHI] BEIIECTBA O3HAYAET, UYTO IOBEIACHUE
YacCTUIl MOXHO MOHSTh U OINKCaTh, pacCMaTpUBas MOBEICHUE CONOCMABIEHHbIX UM

BOJIH Jie bpoitns.
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Paccmotpum Ha npumepe. IlycTs MOTOK yacTuIl najaeT Ha Iperpasy, B KOTOPOM
Ipope3aHbl JIBE OJIM3KO PaclooKEHHbIE MMapajienbHble mpope3u. Kak OynyT pacnpe-
JeJICHbl YaCTULIBI IO IMOBEPXHOCTH KpaHa, PACIOJIOKEHHOIO 3a MPErpajgon ¢ mpope-
3smu? ComocTaBieHHas 4YacTULAM BOJHA A€ bpoiis, mpoxons yepe3 ABE LIEH-
npopesu, Oyaetr unrepdpepuponath (onbiT FOHra), 1 Ha 3KkpaHe AJs STOW BOJIHBI OOHA-
PYXHUTCS YepelOBaHNE MaKCUMyMOB U MHHHMYMOB. DTO O3Ha4aeT, YTO B T€ OOJIACTH
AKpaHa, B KOTOPBIX HAOIIOAAaETCs] MAKCUMYM JUIsl BOJIH Jie bpoiitnis, yacTuib! OyayT mo-
[aJaTh Yaile, a r1e MUHUMYM — BooOwIe He OyayT nomnajgats. Hukakum npyrum cro-
cOOOM OOBSICHUTH, TOYEMY UYACTHLIbI, IPOXO/IS Yepe3 ABE MPOPE3H, MOMaAAI0T B OJHH
TOYKH 3KpaHa U HE M0NaJarT B IPYyrue — HEBO3MOKHO. EMMHCTBEHHO BO3MOKHBIM OT-
BETOM Ha BOIIPOC, [TOUEMY YaCTHIIbI BEAYT ce0sl UMEHHO Tak, siBisieTcs: «IloTomy uto

TaK BeJIeT ceOsl COMMOCTABICHHAs! KM BOJTHA Jie Bpoiimsy.

Bonpocsl 17151 camonpoBepKu:

= JlanTe onpeneseHue BOJIHBI.

* B yeM COCTOUT OCHOBHOE CBOMCTBO BOJIH? O0aal0T U 3TUM CBOMCTBOM BOJIHBI
ne bpoitns?

= Hapucyite pacupeneneHue BEPOSITHOCTH TTOMAAAHUS JJIEKTPOHOB B PA3HBIE TOUKHU
JKpaHa NPH MPOXOKICHUH JIEKTPOHOB YEPE3 ABE LIENH.

= Hapucyiite rpaduk 3aBUCUMOCTH IJIMHBI BOJIHBI OT YHEPTUM YaCTHUIII JIsl (PoTOHA
Y JUISL DJIEKTPOHA.

» M3o0pa3ute 3aBUCUMOCTH JUIMHBI BOJHBI A€ Bpoiis OoT sHEpruu 4acTUllsl C yde-
TOM PENATUBUCTCKUX 3(PPEKTOB.

» Hanummre ypaBHeHue chepuyeckoil BoHbI e bpoitnsa. Kak 3aBucut ee amMIuTy-
Jla OT PACCTOSIHUA 10 UCTOUYHUKA?

* Hanumwre ypaBHEHHE UMIMHIAPUYECKOW BOJHBI Ae¢ bponnsa. Kak 3aBucur ee am-

IJIMTYyda OT paCCTOAHUA 10 HCTOUYHUKA?

3anaua 41. (1) Beruncnuts anuny BosiHbI 1€ Bpoiiss, KOTOpYI0 MOKHO COMOC-
TaBUTb 3JIEKTPOHY, ABMXKYLIEMYCs co ckopocTbio 3000 km/c.

3anaua 42. (1) Beruncnuts anuny BoHbI 1€ bpoiiss, KOTOpyI0 MOKHO COMOC-
TaBUTh (-YACTHUIIEC, IBUKYIIEHCS C YSHEPTUEH 3,0-10714 JIxK.

3apaua 43. (1). [Iporon umeer nedpoieBCKyIO IIMHY BOJHBI 12 nMm. Haiitu

KUHETUYECKYIO DHEPIrUIO (B 3JIEKTPOH-BOJIbTAX) U UMITYJIbC 3TOrO MPOTOHA. MOXKHO
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A1 OOHAPYKUTH OTKJIOHEHHS] OT KJIACCHMYECKOM MEXaHWKH, H3ydash CTOJIKHOBEHHE
ATOTO MPOTOHA ¢ APpyruM mpotoHoM? Paauyc npotona 1,2 ¢m.

3amaua 44. (2) OueHuTs I1JIMHY BOJIHBI 1€ Bpoiiis, KOTOpyI0 MOXKHO COIMOCTa-
BUTh XOKKEHHOW mIaiibe, JieTAleld B BOpOTa Mocie MenYKa Hanmajgaromero. MoxHo
¥ HaOJIOaTh BOJIHOBBIEC sIBICHUS (MHTepdepeHuus, nudpakuus, ...) I TaKoi
«4acTULIBD» ?

3amaua 45. (2) Beruucnuth 1eOpoilieBCKYIO JJIMHY BOJIHBI AJIEKTPOHA, MPO-
MIEIIIETO YCKOPSIONIYI0 pa3HOCTh nmoTeHnnanoB 990 B. MoxHo i 0OHapYyKHUTh OT-
KJIOHEHHS OT KJIACCHYECKOW MEXaHUKH, U3y4asi CTOJIKHOBEHHUE ITOTO 3JIEKTPOHA C Me-
TaJUIMYECKON NBUTMHKOU paauycoM 200 Hm?

3amaua 46. (2) [Ipoton aBuxkerca B MarHUTHOM 1osie 0,25 Ti 1o oKpyKHOCTH
paguycoM 10 cMm. HaliTn neOpoillieBCKyIO JUIMHY BOJHBI 3TOr0 MpoTOHA. MOXKHO J1
OOHapyKUTh OTKJIOHEHUS OT KJIACCHYECKOW MEXaHUKH, W3y4asi CTOJIKHOBEHHE 3TOIO
npoToHa ¢ anbda-uactunei? Paguyc ansda-gactursr 1,9 dm.

3anaua 47. (3) [Iporonsr nBmxyTcst co ckopocThio 5000 km/c potuB ocu Ox U
OTPAXAIOTCS OT MPETPaJIbl, PACIIOIOKEHHON B Havaie KOOpauHatT. B kakoi Ommxaii-
HIel K Imperpaje Touke MPOTOHBI OyIyT 0OHapyKUBaThCs a) Hanbosee yacto; 0) Hau-
0oJsiee penKo, eciiv yCIOBHS OTPaKE€HUs BOJIHBI e bpoilnist oT nmperpaabl TaKOBbI, YTO
B TOYKE OTPAXKEHUS PACIIONAraeTcs y3ei CTOSUel BOIHBI.

3amaua 48. (3) DaeKTpoH ABUKETCSA BIOJb OCH OX MEXKIY IBYMsI OTpakaro-
IIMMHU CTEHKaMH, PacIllOJIOKEHHBIMU B Hadaje KOOPAMHAT U B TOYKE C KOOPAUHATOM
0,627 MKM. YcoBUsL OTpaXEHUS BOJHBI 1€ bpoilyih OT CTEHOK TaKOBBI, YTO B TOUKaX
OTPaXEHHUsI PACIIONArarOTCs y3JIbl CTOSIYEN BOJIHBL. HallTh KOOpAMHATHI TOYEK, B KO-
TOPBIX IEKTPOH OyAeT OOHAapYKMUBATHCS HanboJIee YacTo, €CIIA €ro CKopocTh a) 580
M/c; 6) 1160 m/c.

3amaua 49. (3) Ilorok snexkTpoHOB, UMermux sHepruto 0,15 m»B, nmagaer
HOPMAJIbHO Ha Iperpaay ¢ JIByMs Y3KMMHU IPOPE3sIMHU, PACIOJIOKEHHBIMU Ha pac-
crostauu 0,22 MKM JIpyr ot Apyra. HailiTu paccrosiHue Mexay AByMs OmvKalllllMMU
y4acTKaMH 3KpaHa, pacroyIo)KEHHOM Ha PACCTOSHUU 2,5 M OT Iperpajsbl, B KOTOpbIE
AJIEKTPOHBI OyAYT NMONaaaTh ¢ HAUOOJIbIIEH BEPOSITHOCTHIO.

3amaya 50. (3) Beruucnuth 1eOpoilieBCKYIO JJIMHY BOJIHBI AJIEKTPOHA, MPO-

LIEAIET0 YCKOPSIOWIYIO pasHOCTh noTteHuuanos 1300 kB.
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2.2. COOTHOMEHUS HEONMpPEOAEINIEHHOCTEH
Meroanueckue pexkomenaauuu. Coommuowenue neonpeoenennocmei I eu-

3eH6ep2a, 3alIMCAHHOC I KOOPAWHATHI U ITPOCKI UK UMITYJIbCA
Ap Ax=>h, (2.2)

03HAYaeT, YTO Y MUKPOYACTHUIIBI HE MOTYT ObITh U3MEPEHbI OAHOBPEMEHHO TOYHOE
3HAYEHUE KOOPANHATHI YACTULBI U ITPOEKIIMS €€ UMITYJIbCA HA 3Ty XK€ OCh KOOPAUHAT.
Pazymeercs, 4To Takue k€ COOTHOIIEHUS MOYKHO 3amucarh U Ui Apyrux oceu. 1o
CyTH, 3TO COOTHOLIEHHUE ONMPEACIISIET TAK)KE MUHUMAIbHO BO3MOKHOE 3HAYEHHUE IIPO-
€KIIMU HMITYJbCAa YaCTHIIbI, IBHKEHUE KOTOPOM OIPAHMYEHO MHTEpBajIoM Ax. OTO
COOTHOIIIEHHE MO>XHO MHTEPIPETUPOBATh TaK, YTO YACTUIA HAXOAMUTCS B siueiike da-
30BOT0 IIPOCTPAaHCTBA pazMepamu Z2rh. Takas MHTepHpeTanus OYeHb IOJIe3HA UL
1ese KBaHTOBOM CTaTUCTUYECKON (DU3UKHU.

CooTtHoleHnue HeonpeaeneHHocTen ['eiizen6epra MoXKHO 3anucaTh TaKXKe IS
SHEPIUU U BPEMEHU

AWAt=>h, (2.3)

KOTOPOE CBSI3bIBAET BPEMS JKM3HU MHUKPOYACTHUIbI HA YHEPTETUYECKOM YPOBHE U IIH-
puHY (HEONPENEIEHHOCTb, IOIPEIIHOCTh SHEPTUN) YPOBHS.

[Ipu BBIUMCIEHUN MOTPENTHOCTEN (HEONPENEIEHHOCTEM) BEIMYMH, CBA3aHHBIX
dopMysaMu C TEMH, YTO BXOJAT B COOTHOILIEHHUSI HEONPEAEIECHHOCTEH, 4acTO HE00-
XOJIMMO UCIOJIb30BaTh BBIPAXKEHUE

dy(x)

Ay =——=Ax, (2.4)
dx

U3BECTHOE U3 MaTEeMaTUKU M TEOPHUH MOTPEIIHOCTEN JIabOpaTOPHOro MPaKTUKyMa IO
duzuke.

CootHolieHus: HeomnpeaeneHHocTel [elizendepra, 6e3ycioBHO, CIPAaBEUIUBbI U
JUIsI MAKpOYaCTHUIL, OAHAKO NMOCTOsHHAs llnmaHka cTosib mMania, 4TO HEMOCPENCTBEHHO

O0OHapYX UTh ONUCAHHbIE YPPEKTHI B MAKPOMHPE MPAKTUYECKH HEBO3MOXKHO.
Bonpocsl AJ1s1 caMONIpoOBepKH:

* 3anuiMTe COOTHOIIEHWE HeompeaeneHHocTed ['eitzenOepra mis Tpex MpoeKIuit

HMITYJIbCAa YaCTHUILIBI U €€ KOOPpAHHAT.
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* BpiBenuTe COOTHOLICHUE HEOMPEAEIEHHOCTEN M1 CKOPOCTH HEPEIISITUBUCTCKOMN

YacTUlbl 1 BpCMCHU,; IJII UMITYJIbCA JTOM XKe JacTUlbl U BpCMCHHU.

3agaua 51. (1) Kakoii Oyzner HauMeHbIIasi BO3MOXHAasi OTPEIIHOCTh U3MeEpe-
HUS MPOEKIIUU UMITYJIbCA MOJIEKYJIbL, JOKAJIIM30BAaHHOM Ha OTpe3Ke 23 MKM?

3amaua 52 (1) Pasmep aroma umeer mopsjaok BenuuuHbl 0,1 HM. OLEHUTH
HAaUMEHBILIYI0 CKOPOCTh, C KOTOPOIl MOKET ABUTATHCS 3JIEKTPOH B aTOME.

3apaua 53. (1) Pazmep snpa umeer nopsanok Benuuusbl 10 M. OnieHUTh Hau-
MEHBIUIYIO CKOPOCTh, C KOTOPOI MOYKET ABUTATHCSI HYKJIOH B SIJpE.

3apaua 54. (1) Haligute mupuHy SHEPreTUYECKOro YpPOBHSA, BpPEMS >KU3HU
YaCTHI[bI HA KOTOPOM paBHO 56 HC.

3agaua 55. (2) Pasmep siapa umeer nopsinok Benuuunbl 10 ¢m. Haitnure mu-
HUMAaJIbHYIO MacCy YacCTHUIIbl, KOTOPAsi MOKET HAXOIUTHCS B SpeE.

3amaya 56. (2) DnexkTpoH ¢ KMHETUYECKOU 3Hepruei 15 »B HaxoautTcs B Me-
TAIJIMYECKON ThUIMHKE auameTpoM | MkM. C KakodM HawIydlled OTHOCUTEIbHOU
TOYHOCTBIO MOXET OBITh OTpe/IeSieHa CKOPOCTh ATOTO AJIEKTPOHA?

3apaua 57. (3) Haiinure BpeMst ’KM3HU 3JIEKTPOHA HA SHEPTE€TUYECKOM YPOBHE
B aTOMe€, €CJIM IHPUHA CIIEKTPATILHON JIMHUM KeNToro 1BeTa (560 HM) npu nepexoje
3JIEKTPOHA C 3TOTO YPOBHS B OCHOBHOE COCTOSIHME paBHa 26 1.

3agaua 58. (3) Kakoii Oyaer HauMeHbIast BO3MOKHASI MOTPEIIHOCTh U3MEPEHUS
MOJTyJI UMITYJIbCA MOJIEKYJIbI, JIOKaJTU30BaHHOW B KyOUKe ¢ peOpoM 23 MKM?

3amaya 59. (3) MoxHO 11U 0OHAPYKUTh OTKJIOHEHHUS OT KJIACCUYECKOM MeXa-
HUKH, U3y4yasi OpOYHOBCKOE JIBMJKEHHUE CTalbHOW MBUIMHKK paguycoMm 100 HM mpu
KOMHATHOW TeMIieparype?

3agaua 60. (3) Ha nytu napayienbHOro mydka HEPENSTUBUCTCKUX YacTHI] C
sHeprueid W m maccoil m ycraHoBieHa auadparma c mienbto. [Ipu kakoil mupuHe

menu b ee "uzoOpaxenue" Ha FKpaHe OyAeT UMETh MUHUMAJILHBIN pazMep?

3. IIPOCTEUIINE KBAHTOBBIE CUCTEMBI

3.1.Yactuma B BI'OIIIT4

Metoanueckue pekomengauum. [loTeHInanbHass SHEPTUS YACTHUIIBI, HAXOMS-
nieiics B 0ECKOHEUYHO TTyOOKOH OJHOMEpPHOM MPSMOYTOJbHOW MOTEHLMAIBHON sIMe

MUPUHOH a ¢ HyneBbIM THOM (BI'OIIII), moxkeT ObITH ONMCaHa Kak
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0, O<x<a
w (x) = (3.1)
o, x<0,x>a,
TO €CTh pPaBHA HYJIIO BHYTPH SIMbI U paBHa OCCKOHEYHOCTH BHE ee. Torma ypaBHEHHE
[Ipenunarepa 11 CTalMOHAPHBIX COCTOSIHUM, 3alIMCAHHOE ISl YaCTHUIIBI MAacCOU m ¢

sHepruen W, Haxoasuencs B sMe, MPUMET BUJT

2
Ay (x) 2mW o, (3.2)
dx h
OquI/II[HO, YTO BHEC sAMbI BOJIHOBBIC (byHKL[I/H/I JOJIXKHBI OBITh TOXACCTBECHHO PAaBHBI
HYJII0, TaK KaK BEPOATHOCTb TOI'0, YTO 4aCTHUIAa MOKCT IIPOHUKHYTL B 00J1acTh Ipo-
CTpaHCTBA, I'I€ €€ IMOTCHIAJIbHAA SHCPI'HA OECKOHEUHO BCJIMKA, paBHA HYJIIO.
TOFI[a CTallUOHAPHBIC BOJIHOBBLIC (byHKHI/H/I, ABJIIIOIUECS PCIICHUCM 3TOTI'O

ypaBHenus LlIpeaunrepa, JOMKHBI yI0BIETBOPATH TPAHMYHBIM YCIOBUAM
w(0)=y(a)=0, (3.3)

YTO 00€CIIEUNBAET HEMIPEPHIBHOCTH BOJTHOBBIX (hYyHKIIUA.

OxkasbiBaeTcs (B ATOM JIETKO yOEIUThCA CaMOCTOSITENIBHO, TaK KakK MpOIeaypa
noucka pemreHus auddepeHnnaTbHOT0 YpaBHEHHsSI TAaKOro BHUAA KaK ypaBHEHHE
[peaunarepa /uist 4aCTULIBI B sIME XOPOIIIO U3BECTHA U3 TEOPHUH KosieOaHuii), 94TO rpa-
HUYHBIC YCIOBHS MOTYT OBITh YJIOBJIETBOPEHBI TOJIBKO JIJISi JUCKPETHOTO HAbopa 3Ha-

YyeHUH OHCPIUHU 4aCTHUIbI

232
_ER e (3.4)

W= 2ma’

[Tapamerp n =1, 2, 3, ... onpenenseT HOMep dYHEPreTUYECKOr0 YPOBHA U OTpa-
AT TUCKPETHBIN XapaKTep SHEPT€TUYECKOIO CIIEKTPa YaCTHILIBL.

DT0 03HAYaeT, YTO KBAHTOBASI YACTULIA, HAXOIACh B IME, HE MOKET HMETh IPO-
U3BOJIbHOE 3HAUYECHHUE HSHEPIUH, & €€ DHEPrus MOXKET MPUHUMATh 3HAUYCHUS JUIIb U3
JTUCKpEeTHOTrO Habopa. ['oBopAT, UTO 3HEpPrUs 4acTUI] KgaHmyemcs. 3HaueHue n = 1
COOTBETCTBYET OCHOBHOMY (HEBO30YXKIEHHOMY) COCTOSIHUIO YaCTHUIIbl, B KOTOPOM
YacTHUIA MOXKET HaXOJUThCS CKOJIb YTOJIHO JIOJITO, BCE APYTHE COCTOSHHS — BO30YX-
nenHsie. Haxomsick Ha Oosiee BHICOKOM ypOBHE (B BO30Y>KIIEHHOM COCTOSIHHH), Yac-
Tula Oy/eT CTPEMUTHCS B T€UYEHHE KOPOTKOTO BPEMEHH «COPOCHUTH» H30BITOK 3HEp-

ruu (HarmpuMmep, UCITyCTUTh (POTOH) U EPEUTH B OCHOBHOE COCTOSIHUE.
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CranuroHapHbIe BOTHOBBIC (DYHKIIMH, SBIISIONIMECS PEIICHUEM CTAIIHOHAPHOTO
ypaBuenus [lpenunrepa st yactuisl B BI'OIITS, yaoBiaeTBopsitoiirie rpaHuuHbIM

YCIIOBUAM U YCIIOBUIO HOPMHUPOBKH, UMCIOT BU

2 . (#n
v, (x)=,|=sin| —x |. (3.5)
a a
HanomuuM, 4To KBajpat MOAYJIsl BOJTHOBOM (DYHKIIMU PaBEeH IIOTHOCTU BEPOSIT-
HOCTH WK (DYHKIIMU PACIIPEICIICHUs] KOOPAUHATHI YacTHilbl (cM. [Ipunoxenue 1).
WNuTterpupoBanueM QyHKIMH pacIpeiesieHus MOKHO B SBHOM BHJIE MOJYYUTh

@yHKYUIO pacnpeoenerus 6eposimHOCIU

F(x)==- ! sin[zﬂn x] (3.6)
a 2rnn a
UCIIOJIb30BAaHUE KOTOPOHM 3HAYMTENILHO OOJIErdaeT MPOIeCC BBIYHMCICHUS BEPOSTHO-
CTH OOHAPYKCHUS YACTHUIIHI B PA3IMYHBIX YACTAX SIMBI.

HNHTEepecHO 3aMEeTHTh, YTO TIPH W3YUYCHUU TOBEICHUS MHOTHX KBAaHTOBBIX CHC-
TEM YacTO OKa3bIBacTCS 0o0Jiee BaXHBIM 3HATH HE caMmo pemieHue ypaBHenus Llpe-
nuHTepa (BOJTHOBBIE (DYHKIIMH), & YCI06US, NPU KOMOPBIX MO peuleHue Cyuecmesyem,

TO €CTh CIIEKTP PA3PEUICHHBIX SJHEPTE€TUUECKUX COCTOSIHUM YaCTHUILIbI!

Bonpocsl 1711 caMONIpoOBepKM:
= HapucyiiTe cTaiimoHapHbIe BOJHOBBIC (DYHKIIUU JJI TPETHEr0 BO30OYXKIECHHOIO CO-
crossausa yactuusl B BI'OTIITA.
= HapucyiiTe NOTEeHIIMAIBHYIO MY, B KOTOPOW JBUKETCS MSYUK, €CJIU OH MOIIPHI-
rUBaeT, yAapssich 00 3eMIIIO.

» [lonyuute popmymy (3.6).

3agaua 61. (1) Beryucnuth SHEPTUI0 OCHOBHOTO U TMEPBBIX JIBYX BO30YKIEH-
HbIX cocTosiHui 3nekTpoHa B BI'OIIIA ¢ nyneBbiM aHom mupunoit 0,37 uMm. M30-
Opas3uTe 3TU ypOBHU Ha OCH DHEPIUil, HAPABICHHON BBEPX.

3agaua 62. (1) HaiiTu TUIOTHOCTH BEPOSTHOCTH OOHAPYKUTH DJIEKTPOH B
BI'OIIITA ¢ HyneBbIM JHOM B CEpPEIMHE SIMbI, €CJIM OH HaXOAUTCS 1) B OCHOBHOM CO-

CTOSTHUH, 2) B TIEPBOM BO30YKJICHHOM COCTOSIHUH.

22



3agava 63. (2) Beruucnutb pa3HOCTh SHEPIU MEPBOrO U YETBEPTOIO BO30YK-
JEHHBIX YPOBHEW 3HEpruu NpoToHa npu aBrxkeHnu ero B bI'OIIIIA ¢ HyneBbIM qHOM
mpuHOi 12 M. OTBET BBIpa3uTh B METa’IeKTPOHBOJIbTAX.

3agaua 64. (2) BeraucauTh pa3HOCTh SHEPTHI YETBEPTOrO U LIECTOTO BO30YXK-
JNEHHBIX YPOBHEW 3HEPruM 3JeKTpoHa npu ABvxkeHuu ero B BI'OIIIIA ¢ HyneBpiM
nHOM mupuHO 0,12 HM. OTBET BBIPa3UTh B AJIEKTPOHBOJIBTAX.

3agaya 65. (2) Yactuua maccoit 5107 r gemkercs B BIOIIIIS ¢ HyzeBbIM
aHoM 1puHOM 20 mM. Ckonbko (poToHOB AMHOM BOJIHBI 500 HM MOXKET M3IY4YUTh
3Ta YacTUla MPH MEePEeXo/Ie U3 IIECTOr0 BO30YXKACHHOTO B TPEThE BO30YKICHHOE CO-
CTOSIHUE?

3agaya 66. (2) Beruucnuth BEpOsSTHOCTh OOHAPYKEHUS YaCTUIBI B MHTEPBAJIE

a/3<x<a nupu mewkennu ee B BI'OIIIIS ¢ HymeBbIM THOM mupuHON a. YacTtuia

HaXOJIUTCSI B OCHOBHOM COCTOSIHUH.

3amaya 67. (2) BeruuciauTh OTHOILIICHUE BEPOSTHOCTH HAXOXKJACHHUS YaCTHUIIBI B
MIEPBOM BO30Y>KJIEHHOM COCTOSIHUU K BEPOSTHOCTH €€ HaXOKJICHHUS B OCHOBHOM CO-
crosinuu B uHTepBaie Ax = 0,4a, paBHoyganeHHOM oT cteHOK BI'OIIIIS mupuHoi a.

3agaua 68. (2) Dnexkrpon Haxoautcs B BI'OIIIIS ¢ HyneBbIM THOM MIMPUHOMN
@ BO BTOPOM BO30YXJICHHOM SHEPreTUYECKOM cOCTOsHMH. OmpenenuTtb, B KaKuX
Toukax uHTepBaia 0 < x < g IUIOTHOCTh BEPOATHOCTH OOHAPYKUTh YACTUIY UMEET
MaKCUMaJbHOE U MUHMMAaJIbHOE 3HaYeHHUs. PerieHue nosiCHUTh pUCYHKOM.

3agaua 69. (3) Anbda-uactuna Haxoautcs B BI'OIIIIS ¢ HyneBbIM qHOM M-
pUHOI @ B BO30Y>KJICHHOM HEPreTHYECKOM COCTOSHUM C HOMepoM n. OmnpenenuThb
BEPOSITHOCTh HAWTH YaCTHILYy B UHTEpBaje MUpUHOHN a/10 BOIMU3M IIEHTpA SIMBI.

3amauya 70. (3) Anpo kucnopoaa Haxoautcst B BI'OIIIIA ¢ HyJeBbIM THOM IIH-
PUHOI a B BO30YKJIEHHOM DHEPreTUYECKOM COCTOSIHUU ¢ HomepoM 20. OmnpenenuTs

BEPOSITHOCTh HAWTH PO B UHTEPBAJIEC MUPUHOM a/6 BOIHM3HU JIEBOTO Kpasi sIMBI.

3.2. 001 HOMEpHB W TAapPMOHUYECKHUN OCUHUIITATOP

Metoanueckue pexkoMeHIauMu. JlJis 00HOMEPHO20 2APMOHUYECKO20 OCYUT-
JIAMOpa 3aBUCUMOCTh MOTEHUHMAIBHOM 3HEPIMU OT KOOPAMHATHI YACTHUIBI XOPOILIO

HN3BCCTHA U UMCCT BU/

w (x)z—, (3.7)
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CCJIM IIOJIOKCHHUC PABHOBCCHA COBITAJACT C HAYAJIOM KOOPAWHAT. I[BI/I)KCHI/IG TaKoMu
KBaHTOBOM qaCTHUIbl AOJKHO HAIIOMHWHATHh ABHKCHUC HEOOIBIIOTO TCJIa, 3aKPCIIJICH-
HOTO Ha IIPYKMHC — KIIACCHUYCCKOI'0 TapMOHHYCCKOI'0O OCHWILIIATOpPA. YpaBHeHHe

[lIpenuHrepa 1y TAKOM KBAHTOBOM CUCTEMbI TPUHUMAET BU

d? 2m ko
s U s 68)

rpaHI/IqHBIC YCIOBUA COCTOAT B TOM, YTO YaCTUIIA HC MOKET OKa3aTbCA AAJICKO

OT TOJIOKEHUSI PAaBHOBECHS, TO €CTh l//(M—)oo)—)O (BommHOBast (DYHKIIMS JTOJKHA

yObIBaTh Ha OECKOHEYHOCTH). B oTiam4me oT KJIacCHMYecKo 4YacTUIlbl, KOTOpas He
MOJKET MOKHHYTb MPeeibl TOTCHIIMAIBHON SMbI, KBAHTOBAsI YaCTUIIBI MOKET OOHa-
pyKuBaThCs 3a Npenenamu ssMbl. Hannume rpaHUYHBIX YCIOBUM, B KOHEUHOM CUETE,
IIPUBOJUT K TOMY, YTO CHEKTP Pa3pELIEHHBIX YJHEPTETUYECKUX COCTOSIHUM CTAHOBUT-

cst auckpeTHbIM (kak U B BI'OIIITA):

W :ha)(n+%). (3.9)

Takoil criekTp Ha3bIBAECTCS IKGUOUCTNAHMHBIM — JTIO0BIE IBA COCETHUX YPOBHS
SHEPrUU HaXOATCS Ha OJIMHAKOBOM «PAaCCTOSIHUWY» (PHEpreTuyeckom!) Apyr oT Apy-

ra. KpOMe 9TOTO, KBAHTOBBIM l"apMOHI/I‘IGCKI/Iﬁ OCHUILIIATOP HC MOKCT UMCTh DHCPIHUIO

MeHblIe W, = h% — TaK Ha3bIBaeMasi SHEPTUS H)/1e6bIX KOJeOAHULL.

BonnoBrsle CI)YHKI_[I/II/I, SABJIAIOOIUECA PCHICHUEM 3TOI'0 YPABHCHUA U YIOBJICTBO-

pAOIIKUEC T'PAHUYHBIM YCJIOBUAM, UMCIOT B/

2
v (E)=N H (&)exp _% , (3.10)
mao Vi 1
rae N, =( j — HOPMUPOBOYHBIN MHOKUTEIb,
h \/ 2"n!
H (5):(—1)" et d ¢ — Tak HasbIBAEMBIE NOIUHOMbL Ipmuma, TEpBbIE

HECKOIIBKO 3HAYCHWH KoTOpbix paBubl H,=1, H,(£)=2&, H,(E)=4&" -2 s

n=0, n=1, n=2 cooTBeTcTBEHHO (YOEIUTECh B ’TOM CAMOCTOSITEIIHHO),
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& =xJmw/h — Ge3pa3smepHas NepeMeHHasl, IPOTOPIMOHAIBLHAS KOOPIUHATE,

= k/m — XOpouo HU3BCCTHAA H3 KJIaCCUYECKOM MEXaHUKH TUKINYCCKast

JaCTOTAa TapMOHHUYICCKOI'0O OCHUILIIATOPA.
HaHOMHI/IM, qTo (I)I/IBI/IIICCKI/IM CMBICJIOM 06J'Ia,ZIa€T HC CcaMa BOJIHOBasl (I)YHKHI/IH,

a KBaapar €€ MOIYJIA.

Bonpocsl 1151 camonpoBepKu:
» Hapucyiite cTaiiioHapHble BOJTHOBBIC (DYHKIIUU IJIs TPEThEro BO30YKIEHHOTO CO-
CTOSIHUSI TAPMOHHUYECKOI0 OCUMILIATOPA.
* HapucyliTe NOTeHIMATBHYIO SIMY, COOTBETCTBYIOINIYIO JBUKEHUIO IIaprKa, Koieo-

JHIOMCTOCA Ha HUTOYKC, CCJIN aMINIMTyda KoJIcOaHHMI HE MaJia.

3agaua 71. (1) BerancnuTe HaMMEHbIIIEe BO3MOXKHOE 3HAUCHHE IHEPTUU KBaH-
TOBOTO TAPMOHUYECKOTO OCIUJUISITOPA, COOCTBEHHAS ITUKIMYECKasi 4acToTa Koyeba-
HH} KOTOPOro 25 mc .

3agaua 72. (2) Uon xene3a B y3/ie KPUCTALTUIECKON PEMIETKH — IPUMED Tap-
MOHHYECKOro ocuwuiaropa. HalTu «paccTossHME» MEXIy COCEIHUMHU YPOBHSIMU
SHEPTHH TAKOTO OCLHILIATOPA, €CIH YacTOTa ero Konebanuii okomo 10" ¢ .

3agauya 73. (2) BeiuncauTs SHEPTrUH NMEPBBIX TPEX YPOBHEH I YaCTHUIIBI
Maccoir 96 Hr, KoTopas MOXET KoyieOaThcsi Ha "HpyXKUHKE" KECTKOCThIO 12
MkH/M. CMoxkeM 11 Mbl OOHAPYKUTh TUCKPETHOCTh SHEPTETUUYECKOTO CIIEKTPa ITOU
YaCTUIIbI, €CJIM SHEPTUs TEIIOBOTO ABMkeHus nopsaka 0,022 3B?

3anaua 74. (2) O1neHUTh KOJUYECTBO COCTOSHUN TapPMOHHYECKOTO OCITHILIIS-
Topa B uHTepBajie sHepruid ot 1,00 no 1,01 u/lx. XKectkocTes ocmumasTopa 3,2
MkH/M, macca 9,6 Hr.

3apaua 75. (2) BooGpasum aBa "ocuminisTopa', IpeacTaBIsIOmMKUX coO0i Clo-
Ha U MBIIIKY, K&XJIbIH U3 KOTOPHIX MOJBEIICH Ha MPY>KUHKE, KOTOpas MOJl UX COOCT-
BEHHBIM BE€COM pacTiaruBaetcs Ha 9 cMm. CKOJbKO YpOBHEH 3HEpruu "CIOHOBOTO" OC-
AJUISTOpa YJIOXKHUTCS HUXKE TEPBOT0 BO30Y>KIEHHOTO YPOBHS DHEPTUU 'MBIIIUHO-
ro"?

3apmaya 76. (2) BpuncnuTh 3HaY€HUE TUIOTHOCTU BEPOSTHOCTU, COOTBETCT-

BYIOHISﬁ IMOJIOKCHHNIO PAaBHOBCCHA KBAHTOBOI'O 'aPMOHHYCCKOI'O OCHHUJIIIATOPA, HAXO-
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nsierocs 1) B mepBoM; 2) BO BTOPOM BO30YKJIEHHOM COCTOSIHUM M UMEIOIIET0 Maccy
33 nr u xxectkocTh 45 HH/M.

3agaua 77. (3) BeruncauTth BEPOATHOCTH TOrO, YTO FTAPMOHUYECKHIA OCLUILIIA-
TOpP, HAXOIALIUNCA B OCHOBHOM COCTOSHMM M MMeEKIHi maccy 10 MKr m gacrtory
10" ¢!, Gymer oGHapyKeH B KIACCHUECKH 3aPEIeHHOI 0061aCTH.

3anaua 78. (3) BerunciauTh BEpOsSTHOCTH, C KOTOPOW MOXKHO OOHAPYKHUTH Tap-
MOHHMYECKUN OCHWUISATOP, HAaXOIAIIMICS B TMEPBOM BO30YXKICHHOM COCTOSHUH H

. 25 17 -1
uMeroruit maccy 10" kr u yacroty 10°' ¢ ', B o0yactu x € (—O,lxm;O,lxm), eCIIH X,

— KJJACCUYECKUE TOYKH OCTAHOBKH.
3apmaya 79. (3) B kakux Toykax rapMOHHWYECKHN OCHUILIATOP Maccou 28 ¢r,
MMEIOILIHIT 4acTOTy KoneGanuit 23 HC ' M HAXOIALIMICSA B YETBEPTOM BO30YKICHHOM
COCTOSIHUHU, OyJIeT 0OHApY>KUBAThCsl HanboJee 4yacTo?
3agaua 80. (4) Ilonyuuts Gopmyny mjisi BEPOSTHOCTH HAWTH TapMOHHYE-
CKMI OCHMJUIATOP B KJIACCUYECKU 3alPEIleHHON 00J1IacTH MCX0ld U3 1) KBaHTOBBIX;

2) KJIaCCUYECKUX TPEICTABIICHUH.

4. ATOM BOJIOPOJIA

4. 1. KBaHTOBaAaHHUE DHEPTHUHU

MeToandyeckne PEKOMEHIAIIUA. 9J'I€KTpOH B aTOMC BOAOpOJda HWJIHU BOAOPO-
,Z[OHOI[O6HOM (TO CCTh COACPKAIICM TOJIBKO OJHH SHGKTPOH) HOHC JIBHKCTCA B IICH-

TpaJIbHO CUMMCTPHUYIHOM KYJIOHOBCKOM ITIOJIC dJpa € MOTECHIIMATIbHOM 3H€p1"PI€I>i

2
L@:—@Zi. (4.1)

r

B oTinune oT mpocTedmmx 0JHOMEPHBIX KBAHTOBBIX CUCTEM, PACCMOTPEHHBIX
BBIIIIE, aTOM BOJIOPOJia — 0OBEMHBIM 0OBEKT, TTOATOMY JUISI €T0 ONMUCAHUS TPEeOyIOTCS
TpEeXMEpHbIE YpaBHEHHUs. YpaBHeHue lllpennHrepa miis cTaiMOHAPHBIX COCTOSIHUUN B

TPCXMCPHOM CJIydaC HMCCT BU

.\ 2m Ze' -
Al//(l")+? W+ke— l//(l"):O, (42)
r

BonHoBble QyHKIMM W =Y/, (r,@,gp), SABJISIFOIIMECS PEUICHUEM 3TOTO YPaBHEHHS U

YAOBJICTBOPAIOIINUEC I'PAHWUYIHBIM YCJIIOBHAM U TpC6OBaHI/IIO HEIIPCPBIBHOCTH, TJIAAKO-
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CTH U OTPAaHUYCHHOCTH BOJIHOBBIX (DYHKITMI U UX TMPOU3BOAHBIX, CYIIECTBYIOT JIUIIIH
P IUCKPETHOM HAOOpe TpeX IEbIX YUCel k, [, m, OTBEYAIONUX COOTBETCTBEHHO 3a
paaralbHYI0, a3UMYTAIBHYI0O W TOJSPHYIO COCTaBISIONINE BOJHOBBIX (DYHKITHIA.
BcenencTere 3Toro cocTosHUE 3IEKTPOHA B aTOME BOJI0poaa (WK B BOJOPOI0IIOA00-
HOM HOHE) OMPEEISICTCS] KBAHTOBBIMHU YHCIIAMHA: TJIABHBIM KBAHTOBBIM YHCIIOM 1 = k
+[1(n=1,2,3,...), onpeaeiasonM JUCKPETHOCTh IHEPIETUUECKOTO CIIEKTPpa dJIeK-
TpOHa B aToOMe; OpOMTaIbLHBIM KBAaHTOBBEIM uncioMm [ ([ =0, 1, 2, ... n — 1), onpene-
JISTOIIAM TUCKPETHOCTh MOJYJII MOMEHTA UMITYJIbCa DJIEKTPOHA; MATHUTHBIM KBaH-

TOBBIM umciioM m, (m,. = —I, —[+1,..., 0,..., [-1, [), onpeaensronmM IPOSKIIUIO MO-
Iz Iz

MCHTAa MMITYyJIbCa Ha BBI6paHHOG HAIIPaBJICHHUC, 4 TAKKC CIIMHOBBIM KBAHTOBBLIM 4YHC-

nom m (m_ =—1/2, +1/2), cBA3aHHBIM C IByMsl BO3MOKHBIMH IPOEKLUSAMH CIIHMHA

AJIEKTPOHA Ha BRIOpaHHOE HampapieHune. Kaxmoe n3 HUX COOTBETCTBYET (DU3UIECKOM
BEJTMYHMHE, 3HAUCHUE KOTOPOU TOYHO OTPEJICTICHO B TAHHOM COCTOSHUM.

CocTostHrE 2JIEKTPOHA B 00CYKIAEMOM CITy9ae CUMBOJUYCCKHU 3aMICHIBACTCS B
Bune na, rnea=s npu [=0; a=p opu [=1; a=dupul/=2;a=f npul=3.C
OONBITMMH 3HAYCHHUSIMU OPOUTANIHHOTO KBAHTOBOTO YHCJIAa OOBIYHO CTAJKHUBATHCS
HE MIPUXOTUTCS.

Cobcmeennvie 3HaueHUus dHepeul OTPEACNAIOTCA HCKIIOUUTENBHO TJIaBHBIM

KBAaHTOBBIM YUCJIOM U MOTYT 6BITB IMpCACTAaBJICHBI B BUJIC:
W =—W,/n* n=1,2,3 (4.3)

Benuuuna VV, Ha3bIBACTCsI C-)HGpFPIGﬁ HOoHM3aLMM. Ee unciieHHOE 3HAaUYCHHUE JJIs1 aTOMa

BOJI0poJia paBHO 13,6 »B. {15 Bo1opo10110100HOT0 HOHA OHA UMEET B/

~ 492 ~ 422712
me'Z me Z°k,

= 4.4
20 (4ne, )2 2n° 44

3,IICCB I’IA”Z . — HPUBCACHHAA MacCa, KOTOpas MCHCC 4YCM Ha 1% otnmyaercss OT Macchl

ANIEKTPOHA; Z — 3apsAI0BOE YHUCIIO (YHUCIO0 IPOTOHOB) si/ipa BOJOPOI0NOI00HOTO HOHA.
[Ipu mosny4eHUn >HEPruu (CTOJKHOBEHUE, MOTJIOMIEHUE (POTOHA) AIEKTPOHOM
aToMa (4acTo TOBOPST, YTO DHEPrusl MOTJIONIAETCS aTOMOM) OH MEpPEXOouT Ha Ooee
BBICOKUH PHEPreTUYECKU YpPOBEHb, a MPU OOpaTHOM mepexoie ¢ 0ojee BBICOKOIO
YpOBHSI Ha 0ojiee HU3KUI 3JIEKTPOHOM (aTOMOM) u3Nydaercs OTOH, IHEPTUsi KOTO-

pOro paBHa pa3HOCTU SHEPTUN YPOBHEH, MEKYy KOTOPHIMU MPOU3OIIEI IEPEXO
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W, =W,

u(p)

Vl/d(own) (45)

[lepexoapl AJIEKTPOHA C YPOBHS HA YPOBEHb OTPAaHUYEHBI TaK HA3bIBAEMBIMU
IIpaBUJIaMU 0TOOpa, KOTOPBIE €CTh CIIEJCTBUE 3aKOHOB coxpaHeHus. [[ns Bogopono-
N0TOOHBIX MOHOB 3TO MPABHJIO 3aKIIOYACTCS B TOM, YTO OpOUTAIIbHOE KBAHTOBOE
YHUCJIO MPHU NEPEXO0JE JOJIKHO U3MEHSTHCS (YMEHBIIATHCS WM YBEIMYMUBATHCS) TOJIb-

KO Ha CIMHULY.

Bonpocsl 111 caMONIPOBEPKM:

» Kakas ¢uznueckasi BeJIMUUHA ONPEIEsSeTCs] OpOUTANIbHBIM KBAHTOBBIM YHCIOM?

» Kakas ¢pusnueckas BeIMUYUHA ONPEIESeTC MArHUTHBIM KBAHTOBBIM YHUCIIOM?

» Kakas ¢uznueckasi BeJIMUUHA ONPEIESETCS CIUHOBBIM KBAHTOBBIM YHCIIOM?

» HapucyiiTe HECKOJIBKO pa3pelIEHHBIX NEPEXO0B, MPUBOASIIMNX K CHEKTPaIbHBIM
JVHUAM cepur banpMmepa.

» HapucyiiTe HECKOJIBKO pa3pelIEHHbIX NEPEXOI0B, MPUBOASIIMNX K CHEKTPaIbHBIM
nuHUAM cepuu JlaiimaHna.

» HapucyiiTe HECKOJIBKO Pa3pelIEHHbIX NEPEXOI0B, MPUBOASIIMNX K CHEKTPaIbHBIM
nuHuAM cepuu llamena.

» Kakue u3 clneAyromux Mepexoa0B pa3pelieHsl mpaBuiaMu otoopa: 1ls — 2p; 2p—
3p; 2s —2f; 1s — 2s; 2p — 3d.

3anava 81. (1) Haiitu sHEprur0 OCHOBHOTO COCTOSIHUS 3JIEKTpoHA B 1) aTome
BOZOPO/Ia; 2) OJJHO3APSAHOM HOHE Telus; 3) ABaK/Ibl HOHU30BAaHHOM aTOME JIUTHS.

3apaua 82. (1) Haiitu sHepruto 1) BToporo Bo30y>KJI€HHOTO COCTOSIHUS JJICK-
TPOHA B aTOME BOJIOPO/IA; 2) TPEThETO BO30YKJIEHHOTO COCTOSIHUS B OJTHO3APSTHOM
MOHE TeHsl.

3amaua 83. (1) CeT Kakoi JUIMHBI BOJHBI OYET U31y4aThCsl HArPEThIM BOJIO-
pPOJIOM, €CJIM B aToMax BOJOpPOJAa MPOUCXOIAT MEPEeXO0]bl AJIEKTPOHOB M3 BTOPOIO
B0O30Y>KJICHHOT'O COCTOSIHUS B TIEPBOE BO30YXKIECHHOE COCTOSIHUE?

3anauya 84. (2) B xakux npenenax JOKHBI JIeKaTh JUIMHBI BOJJH MOHOXpOMa-
TUYECKOTO CBETa, YTOOBI MPU BO30YKJIEHUHU aTOMOB BOJIOPOJa KBAHTAMH 3TOI'O CBETA

B BHHHMOﬁ 9aCTH CIICKTpPA U3JIYyUCHUA Ha6JIIO,Z[aJII/ICB TPpH CIICKTPAJIbHBIC JIMHUKU?
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3amaua 85. (2) B xakux npejenax J0JKHA J€KATh SHEPTUS SJIEKTPOHOB, YTO-
Obl Mpy BO3OYXIEHWHU MMM aTOMa BOJIOPOJia €ro CIEKTP COJEepkal IIeCThb CIEeK-
TPaJIbHBIX JINHUN?

3agaua 86. (2) Kakyro HaMMEHbIIYIO CKOPOCTh AOJKHBI UMETh 3JIEKTPOHBI,
9YTOOBI MIPH BO30YXACHUU UMHU aTOMa BOJOPO/Ia B €T0 CIIEKTPE MOSABUIACH JIUHUS, CO-
OTBETCTBYIOIIAs] MAaKCUMAJIbHOM JJIMHE BOJIHBI B cepuu [lamena?

3amaya 87. (3) Kakyro HauMEHBIIYI0 YCKOPSIOIIYI0 Pa3HOCTh MOTEHIMATIOB
JOJDKHBI MPOMTH 3JEKTPOHBI, YTOOBI MpU BO30YKIACHUM UMHU OJHOKPATHO HOHHU30-
BaHHOI'O aTOMa TeJIid B €ro CHEKTPE IMOSBHJIACH JIMHMS, COOTBETCTBYIOIIAs MaKCH-
MaJbHOM JUITMHE BOJHBI B cepun Jlaiimana?

3agaua 88. (2) Kakoli HauMEHbBIINH UMITYJIbC JOJKHBI UMETHh 3JEKTPOHBI,
9TOOBI IIPH BO30YXACHUU UMHU aTOMa BOJOPO/Ia B €T0 CIIEKTPE MOSIBUIACH JTHHHUS, CO-
OTBETCTBYIOIIAsi MAaKCUMAJILHOM JJIMHE BOJIHBI B cepuu banbMmepa?

3amauya 89. (2) Beruncnure sHEPTHIO CBA3U JIEKTPOHA B TPEX3APSATHOM IOJIO-
AKUTEIHHOM NOHE OEpUILIHSL.

3apaua 90. (2) KakoBa MakcumanbHas JyiHA BOJIHBI (DOTOHA, UCITYCKAEMOTO

YEeThIPEX3aPSAHBIM MTOJIOKUTENBHBIM HOHOM OOpa Mpu nepexoie u3 3s COCTOSHUA?

4.2. BonHoBbre QYHKIHUHU U KBAaHTOBAHUE MOMEH -
Ta MMIOYyJaIbCa
Metoauueckue pexomeHaauuu. Cobocmeennvie 3HaueHuss MoOYIsi MOMEHMA
UMNYIbca ONPENENAIOTCS UCKIIIOUUTEIBHO OpOUTAIbHBIM (a3UMYTaJIbHBIM) KBAHTO-

BbIM YHCJIOM U MOT'YT OBITh BBIYMCIIEHBI 10 q)OpMy.TIC
L=nJi(l+1), 1=0,1,2,..,n 1. (4.6)

[Ipoekiuss MOMeHTa MMITyJIbca Ha BbIOpaHHOE HampaBieHue (Oz OmpenesnsieTcs: uc-

KIIIOYUTCIIbHO MarHUTHBIM KBAHTOBBIM YU CJIOM M BBIYUCIIACTCA 110 (1)OpMYJ'Ie

L_=m_h, m_=0,£1,£2,..,%]. 4.7)

OueBHIHO, YTO MPOEKIHUS BEKTOPA HE MOKET MPEBBIIIATH €r0 AUHY (MOYJIb), YTO U
MPUBOJUT K TOMY, YTO MAarHMUTHOE KBAHTOBOE YHWCJIO HE MPEBBIIIAET OPOUTAIBLHOE.
JIBe nIpyrue npoeKIuu MOMEHTA UMITYJIbCAa HE ONPEIEICHBI.

W3 mpuBeeHHOTO crcKa BO3MOXKHBIX 3HAYEHHUI OpOUTATLHOTO U MAarHUTHO-

I'O KBAHTOBBIX YHCCJII BUAHO, YTO OJHOMY U TOMY JKC 3HAUYCHHUIO SHCPIMHK OTBCUAIOT
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HECKOJIBKO PA3JIMYHBIX COCTOSIHHW DIIEKTPOHA. YPOBEHb YHEPTHH, KOTOPOMY COOT-
BETCTBYIOT HECKOJBKO COCTOSIHHI, HAa3bIBACTCS BBIPOXKICHHBIM. UHCIIO pa3iHyHbBIX
COCTOSIHWH, OTBEYAIOIINX OJTHOMY U TOMY K€ 3HAYCHHIO YHEPTUH, HA3hIBACTCS KpaT-
HOCTBIO BBIPOXKIICHUS YHEPTeTUIECKOTO YPOBHS. KpaTHOCTH BBIPOXKICHHS YHEPTETH-
YEeCKHX YPOBHEW B aTOME BOAOPOAA (C YYETOM BBIPOXKICHUS IO CIIHHY) OIPEIeIIsIeT-
cst hopMyTIoin
n
2> (20+1)=2n". (4.8)
=0
B 3akiodueHHe BBIMUIIEM HECKOJIBKO BOJHOBBIX (DYHKIIHM, SBISIOIIUXCS pe-
mieHueM ypaBHenus Ipenunrepa i aToMa BOJIOpOJia U BOJIOPOIONIOA00HOTO HOHA.
Jlnist atoMa B OCHOBHOM (1S) cOCTOSIHUM
_r
‘//ooo(’_;): 1 > eA’, (4.9)
ey

B IICPBOM B036y}K,ZICHHOM 25-COCTOSIHUU

- 1 ro| -%,
Vi (7)== 1-5 ¢/ (4.10)
8rry )

U B IEPBOM BO30YKJIEHHOM 2p-COCTOSTHUU

3
i,|[— cos®o, (m=0)
l//nm(’j):;eﬁr0 ' pid (4.11)
2\/61’5 3 .
0 Fi 8—sin6’ei’q’, (m:il)
pis

3nech o= 52,9 M — Tak Ha3bIBAEMBINA paouyc nepeoi HoposcKol opoumai.

Bonpocsl 111 caMONIPOBEPKM:
* [loueMy opOUTaILHOE KBAHTOBOE YMCJIO HE MOKET MPEBBICUTH INIABHOE KBAHTOBOE
qucuo?

= Jlokaxxute CHpaBeIMBOCTE yTBepxkACHNUS, 9T0 L, < [,. Kakomy ciydaro cooTBer-

CTBYCT 3HAK paBCHCTBA B OTOM HepaBeHCTBC?
. H306paBI/IT€ BO3MOKHBIC ITOJIOKCHHUS BEKTOpa MOMCHTA HMMITYJIbCA IJII HECKOJIb-

KX MEPBBIX 3HAUCHUH OpOUTAILHOTO KBaHTOBOTO umncia ([ =1, 2, 3, 4).
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= JlokaxuTe crpaBeaanuBoCTb Gopmysl (4.8).
» [IpoBepbTe, HOPMUPOBAHBI U BOJTHOBBIE GyHKIMH (4.9) — (4.11).

3agaua 91. (1) Uemy paBeH MOayJIb MOMEHTa UMITYJIbCa 3JEKTPOHA B aTOMeE
BOJIOPO/Ia, HAXOSIIETOCs B 2p-COCTOSTHUU?

3agaua 92. (2) YUemy paBHBI BO3MOKHBIE 3HAUYEHHS MMPOEKLIUHA MOMEHTA HM-
IyJIbCa JIEKTPOHA B aTOME BOAOPO/1a, HAXOAAUIErocs B 3d-COCTOSIHUM?

3amaua 93. (3) Haiftu BO3MOXHBIE 3HAUEHHUS yTIJia MEXKJYy BEKTOPOM MOMEHTA
UMITYJIbCA AJIEKTPOHA B aTOME BOJOPOJIa, HAXOASAIIETroCsl B 2p-COCTOSIHUM, U HAIpaB-
JIEHUEM BHEITHETO MAarHUTHOTO IOJIS.

3anaua 94. (2) Haiitn Hanbosiee BEPOATHOE PACCTOSIHUE DJICKTPOHA, HAXOJIS-
IIErocsi B OCHOBHOM COCTOSIHUM B aTOM€ BOJOPOAa, OT LIEHTPA aroMa.

3amaua 95. (2) Haiitu BEpOATHOCTb, C KOTOPOH 3JEKTPOH, HAXOSIIUNCS B OC-
HOBHOM COCTOSIHMHM B aTOM€ BOJI0pOa, OyJeT 0OHapyXeH BOIM3M HAaubOoJee BeposiT-
HOT'O PACCTOSIHUS OT LIEHTPA aTOMa, TO €CTh B uHTEepBaie ot 0,957y 1o 1,05r,

3apaua 96. (2) Haiitn Hanbosiee BEPOSATHOE PACCTOSIHUE DJICKTPOHA, HAXOJIS-
LIErocsi B 25-COCTOSIHUU B aTOME BOJOPO/1a, OT LIEHTPa aTOMA.

3amauya 97. (2) B okpecTHOCTH KaKOil TOUKH 3JEKTPOH B aTOME BOJOPO/JIa, Xa-
pakTepusyromuics HabopoM KBaHTOBBIX uncen (1, 1, —1), Oymer oOHApYKUBATHCS C
HauOOoJIbIIEH BEPOSATHOCTHIO?

3agaua 98. (3) DnekTpoH B aTOME BOJAOPOAA XapaKTEPU3YETCs] KBAHTOBBIMHU
guciamu (1, 1, 1, %2). HailTu BEpOATHOCTH TOTO, YTO JIEKTPOH OyJeT 0OHAPYKEH B

HeOOMBIIOM 00beMe AV =7’sin®@ArApA® (Ar=0,01r,, Ap=A0O =1°) BOIM3M

TOYKH, chepuueckue KoOopAuHATEI KOTopou (2ry, 30°, 60°)

3agaua 99. (4) DnekTpoH B aToMe€ BOJIOPOJia HAXOAMUTCS B MEPBOM BO30YXK-
JIEHHOM p-COCTOSIHUM M UMEET HaMMEHbIIIee 3HaYCHUE MPOCKIIMU MOMEHTa UMITyJIbca
Ha BHIOpaHHOE HampaBiieHHE. BBIYMCINUTDL BEPOSITHOCTh HAWTH 3JEKTPOH B 00IaCTH
ot 0,97 1o 1,17y pu M00BIX O.

3apaya 100. (3) Haiitu cpenHee paccTOSSHUE JIEKTPOHA, HAXOASIIETOCs B OC-

HOBHOM COCTOSHHMH B aTOMC BOJOpOaa, OT HCHTPA aToMa.
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5. TYHHEJIbHBIN D®OEKT

Mertoaunuyeckue pexoMmengauuu. [IpoxoxaeHne KBaHTOBOM YaCTULIbI U3 OJHOM
KJIACCUYECKU Pa3pellieHHON JUIsl IBHXKEHUSI 00JacTy B JIPYTyI0, KOT/Ia YacTHIIA Ipe-
0J10JIEBAET MOTEHIIUATIBHBIA Oapbep, Ha3bIBaeTCS TYHHENbHBIM 3G (HEKTOM. ITO YHUCTO
KBAHTOBBIA 3P eKT, He UMEIOLIUI Kilaccuueckoro ananora. Hambornee mHTEepecHOM
BEJIMUMHON 371eCh SABISETCS KOA(PGUIUMEHT MPOHUIIAEMOCTH Oapbepa — BEPOSTHOCTD
TOTO, YTO YaCTHUIIA TPOUIET Yepe3 Oaphep C OJHOM MOIBITKY.

Jlis mpsSIMOYTOJIBHOTO Oapbepa MIMPUHON @ U BBICOTOM W), TOUHOE BBIpAKEHHE

g koadunmenTa npoxoxaeHus 11, umeer Bun:

1, = 4k 2k / [(k; +k%) sh*ka+ 4kb2k2} (5.1)

3necy k=+2m W/h; k, =/2m(W, —W)/h; W — nonnasa sHeprus vactuusl. Ecin

IpoLIeCC CYIIECTBEHHO MoadapbepHbid, T. €. B (5.1) kpa >> 1, nna I, nomydaercs

pUOINKEHHOE BBIPAKECHUE:
I, ~ exp[—%a, /2m(Wb —~ W)} (5.2)

OHo crpaBeIuBoO U1l MPSMOYTOJIBHOTO Oapbepa.
Jlnst Gapbepa mpou3BOJbHON (POpMBI KOAIDPUIMEHT MPOXOXKICHUS MOXKET

OBITH OLICHEH O MPUOTHKEHHOU (PopMyIie:

I, ~ exp{_% dx\/Zm(Wp (x)- W)} (5.3)

31ech x| ¥ X; — KJIIACCHYECKHE TOYKH OCTAHOBKH, T. €. TOUKH BXO7a 1o Oapbep U BbI-
X0Jla U3 MO HETO COOTBETCTBEHHO.
Jlns perieHus 3a1ad MOHAA00SATCS MacChl HEKOTOPHIX yactuil. OHM NpUBeIe-

HbI B Ta0. 1 [punoxenus 3 "CnpaBouHbie cBeeHus".

Bomnpocsl 1i1s1 camonpoBepku
» [IpuBenute mpUMeEpHl SIIEPHO-PHU3UUECKUX SBICHUH, OOBSICHIEMBIX TYHHEIbHBIM
s dexTom.
* M300pa3ute Ha rpaduke 3aBUCUMOCTH KOI(PPUIMEHTA MPOHUIIAEMOCTH MPSIMO-

YTOJIBHOTO O6apbepa OT €ro TOJIIIHHBI.
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» M300pa3ute Ha rpaduke 3aBUCUMOCTH KOI(PPUIMEHTA MPOHUIIAEMOCTH MPSIMO-
YTOJIBHOTO O6apbepa OT €ro BBICOTHI.

* [IpouHTepnpeTupyiTe TyHHETbHBINH 3()(PEKT C TOMOIIBIO COOTHOLICHHS HEOIpe ie-
JIEHHOCTEW ISl 3HEPTUU U BPEMEHH.

» [IpuBenuTe mMpuUMep yCTPOMCTBA, B KOTOPOM TYHHENBbHBIN 3((HEKT HAXOIUT MpakK-

THUYICCKOC ITPUMCHCHHUC.

3agaua 101. (2) BeposTHOCTh MPOXOXKIEHHUS HEUTPOHA Yepe3 MPSIMOYTOJIbHBIN
6apbep BbicoToit 10 MaB u mmpunoii 10 ¢m cocrasisier 1%. KakoBa ckopocTs 3TOT0
HEeUTpoHa?

3amaua 102. (3) /IBa anekTpoHa, UMeroLMe 3Hepruto 3 3B, mpoxoasaT depes
MPSIMOYTOJIbHBIE TIOTEHIIUAIbHBIE Oapbhepbl BbICOTOM 5 3B 1 7 3B u mmpunoii 0,10 am
1 50 mM cooTBeTCTBEHHO. BO CKONIBKO pa3 ko3 (PUIIMEHT MPO3padyHOCTH OOJIbILE IS
nepBoro 6aprepa?

3agaua 103. (2) Ouenuth KOdhOUIMEHT TPOXOKICHUS yepe3 Oapbep, H30-
OpakeHHbIN Ha pHC. 1, IUIs 3IEKTpOHA.

3apaua 104. (3) Ouenuts K03GGHUIMEHT TTPO3PAYHOCTH Oaphepa, N300paKeH-
HOT'O Ha pHUC. 2, ISl HO3UTPOHA.

3amaya 105. (2) OueHuTh BEPOATHOCTh TOTO, YTO BJEKTPOH MPOMAET uepe3
Oapbep, N300paKEHHBIN Ha puUC. 3.

3amaua 106. (2) Ouenuts npo3padyHocTb Oaprepa (puc. 4) st MIOOHA.

3apaua 107. (2) Koaddumment npospauynoctu 6apbepa, N300paKEHHOTO Ha
puc. 5, g nporona paseH 0,003. Kakum ummynbcoM o01aiaeT 3TOT MPOTOH?

3apaua 108. (3) Ouennutb NMpo3pavHOCTh Oapbepa, H300paKEHHOTO Ha puC. 6,
TUTST alTb(pa-dyacTHUIIBI.

3apaua 109. (3) Kak u Bo CKOJTBKO pa3 U3MEHUTCS KOA(P(HUIIUESHT MPOXOXKIIEe-
HUs Oapbepa, N300paXKEHHOTO Ha pHUC. 6, eciu anb(a-4acTUlly 3aMEHUTh HA HECTa-
OWJIbHBIN U30TOM reanii-6?

3agaua 110. (4) Cpeanee Bpems KU3HH HECTAOMIBHOTO M30TOMA TEIUN-8 CO-
craBisier 119 mc. CKOIBKO MPOIEHTOB siJIep Tenuii-8 mpoiinetr uepe3 Oapwep, U30-

OpakeHHBIN Ha pHC. 6, IPEeXIe YeM pacnaiercs?
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HNpuanoxenue 1. [floussTue o QyHKIIUU pacnpeaeIeHUS

JI1s yCnemHoro n3y4eHrst KBAaHTOBOM MEXAHHUKH U MOCIETYONMX Pa3AeioB Kypca
3K HeOOXOIMMO 3HAHME HEKOTOPBIX MOHATHI U (POPMYJT TEOPHU BEPOSITHOCTU U Ma-

TEMaTUYECKOW CTATUCTUKH. HamOMHNM HEKOTOpBIE U3 HUX.

Dynxyus pacnpedenenus (WM LIOMHOCMb 6eposimuocnu) | (x) HEKOTOPOU CITy-

YaitHOH (pU3n4ecKo BeTMUYMHBI X TOKa3bIBAET, KAK YacTO BeIHMUYMHA X OyAeT MPUHUMATh
3HaveHus BOm3u x. [TosicHuM 310 Ha TipuMepe.
JIOBOJILHO 4acTO MOBEJICHUE CITYYAHOW BEJIMYMHBI ONMCHIBACTCS TaK HA3BIBAEMOU

@yukyueti pacnpeoenenus I aycca

fo (x) = (272'62 )_% e_(x_ﬂ)éf2 : (I11.1)

I'pacuk 3TOM (PyHKIIMM HATOMUHAET CEUYCHUE KOJIOKOJIBYMKA C MAKCUMYyMOM TIPH X = /.
3HaunT, 3HAYCHUS X BOJMM3M 4YWClia f BCTpedaroTcs vamie (PyHKIWs pacripeneieHus
BOJIM3M ATOTO 3HAYEHUS BEJIMKA), @ YEM JAJIbILIE YHMCIIO X OTCTOUT OT L, TEM PEXKE OHO
BcTpeuaercs. MimenHo no ['ayccy pacnpeneneHsl 3Ha4eHUs! NPSMBIX W3MEPEHHM, MOJy-
YyaeMble MPH BHIMOJIHEHUH J1a00paTOpHBIX paboT. B 3TOM paznene kypca pu3uku moj 3Ha-
YEHWEM CIIy4allHOW BEJIMYMHBI YacTO MOHUMAIOT KOOPAMHATY TOYKH, B KOTOPOM MOXKET
ObITh OOHApyKEeHA KBAaHTOBAs YaCTHUIIA.

MatemMaTuyecKuil CMBICH TUIOTHOCTH BEPOSTHOCTU ((PYHKIMU pacTpeaeTIeHHs)
COCTOHT B TOM, UYTO Y€pe3 Hee BBIPAKAETCS Majasi BEpOATHOCTD dll HaliTh yacTuily B

MajioM MHTepBaje dx BOJIW3U 3aIaHHON TOYKH X (B UHTEPBAJE OT X J0 X + dX):
dll = f(x)dx (I11.2)

®opmyiy (I11.2) MOKXHO cUUTATh ONpPEIEIECHUEM TIJIOTHOCTH BEPOSITHOCTH, IO~
CKOJIbKY
dll

f(x) . (111.3)

YTO HAIIOMUHAET OIpPEJIEIICHHE MIIOTHOCTH B OJHOMEPHOM cllydae (Harpumep, Ju-
HEHHOI MIIOTHOCTH 3apsijia) — OTCI0/Ia U Ha3BaHue!
Ecnu u3BecTHa (yHKUMSA pacnpeleneHus, TO HHTErPUPOBAHHEM (POPMYIIbI

(IT1.2) Ha KOHEUHOM UHTEpBAJE (xl,xz) MOYKHO TOJIYYUTb 8EPOAMHOCHb
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H:Tf(x)dx, (I11.4)

C KOTOPO# 4acTUIly MOKHO OOHApYKUTh BHYTPHU 3TOr0 UHTEPBAa.
Kak npasuno, ¢yHkuus pacnpeneneHusi (IIOTHOCTb BEPOSTHOCTH) YIOBIIE-

TBOPSIET YCI08UI) HOPMUPOBKU

[ f(x)ax=1, (IT1.5)

CMBICJI KOTOPOT'O 3aKII0YaeTcsi B TOM, YTO BEpPOSTHOCTh OOHApY>KUTh YACTUILy HA
BCEH YMCIIOBOM OCH paBHa 1.
YacTto myis pacuera BEpOATHOCTA HAXOXKJICHUSI YAaCTULBI B HEKOTOPOM HHTEp-

BaJie YMCJIOBOW OCH YJI0OHO MOJIB30BATLCS YHKYUEl pacnpeoeieHUs 6epOoSmHOCIU
F(x)= | f(x)dx (I11.6)

KOTOpas IMOKa3bIBACT BEPOATHOCTDb TOI'O, YTO YaCTHIA HAXOAWUTCSA Ha OCHU JICBCC YHCJIA X.

Toraa, oueBHIHO, BEPOSATHOCTH OOHAPYKHUTH YACTHILy B UHTEpBAJIE (x1 , xz) paBHa
[I=F(x,)-F(x) (I11.7)

Hcnonp3yst XOpoILIo W3BECTHYKO B MAaT€MATHUYECKOM CTAaTUCTUKE meopem) O
npou3sedeHuU 8eposSIMHOCMeEll He3a8UCUMbBIX COObIMULL, 3aTTUCAHHbBIE BbIIIE (DOPMYJIBI
MOYKHO PaclpOCTPAaHUTh HA ABYMEPHBIN UM TPEXMEPHBIN CIIyYau.

Tak, IIIOTHOCT BepOSTHOCTH [ (7) B TPEXMEPHOM ClIydae ONPENeIseT Mayto

BEpPOSITHOCTH TOTO, YTO YacTHIIA OyAeT OOHapy)eHa B MajioM oobeme d
dll = f(F)dV (IT1.8)

Torna popmymna (I11.4) u ycnosue HopmupoBku (I11.5) npumyT Bua

n=[r(7)av, (IT1.9)
[ rEar=1. (IT1.10)

B (I11.9) unTerpupoBanue BeAETCS 0 HHTEPECYIOIEMY 00beMY MTPOCTPAHCTBA, a B
(IT1.10) — mo BcemMy MpPOCTPAHCTBY.
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DjeMeHT 00beMa MHTErPUpPOBaHUS d) B ACKApTOBBIX KOOPAMHATAX OYCBUIHO
paBeH
dV =dxdydz, (I11.11)

a B ceprueCcKuX KOOPAMHATAX
dV =r’sin®d@dedr. (I11.12)

Ynpaxunenue. [IycTb mIOTHOCTh BEPOSATHOCTH MomNagaHusi (POTOHOB Ha HKpaH
MMeEET BHJI rayccoBa pacnpezenenus. OnpeaenuTb BEpOSITHOCTD MonagaHus (poToHOB

B MHTEPBAIL X € (—0,30;0,30) .

Hpuanoxenune 2. YpaBHnenue lllpeaunrepa

[ToBeneHue KBaHTOBOWM YACTHUIIBI HE MOXKET OBITh OMKMCAHO C MOMOIIBIO KJac-
CUYECKUX BEIUYHH, TAKUX KaK KOOPJIMHATA U UMITYJIbC KaK (PYHKIIMU BPEMEHH, CUJIA.
He «paboTtaeT» B KBaHTOBOM MHUpE U BTOpoii 3akoH HrioToHa. Ha cMeHy emy mpuxo-
muT ypasrenue Lllpeouneepa (HoGenesckas npemust 1933 rona), kotropoe AJisg OJTHO-
MEPHOW CUCTEMbI UMEET BU]I:

oW (x,t) n oY (x.t)

h—— === +W,(x)¥(x,1). (T12.1)

B ypaBHenun Illpenunrepa BHemIHUMHU (PaKTOpamu, BIUSIONIMMHU Ha €r0 pELIEHUE,
SBJISIFOTCS IBE BEJIMYMHBI: MacCa KBAaHTOBOM YACTUIBl U BHUJ IOTEHIUAIBHOW MBI, B

KOTOpPOM 3Ta 4YacTHIa HAXOAWUTCSA. BHU MOTEHIMANbHOW SIMBI 33J1a€TCSl MOTEHIUAIIb-

Holi pynxuueii W, (x), KOTOpast ONpeAesIeT 3aBUCHMOCTD IMOTEHIIHATLHON SHEPTHH

Y4acTULbI OT €€ KoopauHaThl. Hem3BecTHOM B 3TOM ypaBHEHHMH SIBISETCS (PYHKIIMS
KoopauHatel U BpemeHu W(x,?), kotopas HazbIBaeTcs 601H060U ¢hynkyueti. CMbICHT
BOJIHOBOM (D)YHKUMHU Kak perieHus: ypaBHeHus [llpeaunrepa 3akiatoyaeTcsi B TOM, YTO

BOJIHOBAas ®YHKHHH IMO3BOJIACT BBIYHUCIIUTD NJIOMHOCNHb 6EPOANTHOCIU

(1) =] (x) - (IM2.2)

Bonnosyro ¢ynkmuio kak pemenne ypaBuenus lIpenunrepa B o6cyxaaemom

ClIy4ac MOXHO IIPCACTABHUThL B BUIC

¥ (x,t) =y (x)e"", (I12.3)

37



pas3zenss TeM CaMbIM KOOPAMHATHYIO U BPEMEHHYIO 3aBUCHMOCTU BOJHOBOM (DyHK-
nuu. Iloxcrasnsas 310 BepaxkeHue B ypaBHeHue lllpennnrepa, jIerko mosy4uTs Tak
Ha3bIBaeMoe ypasnenue lllpeduncepa 0ns cmayuoHapHubix coOCMOoAHUL

d’ o)
ZcEX) " h’? (7=, (x))y (x)=0, (I12.4)

peIIeHneM KOTOPOTO SIBJISIFOTCSI BOJTHOBBIE (DYHKIIMU, 3aBUCSIIINE TOJIBKO OT KOOP.IH-
HaT. CMbICT BOJHOBOM (DYHKIMU (WU aMAAUmMYObl 8epOSMHOCMU) KaK PEIICHUS
ypaBHenus lllpenunrepa 3aKirodaeTcss B TOM, YTO KBaJIpaT MOJYJIsS BOJTHOBOU (PyHK-
MU paBeH niaomHocmu eeposmuocmu (QYHKIUN pacrpeeseHns), XapakTepu3yro-
e pacrpeeiCcHHe BEPOSATHOCTH OOHAPY)KCHHS YACTHIIBI B PA3IMYHBIX yYacTKaX

YHCJIOBOU OCH
F(x)=lw(x) . (112.5)

Ynpaxnenue. J[okazaTs, uTo ecii W,(x) — IOTeHIMaIbHAS DHEPTUs, 3aBUCSILAS
TOJILKO OT KoopauHat, To Beipakenue ([12.3) seusiercs pemenuem ypaBuenus Ilpe-
2 2

muHrepa (I12.1), a Takke, 4TO CIIpaBeAIUBO PABEHCTBO ‘ly(x)‘ = “P(x,t)‘
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6. CITPABOYHBIE CBEJAEHMA

HeKOTOpre (l)I/I3I/I‘IeCKI/Ie MNOCTOSAHHBIC

Taomumna 1

IlocTosiHHas

3HayeHue

CkopocThb cBeTa, M/C

2,99792458-10°

DneMeHTapHbIi 3apsia, K

1,6021773-10°"

Macca nokos QJICKTPOHA U IIO3UTPOHA, KI'

9,1093898-107!

Macca nokost npoToHa, Kr

1,6726231-10°%

Macca nokost HEUTpOHA, KT

1,6749286-10%

[Tocrositnnas [lnanka 4, JIx-c

6,6260755-10*

ITocrostanas I1nanka 7, JIx-c

1,0545727-10*

[Tocrosiunas bonbivana, [Ix/K

1,3806581-10%

Tabmuma 2

Pabora BbIX01Aa 3JICKTPOHOB U3 HEKOTOPLIX METALJIOB

Metamn PabGora BeIxOHa, 3B | Meramn | PaGota BeIXO#a, 3B
AJIOMUHUN 4,2 Harpui 2,3
bapun 2,4 Huxens 4,5
Bonbsdpam 4,5 [1naTuna 53
Kanmit 2,2 PyOunmii 2,2
Jlutuit 2,4 Cepebpo 4,3
Menp 4.4 Lle3nit 1,8
MonubaeH 43 Huak 4,0

bubnuorpaduyeckuit cnucok
1. Tpodumona T.U. Kypc ¢uzuku. M., 1985. 432 c.
2. Jlxankonu 1.B. ®uzuka T.2. M., 1989. 667 c.

3. CasenpeB U.B. Kypc o6meit pusuku. T.3. M., 1982. 304 c.
4. HepcecoB D.A. OCHOBHBIE 3aKOHBI aTOMHOM U siiepHoi (hisuku. M., 1988. 288 c.

5. Tompmun JIJL., HoBukosa I'.1. Beenenue B kBanToBYIO hrzuky. M., 1988. 328 c.

6. [Tonomapes JI.U. ITox 3nakom kBanTta. M., 1984. 352 c.

7. bnoxunueB JI.11. OcHOBBI KBaHTOBOM MexaHUKU. M., 1976. 664 c.

8. ®u3nUecKuil SHIMKIONeANYeCKUil ciioBapb. M., 1984. 944 c.

39




	 И. И. ГОНЧАР,   Л. А. ЛИТНЕВСКИЙ 
	ОСНОВЫ   КВАНТОВОЙ   ФИЗИКИ   В   ЗАДАЧАХ 
	ВВЕДЕНИЕ 5 
	Приложение 1. Понятие о функции распределения  35 
	Приложение 2. Уравнение Шредингера  37 
	Приложение 3. Справочные сведения  39 
	Библиографический список 39 
	Вопросы для самопроверки: 
	Вопросы для самопроверки: 
	Здесь  ;  ; W – полная энергия частицы. Если процесс существенно подбарьерный, т. е. в   kba >> 1, для Пb получается приближенное выражение: 
	Для решения задач понадобятся массы некоторых частиц. Они приведены в табл. 1 Приложения 3 "Справочные сведения". 
	Некоторые физические постоянные 
	                                                                                                Таблица 2    
	Работа выхода электронов из некоторых металлов




	Библиографический список 


