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IIPENUCJIOBUE PEJAKTOPA NIEPEBOJA

llpepnaraemasi KHUTa IpefHASHAYAETCA A 9MTATeNed, 3HAKO-
MHX ¢ IPHEOUNAME HepeIATHBUCTCKOR M PeNATHBHCTCKOR KBAHTOBOM
MeXaHHKH, a TaK/Ke ¢ NPMHIUNAMM KBAaHTOBOH CTATHCTHKH M ’Kejalo-
muX OCHOBaTeJIHHO O3HAKOMHTLCHA C HOPWMEHeHWEM MX K ABICHUIM
CTONKHOBEHWH PA3JIMYHHX YaCTHI—3JIeKTPOHOB, HEATDPOHOB, aTOM-
HHX f/iep 4 HOHOB—APYT ¢ ApyroM. Huaccmueckasa MexaHWKa ONHCH-
BaeT 3TU SABJeHAsA B O4eHs rpyOoM mpubnwxeHmu. HpaHToBag Mexa-
HEMKA B DOpHANANG IO3BOJIAET pENIaTh COOTBETCTBYIOMUE BOIPOCHI
HECDABHEHHO TO4YHEe M, B 9YaCTHOCTH, YYecTh DAR OcofeHHOCTeil,
CBA3AHHWX ¢ TOMKAECTBEHHOCTLI0 CTAIKABAIOMUWXCA YaCTHI.
ABTODH KHEUTH W3BECTHH CBOHMM OpDHTHHAJBHHIMA paboramu
B 9To# ofnactn, B wacrmocTH, MOTTYy mpwWHEafIe;RHT DA pesyibTa-
TOB, OTHOCAMAXCA K BIMAHAIO «COHMHA» OPU CTONKHOBEHUAX IJIEKTDO-
“OB ¢ aTOMaM¥ HWAH ApPYT ¢ ApyroM, a Mecocm—pag pesynbTaros,
"HGCAUIMXCH K CTONKHOBEHAAM MesKNYy OTHOCHTENHHO CJIOJKHBIMH
. NAMA-—aTOMaMH ¥ MOJeKYJIaMu.
Hac¢roamu#i mHepeBoj BHIOJHEH €O BTOPOro u3jamus (mepBoe
.2iHe KE@r” BHOLO B 1934 r., a ee pycckmit mepeBog—38 1936 r.).
30 BTOpOM HM3TAHME CONEPIKUTCA DPAQX KOUNOJHEHWH, yYUTHBAIO-
JasBATHE TeOPUH ¥ dKchmepmMeHTa 3a merexmime 17 mer. B wact-
", CHCTeMATUYECKE W3JIOKEHH BOIPOCH SNEPHMX CTOJIKHOBOHMI,
., ZIPEHO He pPacCMOTpeHHHEe B mepBoM uanammm. OBHE 3arparm-
BuioTca B mi. VIII B cBA3E ¢ METOROM (KOMIUIEKCA CTAIKABAIONIAX
9aCTANp, WIHM TAK HA3HBAEMOLO «COCTABHOrO aAjgpa»l), a Tawske
€ METONIOM «IePexXONHELX COCTOAHMIDY, w Haudomee nogpobuo B ror, X1II.
K coskanemwmio, HexoTopse mocuiepHde BOOPOCH, B OCOG@HHOCTH CBS-
3apHHE C IPOXOKIEHWEM HEHTPOHOB Yepe3 BemecTBO, PacCMOTPEHH
Hanexo He.moaHO. HpoMe TOro, aBTOp MrHOPAPOBAJ IO STOMY BOIPOCY
3HAYATENLHYI0 YacTh COBETCKAX pPaboT, OcBeNeHWEe KOTOPHX MUTA-
TeJxs MOMer HawWta B MoHorpadmu Axmesepa u IlomepaHuyka «Hewo-
TOpHEe BONPOCH TeopwH sAZpar.
B rin. XV apropm mcesefoBanu HEKOTOpHe NIPOOIEME, CBA3aH-
HNe ¢ OpUMeHeHHSIMH DeiATEBACTCKOM TEOPHH, B YacTHOCTH, K HpO-
HeccaM, B KOTOPHX y4acTBYIOT HO3MTDOHH ¥iHM (POTOHH.

1) B amureparype HpAMeHR SIETCA TAKMKe TEPMHH «KOMIAYHJ-ARDPO».



4 OPEAVCIAOBUE PETAKTOPA IEPEBOIA

Ipu ua0KeHUN PAja BOXPOCOB aBTOPaME JAONYMEHH HEKOTOPHeE
gerounocra. CriemyeT oTMeTmTh, YTO B HEKOTOPHIX IJlaBaX KHWUMH
M3JI0JKeEHe 3arpOMOJKNEHO W3NULIHAME BoiYucieHEmsMa. M cun-
TaNM CBOHM JOJIMOM JO HEKOTODOH CTeIeHW BOCHOJHMTH BTH IIPO-
GesrHl  COOTBETCTBYIOIMMYA IPVMEYaHUAM.

Kaura B 1en0M OpexcTasnseT HGCOMHeHHHE HATePeC, B 9aCTHOCTH
B Heil CpDaBHMTENHHO IOXPOOHO HU3JOMKEHH MeTOAH pacuera 9ddex-
THBHEIX CTOJKHOBeHHH pasHOro poja (YEPYr#X WM HEYUpPYTHX, COIpO-
BOMKAAIOMUXCSA HePeCTPOMKON CTAIKABAIOMIMXCS CHCTeM WM WX mepe-
3apapKoOE W T. [{.), uMeomMux O6ONbIIOe 3HAYGHWE IPH HUIYYEHUH
BOIPOCOB, CBA3AHHKIX CO CTPOEHHMEM BeINecTBa.

Ynen-xkoppecnonfienTr AH GCCP
A. Ppenrens.



13 NMPEJNCJIOBHA KO BTOPOMY M3JAHHUIO

Co BpeMeEH OImyOIMKOBAaHUA MEPBOTO M3JAHNASA HTOH KEHI'M TEOPHA
aTOMBWX CTOJIKHOBEHHI pa3BWBajack IJIaBHHIM O0pasoM B Hampa-
BIEHUWM ee IPMJIOJKEEMA K BOIpocaM saepHOl ¢umsmru. B ofmacrm
u3yueHWs HEANePHHX ABICHAHA CTOJKHOBEHUA 38 9TO BPeMsS TaK:ke
ORI [OCTUTHYT 3HA4YWTENBHWH HDporpecc. B macrosmee BpeMd
B TAKHX 0O0JIACTAX McCieOBaHuUsA, Kak actpodusura, Pusmxa Comnna
i (u3uKa BEPXHUX CjI0eB arMOoceph, OKAa3HBAETCS HEOOXOXHMEIM
UMeTh BaJleA#HEe CBeJEHHA O CKOPOCTAX PasiMYHKX OPOIECCOB CTOIK-
nopesmii. O630p TaKAX CBeeHUM, COBMECTHO ¢ HOAPOGHHIM PaccMO-
TpeEHEeM COBPEeMEHHHX JaHHHWX O SJAePHHIX CTOJIKHOBEHWSX, IOTpe-
0oBas OB HaIMCABAsA Yepecdyyp o6BeMHCTON KHHTH. B 5TOM, BTOPOM
M3MaBHHE Halled KHATW MBI PEeIINAHN IO03TOMY OrPAaHAYATHCA B Hep-
BYI0 OdYepellb H3JIOKEHWEM HOBLIX DafoT, HOCBAMEHHWX W3YIeHUIO
AEPHHX CTOIKHOBEHWH, M PacCMOTpeHHEM COBPEMEHHROTO COCTOSIHUSA
HEKOTOPHX OGIIUX TeopeTHUYeCKUX BoupocoB. Bonee moppodnO mccie-
MOBa” BOIPOC O PEJSITHBECTCKOM PACCeSHWH, He COIPOBOKIAIIMEMCH
H3TydeHHeM, a Taxyke BOIPOC O NPUMEHWUMOCTH PA3JIMUYHKX IPHOIHU-
JKCHHEIX MeTOJI0OB W YHCJAEHHEIX METONAaX PEHIeHWs HEeKOTOPHIX 3a/ad.
Mu Be mETanmck paccMOTperh $Ojiee IOAPOGHO BOIPOCH, Kacaio-
muecs aTOMHHX (HeAAepPHHX) CTOIKHOBEHWH, 3a HCKIIOUEHHEM TeX
CIy4aeB, KOTAA 9TO AABAJIO BO3MOJKHOCTL HEHOCPENCTBEHHOH mpo-
BePKH KarkUX-nubo TeopermuecKux mono;kermii. I';maBa, mocBsmeHEHan
06CY;KIeHAI0 CTOJIKHOBEHHH SJIEKTPOHOB ¢ MOJIEKYJIaMH, B 9TOM H3Ja-
HEA HaMM HOOJHOCTHIO OIyHieHA. '

Hns Toro urofm yHOBAETBOPHTL PacTYI(yi0 IOTPeGHOCTH B CBe-
TeHHAX KaK HKCOePEMeHTANLHOTO, TAK U TEOPeTHIECKOTO XapaKTepa
0 CKOPOCTAX PaslINYHMX ATOMEHX (HesJePHHX) IPONMECCOB CTOIKHO-
BeHHH, B HAcTOsAmMee BpeMs IPefIPWHATO M3JAHWE BTOPO# KHUTH—
«JNIEKTPOHHHE W MOHHHE OPONECCH  CTOJKHOBEHHI), —KOTOPAs
ABNIAETCA BE UACTO TeOPeTHIeCKOH, HO COJNEPIKAT TaKKe ONMCAHHE
IKCHePUMEHTAILHEX METOJAOB HCCHeOBABMsA. JTa KHATA HaOWCcAaBa
ONEAM W3 aBTOPOB COBMecTHO ¢ goxtopoM Bepxomom. Mu ccrnaeMcs
HA 3Ty HOBYI0 KHETY HIOBCIORY, T'ie HaM HPeACTaBIAETCA HEODXONM-
MEIM 00paTHTh BEEMAaHWe HAa CYIECTBOBaHWE CHOENHAIBHOIO HOCOOHA
IO 3THM BOIpOCAM.



BBEJIEHHE

Muorne w3 nawmbosee cymecTBeHAHX YCHEXOB COBpeMeHHOH ¢m-
3WKH - GBUIM MOCTATHYTH B DE3yibTaTe M3ydYeHAs IOBEREHUs HYydKOB
sapseeEENX dactuy. MccmemoBamuss ToMcoma m gpyrux apropos
B 00;aCTH KAaTORBHIX Jy4edl IPHBENW K OTKPHITHIO DJIEKTPOHA M OIpe-
HeJeHWI0 OTHOMIEHMs ero 3apsAfga K Macce. C DOMOMBI0 aHAJIOTUYHKX.
metooB Haypmarmy ypmanocs DpomeMOHCTPHpPOBATH HANWIAe peJisi-
THBACTCKOT'O M3MEHEHAA MaCCH CO CKOPOCTBIO, & yCOBepHIeHCTBOBaHNE
TOr0 MeTofa ACTOHOM [alio BO3MOKHOCTH WBYWHMTh AeeKTHl Mac-
aTOMOB.

9TA OWEITH HANW HaM CBeJeHUA O IPHPONE CaMUX 3apsUKeHHEIX
gactun. Horma mpmpoga stmx wactum Oia DOHATA, OY4YKHW 3apsi-
JKeHHHX 4YaCTHI OKasanuck Hambosnee YHOOHHM OpynueM HcCiepo-
BaHAA aTOMHOW CTPYKTypu.. Hambosee meHHHE B 5TOM OTHOIICHWH
CBEEHUA MOTYT OHITH DOJydYeHH B pe3dyibrare OoM0apIEpOBKA
BemecTsa, OOBYHO ra3a WJM TOHKOH (ojbrH, OpM TAKAX YCAOBHIX,
KOIla OYeHp HeMHOI'We W3 DajaloldX YacTHI[ HCHHITHBAIOT >(dex-.
THBHE® CTOJKHOBEHHA OOJbIIe, He)Kel:m ¢ OFHEEM aToMoM. Ilpm stmx
YCIOBHAX paccesiHWe HA3HBAlOT ¢ONHOKPATHHM». B sroM ciyuae
OKA3EIBAaETCH BO3MOKHHIM WCCJIEROBATH HHEPIHMI0 H YTI0BOe pacipe-
AeNeHUe paccesTHALIX 9acTHI WiIH JKe M3JIydeHne, NCITYCKAeMOe aToMOM.

Haw6osiee paHEMM, OOHITOM 3TOT0 THIA ABHicA omLT Pesepdopna,
DOABEPTIIer0 TOHKYI0 MeTajImIecKyio (onsry 6oMOapaupoBHe HOTO-
KOM o-gacTHO. VI3 COOTHONIEHMA MEKAY 9HCJIOM PACCeAHHEX 9ACTHIL
¥ rojpmuHon donrrm Pesepdopay ymanocr morasaTh, 4TO B YCIOBHAX
OmLITa WMEJIO MECT0 OJXHOKDATHOe pacCesiHde; W3ydeHWe H3MeHeHHS
paccesHEA ¢ M3MeHEHWeM yria IPHBeNo ero, ajiee, K YTBEPKIEHMUIO
O TON; UTO B TEHTPe aTOMa HAXOFUTCA Tspkenoe AgZpo. JanbHeiinme
YyCOBepIIEHCTBOBaHES ITOTO METOHA OPUBEIM K OTKPHTHIO aHOMAJb-
HOTO paccesigvfl # HCKYCCTBOHHOMY JPasjIO:KeHHIO fep; STOT METOR
OKa3ajcsa TakKe OFHUM W3 Ham(osee OPETONEHX Hif WCCHeNOBAHUA
CTPYRTYpPH sApa.

OmuTer mo GoMGapRWpOBKEe ATOMOB HJIEKTPOHAMH € 3afaHHOMN
sHeprueir, ocymecrsinernsie PpasxoM, I'epnem w ppyruMm wmccaego-
BaTenAM®, faM HaunGOjee HEHOCPEACTBeHHOe KOKABATENHCTBO CyIe-
CTBOS;BaHEH mannonapm,xx COCTOAHUH, NOCTYJHDPOBaHHEHX BopoMm
B 1913 r



8 ’ BBEIEHUE

Oxasaznoch BO3MOKHWM W3MEPHTh HAWMEHBIIYIO SHEPrHI0, HEOG- °
XOfuMYI0 [y Bo30y;KmeHWA aTOMa [0 COCTOSHHA, B KOTOPOM OH
MOKeT M3JIyJaTh, a TaKKe HCCAeN0BaTh paclpefeieHwe CKOPOCTeil
SJIGKTPOHOB IIOCJE CTONKHOBOHWH M IOKA3aTh, TO IPH pacceAHHH
BJIEKTPOHKL JM0O He TepA0T SHEprum, nnbo HIOTePSA WMH BHEPrHM
UPEeBHINIAET IEePBH pPe30HAHCHHIN DOTEHIIHAJ.

Bo Beex srmx ommrax BEEMaHHe HCCHefOBaTenell IpuBIeRAn
B OCHOBHOM aTOM, a He CTajJK@BalOmasicH ¢ HYWM gacTUOa. Benb
AMEHHO aTOM OGjajiaeT IJIAaHETAPHOM CTPYKTYPOil, cymecTByer B CTa-
UMOHAPHKX COCTOSEMAX H 0061a7aeT CIOCOGHOCTHI0O K W3JIY4eHMO.
Ecint cumrats 5Tm (axTH yCTAHOBJIEHHHMH, TO CTAJIKUBAIOMAACH
9acTENa BefeT ce6a TAaK, KaK 9TOTO ¥ CJIeJ0BAJIO OKUIATE, W SABJIACTCS
OYeHb YIOGHEIM Opy/zeM ucciaeioBanus. Teopernueckue paGoTH BIIOTE
0 IOCIefHET0 BPeMeHW Kacanmech HOOSTOMY B OCHOBHOM WH3y9eHW:A
CTaMWOHAPHHX COCTOABME aTOMOB. TouEHEe ¥ moxgpo6HHe HaHHLE
00 Heprusax STHX COCTOAHAN GHUIM HOYYeHH B PE3YNHTATe PasBUTHSA
COeKTPOCKONHYECKUX METOAOB HMCCIeIOBAHUA.

Umenrnm mecto Takske ¥ IONEITKA OIpPEJEICHEA TEOPETHIECKUX
3HAYEHHMI BEPOATHOCTA HOTePH 9JHEPTWA 4YaCTHLEH IPH CTOJIKHOBE-
Emy. Tax, mampumep, B 1911 r. Bop IpemiosKua MOmyRIIacCHYeCKYTO
TeOPHI0 MOTePH SHEPTHHM DIeKTPOHAMH M G-9aCTHNAMA LNpPH IPOXO-
JKNEHUN WX depe3 BeINecTBO, IIPH DTOM OHUIO IONYYEHO BHPa;KEHME,
OIIpeNieNIAIOee TOPMO3HYI0 CIOCOOHOGTH BeleCTBa M HAXONAMEecsH
B Ka4YeCTBeHHOM COTjiacWd ¢ OomsITREIMH fammeiMu. B 1923 r. Kpa-
Mepc Xan TeOpWI0 WM3NYYEHWS 4GaCTHNEH IpPH €€ CTONKHOBEHHR
C HENONBW/KHOH MUIIeHBIO. JTH (QOPMYIH, XOTsH U BecbMa YHOGHEIe
Opu aFaju3e SKCUHEPUMEHTANBHHIX RAHHBIX, JUOICHH, OJHAKO,
CKONIBKO-HMOY/Ih HAJEKHOTO TeopeTmdecKoro Oaszwmca.

OnAuM u3 ycmexoB BHOBOW KBAHTOBOH TEOPHH ABJIAETCA TO 06CTOS-
TeJILCTBO, YTO OHA CcIOocOOHA ONHO3HAYHEIM O6pa3oM oOrBevyaTh Ha
BOIDOCH, CBA3aHHEEE € ONpejeseHAeM BEPOSATHOCTER H WETeHCABHOCTEH
OpE pAacCMOTpeHWH pa3jWYHHX BOIPOCOB TEOPHM CTOJIIKHOBEHHH.
IlepBoe yxazaEWe Ha HEJOCTATOYHOCTH KJIACCHYECKON MeXaHMKH,
BONONHEHHOH KBABTOBHIME YCIOBHSMMY, OO HONYYeHO B pesyihTaTe
pabor PaMsayepa, noxasaBmiero, 4To IS HEKOTODHX aToMOB sddex-
THBHOC cedeHME CTOJNKHOBEHWH ¢ MEJJICHHHMH 3/IeKTPOHAME BO MHOTO
pa3 MeHbIIe, HeKeiW rasoKuHeTHIecKoe ceueHue. OCHOBHOH sKcire-
PUMeHTaNbHENA MaTepuan, CBHAETeNLCTBYIOMUM O CHPaBeRJIUBOCTH
HOBOH { TeOpWM, GBI HOJYYeH, OJHAKO, yMe IOcae ee HOCTPOEHH,
OpugeM ero HAKOLJIERWE [0 HEKOTOPOM CTEHDeEH CTHEMYJIHPOBAJIOChH
nocnenueii. Tax, manpumep, pa6orst Mesuccora m [[;xepmepa, Tom-
COHA W MHOTHX JPYFUX aBTOPOB, NOCBAMeHHHEe M3ydeHmI0 muddpax-
OUM 3JIeKTPOHOB KPUCTAIJIAMH, MNAOT $SCHOE HOKA3aTeJILCTBO BOI-
HOBOH IPHPOAH »JeKTpoHA. Boratuil sxcmepuMeHTaILHNA MaTepHa,
Kacaomuiica ardPpaknuy SIeKTPOHOB HA aTOMAX ¥ MOJIeKYIIax I'a3o0s,
o Gosbmiedl wacTH TarKe MOKET GHTH O0BACHEH BHONHE yLOBJIETBO-
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patenbHEM OGpasom. MMeloTca TamKe HeKOTOpPHe yKasaHWA Ha BO3-
MOKHOCTH IIORTBeD:KmeRWa npumanuna Ilaynu Ha OCHOBAaHWHM HaHHHIX
0 ABJNCHUSX CTOJKHOBEHUS.

Hosaa Teopma He TONbKO OOBACHAET STH HOBHE W JO HEKOTOPOH
crelleHM YyNWBWTeAbHHE SBjeHHSA, HO JaeT Taxk:ke (Qopmynsl, ompe-
AeTAOMMe TOPMO3HYI0 CIOCOGHOCTE PAasiNUYHHIX MaTepHajoB LA
a- W PruacTum, B3HAYeHHS Ta30KHHETHYECKHX CeYeHMH aTOMOB,
a TaKiKe MHOTMe JNpYTHe BeJIWYMHB, KOTODHE MHTAaJIach OINEHHATH
xaaccmdeckas Teopusa. (Dopmynsl, JaBaeMile KBaHTOBOH Teopued,
HaXONATCA OOHYEO B JydIIeM COIVIACHE ¢ ONHITHRIMY JaHHLKMHE,
HeKeIH QOPMYNH IpesRHeH TeOpHM; HeKOTODHE PaCXO:RIEHHA MeETy
TeOpued W OmHTOM o6YCNIOBIEHH, IO BCeW BEPOATHOCTH, CHoOpee
OpPUONMKEHAOCTEI0 MATeMATHIeCKHX MeTOJNOB pelIeHHMs 3afadl, deM
HeJIOCTATKaMK CaMOW TeOpuwH.

Nznomus B rai. I MeToysr HOBOI KBAaHTOBOK TEOPHH, MH IPHMEHUM
3aTeM 9TH METOABl K HCCJIeJOBAHMIO 3aKa4 O CTOIKHOBEHWSX MEMAY
pasIMYHEIME JaCTHIAMM ¥ IOKaKeM, 4To OHM IIDHBOJAT K COTJIACHIC
¢ DOJYYeBHKMM OUBITHBIMU JTAHHBIMIL



Taaga 1

BOJIHOBOE YPABHEHUE

§ 1. Boanosas ¢ysrmEA

B aroi ramaBe ME cOpMyIHpPyeM 3aKOHH BONHOBOH MEeXaBUKH
He B mx mamboinee ofmed (opMe, DpAMEHUMOM K JIOGOM CIIOKHOM
cHCTeMe 49acTHI, HO B Gojiee DPOCTOM BHAe, IPHErOFHOM JIMOIL s
u3yd9eBHs [BUKeHMs OTHeNHHONM 3apSKeHHOM 9YacTHIH B HeKOTOPOM
cuyosoM wone. V3naraeMile mpE 5TOM COOOpasKeHUsT MOTYT OHITH
HCHOONH30BAHE TAK/Ke W IPM aHaANM3e SKCOPPUMEHTANBHHWX AAHHHX,
OTHOCAIAWXCA K NOBeREHHMIO HY9YKa 5JeKTPOHOB, IPH YCIOBUH, 49TO
B3aVIMONIEMICTBEEM MEKIY Pa3IMIHEIMHU DIeKTPOHAMEM B DTOM NYy4Ke
MOKHO HIpeHeOpeyb, T. e. B TWPeAUOJIOMKEHAHA, YTO KKKl 3JIeKTPOH
BemieT cefA TAK, KaK eciadm O OCTANBHKX 3JIEKTPOHOB HE CYIECTBO-
"Bano. B JeliCTBHTENBHOCTH HTO MOLJIO UMETh MeCTO, KOHEeWHO, JmMIb *
B TOM Ciy4ae, eciM ILIOTHOCTH 3apAfa B Oyuke Owuia mcuesarome
MAaJIOH.

Mu ycTaHOBUM 3aKOHH BOJTHOBOU MeXaHMKH € NENBI0 UX LOPWMe-
HeHWS K 3a[aYaM, CBASAHHKM C M3yUeHHEeM HNBYHEHHA CBOGONHOTO
SJIEKTPOHA; TAK KAK OWKITHI TAKOIO POJA DPOM3BOFATCA  OGKIIHO
¢ IyYKAMHA 3JeKTPOHOB, MEI" CPOPMYIUPYeM HpeKAe BCEr0 3aKOHH,
XapaKTepH3yoine HOBeJEHWe CTAHOHAPHHX 3JEKTPOHHKX IIyIKOB.
JTH 3aKOHE MOryT OHTH HalifieHn ciexylomuMm ofpaszoM. Horpa
HabaIomaeM 5JIeKTPOH, MEl WMeeM J[eJI0 € 9JeKTPOHOM, KaX ¢ dacTd-
el (Bemwiika Ha 9Kpame, oTOpoc cuerumka I'esrepa). Ecnm Mm xo-
THM, OfHAKO, 3HATH, CROJBKO BJIEKTPOHOB HAXOMATCSH B HEKOTOPOM
o0beMe WU He CKOJNBKO JJIeKTPOHOB BONH3M FAHHOW TOYKM IPO-
XOFHUT 3a e[MHHNY BpPeMeHH Yepe3 eIUHMIY IOMAAM, M JOKHE
cfieath IPeANOTOKeHWe O HaAMIMHM HeKOTOpOd BOamM (Bommm [le
Bpoiana). AMmiaTyga ¥ gasa 5TOM BOJHE B BAHHOHU TOYKe B JaHHHI
MOMEHT BpeMeHH OHOpefendaioTcd KaK HeKOTOpas (KoMIeKcHas) PyHK-
nusg nonokerus ¢ (z, y, z; £) (BonHoBaa ¢QymErmua)l. Hanmume raxoi
«BOJHHY OGHApY;RHABaeTcs CiaeAylomumM obpasoM: ecim dt — dJIeMEHT
oOpemMa, cojep;Rammi TOYKY (Z, ¥, Z), TO BEPOATHOCTh HAXOKICHUA
3JeKTpOHA B MOMEAT ! B aneMeHTe 00BeMa dt paBHA

19 (z, y, 2; t)[2dr.

) #, ¥, 2—NeKaPTOBH KOOPIMHATH, BBATHE [0 OTHOMEHHI0 K HEKOTOPHIM
HEDONBIKBLIM OCHAM; [—BpeMs.



12 IJI. I. BOJJHOBOE VPABHEHUE

CpejiEee 9mCIIO BIEKTPOHOB B 00BeMe T, OCTATOYHO GonsinoM, gToCH
cofep:kaTh GOMIBIIOe. KOMMIECTBO SIEKTPOHOB, PABHO B TAKOM Ciydae.

\o@ v 5 0pdy

EETErpApOBAHMe HPOW3BOJATCA 3feck HO oOwemy <. Caepyer mop-
9ePKEYTH, 9TO PEYb HJET O BEPOATHOCTH, OTHOCAMEHCH K pesyibTa-
TaM BOBMOJKHHX omuToB; Benmdmpa |¢|>dr onpepenser seposaT-
HOCTH TOTO, ¥TO HJCKTPOH OBl OB Halijnem B 3ieMenTe oOweMma dt
NpE OCYHIECTBIEHAN COOTBETCTBYIOMEro OIEITA. _

Ymcsio 5IeKTPOHOB, HPOXOLAMUX 3a eNUHANY BpeMeHH - Jepes
eNERELY NAOman®, OyHeT ONpeJelieH0 HAMH HECKOJBKO Janblne
[ypasrenme (1.18)].

TlokaskeM Temepb, Kax BEIYHCJAETCHA BONHOBad QyHKOHA ¢, Kawo-
mMaA MPaBUIILHOE ONMCAHHE NOBEJEHHs HyJKA SJIEKTPOHOB B JHoOoM
JaEHOM ONEITe; MeTOJ,  BHYHCIeHmil GyHeT, KOHEYHO, 3aBHCOTH OF
xapaxTepa paccMaTpmBaeMoro omeiTa. Mokmo pasimdare ABa THOA
ousiToB: 1) OHEITE, IPE KOTOPHX MH HMeeM JeJI0 €O CTaNHOHAPHBIM
NOTOKOM DJIEKTPOHOB, HAIpEMepP ¢ KATOAHKME JydaM#m B XOpOIIO
OTKAYAHHON pa3pAnHod TpyOxe, ¥ 2) ONHTH, OpPHA KOTOPEIX HHTEH-
- CHBHOCTH HOTOKA BJIeKTPOHOB MeHAeTcH Bo BpeMenm. H ommitam BTO-
poro THOmA OTHOCHTCH HMCCJIEJOBAHEE TOBEJIeHAA OJEKTPOHOB B pas-
pApHOIl TpyOKe B mepBHIi MOMEHT BKIOWeHmA Toka (cM. § 8).

§ 2. Boanosasx MeXaHHKa CTANHOHAPHEBIX
IY9KOB JIEKTPOHOB

PaccuoTpuM mpeskjle BCero BOIPOC O NOBEeRNH CTANHOHAPHEIX
HOY9KOB SJOKTPOHOB. B 9T0M riaBe ME orpaHmYmMCs GOpPMYITHPOBKOM
HOPeNATHBUCTCKOH TEOPHH, CHpPABOIWBON JIEINEL B TOM CIydae, HOTHa
CKOPOCTH ®JIEKTPOHOB Maja MO CPABHEHWIO CO CKOPOCTHIO CBETA.
TpaekTopus PIEKTPOHHOIO HmyYKA OLpPEHENIACTCA YCIOBHAMH ONKTA.
Ecnm ME XOTHM HAWTE BTy TDPAa@KTOPHIO, TO MOJUKHEI BHYHCIATH
dysrmomio ¢; Benmamna |$ > Gymer pasHa Ipm BTOM dGHCNY SIEKTPO-
HoB B epmuume oOpema BONm3m pammoil Touxm. TakmMm oGpasoM, ecam
YCJHOBHS ONHITA 3ajiaHBl, TO MH JOJ/UKHB ONpe[e]ATh BHAYeHmE |U |
B moboit TOIKe HPOCTPAHCTBA.

TpepmonoyxuM, HampmMep, 9TO LydYOK SIEKTPOHOB, OOIAmafommEX
NAHHOK pHeprmeid, HPOXOAUT dYepe3 menbk S B XOPOMIO OTKAYAHHEM
cocyn, rme Gmarofaps BallduEi0 DSJEKTPHYECKOro NOJA SJIEKTPOHER
ABU/KYTCA IO KPUBOJMHEHHKM TPAaeKTOpHAM. 3Had YCJIOBHA ONKTA,
MEl JIOJDKHEI BREIYUCINTH QYHKOuIO |¢|% ecim Hawm NOpaBmia BHYHA-
cuenns |¢ |2 gBNAOTCA BEPHHMH, TO NP STOM JOJDKHO OKasaThed,
9T0 BHe 00NACTH HAXOMIEHHS DJIEKTPOHOB Bejmumua | ¢|? obpamaer-
cA B HyJb, BHYTDH ’Ke 3Tod ofmacTE oma pasHa BHaGiuOgaeMon
IJIOTHOCTH DIIKTPOHOB.
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OmpeprentaM mpeskne Bcero 3HAYEHWA [JUHE BOAH NPE JaHHEX
ycaosuax ompiTa. G 2TOM IebI0 MOMKHO MCHOJB30BATH HENOCPENCT-
BOHHO SKCHODHMeHTaJbHHe faHHEe [1]; m3ydenme nuddparomm siex-
TPOHOB KpPHCTAJJIaMH HOKA3EBAeT, 9TO eCIHM BJIPKTPOHH IpumobGpeTaioT
YCKOpeHme IION MeliCTBHEEM HEROTOPOI0 3aJaHHOIO HIEKTPHIECKOTO
mond, TO JUIMHA A COOTBETCTBYIOMAX BOJH oOnpeneddercd (opMyoi

h= C(1.1)
1/2mW
rne W — xkuBeTmdecKas 9HOPIHA OTHENHHOrO DIEKTPOHA. ITO 3Ke COo-
orHowenme Geio moaydeno B 1925 r. Jle BpoitmeM Ha ocHoBanmm
TEOpPeTHIECKEX COO0GparkeHn.

Idueprusa siekrpora W MoskeT OHTH H3MepeHa HeNOCDENCTBEHHO,
rak xak — W /e mpemcraBmAer co6oii mafieHEme TOTEHOHUANA MEFKIY
ACTOYHAKOM DJIGKTPOHOB, ITle OHH HPHOIMIKEHHO MOIYT CIHTATBCA
HeIONBHIKEEIME, M TOH TOWUKOH, B KOTOPOH M3MepAeTCH [JIMHA BOJHEL.
Alns paccMOTPERHOTO BHINe ONHTA JOJKHO HMETh MeCTO CilefyIomee

COOTHOIUEHNE:
W=W0—V(.’D, ?/, Z),

rae Wy — KmBeTndecKkas SHEPrusl 5JeKTPOHOB NIPH NPOXOKAEHHA HX
uepe3 mens S, a V (2, y, z)—mOTeHIWANEHAS DHEPTEA DHIIGKTPOHA B
touke (z, y, z), npmieM V = —e®(x, y, z), roe @ — saexrpocTaTH-
qecKad PasHOCTh IOTEHOUANOB MeXRy S m Touwoit (x, ¥, 2z). Haa
ODEITOB TaKOTO THOA AJIMHA BOJHE MOKeT GHITH ONpefiesleHa, TAKUM
o6pasoM, B m060H TOYKe NPOCTPAHCTBA. ITH Pe3yJIBTATH CTAHOBATCA,
OfHAKO, HeCHPaBe[JIEBEIMA, €C/IH IpajueHT IOTeHIHAJa CTOMAb BeJIUK,
aro W nperepnesaeT 3aMeTHOe M3MEHEHWE HAa DAcCTOSHHMA TOPSAAKA
nimEN BoAHKL ( ~ 10-% ca). C mopmoGHOro pofa HONAME ME HMeeM
Je0 TOJBKO BO BHYTPHATOMHEIX 00JACTSX.

Jdna ompenenenns BONHOBOH (YHKIWE HYKHO 3HATH TakKe TaK
HA3HIBAeMEIe «TPAHHWYEEe ycJoBHAY. llocilenHme 3aBECAT HCKNIOYH-
TeNBHO OT PACCMATDPHBAEMEIX YCJOBHHA ONHTA; B ONHCAHHOM BEIINE
ODHTe IpaHWIHBIE YCJOBHA 33KII0940TCA B 3afaHAN COCTOAHHAA
BOJIHEI HA TOBEPXHOCTH IIENH, T. €. 33JaHAU JJIBHH BOJHEI, ee aM-
ninTypst © (asEl HA HTOH HOBepXHOCTH. Dce 5TH BenmYmEH, 34
mekmiodenueM (asbl, OmPENeNAIOTCA YCJIOBHAMM OIEITA; 4TO jKe Ha-
caerca (ase, TO el Momer OwTH mnpmEmmcaHo nw6oe 3Hauemme, Tax
KaK OHO HO NOBJHAACT HA BeNW4EHY ||; U3 aHAJOrmM ¢ APYIHMH
TADAMH BOJIHOBHIX IIPOIIECCOB fCHO, 4TO 3TH YCJOBHA ABIAKTCA J0-
CTAaTOYHEIME JJI8 OHpPEReJeHHA BOJNHHE BO BCOX TOYKaX MPOCTPAHCTBA.

[dna Buramenienna QyBKmuE § ME JOJGKHE 3HATH, Jajoe, BOIHOBOO
ypaBHeHEe, KOTOPOMY OHa yAoBiersopsaeT. Jliobad MomOXpoMaTHde-
CHafg CHCTEMa BOJIH B ONHOPONHOHM M30TPOIHOL cpepe MOJIKHA YAO-
BJIOTBOPATH Y DABHEHMIO

v+ 9=0,
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rpe h —pAumHEA BOJHEL Ecim cpeia HeomHOpORHA, TaK 9T0 A ABJAOT-
cA (QyHKOUEH NOJ0eHUA, TO aMINUTYAa BOIHH OylNeT ymoBIETBO-
PATH STOMY YDPaBHOHHIO OpHOJMM@HHO IPE YCHOBRH, 49TO HA pac-
CTOARMM NOPAfKA ). M3MeHeAme i Mano. llofncrasnsad B sTo ypaBrenme
BKCIOPAMEHTAJIbHOe 3HAYeHme )

. h
A=
Vom(Wo—Vv) '
noaydJaeM BOJIHOBO® ypaBHeHUH©

8n2m

Vo+ = W =V) =0, (1.2)

HaskBaeMoe BOJHOBEIM ypasHenmeM Illlpepmmarepa.

Iocrasnennoe BHMIe yc/ioBHe, COrlacHO KOTOPOMY HA PaccTOSHUE
mopAfKa ;A Beldm4mHA A HO JO/UKHA TpeTepHeBaTh 3aMETHRIX H3MoHe-
HUHA, MOMeT OHTEL 3anmcaHo B BHJIE

|gradV i < W. : (1.3)

9TO0 HEpaBeHCTBO YHOBJIETBOPAETCA, OYEBHMIHO, i BCEX MAKPOCKO-
umeckux mosed. MoskHO mOKasaTh, 9YTO B 3TOM Cilydae ypaBHOHEE
Mpenmurepa gaeT JiA IydYKa 3JEKTPOHOB Te jKe Pe3yJbTaTH, 4YTO
n Mexammka HrioTona.

[leficTBATENHHO, eCNA IyYOK BOJH JBIKETCA B Cpeie ¢ HEepPeMeH-
HEIM KOS(PPUIEeHTOM NPETIOMNERAA |, TO €r0 TPAeKTOPUSA KPUBOII-
HeliHa; pajmyc KPHBH3HH [/ B m06oil TOUKe TPAEKTOPHH ONPeHeNA-
eTcd IPHM BTOM XODPOMIO HM3BeCTHON (PopMymoi

1 a 1
BT Tt

Hoopdunment mpenomnenmss y npepcTasisgeT coboil, KaK H3BECTHO,
OTHOLIEHWE [AMHHK BOJHEL B PAcCMATPEBAEMOH TOUKe K NJIMHE BONHE
B OTCYTCTBMe BHEIIHAX CHJI; B HalleM CJTydae

__V W,
P=Y wo—r

= -7 2(W,—V). (1-4)

H, CIIefOBaTeAbHO,

1
R
Corsnacro mexamuxe HpoToma, WpomsBecHEe MaccH m Ha YCKODEHHEe
0%/R, HODManbHO® K TPAOKTODPHE DIEKTPOHA, ROJKHO, ONHAKO, pPaB-
4 . -~
HATECA — o ,: T. ©. COCTABNAIOMel BHOIIHOHd CHIN B HOPMANLROM
nanpaenenny. Ilogcrasnas ‘

mo? = 2(W,—V),
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ponydaem ypasmenme (1.4). Har soumomas, Tak m Kmaccmueckas
yexaHEKa B JaHHOM cjydae OPHBOJAT, TAKEM o00pasoM, K OJWHA-
KOBHM DPe3yIlbTaTaM.

BonroBag MexaHmKA IPHBOJNET K pe3y/bTaTaM, OTIHIHEIM OT KJac-
cn9eCKHX TOJABKO B TOM Clly¥ae, KOTHA OHA HpPHMeHAeTCA MAA OIn-
caHEA JABIKOHHA BJEKTPOHOB B CHJBHHX NOJIAX, CYMeCTBYOMAX
pHyTpE atomos. Ilpessiie uweM upmmenats ypasrenue Ilpemmarepa
(1.2) AnA pemenma 3ajad TaxKoro Pofa, MEH JOJKHE OCTAHOBHTHCH
Ha PacCMOTPeHHE ABYX BOmpocoB. Bo-mepsrx, mOTeRNuanbAad SHEPrAA
saexrpora V(z, y, z), B Touxe (¥, ¥, 2) B BTOM clydae ymKe He
Mmoxer OHTH OmpejelieHa SKCIepHEMeHTalpHO. COInacHO NPUHOHNY He-
OIIPefielIeRHOCTH, CKOPOCTD 3JIeKTPOHa, Ha(ioj1aeMoro B ToUKe (2, ¥, 2),
HEN3BeCTHA; WaMeHenue V (¥, ¥, z) KEHOTHYECKOH SHOPIHA HIEKTPOHA
UpH ero mepexome m3 cBoGORHOM OT cma o6jacT® MIpOCTPAHCTBA B
109Ky (%, ¥, 2) He ABIAeTcA, CJIEOBATENLHO, SKCIEPHMEHTAJIBHO HA-
Gniopaemoit Benmummoii. O cmeicie ¢ysaxnmm V(z, y, z) MommHO
HOSTOMY CKasaTh JANWL CJIeAyIomee: eCld MH HNOACTABEM 5Ty (PyHK-
umio B ypasHenne IHlpepmnrepa, To monaydnM pesyabTarH, HAXONH-
mEecA B cordlacmu ¢ omHTOM. HoOHeWHO, ecaMm MBI XOTHM OHMCATH
JBIMKOHME DIIEKTPOHA B Iojne Anpa, obmapafomero 3sapspmom E, o
ME BOCHOJB3yeMcH HpeiNle Bcero KyJomosoil (opMoit moTenmmana

V(x: Y, 2)= —;Erfr
TaK KaK EMOHHO B 9TOH (OpPMe OmpefesAeTcs NOTEHNHAJNBHAS SHOPIHA
OHOT0 MAaKPOCKOIHYECKOT0 3apAKeHHOI0 Tesa B MOJie APYToro TaKoro
tena. IlomoGuuil BrGop ¢ymknmz V(r) onpaspriBaercs, oJHAKO, AL
TeM 0GCTOATENBCTBOM, 9TO OH HPHBONMT K pe3yibTaTaM, Ccoriacymo-
IGEMCA ¢ ONBITHHIME NaHHLIME; aiPHOPH MBI He HMeeM CBEJIeHmi O TOM,
ABNgeTcd Nu Takad PopMa MOTeHUHMalla IPABUABHOM, Tak Kak V (r)
He €CTh Bellm4EHA, W3MepAeMas Ha ONHTe!).

OcraeTca Temeps BHIACHATH, ABIAeTcA nu ypasnemwe (1.2) npm
moboii popme Pyrxumu V TeM ypaBHeHEeM, ¢ HOMOMBI0 KOTOPOIO
MoO;keT OBITH ONHMCAHO [BH;KEHHEe B AaTOMHHX Hoifx. MH sBmpmenn, uTo

5T0 ypaBHeHHe, TAK K€ KaK M BOPOATHOCTHAA MHTepmpeTamua QyHK-’

nam ¢ (npn YCHIOBHH, UTO DPeYh HAeT O NBHKCHHH HJIEKTPOHOB B Me-
AJICHHO MEHAKIMAXCH HOJIHX), OCHOBAHO HA OOEITHEIX MJAHHNX IO
Jlnq,q)pammn DNEKTPOHOB KDHCTAJJIaMH. Hpenuonomelme 0 BO3MO-
HHOCTH NPUMOHEHHA 3TOTO YDABHCHHA [JIA HCCJIeJOBAHAA ‘3aKOHOB
IBHXOHAA B aTOMHKIX HOJIAX ABIAAETCA NPEAAHONAJLHO HOBHIM. Taxoe
IPeRIOIOMKEOHAE MOFKHO 6y;[e'r CYHTATh ONpaBNaHHHEM, pasyMeercs,
TOJIBKO B TOM CJIydae, ©CJIH OHO NpPHBEJET K pe3yJjbraram, HAXOIA-

') ABTOPH JaioT 3Kech He RIOJHE YeTKYIO (OPMYMPOBKY COOTHOmeHHE He-
OUpefic/IeHHOCTed; NPABHILHOE H3JI0/KeHHE DTOr0 BONPOCA YATATENb MOKET HAH TR
B KERYre Bioxwanesa «OcHOBH KBaHTOBOH MexammrE» [5]. (ITpum. ped.)

»
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mEMCs B COTIIACHM € ONHITOM. Tpocreiinmii cioco6 TpoBePKE TEOPHM —
BEIACHETH, O0ecHeumBaeT JH OHA BHIIOJIHEHHE YCJOBHS COXPaHEHH:
3apAfa, COFNACHO KOTODPOMY 9HCJO SIEKTPOHOB, MONAfAIOMEX B He-
KOTOPHI 3aMKHYTHI 00beM, paBHAETCA B CPe[HOM 9YHCJY BIIEKTPO-
HO0B, DOKHAAOMOX STOT 06beM. B pasmpHelimeM MH yGefEMCA B TOM,
9r0 3TO ycsoBMe BHmodEsercd (cM. § 7).

Bonmosoe ypasmerme llpenmurepa ssngercsi, TakmM 0GpasoM,
npocTeHmAM BONIHOBEIM ypaBHeHHeM, KoTopoe: 1) maer mummy BOIHEI
Je Bpoitna B ciydae MeAJIeHHO MEHAIOMEXCA WoOJel; 2) oGecmedn-
BAeT COXDAHOHEO 3apAfa AJA MOGHX MOJeH.

§ 3. IlpuMepnt BoAHOBHIX (PyHENMiE, ONACHBAIOMHUX CTAIMOHAPHBIE
OyIKH 2AEKTpoHOB. Deckomewnas muockas BOJIHA

BecxoHeYHO MEAPOKMIT HydOK 97€KTPOHOB, ABIKYMAXCH CJjleBa Ha-
OpaBo BRONB OCA 2z, MOKeT OHTh ONMCAH ¢ HOMOmMBIO BOJHOBOW

ymsnun?)

§ = A exp 2ri (%——-vt), | (1.5)
rfile A — OJmHa BOJHH, paBHafA
N h
T VoW

(W — xumeTHYecKaA SHEPrHA), v — dacToTa, npmdem (cMm, § 8)
V== —}—l‘ .

"Umeno smexTpoHOB B epmHmIe obneMa paBHO AA¥, a umcimo amek-
TPOHOB, HPOXOAAUAX 32 ONUHENY BPeMeHA 9epes efHHHUNY NJOmald,
HepmeRNUKYJApPHOA K ocm 2z, pasHo AA*», rme v ompepienserca
COOTHOIHEHHEM

my?
— =W.

§ 4. Ilysok BIEKTPOHOB B OTCYTCTBNE BHEIMMHAX CHI

PaccMoTpuM mydor bsiexTpoHOB, ofpasylompiicd B pesyabTare
OPOXOIRACHEA IIEKTPOHOB depe3 KPYIJIoe OTBEPCTHe pajgmyca @, HMe-
1omeeca B HexoTopoM sxpame. Hawamo xooppmmar BriGepeM B meHTpe
OTBEPCTHA, OCH T U ¥ DPACIOJOKEM B IIOCKOCTE bdKpama (dur. 1).
JIeKTpoHE GynyT B TAKOM cllydae JBAraThCA BROIL OcH z. IlocTpomm
HAIOY BOJIHOBYI0 (YHKNEIO $ NyTeM CYDOPHO3HIEE INIOCKAX BOJH

*) Yacro oxasmBaeTcs yNOGHEM ONYCKAaTh BPEMEHHOH MHOKWTENs H 3amH-
CHIBATH. BOIHOBYIO - pyHKOuIo B BEfe Ae ™4,
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IJMHOH &, PACHPOCTPAHAIIMAXCH B HATIPABIOHHUAX, NOUTH Napaililessb-
HBIX OCH Z, TaKMM 06pa3oM, 4ro6H B ILIOCKOCTH Y OHA OHIAa OT-
AMYHEA OT HyJd JAMS B 0o0JacTH, 3aHEMAEMOil OTBepcTHEM. ¥ pas-
HEHHO IIOCKOII BOJHE, DPacHPOCTPAaHAMECHCA B HAUPaBICHEM,

Our. 1.

onpeNesieMOM NOJAPHHME yriaMml) o m B, mMeer BHA
2ni . . .
© Aexp [T(zcosa + zsinacosB + ysina sin B)] .

Otrciopa cnepyer, 4ro mama BoJHOBad (yHrOuA O NOJNKHA WMeTh
popmy

t{)-—-'g S A(a, B)exp [?(zcosa—{- zsinacos B+ ysina sin B)]dadB,

| (1.6)

npnaeM A(x, B) momskHo OHTH BHOpamo TaxkmM o6pasoM, YTOOE ¢
06pamanochk B HYNb BO BCeX TOYKAX IJIOCKOCTH TY, 3@ UCKIIOICHEOM

obnactd, saHmMaeMoil oTBepcrueM. Ilepexoms k cdepmueckmM Koop-
nmaaram (7, 0, ¢), mMeem

0= SS A (a, B)exp {?r [cos® cosa 4 sin 6 sina cos (¢ — B)]} da dB.

W3 coobpasxenmii cmmMerpmm sfcHO, 9r0 A 3aBHCHT TOJNBKO OT o;
BBIIOJIHEE MHTerpupoBanme mo B, mojydmm

=/2 .
. ; 2nir - f 27r . . '
p=2r \ A(a)daexp( S—cosbcosa }Jo( =—sinbsina ), . (1.7)
Y s (5t ) 1, (5 amins)
rae Jo — gyusnna Beccens.

—_——

‘). Ecmm I, m, n-—HanpaBisompe KOCHHyCH, TO BMeeM [==sina'cos B,
=Sin asin 8, n=cos a.

2 n Mort m I'. Meccu
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Iina vaxosgenua A(a) OpefmONIOKUM, ITO0 B INIOCKOCTH XY, T. e.
npm 6 =n/2, ¢ paBHO HOKOTOPO} 3ajaHHOH yHKIAHE f(r); MK mMeeM
B TAKOM CIy4ae ,

/2
- 2nr .
f(r)=2x \ A(a)J, (—:—rsm a) da. - (1.8)
0
A(a) MoskeT OHITH OIpeNEJIEHO € IIOMOM[BIO JTOTO MHTErPaiBLHOIO
ypaBHeHEA.
TIpocteiiman BoamoskHaa $opma Qynxmmm f(r) umeer Buj

f(r) = Be—ria, ' (1.9)

B peitictBurensHoctn $yurmuA f(r) mosxHa Onna 6o HocHTH Godlee
CIOKHHHA XapaKTep, OocTaBafdch IOCTOAHHON BHyTpEm oTBepermd (mpd
r < a) U cmagad HOKOTODHM HENPABIJIBEKEM 00pasoM [0 HyJdA Ha ero
rpagnnax. Mu BriGepeM, ommaxo, Pyuxumo f(r) B npocreimei $op-
Me (1.9), Tak KaK B BTOM CJyuae OKA3KIBAETCA BO3MOKHEIM TOYHOO
pemierme ypasuenng (1.8). Honommm

A (“) = Ce— (5ine/9)2 gin g cos a,
rpe |

s=£, Cre?=B.
na

Ypasrenue (1.8) Gynet 11pm 5TOM yOBIETBOPATLCA ), €CIN MH 3aMEHEM
BeDXHHH Npejes]] MHTETPUPOBAHHA HA ©O, 9TO BOBMOKHO, HOCKOJIBKY
s & 1.

Ocraerca Temeps unpomaterpmpoBats BpaskeHme (1.7). Tak rax
qrcIIeHH0e 3HadeHme mHTerpana (1.7) oupepensercd B OCHOBHOM Ma-
NHIME 3HAYeHHAMH o, MOKHO 3aMeHHUTL ero MHTerpajoM BHAA

«©
- 5 2=ir cos 1 2nra
dg:?mCSe @2/s? X [—r— (1———2—a2)]Jo s1n6)ada
0

paBHbM
=C (02 +"" cos 9) exp [ a2 Smge(1 L cos a> ] (31;:';:) ‘
(1.10)

1 - —— a2g2 |

[~-4
1) Mu BoenonbayeMesn (opmynol S Jo(at) e~ B tgr = 7 %

(cMm. kBETY Batcoma {2]).
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JTO BHIpa;KeHHe U UDEJCTABIAET CO60Ji MCKOMYIO BOJHOBYIO (YHK-
jmi. Uneno wactmn B epmEmme o6keMa paBHO |¢|% mpm Gonpmmx r

OHO CTPEMHTCA K
(g_)\ 2ex 2sin?
r PL — o2 .
T. €. CTAHOBATCA PaBHBM

H’|2~<ﬂ)€a2)2exp <_2n2a2)\szin20) (1.11)
/

Tem caMpiM Iokasano, 4ro uMeer Mecro AuPPparuua nyuxa.

§ 5. Onmomepubie 3ajxadu

IpenmonosxuM, 970 IYYOK 5JIEKTPOHOB, aHAJOIMYHEIA pPaccMOT-
PCHHOMY BHIIIe, JBHKETCA BAOJEL OCH Z W IoNajaeT B IoJde, MeHS-
JolIeecs TOJBKO B HAMPABIEGHHE STOW OCH, TAK UTO HOTEHIMANBHAA
SHEprEA 5JeKTPOHa V 3aBHCHT TOJBKO OT 2. 3ajava 3aKII09aeTcs B
HCCTIeIOBANMA JBIKOHEA Iydxa B TaKOM IOITe.

TIpn pemwenmm 3amad Takoro pojia 3aBACHEMOCTE ¢ OT & M Yy He
ABNACTCA CYMECTBEHHOH; ANA ynobcTBa BHMACIOHWA HPENIOJIOKAM,
uTo [ajalmuil Oydoxk oOnajgaer (eCKOHeYHOM INMPHEHOH, Tak
9TO OH MO3KeT OHTH OHMCAH € IOMOMIBIO GCCKOHEUHON IJI0CKOH BOMHEL.
[lonuaa sonxoBas ¢ynkmma ¢ OyzeT B TaKOM ciydae B3aBHCETH
TONBKO OT 2z M OYHeT YHOBIETBOPATH BOJHOBOMY VPaBHEHHIO

d*y | 8<m

Ez_g + 5 (W—=V)§=0; (1.12)
anecy W — 3naueHme KEHOTHYOCKOI DBHEPIHA OT/OIBHOTO 5JIEKTPOHA
B TOi Toume, rme V = 0.

B xagectBe mpmmepa ') paccMOTPEM Iy9OK 3J1eKTPOHOB, MafalomiHit
HA HOKOTOpHI HOTOHNMAJBHHN Gapbep, T. e. Honajaomuid B IHoje,
NI KOTOpPOro

V=0 (2<0),

V=U (z>0).
Hpepngnoskmm, aro U < W. Bonny, magapomyo na [0TeHIUAJIBHELH
'()ap_Lep, Mi OyaeM omuchBaTh QyHKOWeH BBaa

Aetkz (2 < 0),
e .

2zmv 2ny 2mW
k= = 3 .

1) Boopoc O NPOXOKACHEE IMEKTPOHOB dYepe3 HOTeHNnalbHue 6aphepw pac-
CMOTpeH B pasnB4HHEX yueOHEKax [3]. Ilpmuo:sennme 970l TEODHH K BIEKTPOH-
HOH oMACCHE MeTayulOB paccMmortpeno Hopxreiimom [4]. [Ho aTEM Bompocam
CM. ragae [5,6]. (IIpum. ped.)] ’
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dra QyRKOWA XapaKTepA3yeT LY4YOK BJEKTPOHOB, MBIKYIUXCA CO
CHOPOCTBI0 », B KOTOPOM 3a €AMHHIYY BPeMeHE depe3 eJUHAIY INIO-
majgu nomepednoro cedeHma mpoxomuT AA*v anexrpomoB. OtparkeH-
HEIl Iyd0oK MOKeT OBITh 3ajalH (QyHKmuei

Be—iz  (z < 0),
a mpomepmui nyd4ox — QyHKIZeH

Cei¥'z (z > 0),
e

B — 2mmy’ _ 2n Vom (W =0)
=— 2 .
Ioanmaa BonmoBaa QyHKnEA mMeer, TaKaM 06pasoM, CITeYIOMAH BHA:
{ = Ae*z - Be—ikz (7 < 0),
O=Ce¥z (2> 0).

I'pannursie ycnoBmsA, KOTOPHM BONHOBaA QYHRIUA NOIUKHA YMRO-
BIIETBOPATH OPH 2 = (), 3aRII0YAIOTCA B HENPEPHBHOCTH caMoii pyHKIAKN

o d
0 m ee mpomsBofHOM I—E" . Mu nmeeM B cBAsm ¢ sTEM
A+B-C,
k(A—B)=Ck'.
Pemafl TR ypaBHeHHH, nony‘laeM
_ A(k—F)
B==0%">
24k
C=g7¥ -

B oTpaskemnom myduxe 9mcio 4acTmi, OPOXOAAMMX 33 eNUHMILY Bpe-
MEHE vepe3 eNWHHNY IJIOmall NONePEeYHOr0 CeYeHHs, PaBHO, TaKAM
o{pasom,
AA*y (k—K')?
(k+FK)> -7

a COOTBETCTBYIOMEE WHMCIIO 4acTHN B OpOLIeNeM Ny9Ke PaBHO
AA*Y (2k)
w R RE
lpuammas Bo sHEManme, 4to A/k' =ov/v’, MH BHAUM, 9TO0 KOS
OTPaKEHHEIX YaCcTHI PaBHA

(v—v')2
CEXREE
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a J0Jisd DPOmeAINnX wacTHIl OIPeAeyIaeTCA BEIpAaKEeHHEM

dov’

{v+v')?
CyMMa 9THX [IByX BeJIHYAH DaBHA eJMHHANG B COOTBETCTBHA ¢ 3aKO-
HOM cOXpaHeHHs 00Imero umcia 5JeKTPOHOB. ITOT 3aKOH IPEHCTAB-
asteT cobolf dacTHRIL ciydail Gollee oOmell 3aKOHOMEPHOCTH, [OKa-
apiBaeMoil Hmxe (§ 7). ’

§ 6. Pemienne BONHOBOrO ypaBHEHHsS [JIs 9JIEKTPOHA,
ABIMKYINErocd B MeJIeHHO MeHAIomeMcs moJje 1)

Ecnz morennmansraa sHeprus V (z) He MeHAeTCA 3aMETHHM 06.
pasoM HA DACCTOAHAE MOPARKA MmHE Boamk h/)/ 2m (W —V), ro
npuGInKeAHOe PelleHne BOJTHOBOTO ypaBHEHAA MOjKeT GHTh IOJYIeHO
ciaepyiomuM oGpazom. 3ammmem

W —V)=](2)

u OGyneM IpequoJiararh, YTO B pACCMATpPUBAEMOM HHTepBajie 3HATeHMil
z ¢yarnoua f(z) momokmrennha. Ypasaeuine Illpenmurepa mpmoGpe-
TaeT IIPH 3TOM CJeRYIOIUH BUL!

d?y \
s 1(2)9=0 (1-13)
Honaraa
Y = Aeib (1.14)
¥ HoicTaBiAs 9Ty PyHKuUIO B ypasHenme (1.13), momywaem
A"+ 2AP + " A—PB2A+ fA=0, (1.15)
rpe mTpuxu osHadawor puddepenuuponanne no z. Ilonowum, panee,
B2 =1 (2).

B Takom cuayuae
\ z
: p=\1/(@1n ez
Ecait paccmarpusaemas obnacts 3maueHmii z BejmKa NO CPAaBHEHHIO

C IUEOY BOJHEL, TO (YHKOMA f IIpEH STOM NOYTE HE MeHAETCA H
3Hagenne B B 5Toil 06nacTH IpuOIIMIKEHHO pPABHO

BaV f- 2+ const.

1) 9ror Merox paspaboram {medpuc [7].
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U3 dopmynsr (1.14) caexyer, uro A B Tanoi o6acTi B UEPBOM HpH-
OIMKeHNN OCTaeTCA MOCTOAHWHM M, CIENOBATENLHO,

A"« AV < Af.

B ypasuenwe (1.15) moskHO mpeHeGpeus 1modTOMY BesmumBO# A”
no cpasaernio ¢ A'R’ (A’B’ wo cpaBmenmio ¢ ABR” mpemeOpeus Hembas,
TaKk Kak B”, B cBOIO ouepenh, Mano). Mum momydyaeM B pesyibrare

’ 2A% 4+ 3"A=0
4, clefoBaTe/bHO,
A = const {f (z)]~1/4.

Hamwe upnbnmwkennoe pemenwe nMeer, TakaM 006pasoM, CJELYOMui
BHA:

=[f () exp { ¢ S [/ ()]s dz ) . (1.16)

Uneno anexrponon /V, UpOXoAsmux 3a eNHHUIYY BPEMEHH Yepes
eIHHEANY IUIOMANK, PABHO IIPOM3BCICHUIO ]tbP HA CKOPOCTBH BIEKTPO-
HoB. Coraacuo (1.16), mmeem

(e =1 ()72,

TOrJla Kak CKOPOCTH anexTpoHoB pasma )/ 2 (W —V)/m, t. e. upo-
nopnuona;ibha [f (z)]/2. Bexnmumna [V mMeer, TakmM o0pasoM, OXHO
H TO jKe 3HAYeHHe LIpH BCeX 3HAYEHUAX Z, KaK ITOTO M CHEeJ0Bal0
OIKHNATS.

MosHo IOKa3aTh aHANOTHYHEIM 00pa3oM, 4TO eciH /(z) oTpAIa-
“TeJIbHO, TO MPH

g(x)= — () =LV —W)

uprbiamsiennoe CuieENe BOJHOBOro ypasuenmsa (1.13) mmeer Buj

z .
g @1 sexp { F g (@Pdz} .
Bo muorux cnyuaax QyHrumsA f(z) mMeeT TaKOH KODeHB 2, WTO

J@>0  (>3),
f@) <0 (z2<3).



§ 7. POPMYNBI Al TOKA; COXPAHEHUE BAPAIA 23

Hac muTepecyer oORYHO dYacTHOe' pellieHNe ypaBHeHmsA, yOHBaIOmee
0o Mepe yMeHBINeHHS 2 UDPH 2 < z,. Hmedpuc [7] mokasan, aro ecam
/' (z,) ornmuwo oT HyJA, TO UPA Z >z, STO peNIEHHe HMeeT BHJ

y= f~ssin {5+ 3 [/ (dz}, (1.17)

20

§ 7. QopMyan [aA TORKa; coxXpaHeRHe 3apAna

Mer mocrynmpoBanu BHe, 9TO BennunHa (O* NOMKHA PaBHATHCA
4HCAy DJIEKTPOHOB B efHHHINE 00BeMa B 3JIeKTPOHHOM MydKe, OIH-
ChiB&eMOM BONHOBOI (yHEKmmeil ¢, umu, Ttoduee, aro UP*dt pammo
BEPOATHOCTH HAXOKACGHHS JTeKTPOHA B ameMeHTe oOnema dt. Amano-
rAYHEEe GOPMYIIE MOTYT OHITH HOJIy9eHHl Taike W JIS TOKA, T. e.
IJIS 9HCjIa BNeKTPOHOB, IPOXOAAIIHX 34 EQUHAIy BpeMeHH depes
Januylo wiaomans. TodHee, Hac WHTepecyeT oOmpefeieHne TAKOIO
BeKTOpa j, 4ro0H BO Bcex TOYKAaX IPOCTPAHCTBA MOPOU3BENEHHE
(j - dS)dt pmaBamo BepOATHOCTH TOrO, 9YTO 3a BpeMs di 4epes IIeMeHT
noBepxHocTH &S mpoiner oauH sierTpod. Mcexomas dopMyna ana j
uMeeT BHJT

i= 4,3,n (v* grad ¢ — ¢ grad 9*). (1.18)

Mur mokaseM, uro sra (opMysa UPaBWILHO ONpEeJAeT BEKTOP i
BO BCEX TeX CJIyd9aAXx, KOTXA OH MosKeT OBITh H3MepeH Ha OlEITe.

Ecnu B ueworopoil ofmactd V TMOCTOAHHO WM e PABHO HYIIIO
U MMeeTcA JINITh HOTOK 9JIeKTPOHOB, ABMRYIIHNXCA B HAPABIICHHM 1,
TO BOJIHOBasg (QYHKIHUA HMeeT BAT

2nimyn - r)
?

t{):aexp( A

a BEeKTOp j, Kak aTo ciaemyer m3 ypaBsmemus (1.18), pasen wva’n.

B obmem caydae nas m3MepeHmsi j Ha myTH 3JIeKTPOHOB CIEHO-
BajI0 OB MOMECTHTH KOJJIEKTOP H U3MEPHTH 3apaj, UOUafaoInil
Ha Hero 3a efUHMIY BpeMeHH. B peaynprare TAKOrO ONEITA MBI H3Me-
punm 6m cpequee 3HAYEHWE J IS HEKOTOpPoH 00aacTH, pasMepH
KOTOPO#l BeMNKU II0 CPABHEHWIO ¢ IJIMHOI BOJAHEL, 9TO 3HAYeHHE J
ABJfeTcd eNMHCTBeHHON BEeIMYWHON, KOTOpasg MO;KeT OHTHL oIpene-
JleHa OmyTeM HeIoCPefCTBeHHOI'o maMepeHmA. KCim MBI MpegHoNosKuM,
aro V m, ciepoBarenHO, A B paccMaTpmBaeMoil 06nacTH MOCTOSHHE,
TO BojHOBasg (QYHKIHA Oymer WMeThb BHj

(‘p—’:zasexp<21um1;,ns . >}
S
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Tfie N — eAUHHYNLIT BEKTOpP, @, — NOCTOSIHAAA. JTa BoaHOBasg (PyHK-
muA XapaKTePH3yeT CyUepIO3HINI0 3IE€KTPOHHEX ImyuroB. To oGeros-
TEIBCTBO, YTO, COTJIACHO BOJHOBOM MeXaHWKe, TAKHe IIYYKH KOJKHE
nAaTepPeRNPOBaTh, HE OKAKeT BANAHAA HA UYHCIO HIEKTPOHOB,
NaflaloMuX HA KOMAEKTOD, IOCKOJBKY pasMepHl KOJJEKTOpa BeJINKH
IO CPAaBHEHMIO ¢ AaMHOil BoJIHH. Ecam niomans xomirexTopa paBna A
M ecJIM OHA TepUeHANKY/IAPHA K HAINDABIEHHIO N, TO YHCIO 3JEKTPO-
HOB, DANAIOM¥MX HA HEe 334 e[NHHMIY BpPEMeHH, PaBHO

vA D |as|*n - n,. (1.19)

Cornacuo opmyne (1.18), aT0 WHCIIO HOJGKHO OUPERENATBCSI HHTE-
rpajioM

Sj-ndS,

B3ATHIM N0 noBepxmocTn A. Hak HeTpynHO BufeTh, 3TO ILIPHBOAMT
K ¢gopmyie (1.19), rak kax uneust Bmpma

2nimy (ng—mny) - r]

asa; exp [ z

OPY yCPelHEeHNH 0 HOBEPXHOCTH, Pa3MepH KOTOPOM BeJlUKY 10 CpaBHe-
HUIO ¢ AJHHOH BOJHE, 0GpamarTcA B HYJb.

Ecam peur wper 06 30eKTPOHHHX HY4YKaX, HMEIOIEX Pa3iNIHbLe
HCTOYHHKH, TO ds; AOIKHO OHTH BHOpPaHO B (QopMyie agei?s, rme
%, — HEKOTOpas IpPOoM3BOJLHAA (asa, He WMeomas HHKAKOTO OTHO-
menna K dase ¢, [JIA molydeHus TOka cieayeT YCpeJHHTH BEIpa-
smenne (1.18) mo BceM 3HadeHMAM ¢, H ¢,; OPH ITOM UIEHH, CONEp-
JKamye DPOU3BENEHWSA PAsJIHYHEX (YBKUNE, o0paTATca B HYIb.

Mm Gypmem HasHBaTh BeKTOD j BEKTOPOM TOKA, XOTA H3MEPEHO
HelmoCPeJCTBeHHO MOKeT OH'Th TOJNBKO CpefiHee 3HAYeHme j.

C moMOmpbi0 BOJHOBOIO YpaBHEHWs JETKO IOKAa3aTh, 4T0 HMeeT
MecTo COXpaHeHWe 3apAna, T. €. 4YTO CpeJHee YHCJIO JJIEKTPOHOB,
IPHXONALMX B HEKOTOPHII 00'beM, B cifydae CTAUMORAPHOIO IyYKa
PaBHO UHCIy 97eKTPOHOB, BHIXONAMMX m3 3TOTro obBema. [lma srtoro
IocTaTogHo uorasath, wro divj ofpamaercs B Hyns. M3 ypabze-
g (1.18) cxepyer, uro

s . h
div j = o (V29 — §729).

Tak xax ¢ynxunu ¢ w ¢* ypnoBaersopsior ypaspermio llpepmarepa,
uMeeM

prvrgp= — TR W V).

Unen V24* onpepesnsercs TouHO TakuMm ke BhpaxkenmeM. Orcioma
caenyer, aro div j=0.
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WuTepecHo oTMeTHTH, YTO TpoLecc IIOTJOLIEHHS 4GacTHI[ IydKa
MoseT OBITB ommcaH OyTeM Bseferna B ypasueunme Illpepmurepa
OTPUIIATETHHOTO MHHMOTO 3HAYeHHd ITOTeHNManbHOH sweprmm. Ecmm
CKOPOCTH NOIVIOMEHUS dYacTHI COCTaBidgeT ap Ha epmmumy oOneMa
B 1 cex, rge p—MAOTHOCTB, TO B CTALHOHAPHOM COCTOAHHH

divj+ap=0. (1.19a)

Ilonaras 8 (1.12) V=V, —1V;, rne V, u V,—Bemecraennne QyaK-
UAa 7, ©MeeM '

Gy = —rER WV, V) g,

8n%n R
qu)* = - d&)* 72 (W - Vr - LVi) q)*’

TaK d9TO '
i #7720 “ag ) ATV b
div j= 7= (9¥72) — GV 2% = — — 5

CorrocraBassa aro suparkenme ¢ (1.19a), naxomum

4xV;
P

o=

Jror pesyansrar Gyaer ucnonszoBan Hamu B ra. VI, § 8.

§ 8. 3apaum, B KoTophix |¢|? MeHAeTcA ¢ TeyeHHeM BPeMEHM

PaceMoTpuM xopomio oTKauauHyio paspafnyio TpyGKy, B KOTOpOR
OYYOK B3JEKTPOHOB DAafaeT Ha JKpaH, CHAOKEHHEII OTBepCTHEM
¢ 3acnoukoii. IIpenmomnomnm, aro orsepcTHe BHE3AIHO OTKPHIBAETCH;
B TAKOM CJIyd9de II0 HCTEYEHHM KOPOTKOIO IIPOME}KYTKA BpEMeHH [
DOTOK 37MEKTPOHOB, OPOIMeAINHil yepe3 oTBepcTHe, GyNeT HpocTHpaThes
OT HEr0 HA paccTosAHAe vi. 37ech ¥ — CKOPOCTb IJIEKTPOHOB; ¢ IHEp-
rueit anexTpoHoB W B ycropAomeM nojle 3Ta CHOPOCTH CBS3aHA
COOTHOMEHNEM

my?
W:T .

C TOYKH 3peHHs KIACCHYECKOH MEXAaHWKH BJTOT pe3ylbraT TpH-
BHaned. OpnHAKO, COMJIACHO HAWIMM OCHOBHBIM IpEACTABIEHMAM,
MBl MOrim OB LOJIY9HTH TaKON pesysibTar, JAIb HOCTY/IMPYS HANU
4@e HEKOTOPO BOJHEL ¥ LpPENIOIOKUB 3areM, 4ro |¢|? paBHO amexy
3MeKTpoHOB B epmuumne o6neMa. C BONHOBON TOYKE ApeHMA ME IMEeM
CTALMOHAPHYI0 CHCTEMy BOJH, LAafalOMuX HA 9KPaH [0 Tex Iop,
HOKa OTBepcTHE B SKpaHe ocTaercs 3akpeTeiM. Horza 3acioHka
OTKDSIBAeTCA, MYyYOK BSIEKTPOHOB IPOXONMT 9Yepe3 OTBEPCTHE; CKO-
pocTe mepeMemeHmsi pPORTA LydKa €CTh TPYNIOBAS CKOPOCTH BOJIH..
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I'pynmoBas ckopocTs 1060T0 BOJHOBOTO IIponecca ONpexensercd

dv .
KaK -%, [le v—dacrora, a N — BonnoBOe 4mcao, pasHoe 1/
(h— nnmea BonmExt). [{ng Toro uToOM BOMHOBOE omacaH@e He HpO-
THBOPEMWIO ONKTHEIM (akraM (B JaHHOM ClIydae — KIIACCHIECKOH
TEOpHH), 5TA CKOPOCTH NOJDKHA PABHATECH KIACCHYECKOH CKOPOCTH

5TEKTPOHOB ». MEI nMeeM, TaxkuM 06pasoM,

LA
iN~= .
Bripamana » gepes N, nonyuaem
& _hN
AN~

HlpomuTerpupoBas 5TO ypaBHEeHHe, HAXONHM

V= ﬂv— <+ const = 3 + const.

‘COOTHOINEHNE
hyv=F .

rie K — penATHBACTCKOE 3HAYEHHe SHCPIWH UacTHHH (¢ yueTom
MacCHl IOKO),
. s
= mc? (1 —_ ,

om0 moaydeno Jle Bpoiinem [8] wa ocHoBanum cooGpaskenii,
CBSI3AHHKIX ¢ OPUHIAIOM OTHOCHTENbHOCTH. Keam v/c Maxo wo cpaBHe-
HAIO ¢ GNMHELEH, TO 3TO COOTHOWIEHNE CBOMHTCH K

.
hv:mcz-l-mTU;

‘Orciona Moser ObiTh onpefienneHo 3Hadenne koucraHts mc®. Ilocuea-
Hee He [OJGKHO, ONHAKO, BJIHATH HA pe3YJBTATH HKCIEPHMEHTA;
B HEpeNATHBHCTCKOH TeOpHH YHOOHO IOJIOKUTH 3Ty KOHCTAHTY pah-
HOIl HYTIO.

B ofmeM caydae BOIHOBOE YpaBHEHHE HEMOHOXPOMATHYECHOTO
BOJIHOBOTO IPOMECCa UMEeT BHJ

h 8y

ﬁﬁz&:ﬁ’mvz? I '. (1-20)

HanGonee npocro sro ypaBHeHHe MOKeT OHITH IOJLyYEHO CJAERYIOMUM
obpasom. Bonmosasa ¢ymkmus, oNMCHBAKMA# HOTOK 3IEKTPOHOE,
<06Jlana10umx oreprueii W, ymoBIeTBOpAET ypPaBHEHHIO

v+ & W —v)ye=0. (1.21)
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JTta BoNHOBasg (PYHKIUWA, Kaxk OLIO INOKA33HO, WMeeT CleAYIGIIHil
BHA:

y=1(z v, Dexp( = ).

‘Mckomoe ypaBHenme He 0MmkHO cogepkars W; ¢ momomswo (1.22)
nojrydaeM

(1.22)

ko

W= ———-.
W3 ypaBmenma (1.21) caepyer, uro ypasmenmio (1.20) ymommerso-
pAIT BOJNHOBHE (YHEFNHH, OINCHBAIINE IOTOK JIAEKTPOHOB, OOJA-
JaomaX OfHOW H TOH e dHeprweii, T. €. BOJHOBEE (QYHKIHH
tuna (1.22). BonmoBywo §yHKnmio mamboiiee OOGMIET0 THIIA MEL IOJNY-
Y¥M IOyTEeM CYUepHO3WNUA TAKEX BOJHOBHX (yHKOAH; ara uambGonee
obOmasa BonmoBasg QyHxnusa Oynmer, TaxuM 00pasoM, Y/OBIETBOPATH

ypasrermio (1.20).

C momompbio BonwoBoro ypasuemus (1.20) serxo Mosker GHTE
10JIyYeH 3aKOH coxpaHeHms 3apafa. Eciam Mel o6o3naumM Bemn-

undy $9* wepes p, TO mHTErpan Spd‘t, B3ATHIL 10 KaroMy-mubo

ovpeMy, OGymeT paBHATHCS BepOATHOCTH HAXOMKIEHHA 9HJIEKTPOHA

B »TOM oObeMe. MHTerpan Qj-dS Gy[eT WpH 3TOM OIIpeneNATh
J

BCPOSAITHOCTh BEIXOJA 9JEKTPOHA H3 paccMaTpuBaeMoro obGmema
3a eImHHOY BpeMeHn. MBI JIOIGKHBL ¥MeTh, TaKMM 06Pa30M,

j—tgpdt+gj.dszo. (1.23)
3'[‘0 Q3Ha‘laeT, OJHAKO, YTO MOJIMHO HMETh ME(;TO COOTHOLIIeHE
a -
S+ divj=0. (1.24)

Coornomenne (1.24) nerxo mo;ker OHTH AOKa3aHO ¢ HOMOIIBIO BOJI-
nosoro ypasmenusa (1.20) u ompenesenus Bexropa Toxa j (1.18) [9].

§ 9. Boanopbie marernt

IIpenuosiomny, 9T0 My90K SNEKTPOHOB MAfKAaeT HA PKPAH, B KOTO-
POM HMeeTcs OTBepCTHE, NepBOHAYAIBHO 3aKPHTOe KAKOI-1nG0 3aCI0H-
KOif; 3aCIAOHKA OTKPHBAETCSA 3aTeM Ha KODOTKHA IIPOMEKYTOK Bpe-
MeHN W CHOBA 3aKphIBaeTcA. B pesyibrare TakOIo ONBITA JIEKTPOHH
GynyT upoxonurs depes oTBepcTHE W HepeMelNaThCs 3a ero Mpemedsi.
MosxHo 6E0 68 cKa3aTh, YTO IPU HTOM IepeMemaercA B LPOCTPAH-
¢TBe 007acTh, B KOTOPOH IJIOTHOCTH BIIEKTPOHOB OTJHYHA OT HYJA.
Pasmepe: Taxoii ofnactm 6yayT TeM Membuie, 4eM MeHbIIee BpEMsI
OBUIO OTKPHITO OTBEpPCTHE B PKpaHe.
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Jins oumcaHma aTOTO SABNEHHS HA fA3HKe BOJHOBOI MeXaHHKHA MEI
ZOJKHEL BBECTH B paccMoTpeHme makeT Boan Jle Bpoiina, mamaromux
Fa 9KPaH, 4 TAaKKe (BOJHOBOH DAKET)» WM <«BOJHOBYI TpyHIY»,
OpOXOAAMYI0 depe3 OTBepcTMe B dxpame. HBajgpaT aMuaaTyasl BOJ-
HOBOM (YHKOWH oupejeiser IpA 9TOM, KAK OOBIYHO, BepOATHOE
3HAYEHUE IIOTHOCTH 37IeKTPoHOB. Bonmmopas rpymma 6Gymer mepeme-
maTbe B NPOCTPAHCTRE € I'PYIIOBOH ckopocthio BoxH Jle Bpoins;
HOCTIefHAAA, KAK Mbl BHAETH, paBHA KJACCHYECKOH CHOPOCTH COOT-
BETCTBYIOIIMX 3JIEKTPOHOB. B 8TOM cilydae BonHOBas Mexaumea Opu-
BOOAT, TAKUM OOpa3oM, K TeM jKe pesyJbTaraM, 4TO ¥ MeXaHHKA
KJaccHYecKas. :

Ecnn ¢ (z, y, 2z, t)—BonHoBag QYHKOHS B HEKOTODOH TOYKe
BOJIHOBOI'O IaKeTa, TO 4HCJO 72, OmpefiensgeMoel) uHTerpajoM: BHAA
(B3ATHIM 110 BCEMY HPOCTPAHCTBY)

n=SSS|dg(x, y, 2, t) P dz dydz,

opeficTaBnfer co00il BepOATHOE WHCIIO 9J1€KTPOHOB, HPOINEALINX Yepesd
orBepcTre. [cim WHTEHCHBHOCTH 27EKTPOHHOTO HydKa OHula BHadaJjle
AOCTATOYHO MAaJloi HJM €CJIE OTBepcTHe OHUIO OTKPHITO B TedeHHe
O4eHb KODOTKOTO IPOMEKYTKA BpeMeH#, 9T0 ymesao OyAeT HOpAAKA
eqaamnsl. Cieayer OTMeTHTb, 9TO ecJiH OBl 7 JeHCTBATENBHO paBHA-
JOCh eWHNAIle, TO 3TO He 03Ha4ado Obl, KOHEYHO, 4TO 34 EXHHHNY
BpeMEHH depe3 OTBepcTHe B 9KpAaHe HPOXOMAT TOILKO OfHH 3IEKTPOH
Orcioma numse ciepyer, 9ro ecdu OH paccMaTrpuBaeMBId ONBIT ORI
UOBTOpeH O9eHb (OJIBINOE UHCIO pa3d p, TO oO0mee UHCIIO SJEKTPO-
HOB, HpOMEJINHX 9Yepes OTBEpPCTHE, PABHANOCH OBl pn, Jamke B TOM
cllydae, ecili B OTAENbHHX ONBITAX 4YHCIAO 7 NPHHAMAIO 3HAYe-
wuag 0, 1, 2 & . £.

Ilpu paceMoTpeHny BOIHOBHX HAKETOB BONHOBYIO PYHKUMIO 0OBIHO
HOPMUDYIOT TAaKHM 006pa3oM, 4TOOH 71 PABHAJOCH eJHHMIE.

Wsygenne BONHOBHX IAKETOB HE - MO}KeT NaTh HAM CBeJEHHI
0 pesyJdsTaTax ONEITOB; IPAKTAYECKA BO BCEX ONKITAX ME AMeeM
Hell0 ¢ HeIpepHIBHEIM IOTOKOM CBOOOJHHX 97IeKTpoHOB. B cBA3M
C TeM, 9YTO BOJHOBHE IIAKETH HMEIOT HEKOTOpoe, NpaBfa, AOBOIBHO
MOBEPXHOCTHOE, CXOACTBO C YACTHIAMH KIACCHYeCKOH TeOpHMH, m3yue-
n@pe 3aKOHOB WX JABHREHHS JaeT HaM BO3MOJKHOCTH IIOHATH OCHOBHEIE
miew BoiHOBoHl Mexammkum. Tak, HampuMep, eciam B KaKOM-IIHGO
cilydae MO;KHO TIOKa3aTh, 4YTO BOJIHOBOM HakerT Oyner [BUTATHCH
O TAKOM jKe TPAEKTODHH, KAK ¥ KIACCHYECKAA YACTUIA, TO MOFKHO
yTBep:HOaTh, 9TO IpW pellleHAW HAHHOW 3aiadd BOJHOBAS H Kiac-
cwdeckas MeXaHWKH TIPEBEAYT K OJHWM W TEM jKe pesyJsIbTaraM.

Opnnomepnoe jBMKeHHEe BOAHOBOTO NaKeTa B OJHOPOJHOI cpe-
Ae. [laa BOMHOBOTO ABWMKERHS JTIOGOTO THNA CYIIECTBYET OIpPENeseH-

1) Benmumpa n or BpEMEHM He BABHCHT (cM. § 8).
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Hoe COOTHOUIEHYME Me;KAY YacTOTOH v M BOJHOBEIM 4nciom V. J{na
pomi [le Bpoiina B HepenATHBHCTCKOM TeOPHM 3TO COOTHOLIEHHE
uMeeT Buf

__lzN2
— 2m -
3necs MBL GyleM Ipemmojararh, 4To B ofmeM ciydae
vy =y (V).

Bonmopoit mponecc HawuGonee obmero TAmAa MoKeT OHTH OXaparTepd-
30BaH BOJNHOBOHM (yHKEWel BHma

b= S a (V) exp [2ri (Vz — v£)] AN,

rie a (N)— HeKoTopasA IPOW3BONBHAA KOMIIEKCHAA (QyHKOMA. ITOT
BOJIHOBOM TpOmecc MOJydYaercss NyTeM cymeprmosmnum GeckomewHOro®
uncia INIOCKAX BOAH ¢ IPOH3BOIBHEIMM AMIUIETYJZaM#E W (a3aMiu.
Mnosxurens a (N) moser OHTh upm aroM BHOpPaH TakmM oOpasoM,
uroGEl B MOoMeHT BpeMeRn ! =0 ¢ymruma  mMena nobyo Melaemyio
dopmy. M mpepuonosuM, 4ro B Moment ¢ =0 Haul BOJHOBO# Harer
xapakTepuayerca (QyHEKnuei "

¢ =C exp <2m' Noz_-j;}. (1.25)

AvnmuTyna woneGamwil BmbpaHa 3mechk B Bume ¢pymwnuu [aycca, Tak
KaKk B STOM cJydYae HHTErpEpOBAHHe MOMeT OHITEH OCYIECTBIEHO
¢ DOMOIMbBI0 W3BeCTHHX QyHKUWi. B BavanbpHEli MOMEHT BpeMeHM
BONIHOBOH MAKeT HAXONUTCA, TakEM 00pasoM, BOAM3H HAYaka KOOD-
JWHAT, OGIafas mpd 9TOM BOJHOBEIM WHHclioM [V, ¥ IUNPWHOM WODA.-
ka 2¢. Jlerxo BmaeTs (B HanbHeimem 5To OyneT MOKA3aHO), UTO

a(N)=C}y =msexp[— (N — Ng)?n2s?]. (1.26)

Ina ompenenenus (OpMB BONHOBOLO Iakera B nw0oM Iocieny-
M MOMEAT BpeMEeHH MK JO/KHBI BHIYHCIUTH WHTEIPal

o= S C 1/ o exp [2xi (Nz—vt) — (N — No)x%2 dNV. (1.27)

Paznoxum wacrory v B papx Teinopa: ‘
y=vo+ (N—=N)vo+ 5 (N—Nop¥s+ . ..,

Iie Vo, ¥y W T. fi. —3HAQYEHMA v H ee Wpom3BORHEX 1o [V 1pn [V = N,.
Ecnw mpepuonosumM, 910 o 3> 1, TO fICHO; 9TO YMCIeHHOE 3HAYeHHe
mrrerpana (1:27) ‘6yner B OCHOBHOM * OTpefeNiATHCA 3HAYEHHAME: NV,
GnmskaMuE x Ny, B Da3iOMEHHA v MOMKHO OyHeT HOSTOMY IpereOpets
gnenama nopsaka (N —N,)® a Beume. OrmermM, 49TO ansg BOAH
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He Dpoiins B HepenATHBHCTCKO TEOpWH TaKoe upuGuzxenne Gymer
TOYHEIM, TaK KaK V ABIAETCA B 9TOM cjiydae KBAafpATHIHOH (QyHK-
nmeir V.

[omaras
N — NO = C:
noJyvaeM
4=C) s S exp (— al?+4- 20 +c) dt,
The
a=x%% 4 nivy i, = —xi (Vo —2), c¢=2xi(Nygz —vyt).

[ogmaTerpanbhad QyHKOMA Mosker OuTh 3amucaHa B Qopme

¢ exp[—a(ﬁ—%)?-}-c-]—%?].

onaraa {— b/a= 1, umeem
$=C ]/7_:6 exp (c - b—:) S e~ dn = Crnoa="2 exp (c +b—:) .

Iloncrasnaa sHadenna ¢, b w ¢, UOMywaeM OKOHYATENHHO
ivgt\—1/2 . Vot —z )2

b= C<1+ ot exp | 2xf (Noz—vot)———(—-‘?—;l;—
2+ 0

B momenr Bpemernm £==( BOIHOBO} IAKET XapaKTEpPH3yeTCH BOIHOBOMH
¢ynxnmeit (1.25), wax sroro m ciegoBano oxmaate. B moMenmt Bpe-
MEeHH ! IEeHTP BOJHOBOIO IlaKeTa HAXONATCA B TOUKE

z=vw4t.
CropocTs HepememeHmsi BOJIHOBOIO MAKeTAa paBHa, TaKuM oBpasowm,

dv "
N Becsma cymecTBeHHEIM CBOICTBOM BOJIHO-
BOr'O IaKeTa SBNSETCSI €ro CIOCOOHOCTH PACIHILIBATHECA ¢ TedeHHEM
BpeMenn. PaccMaTpusas TONBKO SKCIOHEHMUANIBHEIT MEOKATEND (GyHK-

Had P, MH OOTydaeM clefjylomee 3HAYCHHE ee aMIUIATYHH | ¢ | :

rPyNIoOBOH CKOPOCTH

¢? S (vgt—3)® )2

ot (vot)

Ilpr Gonbmex 3HaYenmAx ¢ mM¥pUAHA BONHOBOTO IakeTa OymeT, TaKEM
obpa3oM, mopsjKa

exp

2vit

ki1
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Orciofa caeflyer, 410 IO Mepe CBOEr0 HEepeMeIneHAs BOHOBOW IaKeT
pacIiHBaeTcs, NMpHYeM CKOPOCTh yBeNIW4eHHS ero Pa3MepoB paBHA

d*v 2
dN2mo *
Ecnn peus uper o Bomnax [le DBpoiinsal), To B HepenaruemECTCKOMN
TEOPHH
dv _hN d%v
iNT m TP % gne
BonmoBaa ¢yHruua ¢ paBEa Ipu 3TOM

. tht \—/2 (vt—3)? ./m®t  mvz
KP-—C(i—{-—R—”Tc—Z) exp[—————l—h—t———Zm —Z—h—————h—>].

3
" -
+'l:m

__h
“m

Oppo m3 nambonee CYIIECTBEHHHIX CBOHCTB BOJHOBHIX HaKeTOB:
3aKII0UAETCA B TOM, YTO €CJIM BOJIHOBOW IAKET HEPeMelaercs B Ka-
KOM-I00 SIEKTPUYECKOM WM MArHWTHOM IOJE, HANPSKEHHOCTH KOTO-
poro He MEHAETCSI 3aMeTHHM o00pasoM Ha pacCTOAHEH, CPABHEMOM
¢ pasMepaM¥ CaMoro IaKeTa, TO OH JBH;KeTCA DIpW STOM L0 KIACCH-
4yecKoll TpaexTopmu. J{OKA3aTEALCTBO ATOTO YTBEPKIAEHHAS IPHBENEHO
B pasiamuEsx ydebumiax [3, 11]. '
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[T A

1) Boanoesle naxers, nocrpoennsie u3 BoaH e Bpoitnsa, 6mnm mecmemo-
BAHH pasnnyumMu asropamm. Jlapsma [10] ompe;enmyn monmoBylo QyHEHHEIO,
OMACHBAIOIYI0 JBHKeHHE TPEXMEDHOTO BOJHOBOTO HaKEeTa B OTCYTCTBHE BHENI~
HUX cmyi, a TaxksKe HceliefoBaji BOJMHOBOM LAKeT, OTBevdalommil snexrpony, JABH-
ymeMycsa HOX NelicTsmeM HEKOTOPOH NOCTOAHHONK 3NIeKTPHIecKol CANN ¥ mo-
CTOAHHOr0 MATHATHOTO 1OJiA. BonHOBHE maKeTH GHJIM paccMOTpPeHH TaKKe H
Apyramm apropamm [3]. [CM. Taxme [5]. (IIpum. ped.)]

%) Jimreparypa, OTMEdYeHHAS 3Be3[I0YKOH 8fiech H B HOCHE/YOIHAX TIABAX,
TobaBieHa penaKToOpoM IEPEeBOJA.



TFanaea II

TEOPUA PACCEAHNA IMIYYKA YACTHUILL CIJIOBBIM
IEHTPOM

§ 1. Bpluncaeane HHTEHCHBHOCTH PacCeAHHA

3amaua 0 CTOJIKHOBEHHH 3JIEKTPOHA ¢ ATOMOM OTHOCHTCA K 3aja-
gaM «MHOrUX TeJ» U, KaK TaKoBasdg, Oymer uccaenosana namu B 11, VIII.
B macrosmedi riaBe MBI DACCMOTPEM BOIPOC O pacCedHuH MOTOKA
3ApSIKEHHEBIX UYACTHI Majlof cepHyecKH-cHMMEeTPUUHOH 06JacThio,
B KOTOpO#l HOTEHNUANBHASA DHEPrHS YacTAl, OTJIMYHA OT HYJs; 3Ty
o6macth MH OymeM Ha3HBATH «aTOMOM», & NOTEHIHUAJIBHYK DHEPTHIO |
YaCTHIE HA PAacCTOAHMHA 7 OT ANpa artoMma Oymem o0003HAYaTH 4YeEpe3
V(r). B rn. VIII norasano, 4ro ympyroe paccesnme 3JEKTPOHOB
ATOMAMHU B W3BECTHOM NPUCIIKEHWH, NEHCTBHTENLHO, MOEET OBITH.
ONHUCAHO TAKEM CHOCOGOM, a TaKKe IPHBEICHK METORK BHEIUNCICHMUS
V (r).

B onpiTax mo n3y9eHnio paccesHA IIYYKa YACTHIl H3MEePAT 0GHIHO
YHCI0 paccesHHRIX YacTHN, HAJIAIOMUX B eIMHHUIy BpPeMEHH Ha B3ile-
MEHT TOBEPXHOCTH d$, HAXOTAMMUicA Ha PACCTOAHHM 7 OT paccenBalo-
mux aroMoB. [lnA ymo6CTBa BHYMCIEHUI TIPENIIOTOKAM, 4TO MMEETCH
“TOJIBKO OfUH paccemBatomui atom. UYncio wacrull, majanmux Ha IO~
manky 4.5, OyneT npm 3TOM HpAMO HpoNOPOMOHAABAC mwiomanun dS
n o6paTHO NMPONOPHUOHAJIBHO KBAJPATY PACCTOAHAA r. JTO 3HAYAT,
9TO YMCJIO TAKAX YacTHI LIPONOPHUOHANIBHO TejecHoMy yriay do,
107 KOTOpHIM IHomanka dS BHNHA W3 MEeHTpa aroMa. YacTHIb,
nagaomme Ha dS, Mbl OyneM Ha3bBaTh YACTHNAMH, PACCeAHHBIMM
Ha yroj O BHyTpm TenecHoro yria do.

Honmuecrro wactum, paccesHHHX BHYTpH Tellecgioro yria do,
HPONOPIAOHANBHO TaKie ILIOTHOCTH TOKA B MAJAIOIMEM IyuKe. Hpen-
TMOJIOJKNM, 9TO B IAJAIOIHEM IyYKe 33 eNMHUIY BPEeMOHH 4Yepes end-
HUy OIomajgn momepevHoro cewenmsa mpoxommt [V wacrtum. Ilomommm
najtee, 9TO 9YACIO UACTAN, PAcCEAHHHIX B eIWHWIYy BPEMEHH Ha Yroi
@ BHyTpH TellecHOro yria dw, pPaBHO

NI (8) do.

Mu  gomzmsl  seramenants [ (0). Bennmumna 7 (0) do nmeer pasmep-
HOCTH IWIomand; MH G6yneM Ha3HBaTh ee  3PQEeKTHBHEIM CedeHHeM
Bibu ¢ pacceﬂmzrﬂ BHyTpI/I TeJecHOTo yria dw Wil nmp(})epeﬂuﬂanbﬂmm
CEUCHHEM.

Hon sapmwenusivy wactnnaMn Mbl OyfieM HOfpasyMeBaTh B Aanb-
HejimeM SNEKTPOHEL, XOTH M3JlaraeMule 3lech COOOPAKCHNA CIpaBefi-
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JUBH B O[MHAKOBOH CTEHeHH UIA SapMKEHHHX YacThN J0Goro
pona. )

OGozpaumm uepes (x, y, z) JeKapToBH KOODAMHATH BJICKTPOHA
B HEKOTOpHIM MOMEHT BpeMmenm !, depes (r, 0, ¢) —ero coepndeckue
KOOPNMEATH | BHOepeM ock 2z 3a ock orcuera yraa 61). Ilpemmo-
JIOFAM, YTO aTOM HaXOJWTCA B Hadajie KOODAMHAT, a HOTeHIHAIB-
HaA DSHePIus DNEeKTPoOHA HA PACCTOAHME 7 OT HAdYala KOOPAHHAT
pasHa V (r). B sroit rmase mel mpmmem, urto V (r) cTpeMnTca K HyIO
oeicTpee, Hexemm 1/r; cimyuail paccessinmsa KyJIoOHOBEIM mHodeM Gyjner
pacemorpen B ra. III. Hpepmomoskmm, wro HOTOK 5IIEKTPOHOB JBH-
jReTcA cyleBa HANPaBO BHOJNBb OCH Z €O CKOpocTBIO ». Dynmem ommcs-
BaTh BTOT HOTOK YIEKTPOHOB IIIOCKOHM Bommou e*Z, rue k= 2zmu/h.
Jd1a BoJHA XapaKTepHsyeT HOTOK C ILIOTHOCTHI0 B OfMH DIIEKTPOH
Ha efiuEuNy ofkeMa m, CJIeOBATENBHO, IOTOK O HJIEKTPOHOB, HpPO-
XOIAMUE B eMHEIy BpeMeHH depe3 eAHHUNY MIIOIIALHA MOmePeYHOoro
ceveHuA.

Bonma 6yner paccemBaThCS aTOMOM; AMIUINTYAY PacCesHHOH BOJI-
HH B Touke (r, 0, ¢) mpefcTaBWM B BHjE

r—1f(6) eir,

Hama Bsapaga csomurest  ompefemeEmo ¢ynexnmm f(0). Suam sry
QYHKOMIO, MBI CMOKeM NOJCYMTATH UACIO DIEKTPOHOB, PACCEAHHHRIX
3a eIMHEILy BpeMeHE BHYTPH AalHoro TejecHoro yria. Yucimo pac-
CeSIHHHX HJIeKTPOHOB, NPOXOIAIMAX 32 €[UHAIY BPEeMEHH dYepesd 3ire-
MenT mosepxuocti dS B Touke (r, 0, @), pasro vor—2dS|f(0)]%; ecam
B IajlalomieM HydKe 3a e[WMHHUIY BpeMeHH depe3 eIuHuIy IIOM@IN
NONEepeYHOro CeYeHAs MPOXONAT TOJNBKO OAMH DIEKTPOH, T0 YHCHO
anexrporoB / (0) dw, pacceAHHEIX 3a eimHuUIy BPeMeHH BHYTPH HRaH-
HOro TejecHoro yria do, pasHo |f(0)|2dw. Mu mmeeM, Takmm of-
pasom,

A O)=]/(®)].

Unciio amerTpoHOB, paccesHEHX B mHTepsaie mexmny 0 m 04 df,
paBHO

| 7(6)| %2 sin 6 db.

Hama samaua saxmodaeTcd B OTHICKAHHH TaKOTO DelIeHHA ¢ BOJ-
HOBOro ypaBHeHHdA, KoTOpoe Ha O6OJbIIMX pPACCTOAHHAX OT aToMa
XapakTepu30Bano OH HaJAlOMYy0 H PACCESHHYI BOJNHEL JTO 3HAGMT,
910 gpm GONBMINX 7 ME JOJKHEL EMeThb

q) ~ eikz + r—i eilcr f (9) (2.1)

Drcost=3z rsinbe®=z+iy.
3 m MorT m I'. Meccr
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BoaHoBoe ypaBHeHHe, KOTOPOMy YHOBJIeTBopser ¢yHkmua ¢ (ypas-.
meame IllpeqmHrepa), mosxer GelTh 3ammcaHO B Buje .

Ve +E—U(r)]$=0, (2.2)

2x "~ 8n?
k=10 U @) =32V @)

rae

IInockaa BomHa ei*T sBnAeTcA pellleHmeM yYpaBHEHHA - :
V2 4+ k% =0. (2.3)

9ro ypasmeHme MOeT OHITH pelleHO Tare B cepHIECKAX KOOPHH-
HATAX; JIeTKO yGenmThess B ToM, uTo (PyHKnmA

‘P“—‘Pn(cos 8) fa(r)

SABIIAGTCA eTo pemeHueM, eclH f, ecTh pemenEe ypaBReHEA
>+(k2 '_‘_(L‘i'i)f 0, (2.4)

a P, (cos0) —mosmmom Jlesxkannpa n-ro mopspka [1]. Pemenne ypas-
gerus (2.1) MoxeT GHTH DpeACTaBIeHO B Buje PANA; IPA ITOM HAMe-
10TCH Ba POIIeHHsd, OIHO U3 KOTOPHX HAYWHAGTCS ¢ wieHa 7", Ipy-
roe—c¢ wieHa r~"1; o6a ot pemeHEA MOTYT OHTHL BEPayKeHH
uepes PyHrmEn Beccena [cm. dopmyany (2.9)]. OGosHaanm gepes f, (r)
pemenre ypapHeHEsA (2.4), koHeuHoe B Toure r = 0. Oynknuma f, (r)
M3BECTHA, TAKAM o6pa301u C TOYHOCTHIO N0 IIPOH3BOJBHOIO HOCTOSAH-
HOTO MHOMKHTEJI. ~
Ecau A, — DpousBOJNBHEE HOCTOAHHHE, TO BHIPajKeHme

rs dr

;L B A, P, (cosO) fu(r) 2.5)
n=0

ABNIAETCA pelleHFeM ypaBHeEHA (2.3); MBI 3HaeM, YTO OHO ABIAETCA
HamGosee OGIEMM pemeHMeM 3TOro ypaBsHeHns, o6najalom@M OCeBOR
cuMMeTpuei - (T. ©. He Cofiep;KamAM ¢) M KOHESHHIM B HAaJale Koop-
mmeEar. Otcloma cauenyer, 4ro (I)ylmmm e*? Momer OHTH mpeacTaB-
neHa B BHAe .

eikz — pikr cos 0 2 AP, (cos 8) fr (r)
n=0
lna ompenemenna A, yMHoxnM o6e UacTH 3TOr0 paBeHCTBA Ha

P, (cos0)sind m mpomaTerpupyem ero ot O mo . Ilomaras cosb=t¢,

OOy quM
1

ﬁhmnm=&wwmmn @8
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rae f, M3BECTHO ¢ TOYHOCTHIO /IO NMPOMBBOIBHOTO HMOCTOFHHOTO KO-
¢mnuenra, OT KOTOPOro 3aBHCHT Tarxe u Kosddmmment A,. Dymk:
ouA f, MoKkeT GHTBH OompefieseHa TOYHO C IOMOMBIO €€ .ACHMITOTH~
4ecKOTO pasiokeHEA Hpu GonpmmX 7. VaTerpmpya mpasyl €acTh
paseHcrBa (2.6) I0 9acTsAM, HOJdydaeM .
: Ll
1 i t=-+1 i ’-
krt - krt
7y [etkT Pn (t)]t=_1 - e Pn(t) dt.
-1 :
Bropoit wilen sToro BEIpajKeHms — BeJlmanHa nopAaka 1/r?; mpu Gomn-
max 7, TaKAM oﬁpasoM aMeeM
2n-|—1 s Anfa(r)~ —[e""‘ P, (Nt

Iockomery P,(1)=1, a P,(—1)=(—1)", mpasan wacts TOréd
COOTHOINEHNs paBHA

2" (kr)—1sin (kr—-——i— nar) .

OnpeneJmM remeps QYHKIWIO f, MOMHOCTHIO, HOTpe(oBaB, wrobK oBA
Goia pemleHmeM ypaBHeHnA (2.4), nMEIOMAM aCEMITOTHYCEKYI0 PopMy

fa () ~ ()~ siti (k7 — 5 =) @7

B Takom cayuae 4, pasHo (2rn+1)i™ n, cnenosg‘i‘enwo, pAan
o .
etz = Y\ (2rn+1)i" P, (cos 8) fn (r) (2.8)
n=0 . . .
npeficTaBiser coGoit mCKOMoe pasioskeHme. IIpHmBefeM TakKe COOTHO-

meHHs, cBAswBamue GyHxmuu f, ¢ ¢yEkmmama Beceemsa:

sin kr
()=—%"

fo(r)=
fn(r)=(’21;“,‘. "’

Pacemorpum Temepr BonHOBoe ypaBHeHme (2.2) AJA DAEKTPOHA,
Haxofameroca B moxe aToma. Hax m mpexpe, ofimee pemenwe ypas-
Henma (2.2), oﬁnap;alomee OCeBOl CHMMETpHel, MMEeeT BHA

Jn+% (kr). (2.9)

2 Ap P (cose)L (r), (2.10)
n=0 ’ [ .
rae An—IIPOHBBOJIBHBIe IOCTOSHHEIE, a Ln—pémelme ypaBHéHnﬂ" ’

1 d dL n(n+1) - : !
R TRS, CY
, ge
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¥paesenne (2.11) nonpesxaeMy HMeeT [Ba He3aBHCHMEIX pelleHmsA '),
OlHO' W3. HAX KOHEeYHO B Hadaje KOOPAMHAT, ApPYyroe — GECKOHETHO.
Mu smbepeM moctosmabie A, TakmM o6pasoM, groCe yurnmda (2.10)
XapaKkTepu30Bajia MAjAlMYyo H pPacCedHHYIO BOJHEL, T. €. YTOGH OHa
pMesa acuMnTormdeckyio ¢opmy (2.1). Hama sonmHoBas QyHKOEA
DOJLKHA OCTABaTheAd KOHEYHOH BO BCEX TOUKAX NIPOCTPAHCTBA; MHEI
MOJKHE MO5TOMYy BHOpaTh To ®3 peutenmii L, ypasmemus (2.11),
KOTOpOe mMeeT KOoHeunoe 3HAUeHHe B Hauajie KoopamHat. L, (r) om-
pefielleH0 TeM CAMEIM ¢ TOYHOCTHIO /[0 IPOH3BOJIBHOTO IIOCTOSHHOTO
xospdunmenta.
Ecnm Mu momommnm

Lo () =r"1G(n),
T0 ypasmenue (2.11) mpumer Bup
a2
e+ [ —U =" e =0 (2.12)

IIpa Gonsmax r mocimepEme AxBa 9ieHa 3TOr0 ypaBHEHAS CTpe-
MATCA K HYJI0; MO)KHO HOSTOMY OKEgaTh, 4ro aiofoe pemenme G
HMeeY ACEMOTOTHYECKHH BHJ

G ~ Asin (kr-¢), (2.13)
rne A B =— HOKOTOpHE IIOCTOSTHHEIE.
Jaa Toro uroGH BHACHATE TaK JH 3TO, IOJIOMEM
G =u (r)etr,
HoacrasmB sT0 3madenme G B ypasuerue (2.12), momyumm

d? . du 1
R /e P (2.14)

IMockonbKky npm GoNBIIAX 7 BeJIMYNHA U MOYTH MOCTOSHHA, MOMKHO
IPENIOIOMKUTE, ITO

dr2 <<k

IlpeneGperas; B ¢BA3E ¢ JTEM IIEPBHM WJICHOM ypaBHemm (2 14)
B HATETPHPYH, . HOXyIaeM

2k Ing =\ S [0 +201D] ar.

‘
i

Hpz Gonrmmx r mpaBad WacTb 5TOr0 PABEHCTBA CTPEMATCS K MOCTOAH-
HOMYy Opefielly TOABKO B TOM ciydae, ecim npu 7 —> co U (r) cTpemnres

. 1)} Mu npegnonaraes, uro ecim U (r) obnafiaer B Hagalie KOOPAMHAT NOJIO-
‘oM, TO ero mOpanok He Bmme r-1; (Cu. § 3.) .
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K uyao Osictpee, Hesxesu 1/r. [ua momeit, yOmBaromux: e pacero-
auneM GEICTpee, Hekellm KyJOHOBO moje, pyHKOEA G, aefcTBATENBHO,
nMeeT acEMNTOTHIeCKyIo dopmy (2.13). Cnyqaﬁ xynoaosa noas
oyner paccmorpeH B ru. Il

YacrHoe pemenme ypapHemma (2.11), KomedHoe B HadYame KoOoOp-
puHAT, GyfeT EMeTh aCHEMIOTOTHYeCKYIO (opmy

Cr—tsin (ltr --% ne + Mp ) )

rpe C —mpomsBonbHAA WOCTOAHHAS, a 7, — HEKOTOpas mOCTOAHAAA 1),
sapacAman oT £ =m or U(r); B obmem cuyduae 7, momer OuTh Haii-
fIeHO TONBKO IyTeM WYHCJICHHOTO WHTerpmpoBaHma (cM. § 3). Haa
OTHICKAHUA IPOH3BOJbHOM MocrosaHOM C MH ompepmesmm L, (r) xar
TaKOe YacTHoe pemleHne ypaBHenma (2.11), Ro'ropoe AMeeT aCHMITO-
THYECKYI0 dopMy
(kr)~1sin (ltr --%— nx -+ *qn> . » (2 15)
Haiimem Temeps mocrosmasie 4, B pasmoxenmm (2.10). Ecan Mm
puareM #3 (2.10) Bupamennme (2, 8) xapaKTepusylomee Najaomyo
IIOCKYI0 BOJIHY, TO HOJIYYEM BHpa’KeHHE JIA pacCesHHOH BOJHEL.
KospdunmerT A, nomwnn GuTe BHOpaHH TaxkmM o06pasoM, dToGH
mocienHee NeHCTBATEIHHO XapaKTepH30BAJIO PACCEAHHYIO BOJHY, T. €.
TaK, 4To0H acHMOTOTHYECKoe pasJioMkeHHe HE CONEPHHaJI0 dYIEeHOB
taga r—1e-%#7". Ilpm Gonpmmx n MH HOMKHH TOSTOMY BMeTH ML
JIO0HIX T

Ay L, (r)— 2+ 1)inf, (r) ~ Cpr—1 eibr,

rae C,—Heroropas wmocrosHHasd. llofcTaBnAsa acEMOTOTHYECKHE
3HaYeHUA L,l B f,, MOJYy4aeM B JIeBOM YaCcTH pPaBeHETBA  BepaeBHe

ik , S
szr [A einn — (2n4 1) 7] — g [Ane™ " —(2n + 1)im],

rme
kp=kr—+n
4 2
Bubapaa 4, rak, aro6u BTOpOI/I WIeH HTOr0 BHEIpPAasKeHHS oﬁpamanca
B HyJIb, HAXOXEM

An=(2n 1) in .

Bonmosaa ¢ynrnma, xapaxrepmsylomas Nafaomylo X PacCeAHHYI

1) Yjren —--;—m: noGapien Aua Toro, urobu mpu U (r)=0 7, oSpamanocs
B HYIE,
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’

BOJIHEI, MMOOT, TaKkuM 0GPa3oM, BHN

9= E‘, (2 + 1) ineinn L, (r) P, (cos 6). (2.16)

n=0

Acmmmrormeckas $opma QynrnEm, ommcHBamel# pacCeAHHYIO BOMHY,
AMeeT BEE :

r—leikff (a)’
ruae

1(6) =42—ii7€ > (Zﬁ + 1) [e2inn — 1] P, (cos 0). (2.17)

n=0

310 BHpaXKeHEe OILpefieliaeT aMIUIATYAY pacceaHuOH Boamkl. Cremyer
oTMeTuth, 4T0 QymEEmEa f(0) KommnexcEa; WHTEHCHBHOCTBH pacces-
awst [ (0) onpegendercs KBafpaTOM ee MOAYyd, T. e. cymMon A® -+ B2,
rje

(1
'A= o 2, (2n + 1) [cos 29, —11P,,

= % (2n + 1) sin 27, P,.

B .o6mem caygae stm pamut cxomarca (cM. § 2). Toabko B omHOM
cilydae — Ui paccesHAA KYJIOHOBEIM moieM — pAx (2.17) momxer 6uTh
HPOCYMMHEDOBAH C IIOMOMBIO, U3BeCTHHX QYHKNWA (moxpobHee cMm.
s ru. 1II). Mm maxommMm IIpum 3TOM, 9TO HHTEHCHBHOCTH pacCedHHAA
AMeeT TO e SHauedme, 4TO W B KnaccHueckoil Teopme. OnHaxo paas
JpYTHEX HCCIENOBAHHHX CHIOBHIX HOJed pesyiabTaTEH OKa3hBalTCA
HEHEIMH.

Tlonmoe. cegenwe () A yOPYyroro CTONKHOBEHHS aTOMA C BIEKTPO-
HAMA JAHHEOH CKOPOCTH OHpefiefdercA Kak obmee 4HCIIO HIOKTPOHOB,
yOpPYro pacCeAHHHIX aTOMOM 3a eAWHENY BpeMEHE §3 Iia){alomiero
Oy4Ka, WHTEHCHBHOCTH KOTOPOTO paBHA efWHEME (T. €. TAKOTO MydKa,
B KOTOPOM 33 ONWHWIY BPOMEHH dYepes.©[WHHIY ILJOmajg: HoHeped-
HOTO COYCHHA NPOXOAHT ORWH 3JexTpoH). IlpaKkTEdeckm H3MepaeTcd
OOHYHO 9HCJO 3JIEeKTPOHOB, PacCeAHAKX HA YIrOJ, HPEBHINAIOHIEI
HEKOTOPHI MaNbli yroJi 0Oy; HOCKOJBKY, OMHAKO, JJIA ATOMHBEIX NOJIel
Pyurmma f(0) npm 0 =0, KoHeuHay () BechMa He9yBCTBATENBHO K M3Me-
Heunam 0, n 0, MOKHO IOITOMY HOMOKMTH PABHHEIM Hy 110 (cM: 1. X, § 2).
"+ Q ompegentaercA, TakuM oGpasoM, dopmyuoi BHia

Q=2x |7(6)sin0ds.
b
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Sro paert

Q=%Z (2n + 1) sin? 7. (2.18)

n=0

Hanaraemmit Merop BmepsHe Ghln mcmonssoBaH Pameew [2]. K zamaue
©0 paceessHAH DIEKTPOHOB aroMamm oH Omn npumenern MDaxcemoM
n XonenmapxoM [3]. .

§ 2. Coornomenme Mexpxy ¢asaMa 7, B MOMEHTOM KOJHIECTBA
ABIJKEHHA PAaCCeAHHOH vacTambl

®a3H 1, BXofAmEe B Bupaxenne (2.17) s aMIIuTyNH paccesH o
BOIHEI, ompefienamiorca cienyiomuM obpasom. O6osmaunm wepes G, (r)
9acTHOE pellenpe ypaBHEHNA

G+ [kz—U (r)_”_";j—”] G=0 (2.19)

(wTprExu o3Haualor 3geck AEddepenmmposanme mo r). Hpm Gompmmx
3HaYeHWsIX r BeamumHa G GyneT EMeTh acAMOTOTHYECKYIO (opMy:

G«,sin(ltr——;— mc—i—nn).

3JT0 BEHIpa)KEHHE W oIpefelder 7p,.

Ecan npm Gonemux r Bemmumua U (r) sxcHOHEHHMANBHO YGHBaer
0 HyJiA, TO MOKHO OLEHATH BeANYWHY 7, IPE HOCTATOYHO GOIB-
mOM 7 B TeM CaMEIM 9MCIO WIEHOB, KOTOpOoe HeoGXOAUMO YIATHBATE
opr BetumcsieEmx papa (2.17), ompenenawmero ¢yuxmmio f (6). Amamno-
IUYHHM cOoco00M MoeT OEITH HpoBepeHA TaKMke M CXORAMOCTH
3TOrO pAja.

OGosnagam

Fory=k—U()—20FD (2.20)

Ecnm U (r) me oGnagaer momiocoM Gollee BHICOKOTO IOPSIKA Hee-
az r-1, vo ¢yHknma F (r) IpE MaNBX r OTPHIATENbHA, a HpH GOJIb-
IIEX 7 TMOJIOKATeJIbHA; OHA ofpamaerca, TaxEM o6pasoM, B HYTb
N0 KpaidHeH Mepe B OfHOd Touxe. J[l7A HpPOCTOTH HpeNUONOKMM,
9r0 K (r) uMeeT TOJNBKO OJIMH, KOpeHB; 0GO3HAYHM €ro uepes r,.

Pemenme ypapuenma (2.19) nmpm mammx r Gymer Bect: cefs,
Kak Arfti, rme A— HexoTOpad MOCTOAHHASA, KOTOpYI0 MH Gyaem
cudTaTh ToJoKuTedbHON. Taxkmm obpasoM, mpE wmanmx r Har G,
Taxk B G’ monoskprensubl; w3 ypapHenma (2.19) cmemyer, 9ro G” upm
JTOM Tarke moJyokmTensno. llpm Bospacrammm r ¢yEKmua G He
MO3keT yOmIBaTH 70 TexX mop, moKa G’ He H3MeHAT CBOEro 3HaKa;
IocyIegHEe MOMKeT, OfHAaKO, HMeTh MecTO JHIIb IPH B3HAYCHHA 7,
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npesHmalomem Tepeslid xopews ¢gymrmm G”. Ilockoasky G Bospa-
cTaeT W, CIEeX0BATENBHO, IOJIOKETEJBHO BIIOTH JI0 IIEPBOTO KODHA
¢yuxmmn G”, u3 ypasmeHma (2.19) caepyer, 9ro 5TOT KOpeHB COOT-
BercTByer TO4YKe r,. DyHkmDEA G BospactaeT (PKCHOHEHOMAJIBHO)
BILUIOTH KO TOYKH 7= r,. AHAJIOTWYHEIA Pe3yAbTAT EMeeT MecTO B CIy-
yae OTPMOATENLHOro 3Ha4YeHHA A.

Ipr r>r, ¢yurnua G Hocur KozneGaTelbHEI XapaKTep, Kak 5TO
mokxasamo Ha ¢ur. 2.

Haiimem rTemeph EaccHd9ecKOe B3HAUeEHe HAWMEHBINEro paccrod-
HAA MEKNY SIeKTpPOHOM ¢ dHeprumeir £ m aToMoM HpHE yciioBum, YTO

Ftr)

>
~

G(r)

¢

Qur, 2.

MOMEHT KOJAYecTBA JBIJKeHUA BHJIEKTPOHA OTHOCHTENHHO Afpa aToMa
pasen I, Bemuamra I mpepcrasnser coGoil mpoussefeHue HAYAALHOTO
BHAYEHMA WMIYJbca DIEKTPOHA HA {mapaMeTp CTOJKHOBEHEA» pl).
Ecam » — cKOpOCTh BIEKTPOHA B TOYKe ero HamGOJbIIero cOMmKeHNs
C ATOMOM, TO

1 2

s mv*+V (r)=E,
a CcOrjlacHO MPUHOAOY COXPAHEHAA MOMEHTA KOJN9ecTBA JBHMKEHHSA
H NOCKOJIBKY pajWajibHAfA CKOPOCTH 9JEKTPOHA B TOUKe HamGOMbIIero

cOamKeHnNaA paBHA HYIIO,
mor=1I.

Vckaouas v, moilyuaeM ypaBHeHme [JIs OLpefelleHES 7:

E—V(r)— 5o =0. (2.21)

1) «IlapaMeTpOM CTONKHOBEHHA» HABHIBAGTCA DACCTOMHMWE MEMKAY HPAMOH,
BJIOJIb KOTOPOil ACTANA NBHTajach NePBOHAYANHHO, M NEHTPOM PACCEHBAIOMIETO
oA,
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Ecan ME IOJOMHM

3 + D)2
[=2ret b7 (2.22)

10 ypasmemme (2.21) cBeieTCA K yPaBHEHHIO
F(r)y=0

rpe F (r) onpenensercs Beipamennem (2.20). Kopens r, pyurnum F (r)
npefcTasyger coGoi, Taxam o6pasoM, TO paccTOsSHEE, Ha KOTOpOe
4aCTHNa ¢ MOMEHTOM KojyimdecTBa ABmkennd (2.22) mpn6nmsmiack Gur.
K aTOMY COTJIacHO KIACCHYECKOH TeopHH.

Mu yme smpmenm, uto npw r £ r, BenwamHa |G, (r)| odems Mama.
JoxkaskeM Tenepb, 4TO €CJIM N CTOJNb BEJIHKO, YTO YACTALA C MOMEH-
TOM HKOJHMYecTBa JBMKenHA [, oIpefenseMsM BHpaskeHmeM (2.22),
He MOKeT IPOHNKHYThH BHYTPh aTOMa (COIVIACHO KJIACCHYECKOH Teo-
pEm), TO cooTBercTBylomasa (asa 7, odeHb Malla. MH JOIDKHE! HOKAa-
3aTh, 4T0 ecam V (r,) oueHb ManO IPH 3HAYCHHAX 7, OPEBHIMAIOMHX
HEKOTOPYI ONpPEefeJIeHHYI BeIMSHHY, TO M, OPHE STHX 3HAYCHHAX N
tarke odeHh Mano. Ormernm, uro ecam V (r,) ouens mamo, ToO rp
npnbimKeHHO MOKeT OGHITH OIpeieneHo, KaKk KOPeHb BHpPasKeHEA

pr_nntt)

r2

Hycrs g, (r) ecTs peilleHne ypaBHeHHA

dr,-;-{kz "("“’}g 0, (2.23)

KOHEUHOE B Havaje KOOPAMHAT, NpPMYeM IPOM3BOJBHEI HOCTOAHHHIE
rKoodunment BHOpaH TakmMm obpasoM, wro npm Gorbmpx r

gn~sin <kr ———;— mt) .

@®yuxnaa g, B dToM caydae mMeeT BEA [cM. ypaBHeHme (2.9))

(ﬂkr) I ( kr).

W3 mpusepenHEX BHINE cooﬁpamenﬂﬁ cuenyer, 9To npu 7 < r, PyHK-
nEg g, HO Mepe yMeHbHIeHEA r yOEBaeT srcmoHeHnuanbHo. Ilo csoeit
Popme oma cxopna ¢ Pynrnueir G, xon Kotopoil m3o6paskeH Ha Qur. 2

Pemnm Tenmepp BosnHOBOe ypaBuenme (2.19) ¢ momompslo MeTofa
Teopmm BosMmymeHmiA. llomoxmm

angn_i‘@

u Gygem cumrarh, uro mpomssemenmeMm OU moxuo npenebpedn. Ilon-
craBuB G, B ypaBHesme (2.19), momywsm ypaBHeHue JiIa ompefe-
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Sienna ©:
T {p—2Cle=U0e ). (2:24)
lycrs
D =gn (r)C(r).
Ilopcrasus sro 3mauende © B ypasEeRme (2.24), momyamm
U8+ 2'gn=U(r) ga(r).

YuuoKasa 3T0 ypaBHeHHe Ha g(r) M HHTETpupys, mMeeM

S U(r)lg(r)dr.

Hockonsry mpn r=0 $ysxmua [’ pomkmEa OGHTL KORe4ROH, a g(r)
npA MauHx r OyXeT BecTu ceGd, kak r°t!, HIKHEN npefmem 9TOrO
JMHATErpajla HOIKeH paBREATHCA Hymo. Mu BuamM, TakmM oGpasoM,
910

—df =[g(r)1? S U(r)lg(r)izdr.
o
Ilpn Gomemux r mMeeM

dt . L NC U0 o (12
5~ cosec®( kr — 5 nm )\ U(r)[g (r))*dr, (2.25)
d ( 2 ) § _

‘TaK KaK HETerpal, CTOSNMIA B IPaBOH JacTH PABEHCTBA, CxomuTes.
OGoznaumm wepes A, maTerpasn

S U(r)lgn(r))2dr.
0

Mu mpennontoykumM, YTO OPH PaccMaTpABAGMHX 3HAYEHWAX N QyHK-
nug U (r) mama upm r > rp; MH 3HaeM TakKxke, YTO gn Maj0 IpH
. < rp. Yncnennoe spavenme MHTerpana Ap, HOWKHO OHTH HOSTOMY

“MAJIEIM.
Hponm‘erpnponaB BEIpakenme (2.25), momyumm

{~ [ctg(kr—7 n-r:)-I—a] —Z’i,

rne a —mocrosERas. Orcioma ciepyer, 4TO

Gp ~ sin (Itr — nv:) [cos (kr —— mr)+a sin (kr _1 n,m)]in
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IlpereGperas wWieHaMA BTOPOr0 IOPAAKA OTHOCHTEIBHOG T, HMEeM
Gn ~ const - sin (lcr - % nw - *q,.) , (2.26)

e

OrcioJa OKOHYATEJILHO

w= =g R VO, o (227)

JTO COOTHOWMIEHHEe CHPaBeJJMBO, ©CHU ero mpaBas JacTh Majla; OHO
CBHJIETEJILCTBYET O TOM, YIO NPH pPAacCMAaTPEBAeMHEX YCJIOBHAX T,
Mado. B

Hocromeky ¢opmyna (2.27) cnpaBepiqmsa upm 6ojbmumx 3HAYe-
HEAX 7, €0 MOYKHO BOCHONE3OBATHCH [IA HCCIEAOBARMS CXOAHMOCTE
pana (2 17), ompepensmomero aMmIMTyAy pacceSHHOH BOJHH. Bror
PAT CXOFHMTCA, €CHIH CXOAUTCA BEIPAKEHHO

Z ‘“’Zupu (cos8) (2n +-1).

Ecmm 1, K mir mi06six n, 1o dopmynoi (2.27) MOKHO mOIBE30-
BATECA OPH BCeX 3HAYCHHAX 7. AMINHMTYNA pacCedHHOH BOJHEL B 3TOM
Ciiydae paBHA

/(Q)=%§} (2n-+ 1) 1P (cos6). (2.28)

n=0

Bunonags cyMMmpoBaEHe, MH HOXYYAM xopomo u3BeCTRYI0 $OpMyTy
Bopma (cm. ra. VII, § 2).

§ 3. Pacceanme nOTeHOUANHHOH AMOH

B srom maparpade MEH DPORIIIOCTPEPYeM TEOPHIO HA BaKHOM
IpaMepe pacCesHHS 4YAaCTHNH HOoTeHmmanbuodl samoi. Ilorermman
9ACTHHH B PacceHBAIOmMeM LONe MEl OIpeNesImM CIeRyomuM o6pasoM:

Viry=—D (r<a),
V(r)=0. (r > a),

rme D — ReroTOpas MOMOKMUTONLHAA IOCTOARHAS. DTOT HPOCTOH CIIy-
¥l BecEMa CXONeH ¢ OOMuM Ciry4aeM paccesHus IOJieM OpHTAREHHAS
B TOM cmmiciie, 4To Hpm GOJIBIIAX 3HAYEHAAX 7 NOTEHOHAJ YOHBaeT
3lech TaKIKe 6BICTpee, nerwena =%, MEI MoyeM mosTOMY HCCIEROBATE
9TOT ciywail B kadeCTBe HpEMepa. [VIA WTIOCTPANME H37I0MKEHHOX
BHIIe TeopHH.
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1. IlpenennHOE 3HAYERHE CeYeHHUA IPHE MAXMX cKopocrax. Ilpen-
[OJIOMHAM CIOepBa, 4To [JMHA BOJNHH ). 3HAYATENHEC IpeBHINAeT a,
TaKk 9TO BceMH ()asaMHE 7,, 33 HCK/IIOYeEHEM NePBOH m3 HEX 7,
moskuo mpeReOpeus. (OTmeTnM, 4TO 1A WACTHIE, MOMEHT KoJmde-
cTBa JBWKEHHA KOTOPOH paBeH OMHOMY KBaHTY, PacCTOSHAe HamOOIb-
mero CcOMWKEHAS paBHO A/2m, eclA 5Ta YacTHOA He IPOHAKAET
B NOTeRMUANBREYIO aMy.) [aa onpefenenns 7, cleAyeT HaTH aCHMITO-
THYeCKYI0 (JOpMy pemeHHA ypaBHEHHA

d’G 8 . A

ofpamaiomyiocs B HyJIs B Havage KOopAuHAT (Tak Kak QyEKnmA r-'G
Jo/mKHA OHTH KOHEWHOH). JTO pelleHme HMeeT BHJ

Asink’r (r <a),
sin (kr + 1) (r>a),
rid
8n2mFE
ht

8n®mD

k= — -

2=k K2, k%=

Tocroannsie A m 7, HO/KER OHTH BHOGPAHE TakmM 0GpasoM, YTo6m

dG
G m " ocraBamuch HeNPEPHBEEIMH HpH I e=d, T. €. TaK, 9robmn ymo-

BJIETBOPAJIACH yPaBHEHAS 3
Asink'a =sin (ka 4-7,),
AK’ cos k'a =k cos (ka4 7).
OTR ypaBREHAA JAIOT :

1 =arctg (G tg ¥'a) —ka. (2.29)

Ha ¢ur. 3 BommoBasa QyHkmma G IOKasaHa CIVIOINHOM JIMHMeI;
TyEKTHpHAA KpHBag Xapakrepumsyer Xxof (yHkumm

G =sinkr.

@aza 7, ompenensieTcit paccrogrnmeM AB mam A’B’, yMHOMKEHHEIM
Ha k. Us Qur. 3 cmemyer, uTo B caydae WONA NPHTAKEOHHA 7,
HOJIOMKATEBHO; OJHAKO, KaK OyAeT HOKasaHO HMKe, B CJIy4ae Iojs
CHJI OTTRJIKHUBAHAA 7y OTPHHATE/BHO.

Ilo Mepe yMeHBIIeHms CKOPOCTH WACTHI HO HYJNH, 7, B OOmeM
CIIyuae TAKKe CTPOMATCA K Hy/II0, KaK 3T0 ciexyeT n3 gopmyist (2.29).
MarencaBaocTh paccesigmsa, paBHaa 4w sin®71y/k%, cTpeMHTCS B 3ToM
Clly4ae K KOHETHOMY Ipefielly '

4ma? (tik’;_“ - 1)“ . (2.30)

0f
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Cymy

eCTBYIOT, ONHAKO, 0coOkte caydan. Ecim k.a = tg kea, TO BHpa-

sxerme (2.30) o6pamaerca B Hy/db; ¢ Apyroil CTOPOHE, ecim kya
ABIACTCH HEUETHHIM KPAaTHEIM = 7, $asa 1o y#e He CTPEMHTCA K HYTIO

Cevenue (6 eduruyax nal)
(¥,

2

/

P
.
.

a
/\/\ N
’ \
,L \\ /’ L]
/ AW' /8
\_‘r,

Qur. 3. a—nojie DPUTAKEHHA} 6e=I0JIc OTTAJ-

‘10

25

e e — e e e - = e -

XY

0

@ur. 4. IlpepennHoe 3HAYCHAE CEICHHS IPH MAJIBIX

CKOpOCTAX Kak QYHKOUA HANDAKEHHOCTH MOJA.

A—piia cepriecKax AM IIyGHEH D B pagmyca a; B—pas

* ¢epAIeCHAX OOTEHNEWAJLHEIX 0apeepoB BHCOTH D ¥ _pa-

opu % —(Q, m cedenwe cTpeMurcs K GeckoneunmocTm. Iccmenys mpe-
JleipHOe 3HadYenme SPPEKTHBHOrO CEUSHHA [l pacceaHHd IOTeH-
IUAILHOM AMOH TpE MaTHX cropocTAX Kak Qymxmud Xy, T. e. Kak
QyHKIMI0 KBaApaTHOTO KOPHA ¥3 YACJACHHOrO 3HAYEHAA IVIyGHHEI

AIME, MK HOAyYaeM KpHBYIG, m3o0pakennyn Ha §ur. 4.
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Taro# XapaKTep W3MeHOHHA NPeNeJbHOr0 BHAYCHHA CEUYCHHA UpA
MaJIHX CKOPOCTAX MOKeT OHTH CONOCTaBJIeH ¢ pacupefelleRueM BEYTpR
AME BO3MO)KHHX 3HEPreTHYeCKHX YPOBHEH ¢ MOMEHTOM KOJIMYecTBa
IBIKERMA, paBHEIM Hymo. [lia TOoro 4To6H MO CYmecTBOBATh HEKO-
TOpHIi PHepreTHYecKHMA YPOBeEh ¢ 3Heprmeil —FE;, NOIKHH HMeTh
MeCTO ypaBHeHHA

Asink’a =e—*@,

AE" cos k'a = — xe—*2,
rue
=8B (e = g — e,
Orcroma cmenyer
gka _ _1 (2.31)

klla - x

KopHE % 3TOro ypaBHeEmA ONpeNeNIAI0OT BOBMOMKHEE SHEpPreTHYECKHe
yposaz. TaxaM o6pasoM, ycIOBHe CyHmIeCTBOBAHHA SHEPreTHYECKOrO
ypoBua E;=0 3armodaercs B TOM, 4rabH Kk, O6HIO -HeUeTHEM

1 . _ .
KpaTHBIM —z-ﬂ', T. €. COBOajgaeT ¢ yYCJAOBHEeM CYINeCTBOBAHHA Upefelia

Hust 3QPeKTEBHOrO CEeUeHAA NPH HEOrPAHWYORHO MAJHX CHKOPOCTAX.
IlocmenopaTe/nbEEIe DPa3pHBH  HONPOPHBHOCTH B 6eCKOHEYHOCTH
Ha ¢ur. 4 (xpmBag A) COOTBETCTBYIOT BO3pACTAIOMEMy YHCAY BO3-
MOKHHIX DHOPTeTHMYeCKAX ypoBHeHl, NOABIAIMAXCA B JNONOJHOEME
K YpOBEIO ¢ HynleBoit 3smeprmeit. Taxmm o6pasom, mpm ke =w/2
EMeeTcs TOJNBKO ORNHH dHepreTmdeckmd ypoBewb E;=0, Torma Kax
upn k= 3x/2 mMel0TCA yike JABa SHEPreTHISCKAX YPOBHA, BOPXHEM
M3 KOTOPHX ecTh ypoBeEs E, =0, m 1. ;.

AHanorm4HOe KBAa3HUEPHONMYECKOe M3MeHeHHe 9(peKTHBEOro cede-
HMA B HpeNeJBHOM clIy4ae MAJEX CKOPOCTeH HMeeT MEecTO TarKe
A A nodell npHTsxeRERsA. JPPeKTHBHOE cevyeRWe aToMa IiIsA OYeHL
ME[JIeHHKX 9JIeKTPOHOB MOKET OKA3aThCA IOITOMY KaK MHOTO MeEHB-
me, TAK u MHOro GoJjiellle pa3MepoB TOH oGmacrt#, B Roropoi V (r)
cpaBEAMO ¢ SHeprmeil smexTpona. CooTBercTByIOmMe mpEMepH OymyT
paccmorpeEH Hamm B rit. X, § 3 m 4. Jpyroii mpaKTHYeCKN BayKHBLA
ciaydail — paccessHEe HOHTPOHOB NPOTORAMH — GyneT mecaeloBaH HO-
mpo6ro B ra. XIII, § 1.

2. 3aBUCHMOCTH 7, ¥ HaPNUEaJdHHOTO CeYeHNss HyNEBOrO0 NMOPAXKA.
or ckopocrn. Mu mmeeM

lim vy = lim [arctg (% tg I;’a) — kla] .

k-0 k=0
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SroT Hpenes OIpefieNieH ¢ TOYHOCTBIO A0 WIeHA, KparHoro w. Taxma
obpasoM, - , '
s T
limng=sn (s=0, 1, 2,...), koa & =3
k-0

~

limmy =1+ (25+1)% (s=0, 1, 2, ...), k=1 .
I 24

Vno6HEO ycTpaHaTh 3Ty MHOro3HAYHOCTB, YCJ/IOBHBIIACH, 9TO 7.

[OJKHO CTPEMATHCA K HY/W, IO M6pPe TOr0 KaK CKOPOCTh, & CIefo-

pareibHO, W & cTpemArca K GeCKOHEYHOCTH. .
Cormacro (2.27), npm 6oasmax 3nadeRdAx X

1 Ka
710"")‘2 —k_’

Mo CTPEMHATCA, TawaMm o0pa3oM, K HYJI0 OPH OYeHb GOJNIBHIEX CHOPO-:
crax. Ecim MH [omycTEM, 9TO 7, MEHSAOTCA HENpepHBHBIM 06pasoM
mo Mepe yMeRbmeRma k, 1o mpm k—>0 Bemmumma 7, Oymer
CTPEMHTECA K OIIKAiNIeMy 49uHCIy, KpaTHOMY w, JIEKAIneMy HIDKe
koa, T. €. K IPOM3BENERMIO YHC]IAa * HA YHACJIO TAKAX 9SHepreTmde-
CKAX YpOBHOH B NOTEHNEAJBLHOH AMe, KOTOPHIM OTBeYaeT MOMEHT
KOJIAYeCTBAa JBWIKORWs, paBEu#E Rymo. Mckaiodenms m3 artoro
OpaBAAAa HMEIOT MecTO TOJBKO TOoTAa, Korga kga sBAsercsa Kpat-
HHM #=/2; B 3TOM CXOy4ae ¥, crpeMaTcs K Kja. Qur. 5,4 #mno-
CTPHpYeT 3aBHCHMOCTB 7y OT % n/A TpeX THNMYHHIX CJIY4aeB, KOrHa.
YHC/IO PHEPTETHYECKEX YPOBHEH PaBHO HYJI0, OXHOMY K JBYM.

Hepexopss K BOHpOCY O 3aBACHMOCTH HapNUaJbHOrO CEYCHHS.
Hynesoro mopamka Qo= 4msin?7ny/k® oT cKRopocTH, MH BAJAM, YTO
B TOM CJIy4ae, KOTHA IpeNeJbHOe 3HAYeHHe ¥, IPH MAJHX CKOPOCTAX
paBHO sw, rae s Oosblle ABYX, cedenme (J, MOMKHO oOpamarTheaA:
B HyJb IPE TeX 3Ha4YeHMAX Kk, ;iA KOTOPHX 7= (s—1)x, (s—2)=,
B T. 0. (DH3AYeCKEA CMEICJI TOr0 pPe3y/bTaTa B3aKIIYaeTCA B TOM,
UTO IpH TAKUX 3HAYCHHAX Kk MOTeRNUANHHAS AMA OKA3HBaeTCA KOCTA~
TouHO riay0oKoH a/ma TOro, 4roGH B Hell MOIVIA IOMECTATBCA OfHA
HIIE HOCKOJIEKO MNONOJNEHNTeJLHHX NeJHX JAnHE BomH. Boasosas®
KapTARA BHe AMEl OCTaeTCsi IPH STOM HEM3MEHHOH, HOABJICHHe B siMe-
OXHOH HMAW HECKOJBKAX HOBHX KODOTKAX BOJXH He oOHapyk@BaercH.
Ha GeCKOHEYHOM pAacCTOAHHA OT SMEIL. ,

Ecan Q, upoxonur dYepes Hyab IpH HEKOTOPOM KOHEUHOM 3Hage-
Hun k, 771 KOTOpOro CedeHHMs mepBoro u (ojiee BHICOKOIC UOPHAKA.
BCe eme OYeHh MaJHl, TO IOJHoe cedenme Q Gyner o6napars pearAM
MUHEMYyMOM NpH 3TOM YaCTHOM 3HAa4eHEH CKOpocTH. Takad BO3MOK-
HOCTh CymecTBYeT B 00meM CIydYae paccefHds NOJAMH IPATHKERNSA,
OHA sBjsiercH OTBeTcTBeHHOH 3a addexr Pamsayepa—Tayncerna, =Ha--
Grmonaemeit IpA  pAacCeAHAN 3JIGKTPOHQB HEKOTOPHMH aTOMAaMH.
(em. ra. X). Tummumsie Kpusle saBECAMOCTE Q) OT €KOPOCTH IpHBE--
JeEH #a ¢ur. 6, a. c
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Tlpr HEKOTOPHX ONpefe/eRHHX YCAOBHAX MOryT OHTH IOJIYYeHH!
yRoGusle npmbamxennile QopMymH 1A  BHEYACICHHA Qo [4].

a lMomewyuan npumamenus 6. llomenyuan ommankusanus

koo =(57,5)% Koa=(575)"%
60F 7, u

Pasoseid yeon {8 paduaHax)

'771
s
i
arsr . kea=125 | Koa =125
asr To [ “Ta
025! n s
0 i J
10 20 30 0 20 30
ka ka

@ur. 5. 3asacuMocTs Pas 1, M5, Ya OT CKOPOCTH IPH Pa3THIHEIX
SHAYEHAAX HAUPAKEHHOCTH IIOJIA.

2.
2
a—1a7a cepnaecKnx AM MNIyOomne D= k‘g’n ¥ paggyca a;
roh2
6—na1 chepAYSCKAX NOTEKNHAILHEX 62PLEPOB BHCOTH D=7ﬁ' H pajpyca a.

PaccmorprM ciryuail rry6oroit m y3kol morernmamsEOMN sMu. Ilpemmo-
JOKHM, 9TO JJIA STOH sAMEI: a) CymecTByeT YpPOBeHb C DHEPrHeH

cBasm x2h?/2m, 6) xa £ 1. Iockonery kea > %, 1A Ttoro 4robm-
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B fAIME MOT CYHEeCTBOBAThH 3HEPreTHYECKHH YpPOBeHb, NO/KHO YO~
BIIETBOPATECA HepaBeHCTBO K, » x. Orciona ciepyer, g9ro smeprua
¢BASH_MAJjIa 10 CPAaBHEHHIO C INIyOMHOH AMEI.

Ceuenue (8 efunuyax na?)

19

(3,3

()

tn

[w]

a. flomenyuan npumswenus

6. llomenyuan ommankusanus

Koa=(575)%
6ok

»

a0t

2

koa=(575)%

@ur. 6. 3aBrcEMOCTh NApOAATLHHX Qy, Q;, Q: m mommoro Q ce-
9eHHH OT CKOpPOCTH IpPH PASTHIHHX 3HAYEHHAX HANDPAKEHHOCTH

6—nJiA cdeprIecKNX DOTeHINAALHELX 6APLEPOB BRICOTH D=

ooJsd,

A—RJIA chePRYecHuX AM ryoussl D=

ca a.

kah?
2m

B pajgEyca a;

koh?
Tom B PR

Hajigem Temeps mpmGimienHoe 3Hayenne Q, IpA TAKAX CKOPOCTAX,
R wortopux Ka & 1. C »roif menmsio pasmosKOM BEIpajKeHme

sin? 7 =sin? [arctg (ki' tg k’a) —Fka ]

B pax mo cremenam (A% + x%)/(k2 — %), BOCHONE3OBABIIACH JIJIL BTOrO

COOTHOIMIEeHNEeM

(kg —a)'l2

4 gm Mo1T B I'. Meccn

tg [(K—xt) /2] _

1

1. (2.323

x
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B pesynsrare momyumm

4=
Qo= = Fix 7— (1 +%a + Yaern BHcmero popsnka).  (2.33)
VYpasrenme (2.32) mMeer KOopeHb %, YROBIETBOPAIOMMIL ycIOBHIO «6»,
ecnE koa HeckoNbko mnpesnmaer /2. Ecam e, Hamporms, k@
HECKOJIBKO MeHbHIe %/2, TO MoKeT . GHTHL oIlpeflelleHa HEKOTOpas
peaauana A & k,, yIOBIeTBOpAIOmMAas ypaBHEHHIO

tg [(R3+29)%] 1
B =T (2.34)

Ceuernme Q, Ipm 5TOM MOKeT GHITH HpepcTaBieHO B (opme
4 5
Q(,:W““ (1—ra + YneHH BHCINEro HOpPARKA). (2.35)

B sroM cayuae He CymeCTBYCT PeaibHOro yPOBHA SHEPIHH, & HMEOTCH
JAIEL BAPTYAJBHEI ).

IIpr yxasaBEHBIX YCIOBHAX HCC/IEJOBAHHE 34BHCHMOCTH 3(QeKTHB-
HOTO COYeHHS OT CKOPOCTH JaeT HelIOCPE/ICTBEHHKIe CBefleRAs O peajb-
HOi HMJW BHPTYajspHOM SHeprmm ypoBHA, OnmKaimero K BYJO.
(IIpm ka € 1 mMomHO mpeneGpeus BceMH NAPHUANBHEIMA CeYeRHAMA,
3a mcrmogenmeM cedenmsa (,.) HeoGxopwmo, oAEarko, HaNOMEHTE,
qTO0 HeT HAKAKOIO CMEICIA IOBODHTH O TOM, ABIAETCA JH SHOPreTH-
9eCKUil ypOBeHb PeAaNBHEIM HJIM BAPTYaNbHHEM, He BOCHOJIL30BABMIACH
OpA 3TOM KaxkEM-IA00 JpyraM THOOM M3MEpeHHi.

BoaMmokmOCTE npAMeReRHMs cooTHomeRmA (2.33) m  (2.35) me
" MOIDKHA 3aBUCETh OT BHAA (QYHKIAHM, XapaKTeph3youed ToTeRnAa
OOJIsl, OpU YCJIOBHH, 4TO INOCIEeRHee COCPeROTOYER0 B JOCTATOYHO
Maoli 06aacTH IPOCTPAHCTBA. ITH COOTHOMEHAS GYRYT MCIOIB30BA-
nut Hamn B ra. XIII, § 1, mpm paccMorpemmm Bompoca 0 B3amMOpeEii-
CTBHEA MEKIy HEATPOHOM M HpPOTOHOM.

3. ®asm ¥ DapoualdbHble cedeHMA Bhicmero mopagka. Jlas
OpeneNleHAA N, MH IO/DKHH HAliTH aCAMITOTHYECKO® peIleRHe
ypaBHeRH#H

d3G ’ +1
dr2+[k2 "‘" )]G 0 (r<a),

a*G + 1
TP nee=0 (>,
o6pamaromeecs B Hyah B Hauaje KOOPAWHAT. .

1) Ona Bup’rzansuoro YpOBHs, IPH KOTOPOM A¢ MajI0, A DPAMEDRO PaBHO
TOMY BHAYEHHIO k, JJIA KoToporo v,=mw/4 [5].
Apyroe onpepeneHne OO nano Pyanrenom [6]; B ciryuae ceprdeckon

IOTeHOUANBLHOR AMH TpA Aa & ? OHO coriacyercs ¢ opmynoi (2.34).
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Takoe pemenne MMeeT BHJ

Ay (KT (r<a),
n+—2—

(,1_1': kr)"“ [eosnad , (kr)+ (—1)sinnaJ , (k7)] r>a).
2 n+ 35 i —n-—2—— .
310 clenyer m3 TOoro obcrosTeliberna, uro [1]
2\ . 1
Jn+% (kr) ~ <Fk_r> sin (kr — 7711:) ,

I k)~ (=) eos (kr — gnm).
2

! " aG
Bocmons3oBaBmACE YCJIOBAAMA HepepHBHOCTA (yRkmmiA G m >

HpE[ r=a, HaXoguM
A
tg = (—1)"1 Ef ,
rje

An=kJ

 (Ka)J' . | (ka)—KT. | (k)] |, (k'a),
"y Y Sy

n+?
Bo=ki | (Ka)J' | (ka)—k'T | (ka)J , (K'a). (2.36)
n-l—z- —n——y . —n—g- n+—2—
'I/anom,syﬂ cooTHOmeHAs [1]
' - _ 1
x.\fn+_;_(x)_‘xJn_%(x) <n+ 2>Jn+é_(x),
' 1
xJ_n__;_ (z)= — (n + 7) J_n_%(x) — xJ_n+_;: (z),
MO}KHO 3aUMCATh 3T0 BHPAKeHWe B HECKOJLKO mHOH (opme:
Cn
tga=(~1p %,
rme »
Co=kJ | (Ka)J | (ka)—KJ | (ka)J , (Fa),
n+t n——i- n+—§- n—-—z— 2 37)
Da=kJ . (Ka)d , (ka)+KT  (ka)d ,(Ka) &
n+—‘2" —n+-§- —n——i- n——:—a- .

s mccmemoBaHEA BOIpPOCA O BABHCHMOCTH 7p OT CKOPOCTH
YacTAmH  MH  BOCHOAE3yeMcs NpHOIMKEHHKME COOTHOMIGHHIMH,

FA
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cHpaBejINBHME.IIPA MAJHX 3HATEHAAX z[1}:
_22\Y2 (2x)" n!
J L(x)_<7> @Gnr i’

I @)= (2’?”2——4—(2”“’—"_1“”"( (L4 )

—n—t
Ilpr Mamnx ka 510 naer

nl(n—1)!
b8 n = gt i ni (B + D fn—11 %

[1 G D] e

J 4 (&a)
n+—2—

rje

f"=k'a.f | (K'a) ”

2

Orciona caepyer, uro mpm J , (k,a) 0
L
2

I(n—1)1
Jim = g Ty (2 4 1) fa (0) — 1] (22}t s
‘ =0,1,2,...),
rne
J oy (ko)
S 2.38
fn(O)—'m. (2.38)
"y
Ecmm

J | (kya)=0,
R

T0
. - nl(n—1)! "
}Lxgnn=—@l'l—)—%—)——l(2ha)2"—i+sn (5=0,1,2,...). (2.30)

OTOT peaynbTaT N0 HEKOTOPOH CTelleHE CXOJeH ¢ pe3yJILTaTOM

'MONy4YeHHEM HaMA BHIIE [T dasu 7, Caygai J (k a) =
o 2

Jaomuit Gonee 'MeUIEHBYI0 3aBHCAMOCTL OT CKODOCTH, OTBedaeT cy-‘
flleCTBOBAHMAIO YPOBHA ¢ HYJIeBOil bHeprmeil W MOMEHTOM HKOJMIECTBA'
ABmkennusa, paBHEM [ (n + 1)]Yth. Ecnm mm yenosmmed, 4ro ups
60NBIMAX CKOPOCTAX 7n AOJKHO CTPEMUTBCA K HYJIIO, TO - GHCIO S
B gopmynax (2.38) = (2.39), xax m B ciysae Pasw 71, Gymer ompe-
NeIATHCHA KAK UHCIO DHEPTeTHUECKNX YPOBHEd € MOMEHTOM KOJH-
‘leCTBa ABWikennda, paBukM [n (n + 1)]Y2h. Oro umcmo muKorma He:

3
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e

MOKET BO3DACTATH 110 Mepe BO3PAacTaHHA 7, TAR KAK yBejnddeHme
MOMEHTa KQJIMMeCTBA NBIKeHHA COMPOBOKIAeTCA yBellnieHneM NeHTpo-
GesKEOM CHIIBI, 4TO HPHBOJUT K OCHA0IeHHI0 CBA3H.

Ecnm ke maio, To vncieHHOe 3HAYeHHe M, GHICTpo yOHBaeT LpH
yBeJM9eHAR N. Pan TAnmvyenX KpHBHX 3aBHCAMOCTH (Pasn OT CKO-
pocT: HpmBefieH Ha ur. o, a. '

IlepeiineM Temeps K BOHPOCY O BO3MOKHEIX 3HAYRHHAX NApPHEAIE-
gHx cevenmit (J,, PaBHBIX -

__4x(2n 4 1) sin® 1,
Qﬂ - k2 .

Uz (2.38) m (2.39) cnemyer, uro ecmm n >0, To @ HEKOrHa He
cTpeMarca ¥ Gecwomewmoctm mpu k—> 0. HeficTBuTenbHO, HPE 1 > 1
(n BCETa [OJDKHO CTPEMHTBCA K Hyslo, 10 Kpaiimeil Mepe KaK
kin—4 g obmuano xak £%*. Tonwko B TOM wacTHOM Ciydae, Korja
n=1u Jy,(kya) =0, cesenme Q, cTpeMHTCA K HEKOTOPOMY KOHEY-
HoMy smavenmid) mpr k— (0. B sToM caydae, BOCIOIMB30BaBIIHCH
COOTHOIIEHIEM

1
Jijp () = (-2%) fa sinz,
HaxoInM

lim @, = 12ra?.
k>0

Hockonpky 5TO uMeeT mecTo TOrfa, Korja K,e ABiAEeTCA KPATHHM %
(oraimammiM oT Hyas), T. e. Torfa, Korma lim(Q, mcuesaer, LOTCIOnA
B0

cirenyer, 4UTO MmpefellbHOE 3HAYeHHMe IOJNHOI'O CedeHHd ODH MalblX
CHOPOCTAX HMKOIZa He MO;KeT TOYHO OﬁpaTI/lTLCH B HYIIb.

Tannusne wpussie 3aBACAMOCTH 9(PPEKTHBHOrO CeUeHAS OT CHO-

pocrn upmBefenn #a ¢ar. 6, a.

§ 4. Pacceggne noTeEnMEANBLHEM (aphepoM

PaccmoTpum Tenmeps TOT ciydail, KoOrga HOTEHHHAN PaCcCcenBaiO-

mero moja sagan B opme

V(ry=D (r <a),
V(r)y=0 (r > a).

Ero mosmo paccmarpmpars Kaw wacTHmil cilydali moilA oTTalKmBa-

HusA, KoTopoe Hpm GONBMEX 3HAYeHHAX r YOHBAaeT ¢ pAcCCTOAHAEM

scTpee, 9eM r~2. Cnyuait HenpoEmnaemoit cgepm, Aaa Koropoi D
CrpeMarca K GecKoHedHOCTHM, OyneT wucCieRoBaH HAMA OTAeNBHO B
Cremyromem maparpade.
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3anmestBast k'2= ki~ k2, rne A} =8x*mD/h® mMeeM
7, = arctg (7:‘7 th k’a) —ka (k < k),
- My = arctg (7:‘— tg k'a) —ka (k> k). -

Xop, BonHOBOH PyHKIEE manmiocTpEpyerca ¢mr. 3, 6. dua cpas-
HeHEA NpuBepeH Taoxke rpadmk gymrnmm G=sin kr. @aza 7, oTpu-
naresipHa, ee 9HUCIeHHOe 3HAa4YeHAe pDaBHO IMPOM3BENleHAI0 IJIMHE
orpeska AB ma k.

B DpenenbHOM cilyuae MAlIKX CKOPOCTeH 7, CTPEMHTCS K HYJIO
HesapucEMO oF 3nagenma D). SpderTnBHOe cedemme CTPEMETCA HOpPH
9TOM K KOHEYHOMY Ipejemy

th &, 2
dra? (T - 1) , | (2.41)

(2.40)

KOTOpHIH Bcerga MeHnDIe, 9eM 4ra®, T. e. Bcerga MeHbDIe, 4eM Ta
BeJIm9AHA, K KOTOPOH OHO CTpeMuTcs Hpm odenb Gonbmux D. 3ror
pe3yibTaT CYmMecTBeHHO OTImdaercd OT pe3ylbTara, IOIYYCHHOTO
HAMH B pAacCMOTPeHHOM BEINE Cllydae IOTeHIMAJBHOU AMEL. Mul
HOKAa3allM, YT0 B CiyYae NOTEHIUANBHOA AMH aHOMAJBHOC H3MEHEHHE
s¢PeKTHBHOr0 CedeHHA CBA3AHO C CYMIECTBOBANHEM DHEPreTHIECKAX
YpoBHERA BHYTpH fAMH. B moile 0TTRIKMBaHEA TAKHEX DHEPreTHUYCCKAX
ypoBHeil OniTh He MoskeT, B ddQeKTHBHOe cedeHHe He oOHapY;KHBaeT
B COOTBOTCTBHA C 3THM aHOMAajbHHX H3MeHeHuil. SaRACHMMOCTEH mpe-
JeTbHOTO CeYeHHS IMpPH MAJEIX CKOpPOcTAX 0T Ky@ mpvBeleHa
Ha Jpur. 4. . :
AnanmsEpys BompoC O COOTHONIEHHH MEMKAY 4GHCIOM SHEPreTH-
YeCKNX YPOBHeil m 4HCIOM, KpaTHMM =, K KOTODOMY 3HadYeHme
, basH cTpemmrcAa MO Mepe TOTO, KAK CKOpPOCTh yGHBaeT mo myud, -
MBIl [OIDKHEL OKE[AaTh, UTO Mg HONA OTTAIKEBAHEA, B KOTOPOM
He CymecTBYyeT 3HepreTH4eCKEX ypoBHei, (asa 0, Bcerja NOIDKHA.
CTPEeMATHCA K HYJNI0 Kak Opm OoNbBEX, Tak @ HOpA MAaidbX CKOpO-
crax. Taxoe mpegmonoskenme, KaK 3TO ciefyeT B3 ¢ur. 5, 6 Hei-
CTBUTEJILHO olpaBubiBaercA. G [Apyro# CTOPOHH, 7, MOKET HPOXOIUTH .
depe3 3HaYeHHA ST, CHe S— OTPMIATENbHOE IeJI0e YHCI0, TakKe
M IOpE DPOMEKYyTOUHBIX 3HAYeHEAX CKopocTH. B Takumx " Tourax:
DapnuajbHOe CeYeHme HYJIeBOro HopaAnkKa o0pamaercd B HyIh—
HoTeHN@ANbHNI Gaprep Ha OonbmIEX paccTOAHMAX He OKAa3EBaeT
3aMeTHOr0 BAMAHMA HA BOJHH, KOTODHIM OTBeYaeT MOMEHT KOJHYe-
CTBa JBU)KeBHA, PAaBHHEI{ HYNIO, TaK KaK OH KaK Pa3 JIUKBHOIEDYeT
melioe YMCIO $ BOJIH, KOTOpPHE B €r0 OTCYTCTBHE CYIIeCTBOBaid GH
B Opefieniax paccroAmas ¢. Taxad COTyammsa MOMKET HMeTh.MecTo
TONBKO B TOM CJydae, eCiIH aCHMITOTHIeCKOe 3Ha4Yenne NIWHEL BOJHH -
MeHbINE @; IpA STEX YCIOBHAX HENb3A, OXHAKO, IpeHebpeds mapnaalb-
HHMHE cedeHmAMHE Bhcmero mopspxa. IlosToMy He citelyer oRERATh, |
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<TO B Ciydae HOJIA OTTAIKHBAHMA I1OJIHOEe Cedenme rie-nmGo Gymer
06IaiaTh PEe3KAM MENEMYMOM, eClIE PAacCMATPABATh ero Kak QYRR
' -CKOPOCTH. OTOT PesyJbTaT CYMECTBOHHO OTIMYAETCA OT PesyibTara,
NOTY9eREOr0o HaMH A NoTenNmaibnoid ave. Ilpm maymamm moren-
unajbpEO¥ AMH B 00IacTH, pasMephl KOTOPOHl MeHBINe JIMHH BOJHH,
MOT'YT HOSBHTHCA NOHOIHATEILHHE BOJHEI, TAK 9T0 MOTYT LO3AATHCH
*yCII0BHA, HPHE KOTOPHIX BCE MapIUajbHHE CEYeHMS BRICOIX HOPALKOB
Majisl UpPE TOM 3HAYeHAH CKOPOCTH, IMPH KOTOPOM IapnualbHOe Cede-
Hue HyJlleBoro HOpAAKa o0pamaercd B Hydb. -
Masa 7, upy k < k, ompenenserca ypapHeHHeM

Cn
tgn=(— 1)"13_,!

rae
Co=Hl , (K)J , (ke)=KT  (ka)I , (Ka),
2 n '—' n+—2— n—? (2 42)
Do=H (k)] (k)+kJ__, (ka)] , (ka), '
ty 7 Y "y

al (z)—-(pyhnunﬂ Beccena, onpenensemas cooTHOIMeEmeM
+ ' ~

T 1
I (@)=i ~3) , (iz).
n+ -

n+7

Mpu & >k, dysrmu0 7 J(ls'a) clleflyeT 3aMeHNTh  (yHKnueH
nj;?

J ().

n:l:i-

Mer mmeeMm, TakmM o0pasom,

: l(n—=1)!
lim 7, = o gy [@n 1) fa (0)— 4] (2ha)n+,

rjie
Iy (kea)
nt-o

_ 2
In (O)_koal g (koa) *
Ty
Dynarnua I ‘ (k,a) obGpamaercAa B Hyms ToOAbKO Ipu K, —-0

IJTOT pesyanTaT Haxonurca B COOTBETCTBHE ¢ TeM OﬁcTOHTeJILCTBOM
UT0 B paccMaTpHBAeMOM cilydae dHepreTHYeCKHX YpPOBHeid He cyme-
€TBYCT HH IpH KakMX 3HAYCHAAX MOMEHTA KOJIHYeCTBA JBWHeHHA.
Daza m,, monoGEO $ase v,, cTpeMETCA K HydI0 Kak &npE k—>0,
TaKk m npa k—> co.

Tnomunsie kpmeste BaBucEMocTH (asbl B dddexTmBROTO CcedenmA
OT CKOPOCTH HpWBefeHH Ha ¢ur. 5,6 um 6, 6.
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§ 5. Pacceanue mempommiaemoii cdepoit

dror ciaydail sABIAeTCA HUpefeNbHEM clydaeM HpelbiEyniero
npr D—>co. Bonmosaga ¢ymxnma G powxHa obpamarbed B HyJb
Ha moBepxHOCTH cdepr, Tax uro mpum n=0 umeem
i

G =sink (r —a).
9T0 paer mMy= — ka — pesybTAT, KOTOPHil MoMeT OHTL DOJIydeH H3
(2.40) mopu &' — oo.
Hna ¢as ssicmiero mopsapKa mOJIy9aeM BHIpajHense
J y (ka)

n
_ 2
t:g‘f]n::(—]_)n i————J 1 ) . (243)

»

IIpenentHoe 3madeEme cedeHmA IpPE MAajdHX CKOPOCTAX pPaBHO
B 9TOM cirydae 4ma%, 4910 B 4 pasa mpeBHIDaeT ero KIACCHIECKOE
sHadende. [lATepecHO OTMETHTH, YTO Aa)e IpHE HamGONBIIUX CKOPO-
CTAX CedeHHe CTPeMHTCA He K CBOeMy KIIACCHYeCKOMY 3HA9eHHIo, HO
K BejlZudHe, KOTOpafd IpeBHIIaeT ero BABoe. B osroM Mommo yGe-
IHTECA clemyommM o0pasoM.

Ecnn ka Beimwo 10 CPaBHEHHIO C 17, TO MOKHO 3aMEHHTH (PYHK-
oz Beccela mX acHMITOTHYECKEMHU 3Ha4YeHHAMH. JTO HACT

Nn = —ka— —;—nn. (2.44)

Cymma papnmambREIX cedeHnmd mpu n < ke MosReT Omirh, palee,
3aMeHeHa HHTerpajomM?l) :

ka .
4 . 1 1
= (2z+1)sm2(ka—— 5 om dz=2ﬂa2+O<E>. (2.45)
0

Ipm n > ka orHomenme GecceneBrix (yHRnmil B BEpakenmm (2.43)
ouenb OHCTpo yOHBaeT — kak (Aa/n)?, TaKk 4TO HapHEAJLHEIME Cede-
HEAME, JJIA KOTODHX n > ka, mokmo mpemeOpean. Taxmm oGpasom,
BMeeM .
lim Q = 2 x I'eomerpmueckoe ceuenme.
&k—co
ITOT HECKONBKO HapafoKCANIBHEIL Pe3yIbraT, HOJIyYeH bl BOepBLe
Mecen m Mopom [8], cBH3aH ¢ HEBO3MOJKHOCTHIO BIOJHE TOYHOIO
oupefeneHus YIVIOB OTKIOHeHHA, OOyCIOBReHWOH mABieHWeM nud-
¢parnum. Bcerga mMeeTCA HOKOTOPHM KOHYC KOHEYHOTO PacTBOpa
(mopapka w/ka), BepmimHA KOTOPOTO HAXONHTCH B paccMarpmBaeMOM

1) Bomree TogHOe pemeHEe 3ajaud®, Jaomee IIydmee [IO0 cpaBHeHHIO
¢ (2.43)] npuGnmmenne A 7,, NOKA3KBAET, 4YTO JelaeMasd omubGKa TOPAAKa

0 {(ka)™*/2} [7].
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TOYKE, & OCh COBIIAfaeT ¢ HalpaBieHMeM HajeHdA Ny4Ka, B Ipefe-
nmax KOTOPOrO paccesinme OTIMIHO OT KIACCHIECKOro. XorTd Yroi
pacTBopa 3TOr0 KOHYyCZ MOKET CTaTh CKOMb YrOAHO MaJEIM IpH
yBeJEIeHNH &, HHTOHCHBHOCTH IOTOKA, PACCAHHOrO BHYTPH KOHYCA,
ocTaeTcsl PaBHOU IO MeHbIIeHd Mepe HHTEHCHBHOCTH OOTOKa, pacipe-
gefleHHoro Gojiee WM MeHee DaBHOMEPHO B OCT&JIBLHOH YIJIOBOM
o6nacru. [lockonbky mocnenmsa npmOnIE;KaeTcd K CBOEMY KIIAcCH-

ArnmencusHacms paccesHus
Ha edunuyy menecHoso yena

Yeon paccesuus
@ur. 7. YriioBoe pacnpefelleHEe JJIA paccesHuA TBepAOR
cepoit B ciygae ka=20.

TIYHKTHPOM MOKABaHO KIIACCHYECHOE paclpelesieHne.,

9eCKOMY 3HAYEeHHIO, OTCIOfla CiejiyeT, 9TO IOJHAA HHTEHCHBHOCTEH
paccessHEsi B 2 pasa MpeBHmaeT KiaccWuecKoe sHaueHme. A
mmocTpanmy Ha Qur. 7 xox ¢ymxmam I (6) B dacTHOM ciydae
ka = 20 comocTaBiieH ¢ paBHOMEPHHIM KIIACCHIECKEM pacIpefeseHneM.

Jns Gonee monpoGHOro 03HAKOMIIEHHA C peHIeHmeM 3ajaddm O pac-
CefiHMM HeNpOHHTaeMoll cdepoil clefyer oOpaTHTbCA K OPHIHHAIb-
aeM cratsaM [7 —9]. Hexorophle mpmnoxeHmsa HONydYeHHHX pesyiib-
TaTOB K ra30KMHETHIECKNM 3aiadaM OynyT paccmorpens B ra. XII, § 3.

§ 6. Pacceanme moxem, oGpaTHO
NMpONOpPUNOHAAbHEM Ky0y paccToAHHA

Ipepnonoxmm, uro HA pAcCTOSHEHN 7 OT AApa UOTEHNZAILHAA
dmeprua pasBHa Y72, B TaKoM ciydae BOJIHOBOe ypaBHeHHE HMeeT BHJL

d*L | 2dL n(ni-1) 8 n2my
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Pemenna 3TOro ypaBHeHHs BHPaKalOTCA (OPMYIIoR
rot2J o (kr), (2.47)

V+—2—

rie v —OJAMH W3 KOpHeH ypaBHeHHs
v+ =n(n+1)+8,

v=—;~t— Lk (1 -+ 4n + 4n® + 48)73]. (2.48)

Hamia Bomnosasa ¢yurnua L (r) momkHa OLITh KOHEYHON B Hadalle
woopazuaar. Ilockonsky B Hagane woopgmuar 7~ Y2 J o (kr) Bemer
vi L
2 .
ceba, wax r¥, 570 3HAUAT, 4T0 v >0 Hmpu Bcex 3HAYCHHAX n.

Ecnm B momo:RprenbHo (HOJe CHI OTTAJIKHBAHAA), TO BTO YCIO-
BUE BHIIONHAETCA [JIA OJHOr0 M3 KOPHeH M He BEIIOJHSAETCA JIA
npyroro. McroMmoe woHeuHoe pemenme sABJsieTcd, TakuM o0pasoMm,
¢JIAACTBEHHEIM, KaK B B Clydae moiell, oGmagaiomux 0coGoH ToUROMI
Do7iee HU3KOro NOPANKA.

Ecnm § orpumarensno (mojle cmil NPHTAMKEHHA), TO HMEIOTCA NBE

BoamorkHOCTH. BEemm — - < B < 0, To mpu n =0 o6a pemenns AMeIOT

ocofpe TOYKA B Havyalie KOOPAPEHAT; OJHAKO OJHO H3 pellenni
oGmagaer oco6oif Touroil 0ojlee HM3KOTO OOPAAKA, HEKEIE Jpyroe
pemenme. Bocmonp3oBaBmmch 5THM pelleHmeM, MEL MO;KeM HONYYATh
$opmyity, OUpeNelIAIIYI0 HATEHCHBHOCTE paccesnnsa. Kemam, ¢ npyroi

croporH, B <——, To ofa pemenma BONM3M HaYaNa KOOPIAMHAT

OynyT BecTm ceba Kak r—'/2 etielnr, B proMm cirydae paccMarpuBaeMad
HAMA 3aja4a O pacceAHME He HMeeT pelieHmA. Y HaC HeT KpnTepma
A BeOOpa pemienma ypapemms (2.46); dasa 7, He MokeT OHITS,
‘rakEM 00paszoM, ompefelieHa. ’

BosBpamasch K CIy49ai0 DOoJAd CHJI OTTAJIKEBAHMA ¥ BOCIOIB30-"
BABHIACH aCHMITOTHYECKOH (popMoil dymrmum (2.47), momygaem

1
Nn = 7“(”:"”%

rje v — IOJIORATeNbHEY. Kopenb ypasmenms (2.48). Ilpm Gonemmx
3HaYeHAAX 7 9TO CBOJUTCA K '
: "
2%yt

Jlerro yGemmteest B ToM, wro Qopmyna (2.27) naer amalormImBIE
pesyibTart. \

Iocxkonsky B paccMaTpmBaeMoM ciiydae asoBhie CBATH He 3aBHCH
or ckopoctu, Pyurmua I (0), xapaxTepmsyomas yrioBoe paclpeje-
JieHme, MO/DKHA oGnajats ofmHOM H Toi ke (opmoil mpm IOOHIX
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CKOPOCTAX, B NPOTHBONOJOKEOCTb CIYIAAM, DACCMOTDEHHHIM HAME
B OpefHAymuX maparpaax. Baaromapsa Mepsennoi cxommmocTa (as
fn UpH GONBNIAX 3HAWEHMAX 7 PAAH NaPHUANLNHX CeveHUI me Cxo-
JSTCA B NOJIHOTO cedeHmA B OHTOM cilydae He CymiecTBYyeT. To o6ero-
ATeNBCTBO ABIAETCA CJIACTBHEM HeOrPaHAYeHHOTO -BO3pacPaHMsd
¢yurnun I (0) opr 6 — O (cm. . VII, § 1). '

§ 7. [lmcnepcmonnan ¢opmyna Rud cedeHHS PACCEAHHS

Mu mpmBezeM Temeph HeCKOIBKO HHYH (POpMydy RIf mapHumaib-
HOTO CedYeHHmA, XapaKTepH3yIomero paccedude YaCTHN ¢ JaHHEIM
MOMEHTOM KoOJMiecTBa JBMKeHHA. OJTa (QOpMyjla BechMa CXOJHA
¢ cooTBeTcTByIomel PopMy o, ONECHBAOMENH ONTHISCKYI0 ANCIePCHIO
B cpefle, coNepKalieil 3aTyxaompe OCHU/UIATOPH C pasiIHYHBME
ecTecTBeHHEIME 4acToramu. ClefyeT OTMETHETh, YTO OHA He MpefCTa-
BT UPAKTHYECKOrO0 HHTEepeca JJIA pelleHAA 3afad, OTHOCAIMHEXCA
K [BIJKEeHMIO OJHON YacTHIEI; TeM He MeHee 5Ta (opMysia MOIKeT
OOCHy:KHTh OasmcoMm A ofolmeHmAa Ha cjydail 3amad MHOTHX Tell,
TaK@X, HaOpEMep, Kaxk fAJgepHbe CTONKHOBEHWS, Il KOTOPHIX
JmcHepcronnEe bpPeKTH UrpaloT CymecTBeHAYH pons (cM. ra. VIII,
§ 8, m ra. XIII, § 2). IIpz m3noskenumm Mur GyneM ciegoBaTh METORY
Hanypa " Hanepnca [10].

Paccmorpam cmepBa ciygai 9aCTHN ¢ MOMEHTOM KOMJeCTBA
IBIHEBHA, PABHKM HYIO, NBIKYI[EXCA B HEKOTOPOM CHIOBOM IOJe,
KOTOPOe IOJIHOCTBIO COCPeloTOYeHo B oGiactm pajmyca a. BoimoBoe
YpaBHennzme EMeeT B 9TOM CIIy4ae BH

T 4 12— U (1)) Gy =0,
npmieMm U =0 npum » > a. Orciopa mpm r > a mmeeM
G0=]smkr+S itr_

llepBuiit wien 9TOro BEHIpa)KeHMA XapaKTepEayeT NAAAIMMYI0 BOIHY,
BTOpOM — pacceANHyI0 BoiHy. Ilapmmanbmoe cedeHme HYJIeBOTO
HOPANKA PaBHO HPH 3TOM

4|82
CMpE
Ycaosua menpepuiBrocTE Gy B dGy/dr npE r=a paoT
Je—ita — (‘-’%)a-—ikco (a), (2.49)
S = cos ka G, (a)—% sinka (%%")a . (2.50)

Ammanryna / mapamomeift BoAWEL  paBEAsack O HYJIO Iipd
YCIOBAH

—ikG=0 (r=a). - (2.51)
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Hro ychoBEe He MOMET MMeTh MecTa JJif Bcell obracTm 3HATEHHI 7;
MEL MOKeM, ONHAKO, BHOpaTh ypasuemme (2.91) BMmecTe ¢ ycmoBmem
G=0 npu r=0 B KauecTBe FPAHMYHHX YCJIOBHi, CIpaBeJiIABHX HA
rpaEmnax KoHeuymorbv muTepsasa 0<r<a, Aus oupefelleHms pAAa
coGersenmErx Qysrmmit (, B coOCTBeHHRIX 3HadYeHm &, ypaBHeHHs

d;f’;‘+ (ks —U)G.=0 (2.52)

BHYTPHE 9TOT0 HATepBaila. Benmamma k; B ofmewm cilyuae KoMueic-
HaAd © aABnAerca HexoTopoil ¢ymrmueil k. Qymrnum @, BsammHO
OpPTOTOHAIBHK, TAK 9TO

G Bdr=0 (k).
(1]

It $yurnmm MOryT OHTH HOPMHEPOBAREH K efHHALE:
! a
S l@s 12 dr =1.
b
Paznomum teneps PyEKOEIO G,), ABIAWILYIOCA peUICHHEM pac-
cMaTpmBaeMoil HAMHE 3ajad# O pacceAHEmH, B PAR!) mo QyaKmuAM
&$s m %, B mETepBane 0 <7 < a. Pazymeerca, pynxnaa Gy He yHoBile-
TBOpSeT TeM ke I'PAHHYHEIM YcIOBHAM, 9T0 m QyHKnua @,; oxzaxo

mobaa dysxnEa Bmaa (G, — %) MOMKHA YyJOBIETBOPATL STHM YCJO-
BHSIM, €ClIH

£(0) =0, (2.53)
. [dy . i
(E% a—zkx=le ke, (2.54)

a Qynxnua y aBnasercA cobersenmmoll yBrmmeil B obnactm 0<r < a.
Paznaraa G, B pag no Qynrnmam (&, mmeem
Gy= 2 a;&s + %, (255)

rue

2]

Je—ika
W, e G @b

(2.56)

a

by = S & v dr, NB=A§ &2 dr.
0

0

1) Bu6op wacrHOro pama ¢yErmmit G, maA STOTO pasIAOKEHHASA MOKeT
IIOKABaThCA BechMa NPOUSBOJIBHEIM; JJIf DPemeHHA 3anaud MHOTHX Tel 9TOT
MeTO[ IpencTapusieT, OMHaKo, Gompmrof mHTepec (cMm. ra. VIII, § 8).
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TloncTaBias 5To sHavenme G0 B BEpakesme (2. 50) 1 HECHOAB3YH
ypasrenme (2.49), momxydaem

AT '.
S:‘-I{E m—rsmkae‘”‘a}ﬁ—
s s

+ ek (a) — 3 3r-emh @, (a). (2:57)

Jdra Qopmyna cupaBeanmBa JNA BCeX (QYHKNMA ¥, YNOBIETBOPS-
romex ypasHennaM (2.53) m (2.54). Mu Morxem mpm sToM BmOpatsh ¥,
TaxkgM o6Gpa3zoM, 4roOH o6a NoOCIefHDX 4iieHa BhlpaskeHHA (2.57)
OBIIM CKONB YTOJNHO MalbIMM, NOJIOKHB, HAIpEMep,

x = Cre—*a-7)

M BEOuUpas MuokuTenb C Tar, 9To0H YAOBIIETBOPANACH IPaHNYHBIC
yciaoBEA mpE r =a, B TpeOysd, maliee, 9ro0H a CTPeMmJIOCH K Gecko-
seanocTr. Coxpaudd B cBAsm ¢ 3THM B (2.57) TONBKO UYieHH, 3aKIII0-
4eHHBle B (JUTypHEE CROOKE, MHI MOJy4aeM MIA HapnmajbHOrO ceve-
HHAS HYJNEBOTO HOpAnKa (opMymLy BmAa
2,—2ika 2
S |2 T wge . N
4:r:I——l|2=k—2 > = 1 — 2e~iaginka|. (2.58)

s N, (Bo—E—7 il‘s)

3necy

S_h:__mk2 :Es—' %irs, E ( khe \1/2 @3 (a) = Ws. (2_59)

8n2m 4n2m

Bocunonssopasmuchk mufdepeEnualbHEIM ypaBHeRueM 1asd (&, mMmeem,

najee,
GG — 6]

il \}@s} dr= s d’_

81t2m

I'pannanoe ycuosme (2.51) nder
=, (2.60)

Taxk Kak s oOpamaerca B myms mpm »=0.

Cymma, Bxonmsmas B BHpamenme (2.57), ABiAeTcA XaparTepHOH
7Sl TEOPMH JECIEPCEM B CPeNe, CONep:KAmed pAJ  OCHUIIATOPOB
¢ 9HepreTmdecKmMu YpoBHAME K, ecrecTBemmoit mmpmaH I',. Bropoi
9NeH 9TOr0 BHIPaKENHEA XapaKTepnayeT bKpaBupYIOHiee BIHSAHME pac-
CemBAIOMIEr0 IO M M3BECTEH B AMIEPHOH TeopHH KaK (NOTeHIMAJib-
Hoey pacceanme. On coBUafaeT cO 3HaYeHMeM aMINIATYNH BOJIHH,
KoTopasa Owina OH paccedEa HenpoHmmaemoll cdepoil pajmyca a.

Wsnoskennstit Merox Mosker OmiTe 06GofmieH HA Te CiIydYam, KOTAAQ
MOMEHT KORHMECTBa ABWIKeHHS OTIMYeH OT HYJIf M KOTHA B JOLOJIINe-
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. 4
HAe K LOJI0, COCPEJOTOYEHHOMY B 0GJACTH @, MMeeTcs mojle, NOTeH-
nHajl KOTOPOro HocremesHo yOHBaer, oOpamagsck B GeCKOHETIHOCTH
B HyJIs OwicTpee, wem r—2 1), Qyuknus G,, ONECHBA0MAs pacceAHme,
YHOOBIIETBOPSIET B 3TOM cllydae yDPaBHOHHAM

+[e-2CH () -W ()] 6=0 (r<a), (261)

re

tf:,Gzn'i" [kz—"(%@— W(r)] Gn=0 (r>a). (2.62)

Qysrnun &, npr 0 <7< a AOMLKHE Teneph yHOBIETBOPATH ypaBHE-
Hmio (2.61). Rax m mpeskpe, omm ofpamarprcs B Hyms mpd r =0,
HO mpu 7 =a yciosue (2.51) ciefyer 3aMeHUTH yCIOBHEM

d®,
=1 (2:63)
rge
1 dG}, '

Qyuxnua G, sABIsgercd pemieHmeM ypaBHeHusA (2.62), mMeomuM
acuMmuTotTHIecKyo QGopmy

. 1 .
i|kr—5n=n .
Gi~e (sr—gn=) | (2.65)
C lIOMOl]J,‘BIO TeéX Ke IpueMoB, 9TO M BHINE, DoJiydaeM AJiaA map-
OUaJBHOTO CeYeHHA n-I'o NOpAdKa BHEIpa:KeHHe BHAA

- i w282i'nn . 2 .
=t 4 2¢msinTg| . (2.66)

A (E,,._E——z— iI‘s>

3mavenus E;, I's u N, opu sToM ompenensaorcs Bupa:esuamu (2.59)
7 (2.56). 1, mpepcraBisier coGoit ()asoBOe CMemmeHHe BOJHE -0
mopsnka, o0ycHoBleHHOe WoJeM V, mpmueM

8—’;;’—”V=W .(r>a),

8=2m
-—hz— V—> o0 (7' = (l). (2.67)
Bropoit uien BrpasReHHA XapaKTepH3yeT AMIVIMTYAY BOJNHE, pac-
CegHHOH 9THM TOJEM.
Benmauna w, casana ¢ dynxmuert (8§ (a) Teneps yxe e dopmy-
noit (2.59), HO coornomenmeMm Gonee obmero BHAA:

(5o~ ] @@ =w.. @)

1) O6o6menne Ha cayvail Kysomoea HonA mano B i, HI, § 5.
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IIpu TaxoM ompefelleBHM W, KaK H IpeKHe,

Fo=|ws|.
Ecam W (r)=0, To

f—f*=4i {mr[]z 1(ka)+]i+1(ka)]}—1.
2

Ecam, manee, Ica MaJjo, TO
2n+1 on[ n! 7%
j—f*= 2k (2) [=5] -
dro pmaer

Te= e (2kay*™ [, (a) [ [(2,,),]” . (2.69)-

Crenyer oTMeTHTH, YTO B DacCMOTpeHHOM HaMH o0meM ciydae:
BHI00p BeJIWYMHEL @ ABIAETCS B 3HAYMTENBHOH CTENEHH INPOM3BOJIE- -
ueiM. B moGom edygae MH HOMKHHE, pasymeeTcs, IOJNYIHTH OfHH
A TOT Xe OKOHYATeIBHHII pe3yisTaT; OTHOCHTEIBHAA POJh 9IEHOB,
XapaKTepH3yIMuX JUCIHePCHI0 W IOTEHNUANBHOE PacCesHHMe, MOMeT
HpA 3TOM, OJHAKO, MEHATHCS B 3HAYATENBLHEIX mpefeilax. Tem =mHe
MeHee NpHM pelleHMM IPaKTHIeCKHX 3ajad BOIpPoC O BeIGope BeiH- -
uiHH @ B OOJNBINNHCTBe CIydYaeB penlaeTcs BIOJAHE OJBO3BATHEIM

obpasom (cm. ri. VIII, § §). '
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TFaaséa 11

PACCEAHNE NNYYKA YACTHI KYJIOHOBBIM ITOJIEM

§ 1. BBenenne

Ecim myuor saps:eHHHX wHacTHI, o6namalomux 3apapamu Z'e,’
B KOTOPOM 3a €JHHHIY BpEeMeHH dYepe3 efMHMNY NJIomajgd momeped-
HOTO CeYeHHd IPOXOHNUT OJHA YacTHOa, PacCemBaeTCA OTHENhHBIM
appoM, obmapaiomum OecKOHewHO OGolbmIoN. Maccoil W 3apsmoM Ze,
T0, coriacHo Mexaumumxe Hrloroma, umcio wacrun [ (8) do, paccesn-
BHX 3a e[UHAIYy BpeMeHH Ha yroi O BEyrpum TelecHoro yraa do,
OIIPefeNIsIeTCsA BRIpaKeHAeM

1) = zz

2 o 0 .
) cosec? 5 , FG.1)

rfie m W »—Macca H CKOPOCTh NajalomuX dYacTHO. DoepBrie ¢op-
myaa (3.1) Onra moxygena Pesepopiom; ee poxasarelbcTBO LPH-
BOZMTCA B padNuuHHX yueOHuKax [1], # Msl He OyHmem 3mech Ha HeM
ocTaHABIHBaTECA. IJra (opMyJsla HAXONUTCA B COTINACHH C DHCIEPH-
MeHTAJLHHME NAHHEIMH O DacCeAHHH G-YacTUN TMHHEJIBIMI AIpaMH.

B proii raBe ME mOKa)KeM, 9TO TOYHO TaKylo e (OpMyldy naer
7 BOIHOBasg MeXaHmKa. PaccMOTpEM BOOPOC O paccesHHE TOTOKA
3apAmeHHHX YacTHD (9IeKTPOHOB HJM G-9aCTHN) THKEIHIM SITPOM,
opudeM IPefIoONOKHM, YTO CHIa B3aEMOAEHCTBHA MEKNY dacTHIeH
u anpoM o6paTHO HpoHOpHHOHANBHA KBaJpaTy pAaCCTOSHUA MEKIY.
gaamu. B raxom cayvae:

v Ze?
(r)= - IJiA BIIOKTPOHOB

V= ﬁ HJIA o-9acTim,

rie Z — aToMHEIl HOMep DPacCeEBalmero sjpa.
3anumem B o6meM Bune

Viry=

rae Z'e— 3apan paccenBameiicsa 9acTansl, HprdeM Z’ IHOJIOKATENHHO
HIU OTPHNATENLHO B 3aBUCHMOCTH OT TOTO, 3apSIKEHA JIH Ta YacTHNa
OOJIOKUTEIBHO HJH  OTPHIATEABHO. Boauosoe ypaBHeHNE HMEeT -
B TaKOM cJIydae BUJ

776

(3.2)

.

2q)+8nm<E__7Ze>q) 0. (3.3) .
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IToxaskeM, 4ro pemeEHe 3TOTO0 ypaBHEHHS MOKeT OHTH MONYYEHO
B cjefyIomell acHMITOTHIECKOH (opme:

o~ I+ 8f(8), (3.4)

rne I xapakTrepusyer nanalomylo BojHy, S — paccegHHYI0 BOJHY M
]

110 =5 v,)cosecZ-z—. (3.5)

B ra. II Guuro oTmewero, 9ro HpUBejeHHEIR HaMH MeTO[ BEITHCIIe-
HAS aMOJATYABl PaccedHHOH BOJHH NPHTONeH JAML B TOM ciydae,
KOrja IpM Bo3pacTaHmH r Ko GeckoHewsoctu V (r) cTpeMmTca K HYJIO
OsicTpee, HexedE r~l. 910 cBgsaHO € TeM OOCTOATENLCTBOM, 9YTO
orpaaneHHQe pemenne L, (r) ypasoenua

r= 4 ( [snam (E _zz'ea> _n(nr:. 1)]L=O (3.6)

JIMeeT acCHMOTOTHYECKYI0 (opmy ')

(kr)sin (kr—-g-n-:c-{— 'qn—aankr>, rnea:gn—zlg, ' 3.7)

omitmdaomyoca or ¢yuxnum (2.15) BammumeM morapadMmgecKOro
aneHa. 'oppon [2] moxrasai, omHako, YTO B COOTBETCTBHM C ypaBHe-
HreM (2.16) BommoBas (yHKOEA, oNECHBalomAas paccesHme, HMeeT
BHX ‘ ‘

b (r, 8) = D) (2n + 1) imeinLy (r) Pp (cos8). (3.8)
n=0 ’ ’

On mokasan Taxe, 9T0 5Ta QyBKOASA MO:KeT OHITH IpejicTaBiena
B clemynomeM Bupe?):

e~2maT (1 4 ia) eikreosd B, [ — da; 1; ikr (1 — co8 9)], (3.9)
J EMeeT acAMOTOTHYECKYIO (opmy a

1+ 57(8),
rue 5
I = exp[thz + ialn k(r —2)), (3.10)
8§ =r-texp (ikr — ialnkr), , (3.11)

|f(8)| ompemensercs Bripamermem (3.5), a ¢asa f(0) — ypasse-
Huem (3.16).

Qyeromz  (3.10) = (3.11), xapakrepusylomme COOTBETCTBEHHO:
Tafjanmyo H pPacCesHHYI0 BOJNHE, OTBEYAIT KYJIOHOBY HOJNI0. ITH
¢yurnur Moryr GHTH uonyqemﬂ cienyomuaM o0pasoM.

1) 910 noxasmBaerca B § 4, rne onpenenﬂe'rcﬂ sHAvYeHHEe ip.
?) Oyuruma F; onpenenena B § 3 N

5) H. Morr u I'. Mecch
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Ecnu Mu Gynem paccmartpusaTh Bce KiaccHdecKme rumepGornmae-
ckme opOuTH ¢ onHOM ofmeil acuMITOTOH, BaHpPaBIGHHOHM C¢HOpaBa
HaJIeBO TAPANNeNbHO OCH Z, TO MH [OJIKHE OMKHAaTh, 9T0 (POHT
magaomeil BOAHH OKa)KeTcd HOPMAJBHRIM KO BCEeM 3TEM I'muepboilaM.
Ha 6onsmux paccrosnmax OT ARpA IOBEPXHOCTH, MepOeHBAWKY/APHAA
K 9oraM runepbosiam, Oyner ompemenAThcA He ypaBHeHHeM z = const,
HO, KaK 3To Gmjo mokasaHo [opmonom [2], ypaBueHmem

z+z£ e In & (r — z) =const.

Hanaroman Bonna pame Ha GecKOHETZHO GONBIIOM PACCTOAHMM MCKA-
JHeHa SAOAPOM, ¢ KOTOPHIM OHAa CTalKEBaercA. ME HOMKHE mO3TOMY
OKUgaTH, YTO OHa OyHeT omHCHBAThCA PyHKmEed

exp {ilc [z+ZZ il lnk(r—z)]}

KoTopas »xBuBamedrsa Qysxnmm (3.10). @ysxnua (3.11), xapax-
TEepH3YIOMAA PAcCeSHHYI0 BOJNHY, MokeT OHTH IOJIydYeHa aHAJIOI'HY-
muM 0o0pasom.

B caenyromux maparpajgax MEI IOKaskeM, 4To Bhipaskenue (3.9)
ABIfAeTCA peIIeHHeM BOJHOBOTO YpaBHeHHS U 4uTo OHo ofiamaer
acEMITOTHYecKO (opmoii, onpenenseMoin ¢ynumuamz (3.10), (3.11)
u (3.5). Ilpu arom Mut Be Gynem mouk3oBaThes pasio:xenmeM (3.8),
npEMeHsieMHIM B Teopum ['oppoma, HO GyjeM pemarh BOJHOBOE ypaB-
HeHHe HENmOCpenCcTBeNHo. DBnepBue HonoGHELI MeTOX GOHUI HPeAJIOKEeH
Temmmem [3].

§ 2. Pemenme BONHOBOrO YpaBHEHHA
A cAydas pacceAHHs KYIOHOBHMM HOIeM

Mo 6ynem pemark BOJIHOBOe ypaBHeHHe

‘ viy (kz—%> $=0, (3.12)
e
8 — graMZZ'e* mZZ'e”
Honaras
. q) — eikzF,
TOIyIAM
ver 420k 3 — B o, (3.13)

910 nuddepennuansHoe ypaBHeHme ofNajaeT pellleHHeM BHAA
F=F (r—z).



2. PENIEHUE BOJHOB. VPABH. P PACCEAH. KYJIOHOB; HMQJIEM g7

Bocnodb30BaBIMCh 3THM, HOJYydYaeM

2(1_§) F"+%F'+2ik<g_1>1f’—9 F=0.

r

b

VMHOKMB 3TO ypaBHeHHE Ha r, Ml y0ejaeMcs B TOM, 4T0 mepe-
MEHHB@ 7 H Z BXOJAT B Bero TOJBKO B BUMe Pa3HOCTH (I — z) OTKyHa
cileAyeT, 4WTO pemeHre HCKOMOro THIA JHeHCTBATENBHO CYM[ECTBYET.
[lonaras

l=r—z,
HMeeM
d*F | dF .y . dF 1
CW—!—I—l CE——Z—BF:O' (314)

Eciz B KavecTBe pelmeHMs MH BhiGepeM QyHKIHIO
F=0{+al+al?+ ...),

T0 XapaKTepHCTAIecKOoe ypaBHeHHe paeT HaMm (2=0; pemenne,
fABIAIOMEecs KOHEYHHIM B HadYajde KOODAMHAT, MMeeT, ClefloBa-
TEJLHO, BHJ .

F=aqzn
n=0 )
IopcraBnas sro 3pavenume F B ypasrenue (3.14) m npmpapaumBasn
HYJI0 Kod((unmenTH OpE [*, HojydaeM pPeKypPpPeHTHYIO ¢opMyIy
. 1 .
(r(r+ 1)+ (n+ D] anss —an(ikn+7B),
OTKYZa
1
. R s Bfik
. 2
tnts = () ]] g
o ,

F mpepcrasnger coGo#, rakmM 00pa3oM, THHepreoMeTPHYECKYIO

Pyuxnmio (cm. § 3) ‘
F=,F, (—ia; 1; ik7),
rie
B 2°ZZ'¢
C=%T T -

Acmmnroraueckoe pasmosenne Qymxnue F wmul npmsommM B § 3; us
ypaBrenus (3.24) cmemyer, wro F=W,+W,, rge opu Goupmex r

Wy~ (iR0) o=t ¢4 52 (_ja),

5%



68 * IJI. 1I1. 'PACCESHUE IIVUKA YACTHII KYJOHOBLIM. TIOJTIEM

HpEYeM
Gl - 1 + ikc +
1
Gp=14+ U iS —;?) + .

C To9HOCTBIO MO WieHOB mopsnKa (~! mMeeM

—'RG
mlnk
A T l(1+w)< >e
1na
2 ik’ -
—ie e i
w -  F _ e—iolnki
2™ I'(+ia) &3 €

QOyaxnua W, m W,, Gynyau ymsoskenH Ha %, mpepcTaBIAOT
COOTBETCTBOHHO MAfAIOMYI0 M PACCEAHHYI BOJIHEL Hac wuarepecyer,
majalomas BOJHA € eJWHAYHON aMOIMTY[OH; NOJHYI0 BOJHOBYIO
QyHROUI0, XapaKkTepU3yOMYI0 pacceABEe, ME BHOepeM [O3TOMY
B Bufie 1)

1 .
§(r, O)=¢ 2 T(1+ia)etsFy (—ia; 1; ik0),  (3.15)

rae ,
: _ Znifvez\,f L=r—z=r(l—cosb).
AcamuroTadeckan ¢opma 9To# (PyHKIEEA
T o~ T+SF(9),

e

{—q2? o, Loy

I= [ T (r— z)] exp [tkz+ialnk (r—2z)],
S =r-texp (ikr —ialn kr),
f( )—— cosecz—-é;p[——Laln(1——cosﬂ)+m+2"lo]’ 3. 16

npuYem

. 1+l,a)
2iy (
e =T =7y (=) *
3amernM, uro Z' B 3THX (I)opmy.nax paBEO 2 A a-9acTHI
u —1 gan 3nempon03

1) 30Mmepq)em,n [4] nonarae’r
i Rt -] -
—ora T -
w(r, 0)_e 27 gikr gz”e-z.fo (2 V tkiz) dx,

rae Jo—Pyaruua Becce:m.
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BonmoBoit ¢porT maparomell M pacCesBHOH BOJH XapaKTepH3yeTCH
coorBercrBenEo Qynrnmamn (3.10) m (3.11).
HnrencusBocts paccesisua [ (6) ompepenserca BHpaskeRHeM

10)=1/OF=[F]

T. €. q)opMynon Pesepdopna.
[Ipumeuarnue. B masane koopausar $ymrmua (3.15) maer

BRI LB

IV
cosec4—2—,

B chaygae cuI. OTTAalIKHBaHUA, HeHCTBYIOMNX, HAOpPAMEp, MEKAY
a-9acTHOE# W ANPOM, 0 HOJOMKHTeNbHO. KCNW o BelmKO H MONOMKE-
TeJIBHO; KAK, BaNpHMep, NIIfi MeMIeHHKX o-4acTam; To | ¢ |2 B pagane
KOOPAMHAT 096Hb MaJo. JTO0 O3HAYAET, UT0 K AAPY npn6nmxae1*ca
oueH: Maio a-gacrun. Eciu o Benuko M oTpmnarensHO, Kak, HAIpH-
Mep, IVIA MeJVIeHHBIX BIEKTPOHOB, To [¢[® B Hawa;e KoopAMBAT
NOCTATOYHO BelmKo —mopAnka |a|. Ecam ke a mamo, T0o Qynr-
mua (3.15) Bo Bcex TOUKax IPOCTPABCTBA He OTIMIASTCH 3aMETHBIM
06pa3oM OT HIIOCKOM BOJHHL k2,

VenoBue MamocTH ‘o ABASETCA TAKMKe ycnonneM OPEMEHAMOCTH
npubnmresus Bopsa (cm. ra. VII), paccmarpmsatomero V (r) kak
BoaMymenne. B sroM serxo yGemmthes, ‘Brbupas npn 3aIECA BOTHO-
BOTO ypaBHeHHA 3a emuHAny gnmes 1/k, : -

Vi (1 —2)p=0.

§ 3. OGoGmennnle runepreoMeTpUvecKne pANM

B aroM maparpaje MB 03HaKOMHMCHA ¢ Hekoropmmn cBOMCTBAMH
Py HKOHI

Fy(a; b; z)=1—|——a—z—|——?—(a—+i)——z2+' -(3.18)

1£°1 1.1 b. 1% b(b+1)-1-2 ey . )

paccmorpenmoit B § 2. B pampHeiimem Mu GyneM 0T6pacmﬁau

uHAexcH mpm F, Tak Kak KakaMu-1E00 ApyrevMe (YHRIUAME TANep-

TeoMeTPHUECKOIo THIA MH IOIb30BarThed He OyneM. OyBrmua My, , (z),

BBefiesHag YumrrexepoM [5] (koBdnoenrnas rnnepreomefrpnqecﬂaﬂ
¢ysrnua), casana c (pynmmen 1/71 cooTHOmEHHEM :

1
My, m= m+Ee—EZ1F1 (7+m-—-k; 2m+41; z).

3ameruM, 9ro F (a; b; z) sBusercs pemenueM muddepeRnmmans-
HOro ypaBHEHEA :

dz,—i—(b—z) —ay=0.  (3.49)
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- Hac murepecyer acummrornieckoe pasnoskenue Gpynxnan F (a; b; z),
CIpaBeRIIABOe MiA OOJBINMX 3HAYEHHN |z| OpH MOCTOAHHHX 3HATE-
HUAX @ ¥ b. IT0 pasznoeHme aABiIgeTcs oOmem3BecTHHIM [5]. Mu
TpdBegeM €ero 3meck B BHAY €ro BasKHOCTH A pelleHus sajad,
CBA3AHBHX ¢ KyJOHOBHIMH CHJaMH, IpHYeM OTrPAaHMYIAMCH pPaccMo-
TpeHHeM TOTO ciydad, KOTHa b—nelloe MOJOMKATENbHOE UHUCIIO,
a 2 —KOMINIEKCHAaA BeJHM4HHa.

MpeiicraBum ¢ynrnuio F B BuAe EATerpaza, B3ATOrO IO KOHTYPY .
Hna atoro Bocmois3yeMcd TeopeMoii, COTIIaCHO KOTOPOH mis i06GOro
TOTIOKATEIBHOT0 HEJIOT0 m

! ig ett-m—1 dt, (3.20)

ml T 2mi
¥

rae Y -— IPOHM3BOJBHHY 3aMKHYTHE KOHTYD, OXBaTHBAIIMEA Havaio
KOODAMHAT M HaupaBJeHHHI HPOTHB 9acoBoil cTpenxu. [lokasaTems-
CTBO 3TOrO0 COOTHOINGHHA 3JIEMEHTADHO.

Qysrnua F mosxer. OnThL 3amucaHa B ciepylomei dopue:

F(a; b; z)=(b—1)! Z(—bf'ni—i)“l
n=0

rae Cp — Kodpdunument mpm z" B pasnoxenmmum Omwoma (1 —z)™.
C momompio coorsomenus (3.20), momaraa m=b+4n—1, nomygaem

F (a; b; 2) =(———b2';i1)l 2 c,z" Se‘t"b—“dt.
n=0 ki

Bubupasa KoHTYp Y TaKAM o6pa3oM, YTOOH I BCEX ero TOYeK YO~
BI@TBOPANOCE YCIOBHAE
. . .
]_t_ <t, (3.21)

MBI MOJ}E€M IpencraBHTH OOpANOK CYMMHDOBaHHA H MHTErpUpOBaHHA,
TaR KaK pAQ cXOAUTCA OpH BCeX 3HaueHwax f. DB pesynsrare mo-
AyudeM '
. B (o)) 2 \=6
F(a b 5= (1—7 elt—0dl. (3.22)
T

SamernM, wTo, B cajgy coormomenmsa (3.21), KOHTYp HHTErpmpoBa-
HHA Y JOJKeH OXBaTHBarTh TOYKY f==z. MH MoiKeM IIOSTOMY, He
n3MeHss YHCIIeHHOrO 3HAYeHHs HHTerpana, mpeoGpa3oBaTh Y B a106oi
3aMKHYTBII KOHTYp, oOxBarhiBaomuii Toakn =0 m t=2. flcro,
aanee, YTO BHIPasKeHHe, CTOsmMee IOX 3HAKOM MHTErpajia, ABIAeTcH
OJHO3HAYHOU (yHKOUeH £. .

Ana HaxosRpeHMA aCEMOTOTHIECKOro pasnoxenusa Qynxumu (3.22)
upeobpasyeM KOHTYp Y B KOHTYp y', m3ofpamkemuslr Ha (Qur. 8.



§ 3. OBOBHIEHHLIE T'HOEPFEOMETPHYECKME PsIObL 71

Buarogapf HaIMumo MHOMATeNA ¢ MOJ 3HAKOM HHTErpaja Te ydacT-
K KOHTYpa y’, AJIfi KOTOPHX BellecTBeHHAs YacTh { BejHKAa M OT-
pENaTenbHa, CYmecTBeHHO# ponu He mrpaiwr. Ecnm wacra AB u CD
woHTypa Y’ (cM. Pur. 8) MH OyneM yaanaTe Ha GecKoHeYHOe pacCTOSHAE
OT MHEMOM ocH, TO BHpa:xkenme (3.22) MomHO Oyner 3aMeHUTH CyM-
MOM [BYX HMHTErpajioB, ORMH H3 KOTODHX GepercA IO HMKHeH YacTH
KOHTypa, a Apyroi — mo BepxHeii. IlomosmM cooTBercTBEHHO

F(a; b; 2)=W,(a; b; 2)+ Wy (a; b; 2), (3.23)
rie
(b1 ¢ 2 \=¢,;
Wl(a;b;Z)=—-2—'—\ 1 —-—= et bdt,
b *rl< L)
A— )
1=72 »
D
4
1=0 o
8

@nr. 8.

a Yy, OIpEHMMaeT 3HA9eHHss OT — o0 Jo — co Ipum obxofe Havaja
KOOPHMHAT IPOTHB JBIKeHHA dacoBoil crpenku. Dymrmas W, on-
penessgercA TOYHO TAaKHM jKe BEIpa:KeHHEM, C TOH# pasHmNeH, 4To
AHTeTPHPOBAHME IIPOH3BOJUTCH MO KOHTYDPY, OXBAaTHBalOH[EMy TOU-
Ky t=z. Ilonaraa B BHpamenmu paa W,

tl—z=mu,
MH mpeoGpadyeM TeM caMhHM KOHTYD HHTeIPEpPOBaHHSA B KOHTYD Yp,
OXBaTHBaIO]I(EfI Ha4vajlo KOOpAHHAT, W MOJydaeM
(o—1) du
2ni (u+2)""t "

Wy (a; b; 2) = S u—%eut:
11

Haiinem temeps acummroTrdecKoe pasnokenne Qyurnai W, u W,.
Hmeem

wy =0 (== ( (1 —i—>—ae’t"—bdt,
T1

W, ____(52‘::)! (+ z)9Pez S (1 + %)a—bett'adt.

11
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£ \~¢ ., tN\e-b -
Pasmaraa B pan (1 — z—) i ( 1+ 7) ¥ BOCIONH30BABIHACH
cooTHOMEHAeM [5] '

1 _ 1 toox \
L 11
mOJIyJaeM
I "
Wy~ m‘) (—2)~G (a, a— b +-1; — 2),

Wy~ :(( ))ezz“-bG(1—a, b—a; 2),

rae ysruuza G — IOycXORAMUecs PANL BHIA

G(o, B 2) =1+ 2 4 2T DBEED

Iopcrasusaa (3.24) B (3.23), Aaxonmm mCKOMOe acHMITOTAYECKOE pas-
nomenne Pynxmar F.

(3.24)

§ 4. PagmanpHble BonHOBble (YHKIEA NJIA COCTOAHMmI
¢ IDONOKOTeIbHOH sHeprumeil B KYIOHOBOM IIOae

PaccmorpeM Temephr pemenmsa ypasmenua (3.6). Xora 3axoHH
paccesHds 9ACTO KyJOHOBEIM IOJEM MOKHO Haiitm, me mpmberad
K 9TEM pemeHmAM (mofio0HO TOoMy, KaK 5TO GHUIO cpeslado B § 2),
onn HeoOXoauMH UpE paccMorpenmm 000l 3ajaum o paccesHnH,
©CJIA MMEeT MecTO OTKJIOHeHHe OT KyJIoHOBa monsa. Tak, mampmmep,
OHH MMEIT CYMeCTBeHHO® 3HAUeHNe NPH HCCIeNOBAHEE DasiITIHBIX
Boupocon Apeproil ¢msmkm (cm. § 5 m va. XIII, § 1 = 2).

. Eegm My nonomum k2 =2mE/h2, a—ZZ'ez/hv p=Fkr, TO ypaB-
Hemme (3.6) mpmmer Bmp

1d/ sdl +[1_?g_~"<n+1>]L=o, (3.25)

P dp ¥ P P
HOJICT&HOBK& L=p"»%F npuBOoANT K YPaBHEHMIO
p T +2(n+1+zp)d +2[(n+1)i—a]lF =0,
KOTOpOe B PesyibTaTe MO/CTAHOBKH
p= % iz
naer
i S ar . g
2oz +@n4 2—2) ~—(la+n4 1) F=0. (3.26)

VYpaBrennme (3.26) mmeer Taxoii ke BHMN, Kak m ypaBemme (3.19).
VmerorcA gBa HE3aBECHMMIX - PEIICHAA HTOr0 ypaBHOHHA:

W1;2 (za+n+1, 2n + 2, Z).
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1. Orpanmuensoe pemenne L,. Pemenne, perynﬂpHoe B Havane
KOOpIHMHAT, HMEeT BHI

Fa+n+1, 2n+2, 2)=W,+W,. (3.27)

AcBMITOTHYECKOE PAsIOMeHNe HTOTO PENICHHA MOKeT GHTH HaiijeHo
¢ TOMOIIBI0 cOOTHOINeHmH (3.24).

Ecim B KadecTBe OrpaHWYeHHOTO DeNIeHHA ypaBHeHuﬂ (3.6) Mm
sm6epeu

e A LGRS D)
n Gn+ 1)
TO

(2kr)"é* F(ia + n + 1; 2n + 2; — 2ikr, (3.28)

Ln~ (kr)sin (kr — —;— nt+7n,—aln 2kr> ,
npaIeM

T=arg'(n+ 1+ ia).

2. Heorpanmuennoe pemenue K,. B RagecTBe Broporo peme-
mus K, yno6HO BHOpaTh pemenne, NMelOmee aCAMOTOTAIECKYKY GopMy

Ky~ (k) eos (kr —nm 4 —aln 2hr), - (3.29)
TaK 4YTO
.=t malT(ttia .
Kp=ic 2™ —g—,jT%'-!i—)—’(Zkr)"e*’" (W, —W,). (3.30)

Paanosxenne B pax $yaxnme K, mpa n =0 6ruo maiimeno Cek-
cnem [6], sarem pacmpocrpameno Hocrom, Ymiepom m Bpeittom [7]
Ha caydait mo6nx 3uadennil n. BEmo mokasamo, 4To

2n+1 n

n____(ezﬂa.__1) {ln2kr+2'{— 2 s—1+ 2 +a2+

T (ia) } )
+Be T )jLn—l—Hn,' : (3.31)

rae

1 ' .2n B
Hn = 2e 2™ Re et (kr—‘lm){ 2 Sl(l‘_(,:)_(sz:__i -s_)-!ia) (2kr)s—n—i —
=0

— L shra 2 (—ip LAt 20D opyatng,, };

(2n41+s)!s!

s
1 1 '
' a":‘Z(t_ 2n+1+t n+t+ia>'



.74 IJI. III. PACCEAHUE TIVUKA YACTHI KYJIOHOBBIM IIOJIEM

3necs Re obosmawaer BemeECTBEHHYIO 9acTh COOTBETCTBYIOMEroc BH-
paKeHHA; | — HOCTOSIHHAsA JUepa.

3. Yncnenmsiif pacuer L, u K, @yusmma (3.28) = (3.31)
HeyIOOHN i 9YHCIEHHEIX PacdeToB, TAK KAK OHHE COJCDIKAT MHUMblE
sejmmumas. Moct, Yunep m Bpeiit [7] Bamim pasnomenns peHICHHH,
cOflepRamBAe TONbKO BEMECTBeHHEIe BENWYMHH W YROOHbe ANA HC-
HO0JIb30BAHAA LPHE YCIOBHE, 9TO p He CAumKOM Bermmko. OBE mece-
IOBAJIM TAK/KC METOJH BHYHECIEHMIl, IPETOJHEE B TeX CIydasAX, KOr-
lla pAXH CXOAATCA CIEIIKOM MemmenHo. TaGnmner oTux QyHKOME A1A
noJeii orrankmBamEmA cocTaBienn mig #=0, 1, 2 m maporo# 06-
Jlactm 3mawenmil o m kr [7, 8].

§ 5. IlposEnaeMocTs HOTEHIHANLEOTO Gapbepa
ANA cay4as KYJOHOBA HONA

Yacruma ¢ 3apAgoM Ze, mpHOIMKAsch K ATOMHOMY Sy © 3a-
panoM Z'e, OTTAJKHBAeTCA KYJOHOBHM mHoneM ZZ'e*/r ma paccros-
HEA r, npeBwmalomue pagmyc sappa R. OmpemennM BepoATHOCTH
TOro, 9TO dacTHOa ¢ NAHHOH HAYAJIBHOU KHHETAYECKOH SHeprumer
(< ZZ'¢*R) m NanAHM MOMEHTOM KOJIAYECTBA [BHIKEHHA OKAKETCH
Ha paccrossaEE R oT Axpa, HecMOTPA HAa HajHIWe CHJI OTTANIKABA-
ausi. Ilyers r7'Gp— cobcTBeHHOE 3HA4eHWe DagMalbHOM BOITHOBOM
Qynknma, oUECHEAIOmee IBHKEHAe YaCTHIH C JAHHHIM MOMEHTOM
KonmyectBa ABmeHnd [n(n + 1)]'/*h B BAZOM3MEHEHHOM KYJIOHOBOM
oJNe W AMeloilee ACEMITOTHYECKYIo fopMy

_Gn~sin<kr—- -;—m:_aankr+'qn+cn>, (3.32)

Ifie on — NONOJIHATeILHEIN cHBAT (asbl, 06yCIOBICHERA OTKIIOHEHEEM
OT KyJoHOBAa moJa mpa r < R. B rakom cnywae G} (R) momxer GHTH
ompefielieH0 KaK IPOHANAEMOCTh HOTEHIUAJBbHOTO Gapnepa e P,

Ham6onee ynmoGunM cmocoGom oneHk:m P, fABIgercd NpPAMEHEHHE
Mmetona upmbGnmxenua [|xeppmca (cm. ra. 1, § 6). Vpasmemme, Ko-
“TOpOMy YZOBierBopsier Gp, Momer OHTH 3aINCAaHO B BHJE

d*Gn
darz + f (7') Gn = Oy

rpe

8r2mZ7Z’e> n(n+A1
fr)=ke -T2 _t0ED s Ry, (3.33)

Ilo rnaccmaeckoil Teopmm mpE HaHMEHBUICM 3Ha4YeHEH K, paBHOM
R,, mmeem f(R,)=0. llpu r > R, pemernue HOCHT KOJeGaTeIBHELA
xapaxrep. Ilpm » < R, Momer OHTh HAHNEHO SKCIOHEHIHMAJLHO BO3-
pactaponiee mIA SKCHOHOHIMAIBHO yOHBalomee pemeHme. Hac maTe
pecyeT Takoe pemieHme, KOTOpoe YGHBaeT HO Mepe YMCHBIICHAS _
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npr r < R,. Cormacso npmGmmxenmio [lmeppuca, sTo pemenme
AMeeT BEJ

Gy = [—f(f)] exp {}Sﬂ[-—f(r)]“2 dr}(r<Ro),

- ' r (3.34)
Gn= [Zl(c—:)]-msin {—};n+ \ o dr} (r> Ry).

Orciopa ana BOPOATHOCTH leOHKRHOBeHKH aMeeM

ePas [ 8] exp { 2 S[-—f(r)] far}. (3.35)

Cooraomenme (3.35) ¢axTHueckEm OCHOBAHO HA MBYX pasjIHIHBIX
npubnmxennsax. [Ipesxpe Bcero mpm » < R MH npeme6perna Bims-
HOeM B3aEMOJEHCTBAA HA BOJHOBYX ¢yHKum L, Tak d9ro omna
BoiGpasa B (opme (3.28), mpmMeHmMOX s YECTO  KYJIOHOBA
noaa. Ilopapmmomy, sTa (QyHKOESA ABAAETCA XOpomMM HpubimxKe-
HUEM, eCI¥ cTeleH: HpoHEKHOBeHAA Mana. Crnenywomee npnbiamKenme
3aKioYaeTcA B TOM, uro (Qymkimma (3.28) BaAra B nprGIMKCHEH
tmedprca. Mocr, YVamep m Bpeiir [7], mccienoBaBmime TOYHOCTD
9TOTO METONa, HamjM, 9TO, B TO BpeMd Kak (3.35) aBasgerca B oToM
OTHOLICHAM XOPOLIAM IpHGIMKEHEEM, TOYHOCTH DPemeHHs HA MHOIO
[MOBHIIAETCA B peaymﬂ:a're samenH 7z (n 4 1) B Bupaskennm nag f(r)

Ha (n+2) (CM ra. VII, § 6).
Iloncrasnaa f(r) ma3 (3.33), mocne wuHTerpmpoBamaf uonyqaem

Prn=—28(@+1—2)i+a [w+2 aresin (11_—21_] +

+ 4ay)l2
142y + 29" (y+1—2)'/2 1
1y — = ln —2%—
+ 2{n(n +1)] 2ln[ P ] ln S —, (3.36)
e )
8n? ZZ’ 2R\ 1/ sz’ +1
( e ) * = Nz " Y= n(npz )

NIPeICTABIAIT COGOM COOTBETCTBOHHO OTHOIIGHWS HCXOAHOTO 3HAYe-
HAA KAHETHYECKOH 9SHEPIHA M HCXOJHOI'O 3HAYCHAS BpPAmMATeNbHOI
BHEPrAE K Beicore 6aphepa mnpm r = R. HeoGxommmo TONBKO 3aMeHHTH

- 2
B 9rou ¢opmyre n(n-+1) mHa (n +%> , GCIIH jxejiaTelibHa Go-

Jiee BBICOKasA TOYHOCTH pe3yJIbTaToB.

Huacnepenonnsie GopMyasl Aas paccesHEs KYIOHOBHIM IIOJEM.
Ilpm erBome mmcmepcmommoii Qopmymmt (2.64) nns cewemma pacces-
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HAS TPeRNOJIArajioch, 4TO, HOMHEMO CHJIOBOTO HOJsS, COCPEROTOYEeH-
poro B obnacTE pajmyca a, WMeeTcd eme JOHOJHATENBHOe IHOJIe,
HOTeHIIIAJ KOTOPOTO MOCTeHeHHO yOmBaeT ¢ paccTOAHAeM H o0pa-
maercd Ha GeckoweunocTE B Hynbs Guictpee, deM r~2. Eenm po-
TOJHATENIbHOEe IOJIe eCTh KYJIOHOBO mone ZZ'e/r, Tak 4TO HpE 7> 4
$yHKONA, BBelleHHas B paccMorpenme B ri. 1I, § 7, ymoBmerBopser

yPaBHEHMIO
2 12
d*Gn [k2 n(n+1) 8n2m ZZ’¢ ] Gn 0, (3-37)

drt r? hr r

TO MBI MOKeM INONPEKHEMY ONpEleNMTh BeJmIMHYy [ ¢ IOMOIBI
coorromenmit (2.63) m (2.64), ommaro G} momwxmO ABNATHCA permIe- -

mmeM ypasseHnms (2.37), EMemMEM acuMOTOTHYECKY! PopMy
G¥ ~ exp [i (kr — 5 nm—aln 2kr) |, (3.38)

rie o HMeeT TOT e cMBica, uro @ B § 4. Coornomenme (2.66) mpm
9TOM COXpaHAeTcA, HO Y, TelleDh OUpeiesleHO TAKEM o0pasoM, d4ro
coGcTBeHHOE pellcHAe YDABHCHHS JJIA JBHKCHUs ¢ MOMCHTOM KOJIH-

: 172
decTBa ABEKeHHsi, paBHEIM [n(n+41)] h, B moxe
Zl’e2

(r > a),

V—>oo (r=a)

' (3.39)

AMEET ACAMITOTHIECKYIO (opMy sin (kr - % nw —aln 2kr 4 nn).
Mu mmeeM Temeps HpE r=a

f— 1*= 2 1K2 (0) + L2 (@)1,

rpe L, m K, ompenenAiorcss COOTBETCTBEHHO COOTHOLIOHHsAMH, HpH-
BelleHHEIMA BHOIE B § 4. STo naet [eM. fopmyy (2.68)]

o116,

3.4
ma ’fa Ei@+Li@’ (5:40)

Hna onpemenennsa ¢gymrnmit K, @ L, MH MoeM HCIONB30BaTh
npubnmxenne Jxedpuca. Ecia mpm 7 = ¢ KysronoBa sHepPras oTTaj-
KABanmd OPeBHIIAeT HCXOJHOe 3HAUCHHe KHHETHYECKOH sHeprmm, TO

a .
K"} =[ —&%f (a)]~"/sexp { j:% — f () edr } ,
L, R
rme f(r) ompemenserca ¢opmymnoir (3.33). Ilpm mamoir <cTemens
OPOHMKHOBEHEAY HAXOLHEM .
kh% ’ .
I's= m e~Pn I & (a) 12,

rae P, ynosaerBopser ypaBuenmio (3.35).
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ComnocraBienne 9TOro pedyibrara ¢ ¢opmyunoi (2.69) mna cayuas
n.= 0 TmOKaszmBaeT, 4TO BIAHAHAe KYJIOHOBA HOJIA, KAK H CJELOBAJIO
OKEAATH, CBOAATCH K HOABICHAX NONOIHUTENBHOTO MHOKHTeINS,
XapaKTepusylomero CTeleHh IIPOHEKHOBEHHS DTOIO HOJIA.
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I'aaea IV

CIINH 3JIEKTPOHA

§ 1. MarnuTHelii MOMEHT aToMa

Ilpm paccMorpenmy HOKOTODHIX 33729 TEOPHM CTOJIKHOBEHHH OKa-
35IBaeTCA HEOOXONMMHIM IPHHMMATh BO BHEMAaHHe CIAH 3JIEKTPOHA.

TmnoTtesa o TOM, 910 3JIEKTPOH 00/afaeT OChI0 CHMMETPEA H,
CcIIefioBaTebHO, YeTBEPTOM cTelenbio cBo6onsl, Grina sBefiena B 1925 r.
eme /0 PasBATASA HOBOH KBAHTOBOH MEXQHHKH, ¢ IeNbI0 00bACHeHUT
toro (aKkTa, 9r0 A KIACCHOUKANOME SHEPreTHYCCKHX  YPOBHE
aroMa HeoOXOJUMEI 4eThipe KBAaHTOBHX 4ucna. B HOBOW KBaHTOBOWH
TEOPHA METONH ommcaHdsa comeEa Obiim paspaboramst llaymm [1]
m [lapszaom [2]. OcHOBHBasiChH Ha UHCTO PeIATHBACTCKOH TPAKTOBHC
BONIHOBOro ypasmennsi, [mpax [3, 4] moxasam 3areM, 9r0 CYIECTBO-
BaHMe COMHA ABIAETCH HeOGXOJMMEIM CIeJCTBHEM TPHHIHIIA OTHO-
curensHocTd. B 9Toit rmaBe ME GymeM cmepBa HpHEPKABATHCS
tpaxToBKE llaynm, oxasmBamomeiicd MOCTATOYHOM B TexX Ciydadx,
KOT7Jia COEH BAHEACT IHIIb HA CBOWCTBA CEMMETDHH BOJHOBHX (yHK-
Oui, TOTJAA KaK JeHCTBHeM CIMHOBHX CHJI MOMHO IpeHe6pedb. IJTo
WMEeT MeCTO BO BCEX TeX Cjlydasdx, KOTHA CHKOPOCTH paccMaTpPEBa-
eMBIX PJIeKTPOHOB Majia IO CPaBHEHMI0 CO CHOPOCTHIO cBeta. ME
moKajkeM, fJalee, KaK 5Ta TeopHs cBfsaHa ¢ Teopmeil [mpaka u pac-
CMOTPHM T€ 3aJadl TEOpHAM CTOJIKHOBEHHW, OPH PEHEHAH KOTOPHIX
CHIHHOBEIMA CHJIAME OpeHeOpedb HeJB3fl.

B penarmBactcroit Teopum J[mpaka cOWHOBEE CBOMCTBA HJIGKTPOHA
MOryT GHITH yCTAHOBJIGHH HAa OCHOBAaHHE BechMa O0mMEX coobpame-
auil. B Gonee speMenTapHOil Teopmm CHEHOBHE CBOHCTBA OHPEAEIAIOT
Oo0HYHO HA OCHOBAHAE SKCOEPAMEHTAJBHHX J[AHHHX H ONACHEBAIT
ux B TepMAHaxX HOHATHH BOJIHOBOH Mexanmkda. Mu GymeM HCXOZHTH
cuepBa m3 Toro dakra, 4ro, cornacuo omsiraMm Illrepra — I'epmaxa,
aTroM ¢ OJHHM SJIEKTPOHOM B S-COCTOAHAE BO BHemMHEHl 000JIOUKe
ofnagaeT MarHATHEIM MOMEHTOM, paBHEIM eh/4dnmc (opHOMY Marme-
trony Bopa). [laa mpocrorsl Mb Gyaem ropopuTh 06 aToMe BOJODOA.

3amMeruM mpexje BCero, 9ro €CAW HANPABJICHAe MArdATHOTO
MOMEHTA BOJOPOJHOI'O aToOMa HepBOHAYANABHO He OHJIO H3BECTHO,
TO He CYMecTBYeT TAKOro ONHTAa, ¢ HOMOIBI0O KOTOPOro OHO MOTJIO
On 6uTe ompepesieno. B srom Momuo yGemaTecA ciegylommM oOpa-
soM. Ilpepmomnomm, 4dTo cHenaHa HNONHTHKA HM3MepHTh MArHATHOE
mone H BHe aroma c HeABI0 oHpeesICHAS HANPABIOHAA MArHETHOIO
MoMeHTa aToro aroma. Ilomo6HYI0 HONEITKY MOKHO GO GH ocymie-
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CTBHTbH, HANPHAMED, IPOIycKasd 5JIeKTPOH MAMO aTOMA B BaOII01ad OTKIO-
HeHHE, HCOBITEIBaeMoe Hpm 5T0M siekTpoHOM. Ilopsmor Benmumuel
TAKOIrO OTKIOHEHHA Mo;keT OHITH ompejeleH CIeAYIOIEM 0GpasoM.
Ecma 57eKTpoH NPOXOAMT HA PACCTOAHHHM 7 OT aTOMa, TO HODPANOK
pend9uHE H Ha 3TOM DaccTOAHME HOPHOIEKEHHO paBeH

H~% (M=),
rs 4rme
Cumal), neilcTBylOmas Ha bdIEKTPOH, paBHa eHv/c. drta cmia gaeit-
¢TBYeT B TeUeHWe HPOMEKYTKA BPeMEHH HOpAIKAa r/v U CO3MaeT,
TaknM 00pa3oM, JONOJHATeNBHHE mMmyabc mopsanxa eHr/c. Orkio-
Helne, BHI3EIBAGMOE TAKOM CHJION, PaBHO, Clef0BaTelbHO, eldr/mcy.
[l Toro d4ro0H 3TO OTKIOHEHHe MOINC OHTh HAOIIONEeHO, OHO
NO/UKHO HPEBHIIATL ECTECTBEHHYI0 CHEKTPAJBHYI0 LIAPAHY HydKa
BOJTH, XAapaKTepH3yOmMHX 3JIeKTPoHH. Ecam Ar —reomerpmdeckas
[upAHA DTOTO HyYKA, TO ero CHEKTpajbBasd mMAPWHA paBHA h/muAr..
JlommkHo cobmopaThes, TakEM 00pa3oM, cjefyiomee yCJIOBHe:
eHr> h

mev ~ muAr”

HlopcraBnaa cioma 3magenne f, moayuaeMm

Ar _ r e?
- > - (r(,zﬁzgf\« 2,8 - 1013 c.u) .
Jna roro wro6s OTKIOHEHMe bJJIEKTPOHA OKA3aT0Ch HAGIIORAEMEIM, .
r nojxHO OmWTh Gospmie pagmyca aTtoMa. MH BmamM, TakmM o0pasom,
aro Ar mo Kpaiimeir Mepe B 20000 pas Gomsmre, mesxennm r. Mame-
peHHe OTKIOHOHEA 5JIeKTPOHA OKAasHBAaeTCd NOSTOMY HEBO3MOXKHEIM.

MomesT otpenpEOro aroMa MoOmeT OHTH OHpeJeNeH TOJIBLKO
¢ noMompio omsita Ilrepua—Tepnaxa, B mpomecce KOTOPOro aroM
HCHOHTHBAeT Bo3Mymaiomee Bozaeiicrre. Onnir IHrepra—TI'epraxa
HOKa3wIBaer, YTo B MaTHATHOM moje A aroM Bojopoja OpHoGpeTaer :
JONOJHATENbHYI0 DHEPrmio, pasmyl -+ MH; okasmnBaercs, nganee,
BO3MOKHEIM DPa3/eJIuTh aTOMHI, ofjajgalomme JByMSA pas3dXIHBIMU
BO3MOKHEIMM 3HaUYeHMAMH »Heprmm. Mel Bujenm, 4To HampaBieHHE
MarEfTHOTO MOMEHTA ATOMa He MO)KeT GHTh m3MepeHo; OyJeM mOSTOMY
CYHTAaTh, G9TO €CAM HANPABIICHAe MArHHTHOTO MOMEHTA HEKOTOPOIro
4TOMa XapaKTepH3yeTCA eJUHAYHEIM BexropoM 1, TO 5TO 3HAYHT, 9TO
OTOT aTOM TpoINe]l 4epe3 HeoJHOPOAHOe MaradaTHOe mojyie /1 mampas-
JeHEst 1 m 9TO0 OB HAXOJHWNICH B OTHIOHEHHOM Hy4Ke, oﬁnanaﬂ sHep-
romed — HM.

BrigcamM Temepp, orTnmuaercs s ueM-E6O TAKOM aTOM or -
Goro pgpyroro aroma? Momkmo nm cjenath Kakme-nmbo yTBep-

') Ecaim npeneGpeas BnAHNEM CHEHA 57eKTPOHA B paccMaTPEBATH HOCIEA-
HUA Kak ToweuHmit sapan. (IIpusm. ped.)
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JKIeHAA OTHOCATJILHO AaJIbHeAINero HosejleHs TAKOrO aTOMa B OT/ININE,
OT Bcex ApYrEx atomoB? ME BAjenn, YTo HaIpaBieHAe MArHATHOTO
MOMEHTA aToMa ma3MepeHO OHTH He MOKeT. MokHO, ojmaro, HON-
BeprHYTb ATOM BOBJEHCTBHIO BTOPOro HeojHopomsoro meas H’,
of/1afaomero HOBKM HaupasieHmeMm l’, m BHACHETH, Gyjer m aToM
obnanark B 3TOM HOBOM mojde sHeprmeit - H'M. 3mas yciaosmsd,
B KOTOPHX aTOM HAXOHHTCH OO TAKOIO OMNHTA, MOKHO OIpe/eldTh
BEPOATHOCTH TOrO, YTO ATOM UPHEOGpETeT OAHO W3 HTUX IBYX 3HaA-
uenmii saepram!). B ToM ciaywae, xorna mampasienmns 1 m 1’ coBma-.
Jalor, sHeprma aroma OesycmoBao Gymer papusatbes — H'M.
Iloxamkem Temeph, Kak BHYACINTE HWHTEPECYIOIYI0 HAC BEPOATHOCTD
B Gonee obmeM ciayuae. [{ia sroro ciegyer Ipemme Bcero mepedTH
K HOHATAAM H 0003HAYEHMAM KBAHTOBOH MEXAHHKN.

AToM, MarEATHHI MOMEHT KOTOPOr0 OPHEHTHPOBAH B HAIpasB-.
senuu 1, Oyfem ommECHBATE BONHOBOM (ymrimei

L1 ()

AprymenT BONHOBOI QYHKIEEN § JOMKEH XApaKTePH3OBATH HHEPrHUIO,
KOTOpYI0 aroM mpmo6pes OB HpHE NPOXO:KACHHE 4epe3 BTOPOe HeOLHO-
poRHOe MarHATHOe mojie. BribepeM HeKOTOpOe MpPOU3BOJILHOE HANPAB-
Jlenme B HPOCTpPAHCTIBe, HANPAMEpP OCh 2, E oGo3maumm depes H'Ms
Ty SHEPIrHI0, KOTOpoH ofGnamas 6ul aToM, ecim GH OH IpOIIeN dYepe
MarHETHOe moyie /', obGnajaiomee aTHM HaupasieHmeM. BepoaTHOCTh
TOro, 4TO 5Ta 9Heprus OyAeT WMeTh HEKOTOpoe JaHHOE 3HAYCHIE,
ompepesAeTcs BenmIMHOM |y (s)]2. Mpt 3HaeM, 9TO Y OTIMYHO OT HYJH
TONBKO npu §= -+ 1. DOyEKOusa y mMeer, TakEM oGpa3oM, TONBKO
ABa OTNMYHHMX or nHynd 3Hawenmsa: Y (+1) m y(—1), xsamparst
MOJyJiell KOTODHX OIpefe/AI0T BePOAFHOCTE TOTO, ITO SHOPTHA aToMa
Gyner pasma -+ MH’. flcmo, uro |y, (s)|? Gymer saBHCETH TOJIBKO
OT yI7a Me;kRy HampapienmeM | m HampaBjeHEeM OCH 2.

Ecmm Bexrop 1 mapajieied OCH 2, TAK WUTO DHEPrEA’ ATOMA
paBra — MH, o

1(+1)=0,

2(—D=1. (4.1)

O6osmaunM aty Qymkmmio wepe3 .yg(s). Yepes y, oGosmaumm cooT-
BETCTBYIOIYI0 QYHKONIO IS TOro clydas, Korga 1 mMeer mpoTmBoO--
HOJIO}KHOEe HANPABJIEHNO: .

Yo (+1)=1,

Ya (—1)=0.
3amernM, Uro ompejeleHHEEe TAaKUM 00pazoM (])yﬂmmn Yo H xe
HOpMEpOBaHH I B3aUMHO OpTOI‘OHanLH:BI

(4.2)

1) 3a uCKIOYEHHmEM TOI'0 ciayuwasd, KOTJa IIojile MEHAeTCA CTONb PesKo,
470 ATOM HepeXOpuT m3 noaa H B mojme H’ 3a Bpems, Maioe O CpaBHeHMAIO
¢ mEPAOROM JIAPMOPOBO# mpemeccHM; = TaKOM cayeae pacmennelme ypoBHA
HE IPOUCXOAUT [5].
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BommoBrle QyHEROEN . H ¥z ONMCHIBAIT [Ba CTANEOHAPHBEIX
COCTOSIHASA CHCTEMEl, T. €. IBA COCTOAHMSA, SHEPIHE KOTODHIX H3BECTHEL.
OGmee cocTOAHHE CHCTOMHl XapaKTepmayercd BOJHOBOM ¢yHRIHAEH

AXa. + BXS’

rie A # B —npon3poibHEe KOMIUIEKCHEIE HOCTOSHHBIE, YNOBIETBO-
pslOIEe YCNIOBAI0 HOPMEDPOBKE

AA* + BB* =1,
OcHOBEIBafACH Ha MHBAPNAHTHOCTH MO OTHOWIGHMIO K HOBOPOTY KOOp-
AUHATHEIX OCeH, MOKHO TIOKaszaTh [3], 9TO eCjW HaOpasneHne
MarsETHOTO MOMEHTA AaToMa ompejensercs cdepAISCKAMH KOOpAH-

pHaramz 6 u ¢ m ecim napaMerp s XapaxTepmsyeT OSHEPrHIO aTOMa
B MargMTHOM Ilojie, HampasjiesHoM mo ocm z (8=0), To

B 6 .
4= —ctg 7(317. (4.3)

Ilperebperass npouaBONbHBEIM (A30BHIM MHORHTCIIEM, MOJIydaeM
=— sin% , B=cos% ei?.

BeposTHOCTE TOrO, 9ro B HOBOM HOJIE aToM OyZeT o6mamarth BHEpTHeit

— M H, oupegeiseTcd, TakuM o0pasoM, BeluIEHOU coszi, a Bepo-

ATHOCTE o0JajgaEMA aToMoM osmeprmeit -+ MH ompenensercs Benm-

anHOH sin2-g—. BepograoCcTh HaX0H[ieHUA DIEKTPOHA HA JAHHOM pac-

CTOSIHMA I OT siApa OyjdeT OpE 3TOM HNpHOIW3ATENILHO TAKOU ke,
Kak ecam OKW aroM He HUCHOLHITHEBAN BOSNEMCTBAA MATHATHOTO HOMA;
OHa oupejiendAeTcs KBaJpaTOM BOJIHOBOH (yHKIHE

() = (mag)~aerioo,

lommas ponEoBass ¢ysKuUEA .aToMa HpeAcTaBiadeT co0oll mpomsBele-

HRe BUAA
b (7)1 (s)-

Jra BonmoBafg (YHKIMA ABJIACTCS JMIUG NPAGIMEEHHOW, TAK KAk
Pacupepenenme 3apsifia B aTOMe MOKeT [0 HEKOTOpOil cTeUeHH
3aBACETh TAK;Ke W OT OPHEHTANUM CHAHA B MATHATHOM IHOJe.

Mosxno, onnaro (Gomee TOYHO), ONMCATH COCTOHHNE ATOMA ¢ OMO-
mMb0 BOJHOBOI (YHKIME BHAA

b (r, 5) (s=1, —1). (4.4)

9ra QyEKnEA MO;KeT GHTH HETEPIPETHPOBAHA CJIETYIOMEM 0GpasoM:
BojimumHA

|9 (r, s)|? dedydz (s=1)

6 M. Morr B T. Meccn ?
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€CTe BEePOATHOCTH TOrO, 4YTO B MATHATHOM IIOJle, HalpaBlieHHOM
mo ocw z, aroM Gymer obGmaparh omeprmeir + MIH, a QIIeKTPOH Oyzmer
OpA oTOM HAXOJHTECA B alleMeHTe o0nema dx dydz.

Bun ¢ymrunmm ¢ (r, s) MoskeT OHITH ONpERENIEH NWIIE ¢ HOMOMBIO
PeIATHBACTCKOM Teopuu 3JJIEKTPOHA, mpeanoykeHHod JJmpakom. 3ame-
THM, UTO COBEpPMEeHAo 0e3pasinyHo — HONL3YyeMCA JH M5B BOJHOBOIM
¢ynrnnmeit (4.4) wom Ke 3aNHCEBAeM [Be OTAENbHEE QYHKOHH OT T:
$o(r) m ¢,(r). Ilpm cKopocTAX 3NEKTPOHA, BHAYHTENHHO MEHBIIHX,
CKOpOCTH c¢BeTa, Kak Y,, TaK H ¢, fABIA0TCA OpHGIMmKeHARIMA
pemenmamu ypasnennsa lllpexmmrepa.

§ 2. MareuTHBEI MOMEHT 3IXeKTpOHA

Brume pedr mja o MarBuTHOM MoMeHTe aroMa. Mmt me Gymem
OCTAHABJIWBATECA 37eCh Ha PpACCMOTPEHAW ONKITHEIX JAHHKEIX, HOJYy-
9YeHHEIX HA OCHOBAHMH W3ydYeHWd agoMaubHOro 3dderra SeeMaHa,
rrmpoMaraarHOro 3¢derTa m T. [A., CBHAETENBCTBYIOMHUX O TOM, 9r0
97IeKTPOH o6nafaer deTBEPTOil CTENeHBI0 CBOOOAL, MATHATHEIM MO-

1
MeHTOM ehf4dwmce d MeXaHH4ECKEM MOMEHTOM —2—h/21:. OrpanmuaMca

JMIOB 3aMedYaHmeM, 49ro, cornacHO Teopmu lllpenmmrepa, ocmosmoe
COCTOAHME AaTOMa BOJOPOXa ABJIAETCA HEBHIPOKACHHEIM M, ClIefi0Ba-
TEeNbHO, Jig O00BACHEHNS pacmeIUleHAA JIMHWA B MaCHATHOM NOJe,
obrapysxennaoro onuramu llltepra—Tepnaxa, Heobxonnmmo mpemono-
JKHTH, 9TO BJIEKTPOH 06ajaeT YeTBEPTOH CTeNeHbI0 CBOGOMHL.
CospeMeHHKE JaHHHE O TOM, YTO 3JEKTPOHH 06:IafaloT MarHWT-
HEIM MOMEHTOM, OHIM MOJIy9eHH HA OCHOBaHHN H3JIyYeHAR WX [IBH-
menus B aromax. lIpm m3ydennm ABJEHNI CTOIKHOBEHNA HEOGXOXAMO
BHISICHATH, KAKOM CMBEICI MOKeT MMeTh MATHHTHBII MoMeHT ¢B0GOf-
Horo 3nexTpoHa. TowHO Tak ’Ke, KaK M B CjlIydae aToMa, ompene-
JleHHe MAarHATHOTO MOMEHTA 3JIEKTPOHA ¢ HOMOMmBIO MAarHEeTOMEeTPH-
9ecKHX ONKITOB OKAa3HBaeTcd HEBOBMOMKHEIM. OTO MOKeT OHITH
noxazano [6] ¢ moMomplo ciexyomux coobpaskennit, mprHAIEKAMHX
Bopy. llpenmonoskmM, 49r0 DOOKEHME 3JIEKTPOHA H3BECTHO ¢ TOU-
HOCTBIO A7 W UTO MB XOTHM OOpeJeNINTh MATHATHHIL MOMEHT 3TOTO
B7EKTPOHA B TOYKe, HAXONAmeiicA Ha paccToaHmm r or Hero. Hakwme-
au6o 3aKIOYeHHA OTHOCHTE]BHO MATHHTHOTO MOMEHTA 3JIEKTPOHA
MOryT OHITH CHeJaHH HAa OCHOBAHAA HAIUAX W3MEDEHHH JIMIMb B TOM
ciydae, ecim

Ar g r. (4.5)

Tlone I, KoTOpOE ME’ XOTHM H3MEPHTH, OyAeT IpH 3TOM NOpAKa
r3

Ecie 97eKTPOH IBHKETCSA CO CKOPOCTBIO 0, T0 NPH €r0 JBMKEHHH
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OyieT CO3RaBaTbCA MATHHTHOE IOJe MOpSNKa ev/crz;' HaNpSHEeRHOCTh
5TOr0 NMOJAS HEe MOKeT OHITH omnpejesieHa TO4YHO, TAK KaK BeJIHIAHA ¥
HaM TOYHO He m3BectHa. Ha ocmosammm H3MepeHn#i MarHHTHOIO

Dur, 9,

HOJiIA MOMHO, TaKAM 06pa30M, caesiaTh Kaxne-Iu00 3aKIA0YeHUA OTHO-
CHTEJIPHO Mar"HHTHOr0 MOMEHTA BIIeRTPOHa:J]Hl]]L opa yciAOBHH, €ciad

M _ eAv

e >> 2 )

r cr
rae AU—HETO‘IHOCTL B onpepeyeHAn v. Cornacuo l]pﬂH]lﬂlly Heon-
pexenennocTH,

Ar.Av>$,

YTO UPHBOOAT K HEPaBEHCTBY
Ar > r,

LUpOTHBOpeyameMy HepaBeHCTBY (4.5). OrTcioma MOKHO BaKIIYATHL
ITO0 H3MeperHe MATHHTHOIO MOMEHTa 3JIeKTPOHA ¢ HOMOMBIO OIBITOB
TaKOTO pOa HEBO3MOKHO.

Hokaskem Teneps, uro omur Illtepra—Tepnaxa ne maer BOsMOK-
HOCTH OmpejleiATh MATHUTHELA MOMEHT CBOGOJHOTO 3JIEKTPOHA HIIH JKe
UOnyqnTh pmy4oK 37IeKTPOHOB, MATHATHRIE MOMEHTH KOTOpPHX 06ia-
A2I0T ONHEM M TeM jKe HampaBjeHmeM. OTO J0Ka3aTelbCTBO TaK:Ke
UpmHanne;kur Bopy. :

Hpenmonomum, 4910 NMy90K 3IEKTPOHOB IBUKETCHA NAPAILIENBHO
OCH z (T. e. MEPUEHAMKYJAAPHO K IUIOCKOCTH depreska; cM. ¢ur. 9).
Ha gur. 9 ykasans momoca marmmra, a Tamme CcHIOBHe IWHME.

6*
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Ommir crapurea ¢ menslo HaGaiofenns pacenvieHns HyqKa B HANPAB-
neund y. Cmna, geficTByromas HA 3JeKTPOH U CTPEMAMIAACH pacm'e~
OATH DYYOK, paBHA

oH, "i;
M7 (4.6)

Ha »snexrponst Oyder TakmKe jpeficrBoBarh cmiaa, obyciioneHHas:
HX JBHKeHHEM B MATHATHOM Ioje. 8nemponm ABIKYIMEEC

B naockoctn Qyz, GYRYT HaXOZWTHCS HOJ| AEHCTBHEM CHIIE, HAIIPAB:
nemnoit nons Ox. 9Ta cwia DepNeHIUKYJISApHA K HanpaBnequ
pacmiemiieHns, oHa OyfeT BBHI3HBATEH JIMIIb CMEIICHHE XyYKa BOpaB
anm Biaeso. OnHakxo SNIEKTPOHE!, He HAXOIMUECH B ILIOCKOCTH Oyz,
OyiyT WMCHEITHIBATH BOBfielicTBHE CHWIH, HanpasiaeHHoil Broas Oy

DOCKONBKY CHJIOBHE JIMHUA B HEOXHOPOJHOM MATHWTHOM nom;i
He MOTYT OHITH NPAMONMHEHHEIMH M, cJiefloBaTeNbHO, uoie [
OOIKHO mMeTh cocrasmsmiomyio H, nmo ocm Oz. Ora cmna 6yne'r
HopsAaKa i
evHy %.7)

c

Cpasaum ee ¢ cmioit (4.6), crpemameiica pacmemnrs mydox. Ha

oH. '
paccrosiEnu Az or mnockoctr Oyz cocrasuaoman M, pasHA axx Az,

mam, Tak Kak divH =0, paBHa—‘tI—y" Az. Cunsl, onpepgenenHse
BHpaykeHmamA (4.6) m (4.7), oTHOcATcA, CIENOBATeNBHO, HAPYT
K JApYTy, Kak '
eh O0H, . ev oH,
4amec By " ¢ Oy
HIA JKe Rak

1.2 (4.7a)
Ie ) — QJWAA BOJHH, XapaKTepusylomeil dJeKTPOHH, paBnas k/mv.
Ipexnonosknm Temeph, uTo =+ Az — paccTOsAHHE [ABYX IDAHHN HydYKa
or maockocrr Oyz. HlockomsKy Az mommxHO OHTE GobIle ), ACHO, 9TO
TPaHmNE Iy9Ka OTKJIOHEHH B NPOTHBONONOMKHHIX HANPaBJICHUSX
Ha Yy, TNpeBHMIAlomue yrojl PACHENJIeRns, KOTOPHI MBl XOTAM
H3MEPHTh.

Jlia poxasaTedbcTBa TOro, 4To Habllolenne pacmenvieHAs HEBO3-
MOKHO, DPACCMOTPHAM CJef, OCTABIIAEMBLA 9JEKTPOHHEIM NYYKOM HA.
(I)o'rorpaqmqecrcon mnacTaEKe. I1PENOIOMEM, 4TO MOKHO WOJYYHTDH:
6ollee TOHKHe NMy4KH, HEKeJH 3TO NONyCKaeTcs NPHENANOM HeOmpe-
lelleHEHOCTH, TaK 4To TOJMuHA Ay HyYKa B HANPaBIeHAN Y MOrla
OB - -GEITE Oeckomewno masofl. [Jo mpoxoskaeHmsA DydYKa depes
MaTHATHOE - HOJle ero momepedHoe cedenme Oymer wumers Qopmy,:
mia6n skenavio mHa orr. 10. a. Iloche npoxo:KoedAmns depe3 INoje
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nomepednoe cedenme myuka Oyser mMers Qopmy, m30GpasKeHHYIO
va ¢ur. 10, 6, rae morasaH cien, OcCTAaBIEHHBLA HMYdYKOM Ha doro-
rpapmueckoit mpacrmake. HaGmopamomuiics nepexoc o0ycloBeH
JIOPCHTIOBBIMEA CHJIAME, PACCMOTPeHNEIME shime. Eeau ABC u A'B’ —
ase JmHmE, nmapamnensENe Oy m Haxomammecs Ha paccTosiEmA )

Y

syt —& £
f—— AL —i

5

®nr. 10

pyr or Apyra, To u3 (4.7a) ciepmyer, M4TO HepeKoC CTOJIb BeHK,
uro AB > BC. Ecnm nmama ABy mDposefeHa DepIeHANWKYISIPHO
K cleflaM, OCTaBIGHHHM OJIeKTpoBHBIM myuxoM, 10 AS > By. Ho
AB <k m, caepoBaTensHO, paccToABMe BY MEMAY CHENAMA MeHbIIe,
Heskemn A. MaKcnManbpHOe BO3MOMKHOE PACCTOAHME MEKAY ClefaMu
paBeo, takmm oOpasoMm, M. B felicTBATeNBHOCTH MBI He MOKeM
HOIyqmTh Ciie ITHPHHE nmopAgxa A. MaMmepenme pacimmensienws Iyuxa
OKasnIBaercd, TAaKAM 00pa3oM, HEBO3MOMKHBIM.

Ha ocroBanmm 31X c00Gpaskesmii MBI HOMKHB DPUHATA K 3aKII0-
HYeHHI), 9TO NPHMHCHIBAANE MAarHATHOTO MOMEHTa CBOOOJAHOMY 3lleK-
TpoHy Jmmeno cMeicia. Ecin, omHako, 9leKTPOH HAXOZHTCA B aTOME
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8

j|

B S-COCTOSIHHM, TO aToM 06nanae'r MATHATHHIM MOMEHTOM, H aTd
'00CTOATENBCTBO ABNAETCH CBOMCTBOM 3ieKTpona. Hak Mut yBaAM,
COTJIACHO  PelIATHBHCTCKOA TEOPHH  BIIeKTPOHA, IpEHAJTICKANeR
Jupaxy, oToT MArHATHHE MOMEHT B o0meM ciydae OTIHYe
oT ehf4nme; on pasen eh/4mmc TONBKO TOrAa, KOTKA CKOPOCTH anempoud
B aTOMe Maja 0O CDaBHeHHI0O €O CKOpocThio cBeTa (cM. § 3).
Cornacao rteopmm J[lupaka, CBABAHHEIA OJIEKTPOH, HAXOXANWACH
B CBOEM OCHOBHOM COCTOSHHE B II0Jie sApa ¢ 3apANOM Ze, CO3/AEE
MarHATHEI MOMEHT, paBHBELI 1)

1 142V (1—=13eh \/Y znza). (4.8)

3 4nme \ he

YrsepskaeEne 0 ToM, 4To cBOOORHHII 97eKTPOH obnajaeT YeTHIPH-
Ms cTemeHAMH c¢BOGONH, MMeeT, OJHAKO, COBCEM HHOK CMBIC], TaK
KaK eJBa JIA MO:KHO cefe mpefcTaBETH, 9TO B aTOMe BJCKTPOH 06aa-
RaeT dYeTHIpbMA cTeneHAMA  ¢Bo6OAs, B cBOGOAHOM K€ COCTOSHAM —
Tpemsa. VEHTepecHO BRIACHHTE B CBA3H ¢ OTAM, CYmECTBYIOT JIA Ka-
KEe-Jm00 OMEITH, ¢ HOMON(BI0 KOTOPHIX 5Ta WeTBepTad CTENEHb CBO-
Gonsl Morma Om OnTe oOHapy»iena? MOKHO i DOJYYATH «IHOJISAPH-
30BaHHBHIT» B KaKoM-IHO0 CMEICIe DYYOK B3JeKTPOHOB I MOKHO IIH
00HADYIKATEH STY NOJAPUIAMUIO?

B BHacTosimee Bpema HerT Kakumx-in00 ONpeNeNeHHBIX OSKCIePHMeH-
TAJNBHEIX [JAHHHX, MO3BOJIAIIAX OTBETHUTH HA 3TOT BOIPOC; TEOPeTU-
Jeckme coo0pajkeHasA DOKA3HBAIOT, OJHAKO, 4T0 KAK HONydeHHe Ta-
KOTO IOJIAPA30BAHHOT0 MYyYKa, Tak WM oOHAPysKeHHe ero NoJApH3a-
AN ABAAOTCA MPUENUIAAILEO BO3MOKHHIMH. PaccMoTpuMm ciemyio-
muii onsir. lIpenmoso:kmM, 9T0 DYYOK aTOMOB HOJIy9YeH ¢ IOMOMmMBIO
onura Illtepra—I'epaaxa, mpuuem ocy Bcex aToMOB 06ajaioT OXHAM
7 TeM jKe HaNpaBjieHHeM, HalpHMep mapajylenbHnl ocH z. llpemmoso-
JKOM, Jalee, 4TO PTH AaTOMH OCBem[afoTcsl YNbTpadHOIETOBEIM CBe-
TOM, 9YTO UPHBOJUT K MCIYCKaHWIO M3 HAX djexrpoHon. Ilomywae-
MBI OpE 9TOM B3JIEKTPOHHEIT MYYOK MOKHO HA3BaTh NOJAPU30BAH-
BEIM. [lelicTBETENBHO, DTpPEONONOKHEM, 9IO DJIEKTPOH BefeT celsA
nofo0HO MaJIeHBKOMY MATHHATY, W BEIACHAM, MOTYT JIM CHJE, J0CTa-
TOYHHIC 7 BHPLIBAHAA 3JIGKTPOHA M3 AaTOMa, BH3BaTb 3AMETHOC
H3MeHeHHEe HAUpasJieHWs ero MarHurHoro wmomenta. Cllegyromue
HECTO KIACCHYECKHe coo0paskeHHA O HOPAAKE BeJWYHHEL CHJI IOKa-’
3BIBAIOT, 9TO OTO HEBO3MOKHO W CIEAyeT IIO9TOMY CYHATAaTh, d9TO
MArHATHEIC MOMEHTH HCIYCKAaeMHIX DJIEKTPOHOB 00nafaorT ofHUM o
TeM jKe HalpaBsieHneM ?).

1) 9ra fopmyna mpumapiexut Bpeity [7] (cM. § 3 HacroAameid riaper).

2) Vimeerca, KOHEYHO, HEKOTOPasd Majad BEPOATHOCTb TOr0, 9To Hampa-
BIeHHMe CHHHOBOH OCH ma3MeHHTCA Ha ofparHoe; Onmxalimee paccMOTpeHHE WO-
KA3LBAET, UTO 9TA BepOATHOCTH mopapka (1/137)%. Meropsl, ¢ HOMOMEI KOTO-
PHIX Mor ‘651 GEITH OonyueH BIOJHE NOJAPA30BAHHEN MYYOK 3JEKTPOHOB, He
U3BECTHEL.
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Ecnn Herotopoe ajeKTpmueckoe moje E peiicTByer Ha 3IeKTpoH
B TeYCHHe NPOMEKYTKa BpeMeHH I, TO DJIeKTPOH TpmobperaeT KuHe-

THYECKYI0 3HEpPruio, PaBHYIO —;—(Ee)ztz/m. Jaa ynanenua sieKTpoHA

A3 aTomMa eMy AoJlKHa OHTh cooGmeHa sHeprua mopanka met/ht.
TaxaM oGpa3oM, JId Toro 9To0H yJalHTh IEKTPOH M3 aToMa, Heob-
xomEmo, 4robm mpomssenenme E Ha ¢ Gnuto mopsamka Kt~ emfh.
CpemHAs CKOPOCTH 3JeKTpoHA B aTomMe paBHa e’/k. Cpesnmee zHade-
gre MOMEHTAa NAapH CHJ, JeAcTByiomeli Ha 3JAeKTpOH H obyclioBien-
HOHl €ro ABW)KeHHEM B ajexTpmdeckoM moie E, Oymer mopaaka

eh e 1

me h ¢’

1. e. Ee3/mc?. [Ina toro urobm opmenTanmus b5IeKTPOHA HW3MEHHJIACh
Ha Yroia HOpAXNKA «, 5Ta Dapa CWI JOJUKHA BHBBATH U3MEHEHHE MO-
MeHTa KOJIm4ecTBa jABIKeHms unopanka k. HeoGxogmmoe pas sToro
spema T oDpepenseTcss COOTHOIEHAEM
Ee?
T —~h,

OTKyZa cliefyeT, 4To

' hmc?
ET ~ .

e3

Mxu mMeeM, Takam oGpazoM,
ET he™\2
Et (eT ’
T >t

Ecan 6u monsipumsammsa mydxa He mMomia OHTb KakuM-nmGo obpa-
30M oOHapy;keHa DKCIOEPHMEHTAJIBHO, TO He HMEJ0 GBI, KOHeYdHO, HH-
HAKOTO CMEIC/Ia I'OBOPHTH O Hell. DTy DOJAPH3AMUI0 MOKHO OHNG GH
HONKTaThcH O6HApYRETB, Hampumep, ciegyiomum oGpasom. IIpexmo-
TOKEM, 9TO DOYYOK SIeKTPOHOB NIpPOXOAHAT depe3 ras, cojepHamui
HOHH30BAHHEIE ATOMEl, K 9TO HEKOTODHE H3 BIEKTPOHOB IpPH 3TOM
3axBaTeBalorcsi modamm. Ecnm Gu ¢ nomompio omnita Mlrepma—Tep-
jlaxa ypalock YCTaHOBUTH, 4T0 obpa3yiommecd HelTpajbHEIE aTOME
ABIAIOTCA NOJSAPH3CBAHHEIME, TO MBH HMel# OH TeM caMBIM MeTo[
obnapyskenus1 nonapusanun. IIpmBenenHsie BHme cooGpaskeHHA OTHO-
CATeILHO HOpAJKA BEJMYBHH CHJI NOKAa3HBalOT, 9TO TaKad IOCTAHOB-
Ka ONKTa NPHHNWINAJGHO BO3MOKHA; 0oJiee CTpOroe MOKa3aTedbCTBO
Moxier ORITe maHO Ha ocHOBe Teopw: [lmpaxa.

Hdpyroii, menee HENOCPEeACTBeHAIH, 0JHAKO, II0 BCe BEPOATHOCTH,
Goslee mHTepecHHIl ¢ NpPAaKTHYECKOH TOUKH 3peHAA MeTOH LOIydYeHHs
U mucciepoBaEms NOJAAPH3OBAHHOIO DydKa BIeKTPoHOB Oyner pac-
CMOTpeH B § 4.
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Mo BupuM, TakmM ofpa3oM, 4ro cOMH cBOGORHOIO BIEGKTPOHA
MosxeT OHITH ONECAH ¢ MOMOMBIO TOI jKe BOJIHOBOW Qymruma 7, (s),
KOTOPOH MBI HOJIB30BaJINCh BEIIE 7 ONRCAHMA MarHWTHOTO MOMEH-
ra atoma. (DyHKDnNA

@) (s==+1)

ompepfiesigeT BEPOATHOCTH TOIG, 4TO €CAd JIeKTPoH, obnapmarommi
MAarHMTHEIM MOMEHTOM Hampasienua ], 3axBaden aTomMOM, KOTOPEHIA
NOMEIeH 3aTeM B HEORHOPOIHOC MarHHTHOe IIOJie, TO JHePrAd DTOro
atoma passa + M H. Takas AeCKONBKO CJI0KHEAA WHTEPOpPETALHAS KBA-
paTa aMIIMTYAH BOJIHOBOH QYyHKINN ABIAETCA HEOOXOAMMOH NOTOMY,
9T0 H3MepeHne SHEPTUH 3IeKTPOHa B MATHETHOM IIOJie BO3MOKHO JIMINb
B TOM clydae, KOTAa 9IeKTPOH Haxopurcs B atome. OrmernM, panee,
4TO €cAH MBl YTBEp:KAaeM, YTO MAaCHHETHRIEL MOMeHT cBoOoxHOID
aJieKTpoHa oOajaeT [JAHHEIM HAUpaBjlesWeM, TO 9TO O3HAYAeT, YTO
BTOT 2JIeKTPoH OhLT BHIOMT W3 COOTBeTCTBYIOmMEM 00pasoM OPHEHTHPO-
BaHHOTO aroMmal).

Hak n B ciydae ©BA3aHHOTO JJIEKTPOHA, COCTOSIHAE CBOGOJHOTO
5JIEKTPOHA NONHOCTHI0 OLMCHBAETCSI BOJMHOBOU (yHKummenr ¢(r, s).
Ecnm cuasl, meificTByiomme Ha 3JEKTPOH, CTOAb MAJEl, 9TO HAIpa-
BJIeHAe CIIHHA OCTaeTCsA HDOCTOAHHEIM Ha NPOTAKEHHM BCEro paccMa-
TpPUBAaeMOT0 ONKTAa, TO0, KaK K Ipessae, 3Ta QYHKOHNA MOMKeT OHITH
IpefcTaBieHa B BAAe IPOH3BeHEHHAA

$(r) 7(s),
riae ¢ (r) — pemenne ypassesma Illpenmurepa. B ocrampEmix ciyuasx
dopma ¢yEKumm ¢ (r, s) moyker OHTH HajileHa ¢ TOMOMBIO ypaBHE-
HE Teopmu [mpaka.

§ 3. PeaaTuBucrcKOe BONHOBOE YpaBHEHHE

Hak mspectno, [lmpaky ypanochk moxasarh, 9T0 HOJly9eHHE BOJHO-
BOr0 ypaBHEHWS HNAA DJeKTpoHa, KoTopoe Oniio OH WHBApHAHTHHIM
o0 OTHOINEHWIO K mpeoOpasoBadmio JlopeETna @ junelHHM DO OTHO-
merAni0 K AuQPepeHIHpPOBAHMI0 IO BPOMEHH, BO3MO)KHO TOJBKO B
NpefNON0KEeHAR, 9TO NIEKTPoH o0jajiaeT 4YeTBEpTOH CTeNeHBIO CBO-

1) IlpuENUIBQILEOE pasTPAHHyYEHne MeKAy cjlydaeM cBOGOIHOTO W CBA3AH-
HOT'0 9IEKTPOHOB, IPOBOXEMOE aBTOpAMH, HEIb3s ¢YATATH HpaBulbHEM. B o6o-
BX CcIy4YaAxX HAOpaBjedde OSJIEKTPOHHOTO CNEHA MOKeT OHTL YCTAHOBJIEHO B
NpUHOUIEG ONMHAKOBEIM oO6pasoM, poobme roBopdA, Jums crarmcradeckd, [Ipm
3TOM CpemHAs WIH BePOATHAS BeJM4YWHA CUmMHA BMecre ¢ ero HalpanieHdeM
ompefensgeTcd OQHO3HAYHO BujoM BonHoroft Qymkmuu v (r, s). YUro KacaercA
ONLITHOTO OMpeNejieHuA MArHHTHOTO MOMeHTa, TO OHO Beerfa WPeANnoaraer
Bozjelficrede Ha HIEKTPOH HEKOTOPOro BHEMHEro MArHATHOrO HOJA, HAJmMude
KOTOPOro, CTpOro roBops, HECOBMECTHMO ¢ IpejcTaBleHwWeM O MONHOM cpoboue
afeKTpoHa. Tak, Hamp@MeD, B OXHOPOJHOM MAarHHTHOM IOJe «cBOCONHEIA» dieK-
TPOH copepmaeT KBAHTOBAHHOE JBW/KeHWe, HAOMHMHALMEee KojebaHme rapmo-
HEYeCKOro ocmuiaaropa. (Ipum. ped.)



§ 3. PEJATHBHUCTCKOE BOJTHOBOE YPABHEHHE 89

oopei. CrenaB Takoe NpeANONIOKEHRE, MOKHO, (e3 IOMOMHA KaKMX-
aub0 JOUONHATENHHHX CHEeNEANBHBIX NOIYMEHHH, NOKasaTh, dTO
TEOPeTHYECKOe 3HAUEHME MACHHTHOIG MOMEHTA AaTOMa BOACPOAa
JOKHO COBHAfATh ¢ ero JKCHepHMeHTasbHO HablllomaeMoll Besmanm-
HOM. 3HAKOMCTBO ¢ 3jJeMeHTaMH Teopum Jlmpaxa cymecTBeHHO niif
AanbHeAMIerc aHajn3a PacCMATPHBAEMOIO HAME BOIPOCA; MEL OCTAHO-
BEMCSI DOITOMY BKpaTie Ha OCHOBHHX IIOJIOJKEHHAX HTOH TeOpum.

CornacHo Teopmm [lmpaka, COCTOSIHHE 9JIEKTPOHA ONMCEIBAGTCH
4eTHIPbMA BOJHOBHIME (yHKIUAME

Y.z, y,2,t) (h=1,2,3,4).
BepoaTtnocTs HaxXokmeHHA 37IeKTPoHA B 3jeMeHTe o6beMa dt B Mo-
MeHT BpeMcHH ! paBHA

4
DV 192 ]2 dx. (4.9)
i=1

Yerripe ¢yurnmu ¢, yAOBAETBODPAIT cHcTeMe AudpPepeENHaTLHEIX
ypasHennd {8]:
(Po+me) 01+ (pr—1ipg) Pa + Psds =0,
(Po+ me) bp + (p1 + 2 p2) §s — psda =0,
(Po—mc) Y3+ (p1—Epg) $a + psd1 =0, (4.10)
(Po—mc) &g + (P1+ipe) §1— psde =0,

rae
h 1 0 eV
Pho=—su5ca T
h 8 ed,

b 21tlam+—_— T R

V m A —cranapesliit # BexkropHmil norenmmansl. Ilokamem, uro
9TH ypaBHeHNSl XapaKTepusyioT [BMKeHNe DIEKTpoHA, obiagaiomero
ONMCAHHEIMA BHINE CBOHCTBAMM.

3ameTHM OpeskAe BCero, WT0 €cIU MHl XOTHM HaiTh DepHoamde-
CKOe pelleHHe, TO ONEpaTOp p, NOJKeH OHITH 3aMEHEH BHIPAKEHUEEM
(W +€V) /e, rne W — smeprua saexrtpora. Ecam ckopocts 3IeKTPO-
Ha Majla 00 CpaBHEHMIO CO CKOPOCTHIO CBeTa, TaK 4TO

W —mc® €« W + mc?,

To nIerxKo ybemmThca B TOM, 9T0 KaK {5, Tak # Y, YAOBIETBOPAIOT
ypasrennio llipexnarepa. [anee, eciim ¢ ABiserca pelleHmeM ypas-
gennsa Illpegmarepa, ro npmGnmskeEHoe pemenne ypasreHmid (4.10)
mMeeT BH .

.3=Aq)y
by = BY
B —1 Aps1%
"Plz"‘[ (P ';:z)c‘*‘ P]\", (4.11)

__1A(p) +ips)—Bps) y
2me
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rge A m B —npousBosibHEIE HOCTOSHHEIE, & Pp,Pp U Pg— ONpeeleH-
dele BriDe omepatopul. flcEo, wro ¢; m §, Opum STOM 3HAYHUTEINHHO
MeHbme, Hexemu O; m v, B Bepamkennn (4.9), onpegensomeM
OJOTHOCTH 3apsAfa, MMH MOKHO 103TOMy npeHeOpeus. Ecnm Brpake-
mue (4.9) HopMEpoBaHO K eJHHWIE H €CIIM MH XOTHM, 9TO0H Hamwm
ueTHpe QyHKROUA TakKe OBLIM HOPMEpPOBAHHI, TO B 9TOM HprOImKe-
HAH NOJGKHO OBITH '
AA* 4 BB* =1.

BrisicHEM Temepb, OUMCHBAT JIi pemennsa ypasaenmit (4.10) cmmuo-
BHle cBoiicTBa ®ieKTpoHa, HabGmiogaemele mHa omeite. Hopmansnoe
COCTOAHAE ATOMAa BOJAOPOAA SBJIAETCHA, KAK H3BECTHO, BHIPOKICHHBIM,
NpE TOM B MAarHATHOM NOJie DHepreTHUeCKHA YpOBEeHbL aToMa pac-
mremiiAercs Ha fsa yposHs. Ilposepum, cormacyiorca mnum sTm $arTH
¢ majlaraeMoi HaMH TeopHel.

IMockonbKy mnocrosaEsie A m B OpomsBONBHE, OYEeBUAHO, YTO
HOPMAaJIbHOE COCTOSIHAE BHIPOsKHeHO. [l mHcclenoBaEMA XapaKTepa
[BI;KEHHS HJIEKTPOHA B MarHATHOM IHOJIe CJefyeT pelmuTh ypaBHe-
Haa (4.10) npm ydere HamwamsA IosiA AApa W MarEATHOro mona f.
Jlerko yGepurhess B TOM, 9TO BEIPOKACHEe DNPH 3TOM YCTpaHAeTcd.
Ecom maramTHOe IOJe HANPABIEHO NO OCH Z, TO OJHO H3 peleHWi
onpenensercs Popmynamu (4.11) npu ycnosmm

A=0, B=1.

-Jro pemenme coorsercrsyer -omepruu W, — MH; o6ozmaumM ero
uepea ¢I. Bropoe pemenmme 9! coorsercrsyer osmeprmu W,-+ MH n

onpenenserca dopmyaamu (4.11) mpm
A=1, B=0.

Jro Oypmer mOKasaHO B § 4.

Ecnn maramrHoe moie He HampaBleHo IO OCH Z, TO [AB4 perle-
Hma ypaspeHmit (4.10) moryr Gmre Halimens! 1nbo Hemocpe[CTBeHHO,
anbo B pesylibTaTe HCCliefoBaHUA OpeoOpasopBaEmA QyHKnud ¢ Opm
moBopoTe woopamHAaTHEX ocell [8]. Eciam nampasnemme marHETHOTO
mosiAg XapakTepuayerca NodsApHEIMM yriaama O m ¢, To pemenne,
coorserctsyomee sueprum W,— MH, ounpepenserca ¢opmyiramu
(4.11) npm

m o1 i 1
_.—smiﬁ, B_e-cosfﬁ.-

OHo mMeer, TakmM o0pa3om, BUj
I 11
APt + By

JTa BonMHOBAaA (YHKIHA ONUCHBAET COCTOAHHME arToma, o6namaomero
MargHETHRIM MOMEHTOM, HaIpaBieHWe KOTOPOT0 XapaKTepHsyercs
yroama 6 m ¢. Ecam Ttakoil aToM NIOMECTHETH 3aTeM B MArHHUTHOE
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nojle, HalpaBleHHOe 1O OCcH 2z, To BeamumHa | A|* onmpepenmna Om
BEPOATHOCTH TOrO, 4TO OH Tpmobperer Hpu ®ToM sHeprumio + MH,
a |B|*—BepoarHOCTH TOr0o, uro oH npmobperer sHeprmioo — MH.

Mm noxasanm TeMm CaMEIM, 4T0 B CiyYae Me[UIEHHHIX 3IEKTpo-
HOB TeopusA [Hpaka CTaBOBHTCA TOKIECTBeHHOM HepeNATHBHCTCKOM
Teopuu llaynn—/lapsnaa. ComocrasumM eme pa3 MeTOms ONHCAHHAA
COCTOAHEA INMEKTPoHA B 3THX Teopusax. B reopam Ilaymm — fapsuna
SJIEKTPOH, HAUpAaBJeHHEe OCH KOTOPOr0 XapaKTepH3yeTcs BeKTopom 1
(r. e. monsapEEMA yraamu 0 m ¢), onmcrBaeTcs BONHOBOH QyHKNUei

O (2, ¥, 2) % (s),

rie  — 06n9HOe pemienne ypaseeuwns Ulpemguurepa; upwm stom HMs—
SHeprHus, KOTOPO# 3JeKTpoH obnapman Ok B mMaramTHOM noie /H, Ha-
npaBneHHOM 1m0 ocw z. (DyHKOomsa y oriawuEA OT HyJIs JAME OPH
yecaosun s= 4 1; cinexosaresbHO,

'/_:ei'?coséﬂ (s=—1),
z=—sin%0 (s=+i).

B rteopunm [lupaka bIeKTpoH omucHBaeTCA BONHOBOH (yHrnmeil
O (z, v, 2) (h=1,2,3,4).

[lpm sToM ¢; m ¢, B cliydae MeJNIEHHHX BJIEKTPOHOB OWEHb MAJIH;
g H Py UPOMOPUMOHANBHE : :

7/

o1
@3=—Sln?9~q),

; 1
by =e¥cos— 0 - 9.

Beinuunna |4y |2dzdy dz oupemensier BeposATHOCTH HAXOMKNEHHUS DINCK-
TpoHa B pueMente o6semMa drdy dz u BMecTe ¢ TeM BepOATHOCTh TOTO,
970 B MAUHATHOM II0jie 3JIeKTpoH Oyner o6najmaTh HOMOJIHMTENBHOH
oHepruedr — MM . . '

To ofcroATenscrBo, 9T0 B ciydae MeJJICHHEIX 9JIEKTPOHOB (QyHK-
man §; @ 4 ABAAOTCA NpHOIMKEAHHME pelleHAAME ypaBHEHHA
Hlpenunrepa, mokxasnlBaeT CHPaBeIJIABOCTH CHEJAHAOI'C HaMd B § 2
IpPedmoio}Ke A O TOM, 4TO BJIEKTPOH MOKeT OHTh HCOYIeH OXHUM
ATOMOM H 3aXBadeH 3aTeM [PYTHM aTOMOM, He H3MEHHB IPH 3TOM
HanpaBleHnsa cBoero comga. HaupapimeEme cumaa snexTpoHa BooGme
HOYTH He MEHfeTcs, 3a HCKIOYEHHeM TeX CjaydaeB, KOTAa CHIH,
nedicTByIomuEe Ha 37IEKTPOH, c000mAaT eMy CKOpoCTh, CPaBHEMYIO
€0 CKOPOCTBIO CBETA.

1. Apaan3 ypapHedmii IpH CKOPOCTAX DJIEKTPOHOB, CPaBHMMEIX
€0 cKkopocThI0 cBera. TouBoe pemenme ypapaesuii (4.10), xapawre-
pUSyIOmAX ABMKEHHE ICeKTPOHA ¢ HMOYILCOM (py, P2, Ps) W 9HEp-
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rueit W B orcyrereme BHemmuux cuy, 0buto pano IapsmuoMm [8]; oo
uMeeT CJelyOmuil Bu:

__Apy+ B(py—ipy) _ A(py+ip))—Bp,
q)l— - mc+W/c S: d."2 mc+W/c S (412)
".)3:AS, l§)4='B‘S)
rjie

2
DA Py = T —me,

S = exp [ZM (plx+pzz+psz—Wt)] ’

An B—'HPOMSBOJII)HHB OOCTOAHHBIC. LIHCJIO 9JICKTPOHOB B eHHHIE
ofBeMa olpejeNaeTcss BHpaKeHAEM
(AA* + BB*) 2W
W + mc?

BeiacnmM Temeps, kKarK cBA3aHH nocrodHHble A 1 B ¢ HanpasieHmeM
cumEa. Ms Bmpesm, uro mpm yeaoBud (v/c) € 1 3T0 HampaBieHHE
ompefendercs HOJADHHME yriaMu 6 u ¢, Tre

— B —etgd e, (4.13)
B cnyuae OpicrpHx »IeKTPOHOB HeOOXONMMO, OIHAKO, BBIACHUTS,
Yro WMEeHHO cJiejlyeT IOHMMaTh IIOJ HaOpaBieHNeM CIHWHA, T. €.
KakuM 00pa3oM TocliefHee MOIVIO OH OHITH H3MEDPEHO.

BosvosruR pBa Merona pellleHHsI STOH 3afadd; MOKHO IPeRIo-
JIOMKHTH, Yro «HAGIIOmaTeNsy JABIHKETCA BMecTe ¢ SJIEKTPOHOM, H -
onpenesIATh HANpaBJeHNWEe COMHA 5JeKTPOHA IO OTHONIEHHIO ¥ KOOp-
IMHATHHM OCAM, CBASAHHHIM ¢ 5TMM HabniojaTeleM; MOMKHO, ONHAKO,
TIPeANOIOKATE, YTO JJEKTPOH MOYTH OCTAHORJIEH ¢ MOMOMBIO 3JIeK-
TPUYeCKOTo HOJIA, M ONpeAeiNTh HANpaBJeHHe CIHBA JJId 9TOT0 CIY-
aas. llepesui merop 6ein pacemorper [lapeunom [9], mokasapmum,
uyTo ypaBHeHume (4.13) ompeneider BampaplleHme CHEHa IO OTHOIIE-
HUI0O R JBIRymMeMycda Habmogartenw. Bropoit meron Mor 651 OHTH
HCHOB30BaH A HKCIEPHMEHTAJIbHOrO OHpejleIeHAsA CIMHA; MOKHO
IIOKa3arh, 4ro ypasHeHnme (4.13) ompenenser HaupaBileHHe CHHHa
TAaK/Ke M B 3TOM cjlydae. OTO fFCHO M3 CISAYIOHNX COOOpasKeHHil.

OrpaHmYnMCcsT pacCMOTPEHHeM BJIIEKTPOHA, [BIKYINerocd Iapad-
JeBHO OCH Z, XapaKTePH3yIOMeil HalpaBleHHe BJJIEKTPOCTAaTHISCKOTO
nonst. YpaseeHus (4.10) cBopArcs B oToM ciyuae K JBYM ypaB-
HEHWAM OTHOCUTENBHO Yo M ¢, H JIBYM yPaBHEHWSIM OTHOCHTEILHO
¢, n 3. Mckmouwasa ¢, m3 DepBEIX IBYX ypaBHEHHOI, HOJIydYaeM

2ti f WHeV d [h (Wrer a7
(5 "w)“*l’ﬁ[%(—ﬁ +’”C)3;]—0-

Oynronsa ¥; yaosIeTBOpHeT aHAJOTWYHOMY ypaBHeHMI0. Tak Kak
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¥ §, YOOBIETBOPAIOT OJHAM W TeM jKe I'DAHMYHBIM YCIOBHAM, HMeeM

4,
-2 — const.
Ya

Ilpm yMeHpIleHHH CKOPOCTH 3JICKTPOHOB OTHOmIeHHe B/A He ROMKHO
u3MeHATECA. Y paBuenne (4.13) onpepmenser, TakaM obpasoM, HampaB-
JIeHHEe €IHHA TAaK/Ke H B TOM CjIydae, KOrAa ABMKYIMEECST HIEKTDOHBI
OCTAHOBJEHS ¢ TIOMOMIBIO ITIEKTPOCTATAYECKOrO HOJA.

2. Ilpmpopa HemoaApH30BAaHBOTO myuka. MeasleHBEIM HeNoNApH-
30BAHHEIM OydKoM MBI OyneM Ha3BIBaTh TAKOU, B KOTOPOM BJIEKTPOHBI
o0nagarnT CcOWHAMEM BCEBO3MOKHEIX Halpasiemmii. HeDmonspmsoBas-
HBHA Iy90K He MOKeT OBITh ONACAH C NOMOMBIO OXHOH BOJHOBOMR
JyHEOEM; KajKOOMy 97JEKTPOHY INydka JAONKHA OHIThL IpHBE/leHa
B COOTBETCTBME OTAellbHAg BOJHOBag (YHKOUA ¢ ONpefeleHHHMH
3HAUEHMSAMA NOCTOAHHHX A m B.

BricTpBiil HEmOJIAPH30BAHHHI Ly4oK MO;KeT OHITHL mONydYeH u3
MEJIeHHOr0 WydYKa IyTeM YCKODEHHA ero ¢ HOMOMBIO 3JIEKTPHIECKOTO
moss. W3 coobpaskenui#, UpnBeleHHHIX BHIIe, clefyer, uro Habio-
HaTeNo, MBIMKYMEMYCs BMeCTe C 9JIeKTPOHAMHE, TAKOl Oydok Oymer
KA3aThCA HEeNoJAPH30 BaHHEIM.

Ilokaskem Temepp, 9T0 NYy9OK, B KOTOPOM IIGJIOBMHA -3JIEKTPOHOB
ofafaer CUMHAME, HANPABIEHHEIMO B OJHY CTIODOHY, W HOJIOBHHA
9NEKTPOHOB -— CIMBAMH, HAIPaBIeHHEIMH B IPOTHBOIOJIOFKHYI0 CTOPCHY ,
Byzmer sectm ce0s momo6HO HemonspusopagHoMy nyury. Ilpepmono-
JKUM Uil ONpefeNeHHOCTH, 9Yro NY9YOK SJeKTPOHOB, IBAMKYIMIHACHA
B HanpaBiuenmda (I, m, n), OPOXOAHUT 4Yepe3 HEROTOPOE 3IIEKTPO-
MaruaTHoe mosie. [Bmskennme OydKa OyfeT ONHCHIBATHCSA BOJIHOBOM
¢ynrnueir ¥, (x, y, z)exp|—2xiWi/h]. [dna snexrtpomoB, eme He
TpoLIeAMAX depes moje, QyHKOUA ¢, HOKHA MMeTh BHJ IJIOCKOMH
BOJIHSI, pacUpoCcTpaHAImeucsa B Hampasjiewun (I, m, n) m OONApH-
30BaHHOM B HEKOTOPOM OIpejeieHHOM HaupapieHmH, OGo3Haumm
qepes X, Y, Z roOpIMHATH HEKOTODON TOYKHM LPOCTPAaHCTBA, B KO-
TOpPYIO IIy9OK HOmagaeT IOCJe IPOXC/NEHMs dYepe3 3IIeKTPOMArHNT-
Hoe mozse. B TakoM chiydae BeiHumHA

P=|%(X, Y, 2)P

‘onpepesder BEPOSTHOCTE HAXOKIGHUA HJEKTPOHA B TOH  TOYKe.
Ilorakem, wro, ycpegHus P mo BceM HadalnbHEIM HanpaBieHUAM
clliHa, MH WONYYAM TOYHO TAKOH jKe pesyispTar, Kak M IPU yCpei-
HeEMH P 1o AByM IpOTHBOIOJNO;KHHIM HALPABJCHUSM CIHHA.

Brime 6rin0 norasamo, 49ro mIIOCKas BONHA, MJIA KOTOPOHM CIIMH
Hanpapjled 10O OCH Z, ONHCHIBAaeTcA (yHKOUAMI

%=0, ‘P4=S
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O uTO TWJIGCKOH BOJHE, MM KOTOPOH CIHMH HAUpPaBJeH B NpOTHEO-
HDOJIORAYIO CTOPOHY, OTBEYAIOT QyHKIWI

"‘.’3-——5 ’ ‘P4=0-
1,11 .
O6osnaumm wepe3 ¢;, U; BHAYCHHA HSTHX BOJIHOBEIX (YHKIMK
1A nagalomed BommH. B TaxoMm ciaydae BonHoBasg QYHKOWSA, OIMHCHI-
BAlOMAsA SJEKTPOH, HampaBleHMe CHMHA KOTOPOTO XapaKTepHsoBa-
7ocs BHavajie yriamm 0 m cp, uMeeT BUE

—sin— d),l-}— cos —%— et? d),l .

Mu mmeeM, TakuMm ofpasom,
P= smz——-z ]q)l | + cos? = 2 lq)l 2 — Z sin B cos (9 4 a;) Dy,

rae
11 ,,1 ;
T (93)* = Dyei=t,

B cliydae CHMHOB HpOTHBOMNOJIO}KHOrC HampasblieHHs, T. €. Hampas-
JIeHAA, XapaKTepHu3ywlerocsa yriaMm

z—0, m+¢,
HoJIy9aeM

P=‘cos’%2 o |2+sin2-% > | ot 2+ D sinbcos (¢ +a,) D;.
i A A
Cpennee szmauenme P pasHO
1
= Do+ i P
A

OueBriHO, 9TO TOYHO TAKOH Ko pPe3yJbTAT MBI HOJyYEM LpA yCped-
Henwdn P mo BceM 3HavenmmaM 6 @ ¢.

3. MarnmTemii MomeHT atoMa mo teopmu [lupaka. 3anaqa
aTOr0 pasgena — INOKAa3arh, IT0, COMJIacHO ypaBHenmoo [Jmpaxa,
B moJjie sfiApa ¢ 3apAnoM Ze W MarHUTHOM mnoje J, HaopaBlIeHHOM
00 O¢H Z, HAEKTPOH K, HOPMANBHOM COCTOSHEM o0jagaeT SHepraeit

W,+ HM,

rae W, — smagenne aneprlm B OTCYTCTBHE IIOJIA, &

1 2nZe®
M= goms 4nmc 3[1+2(1_ )/2] (Y—_ e).

" M mokameM, wro ecim aroM HaXO[QHTCHA B COCTOSIHME C JHEp-
rueil — HM (coum HanpaBied 1O OCH z), TO (I)yHI{I.[Kﬂ ¢; pasma
HyaI0.
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BoamoBoe ypaBHenme NJA 3JEKTpPOHa MMeer BWR [cM. ypaBHeHme

(4.10)]
[ WT’V+ E a, (p,—i— —)-}-a,,mc]

rpe W — sHeprud, o, u a.;——oﬁm‘mme, XOpOLIO H3BECTHEIC MATPHISE
[10], V=2Ze/r, a A; patorca BmpameﬂnﬂMn

.41: ——Z—Hy, A2=—2—H:L', A3:0

Msr umeem, Takmm. oGpaszom,
(W+eV —U+c 2 @y +agme?) 9 =0,
t

rane U -—sueprua BosMyimenns, OOyCHOBJeHHAS HAJMIAEM MArHAT-
HOTO DOJIA
U= —e(a,4; + ay4,).
[Ipu H = 0 HopManbHOe cocTOAHNE ABIAETCH BHpoMKIeHHsM, OG0
3HAYAM J(BA PEIIEHNd, COOTBETCTBYIOMME STOMY Cjydalo, wepes ¢ n

o', Tlomaraa
f(r) = drbe=rie,
rae
B—(1—y?yi—1,

u BHOMpas A Tak, 9ToGH YNOBIETBOPSIIOCH yCJIOBHE

fe ]

47r8|f(r)|2r2dr=‘l,
0

HAXONMM 5TH pPeIleHRd, HOPMHpOBaHHLIe K ejuHmIe [8],
41 = iNB sin § ei#f
¢p= —iNBcostf

¢§= 0 pemenne I,
i =Nf
q;{‘: —iNBcos bf
;)1: . i1 Qs
‘P;I tNB sin fetrf pemenne 1I,
3 =Nf
=0
rae B=y[1+(A =17, (B*+1) N2 =1.

Jlerko noxasare, 4ro mpm 9TOM
S Y oM dr dydz=0.
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s onpegenenns 3HadeHBi HHEPTAM ATOMA B MArPHATHOM MOJe
MH BOCHOJIE3yeMCS OOHMHBIM METONOM TeOpWE Bo3Mymennmi. Ecinm
AW — m3Menenne smepram, o0YCIOBIEHHOE HAJNMYHEM MO, TO

AW_UI,I __UII,I

_ UI,II AW — [AB1I =0,

rge
~t
Ut = S VUGN drdydz n 1. n.
Hepnaronanssase snementsl U1, war serxo mmaers, oOpamamorcs

B Hyas; Qysrmum ¢! m I geagiores, rtaxuM o0pasom, TOYHEIMH
BOJTHOBHIMH (QYHKIOUAMH HYJeBOro HOpAxKa. [{MaroHaibHEIA SJEMeHT

1I,
pn ompenessieT W3MEHOHWE OSHEPrAM aToMa, HaXOAAmeroci B CO-
CTOAHNH, ONHCHBAEMOM BOJHOBOH (ymrmmedr L.

Beramcanm U™, Uimeem
P = Oidy + oy + Voo + $ady -~ 2N*Bsin O singf?.
QOrciona

1 ~ . . R
7 eHyya 1L = HN?B sin® B sin® o rf.
AmanormuHsiM 00pa3oM Haxo[UM, 9T0
1 ~II g
5 Ty dxM = e/ V2B sin® 8 cos® ¢rf>.

CnosmB 5TH BHpaKeHEA U UPOMHTETPHPOBAB NO BCeMy UPOCTPaH-

CTBY, DONYYHM
2n

U™ = cHN?B S de S sin 6 d S r2drsin®frf?,
0

970 faer

U= L ST 42 (1=l

= hrme

9r0 BEIpasKeHHe OnpefieliseT H3MeHeHNe SHePrun atoMa B cocTognmn 11,
oGycioByienHoe HainwaueM wonss H. AmnanormussiM 00pasoM Haxo-

num, uro U"! ompepenserca stam ke BEIpaskenuem, B3sTEIM ¢ 06-
PaTHEIM 3HAKOM.

ITpn y—» 0 mBOMRHUTENH —;—[2(1 —y3)Y24-1] crpemurca x 1. [Ina
ypana ou pasen 0,83.

§ 4. Pacceanne 9JEeKTPOHOB CHAOBHIM HEHTPOM

BuisicauM Temeps, Kak NOMKHE OHTH BHJOH3MEHEHH COOTHOIIE-
Hnd, monygenusle Hamm B r1. I, B TOM caygae, KOTHa ABHIKeHHe
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paccMaTpuBaeMEIX YacTHIl OUMCHBaercs He ypasHeHmeM Illpenmurepa,
HO ypaBHeHHAMH [[npara.

Bonnosaa ¢ynemma ¢, onmceBalomas paccesmue, MMeeT Telephb
4eThlpe KOMOOHeHTH ¢y, ..., $4, o0Iajanmue acMMITOTHYECKOI
Popmoit

b = azeth 4 rle¥Ty, (6, ¢) (h=1, 2, 3, 4). (4.14)

Hudpdepenmmameuoe cesennme I (0, ¢)de onpenensercs npm sroMm
BEIpa’KeBUeM

4
PRI
I8, ¢)do=——————do. (4.15)
Mla; 2
1

Benmumusl a, He ABAANTICA B3aNMHO HE3aBUCEMHMHA. Bocmoin-
30BaBUINCH pelmeHuAME (4.12) Ana ciaydas unockoit BONHBI, HAXOLUM,
10 Opu p; = pe=0, ps=Fkh
a, khe
“ag W+ me2
He3aBHCHMO OT OPMEHTANuH cOEHA. AHAJIOTHYHOE COOTHOLICHUE Cymme-
CTBYeT W MEXKAY BelIMYHHAMH U;, TaK KaK paccegHHAS BOJIHA MOKET
OHTH paccMaTpHBaeMa ACHMITOTHYECKA KAK COCTOAmAd W3 paAga
TJIOCKAX BOJH, PaclpOoCTPaHAOMUXCA W3 HOKOTOPOTO IEHTpa B pas-
JIAYHEX HampaBieHuax. MoKHO mosTOMYy Banmcars

lug 2+ [ u, |
I(8, ¢) dm:___—lasl“rla,lz do. (4.17)

B peficTBaTenpHOCTE DAJAIOmMMWA SXEKTPOHHBIA IyYOoK ABIACTCH
00BI9HO HeHoJiApm3oBaHHEIM, Taroil IyWoK MOKHO paccMATPHBATH
KaK COCTOAMWY H3 ONMHAKOBOTO KOJIMYCCTBA 9SJIEKTPOHOB, CIIHHEI
KOTODHIX COOTBETCTBEHHO HApajilelibHBl H AHTHOADAI/IENbHE Ha-
IpaBlIeHNIO paclpocTpaHeHda myuxa. Mu mcemefyem mosroMy cmepsa
pPacceAnme JJIA 9TMX JBYX YacTHHIX CjyYaeB. AcuMOTOTHYECKas
.fopmMa PyHEIUIE G5 U Og MMeeT BUX

as
= 2

(4.16)

Yg ~ iz - r1gihTf (B, o), }

. 4.1
by~ rlei*rg, (0, ¢), (4.184a)
Oy ~ rleitrg, (6, ), )

q)4 ~ eikz +r-lei7cr]'2 (O’ (P) } (4'186)

@opmyasr (4.180) mpu TOM OTHOCATCH K JIEKTPOHAM CO COMHAMH,
HapajliefbHPIMA HAaOpPaBJIeHHAI0 TMajleHns, a Qopmynst (4.18a) —
K 5JleKTPOHAM ¢ aHTHDApaJIeNbHEIME cuunamu. Masa ompenerenma
Gynxmuit fi, f,, g, gz MOKHO BOCHONB3OBATHCA PELICHRAME ypas-
Henwmii (4.10), naiinennsivn [lapsurom [8] maa Toro ciyuas, KOTHa

7 H. Morr m T. Meccu
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CK&JI?Ipm:IPI noTeHOuaJ paccedHHs V sasmecmt TOJIBKO OT 7, a BeK-

TOPHEIR NOTeHIHUAX paBeH Hydo. Jlapeue mOpuBomuT CHAeRYIOMAE
rpyUOH pemieHmii:

bo(nt 1) GuPu (cos). Y= —GuPafeost)en, | 0
.19a
Y3=nG_n_1Pp (00‘5 9)7 by = G_n_iptl, (COS O) ei?; } (
95 = Ga P4 (c0s 0) ¢, b= (n+1) GuPr(cosD), ), o0
g = — G_n1P} (cosB)e®, by=nG_n_P, (cos 6), } (4.
rme G, sABNAETCA pelIeHAeM CHCTEeMH ypaBHeHHIl
1 w eV dG, n
R L~ U
1 w dF,, 2 :
Y -c——"—‘—— )G + = n+ —Fp=0,

a8 G_p_y—pemeHne aHAJOrHYHOK TapH ypaBHeHnﬁ, HOJIy3aeMoit
B pesyibraTe 3aMedsl 7 Ha (—n — 1).
Hermouas Qyurmmio F,, maxogum

d*Gp !
o +(_~_>Gn+[ap LG RS ”;]G,,_o (4.21)
rue
LW e LW ey
a=-5 T—T+’"C>» =< T—T”’"c>
Ilogcranosra
Gn= lz@n

DpPABOJUT K YPaBHEHMIO, MMEIOMEMY TaKylo ke (OpPMY, Kak M ypaB-
menme llpegmarepa (2.12), a mmeHHO:

G, +1) ¥
L L [kz—n—(n,—z‘——U"(’)J G =0, (4.22)
rae '
ey? 1 o 3 a? 1 a”
Un ()= — e & + 5 S+ S g L (429)
W2 — m2ct
k2=——hz?2——— -

AmnajyormaEBll pesysbTar HOIydaerca Tarke W puA dymxmmr & _n_
npu 3amere n HA (—n—1).

Ilepsrie nBa 4iema Beipaskenns (4.23), ompepeaswiomero Uy (r),
He 3aBHCAT OT CIOMHA ¥ SABAAIOICA TUNHYHHIME JJIsI YPaBHOHMA
Kneiina — l'opnona, onmcsiBalomero wactully Ges cmmma. OcTajibHEIE
WIeHH CBA3aHBL C B3aWMOfelcTBMEM COWHA ¢ OpOMTANBHEIM JBH-
ACHAEM M 3ABHCAT He TOJNBKO OT HOTeHIHAaja, BO TAK:Ke H OT CHJIH
¥ ee NPOM3BOJHOH IO DPacCTOSHMIO.
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Orciona cmemyer, 9ro coGcTsenssie pemeHus G,, G_,_3 ypap-
nennit (4.20) mMeroT acmMITOTHYECKYI0 (opmy

Gp~ r-lsin (kr‘—- % n= -+ 7],,) , w20

2

C nomompwo pewennii (4.19a) MoxHO mOmywnTs QyHKIEE O, Gy,
Melomue acumuroradeckyio Qopmy (4.18a):

G_, ¢~ rlgin (kr _4 nw 4 *q_n;1> .

5= [(n +1) €1+ ne™~n—1G_y_4]i"P, (cos0),

n=0 . (4.25)
Gy= D (€7 MGy + 611G _p_1) i"P} (cos ) €7 .
J10 pmaer " ' ‘
1100, @) =g 3 [ +1) (€20 1) 7 (21—t — 1)] Py cos 0),
81(5, @)= 3 (— ¥ 4 ¢2-n—1) Pl (cos 6) ™. (4.26)

ComocraBnas stm ¢opMmyns ¢ BHpakesmeM (2.17), merxo yGemurnea
B TOM, 910 HePeJSTHBHCTICEMI Cllydail 0TBeHAET YCIAOBHIO T, ==T_n 1.

B caywae mapannensrmx cnmaos [pemenna (4.186)] anamormansiM
0o0pa3oM HaXOMM, 9TO '

f2(8, 9)=11(8, ¢)=7(0)
g:(0, )= —g(B)e ™,

51(0, 9)=g(0)e'. ' (427
B o6mem cayuae OpoM3BONBHOTO.ePBOHAYAJILHOTC HallpaBlleHBA
CAMHOB, KOTJa [Iajaiomasi BOJHA ONACHBAaeTcsa QyHKINAMA

X “ ' q)ngeikz’ ¢4=Beikz’
nyTeMm JmHeiiHoll koMORHANWMA HaWJEeHHLX BHINE DEINOHWA IOy daeM
us = Af — Bge—,
uy = Bf + Age'®,

r,1ce

TaK 49To

*ol *Be—H
I(O) |+ ]+ (fg* —gf*) { 2 ALY 1 28)

1. Hoaapnsanua. W3 (4.28) caenyer, dro paccedAHne WacTATHO
TI0JIA PU30BAHHOr0 IyYKA 3aBUCAT He TOIBKO OT yria 0, HO Taxse m -
or yraa 9. Taxmm o6pazom, B ciryuae, coorTsercrByiomem ¢mr. 11,

1%
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AHTEHCHBHOCTE - paccesnns B Hanpapnennd CD oTnmuma 0T mATEHCHB-
HocTH paccessHus B mampasienzu CE. 9ddert Tarkoro pona MOKHO
65110 0K OOHApYKHTH IyTeM WUCCAeNOBAHES HOBTOPHOIG pPAaCCeAHHA
SNERTPOHHOro Iywxa. IlycTs HemoiApM3OBaHHHE OYYOK 3JIEKTPOHOB
najaeT Ha SKpaH B. ONeKTPOHh ILyd4YKa, pacCesHHHE B HaupaBle-
gun BC, momanalor, panee, Ha BTopoi sxpad C. O9T0T paccesHHBI
Iy90K 4acTHYHO IOJIAPA30BAH B Pe3ysbTaTe paccesHHA OT axpaHa B,

A

\B‘

Pur. 11

TaK Kak B ofmeM ciydae paccempaiomiee IOJié OKA3HBAaeT pasaidd-
HOe BIMSHHO HA DJIEKTPOHH ¢ NapallelbHHIMH M AHTANAPAJIIENb-
HHMA covHaMd., DB pesynbprate 9meKTPOHHBE IYUKM, HCIBITaBINAE
BTOpHYHOE paccesnme B Haupapienuax CD um CE nox ogHuMm # TeMm
" e yraoM 8, mo orHomenmio k maupasiaemmwo BC, Gynyr oGianark
Pa3iInIEOl MHTEHCHBHOCTHIO. »

Ilono6nas Teopms Ttaworo nBOAHOro paccefums BIEPBHE Onlia
paspaborana Morrtom (11, 12). Tanaromuit HenonApu30BaHHEN Iy9OK
MuI, KaK Bcerga, OyneM pacCMaTpHBaTh KaK COCTOSAIMH H3 PaBHOTO
KOJINYEeCTBa 9JIeKTPOHOB €O CIMHAMM, MapalliebHLIMA W aHTHIapas-
JeNbHEIMA HAUPaBICHHIO MafeHAd Iydka. /[ 3/IeKTpoHOB manaio-
mero mydYka, o0iajalomax aHTUIAPAJUICILHEIME, CIMHAME, AMeeM

o= Aez, =0, Ad*=. |
1locne nepsmunore paccesmmsa ma yrom 6, B miockoctu ¢ =0 (mtoc-
wocts’ ABC wa ¢ur. 11) xommomenTs: BonmHOBOH QymEkmmE GyRyT
;ﬂpO;Iopﬁ;_'IglqﬁanLHm Afi(6,) m Ag, (6,). IoBepreM Temepsr KoOpRUHAT-
“Hble ‘ocH HA yrou 6; raxmm o6pasoM, uTo6H OCh z GBlIa HaIpaBiena
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Bpons BC, a mnockocts ABC ocranacs mimockoctsio @=0. B aroi
HOBOI xoopmmamon cacreMe EMeeM

=A (fl cos + g1 8in ) by=4 (gl cos— — fisin —) (4.29)

(\men ¢'¥2 W mOCTOSHHEI MHOKHTeNs 3uech omymenw). IloxcraBnsis
ora QyHKUME B BHpaykeane (4.28) coorsercrBeHHO BMecto A m B,
HaXoJiMM HHTEHCHBHOCTH |U3[°+ |u,|? BropmuHOro paccesima. - AHa-
NormYHEM 0o0pa3oM NpoM3BOAATCA BHYHCIEGHAA W JJA TOFO clydas,
KOTJA 9JeKTPOHH Hajapomero nydYxa o6JagaloT COFHEAME, Hapai-
NelbHRIME HampapiieHmio magenns. CkiafsiBas IOJyYeHRHBIE 3HAUCHMS
HHTCHCHBHOCTH, HAaXO[UM HHTEHCHBHOCTH paccesHHA B HaIpaBiie-
HuE (B, @p):

{If (B:)* + lg (81} { lf ()2 + g (Ba)2 + 2D (0 ) D (8;) cos gz}, (4.30)

e
D (8)=i(fg* —gf*)

Idta Popmyiia DOKA3HBAET, ITO OPH NaHHOM 3EaveHun O; A 92 3aBH-
CHMOCTh HHTEHCHBHOCTH PACCEAHHA OT ¢, OIpefeligerTca MHOmUTeIeM
BHAJA )

,

1 4% cos ¢,
The
2D(02|)D(ﬂz) . (4.31)
— {7 G0F + g GF) {17 (62)F + [8 (62)F) _

pm D(G)-EO piccmarpuBaeMsiit spdext mcaesaer. B srom. cmyuae
paccesHEe OPHBOAUT K IIOBOPOTY BCEX NePBOHAYANBHHX HAIPaBIe-
HE CUMBA HA OJMH W TQT JKe yroJ, TaK 9I0 HEeNONAPH30BAHHEIR
OY90K O0CTaeTcsd HelloJISPU30BaHHBIM. o

B o6mem ciydae mpu Manmx sHaveEmAx D (0) cremedth acmmmer-
pun Oypmer Majoit, XOTA B OTHENBHEIX CIy9asgX OHA  MOMKET IIPHHH-
MaTh GolbliMe BHAUeHWS IPH HEKOTOPHX CHENMAJIBHEIX YCHOBHAY,
KOTJa 9nciuTelns BHpaskenng (4.31) ouems man. Muommrens D (0),
BooOme roBops, Majll TOrfa, KOrja Maji BejlWuMHA g, T. €. B HEpe-
JIATHBACTCKOM ciy4dae. Bosspamasce x dopmynam (4.26) m (4.27),
HaXOQHAM, 9TO

g=— % > P (cos b) sin o/ ne2n, (4.32)
n :

rme

Zn="n"N—n—1, 230 =+ Np—1.
Massl M,, M_p-4 MCTYT OBITH BHMYACHEHH C OOMODIBI0 YpaBHEHUA
(4.22) mns pynxunun (G, @ COOTBETCTBYIOmEro ypaBHeHAs ANA QyHK~

e & _p,—4. DBripaskenus, oupegensonime 3STH (Passl, OTIAIAIOTCH
ApyT OT APYFra TONBKO OJHUM WIEHOM, IPONOPHROHAIEEEM 7 la’faj
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B cnywae QPymxmun (&, aTOT UNEH COXEPIKAT MHOIHTOIE (n+1),
B caygae PyExmmn &,y —maOomaTens —n. Ilockonsxy o’ mpomop-

LUOHANBHO dd—?, oTcroga ciefyer, uro pasHocth a3 Y, H, ciemoBa-

rensHo, Pyrxnas D (0), xaparTepmsyonias creieHb aCAMMOTDHA JNeK-
TPOHHOTO IyYKa, OHPEXeAIOICHA, CKOpee, He MOTEHNMANOM paccenm-
BAIOIEro TOJA, a BeJHTHHOH PacCemBAIOMmieHd CHIIHL.

2. Cayuaii kymomosa monsa. PaccMoTpuM Temeps paccesHme
GHICTPHX 37EKTPOHOB HE3a3KPAHMPOBAHAKIM ATOMHEIM SJPOM ¢ 3aph-
goM Ze, T. €. TOT Clydail, KOrja HOTEHKUAJ pPAacCeMBAIOHIEr0 IIOMA
ompefensAeTcA BHIPAKEHTEM

V——' _—T .

Kax # B Hepe/SITUBACTCKOM cJiy4ae, mcciefioBaBEoM B rii. III, mepm-
JieHHOe YORIBaAWe 3TOTO HOTEHKMANA ¢ paccTogHHeM OOyCJOBJIHBAET
u3MeHeHMe acmMuroTmdeckod Qopmu QyEKOEE G, 1 G_n—y. Dopmy-
et (4.26) m (4.27) ocraorcs mpE 9TOM CHpaBe[JIUBMME, a (ash
%in M M_p-{ TAKOBH, 9ITO

Gt ~ r'1sin(kr + 10 2kr — 1w+ nn,_n_,) . (4.33)
rpe
21tZe2
1= .

Ypasnmenua, (4. 20) omnpegesnaomue QyHK{IN G_,,_l, npﬂoﬁpeTaloT
TelIepL BE}I

dG_,,_
(W Ze? 22 | me )F—n—1+ 4G ny (n-:i)G_n_lzo,

—=(Z+ -————mc) G +25m2 0= Dp 0. (4.30)

3anncuban .
rF_n_1=(1—W> (0‘1——0'2),
12
rG_n 1= ( +— mcz (01 + 92),
nMecM '
‘%: (k+7>al—(n+zy') =,
des ., .
Z=—(n—iy )—,‘—+t.(k+7>62,4

rae

v? v wE
v=(1-%) v B (E-me)
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Pasnarasi o, U 6, B PAX IO CTelieHHu r:
1 2
o, =e~Wrrs Yary, oy=e s 3 byrv,

HAXOAMM, WTO peryJjiApHEe pemeHHs MOTYT OHTH IipefCTaBIeHB
B (gopme
oy = age~ % rw F (iy 4 pn, 2pn + 1,20kr),
0y = boe=*rron F (i 4 pn + 1,200 -+ 1,20kr),

e

a iT—0n 1/2 2nZe?

g:)l=—i1’—-n’ pn=(n*—a® ", a=.{%= “ht:‘3
Jro paet

G—n—i = N—n—i (2]&7‘)“‘ rig—ikr X
X[ —(n—Y")F iy +pn+ 1,200 + 1,2ikr) +
+ (pn— ) F (pn+ 2y, 200+ 1,2ikr)}, (4.35)

rae N_,—; — HeKoTopas mocrofnnad. Bocmoim3oBasmuch acHMITOTH-

9YeCKUMM 3HAUCHHWAMA THMIIePreOMETPHYECKAX (YHKHUE, NpHBEIEeH-
upiMa B 1ra. 111, § 3, mMeem

G_n_1~ r-lsin (kr +YIn2kr—fnmtnian),  (4.36)

rael)

(n—17") T (pp -+ 1—1iy) et
(pn—w)f‘(pn+1+i7)eXP[ m(pn—n)l. (4:37)

Mocroserag N_p.4 ompegensercd, TakEM oO0pa3oM, BHIPAKEHAEM
BUIA

expl(2in—n—1) =

T (pn+1+ 1 ., Nt T
Nopy= g im0 oxp (3 o0 ) (67 — 1) a— )] - (4:38)
3anncuBan

C,—= —e—inp ____(p";”)_
n T a1y

F (0)=—— i (=1 [rCp+ (n+41)Cpriy) Py (cosB),

G(O) .—_— L (= 1) [n*Ca—(n +1)2Cpiy] Pn(cos b)
nyuopcrasaAs (4.37) W coorBeTcTByOIge 3HA4YeHHme e2is B QopMy-
TH (4 26) u (4.27), momydaem

kf(0)= —iy'F +G,

kg(@) i (1+cosﬂ)sf1'l-; (1—cos 0)(‘ (4_40)

(4.39)

1) 3ameram, yTo 2V ME moNynEM w3 (4.37), saMeHmB n HA —n—1 mo-
BCIOAY, 38 NCKJK0YeHWEM MOCIHeAHET0 MHOKUTENH, KOTOPHH CTAHOBUTCA HpH
STOM DPaBHHEM exp[—mi (pn,1—n)].



104 TJ. 1V. CHIHMH 3JEKTPOHA

Jdnddepernnanbsroe cedenme paBHO, TaxAM 06pasoM,

Ifl2+)glp=—120 4 GR (4.41)

., 0 il
2 l.2 2
k2 sin 5 k?cos 5

@®yurgun F n G me Moryt OHYb BHYHCIEHH B KOHewHOH (opwme;
B clydae pacCeAHMs JIETKEMHA 3JIEMEHTAMH OHM MOTYT OHTH, OHAKO,

\ Z
PA3MOKeHE B AN U0 CTENEHAM &, HOCKONBKY @ =z .
B npenensnoM ciywae y =17, a?=0 cmpaBegiumBH pe3yIALTATH,
HONydeHHEe HAME OpH HCCAEIOBAHAN PACCESHAA KYJOHORHM IOJEeM
Ge3 yaera cnmHOBOro ¥ penarmeucrckoro sddexros. Mz popmynst

(3.16) caenyer, 9To B 5TOM caydae

kEf(®)— R cosecg-% , &(0)—0,

rae

R-—-—yexn [Zrylnsm— +arng(T+—z%+i“] .

CrepoBarensro, pasnaras F m G B pajg no cTenmeHaM o, EMeeM
F=F0+GF1+G2F2+ .
G=Gy+aG, +2°Gy+ ...
H, Bocmojs3oBarmuck Qopmymnoii (4.40) mpm ¢’ =7, umeem
FF%, Go=Retg® L

Hockonrky F m G He NOIGKHK 3aBACETH OF Y, HONCTABIAA JTH
Pynxnuu B (4.41), Haxopmm nm}n})epeﬂuuam;uoe cedeHHAe

Zet 6(1 ¥ sin —/O-* . (4.42)

4m2p® sint -

Jdra dopMyna cmpaBemMBa HPE BCeX 3HAYEHMAX ¥ HpPE YCJOBRY,
970 0 MaJIO IO CPABHEHMIO C eAUHWIEH.

B paccmarpuBaemom mpmbiamxennu gopmyita Pesep(popna HOJDKHA
GEITH, CIIEI0BATE]BHO, HOLMOJHCHA MHOMKETENAMY BHJA

(1—§)(1—§sin2§>.

Heppslit M3 oTUX MHOIKETENIEH YUUTHIBAET JIOPCHTI[OBO CIKATHE, BTO-
poit cpAzaH ¢ HamwdgueM crmea. Ilockonsky B JamHOM TpAGIMKeHHN
KaKk f, Tak M g BeHieCTBEHHH [ecd® OOyCTUTH O6mMii PasoBHE MHO-

KHATEND exp ( 2iy1n sin2%>], IpH JBOWHOM paccelHUA He IOJHKHO

Goisto 6151 BAGIIONATECSA HEKAKON acEMMeTpHm. [{7s oydenysa KOHed-
HOTO 3RAYeHMA BeAMYUAH &, ompelenseMoi Qopmymoii (4.31), Heob-
XOMMMO pemuTh 3aHady B moclejylomeM npabimkeHun. 91o OBIIO

*



§ 4. PACCEAHUE 3JIEKTPOHOB CHJIOBBLIM IIEHTPOM 105

ocymectsxeno Morrom [11], ROTOpLIﬁ fHoKazad, uro mpm O, = 0, =90°

2

02
(137) [2—<v2/c2>1*' - (443)

Ilpn v/c=0,81 ara q)ynmma mpuobperaeT MHEHEMAJIBHOE 3HAYCHHE,
pasaoe 0,2(Z/137)2. ndpdepesnuansuoe ceuenme (4.17), 6Gyayum
BBHIYMCACHO B 3TOM jRKe NpHONMKEeHAW, cojep:Rutr MHOKErens [13]1)

v . 5,0 v_. b
(1—zgsm 7+a?sm7)

v* . o, 0
(1—5551_11 7) .

B cayuae paccedamus tmxeasMu saeMeHraMm otHolienme Z/137
ysie ¥We SABNACTCA MAABM, B mpuOmmxeHuble gopmyins (4.42) B (4.43)
nepecraior Gurs copasepamsrivu.. Morr [12] Bmepssie ompegesnmi
9dUCNeHHAe 3HadeHns nudpepeHUUANBPHEX CedeHMH K CTEHGHH acUM-
MCTpHE ¢ IoMompl0 TouHHIX (opmyn (4.40). Om sHumcnmy Tpm
9TOM §, Kak (YHKIMIO OTHOIIEHHA »/C NJIA CAydYas ABYKPATHOrO pac-
CeAHAA DNEKTPOHOB sppaMu 3onxora Ha 90°, m mameln Tarxe 3sHaYeHHA
anddepeHHHANBHEIX CeYCHHH IIsI OHOKPATHOIO PACCesTHASA dJIEKTPOHOB
NpHU 5ToM ’Ke 3Hauenwnn yriaa. Bapraerr m Barcor [15] ompepennnm,
Zanee, 3aBHCEMOCTH JUPPepeHNUANBHNX cedeHmH OT v/C NJIA caydasd
OJIHOKDATHOTO PaccesHnsA HIeKTPOHOB AxpaMu prytH Ha 90°. @ur. 12, a
HITIOCTPUpYeT MOJiVieHHHe Ipm 5roM pesyabraril. Ha ocm oppuaar
OTJIOKEHO OTHOINeHWe 7, HAWXeHHOW MHTEHCHBHOCTH pacCesHHA
K MHTeHCHBHOCTH pacCesHnd, onpenenaemoﬁ gopmynoin  Peseppopra

Z2%e4 a0 v?
it 08ec (1———) N

Ipu yvere 3aBHCHMOCTH MAacCH OT CHODOCTH. B cilydae TAMeNBbXx
JJICMEHTOB IIPHGJIHH(BHHOB 3HaYeHme r

v? ., 0
[1—0—2sm 7] R
onpenensiesoe Popmyinoit (4.42), craHOBHECA OYeHL HETOYHEHIM.

3aBECEMOCTD CTENEHH AacHMMeTpPAH & OT CKOPOCTH 3JIEKTPOHOB,
naipennas Morrom, a tarke Bapmierrom m Batcomom, mimocTpu-

BMECTO MHOIKHTENA

1) DTOT MHOMKHTelL B J(eHCTBETENBHOCTH JNOJsKeH OHThL 3ameseH {(cM. [14]}
CIIeJY IOIEM

v2‘.2ﬂ=v.6 BN
1—Fsm —2-+m—c—sm§<1—sm-§->.

9T0 06eTOATENBCTBO OCTANOCH He3aMe4YeHHRIM MOTTOM BCTejCTBHe OuwmbKu
NPpH CYMMHPOBAHWH BHparkenns (4.59). (I pum. ped.)
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" @ar. 12. YraosHe pacnipefieieHUR 3JIEKTPOHOB
M TO3HTPOHOB C PasIMUHBIMEM 3HEPTHAMH, pac-
CEeAHHRIX ANPAMH PTYTH.

10 ocw OPAMHAT YKAa3aHH SHAUCHWA QTHOIIEHWT r HAO-
JIIOEAEMOlf MHTEHCHBROCTH PACCeAHNs ¥ NUHTEHCHMBHOCTH,
BEIYACICHHOM [0 PopMmyae
Z2e4 (] v2
ok cosecd —2—(1——6—2)
KpuBbie I—IX OTHOCATCA COOTBETCTBEHHO K 9acTWMIAM
¢ 9HepraAmu. papublMm 0,046, 0,086, 0,145, 0,232,
0,314, 0,463 0,666 1,28 w 3,35 mc"; HpuBaa O oT-
seuaer Npulin;xenHok dopmyne (4,42) UpH BHEPruH,
paBuoit 3,35 mc2,
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pyerca ¢ur. 13. U3 ¢urypst caepyer, 9ro 3Pext acuMmmerpum Iipu
JIBOMHOM pacCessHHM JNOMKeH HIpHoOpeTars CYIECTBEHHYIO poJib IHpH
3Hauennax v/c, 6mm3kmx K 0,6. Xora stir pe3yapraThl GBI MOy 9eHEL
B TpeJNoJIOKEHNH, YTO paccessHhe SAeKTPOHOB OOYCJOBIEGHO TOJEIMHA
ANpaMn, B gadepeiimeM Obro mokasano [16], g9ro asddenr swpannu-
POBAHUWA ATOMHEIME 3JIEKTPOHAME He JO/DKEH OKA3HBATL CYINECTBEH-
HOro BIWMHHUA Ha 3HAUYeHWs &, TperCcKaspBaéMble Teopuei.

3. CpaBnenue c¢ ombitoM. B macrosimee BpemA Henp3s eme cCka-
3aTh, 4TO DEJIATHBHCTCKAS TEOPHs pacCesHHA OBICTPHIX BJIEKTPOHORB
ATOMHHIMH AJpaMHE  IOATBep- 16
JMJACH ODBITHHIMHA  JAHHKEIMH
BO BCeX CBOMX JeTajsx; Co-

BpPeMCHHEIE MCC/IeOBAHMA 110 12 yd \\ _
3TOMY  BOIPOCY  HAXONATCH, / P
OJHAKO, B XOPOIIEM COTJIACHI :
¢ ee TpeACKA3aHHAMM.

HopeilimuMue onriTamue 1o /
H3Y9eHHIO ONHOKPATHOTO pac- q 2
CesHHA OBICTPHIX 3JEKTPOHOB
ABAAITCA oneITH bBlokuepa, ,
Bawn-nep-I'paaga m DembGaxa 0 R Ty a—
{17]. B ®mx O6mam wBcOooas- G T ’ ’
30BaHH ~ KATOXHEIE JIy9M €  @pp, 13, AcuMMeTpua IpH XBONHOM pac-
sueprmeit ot 1,27 mo 2,27 Mo  ceaumnm 3JIeKTPOHOB AxpaMu; pryrm Ha 90°.
1 m3MepeHO alcomoTHOE 3Ha-
yeHHe MHTeHCHBROCTH paccesaHusa B yraosoM uaTepase or 20 no 50°. Io-
SIydeHHEle MPH HTOM pe3yJIbTaThl HAXOUATCA B 0UeHb XOPOIIEM COIJIacHu
€ TEOPETHYECKAME COOTHOILCHUSAMN NJA BCCIIEOBAHHKX pPaccedBaOmMuX
MaTepHasoB—OepHINs, AMOMUHAA, MeNH, cepeGpa, MIATHHEL ¥ 30JI0TA.
Ananna pesyNbTATOB, MNONYYEHHHX ~PAsiNYHHIMA HCCIEJ0BATENAME
smiaore mo 1942 r., mam B paGore ¥YpGama [13]. 9tm pesynbrars
npefcTaBafgiT cofoll BeckMa myraHylo kaprmay. Tak, xopomee
coriiacue ¢ Teopmell Gpiio monydeno Yemmmonom m BapGepom [18]
npu #3ydeHmm paccesumsa B-nyueit RaE ¢ smeprueii or 0,7 go 1,2 M s,
Maymepom 1 Onmenreitmepom {19} mna P-nyueil ¢ saeprmeit or 5 mo
17 Mse mpu pacceanun ux B cbmume, CaynpgepconoM m Ifioddenne-
roM [20] pna paccesmma [B-nydeir RaE s Menm, aprome m 3onoTe,
TFymra [21] mpm m3ydeHmm paccesnma B-mydeir ¢ smeprmeit 2 Mas
B Kcemone, m Bpaumnosexum u Jleiimywckum [22] ans B-nyseit RaC
TpH HCCIENOBAHEM HX paccedgHusa B aproHe. C jpyroil cTOPOHH, WO
naunsim Yemnmona u BapGepa [18] B ciyuae paccesnma B-myueir RaE
ANpaMu PTYTH SKCIEPEMEHTANIBHOEC 3HAYeHHe HHTEHCHBHOCTH pacced-
HHUF COCTABJIAET JUme 1/, ee TEOPeTHYeCKOT0 3HAYeHHA, XOTHA H3Me-
peHHOE YII0BOe pacipejeleHHe 9JIeKTPOHOB COBHIAJAeT TpPH DTOM
¢ Tteoperudeckum.. Ilo manHmIM mpyrmx uccaepoBartedeii [23] mpu pac-

20068
&
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cestHmE [-lIydeil B asore OTHOIIEHWEe JSKCHEPEMEHTANBHOIO 3HAYCHUsS
HHTEHCHBHOCTH PACCOAHUA K €€ TeOPeTHYeCKOMY 3HAYEHHIO Kosebirer-
ca or 0,5 1o 9. O HamumE HEKOTOPOrO PACXOKIEHUA MEKIY TeOPHei
A OHHITOM CBHJETENLCTBYIOT TAK:Ke M Hpyrde COBPeMEHHHIe OUHTH [24],
B KOTOPHIX OpAMeHsanuch B-ryun. Mexxay skcnepaMeRTanbHEIMA Pe3yib-
TAaTaMH, OTHOCAIAMUCH K [B-Iyd9aM pasiudHOr0 IPOMCXOMIEHHA, HET
YIOBIIeTBOPUTEIBLHOTO COTJIACUA; BEChMAa BO3MOKHO, GIO 3TO PACXOM-
nemume O6HIO OH B 3HAYATENBHON CTENEHHE YCTpPAHEHO, eclH OBl
€CTeCTBeHHHEe HCTOYHMKE pPaJUOaKTHBHOCTH OBUIM 3aMEHEHH HCKYCCT-
BeHHBIME, KaK 5TO MMelI0 MecTo B omkrax Bam-nep-I'paada m npyrmx
YIOMAHYTHX BHllle aBTopoB. Ciexyer, OXHAKO, OTMETMTh, YTO B HEKO-
TOPHX ONHTAX HEYHpyroe paccedHHe 5J€KTPOHOB H BO3MOMKHOCTH
oGpazoBaEMA Wap OBICTPEIMM 3JIEKTPOHAME ([2D] TaKiKe HBIAOTCA
OpHIRHO# 3aMeTHHIX aHomaumi. HeoOxopmMH, TakmMm oGpasoM, pomon-
HETEJILHEIC HKCIEePHMEHTAJBHEIe HCCHleAOBAHUA JHAA TOro, 9TOOhE
MOKHO OBIO JIHGO €O3JaTh HOBYIO TeOpHI0, AB60 yCTAHOBHTEL C OIpe-
RETeHHOCTHI0 IPHINHY BCeX HAOMIONaeMBIX PA3HOrIIACHA MEMKAY Cyme-
CTBYOIEH TeODPWed M ONKTHEIME JAHHBEIMH.

Buin npepmpmaAr pap mommrox [26] o0HApY:KMTH Ha oubire Ipej-
CKa3HBaeMHll Teopnell PPeKT acHMMeTDHH IpH ABOHHOM paccesHAN
3IEeKTPOHOB AApaMn 3on0Ta ). Bmnors go moasBnerma pabornl llemna,
Unza u Maiiepca [28] 5T TONHTKE 0cTaBaJINCh, OMHAKO, 663y CIICIIHHIMA .
Hdas toro g9ro0e MokHO OBI0 O6HapyxuTh 5PPerT acuMMeTpHE,
CYIIEeCTBEHHO, KOHEYHO, YCTPAaHUTL NeINoJIApu3yomee BIMAHAE MHOTO-
KpaTHOTrO paccesund. 3ojdoras (Poinra, BCIOIL30BABIIAACH B OHHTAX
Haiimoana m Pmxrepa B KadecTBe MCTOWHHKA paccesHud, Oba jo-
CTAaTOYHO TOHKOH AJA TOro, 9To0H MOKHO OHNO DmpeHeGpedb MHOIO-
KpaTHEIM paccesHENeM 3JIeKTPOHOB, NPHBONAMUM K PANY OTKIOHEHHH
Ha MaJuible yIibl, ORHAKO BEpPOATHOCTH OTHAOHemHs Ba 90° B peayan-
Tate JBYX IOCJIEJOBATE]LHEIX OTKICHEHW CpPaBHAMOH BeIMYMHH,
MOBEAEMOMY, He GHa HPW 3TOM Hocrarouno Madoid. Taxoe orxaone--
uge na 90° [29] cramoBHTICA 3aMETHHIM TOJBKO B TOM CAydae, KOTZ&
HIIEKTPOHEL PACCEHBAIOTCH «OTPaKAIOmeiy cropoHoi poasru (dur. 14, a).
B sroM ciaydae amexTpoH, ACHBITABIIAN OTKIOHEHHE HA 40°, NBIKETCH .
B (oabre moYrTE MapPALIEABHO ee NIHHE, ¥ HOITOMY BEPOATHOCTH TOTO, :
UTO OH HCIEITAeT NP STOM BTODHYHOE OTKIOHEHMe HA 40°, BECHMA:
3HaguTeabHEa. G Apyroil CTOPOHH, B CiIydae (HPOXOFKIEHAM) ((Imr*. 14, 6Y
ambo mepBuuyHOe, A0 BTOPHYHOE OTKJICHEHHE JIEKTPOHA noanm
cocTasiaTk 135° m mO3TOMY 3HAYHTENHHO MeHee BEPOSTHO. i

KHax Haiimomn, rax m Puxvep HaGniomanm paccesHEme 3IeKTPOHOB
na 90° or orpasiarmux WOBepXHoCTeil TPH TAKHX YCJIOBHAX, KOIZA.

!) B ozmoit ms stax paGor, BRmoiEenHoW Hukyau [27], Omam momydseHs.
Pe3ynBTaTH, COTAACYINHECH ¢ TeOpHei, Ho aBTOP NMOJb30BAJICH CTOMAb TONCTHIMA
PaccemBATENSAME, YTO MHOTOKPAaTHO® paccesiHue OJKHO Ohiro npnoﬁpec’rﬂl
Cepre3Hoe 3HAYEHPE.
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aror sdderr AoiKeH GsUI OB HTPATH CYmeEcTBeHHYI0 pois. Mecnenosa-
mua Memna, Ymsa m Maiiepca monTsepmuiin OTCYTCTBHE 3aMETHOM
acAMMeTDHE JIpH 2HAJOTHYHHIX YCJIOBHAX OMBITA; JUIA MYYKA HICKTPO-
1oB ¢ sHeprmed 400 k3¢ 3TH aBTOPH HOAYYMIH, ONHAKO, 3HAYCHAE
2008, pasHoe 12 -1 (0,2, B ToM caydae, Korha paccesHNe 3JIEKTPOHOB
B0 -CcBA3AHO ¢ WX mpoxosxmenmeM vueped doawry. Hax caepyer
3 ¢ur. 13, sra mudpa owens

XOPOIIO COTAACYEeTCA C TEOPern-  —

JecKWM 3HAaYeHHeM. YTOMAHY-

THe BHIIE aBTOPH IOKA3aJm

TagKe, -9TO 3aMeHA OJHOM m3 a 5
IJIACTHHOK  30JI0TOH  (oNIBrm

aINOMIHUeBOl IIPABOIAT K BECh- @nr. 14, Paccesame doasroir va 90°.
Ma 3HAYUTEJIbHOMY YMEHBIIE- g _cyyqail «oTpamenya»; 6—cay3afi «IpOXOrk-
HUIO CTEHeHW acHMMETpHH, KaK . ReHAy .

9TOro W CIENOBAJIO OKUIATE.

B o6mem ODWTHEE HaHHHE CBHIETENBCTBYIOT B IIONB3Y TEOpPHH.
Hexoropste gomonEuTe bHEE SKCOEPAMEHTANBLHEE pe3yJIBFATH, OTHO-
cAmmecs K PacCeAHMI0O HA Majble YrJbl W TaKke HOATBePKIAOmAe
cOpaBefuiMBocTh TeopuH, Oymyr paccMorpeds Hamum B ra. IX, § 6,
B CBA3H C HCCIENOBAHEEM BOHNPOCa O MHOTOKDPATHOM DaccesHHd.

§ 5. Ilozmrpon

B § 3 6nnm mpmBepensl pemenma (4.12) ypasHennit (4.10),. xa-
PaKTepH3ylOIIAe JBMiEeHWE CROOOJHOrO 3JeKTPOHA, 0O0JIanaiomero
AMIYNRCOM (p1, P2, Ps3) B dHeprueii W.. Orm pelleEmsa HMeOT BHJ

i,
$2=a exp [%(pxxwLpzy—l—psz—Wt)] (=1, 2,3, 4),
rne

PRAiR=Tr e, (44

Mn npepmonoskmM mpm sTOM, 4To dHeprusa W molroskMTeNBHA; ONHAKO
TaKkoe HpelHojlojkeHHe BOBCE He BEITeKaeT #3 TpeOOBAHEIL TEOpHH.
Bennmumna W pomxHa yaoBIeTBOPATEH PeSTUBACTCKOMY COOTHOIIEHHIO
(4.44) Mexny sHepryedl W MMIIYJIBCOM; U3 Hero HOJIydYaeM

W = -t ¢ (p2 -+ Pi-+ p3— m2e2)'ha.

Jo cux mop Ham;m GHIO PACCMOTPEOHO TOMBKO WEpBOe U3 BTHX HABYX
pemennii. Bropoe pemenme paer

b=bexp [ ZL(pat pay+piz+ WD) | (=1, 2, 3, 4,
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rne |
by=C, by=D, ba=gp—s4r;»_cl)5§£u'f/_c£),'
| by = S (Prt 1P2)=Dps (4.45)

mec+ Wje

OTH BoJHOBHE (YHHKOWE OTBEYAOT CBOOONHBIM 3JeKTPOHAM € OTPH-
MaTeILHOH KHHEeTHIECKOU DHEprmeil, T. €. 3JeKTPOHAM ¢ OTPHHATENb-
HOHl MacCcoil MOKOA.

Ecam ver xaxunx-nuGo yCIOBWl, B CAUTY KOTOPHIX TAKHE COCTOSHMSA
HEeOCYmecTBIMEl, TO B3JIeKTPOPH JO/KHE CTPEMAThCA 3aHATHL HX,
0cBOGOMK/aA MPH HTOM DHEPrHI0 B BHJE SHEPIUU N3IYHEHAS HIH
KAHeTHYecKo dHeprmm Kaxoi-HmOyas npyroi dacrumel. C ppyroit
CTOPOHHI, DJIEKTPOHBl € OTPUIATENBHOM MACCONH HHKOTAA, OJHAKO,
He HaGnopanmes, [y Toro 4roOB ITpeomoiiers 3Ty TPYHHOCTS,
Hupax [30] Beickazan B 1930 r. npeamonosenne, 9To BCE COCTOAHMA,
B KOTODHIX 3JICKTPOH 06JajaeT oTpHIATEJBHOH MACCOH, yiKe 3aHATHI
3JIEKTPOHAMYE, 00pasyKInuMu pacHpefelieHne, KOTopoe He HaGI0aacMo
SKCHePHMEHTANBHO BBHY ero paBroMepHocTH. Ha6mopeEH MoryT
OBITH TOJBKO «IHPKH» B 3TOM paclpefesenun, IpeAcTaBaaonne cofon
OTKRJIOHeHMs OT paBHOMepHocTH. IlocKONIEKY, corjacHo HIpUERRIY
Ilayau, mBa sieKTpOHA He MOFYT 3aHHEMATL OJHO X TO jKe KBAHTOBOE
COCTOSIHME, 3Ta TEODHA YCIEUIHo o00bAcHAeT TOT (PaKT, 4TO BJIEKTPOHBE
B COCTOSIHHAX C OTPHIATEelbHOH Maccoil He BCTpedaloTcss B IPUPOJE,
a Tarke oOBACHAET OTCYTCTBHE IiepeXofoB B Takme cocroanmsa. [laiee,
BaKaHTHOE COCTOSIHHME B pacOpefieleHBH AIEKTPOHOB ¢ OTPANATEALHOE
MacecH foiuKHO ofnajmarh, TAKEME K€ CBOHCTBAME, KaK dacTALA
¢ TONOKUTEILHOM Maccoil u TOJOMKNTENLHEM 3apapoM, Cnepsa mpen-
Hojiarajioch, 49ro TaKOHW dacTHHEd MokeT ObITH T[POTOH, ONHAKO
Onnenrefiygep [31] mowazan B 1930 r., 9ro Macca sroif dacTumse
JI0JKHA PaBHATBCA Macce OOHUHOro syexrpona. Taxme wgacrumes
BOepBHe - ORI OOHADPYKeHH JKCIePHMEHTANBHO AHjepcoHoM [32]
B 1932 r. cpemu BYOPHYHEIX YACTHL, CO3[[ABACGMEIX KOCMHIECKUMIL
JydaMu; gepe3 KOPOTKHII HPOMEKYTOK BDPEMEHH JTOT pe3yJlbTar mo/-
TBEpAMAN Tare mecaenoBamms Biaewerra m Owrmanmam [33]. Orm
9acTHIEL OBLIM HA3BaHH TMO3HTPOHAMMH.

Vpasuenusa mpaka fis mo3urpoHa MOryT OHYb IOJYYeHbL ILyTCM.
mpocroro IpeoGpasoBandsa ypaBHeHHIH, CIpaBeIABAX ANA 5eKTPoHa.
IlpegmonoxpM, UTO0 ypaBHEHHS NJA 3JJIEKTPOHA C TOJOKATENBHONM
Maccoil Moryr GeTh monydens u3 ydasaenmit (4.10), ecim ME HomomMM

W | eV
P0='c—.‘+c—-

CoorBercrByomme ypapHeHHAA [ 3IEKTPOHA ¢ OTPHNATENBHON Maccoih
MH HaiineMm, samesws --W/c ma — W/c.. Beoga oGosnavennsa

W+=W, PT=—1’1’ ’p;="’l72, P3= — D3,
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HONy4aeM

Oy (P —1p3) s+ pis =0,

) ot
(T~ —me) tat- (o} + ipE) 4 — P92 =0,
( )".’3+(PT—ip§")“ez+p:%=0,
<?"e':_,+mc> b+ (pf +ip3) & — pro, =

9tv ypaBHeHHA uMMEIOT TOYHO TAKOH JKe BHJ|, KAK M ypaBHeHUS
I BIIEKTPOHA ¢ HOJIO/KMTENbHOH Maccoll m sHeprmedn W+, ¢ Toi
amme pasnullell, 9ro MoTeHUWANbHAA SHEPrud pasHa Temepb He — eV/c,
Ho +-el/c, a Qyprmnm ¢, I Uy 3aMeHEHH COOTBETCTBOHHO Py HRIHAME
$; m ¥,. Oun orBewalor wacruue, ob6najammeir Maccoil m, 3apAKOM

. . 1
+ € B KOMIOHEHTON CIMHA 110 OCH Z, paBHOH + - h.

dagaga o pacceAHHE HO3ATPOHOB KAKAM-JIUOO CTATHYCCKEM IIONIEM,
{171ME] KYJIOHOBHM IIOJleM TsKENIOr0 aTOMHOTO fApa, MOKeT OBITH .
pellleHa TOYHO TAKEM jKe o0pasoM, KaKk H COOTBeTCTBYIOMAs 3amadga
0 paccesHEM 3JIeKTPOHOB, paccMoTpeHHagd HaME B § 4; mpm arToM
HeoOXOguMO JHIIL W3MERHTH 3HAK TNOTEHUWAJBHOHR SHEPrudE HA IIpO-
THBOIOJIOKHEI .

Ho mosmrpoH mpejicraBiser coGoll Taxske W BAKAHTHOE COCTOAHUE
4 DJIEKTPOHA, H HPU ONpENeNIeHHHX YCJAOBMAX SNEKTPOH MOKET
HepedTH B 9TO COCTOAHAE, 4TO IPHBejJeT K B3AHMMHOMY YHUUYTOKEHHIO -
KAK 3JJIeKTPOHA, TAK B mosmrpona. OOpaTunil npomecc, HpH KOTOPOM
2JIEKTPOH, HAXONAIMMICA B COCTOAHBHE C OTPHOATENBHOR Maccoii,
LOIVIOMAET DHEPrHIO, [OCTATOYRYI0 I TepeXofa Ha He3aHATHI
YPOBEHb € IIOJIOKATENBHON Maccod, HPABOMAT K MOABJIECHMIO IIApH,
T. €. 3NEeKTPOHA W MO3ATPOHA, MPHYEM HO3HTPOHY OTBEUYAET BAKAHTHOE -
COCTOAHMEe ¢ OTpUIATeBLROH Maccoll, ocBoGoimBOIeecss B pe3yibrare
Takoro mepexona. Ilpm BoumciennE BepogTHOCTA TAaKUX TepeXONOB
Jy4ille TPAKTOBATH X KAK IEPEXONH! AJIEKTPOHA MEHAY 9J1eKTPOHHEIMA
COCTOAHEAMA, YYHTHBAA OpH HTOM, 94TO 3HEPIHs K HMITYJIEC HO3HTPOHA
PaBHH 10 BeJHYAHE U MPOTHBOHONOKHEI DO 3HAKY SHEPrAN I HMIYJILCY
3JIEKTPOHA B COCTOAHME C OTPANATENBHOH Maccoil.

K Bompocy o6 o6pasoBannu u aHHATHAANAK HAp SI€KTPOH—IIO3AT-
POH MH BepHeMcA B nalisHeimem B ri. XV. B ganmoit rnaBe MH orpa-
HUYAMCA PACCMOTPEHMOM BOIPOCOB, OTHOCSIMIUXCA NUINL K OTHEIBHEM
JacTHnAaM.

Paccesanue GnicTphIx mosmTpoHos KyunonomMm moaeM. Q@opmyna,
HojydeHHAsA HaMu B § 4, MoyRer OHTH HpUMeHEHa TAKKe B K IO3MT-
POHaM, eciim MH 3aMeHEM B Heil | Ze Ha — Ze. B npubnmwxennn (4.42) -
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3T0 He TPHBEJET K KAKOMYy-1u60 pasnmdanio B OTHOINGHAHW WHTEHCHB-
HOCTM DAacCefAHHWA; B TOM cJydae, Korga 3HadeHme Z/137 meanza
CYATATH MAIKM OO CPABHEHMIO C eIHUIEH, TaKasd 3aMeHa OIPHBOANT,
0JHAKO, K CYMECTBEHHO WHEIM Pe3ylsTaTaM. OTOT BOmpoc OB HC-
ciaenosad monpoGno Meccm [34] nns enydsas paccesHmsi HO3ETPOHOB
AnpaMA PTYTH, OpadeM B KadecTBe OCHOBH [JA pacgeToB OBIIM
HCMONIF30BaHEl COOTBETCTBYWImAe BHumclennsa DBapraerta n Bens-
Tona [16] gna snextponoB. Ilomyuenniie OpH 5TOM pPe3ynbTATHL WJI-
suocrpupyoreda ¢ur. 12, 6, The mpuBeNeHH KPuBble YTJOBOH 3aBHCH-
MOCTH OTHOINGHHS I WHTEHCHBHOCTA paccedAHAss K WHTCHCHBHOCTH
pacceaHud, BHUHCAeHHOH mo Qopmyie Pezepdopma, mpm pasiugHBIX
3navenmax v/c. HemocpenmersenHoe comocTaBileHnme STHX pPE3yiNsTAaTOB
¢ COOTBETCTBYIOIMAMO PE3yIHTATAMM, MOJYyueHHLIME I BIICKTPOHOB,
TOKA3HBaeT, 9T0 OHN HOCAT COBEPINEHHO WHOI xapakTep. B Hacrosmee
BpeMA MH eIle He PacmoiiaraeM ¢OOTBETCTBYOMEME KCHePHEMERTAa k-
HMBIMA NAHHBIME, HeOOXO[AVMEIMHE [JIA OPOBEPKH H3JOMKEHHOU TEOpHH.
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Taasa V

CTOJKHOBEHNA MEKAY [ABYMA YACTHIIAMNA
HEPEJATUBUCTCRAA TEOPUA

§ 1. Beenenne

B wuepBEIX Tpex riaBax STOH KHHI'M MBI DAacGMOTPeJNH BOIPOC
O [BU;KCHUH 3IEKTPOHHHIX NYYKOB B PA3NMYHHX CHIOBHX IOJNAX.
Ecam upennosaraercd, 4To OTfeNbHEE DIEKTPOHH B NTaHHOM MOydYKe
ApPYT ¢ APYTOM HE B3aMMOACHCTBYIOT, TO JBIDKGHNe HY9KAa MOKeT
OlITH OIMCAHO B TPeXMEPHOM HPOCTPAHCTBE ¢ IIOMOMIBI0 BOJHOBOM
¢ynxnmn ¢ (z, ¥, 2, t), upnaem |¢ [>dz dy dz ompenenser BepoATHOCTH
HAXOM{ICHAA OIHOTO W3 3JEKTPOHOB B MOMEHT BPEMEHH ! B DIIEMEHTE
_obvema drdydz. Ecam xe pear mper o6 aToMHEX cucTeMax, s
KOTOpHIX HEOGXOJAEMO YIUTHIBATH B3amMOReHcTBHE MEKIY NBYMA WM
GOJBIIAM 9HCJIOM YacTHI, TO TAaKOe ONKCAaHMEe OKAa3BIBaeTCid YiRe
HEBO3MOJKHEIM; BOJHOBaA (YHKOUA JOJGKHA ORITH B 3TOM clydae
¢ynxnomeii xoopauHaT BeeX dactmn. Ilpmmepamm 3apjau Taxkoro pona
MOTYT CIYMTH: 3afauu o6 aToMax, COJIepKAMUX CBHIIE OIHOrO
3MEKTPOHA; 3amada of aToMe BOJOPOjia IPH YUeTe KOHEIHOro 3HAYeHNA
Macchl sIEPA; BONPOC O PACCESHAM &-9acTWl JIETKEMI SNDAMH, IpH
KOTOPOM Helb3sd TpeHebpeus oThadeil A1pa; MOCTPOSHHE TOIHOH TeopHU
paccedAHns 3IEKTPOHOB ATOMAMM, YYATHIBAKOLICH HEYOPYT'He cTOILKHO-
BeHHA. '

B s70fi rmaBe paccMaTpHBAeTCA IPEKAe BCeI'0 BOIPOC O B3aWMO-
AeficTBAM MeKMy ABYMA HeoamnakoBbkiMu gactmmamz (§ 2). B § 3 me-
CaIelyl0TCA BKpATIe BO3MOKHEI® CTAIWOHADHEIE COCTOSIHUA AaTOMOB
AAm MOJIEKYJH, COfeP/AHamuX IBe ONUHAKOBEHE wacThHus; B § 4 @ 5
paccMATpHBAIOTCA CTONKBOBEHHA MEKAY OJMHAKOBHMHA YaCTHOAMHA,
ofmagamumMu 1 He 06JajaomuMI COTHOM.

CrenyeT WOYepKBYTH, 4TO €CJIM JACTHLE HEOIMHAKOBEI, TO pac-
CMOTpEHEE CIMHA OKAa3bBaercd HEOOXOAWMEIM JHIUb B TeX Cilyuasdx,
KOrja CKOPOCTH 9STUX YacTUI CPABHMMEL CO CHODPOCTBIO  CBETa
(em. ru. XV). Ecam e 9acTous oAMHAKOBE, TO HeOGXONAMO yIATHI-
BaTh CIOAH Jaje W B HEPEIATHBHUCTCKON TEODHH.

§ 2. BaammopeiicTBAe MEKNY JBYMA HEONHHAKOBLIMM YACTHIAMH.
HepeasraBucrckas Teopus 6e3 ydyera CHMHA

)] o
PaCGMOTpI/IM B3a¥UMOJEUCTBHAE JJICKTPOHAa C NOPOTOHOM; TEOPHIO
9TOr0 BOTIPOCAa MBI CMOKEM 3aTeéM MNPHUMEHUTH K 33jilavue O BOXOPOJHOM
aToMe M K HCCJEJOBAHWIO DPACCEAHHA DJICKTPOHOB ANPOM 3TOTO aToMa.
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OnpenennM RoNHOBYI0 (yHKUMIO ¢ TOjJ00HO TOMY, Kak 9T0 6BLIO
cIenano HaMH Bhme  3apave 00 onmoit uactume. @ynxnua ¢ Gymer
TIPA STOM 3ABACETH OT KOOPANHAT 00€WX 9acTHI; eCH Tp = (Lp, Yp, Zp),
Yo = (e, Ye» Ze) — COOTBETCTBEHHO KOODAMHATH IPOTOHA M 3IIGKTPOHA,
TO BonHOBafg QyHKmma Gyner AMeTb Buj

O (e, Tp; £).
Ona mosker OHITH HHTepIpCTIpOBaHa ciacaykouwnM obpasoM. Ecan dr,
I dt, —3ACMEHTH 00BeMa, cOlep/Ramue TOYKH T, W Yp, TO
[O(rp, re; t)|*d7,dr, oupenenseT BepOATHOCTL HAXOMICHWA HPOTOHA
B 3ieMeHTe o61neMa dt, W 3MeKTPOHa B aleMeHTe o6neMa dt, B ofUH

u TOT He MOMEHT BpeMeHH 7.
Bomnonaa ¢ymxknma ¢ ynomnereopsaer ypasumeniio Illpenmrrepa

thdy kA 2 h? 2
—21_15[;Snzml,qu)+8n2meveq)_v(rm l'e)t'.). (5‘1)
3nech "
2 __ s t 9% | o .
P axi; { ay% ‘ az;’

m, W M, — COOTBETCTBEHHO Macca IPOTOHA W IJIeKTpoHa, V (rp, r.) —
3HAYEHNE HOTCHIHAJLHOE DHEPIUH B3aMMONEHCTBUA MPOTOHA M 3JEK-
TPOHA, €cJIH IPOTOH HAXOJMTCH B TOUKE I, & BIEKTPOH — B TOUKE T,.
B kavectne mpmmepa Haifnem pemeswe ypasaeHus (5.1), onucsipao-
mee JBOMKeHME aTOMa BOJOPOJA B OTCYTCTBUME BHEIDHHMX cilii. B srom
clIyd9ae OOTeHIUaibHAafA JHEPrHA B3AMMOJEHCTBHS pPaBHA
v ) il
Tp, To)= —
(rn, T Irp—r|
Hax u B Kuacemweckoil MexaHmKe, DepeMeHHEIC IIPH 3TOM Pa3feNAI0TEA
M OKa3HBAETCA BO3MOKHLIM BHJICATH NBIKEHWe \MIEHTPA THMKECTH
cucremu. Ilonoxmm
(mp--me) R =mpr, + mer,,
r=1xr, —7r, (5.2)
rge R ompenenser mosoiKeHme mEHTPA TAMKECTH, a I — PaLUyC~-BEKTOP,
COeAMBAIOMNN paccMaTpuBaemble gacTunbl. Omeparop
“ he 2
Vg_}_&\:zm \—62
€

8n2m,,
MosxeT OHITH upeolpazoBaH K cieqynomemy smay [1]1):

h? 9 h2 9
8nz M VR_}_Sﬂzm* Ve,
rge
mnpm,
— ®«___P°
M=my,+m, m =,

1) €m. raxme Keaury Opeaxend [2], (ITpum. ped.)
8*
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Bosnosoe ypaBHcuue (5.1) mpuHMMaer Opm 3TOM BHJ

th aq, 2 e? o0
i =&Y +8n2 V*“+T“ (5.3

B 3T0M ypapHeHwm mepeMeHHEIE Da3fCNAIOICH, €10 PEIICHHE MOKET
OHITH 3amUCaHO B (Popme

fo(r, t)go (R, 2). (5.4)

IlopcraBnsa ¢ynxumio (5.4) B ypapHenue (5.3), Domyuaem pBa
'ypaBHeHml

ih of Rt o
'—Z}'aTO = S2m* V-2j0"*— ’;‘jo+ Afo:
ihdgy W
2 = 5w " o~ A8

rpe A-—nocroaunad. Iloxcranoska

fo=1exp (_LZ’RIA[> ’

=g oxp ( — )

OpEBOJAT K ypaBHEHMAM

th df h?

— et = I S 55)
thog  h®

— 5% = B Vig. (5.6)

Msi MosxeM, TakmM oGpasoM, Iono&ATh ¢ = fg, rne ¢yuxnmm f u g
YIOBIETBOPAIOT COOTBETCTBEHHO YpaBHeHHAM (5.5) m (5.6).

VYpabrenze (5.6) mpexcrapiser cofoif BonnoBoe ypaBHeHHe IS
cBoOojiHOH JacTHOE Macch M ; pemienne g (R, #) omncrBaeT BH:eHne
meHTpa TaxecTHM aroMma. Mckomoe dYacTHOe peleHWe 3aBUCHT OT yC-
JOBEM paccMaTpuBaeMoro onmwrta. Ecam, Halupumep, BOJIHOBaA (PyHK-
AT ¢ ONWMCHEIBAeT COCTOSIHAE Oy9YKAa ATOMOB, TO QYHKIUA g IpPencras-
afer co00 BONHOBYI0 (PYHKOMIO AJIA Iy9KA YacTHI, OlPefENeHHYI0
Bamz B 1. I, § 4. Eciom Donoienme m CKOPOCTh aTOMa W3BECTHE
OpuOIMKeHHO, — ¢ TOYHOCTBIO, NONYCKaeMoOil COOTHOIEHMAMH Heom-
PeNleIeHHOCTH, — T0 (YHKIUEA £ XapaKTepm3yeT BOJHOBOM HaKer,
paccMotpenssiii gama B 1. I, § 9.

YpaBrerme (5.5) mpepcTaBngeT coGoil BOJHOBOe ypaBHEHHe, ONU- |
CHBaiOmpe ABEKeHM® YacTHOH ¢ Maccoii m™* m 3apAxoM e B Iole
AaHHOIO HETOBIDKHOTO Afpa. Ecim MH X0oTEM onmcaTh HOPMajhHOe
COCTOAHME aToMa BOXOpopa, T0 (yHKOWA [ HOIIKHA 6HTB TIepBLIM
xapamepncmqecxnm pelieHHeM BTOro ypaBHEHHS.
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§ 3. Teopun BzamMOIeHCTBHA BYX OJUHAKOBHIX YaCTHI

B srom maparpade manmaraercA ofOEYHAA TEOPHA €TalMOHAPHEIX
COCTOSHEI CHCTEM, CONCPEANIX [Be OXUHAKOBEIE JYACTHIH.

IIpenmonoxnm cmepsa, 9Tc dYacTAOH He o6iagalor cimeoM. B Ta-
KOM CiIy¥ae KaKias m3 9acTHI] MMeeT TOJBKO TPH cTeleHnm cBoGONE !)
¥ COCTOSIHHE TAKOf 9YacTHHE MOJHOCTHIO oupeslesiAeTcs 3afaHMEM oe
nonoMenass B mpocrpanctee. ([liA asmexrpona HeoGXommMo, KpoMme
TOTO, 3a8aTh HAllpaBjeHwWe ero MarHmTHOro Momenra.) Ilpmmepamm
9acTHH TAKOTO pojia HABIAIOTCA, KaKk dTo OymeT IOKAa3aHO HIIKe,
aAnpa reama (a-9acTHOEL) M AAPa yTraepoja.

Ilpeskne 9eM pacecMaTpuBaTh BONPOC O CTONKHOBEHHAX, ME MO~
JKHBEl BCIOMHATH O HEKOTOPHX CBOHCTBAX CTAMHOHAPHHEIX COCTOAHEH,
poaMokaEXx jua momeryn (He,, C,Hy mw 1. 1), conepammx gBe
Taknx dacTansl. llpm ompenesieRnmm 3HaweHui SHepruM, BOZMOMKHBIX
AN STHX MOJEKyJ, MH TOCTyIaeM ejefylomum o6pazom. PaccMor-
puM, HampmMmep, Moderyiay renma He,. OGosmaaum wepes R, m R,
KOODAMHATHl [BYX #fIEp, a4 49epe3 Iy, Iy, ¥z B Xy — KOOPIAHATH
snexTponoB. ¥ papeenme Ulpepunrepa, xaparTepusyomee coecToanme
CHCTEMEI, HMceT B 9TOM €IydUae BAJ

(H—E)y=0, (5.7)

rie ¢ 3aBACAT OT KOOpjHHAT Iuecty uactul, a / — oGE9HEIl onepa-
top sHeprum. Hak Xopoiio H3BeCTHO, KOHeYHHE pemeHud U MOTyT
GHTH HAW[GHH TOJNBKO [IA ONpPeNeJCHHOIrO psAja TaK Ha3LBaeMHIX
«cOOCTBEHHHXY 3HAWEHHI dHeprunm K

EO: E17 E2>

Mosgro OHIIO OX OMuUJATH, 4TO BCEM 3TAM 3HAYEHHAM £ €OOTBeT-
CTBYIOT BO3MOKHEIC CTAI{MOHAPHEIE COCTOSHMA MoJlekyaw. B pgeii-
CTBATEJILHOCTH, OJHAKO, B OPHPOAE, T. ©. NPH HCCJeTOBAHHA TOJIO-
caTHX cmexTpoB Molexkyd [3]%), mabmionaeTcd TONBKO NOJOBHAA

1) ME He yTBePEAeM TeM caMblM, Y4TO o-4aCTHIA MJIH SIPO 4TOMA yriepo-
Aa B AeflcTBATENTLHOCTY O6MANAIOT TOIBKO TPEMS CTemeHAMH CBOOONKI, T. €, 4TO
OHH He TPEeACTABIAIOT CO0Ol CAOMHEX CHCTEM, KOTOpPHE MOTYT OHTL pasiloe-
HHl HA COCTABHHE 9acTd. MH DojpasyMeBaeM IIOJf 3THM JWIIb TO OOCTOATEINDb-
CTBO, “4TO BEPOATHOCTh HAXOMJEHUA DTHX ANep B KaKOM-In00 CTanmoHAPHOM
COCTOSHEM, OTJIMYHOM OT HOPMAaJhHOTO, UPE3BHUAMHO MAaJa, a TAaKMKe, 9TO
HOPMAJILHOE COCTOANWE He BHIDOJKIGHO; B TAKOM CJIy4ae, eCI¥ AP0 HAXONHTCH
B COCTOAHHM DOKOA B CBOGOJHOM OT CHJI TIPOCTPAHCTBE, TO AJS ONMCAHHSL €I'0
COCTOSIHHAA OKABLIBAETCA NOCTATOYHHM BRCIEHNA TPEX KOOPIWHAT.

IIpm paccMOTpPeHWNR CTOJIKHOBEHWH MEMKIY aTOMaMu, JBIKYMEMHACH C Tem-
JI0BHIME CKOPOCTHMHE, WUIH jKe MeIY aTOMaM¥, o0najalon(nMy SHePrued, MeHi-
el MepBOT0 PesOHAHCHOTO NMOTEHNHANIa, aTOM rejiug MOMeT OHTL paccMaTpHm-
BaeM Kak «vacrEng Ges cmwmmay (cM. rir. XII, § 3)..

2) Jr0 yIBep:ileHHe COPaBejIMBQ TOJLKO B TOM Clydae, €ciIM DpHHATH
RO BHUMAaHWe, 4TO OHO OTHOCHTCH K [aHHOMY B3JIeKTPOHHOMY COCTOSHHIO, TaK
KAK HEKOTOPHE U3 TeOPeTWYecKW BOBMOMHEX DIIEKTPOHHEIX COCTOAHAH He 0OCy-
mecTeaAgOTeA 6y1aropapa npmanuny Ilaymm.
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o6mero ducla Takmx cocromumii. Vcenenyem npmuuny storo obero-
ATeILCTRA,

Eenn He yumTHBaTh CJAYyYailHOTO BHIPOMGHUHA, KOTOpPoe B obmeMm
.cllydae MojKeT OBITH YCTPAHEHO ¢ IOMOIBIO BIGKTPHUYECKOr0 U Mar-
HATHOTO TOJIeil, TO KaykIOMY JHMCKpeTHOMY COOCTBEHHOMY 3HAYEHNIO
sEepram E, ¢ooTBeT¢TBYeT TOJBKO OfHA BOJHOBAA QYHRIAA

On (Ry, Ro,; 1y, 1y, 13, 1),

ABAAOmMancH pemicaneM nupgepennuanbgoro ypapaenusa (5.7). Bce
9TH pelilgHusa 0GJIAfAalOT TEM CBOMCTBOM, GTO OHE NHOO CHMMETpPAYHH
mo oTHOmeHMI0 K KooppuHataM R; m Ry:

q)n(Rl. Rz; r] ..-)=d‘)n(R2, R]; 1‘1 ...),
6o AHTHCHAMMETPUYHDI N0 OTIOIICHINIO K HUM!
q)n(Rl, Rg, rl ...):—q)n(Rg, R], rl ...).

ITO CBOHCTBO HC CBA3AHO ¢ KAKUM-1uGO CMEUHAIIBHBIM TIPeIHOI0-
JKeHHEM OTHOCHTENBHO BOJHODBIX (YHKIMI, OHO BHTGKAaeT U3 Juf-
fepeHNEATIBHOTO ypaBHEHNSH, KOTOPOMY JTH BOJHOBBIC (QYHKOUK
yroBleTropaior. J[lokaszaTesscTBol) OCHOBAaHO HA IPEANONOMeHNH
0 TOM, WTO Macca ¥ 3apaf o0CHX paccMaTPHBAGMBIX YaCTHI COBep-
MEeHHO OIMHAKOBHI, Tak uro oneparop [ cAMMeTpud¥eH IO OTHOINC-
HOI0 K KOOPAMHATAM 3TAX YacTHL.

C moMOINEI0 BOJIHOBOIO YpaBHEHHH MOMKHO, jAajlee, YCTaHOBHUTE,
YT0 eCJIM MONCKYJa HAXORWUTCSA B COCTOAHUN, OINMCHIBAEMOM CHMMET-
pudHOll BOJHOBOH (YHHIOUE!, TO HUKAKOe BO3MYIIEHME HE MOKeT
mepeBecTn €e B COCTOAHME, OMICHBAGMOe aHTHCHMMMETPHIHOH BOJIHO-
Boy Qymxnumeii. IlpaBmarno Tammke 1 ofpaTHOe yTeepikmeHHE. OJTH
Pe3YNBTATH CIpaBeIUBH He TOJNBKO ITA CTANHOHAPHLIX COCTOAHNIL;
ecJIll cUCTeMa, colepsKamas JIRa ORMHAKOBBIX ANpAa, HAXOXHTCA B Ka-
KOM-JIN60 COCTOSIHHM, OUHCHIBAGMOM CHMMETPHYHOH BOJIHOBOH QYHK-
nneit, To mociepHAA Gymer OcTaBaThCS CHMMETPAYHON HE3aBUCUMO
OT XapakTepa BO3MymeHW:d, AedcTBylomero Ha cweremy. J[oxasa-
TeJBCTBO 9TOrO yTeepssaeHust, pannoe [npaxom [4], cymecTBeHEEM
00pasoM CBA3AHO ¢ OpPERUONOKEHHEM O TOM, 4YI0 MNOTeHIHAJLHAA
SHEepPrUa JBYX OJMHAKOBHIX WYacTHL, HAXOJALIAXCA COOTBETCTBEHHO
B Touxkax P u P’, me 3aBucuMT OT TOro, KOTOpas MMEHHO M3 JACTHUL
Haxogurca B Touke P m woropaa B Toure £’. Ecmm Gu gacTmisi
XOTh CJIeTKa OTIM4aiuch JPyr OT APyra CBOEH MacCoil U 3apaioM,
TO 3T0 yTBeps:llennme ObA0 OB HeBepHEIM, M INpH HaJMYAH BO3MY-
menns (AamphaMep, CTOJIKHOBeHHA) HMedach OB Koueunas, XOTA H
Majias, BepOATHOCTH IEPeX0fa CHCIGMBI H3 CAMME§PUIHOTO COCTOA-
HUA B COCTOAHAE aHTHCUMMETPHYHOE.

1) NloxasaTeawcTBO NPiiBeAEHO B KOHIOE HacToslero maparpada.
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Mu yske oTMedand, uTo B Opupome HaGIIOAaeTcHd TOABKO IIOJO0-
BAHA TEOPETHYECKH BO3MOKHHIX S9HEPTETHYCCKUX COCTOAHMIL MOJIEKYJI.
Haiigeno, aro y monexyst C; n He, naGmonaeMile 3Ha9eRNA sHEPrum
COOTBETCTBYIOT BOJIHOBOM (QYHKIMM, €MMMETPHIHOll TO OTHOINGHWIO
K kKooppmHataMm gjep. lIpmamum sToro obcToAreancTBa B HacTOSmee
BPeMs HeW3BECTHHI1); MEI OJIKHEI II0TOMY PaceMaTPABATH €I0 IPOCTO
KaK 9KCIOepMMeHTaNbubll QaKT, OH He IPOTHBOpedMT 3aKOHAM KBaH-
TOBOH MEXaHMKM, HO M He BHITeKaeT W3 HuX. liBanTOBag Mexammia
YTBEp;KEAeT JTUINb, 9TO MOJIEKYJa, HAXORWMBMAACHA OJHAsKABL B CHM-
MeTDHIHOM COCTOSHAM, HHKOTHA He CMOMKET TepeliTii B anTHCHMMET-
puanoe cocromHue. To o6croATenscTBO, 9TO B AEHCTBUTETHRHOCTH
HAGTONAeTCsA TOMBKO MOJMOBWHA BO3MOKHEIX COCTOSHWII M 9TO cMe-
HIafHEe cocToaHud He HaGmIOmawTcd HY IPH KAaKAX BO3MYMEHHAX,
HOKA3KBaeT, 9TO CBolieTBa MI00BIX IBYX #Amep FeJduA WA yriepona
aGecomtorno ToskAccTBeHHBl. OTcIOna eilemyeT TaKskc, 9TO OTH YACTHIH
He ofi1agaT YeTBEpPTOl CTelleHbI0 CBOGORE (CTIMHOM) — BO BCAKOM
¢haydac B HOPMANBHOM COCTOSHBH.

HepeitpeM Temepk K paccMOTPEHMIO YacTum, ofNajaloux CIOAHOM;
K HEM OTHOCATCA 9JIEKTPOH, HPOTOH wn GomsmumHcTBO smep. Hawx mu
ety B vir. 1V, rakme dvacTmOn o06GiIamamT dUeTBEPTO# KoOpmAHA-
TOH §, TpPAYEM SHEePIMA KAMKEOH W3 HAX UPH JBIKEHNE B MATHHTHOM
mone I, mapandeabHOM OcH Z, DpoHOpRMOHAARHA sH . lns smexTpo-
HOB W IPOTOHOB BEJUYMHA § MOKET NPHHAMMATE TOJBKO 3Hagvennd +1;
1A snep, OTAMYHEIX OT IPOTOHOB, JOMYCTHMEl TaKie HEKOTOpHe
npyrme spavenns s2). Yaermma, obGnapaiomas comHOM, XapawTepn-
ayercd, Takmm ofpasoM, xooppuuaramu (r, §). COBOKYIHOCTH 5THX
qeTHpeX KoOpHmHAT ML OyneM o6osHadaTh omHo# Oyksoit 8.

1lpn oTHICKaHMM SHEPreTHYECKHX YPOBHEH CHETeMEl, cOReprKamei
ABe 9acTAUBl CO CIMHOM, HANpUMep aToOMa re/isf, CORepKamero [Ba
3JIEKTPOHA, M BCTPeUaeMCA €0 cIeAyomeil TpyrHocThiv (eM. 1. XV):
omepaTop 'aMEIBTOHA 1719 TaKOH CHCTEMEI TOYHO HEe M3BECTEH, TaK
KAK I[OIpaBKA, BBOAMMBIE HAJIMUHEM CIMHA, OKA3HBAIOTCA BEIMIAHA-
MH TOTO jKe IODAAKA, YTO M «pPellATHBHcTcKAe uompaskmy. Camoe
OpeuolIoskeHre o cymecTBOBaHHM omepaTopa IaMmieToHa mpmBOgMT,
OHAKO, B 9TOM €.Iydae K CYIMNECTBeHHHM KAaUeCTBEHHHIM pe3ysibTaTam,

1) Ecm paccMarpdBaTh a-9acTANY 4 AAPO yIIepoJa Kak CJAOMKHBIC cHCTe-
MH, COCTOAINWE M3 JAHNHOTO YHCJAAa HEHTPOHOB M IIPOTOHOB, TO CROMCTBA CHM-
MeTpUH BTHX Axep MoryT OHITh BEIBEEHH W3 COOTBETCTRYION[NS CBOHCTB HeH-
TPOHA ¥ HPOTOHA.

2) B oOB9HOA TEOPMH CBEPXTOHKOH CTPYKTYpHL AJPY NPHIVMCHBAE TCS

. . 1 .
KOJIAYECTBO JABMKeHAA [(A/2w (z:O, 5 1 ) 1 MarEMTHHEHE MOMEHT

ig (i) ehld~me, rae g (i)~umcno mopaara 1/1000. HomonudrelsHasg 3Heprad,
obyciropneunas B3amMOJIeACTBAEM SAPA ¢ MATHMTHEIM mojeM M, CO3JaBaeMEIM
anexTporHo# o6ogouxoit, papaa mgHg (i) eh/bnme, rae mg—cocraBuawmag i
B Hanpasneann H (cv., Banpmmep, [5]).
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AAXONIAMAMCH B COTJACHH ¢ HKCOEPUMEHTAIBHNMHA [AHHEIME O IHCIIe
¥ HOPAAKe BeIMYAHEI SHEPreTHIecKAX YPOBHEH, a TaKke O BO3MOMK-
HBIX IIepexofiax MeKIy HAMH.

Iycrs H — onepatop TammisTona jjist cMCTeMEl, cofeprkameil mBe
OJMHAKOBHE 9acTHObl €O COMHOM, HampuMmep ANA atoMa renma. [ns
HAXOJEHAsS SHePreTHUeCKAX YPOBHel MBI JOJKHEL peINATH BOJHO-
BOe ypDaBHEHHE

(H—E)¢=0.

Hpm :afom, KaX H Ipe:je, WMeeTCA pAX 9HEPreTHYCCKUX YpOB-
Hell Ep, Mg KOTOPHIX MOTyT OHTh HaUIeHH KOHEYHLIe peINeHMs
A COOTBETCTBYIOIAE BOJHOBHe QyHrmmm ¢, (8;, 0.). Omepatop H mox-
#eH OEITh CHMMETPHMYHBIM 10 OTHONIGHHI0 K KOOpPHMHATAM ob6emx
qacTHI; €JIGA0BATEIBHO, KAK M paHbIle, BOJHOBEIC (QYHRIHUH,
COOTBETCTBYIOIMAe HEBHPOXKACHHOMY CTAMMOHADHOMY COCTOAHEIO, Oy-
nyT an6o emMMETDHIHHIMHA, JIMGO AHTHCAMMETPHIHEIMM, T. €.

q’n (61, 02) = 39n (02» e1)-

Hax 310 6510 OTMed4eHO BHINE, OOPEXONE MEKLY COCTOAHUAMY,
06TafaomuMy 1 POTHBONOJIOKHECH CEMMeTpUel, He MOTYT HMETh MECTa
HA OpA KaKOM BO3MYMECHAM.

JlaA Beex MeCNeOBAHHEIX 9acTMI HAUAGHO, YTO DHEPreTHIECKHE
YPOBHH COOTBETCTBYHT AB00 TONBKO AHTMCHMMETPHYHEIM BOJHOBEIM
$yHKOEAM (SICKTPOHBI, HPOTOHE), 7UGO TONBKO CUMMETPHYHHIM
BOJIHOBHM (yHxmumAM (a-9acThmbi, Ajpa yriepora mimm azora). Iax
MHl Y€ BHJEJH, 3T0 OGCTOATENBCTBO HAXOAMTCHA B COIVIACHH C BOJI-
HOBOM MeXaHWHKOH, XOTH H He BHTEKaeT N3 Hee HEMOCPeNCTBEHHO.

Bompoe o ToM, cOOTBETCTBYeT M NAHHOMY SHEPreTHYECKOMY
- YPOBHIO, HalIIONEHHOMY SKCIEPUMEHTAIIBHO, HEKOTOpas CHMMCTPHT-
Haf WM K€ AHTACEMMeTpAaHAad BOJIHOBAA (QYHKIOWA, HECMOTDH HA
OTCYTcTBHEe TOYHOW TEODUM B3aHMOZelicTBAA dwacTHL, OOJafalomMX
COMHOM, MOeT ORITH pelieH, Glarogapd MAJI0OCTM CHOMHOBHIX CHI.
Bonnopas ¢ysknus, oummchiBaomas J06oe HEBEIPOKISHHOE COCTOA-
HFe, HAIPEMED COCTOAHHEE aroMa leids, Oyner IMeTh B 3TOM cllydae
cleAyomyio npubiomxennyo GopMy:

d.) (rh 1'2) Z (317 82):

rpe ¢ —pemenme ypapserua Llpegunarepa jJIA TOYCTHBIX JIEKTPOHOB.
Jna BeMucleHMA SHEPreTHYECcKNX YPOBHENl aToMa TeidA MEH Io-
eryoum caepyiomum oopasom. Ilpesxne Beero peilimm ypapnenne Illpe-
OUHrepa mis TOYEYHHX SICKTPOHOB; ME IOAYYIHM TPH 3TOM pelleHHsd,
CHMMETpPHYHSE HJIM AHTECAMMETDHYHEE II0 OTHOINCHHIO K Iy M Tp.
O6e rpymom sHepreTHIecKUX YpPoBHell HabmiogaoTea B JeiicTBHA-
TeJPHOCTH; YPOBHE ¢ QHTHCHMMETPEUHEIMU BOJIHOBHIMM (QYHKOMAMHE
(opTo-Teamit) OKA3HBAIOTCA, ONHAKO, TPHILIOTHHIMH. ITO OGCTOATENH-
¢TBO 00yCJO0BICHO HAIMYMEM CIAHA; CYMECTRYIOT JYeThipe QYyHKIHM,
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COOTBETCTRYION(NE YeTHPEeM CTAIHOHAPHEIM COCTOAHHMAM — TPEM CUM-
MeTPHIHHIM H OFHOMY ABTHCHMMETPHYHOMY; B HYJICBOM OpHGIMKe-
HAWX OHA HMEIOT CIeAYmAl BUA:

Yo (81) 7o (S2)s 7 (S1) 7p (S2),
7a (81) 78 (52) & 7a (S2) 78 (51)-

Qynrnun /. u 7g 6snm onmpepmenews B ra. 1V, § 2. Kawgomy pe-
menuo ypasHeHus Illpegmarepa cooTBeTcTBYI0T, TaKEM o00pasoM,
9eTHpe TeOpPeTHIeCKH BO3MOJKHEIX YPOBHA 8HEPruHd; M3 TOTo o6cTo-
ATENBCTBA, YTO HabmomaeMble YpOBHE mapa-Tesins ABIAIOTCA CHATY-
JETHHIMHA, a YPOBHM OPTO-Teidsd — TPHILIETHEIMH, cJIefyeT, YTO BOJI-
HOBHe QYyHKOMA B HeiiCTBUTENHHOCTH AHTACHMMETPHYHEL 10 OTHOLNEG-
HABO K 0; m 6,1).

B cnysae aByxaTOMHEIX MOMIEKYyJ, COJEp/KAmMX ONEHAKOBEC
AApa, 3ajada pelllaeTcA TOYHO TaKaM ke o6pa3oM: MHL  pelllaeM
ypasnenne Illpenwmrepa, me yumTwBas comHoOB sAnep. Pacmemie-
HEe YpoBHed, oOycJIOBIGHHO® HAIAYZGM COMHOB, CJIHMIIKOM MAaJo,
urofB ero Mo;xHO OBIO HAOMIONATH HENOCDPEOCTBEHHO;, COHHOBAA
MYyJITHILIETHOCTh JAHHOTO COCTOAHHA OGHADPY:KHBAETCA TONBKO 96pe3
TMOCPEACTBO er'o CTATHCTHIECKOr0 Beca, BAMAKMETO HA OTHOCHTENBHYIO
HMHTeHCHBHOCTh HEKOTOPHX BpaiaTedbaKX moxoc [3, 6].

Joka3zaTeabcTBO TOTO, 9TO BOJHOBHIE (PYHKIUM, ONUCHIBAIOILME .

COCTOIHAA CHCTEM, CONEePKAmAX JRe OJAMHAKOBHIC YACTHIB B He-
BLIPOKJICHHOM CTAaIOHAPHOM COCTOAHMY, Mu60 CUMMETPUIEEL, aHGO
aHTHCHMMETPHYHBEI II0 OTHONIEHUI0 K KOOpAMHATaM uYacTEm. Hoop-
AuHATH Yactun obosnawnM nudpame 1 u 2; BonHOBas Qymrmoma ¢ (1, 2)
YIAOBJETBOPAET yPaBHCHEIO

H(1, 2)v(1,2)—Eo(1, 2)=0, (5.8)

rge H —HeKoTOpHA omepaTop, CAMMETPUYHHI 110 OTHOUICHHIO K KO-
oppEHATaM YacTAH. ME DpepmiosiaraeM, 9T0 €OCTOSAHWe HEBHIPOKAS-
HO, ¢ sABIAeTcA TNOITOMY CHWACTBEHHBIM KOHEYHHIM  pelleHIeM

ypaprerza (5.8.).

1) Yacrumbl, O34 KOTOPHBIX MOTYT CYINECTBOBATL TOJIBKO RHTUCHMMeETPHUHKIE
BOJIHOBEIE (PYHKOWH, yAOBAeTBODAIOT crartucTuKe Mepmum-J{upaxa; 4acTHOH e,
AJIA KOTOPHX CYmeCTBYIOT TOJNbKO CHMMETPWYHEE BOJIHOBHEE (YHKNWH, YHO-
'BIIETBOPAIOT CTATHCTHKE Boze-diinmTerBa. YacTANH, TOTuMHANIIAECA CTATHCTAKE
®epmu-J{npara, nogumEgioTcd Tarke npurnuny Ilaynm. [eiicTButesnsno, eciw
ABe TaKWe YacTHOH HAXOJATCA B COCTOAHULX, OMHUCHRBAEMHX BONHOBEIME (yHK-
omaMy ¢, m ¢, TO BomHOBax (YHKOWS, ONHCHBAIAs COCTOSHEE NApPH
YacTHI, HMeeT CIeRYIOmui Buj; '

ba (01) §p (82)—a (82) $35 (8,).

Ecnm 06a cOCTOAHMA O MHAKOBH, TO 3Ta BOJHOBAag (yHKOuA ofbpamaercsa
B Hyllb; OTCIONiA cJegyer, uTo fABe TYACTALOH HE MOTYT HAXOAGTECA B OJHOM
H TOM e COCTOgHWH. ’
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Mepecrarnsas woopmuuatst 1 u 2 B ypapuenun (5.8), momydgaem
[H (2, 1)—E1b(2, 1)=0. (5.9)

Tax kax H cEMMeTpmuno 0O OTHOMICHHIO K KOOPAHHATAM YaCTHL,
to H (2, 1) paBao H (1, 2). B cBsi3m ¢ aruM nmeeM

[H(1,2)—E]$(2, 1)=0. (5.10)

Orcroma cnepyer, uto O (2, 1) apnaerca pemmenuem ypanueuus (9.8).
Ho Tar wax ¢ (1, 2) mpexcraBmacT co6oil eXMACTBeHHOe pelIeHHE
9TOr0 YypaBHEHMs, KOHEYHOe BO BCeX TOYKAX IPOCTPAHCTBA, MBI
JOJGKHLL HOJIOKATH

0(2, 1) =49 (1,2),

rme A — Hexoropas mocrosiHHas. flcHo, omgmako, uro
gg [0 (1, 2)]2 drydry = SS [0(2, 1)]2 deydr,

M 9YTO HEU OfMH U3 9TUX UHTerpaop He ofpamacica B HYIb.
Orcoma caenyer, 410

A?=1.

Tar wawr Bce BeNnUYMHEI, BXOJANHE B 3TH yPAaBHEHINs, BELIECTBEHHSI,
mosrygaeM

A=+ 1,

yro ¥ TpeGoBajlock Aokaszarb')., Cjegyer HOZYePKHYTHB, 4TO 9TO HO-
Ka3aTeibCTBO OTHOCHUTCSA JIMIIE K HEBBIPO;KIEeHHBIM cocTomgHusaM. Co-
CTOAHAA ¢ HEKBAHTOBAHHOU (IIOJIO;KUTENBHOIT) Hepruedl Bcerya, OnHa-
KO, BBIPOsKIeHBl. H TaKUM COCTOAHHAM dTa TeOpUA HENPAMEHMMA.

Obmas Teopus HeKOMOMHNPYIOOMXCA COCTOAHII JaHa B KHWIe

Hupaxa [4].

§ 4. CronkuoBEeHUST MEKAY NBYMA OJMHAKOBLIMU 4aCTHI[AMH,
He 00rajalowEMu CIIHOM

Hpepnonomxum cuiepBa, 4To YacTHOH He 00JafaloT COWHOM (0-9a-
cruusl). IlpepcraBum cebe ONBIT, CXeMa KOTOpOro M3oGpajkeHa Ha
¢ur. 15. Ha srpan AB mamamor o-gacTumer, ABWEKYMEECA CO
CKOPOCTBIO ¥, @ G-9ACTWOEI, JBIIKYDIEECS C PAaBHOM, HO IIPOTHBONO-
J0RHOI CHOpOCTBIO, manaior Ha sxpan CD. OrBepcrusi B 3KpaHax
OTKPHIBAIOTCA M CHOBA 3aKPHIBAIOTCHA, IPONyCKad d-JacTUIBl, He
003aTeTIBHO B ONWH W TOT jKe MOMeHT BpoMeHU. DBBemem B paccMoT-
peHMe BONHOBHE QyHKIIHH

u(r, t), v(r, i),

) IlpmsepenHetil 3lech BHIBO fABIAETCS He COBCEM NpPABH/BHLIM BBHY
UQJIMIMs «TIePeCTaHOBOYHOTO» BEIpOMmenus [2]. (1T pum. ped.)



§ 4. CTOJIKHOBEHUA MERIY NABYMA OOMHAKOBBIMU YACTULAMH 423

HOpMUpOBaHNHe K efuHmile!). CToamas mepen HAMH 3ajada  3aKIIo-
yaercs B ONpeReJeHNH BOJIHOBOM (YHKIMU CHCTEMBI B MOMEHT Bpe-
MeHH ¢ mocnie cronkHonguua. Ilpocreiimuit cnoco6 ee pemenys
3apiouasica OBl B NpHOWCAHHM YacTHUAM KOOPRMHAT Iy U Yy, THE
r; — KOOPIUHATA 9acTHIbl, NMpolreiinci gepes orsepctue 4B, m t. 7.
B rakoM ciyuae 0 CTOIKHOBEHWS HCKOMAs BOJHOBAafg (QYHKUUA
umesia Owl caefyomuii B

u(ry, t)ye(ry, i), (5.11)

a mociie CTOJIKHOBeHHH BonHOBag QYHKuUA O (r;, rp, ¢) oIpenelsaiachk
OB ¢_TOMOH[BIO BOJHOBOTO ypaBHeHmA Thna (95.1) u HawanbHOTO

—— -—
—— - —
B D
®ur. 15.

yeaosaa (5.11). [Ina ¢uamueckoli WHTepHpeTauuy BOFHOBON QYHK-
UMY CcIefoBaso Obl HpUHATE, 9T0 | (ry, 7y, £)|*dr dr; onpegenser
BEPOATHOCTh HAXOIEHHs MePBOi o-9aCTHIH B dileMeHTe oGhema
(ry, dv;)2) m BTOpON w~uacTHmel B dnemenre obvema (rp, d%) B MO-
MeHT BpeMeHW /. BeposaTHOCTL HaXOKJeHUs ONHOM 113 JIBYX paccma-
TpUBAEMBIX 9acTMI B dileMeHTC o0bema (ry, dv;), a Ipyroil dacTams —
B (ry, dtp) onpepenusack On HpA 9TOM CAERYIONIMM BEIPAKCHHEM:

{10 (ry, 1) P+ |0 (13, 1) 2} dy (5.12)

(¢t 3mech OWMyLIEHO).

JroT MeToj pemieHus 3a1adl, OFHAKO, HeBepeH. [lelicTBuTEnbHO,
BOCIIOJTE30BABIINCh B Ka4ecTBe HCXOJHOII BOJHOBOH (QyHKuAM QyHEK-
unmeii (5.11) m npexmoiiarag HPUCYTCTBAC OHIIKTPOHOB, MHL IOJIY4NM
KOHEUHYI0 BEpOSITHOCTH 0GpasoBamMA MOJEKyNsl u, Gonee TOro, Ko-
HEYRYl0 BepOATHOCTh OCYHIECTBJICHWS JI0OOT0 M3 MaTeMaTHYeCKH -
BO3MOKHEIX CTAMOHAPHBIX COCTOSHHII. ITO MPOTHBOPEYHT, OJHAKO,
ONEITHHM IamHHM; ME 3HaeM, uTo y He, Ha6mofamorca TOJBKO Ta-
KHUe CTauoHApHBle COCTOSHMA, BOIHOBEE QyHKIHH KOTOPBIX CAMMe-

1) 310 snawut, uto \ |u(r, i) [2d== L

2) Hon (r, d<) MBI HOgpasyMeBaeM 3JITEMEHT ofreMa dt, pacloONOKCHHEIT B
TOYKE I.
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TpEYEE IO OTHOMIERHWI0 K KoopfmHaTaMm smep. Mm 3maeM Takmxe,
4TO ecu BOJHOBaA QyHKIEA OHia BHAadYajle CHMMETPHYHOW, TO OHA
JOJKHA OCTABATLCA CUMMeTpHYHOW Bee ppeMa. Cornacue ¢ ONKITHH-
MI JaHHHMH MO<eT GHITh I0BTOMY HOJYYeHO TOJIBKO B TOM Ciydae,
ecqE Hama mcxojHas BOJAHOBaA (YHEKIUA OyIeT CHMMETDHYHOH HO
OTHOmIEHRI0O K KOOpIMHATAM OOEHX o-9acTHI.

EnmacTBennHil ¢noco6 mOCTPOeHMA CHMMETPHYHOR QYHKINN ¥3
BOJIHOBHIX NAKETOB U M o 3aRJIOYAeTCA B TOM, 4TOOH MOJOMKHTH

HCXONAYI0 BOMHOBYK (YHKIMIO PaBHOH
$(ry, vg) =k [u (ry) v (rg) +u (r2) 0 (1)), (0.13)

rae k— HexoTOpaA HOCTOAHHAA. DBHACHEM Quamdeckuid CMBICT 3TOM
BOJIHOBOI (yHKIUH. :

IleppoHavaNbHO, COTTIACHO NPEIIIONIOKEHNIO, BOJHOBHE NaKEThHI
He Hajlarajuch XPYyr Ha Jpyra, OTKyZa ciejyeT, 4To s Jjioboro
3HA9eHHA Iy, OpPA KOTOPOM U (r;) KORedHo, v (r;) o6pamaerca B Hylb.
Taxkum o6pasom, B mMoMenT BpeMesn ! =0

u(r;)o (r))=0.
Bocnonszosasmucs pyurumeit (5.13), nmeem
|9, e =R [u (r) 0 () P+ B2 [ (r) 0 () 2. (5.14)

@yurnna u obpamaercd B HyJdb BO BCeX TOYKAaX HPOCTPAHCTBA, 3a
HCKITI09eHeM 007acTd, pacuosioskenHoil BOmusm oreepctusi ADB, a
QyHKnusA » paBHA HYII0 BO BCeX TOYHAX HPOCTPAHCTBA, 33 HCKIIO-
gegneMm obGmactu BOim3m orsepcrmsi CD. Beamansa |9|® oramuua,
TaKHM 00pa3oM, OT HyJd TOJBKO HIpH 3HAYEHUAX Iy, GAN3KmEX K AB,
¥ 3HaY9eHUNAX Iy, 6nm3kex ® CD, nnm maobopor. Mu He MoskeM mo-
aromy pacemaTpmBaTh | |2dr, dr2 KaK BePOATHOCTh TOTO, 4TO 4acCTH-
ma, Habmoneunan BOnmsn AB, saxonurca B simemente obwema (ry, dt))
® T. §., TAK KK 3Ta BEPOATHOCTH o0pamaeTcs B HYyJNb IpH 3HAYe-
anax T, Gamskux k CD. Mul pomxusl maETepIpernpoBats | ¢ |2 dt; d1,,
KaK BePOATHOCTHL TOTO, 4TO OfiHA G-dacrmna (mobas m3 XBYX) Haxo-
OUTCS B djeMmenTte oOnema drl, a Japyras dacTuHa—B JJIeMeHTe
o6rema dt,. flcHo, uwTOo BHIpaskemme (5.14) mact mpaBmIbHOe 3Ha4e-
HHOe 2TOil BePOATHOCTH, €cJAN MH TOJOKEM A pPaBHEEIM eqmHAINe l).

Mr coxpanummM Taxkyl HHTEpPOpeTanUio mJIA J000H BOIHOBOH
¢yuxmmn O (ry, Ty), ONHCHBalomel coTTOAHAe [ByX TOMIECTBCHHBIX
qactun. OTMeTHM, 9TO ecjiE JTa HHTEPHpPeTAliA HMMeeT CMEBICH, TO
’-.HZ CUMMeTpHYHO, T, ©.

|9 (ry, To)> = (ry, 1y) [*.

1) 910 maer SS | ¢ |2 dvy dvg—=2. Bonmosre PyHKNMM HOPDMAPOBAHEL, TAKEM
ofipa3aoM, K XBYM.
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CymecTByror nBa cHocofa mocTpoeHmsa BOJHOBOM ¢ywxmunm, o6Gnia-
paomeil 5THM CBOIICTBOM B MOMeHT BpemeHn f=0; IBe Bo3MOKHEE
BOJHOBHE (PYHKIUM UMEIOT IPH STOM Cjefylomuil Buj:

u(r) v (1)  w(r) 0 (ry).

Taxmm 06pa3oM, COTJIACHO IIPMBEEHHEM BHIIE COOODAKEHUAM, CJe-
AyeT MOoJb30BaThCA JMO0 CHMMETPHYHOH, AmGO AHTHCEMMETPHIHON
BOJIHOBOM QyHKTMeH; ONHAKO ecim OH He GHJIO HSBECTHO, 4TO Jyid
He, anTECEMMeTpnYHEle COCTOSIHUA B UpEpofe He HAGIONAIOTCA, TO
MK He zHA;AM OH, KOTOPYI WMOHHO 3 STHMX QYAKIN HAIIOKAT
BH0paTh; B paMKax BOJHOBOH MeXaHHKH OKa3aJoCh Ol IIDH 3TOM
HEOBO3MOKHEIM ceJIaTh Kakne-nu0o 3aKiIi09eHnsi OTHOCATENbHO CTOMK-
HOBeHHII paccMaTpHBAaeMOI'0 THMOA.

Homeuno, raxkaa mutepnperanma ¢yHrOum § ampuopm He sBIs-
erca HeoOXOAWMONM; ME MOIAM OGN BOCHOJNB30BATHCA 17 MOMEHTA
spemenn f=( HeCHMMeTPH4HOH BOJNHOBOH ¢ynrnmeir u(r,)v(ry) '
paccmatpmBath | [2dt, dt, Kak BepoOATHOCTH HAXOKIGHWS OXHON u3
AByX dYacTHI B TOYKe r;. B pesyasraTe, Kak Yike OHIIO CKazaHO
BHIIIE, MBI HOJy9miim G, ONHAKO, KOHe4YHEe BHAYGHMA BEPOSTHOCTH
CymecTBOBAHMA MOJIGKYd B AHTHCHMMETDHYHEX CTAOMOHADHEIX CO-
CTOSIHUAX, 4YTO B JeficTBATENBLHOCTH He Halmonaercs.

IlpnMenenne cmMMeTpHYHOM BONHOBOI (yHKNUA [aeT HHHE 3HA-
9eHNA BEPOATHOCTH DACCesIHHSA, HEKeJIH OpAMEeHeHme HecHMMeTphd-
HEIX BOJHOBHX ¢yHKmmi. Eciam 65 MK BOCIOJIB30BAJNCH IOCISIHN-
My, TO HCXORHAA BOJHOBaA QYHKNHA mMeja OH Bmp u(r;) v (Ty).
Iycre O (ry, ¥y, £) eCTH 3HaYeHme TAKOH BOJHOBOX (yHKONE depes
npoMekyToK BpeMeHn . IlpmMeMm, uro BemmumBa | ¢ (ry, rs, £) [2drydTy
ompefieiAeT BEPOATHOCTH TOTO, YTO IepBasdg dacTUNa, HaXONWBHIASACH
nepBoHaYaIBHO B AB, HaxonuTcsd Teneps B saemente obbema (ry, dr),
a4 Bropasi dacTama —B jeMeHTe o0O0bema (rp, d1p), TOTAA KaK
| & (re, 1y, t) | dry dry oOmpenenner BepOSTHOCTH TOTO, YTO YaCTHHA,
nepBOHAYaIEHO HaxopmBmasca B AB, Haxonurcs B ajemeHTe oGbema
(ry, dty) m T, 1. B TakoM ciyuae BepOSITHOCTH TOTO, 4TO OfHA M3
4acTuy HAXORWTCA B 3jlemMeHTte oO0beMma (ry, dty), a BTopad YacTuia —
B ajieMenTe ob6peMa (ry, dty), ONpefenmTcHA BEIpayKeHHEM BHia [CM.
seIpazkenna (5.9)]

{10 (ray 1) 21§ (ra, 1) P} dsy e (5.15)

C ppyroi cTOpOHB, €CIE MH BOCHONB3YEMCSI CWMMETDHYHOU BOJIHO-
BOW (YHKIOHEH, TO MCXORHAHA BOJHOBASA Qyuxuma GyneT @MeTs BHK

u (r1) 0 (rg) +u (r3) 0 (ry),
4 BomHOBas (QyHKOUA Uepes HPOMEKYTOK BpeMeHH @
O (ry, To, £) + O (s, 1y, 2). (5.16)

Beposraocts naxopmeHmsa opHOM m3 wacTmIm B BieMeHTe o0beMa
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(ry, dry), a opyroit wacTmupl —B 9/leMenTe OOBeMa (ry, dtp) paBHa
npa 5TOM

|G (71, 72, 8) + O (72, 71, 8) P drydry, (5.17)
T. €. OupefesisfieTcsl BHpAKeHIeM BHIa
{10 (xy, xo) P |9 (xa, 1) P4 O (1y, 1) P*(rp, 1)) +
0 (15, 1) 87 (1, 1)} 5, e (5.18)

Mur Bupedns1, uTo NMPHMEHEHMC CUMMETPHMYHOM BOJHOBOI (yHKOUN
(5.16) me paer BO3MOKHOCTH ONIPeflelIMTE BEPOSTHOCTh HAXOKIEHMS

@Dur. 16;

B aneMeHTe oObema dt, KaroM-umbO OIpeesIOHHON o-YaCTUOEI, HAa-
OpuMep TOH a-9acTHHE, KOTOpad HAXORHJIACh TEPBOHAYAJIBHO BOAN-
su AB. Ecnm uexoropag «-wactuma HaGiofieHa B NAHHAOW TOUKe, TO,
BoOOIme TOBOPS, HE CYMECTByeT TAKOTO ONEITA, ¢ IMOMOIIbI0 KOTOPO-
ro Mo;kHO ObuIO OB YCTAHOBHTH, TA JIH 3TO 0-9acTHua, KOTOPAs
Haxoawiach INepBoHa"anbHO B AB, unu :xe wawxas-iubo ppyras.
Bonropast ¢yHkuus paer maM, TaxuM obpasoM, He GoJblle CBene-
Amil, HeeNM JSKCOePUMEHTANbHHE aHHKE. ¥YCTAHOBATH, 0 KaKOH
WMEHHO 113 a-YacTHN HjeT peub, MOKHO Obl;10 OB JWNIH B TOM CIy-
qae, ecid O TPAEKTOPMS BOJIHOBOTO TAKeTa, ONMCHBAIOMIOTO JBU-
JKeHHe OfHOW M3 a-9acTULl, HUTHe He HepeceHanach ¢ TPaeKTopuen
BOJIHOBOI'O TAKeTa, ONMCHBAIONIETO [BIU:KCHIE BTOPOIl o-YaCTHILH.
OcymecTpienye TaKOTO pofa OMBITA NPHHINNHANLHO BO3MOMHO [Jifl
MemJIeHHHX a-gactir (Sme2/hv > 1).

Ha ¢ur. 16 3samTpmxopaHHEE Y9YacTKH NPENCTABIAIOT €000k
TPaeKTOPHM JABYX BOJHOBHIX IIaKeToB. flcHO, Wro ecam HeKoTopas
uacTuna HaGniogera B Touke P, TO nepBOHAYAJIBHO OHA MOJKHA
6nma maxogmtecsa B AB. Otciona ciegyer, 4ro UpUMeHeHWe CHMME-
TPAYHON! BOJHOBOM (YHRUWE [JaeT HAM B 9TOM CJydae MEHBINEG CBe-
AeHUWH, Hexenn skcmepuMeHTaNbHBe Hauubie. Ilpnmenenne HecmMme-

’
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TPU9IHOI BOJIHOBOM (PyHKOEE naJjio OBl HaM, OfHAKO, B 9TOM CJiydae
Te jKe 3HAYCHHA BePOSATHOCTH HAXOKICHWS YacTHIEL, 9TO W IphMe-
HeHWe  CUMMETDHYHOH  BOJHOBOH (yHKUEH, TaK KaK 4ieH
$(ry, rp) O* (v, r;) B BHpaskenmu (5.15) obpamaerca B Hyas npu
M06KX 3HAYEHUIX F; W Ts.

PaccmoTpum Temepp BOIpOC O BRIUHCICHUM BEPOATHOCTH pacces-
HUSI OpU CTONKHOBenmm AByXx uactnn. Hambomee mpocTeM aBasterca
cay9ail CTamHOHAPHHX IYYKOR OecKOHeuHOH mupuHH. Paccmorpnm
IBa TAKWX HYyYKa, ABIKYMMXCA HApadielbHO OCH 2 ¢ PAaBHEIME @0
BenmumHe (»/2) M ODPOTUBONOIOKHEIME IO HaUpaBIeRHI0 CKOPOCTSIMMU.
Hac narepecyer ompepesenue 9ucjia pacCesHHEIX YaCTHL, IBUKY-
“mmxea B HappaBiesuu OP mom yriaom % k amaunm BA. Yactmma

8 g 4
g

Dur. 17.

MOKET OKa3aThCsi OTKJAOHEHHOH ua yroa 0 or nmemm BO wniam me
Ha yroa (x—6) or muenm A0, xak 910 HOKa3aHo Ha ¢ur. 17.
Beenem B paccMOTpeHme KOOPOMHATH d9acTui I; H Fp. llojosmm
nasee
r=ry—ry
R=N7"

Bonnosaa ¢yHwuma cucremH MosKeT OHTh IpE 3TOM 3amHucaHa B

dopme (cm. § 1)
g (ry, 1) =W (R) G (r).

B paccmarpuBaeMoM HamMn ciydae HEHTD TSRECTH CHCTEMH HOHOXBH-
aeH, n QyHsnua W mosromy moctosnHa. DyHENUA ¢ YXOBIETBOPAET
ypaBHeRUIO ,

R I

rae
m
e ’n’*=77

a V (r) —noremnmansHas smeprad Bammoneficrema dactan. Pemenne
$ (r) mosxeT GHITH HAlJEHO ¢ HOMOIMBK METONOB, N3JI0/KeHHEX B ri. Il
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npr Gonbmux 3HaYeHHsAX r OHO mpmoGpeTaeT caepyomui BHA:
Y ~ eikz - f (6) r-lgibr,

rie e'¥2 XapaxTepusyer «nafaonyid BodEy»!) (B mpocTpaHCTBe r), a
rle*"—npaccesnnyio Bonuy. Ecau 651 9acTHIE GHLIIN Pa3IHYAMEL, TO STOI
BOJIHOBOH (pyHRn®eil MOKHO GHUIO OH BOCHONL30BATHCH IA ONMCAHUS
asnenAs pacceAanns. Benuumna | f(0)|2 mpm sToM Ghina Gm npomop-
IEOHAIEHOM BePOATHOCTH TOFO, 9YTO JWHHA NEHTPOB o0emx wacThI
oTrsomHmTeA Ha yrod 6. Umeno wactnn, pacceaBnEx B Hanpasienns OP,
6110 GBI POIOPIUOHANBHO BEJRIMHE

|7 (6) P47 (=—8) 2.
Mn pomkEM, OFHAKO, HOCTPONTH CEMMETPHYHYIO BOJHOBYIO QYHKI[HIO

b (ry, Tg) P (ry, 1y).
Hpm nepecramoBke r, I r, BOKTOp I CTAHOBUTCA PaBHEIM —r. Bemm-
9¥HA 7 OcTaeTca IpPH 5TOM HeW3MeHHOHW, a yroa 0 samensercs
yraom (n—0). CnmMerpuusas BonuoBast (PYHRUHA HMeeT, TaKHM
ofpa3oM, clleIyomRi BAI:

, €z | g=ikz 4 p=leikr [ £ (B) 4 f (z—0)]. (5.20)
ITapaomast BosiHA MOKeT GHITH OWMCAHA BEPAKCHMEM
' 205 kz = 2 cos k (2, — 23);

cpefsee 3Hadenye |$[® anA mapaomell BONHHL PaBHO, TakuM o6pa-
30M, 2; BTa BOJHA COOTBETCTBYET, C/JOIOBATEILHO, ONHOM daCTHIe,
OpUXOAmelicA Ha egUHAINY IONEPedHOTO CeYeHNA B KAKIOM HydYKe
(cM. mpmmewanme Ha crp. 124). W3z Beipamenms (5.20) caemyer, uro
_BEPOATHOCTH HAXOKACHUS PAcCessHHOM 9acTHIE B saeMente o6beMa dx,
¥ JIPyroii uYacTEHH, ¢ KOTOPoli HepBasi CTOJKHYJach, B 3JIeMEHTe
obvema drty, ONIpeNeNAETCHA BHIPayKeHMEM

21O+ (x—0) Fdryde,,

THe r — paccToAnme MeEHY dr, u dt, a 0 — yrom Memy mpsmoii,
coeqnuaomeil dt; ¢ dty, U OCHIO 2.

OpexTaBHOE ceYOHHe JyiA CTOJNKHOBOHHA, IPM KOTOPOM OHHA
M3 YacTHN OTKJIOHAETCA BHYTPH TejiecCHOr'O yriia do, PpaBHO, TAKAM

o6pasom,
[F(O)+f(=—0) P do. (5.21)

Orcioma 7erko OmpeNesMTh BePOATHOCTh PACCOAHUSI YA TOro
ciaydas, KOrfla OfHA W3 CTOJIKHYBIIUXCH YACTHIN B HAYAJBHEI MOMEHT
BpeMeHN OhlIa HeDOABIKHOM. B 3TOM cilyuae TpaeKTODHHE CTOJIKHYB-
mAXcsS 9acTHI[ PacXONATCS HMOX OPAMHEME yriaMmd. Ecam o-uacruma,

1) B ciayuae kynonosa nosia $ymEKNug, ONACHBAKIAA LTANAlIYs BOXHY,
HocuT Gostee ciokHEE xapakrteD; cM. ra. 111, § 1.
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ABIKYMAsCA CO CKOPOCTHIO O, CTJIKHBACTCA ¢ HONONBIORHOM o-da-
cTame# (fppoM rexds), TO aq’(pelcmnnoe ceuenne I (8) do gna cronx-
HOBeHHA, B pe3y/bTaTeé KOTOPOTO 9YacTHLA paccemBaercsi Ha yroxa 0
BHYTpH TelecHOro yria do, coriiacso (5.21), ompemenmTes ciemylo-
mum BoipaskenneM (cm. ra. VI, § 10):

I(0)do=|f(20)+ f (r— 26) [%cos b do. (5.22)

Caenyer ormeTmTh, uTO (opMyNa (5.22) ompeliesieT BEPOATHOCTD
TOro, uro uacruma Gymer HabiiogeHA B HalPaBIeHWH, COCTABIAIOMEM
yroa 0 ¢ BanpasieHmeM [IBImKeHHA Iafaomero IydYKa; oTa gwacTANa
MosKer OBiTh n1mOO a-gacTnueli, paccesiHHOM M3 [EePBOHAYAABHOTO
oyura, mauGo oTépomeHHEM axpom artoma remms. Ilocne Toro kak
CTOJKHOBEHEE YK€ HPOM3OHNIO, HEBO3MOKHO OTBETHTH Ha BOOpOC
0 TOM, KOTOpag B3 ABYX CTOJKHYBIIHXCA jacTdam Omuia Hajaiomei
H KOTOpafdA — HeHONBUMKHOM [0 MOMEHT& CTOJKHOBEHNA; B BOAHOBOH
MexaEWke HONOGHHI BOHpOC He MMeeT CMEICIA.

KyaonoBo moxe

Ecim B3a@MofieficTBHe 94acTHL ¢ KOCTATOYHOH CTeNeHBI0 TOYHOCTH
MokeT OHTh OHHCAHO KyJOHOBHM moieMm V (r)=(Ze)’/r, To ¢yux-
nnsa f(9) m3BecTHa; oma mMmeer Bump ')

f(0)= 2Z o cosecziexp[w In (1 — cos 8) +2i7, - ix],
rae
m a—zn (Ze)?
A TR
nopadeM 7, He 3aBmemt oT 0. Ua (5.22) caemyer

' Z%?\ 2
I(0)= <m—v§) (cosec?0 - sec?0 - 2@ cosec?d sec?6)4cos B, (5.23)

m* =

rae
® = cos (« In tg26).

CooTBeTcTByKIe POPMYIIN KIACCAYSCKOH MeXaHHKH [7] MOryT ORITEH
HOJy9eHH N3 Bhpaskenus (5.23), eciam Mu momosxuM P =0.

Cirenyer oTmernTh, 910 npm 0=45° wncio paccestHHEIX 4aCTHII,
nojcunTanHoe 1o fopmyne (5.23), BOBoe HpeBHIIAET 3HAYCHHS, HNA-
BaeMoOe KJIACCHYECKOR Teopueii.

Yuemo 9acTwm, paccesiHABIX HA HAHHEA Yrod, OmpegesdeMoe
Popmyioit (5.23), upm v —>0 He crpemMmrcd K 3HAYEHHWIO, TPEJCKAa-
3WB&EMOMY Kiaccmueckoid reopmeii. Horma » maso m, cienoBaTesIBHO,
d BEeJWKO, WHTCHCHBHOCTH PACCOSHWA B WMHTEpBajie MeKyy JIOOHMH
IByMd YIiaMu [OJGKHA, OJHAKO, CTPEMHUTHCE K CBOEMY KJacchde-
CKOMY 3HA4eHWIO B BEAY 6HCTPHX Kojtebammii PyExmmm @ mexmy 41
u —1 npm wamenennn 0.

1) Cm. ypasmenmwe (5.49) m ra. ITI, § 1.
9 H. Morr u I'. Meccn
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®@opmyna (5.23) Gxula mpoBepeHA HKCHEPHMEHTANBHO NJIA CIydas
paccesnma o-wacrdr B requmm [8]. Ilpm stoM IpuMeHANIHMCH OYeHb
MeJIeHHRE o-9acTHNE, TAK KaK TOJBKO B TAKOM CJydae MOKHO
CYMTATH, 9TO B3aMMOIEHCTBEE MEKAY AfpaMd OOpaTHO MHpPOmOpPIHO-
HajbHO KBajgpary paccrosnma (cm. ra. XIII, § 2).

§ 5. CronkHoBeHNA MEKNY NBYMA ONAHAKOBHIMH YACTHILAMMY,
o0IaNaI0MEMY COMHOM

B nmpepmnymem maparpage 6bI paccMOTpeH BONPOC O CTOJIKHO-
BeHHAX MEKIY IBYMsI ONRHAKOBHIME dYacTHIaMH, He ofJjafaommMu
COMHOM H NOAUYNHAKMHAMEACA cTaT@craxke Boze—Oiimmreiina. B sTom
maparpaje MM paccMOTPEM BOIPOC O CTOJIKHOBEHNH MEKRY TaKHMH
4acTHIAMH, KOTODHe, HOXOOHO 9JeKTPOHAaM K NIPOTOHAM, O6jajgaioT
cOMHOM, T. ©. HOJIOBHHOH KBaHTa MOMEHTA KOJIYECTBA NBW/KEHHA,
n nomamasorca cratucruke Qepmn—lupaka. [lonygaeMele mpE aToM,
pesyIbTaTH JIEFKO MOTYT OHTH 0606meHH Ha CIydail wacTdm, obma-
paomux J00HM KBAaHTOBAHHHM 3HAaYeHWEM MOMEHTA KOJMYECTBA
ABIJKOHHA B HONYMBANMXCA 060il m3 nByx cratmcrak (cM. § 6).

‘Bepremca k paccMoTpeHHI0 OHBITa, ONACAHHOTO HaMmd B Hadajle
npepsrymero naparpada. Eciam vactunel 06sagaioT COWHOM, TO BOJI-
BOBasA (YHKNHUSA, XapaKTepA3YOmMad COCTOAHHe dYacTHOBL, KOJGKHA
3aBHCETH TAKIKE W OT COMHOBHIX Koopamuar. llpexmosmoskmm, dro gac-
THOA, Tpomemmas uepe3 oTBepcrme A3, obnajaer cIMHOM, HampaB-
JeHNe KOTOPOr0 XapakKTepumayeTcss BeKTOpoM 1, Tak wro BoJHOBaA
(yHKOHA, ONUCHBAIOMAA NBW/KeHNe 9TOM YacTHUE, WMeeT Bupx!)

u(r) %z (s)-
AHanoru4HO BOJHOBYI0 QYHKIWIO, OMACHBAIOMYIO IBI;KeHNHE BTOPOH
YacTHOM, 3andiieM B BHe

0 (1) Xn ($)-
[na onmcaHuA CTONKHOBEHHA ME JOJKHEL BOCHOJIB30BATHCA AHTH-
CAMMeTPUYHOH BOJIHOBOH §yHKumeil; BOJHOBadA (YHKIMA, Xapaxre-
PH3YIOMaA COCTOSHHe CHCTEME! OO CTOJKHOBEHUH, MOMeT OHTH on-
periesiena 2) B Bupe

2(1) 21 (1) 2 (2) 7n (2) — (2) 2 (2) 2 (1) 70 (1)-
BonmoBas (ymrmma, xapakrepmsyomasi COCTOAHHE CHCTEME LOCie
CTOJIKHOBOHHSA, HMeeT CJIeNyIOIdi BUI:

vy, 515 ¥y, 82) =21 (1) % (2) (1, 2) = 71 (2) Xa (1) $ (2, 1). (5.24)
‘Hpr sTroM MH npemefperiw MajJOBePOATHHM H3MEHCGHHEM HAmpaB-
JeHNA cIEHOB. BepogTHOCTH TOro, 4r0 B MOMEHT BDeMeHH ¢ OfHA

1) Cum. ro. IV, § 2, rue gamo onpepenemme Ppymxnmit y, u g
*) Uagpa 1 coorsercTsyer Iy WiaE §;, nudpa 2—r, WK s,
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3 vacTMi HaxojmtTca B oileMeHTe ob6veMa (r;, dt;), ompefenaserca
COOTBETCTBEHHO BHIpayKeHHEM

DDV (ry, 815 T, 50) 2. (5.25)
s1 Sg
Ecnm 6 u ¢!)— monsipabie yFilH, XapaKTepH3yiolie HAaIPaBicHTe
Bextopa 1, a 6', ¢’ —1T0 ke 1A BekTOpa n, TO HMeeM

Y (8)= — sin—g— e (8) - cos % ePyp(s)-
Hamnee,

2 1X () P=1,

.0 .0 6 8" v
3 21(5) %a () = sin 5 sin -+ c0s 5 cos ¢t (F=9,
§

Beposarrocts (5.25) paBHa, TakuM 00pa3som,

|9 (1,2 + 92D [0 (2,1) ¥* (1,2)+ 9 (4,2) §* (2,1)] X
X [sin2 —g— sinz—%- -+ cos? —g— cos2% +

] e . 6 . 0
+ 2 cos - cos 5 sin—sin 3 cos (¢ — ¢,

4TO CBOJAHUTCA K R
2P+ @
— S [H(1,2) 0% (2,1) + 9 (2,1) ¥* (1,2)] (cos O +1),  (5.26)

rpe © — yroa MeRAQy HalpaBIeHWAMH COHHA,
cos®=1-.n.
Bupaskeane (5:26) Momer GHTH 3aUECAHO B CllefyIOmeM Bule:

Al9(1,2)+92,DE+ BIY(1,2) — 0 (2,1)]%
rie

A:%U—cos@)’, Bi=%(3+0089)-

g srranciiennsa BepOATHOCTH JaHROIO CTOIKHOBOHHA MBI JOIKHEL,
TaknMm 06pasoM, MCIOJB30BATH KAK BOJHOBH® QYHKIHN, CHMMETPHY-
HEle OO OTHOIICHHI0 K IPOCTPAHCTBEHRHM KOOPAMHATAM YaCTHI, TaK
4 aETHCEMMeTpHm9HEEe BOJHOBHe ¢yHKuun. KEcim BeposaTHOCTS,
HonygaeMasi OpW NpPAMeHEHWH CHEMMETPHYHEX (yHkumi, ecrs Pg,
a BepPOATHOCTH, IOJIy9aeéMaA OPH DOPHMEHOHUH AHTHCHMMOTDHTHEIX

1 Cm. rm. 1V, § 2,
O*
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$ynknuit, ecTh P4, TO MCTHHHAA BEPOATHOCTH pPaBHA
%(1——cos8)Ps+—Zi—(3+cos 8) Py, (5.27)

rxe © — yrom mesay HANpaBIeHHAMH COMHOB IBYX CTANKMBAIOMAXCSH
vacTan. Ecimm yron © Hem3BeCTeH, T. €. €CHIE JBa CTAaJKUBAIMMXCA
OyYKa YaCTHN HeNOJIAPH30BAHE, TO BEpamenme (0.27) nomwkmo OwHTE
YCPeNHEHO ‘[0 BCeM SHAYEHHAM 0. Tak xak cpeqHee 3HA YeHHe
cos® paBHO HYHI0, TO BEPOATHOCTH pPaBHA

+ (Ps +3Ps). (5.28)

B kauecTBe mpuMepa paccMOTPHM IydOK 3j1 @KTPOHOB, INIOTHOCTH
KOTOPOTO TaKOBa, YTO 34 €JUHVIY BPeMeHW Wepe3 eJUHUIY IJIOIAJM
HONepeYHOTO CeYEeHMs MpOXONHUT OXEH 3NeKTpoH. Ilpenmososxum, 4o
5TOT IYYO0K 3JEKTPOHOB CTANKMBACTCA C OTJENHFHHIM HONOBIEHHEM
cBOGONHEIM 3JeKTpoHOM. Omnpefe/lEM BepOATHOCTH TOTO, 9TO 3a eJIm-
HENY BPeMeHH OpPOM3OHHET TAKOoe CTOJIKHOBeHHE, B Pe3yJlLraTe
KOTOp Or0 OfHa M3 49acTHI I[OCIe CTONKHOBeHMA Oymer IBUIaTbCs
B HANMpPAaBIIeHNM, BAKIIOYCHHOM BHYTDH TeJECHOro yria do IoJ yIioM
6 x mampaBieudio OBEJKCHMA NOAfAIOmero mydka. B sroM caydae
[cm. ypaBmenwe (5.23)]

Pg = ';%, (cosec? 6 -+sect 6 4 20 cosec? b sec6) 4cos 6 (5.29a)
A aHAJOTHYHO
A= ,7;—4"”4 (cosec® 0 4- sect 6 — 2@ cosec? 6 sec® 8) 4 cos b, (5.296)
rre |
2me?
P =cos( 51 ntg26> .

Bepoarsocts ompepensercss, TakmMm o6pasom, BHpamenuem (5.27),
eclly .HANpaBIeHMS CONHOB M3BeCTHH, nn00 BHpaxenunem (5.28),
€C/IM HANpABIIeHAA CIMHOB HEW3BECTHEHL.

OrmeTHM, 9T0O e€Cllm CUNHB HAUpPABICHH ONAHAKOBO, TO MKl
FKOJKHEL MO B30BATECA TOJIBKO AHTHCAMMETPHINEM pemenneM. Orciona
CHelyeT, 9TO paccedAHde 3IOKTPOHOB® Ha 45° He MOKeT OCymecT-
Basrhed. Ecnm e cOMHBE aETMOAapasLIeNbHE, Tak 4ro O pasuo 180°,
TO YHUCHO PACCOSHHBIX NIGKTPOHOR PaBHO

1
3 (Ps+ Py,

T. €. COBIajgaeT CO 3HaYeHHEM, [JaBacMBEIM KJIaCCHAIECKON Teopneﬁ.

HpaRTE*ICCKIZI pacceAHNe NOy4IKa JJIEKTPOHOB  HENOABUMKHBIMHA
SHGKTPOHaMH MOHO Ha6.TIIOJlaTL JUIIb B TOM cJlydae, KOrga moox
CHeNOABM;KHBIMHAY 3JIeKTPOHAMH NONpPa3yMeBaloTCH CBFA3AHHBIE aTOM-
HBEe 3JIeKTPOHHI. SJIBKTPOHH B najawmeM DTy4YKe JOJKHEL OpH 3TOM

’
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obaanare c1oub GonbImoil SHeprmeif, 9To0H CHIAME CBA3H W J(BUMe-
HMeM aTOMHEIX 3JIeKTpOHOB MO;ikHO Onno mpenebpeub. Ecam 370 ye-
JIoBUe BHIIOJHAETCSH, MBI MMeeM ,

2met

T <1

Muoxmrens ©® B shpa:kenuax (5.29) moser OHTH B CBA3H C 3THM
3aMeHEN eJMHMIPEH, 332 HCKIIOYGHHEM CJIydas MAajbX YIJIOB, KOTAA
OTKJOHEHUA OT KlaccudecKnx QOopMyJS Mansl npu Mo0HX ycaoBdsX.

Bunesme (9] comocrasan dopmynm (5.28) u (5.29) ¢ sxcmepm-
MeHTAJbHHMHE JAHHEIMHU, OTHOCAIMMUCA K HAOMIONeHMAM HaJ BII6K-
tpoAamu ¢ sueprueit 200006 B kamepe Buinbcoma, M HONYIHyI mpH
3TOM XOpOlIee COrjache TeOpPUM C OMEITOM.

Paccesnne mpoToHOB B Bogopofe Oslio ucenegonano I'epreenom {10},
OpuYeM HONydeHHBe pe3yJbTaTH LOBOPAT B MONs3y dopmyas (5.28).

Cospemennsie paboTH OO PacCeAHMI0O MPOTOHOB NPOTOHAMH IOCBA-
IEeHK B OCHOBHOM OLpe/lelIeHHI0 ONu3KONeHCTBYIOmMUX HEKYJIOHOBHX
cHN MeRAY ABYMA UpPOTOHAMH, 3 He McCiefoBamuio dddexra cuM-
MeTpHH; OJHAKO IPH aHAJM3e ONHTHHX AAHHHX Toclemumil 3QdexT
OpuHEAMaeTcsl BO BHEUMaHMe. OTH paboTH paccCMATPHBAIOTCA HaMu
B ra. XIII, § 1. :

§ 6. CTonkHoBeHHA MEXKY OJUHAKOBHIMY AJPaMU

Ecnu myd0K aroMoB OponycKaercs depe3 Tas, COCTOSOIMA u3
aTOMOB TOIO jKe COpTa, ¥ €CHM TpH BTOM 3HEPrAA MyYKa TaKoRBa,
q9T0 HAMMEHBIIee pACCTOIHMe OpH COMMKeHAE MERAY 4YaCTHIAMA
A paccesinMs HA JAHHHA yrol MeHRMle, Hemenam pammyc K-06o0-
JOUKM ATOMA, TO BIMSHUEM 3JIEKTPOHOB IPH PACCMOTPOHHY CTOJIKHO-
BOHHIl TAKOTO THHNA MOKHO mpeHeOpeub., YUMCIO pacceAHHHX YaCTHN
mpa sToM pasHo [11]

CsPg+ Caly,

roe Pgu P, oupepensiorcs popmymamu (5.29), mpuueM m ¥ e — Macca
¥ 3apAj paccMmaTpupaemsix sgep. Hospdumuentnt Cg m C4 3aBucAar
OT poga CTATHCTHKM, KOTOpOH MONUMHAAIOTCA fAApa, a TAKMKe OT
ancnennoro smadenus cuuuoB. Ormomenne Cg: C4 paBHO OTHOMIEHAID
AHTCHCUBHOCTH CHMMOTPUIHEIX ¥ AHTHCHMMOTPHYHEX JIMHHA Bpama-
TONbHEIX HOJIOCATHX CIEKTPOB [BYXATOMHHIX MOJIEKYJl paccMaTpu-
BaeMoro siemenra. Takum 06pa3om,

§
C'S:C'A=-sn+"1

ansa Agep, noguusAlomuxca cratactuke Gepmm—/lmpara, u

Cs:Cp=nt1

Snp
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InA Afep, HoxIHHMoOmEXcA cratmcture bBoze—diimmreiina; sgech

h :
Sn 5, — MOMEHT KOJMYeCTBA IBWMKCHMS fAApa (I HPOTOHOB §, =1/,

xaa He s, =0, nna Ny s, =1 u 1. 1.). Bonee nogpoGusie cregenns
0 ANOPHHX cOMHAX MO;KHO HaiiTm B Kuure Bere m Beuwepa {12].

1.

10.
1.
12.
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TLarasa VI

HEOQHOPOAHBIE NUOOEPEHIIMAJBHBIE YPABHEHUA

B aT0ii raape pacemarpuBaiOTCA METONH PpeIienusi HeKOTOPHX
nmpq)epeﬂnnanm{ux ypaBueHEH THIIA

LY =F,

rae L—numeiinnit naddepeHnEaibusil oneparop BTOpOro MODAAKA,
a F — mexoropan maBecTHasd QyHKIHAA.

§ 1. O6pxkHOBeBEKEe NuPEpeRNBEATbHEIE YPABHOHNAN,
Oo6mee pemenue

B srom maparpade wMm paccmMorpnM nuddepeHmHANIBHEE ypaB-
HeHWs THNa

,,xa+2p +gy=/, (6.1)

rge p, ¢, f—msBectnele QyEKmEE or z. C MOMOIMBI NOACTAHOBKE

x
y=Texp [ — S pdx]
ypasaernme (6.1) mMoxkeT OHTH HpHBENEHO K BHAY
d2v
o +QY=F. (6.2)

Mu orpammummca mosromy paccmorpeBmeM ypaBmemms (6.2).
3amemM 910 ypaBHeHHME BHAA

2 dy
dxz_l_ z dx

=t qy=1f (6.12)

B pe3yJbTaTe MOACTAHOBKHU
y=z1¥
Mojker GHTEH mpuBegeHO K (fopMe
azv

CymecTsyer HeCKOIBKO MeTONOB pemlenus ypasueransa (6.2).
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Memod I. Ilpenmonosxum, 910 HAM W3BECTHH Ba HE3aBHCHMHX
PeIleHAsA ypaBHeHus

a 0
e T Q=0 (6.3)
O6ozraumm ori pemenms wepes ¢; u $,. U3 ypasmemusa (6.3) cae-
AyeT, 4ro
i 1 df2 . d:‘
d\Y1az ¥
Mut moxeM mosroMy yMEOMETE §; M ¢, HA NOCTOSHHBeE Kod(QuIE-
eHTH TaKuM 00pa3oM, 4T06H BHIONHANOCH PABEHCTBO

L)=0.

dy dys .
d—*:\laz——ﬁcplzi (upu nO6HX ). (6.4)
Ecmut ¢; m ¢, ubpams tak, wro coorTmomenue (6.4) ymosmerso-

paercda, to Qyarnua

X

b
V=9:(2) § 0 dzt-9o(0) 017 do (6.5)
a x i

ABNAETCA pemleHmeM ypapHemms (6.2), Kak 9T0 Jerxo Momer OHTDH
nposepeHo myrem mopcTamoBku (6.5) B (6.2). damee, rark xax QyHK-
muss (6.0) coxmep/KMT B TPOMBBOJNLHEE NOCTOAHEEE a ¥ b, oHA
fApJAeTca o0muM penieRmeM ypapmenms (6.2).

OTOT  Merom paccMoTpeR 6omee moppoGHO B Kmure Kypanra
u 'mneGepra [1).

Memoo I1. IlpepmomnoskaM, 9T0 HAM W3BECTHO OfHO M3 pelleHUi
ypasrennsi (6.3); o6osmaumm ero uepes ¢. [lonaras B ypapmenuu (6.2)

¥ =L,
HOJLy9uM
4% dsdy
d—xzq)—{-Zd—zdxw‘F.
Orcropna cliefiyer, 910
14 c ’
&= Py (6.6)
M, CIefOBATEILHO, |
x xf
v =) | BE)de (FEnee)de (6.7)
a [ 3

Bripamenne (6.7) mpeacranunser coboii mckoMoe penienne, coaeprkamee
I(Be MpOM3BOJLHEIE TMOCTOSHHBIE & W .

Hna pemenmsi 3ama4, paccMATPEBaeMHIX B JaHHOd TJaBe,
"Hambosee MPATOJHEM ABIAETCA HEPBHN METOL.
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§ 2. Pemenue, ymoBiIeTBopAIONIce TPAHUYHBIM YCAOBHAM

B stom mnaparpage Mm moxaeM, Kaxk MOKeT OHTH HAUIEHO
pellieHMe ypaBHEHHAS

2[}'
e +QY=F(2),

YIOBIIETBOpAIee OHpefelleHHHM TIpanmaHuM ychosuaMm. Hpemmo-
aoxum, aro ¢ysrnan () u F ymoBIeTBOPAIOT CNEQYOMNM YCIOBHIM:

F(z)—0 mpm z—> co,
npugem ¢ysaxnoms F (z) orpammdena m ampdepennupyema BO BCeil
obnactn 0 < z < oo, 3a HCKIOYeHmeM TOUKH & =0, IJe OHA MOMKET
aMeTh TONIOC MOpSAAKA £~1; panee,
Q(x)=A—U(x),
rne A—nocrosnnad, a U —mnpexoropaa Qyaxuusa, pis KoTopod |
2U(z)—0 mpm z—> oo,

opr sToM Qymxmma U (z) orpammdena m aumddepenmmpyema Bo Bceid
obnacTH, 8a MCKAOYeHeM TOIKA z=-0, Ime OHA MOKeT HMeTh
vomoc tapa 1 (n -+ 1)/2% (n — nonomuTeNIPHOE [ENOe 9HCIO MM Ke
HYJ5).

Hanoxxum ma ¢yskpmio ¥ gpa rpanmvmHX ycloBud.

1. B rouxe =0 W pgommmo obpamarbcs B Hyab. W3 xapak-
TEPHCTHYECKOTO YPaBHEHHA clenyeT, 4ro BOmmsam =0 ogmo m3 pe-
menrii OyneT Bectu cebm, kak z"*t1, a gpyroe—kaxk z—"; B Havaie
KOODAMHAT OfHO W3 pemenmi Oyner, taxuM obpasoMm, obpamaThcs
B HYIE.

2. Bropoe rpanmunoe ycioB@e 3aBACAT OT 3HaKa HOCTOgHHOM A.
Ecnn A monosuTenbHO, MH 3a0dINEeM

A=k
u Bubepem ¥ rak, aToOH
W ~ const - eik=,

Ecam A orpanmarensmo, Mu BeiGepeM ¢ymkmmio ¥ rtaxmm oOpasowm,
97005 OnA OHJIA OTpaHMYeHA PR £ —> oo, M yBusaM B manpHedmeM,.
qTO 9TH ABA YCIOBAA HOMHOCTHIO ompenensior W u aro maiiTw pemre-
sue W, ypoBierBopaioniee 3THM YCIOBHAM, OKAa3HBACTCA BOSMOMKHEIM
OpE Bcex 3HAa4YeHMAX A, 33 HCKIIIO9CHHEM OIHOrO YacTHOrO Clydasd.

Paccmorpum cumepsa To0T ciyuwail, xorpa A monoxmrensHo. Hame
ypasrerme mpmoOperaeT OpA 3TOM BHJ

liadl)
= +[B—U(@)]¥Y=F (z). (6.8).
Hycrs ¢, ecrb pemenme ypapueHms
P [k —U ()] 9=0, (6.9)
ofpamamomeecss B HyJb B Hadane KOOPAHHAT.
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TlpeamonoxuM, wr0 ¢, HOpMEpOBaHO TaK, gro (cm. ra. II, § 1)
¥, ~ sin (kx4 1) (x BemmKo). _
O6ossaunM depe3 ¢, pemenwe ypasHeHmA (6.9), mna xoroporo
Py ~ kL exp [i (kz + )] (z Benmko).

Ilpu Bcex smavenmax & QPyExmumm ¢, @ §p YNOBIETBOPAIOT COOTHO-
MeHnI0

v G4 dis
Y2 g =1

‘Orcioga cneayer, dro Qyaxmusa (6.5) ssamerca ofmum pemenmeM

ypapgenns (6.8). Pemenme, ofpamaiomeecd B HynL B Hadane KOOp-

JuMHAT, ecTh, OYEBHUIHO,

=g, (x)g 4 F dz— 4 (2) S ¢, F dz. (6.10)
a 0

Ilpu & —> oo 06a mATerpana CXOHATCH; WOJIOKHUB @ == 00, MEl HOITYIHM
pemenme, obnagammee Tpebyemoir ¢opmoii mpm GonpmMX 3HAYE-
HASX Z:

W~ — k-lgibrtin S ¥, F da. (6.11)
0

UckoMoe pemenme Bcerna Mosker GHTH, Taxum o0pasoM, HaiifeHo,
€CIIH MHTerpajs

[ae]
S F (z) exikx dg
)

cxonATcA.

PaccMorpuM Temepb ToT ciydail, Korpa A orpmnarensno. lo-
JIOFKAM

A= —¢%
Mu pomkEEI HaliTH pemeHme ypaBHEHHA
e +[——U(@) ¥ =F (z) (6.12)

dx?

npu ycnosum, dro $PyExnma W obpamaercs B HyJs B Hauaje KOOp-
AMHAT M OCTaeTcs KOHEUHOHM HpH &= co.
Ilycts mompe:xueMy ¢, eCTh pellenwe ypaBHEHHS

-7 —U@]9=0, (6.13)

ofpamaomeeca B Hyik B Hadane KOopaMHAT. B ofmem ciyuae
BTO pelleHHe NpW COOTBETCTBYIOmeEH HopMupoBKe Oyner BecTm cebsm
npu Gonbmux 3HAYEHMAX %, Kak €7*, TonbKO NPE HEKOTOPHX ompe-
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JeTeHHEHX (TaK HA3HBAaeMHX COOCTBEHHEIX) 3HAUEHWAX Y QyHKOUA §
6yper mMeTh ACMMOTOTHYeCKYH0 fopMmy e~ 7%,

Ecnm y me aBmaerca opsmM m3 coOCTBERHHX 3HAYEHWH, TO pemie-
Hue ypaBHeHud (6.12) momer 6nTh Halmemo clepyomuM o6pazoM.
OGozraunm depes ¢, pemenne ypasHesma (6.13), nmeiomee acumnro-
THIECKHA BUJ

Y~ yr e,

Torpa mckomoe pemmenme ypasresns (6.12) moxer Ourn 3ammcano
B dopme

IIr_—:%(q)lai%Fdx——q)qu)lex). (6.14)

OHO cTpeMuTCA K HYNI0 IUpA Bo3pacraEmH I J0 OGecromeunocru,
ecnu mpu sroM F (z)— 0. :

Ecnm y npuauMaeT ofHO M3 cOGCTBEHHHX 3HAYCHMA, TO peme-
mve ¢, obpamanomeecss B Hyls B Hauajle KOOPAHHAT, ¥WMeeT ACHM-
NTOTMYecKH BHR e~ 1%; B KadecTee U, MH JO/DKHE IPH 5TOM BHOpaTs
pemenne, pemymee cebs, xar y—1ev*. Pemenme ypasmemma (6.12),
obpamaromeecsi B Hylb B Hadajge KOOpAMHAT, TOrja Oynmer

x

W:%_(ﬂh ‘§ Oy F dz — 0, S q»lex>.

0

lpu Gonsmux sradenmAx x, omo Oymer Becrm cebs, Kak
x o«
—%(e'*x S Yy F da — e¥x y—1 S 4, F dx) .
a 0

Mos&RO IOKA3aTh, YTO IEPBMIl WIEH STOr0 BEIDAKEHAs KOHEJYeH, TaK
Kagk F -0 mpum £~ c0; MH MOKeM, TaKHM obpasom, OONYyYHTH
KOHeYHOe pemleHMe B TOM, M TOJNBKO B TOM, Cly4ae, eCid

o Fdz—>0. - (6.15)

Ol 8

Bropoit Meron, ¢ IOMOMBIO KOTOPOrO MOxceT OHTL HailgeHo pe-
menne ypapaenns (6.12), ecTe OOHYHEIA MeTO}, OpPUMEHFIOMHEHUCH
B Teopm: Boamymenwii. [lomomum

F ()= D) an9n (%), (6.16)

T (2) = ) bn bu (),
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rae $n — HODMAPOBaHHEE XApPAKTEPACTAYECKHe QYHKIUH YpaBHEHHs

T —a—U(2)] 4 =0, (6.17)

OONYMEAImEAecsH cleaylomaM ycaosuam: opa r =0 Pyuxmusa ¢ gon-
aHa ofpamarscs B Hylk, 4 Hpu =00 OHA JOJIKHA OCTABATHCH
xouednoid. CymMMupoBaHue 03Hadaer 3Jech TAaKIKe W MATerpHpOBaHue
HO0 HempepslBHOM obmacTy 3HAYEHME Yh (—Yn HOJOKATENBHO).
Jucxpernnx 3madeHuil MOKeT Jaske BOBCe He CymecTBOBATH.
Hoacrasnaas ¢ymxmmm (6.16) B ypaBuemme (6.12), yMHOH\aﬂ
noclegHee HA Up H ]Z[HTeI‘pprﬁ 00 BCOM 3HAYCHHAM £, HOJydaeM
bn = an (Yo — 1)
Ecnu y ects oo u3 cOGCTBEHHHX 3HAYOHHH, HANPUMED Y, TO Pe-
menre, ofpamanmeecd B Hylb npu =0 1 OpH Z = o0, CymMeCcTByeT
TONBKO MPH YCJIOBHH am__O T. €. TOABKO B TOM c.uyqae ecym

%F(w)d) (z)dx=0.

310 ycinOBHe SKBHBANEHTHO ycaopmio (6.15).
Hnrerpaarnoe ypasuenume, onpefeaamwmee ¢asy. Hccuenyem
ypapHesue (2.12):
d:G -¥—1
e+ [p-U -2 6= (6.18)
Ilpn pemenmm 3agaa Teopum paccemmﬂ, pPAcCMOTPEHHKRX HAMH

B ra. I, mac marepecoBano coficrBerHoe pemenme Gp 3TOro ypaBme-
EMf, uUMelolee acuMOTOTHYeCKYyI0 (opMy

Gy~ in(2n+ 1) k2 sin kr——%nn‘) - ceitr, (6.19)
Buino NOKa3aHO, [UTO MHOMNTENb ¢ RAeTCH BHPaKeHHEM
_(2n4 1) (2n —~y)
= 20k '
ecna coOCTBeHHOE peuieHe pmeer acHMOTOTHYSCKIA BUX
Gp~ 1*(2n + 1) k1 ¢*mn sin (kr — % nm 4 nn> .

Ecan Mu nmepenumenm ypassenme (6.18) B ¢opme

S+ [p-r]e=v ),

ro m3 (6.11) caegyer, aro
Gp~in (2n+1)k-1sin (kr—-—;—mc -
ikr——%— inn %
—kte g S U (r)Gdr. (6.20)
'0 .
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3meck (& ecTh pelneHme ypaBHEHHE:S

T+ [p-2 e =o,

ofpamameecs B HYJb B Halajlle KOOpDAMHAT ¥ objajaiomee acHM-

nroTmaeckoit opmoit éin (kr——% mr), T. e.
6=(%) I,
Comocrasnas (6.20) ¢ (6.19), momyqaem
o (eBIm— 1) = —eimn S U (r) Gdr,
[

rie ‘
G(r)wsin(kr——%nn-]— n,,) .

9T0 IPHBONMT K MHTEIPAJILHOMY YDPaBHEHWIO
/200 1/2

Sin M = _(g -::k) S r JML(kr)U(r) G (r)dr.

910 ypasmenune Gymer mcmonmnzopamo Hamm B ra. VII, § 6. [putGnn-
sxemnas dopmyna (2.27), ompemensiomas Ty, TONyHAeTCA B Pe3yrb-
Tare 3aMeHH ¢ymxmnz G (r) ¢ysxmmeir (§(r) mpm MalHX 3Hade-
aunax U (r).

§ 3. Muddeperguanbasie ypaBnenas
B YACTHBIX HPOM3BOJHBIX

B srom maparpade monokeEme TOYKM B TpeXMePHOM HPOCTPAH-
crpe MH Oynem ompefelsiTh ee JeKAPTOBHIMU KOODJMHATAME I, Y, Z,
nau cepHIecCKMME KOOpAHHATAME 7, fi, @, MM BeKTOpOM .

OGosnaumm gepes L onepa'rop

=V24+k2—U (r),
rie U (r) — dynxoma, gas woropoit U (r)—0 npa r —oo. Ilycrs
F(z,y,2) ecrp ¢yurmns, paa Koropoi rF—>0 mpm r-—oo.
Hameit 3anageil gBnsgercd OTHCKaHAe pemenysi ¢ ypapHOHHS

LYy=F (z, y, 2), (6.21)
YIOBJICTBOPSIOMETO CJSAYIOMAM I'PAHAIHBIM YCIIOBHAM:
Oyprnua ¢ KoOHeYHA BO BCeX TOYKAX IPOCTPAHCTBA;
G~ ekt F(8¢) npu GombmAX IHAUEHHAX 7,
rie f(69) —Hexoropad $ymkmusA, HOANeKAMAS OUPEEICHAIO.

(6.22)
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Paznoskam ¢yexnmm ¢ m F B paAx 1m0 mapoBEM QYHKIHAM.
Sammmem

pm(COS e)—-Sln Ompn(cose) (m> O)
¥ BOCHONB3yeMCA TeM, |TO
Py = P;".
Honomxuam, namnee,
c© m=-n

F(z,y,2)=) Y AR(r) Py (cosB)eim?.
n=0m=—n

Hcexomoe pemienme ¢ mnpefcTaBEM B BHJe _
4 (2, ¥, 2)= D) Y, B (r) P (cos ) g2, (6.23)
n m

HoncraBue 5TH BHpasKeHHa B ypasmeHme (6.21), ymmOxEB mociep-
Hee Ha

Pm(cos ) e~im¢ sin 6 db do
B IPOMHTErpHPOBAB 10 § M ¢ IO HMOBePXHOCTHE cfepH, WONYydIHM

v 2 —U) =Y Broan(r).  (6.24)

™ dr

ITonarast, pamnee,

Br—r-1pm,
oy 9uM
+1
b+ (B—U() =2V er=rar (r),

T. €. ypaBHeHHE TOTO JKe THIIA, 9T0O H YPaBHEHHH, PaCCMOTPeHHEE
pama eime B § 1 u 2. Cornacro (6.14), pemennme ypasrerma (6.24),
yAOBIeTBOpsIOmee TpeGyeMHM T'DaHWYHHIM YCJIOBHSM, €CTh

Bpr= —kLu(r) \ Ha(r) A7 () r* dr —
T

—kH,(r) S La(r) A™ (r) 2 dr. (6.25)
0

~

3pecs L, u H,— pemennusi ypaBHeHus
1 d/ dL) <k2 U()_n(n+1))L 0,

2 dr

npuadeM Ln KOHEYHO B HAa4ajie KOODAWMHAT H HOPMHPOBAHO TaKUM






