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Tpennowena IHCPIETHNECKAN HHTEPIPETAIRN (HIMMECKOTO CMEBICIA P~yHEUMN, KOTOpax Oa-
FHOYETCA HA MPEIMOTQHRCHHH, 4T0 BOC NICMCHTADHBIS HaCTHUL! ABMATCT COTHTOHHBMH Dﬁpﬂ;}'ﬂﬁﬂ.-
HEAMH AMEKTPOMArHHTHOrG nons. [IPpeoacweHe YOIOBHE HOPMHPOBKE JIH IHCPreTHYECKOR MuTep-

OPETALHE.

1. Beeaenne,

B HacTOALIee BpEMsA BOMPOC HHUIHYECKOTO

CMBICNA  W~QYHKUMA BOJHOBOTO ypaBHeHHA
MONABNAIOINHM  CONBIUMHCTEOM  DH3HKOB
CYUMTACTCA PELIEHHBIM B MONBIY BEPOATHOCT-
HOH MHTEpnpeTauuy, KoTopas Oblra npemno-
#eHa M. boproM u noppepmxana bopom, Defi-
sgubeprom, [laynn, Jupakom. HieecTHo, on-
HaKo, YTO TakMe y4eHeie kak Diinwreiin, Jlo-
pentu, [Inauk, ne Bpoiine, Pefinvan, u naxe
apTop BOMHOBOTO ypasHeHus [lIpepunrep, ne
NPUHATH 3TOH TO4KH 3peHna. B nureparype
MOEHO HAHTH OYeHE MHODO 3"¢|{IJ'EI£'THLIK BEI-
CKA3BIBAHMH BBIZAIOUIMXCH YMEHBIX TPOTHB
BEPOATHOCTHOH HHTepnperaumy. Onvum u3
Haubonee APKUX MBI CHHTAEM BLICKA3LIBAHHME
[lIpenuHrepa, CAENAHHOE HM YKE B NPEKIOH-~
HOM Bo3pacTe — B 1957 rogy: «f xouy acHo
CKa3aThk, YTO OTHEIHE W BIpenk Depy Ha ceba
ECI0 OTESTCTBCHHOCTE 38 CBOC YIIPAMCTEBO. H
HAY NPOTHE TEYEHHA, HO HANPABJIEHHE NOTO-
ka MameHuTca», [1, ¢ 295] ¥ Dimmoreiina
Moa0OHBIX BLICKAZLIBAHWA HMEeTCHS 3IHAYH-
TensHo Ooneie, BoT 0fHO M3 HUX, CHENAHHOE
8 nuceme Ipenunrepy: «®unocodus ycmo-
woeHus Defizenbepra — bopHa — wim pean-
ruA? ~ TaK TOHKO MPOAyMaHa, 4TO NpeacTas-
JHET BEPYIOIIEMY OO NMOPLI IO BPEMEHH MAr-
KyH NOAYIOKY, ¢ KOTOPO#A HE TAK Nerko cnyr-
HyTk ero. [Iyere cnuts, [2]. Mel naneesca,
YTO 3TH CI0BA TBOPUOB KBAHTOBOH TEOPHM
XOTh B KAKOH-TO MeEpe BOCIPENATCTBYHOT

C oodHusm Juwe (8EPOAMAOSN MEGPUL He ROCHDOUNLL.
Jﬂm npagweum s.uuupuwc:m H AGSNHSCKY, ONd 8
anpbiune caoeil ToNcHa.
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npenyOexIeHHOMY OTHOLIEHHI) HHTATENs K
obcy:xnaemoii 3nece npobneme.

VYnpamoe nenpuatHe JHHWTERHOM BEpO-
ATHOCTHOH WHTEPNPETAUHH MPHBEPKEHLEI
KBaHTOBOH TeODHH OOBLACHAIOT HENOCTATOY-
HbIM YpOBHeM ero cnocobuocteii. M.Bop,
HanpHMep, B CBOSH KHHIe OTKPBITO 3aABMN:
«Coobpaxenua DfiHmTeliHa M CerofHa
(1963) npencraBAAOTCA MHE MOKOALMMHCH
Hd HeOOCTATOYHOM IOHHMAHHH KBAHTOBOH
Mexanukuy, [3]. Cambiil npocToi BeIBOM, KO-
TOPBIi MOMHO CHENaTh U3 ITOI HHGOpMalHy,
CRenyouii — WIH BEPOSTHOCTHAS HHTEpIpe-
TAUUA ABMASTCH HGKUPPEKTHDITI, HIH Oma TO-
ro, 9To0bl e NOHATE, HYXKHBI ACHCTEHTENBHO
ocoDble  HHTENNEKTYaNbHEIE  CNOCODHOCTH,
KOTOpbIE OTCYTCTBOBANM Jaxke ¥ Lenoro pana
knaccukos. Ceronss 3tH criocobHOCTH 11po-
CTO JOMHBI NPHCYTCTROBATE Y PANOBLIX
npencgaeaTenefi (PM3IMKH H Jgame y CTYIEH-
TOB.

Ilpennaracmas BHMMAHMIO YHTATENH HH-
TepnperauMs cmbicaa bgyHKUMM Gasupyet-
CA Ha MOHATHM conuToHa H3pecTHo, 4To co-
JHTOHE HMEHT He TOJMBKO BOJHOBBIE CEQHCT-
Ba, HO H CBOWHCTBA KOPMYCKYN — NPH CTOJK-
HOBEHHAX BenyT cefa KAk yNpyrHue mapel, He
']'EPHI'DT JHEPTHH NBHXEeHHHA (BHITDJIHSIETGS]
FAKOH HHEPLMH), HE OTAANIT CPene CKOHIIEH-
TPHPOBAHHYID B HHMX SHepruio (He mpexpa-
LIAKOT CBOErO CYLIECTBORAHHA 0e3 KOHTaKTa ¢
AHTHCOMHTOHAMM), He pacrnbBaroTea (B OT-
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| MuHE OT BOJHOBBIX NAKETOR), W T.JL, [4].
(bpas sneMeHTApPHBIX YACTHIL KAK IMEKTPO-
MarHHTHBIX CONHTOHOB MO3BONHJ HEM Mpen-
NIOAKHTE TPOCTYI0 M HENMPOTHBOPEHHBYI) TEO-
pur0 oTHocHTensHOCTH, [3]. Ouesmano, uyro
3Ta MOZEen: He cornacyercs ¢ obpaszom To-
HEYHRIX T-IEGTHIJ;, KaKOBBIMH B HACTOALLEE
BpPEMA CUMTAKOTCA NPAKTHYECKH BCE 2J1EMEH-
Taphbie YacTHUel (v OMM3KHMH K TOYEd-
HbiM). OYeBHOHO TaKKe, YTO OAA CONHTOH-
Hex 06pasoBaHiil BONHOBAA (YHKLHA JOJIHK-
HA OQIHCBIBATL [JEEJ'[I:HHE HDJIEE&T’BJII}HHE
NpoLeccsl, IPOHCXOAAIINE B 3THX 0OBEKTax.
Dro o3HavaeT, 4TO B JAHHOM CHy4ae Aans
BONTHOBOH (DYHKIMH HYXKHO MCKATh HOBYIO
HHTEPIIPETALMIO, HE CBAIAHHYIO ¢ BEPOATHO-
CTBIO ODHAPYKEHHS TOUEHHOH YACTHIEI B TOM
HAH HHOM MecTe, B TOH MIH HHOH CHTYALHH.

2. JHepreTHYECKAN HHTEPNPETALHSA
du3zugecKoro cMpicaa Y~QYHKUHH

Ilpu pemeHHH 3ana4u NOCTpOEHHA (u3n-
HECKHX TEDPHEI, Dﬁmﬂﬂﬂ]ﬂmm HE’KDTDP!:]&
IKCNepHMeHTANbHEIe (akThl, 00bIYHO CHaua-
na BeABHTaeTCH dM3Hdyeckas waen, obwac-
HAKOLIAA HBJIEHHE KA4ECTBEHHO, «HAa MNalb-
uaxy. 3aTeM MNeR MPOBEPAETCA HA KOMHHECT-
BEHHO€ COIJIACHE ¢ IKCNEPHMEHTOM, eClii ee
yaaerca KOppPeKTHO NMPEeNCTaBHTh B NOHATHAX
maremartiki. B 310it npouenype ece renuuu-
HBI, BXOOALUHE B YPABHEHHA, NOTYHAl0T CBOE
MCTOIKOBAHHE Ha CTAJIHH COCTABNEHMA YpaB-
HEHHI, MO3ITOMY NpobiieM ¢ HHTEpnpeTauHeH
mx PrzHYECKOrD CMBICHA HE BOSHHKALST.

B papme cnyuaes, omHaKo, 3a HEHMEHHEM
HHOH BO3MOXHOCTH, MOCTYNAaXT NPOTHBONO~
nokHeiM 00pazoM. CHauana, nocne paga ma-
TEMATHYECKHX Omepautii, AcObIBalOT pesyib-
TAT, & 3aTEM pELIAKT BONPOC (H3HYECKOro
CMBICNA BXOOAUIMX B pELIEHHE YpPaBHEHHN
penHynH. Tak ObiIo B ClIyuae ¢ YpaBHEHHAMH
Makcsenna, npeobpazosanuame Jlopewrua,
COOTHOLUIEHHEM HEOMNPENeNeHHOCTH, TaK Obl-
1o U ¢ ypasHeHnueM LlpenuHrepa.

Hspecrno, uro ypassenue Illpenunrepa
He BBIBOJMTCA CTPOID, HO €r0 MOMKHO MNOJy-
YUTE H3 TdK HA3BIBAEMOTO EKIaCCHYECKODD
BOJHOBOTO YPABHEHWs, KOTOPOE OMHCHLIBAET
Arboe BONHOBOE JBIDKEHHE — OT KonebaHui
CIPYHBI HIIH MAATHHMKA 00 3BYKOBOH MWK
NEKTPOMATHHTHOR BOJIHBL
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DIHYecKUi CMBICH BeNHYWHBL ¥ 34BH-
CHT OT TOrD, Kakoi mpoiiecc Mul cobupasmcs
ONMCATE G MOMOUIBKY 3TOTO YPaBHEHHA. JT0
MoskeT ObiTh BENHUHHA JTHHERHOrO OTKAOHE-
HHA OT CPEAHErD NONOKEHHA (OCUHIIATOP,
CTPYHA), YLIOBOE OTKIOHEHHE (MAsTHHE),
BENMHYMHE 3aPATA HA ODKNanKe KOHAEHCATOPY
(B SMEKTPHYECKHMX LEnsAX), cTeneHs nedop-
MAlHH Cpeibl, HANPAXEHHOCTL JJICKTPHYE-
CKOI'0 HMJIH MAaTHMTHOIO [roJyef, echm 3mo
INEKTPOMArHUTHAS BOAHA H T.A.

Eciu Mbl XOTHM HCCHENOBATHL, KAK 310
YpaBHEHME ONHUCHIBAET MOBEACHHE HICKTPOHA,
MOJKHO BOCMONB30BATECA TeM (axToM, ¥t
3NeKTPOH 00NafaeT BOJHOBEIMHE CBOFICTRAME,
KOTOphI€ ONHCHIBAKOTCA COOTHOLUEHHAMM [8
bpoiina. Ilpeanonosxum, 4T0 BEMHYHHA | B
ypasHerHn (2.1) npencrasnser rapMoHuye-
CKYK BOJIHY A¢ BpOHnA B NpoCcTpaHCcTseE ¢ No-
CTOAHHBLIM MOTEHLUMANOM @ M 3aBHCHT 0T
BpEMEHH cnemyomumM obpa3zom, [6];

p()~e™ (2.2)

rae © — 49acToTa konebaHHH, CBAIaHRAA,
cornacHo ne bpoiilmo, ¢ nonHo# 3Heprueil
YaCTHIIb BHIPAKEHHEM:
o= 2 (2.3)
b/
Iyrem mudpdepenuuposanns us (2.2)
MOHHO NOMYHHTE.

LS
—==ime = ~if 24
at W (24)
&y 2
— =@ 25
= r (2.5)

Jins anexrpomarHuTHON Bonuel F=C |
Mmo3ToMy BMecTO (2.1) MOMHO 3aNHCaTE:

2

€@ :
ﬁl,&r‘+;§1 w=0 (2.6)

roe A — nangacHas.

A
[

afistetviaadeln el
(5 22 R
roe 1 - nmepuon konebaHWA, A - ILHHA

poanbl. Tenepe (2.6) moxHO mepenMcath
cnenyioium ofpazom:

Hanee (2.7)
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4r’
,12

CornacHO 3aKOHY COXpaHEHMs MOJIHas
3HEpPrus 3JEKTPOHA PaBHa CyMME KHHETH4e-
ckoii I’ u moreHuuanbHoit U, xortopas om-
penensercs moteHuuanom nois. ITockonbky
T= p2/2m , TAe P — UMITYJIbC YaCTHLbl, UMe-
eM:

Ay+o =0 (2.8)

2

E=£ +u
2m

pl=2m(E-U)

(2.9)

oTcrona: (2.10)

B cootBercTBuM ¢ runore3oi ae Bpoins
3JE€KTPOH XapaKTEPH3YETC HE TOJIbKO HM-
nyJbCOM, HO ¥ IRHHOM BOJHBI, a GOTOH Xa-
PaKTEPU3YeTCsl HE TONBKO AJMHOM BOJHBI, HO
¥ MMITYJIbCOM:

(2.11)

Ilo cyrn mena, umenHo B (2.11) coxmep-
KHUTCS MHGOPMALIUA O TOM, YTO HCClIelyeMbIe
00BbeKTbl MMEIOT CBOJICTBA COJMTOHOB. Y-
ThiBas (2.10), umeeM:

2
2 h

T = (2.12)

Tenepsb BMecTO (2.8) MOXKHO HanucaThb:

4r*2m (E-U)
+ hz
h2
—Ay+(E-U)y=0 (2.14)
2m

Ay w=0  (2.13)

OTKyZa

Ypaenenue (2.14) — aro Haubonee uacto
BCTpEHaoIIasics B nurepatype dopma 3anucu
yparenus IllpenuHrepa, He conepkauiero
BPEMEHH.

YuurteiBas, 4To0 % =~i® Y=~ -f— v,
BeJIMYHHY E Y MOXHO NpencTaBUTh Kak
oy .
EFEy=—1in 2.15
V=" (2.15)

YuursiBas (2.15), ypasHenue (2.14) Mox-
HO TakKXe NPeACTaBHTb B BUIE:
oy

hl
ih—=-—Ay+Uyw
2m

=~ (2.16)

Ypasuenue (2.16) — 3Tt0o (opma 3anucu
ypaBuenusi Ulpenunrepa, yuurbiBarouias 3a-
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BHCHMOCTb y~QyHKUMM OT BpeMeHHu. Bee Obl-
50 Ob1 XOpOIO, €cny Obl TOJNBLKO NPHU UCHOJb-
30BaHMM BbIpaXeHHs (2.2) Mbl He 3abbumH
YTOYHUTb, KakOH (PH3MHECKHH CMBICT HMEET
BeJIMYMHA /.

Onun w3 Haubonee CylIeCTBEHHBbIX 1Ia-
rOB, KOTOpbi€ MAENalT MpH WCCIeNOBAHUH
3TOr0 ypaBHEHHS, COCTOHT B NPEATIONOXE-
HUH, 4TO ypaBHeHus (2.14) wmm (2.16) cnpa-
BEMJMBBL U B CJy4ae, €CIM NOTEHUHAJbHAsA
sHeprusa U 3aBHCHMT OT pacCTOsHHMA, T.€. MO-
TEHLMaN CHJIOBOIO I0JI UMEET NPOCTPAHCT-
BeHHOe pacnpeneneHue. Ecnu B (2.14) Bme-
cro U(x,y,z) TNOACTaBUTH BLIPAXKEHHE AN
NOTEHUHANIbHON 3HEPruM 3JEKTPOHA B IOJIE
MPOTOHA, TO PELIEHHE YPAaBHEHHS MOXXHO IIO-
JY4UTb TOJBKO IS JUCKPETHBIX 3HAYEHHUI
sHepruu FE, . M3BeCTHO, YTO 3TH 3HAYEHMS
SHEPTHii C BLICOKOI TOYHOCTBIO COBMAJAIOT C
NOJOXEHHSAMH JKCNEpHUMEHTaIbHO Habmo-
AaeMbIX 3HEPreTU4ECKHX YPOBHEH aroMa BO-
jpopona. MIMeHHO SKCNEpPUMEHTaNbHOE NOJ-
TBEPXKCHHE MOJYYECHHBIX PE3YNbTaTOB CHU-
MaeT BOINPOCbl OTHOCHTENBPHO 3aKOHHOCTH
C/AENaHHBIX TPEAIIONIOKEHUIT.

Yro kacaercs PHU3MYECKOTO CMbICHa Y-
byHKUME, TO OPUUMANBHO MPHHATAA TOYKa
3pEHHs! HE HYXXA2eTCs B OCOOBIX KOMMEHTa-
pUsAX, OFHAKO Mbl BCE XK€ OCTaHOBUMCS Ha
atom Bompoce. OyeHb 4acTo B JIMTEpaType
€r0 NPEACTABJIAIOT C MOMOLIBIO CIENYIOIIETO
npumepa. Ecnn npeanonoxuTs, 4To KpuBas
MOTEHUHaNa CHJIOBOTO MO, ACHCTBYHOLIErO
Ha 3JIEKTPOH, UMeeT BUA ¢ = kx| TO KpuBas
MOTEHLIMAILHOW 3HEPrHH TOYEYHOrO 3JjeK-
TpoHa umeer Bua U = ekx* . Eciu 310 BbIpa-
*keHue noacrasuts B (2.14), To, kak U B ciy-
Yyae aTOMa BOZOPO/a, PElIEHHE MOXHO MOy~
4YUTb TOJBKO MU JUCKPETHOTO psina 3Haue-
HHIf 5HEPrHM — TaK Ha3bIBaeMbIX COOCTBEH-
HbIX 3HAa4€HHH. JTO ONMH H3 HEMHOIUX Ciy-
yaeB, korna ypasHenue [lpenunrepa MOXHO
PElINTb AHATUTUYECKH!

En=\)gh(n+%) @2.17)

rae n=0,1,2,...

KaxnoMy 3HaueHMIO 7 COOTBETCTBYET
cBOM BHMA Y~PyHKUHM, T.H. COOCTBEHHBbIE
¢ynxuuu. Ha pucynke 1 npuseneH rpaduk
3aBUCHMOCTH MOTEHUHANIbHOH 3Heprun Ulx)
TOYEYHOrQ 3NEKTPOHA B CHJIOBOM MOJE @ =
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I | a Taoke rpaduk | yn(x)!? nia n=2 . Co-
[IaCHO BEPOSITHOCTHOH WHTEPNPETalHH BbI-
coTa opauHaThl Ha rpaduxe |yu(x)’ coor-
BETCTBYET BEPOSATHOCTU OOHAPYXHUTb YaCTH-
1y B [POCTPAHCTBE C KOOpAuHaToit x . bonee
KOHKPETHOH MHGOPMALUK O YAaCTHLIC Mbl KaK
OyaTo HE MOXEM IOJYYHTh NPUHLIMIHMAIBHO.
Kak BuaHO u3 rpaduka, Haubonpuias BEposT-
HOCTb OOHApyXXeHUs 4acTHibl Habmonaercs
BOJIM3M MOBOPOTHBIX TO4YEK — TOUeK A u B
Ha KPHBOH HOTEHUHMAJIbHOHM 3HEPruH, OHA Xe
— KpHBasg B3aUMOZEHCTBHMSA TOYEYHOIO JJIEK-
TPOHa C CHJIOBbIM mojieM ¢(x) . Macwtabbl
oceit @ m U mnopmoOpanbi TakuM 06pazom,
YTO KpHBbIE COBNafaloT. B otnuuue or knac-
cu4eckod (U3MKH, KBAHTOBYIO 4YacTULY, B
COOTBETCTBHM C BEPOSTHOCTHOMN MHTEpIpETa-
1uel, MOXXKHO OOHApYXHUTb C OTHOCHTEJILHO
OONBIIOH BEPOATHOCTHIO M IIOJ KPHUBBLIMH
B3aUMOJEHCTBUA — B TOUYKAX C OTpULATENb-
HOHM 3Hepruei NBHXKEHUs (HANPUMEp, TOYKH
C u D). ObbicHeHHE NMPUYMUHBI TAKOH CH-
TyauuH (Kak B 3TOM, TaK U B JPYrHX aHajo-
TMYHBIX CNy4asx) B KBAHTOBO# TEOpHM Mpen-
JaraloT OFHO M TO Xe — «creuupuyuecku
KBaHTOBOE SIBICHHEY.

-E.._

=1
1
)
]
3
]
]
)
X

Pucl. Bonna ae Bpoitna B cunosom none U = kx°.

OfpamaemM BHHMaHHE YUTATENs Ha TO,
4TO PHUCYHOK | BBINOJIHEH B NMPENTNONOXEHHH,
YTO 3aKOH COXPAHEHUS SHEPTrUM B MUKPOMUDE
BBITIOJIHAETCS, W 3TO HOATBEPXKAAET NPAMO-
nmHeHoCTb oTpeska A—B . Ecan 61 A-B He
ObUT OTPE3KOM TMPAMOI JIMHUM, 3TO O3HA4aJIO
Obl, 4TO 3aKOH COXDAHEHHS 3HEPTHH HE BbI-
NOJIHAETCH. DTOT 3aKOH BBENEH B BOJIHOBOE
ypaBHeHue depe3 Boipaxenue (2.9). C apyroi
CTOPOHBI, COIJTACHO BEPOSTHOCTHOH HHTEp-
nperauuu u3 rpaduxa xkpusoit |Yx)* cneny-
€T, YTO B MHKDPOMHpE 3aKOH COXPaHEHUs
SHEPruM He BBINONHIETCA — OOBEKT MOXKeT
HaXOAUTLCS TIOJ KpUBOH MNOTEHUHANBHOH
sxepruu, Toukn C u D . Kakoi#i cMmbich uc-
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MOJIb30BaTh JUISI aHAIM3a CUTYAUHH KpPHBYIW,
NOCTPOGHHYIO Ha 3aKOHE COXPaHEHHs, €CIu
Mbi NapaJlIejIbHO YTBEPXKAAEM, YTO OH XK€ He
BBINOJIHsIETCA?

ITonpoGyem Ternepb NMPEMSIOKUTL HUHTED-
nperauuio  QU3UYECKOro  CMbICHA Y-
GyHKUMHY, HEe BBIXOASA NpPHU 3TOM 32 paMKH
KJ1accuueckoit pusuku. B ocHoBe ypaBHenus
(2.1) nexxur ypaBHenue aBrkeHus HploToHa,
KOTOpPO€ MBI BCErna MUIIEM AN OTHEIbHOrO
oObexra, HO ypaBHenue (2.1) yxe onuchiBaer
He JIBIDKE€HUE OTAENBbHOro oObexTa, a BOJHO-
BOIl Ipolecc — IpOLECC PacrpOCTPaHEHHS
HEKOTOpOro Bo3MyuieHus. Eciu Mel uccneny-
€M 3JIEKTPOMAarHMTHYIO BOJIHY, HallpHMeEp pa-
AHOBOJIHY, TO (HU3UYECKUH CMbiCA |-
$YHKUMH paLMOHANBHO CBA3aTh C HAIPSKEH-
HOCTBIO 3JIEKTPHYECKOIO HIIM MAarHMTHOTO
MoJIeH:

2
E= N (2.18)
Cc* o

HanomuHuMm, uto ypasHeHue (2.6) nony-
4eHO nmyTeM BBozaa B (2.1) 3aBucumocti (2.2),
npencrassitomeir sonny ae bporna. Coor-
HoweHus ae Bpoiins (2.2), (23) u (2.11) s
OIMHAaKOBOH Mepe CrpaBeuIMBBl Kak ans ¢o-
TOHOB, TaK U U «TBepAbIX» uactuu. C op-
HOH CTOPOHBI 3TO O3HAYAET, YTO, ITOCKOJbKY
BosHa ae bpoiins Moxer npencraBasTh (o-
TOH, B 3JIEKTPOMAarHUTHOM NMpHUpPOIE KOTOPOTo
Mbl HE COMHEBaeMcCs, y~(QyHKUMH B YpaBHE-
HuH (2.6) pauMOH&JIBHO MPHUIHCATH CMbICI
HAaNpsXKEHHOCTH FE  3ieKTpHueckoro mnous.
Mexay 3neKTpOMArHMTHOM BOJIHOH pazuo-
AWana3oHa M PEHTT€HOBCKUM KBAHTOM HeT
NMPUHOMIHANbHONH pasHHULbl — B KOHIE KOH-
LoB, 00€ BOMHBI MOIYT ObITh HCIYILEHbI (C
HeOONbIION pasHHULIEH BO BPEMEHH) ONHUM K
Tem xe aromoM. C npyroi CTOpOHBI, Ta e
BOJNHAa Je Bpoiing Moxer npeacTaBisTh
«TBEPAYIO» YaCTHUIy, B YaCTHOCTH 3JIEKTPOH,
CnenoBaTeNbHO W B ypaBHeHMsX (2.14) u
(2.16) non y~dyHKLMER NOrMYHO MOHUMATDH
HanpsHDKEHHOCTh 3siekTpudeckoro nous. Ilo-
4eMy CMbICH Y~PYHKLUH NODKEH U3MEHATHCS
KapA¥HaJIbHO MPH OTHOCHTENbHO HE3HAYH-
TENbHOM Iiepexoje — nepexoje ot (POToHA K
351ekTpoHy? B kauecTBe [NOMONHMTENBHOTO
apryMeHTa MOXXHO HallOMHHUTb, YTO 3EKTPOH
MoxeT 00pa30Barbcsi B mape ¢ NO3UTPOHOM
IIPH CTOJKHOBEHMHM NBYX (OTOHOB C 3Hep-
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rusimu He Mmenbuie 0.51 MsB (npouecc pox-
J€HMs nap), ¥ Ha00OPOT — JNEKTPOH M MO3H-
TPOH NMpPU HUX B3aUMOJEHCTBHMH NPEBpALIAIOT-
ca B mapy ¢oroHoB ¢ 3neprusmu 1o 0.51 MsB
(aaHurnnaums). bonee Toro, Bce «TBEpABIEN
4aCTHLbI MpPH B3aMMOJEHCTBHM CO CBOHMMH
aHTH4YaCTUIIAMH B KOHEYHOM HTOIre¢ MOIyT
npeBpaTuThes B poronbl. JIpyruMu croBamu,
riyOMHHas CYIHOCTb (POTOHOB M «TBEPABIX»
yacTHLl sBJsercs obmeit.

Haunbosee mnpocToii BBIBOL, KOTOPbIH
MOJKHO CA€J1aTb U3 CKa3aHHOro, CHCHy)OH.[PIﬁZ
BCC «TBEPABIE» YaCTHUbI — 3TO BOJIHOBBIE 06-
pa3oBaHusi, OrpaHH4Y€HHBIC B TTPOCTPAHCTBE U
COCOOHBIE MOKOUTHCA, ABUraThes 0e3 mote-
PH SHEPrHM JBHXKCHHS (BBINOJHAETCS 3aKOH
HHEpLUMH) a Takke 6e3 NMoTepb CKOHUEHTPH-
pOBaHHOH B HUX dHepruu. BonHosble 06pa3o-
BaHMsl C TaKMMH CBOMCTBAMH HAa3biBAIOT CO-
nuronamu. Taxum oOpa3oMm, uist TOro, 4ToObl
BO3BPAaTHTbCA B PAMKH KJIaCCHYECKOH (pH3H-
KH, TOCTAaTO4HO MPEANOJOKHTD, YTO POTOHBDI,
1 BCE «TBEPIBIEY YACTHLBI — 3TO COJUTOHHbBIE
00pa30BaHUs 3NEKTPOMArHUTHOTO MOJIS.

Yro kacaercs Bbixona rpaduka |yx)]° 3a
npepenst rpaduxa U(x) , TO OTBET 34ECH
ouens npocroil. Kpusast Ufx) Ha pucyske 1
[PE/ICTABNIAET 3aBHCHUMOCTb TOTEHLMANbHOMN
JHEPruu TQUYEYHOTO 3JEKTPOHa B CHIIOBOM
none ¢(x), a kpusas |y[x)|>, cornacHo axep-
TeTHYECKOH MHTEPNPETalny, NPEeACTaBIsAeT
pacrpeneneHHe SHEpruH, CKOHUEHTPHPOBAH-
HOH B BOJIHOBOM O0pa3sOBaHMH, HAa3bIBAEMOM
3NIEKTPOHOM. B cooTBeTcTBMM C 3HepreTuue-
CKOIl MATEpnpeTanyeii 3JIEKTPOH HE ABUraer-
CA OT TOYKH X; JO X, M oOpaTHO — 3TO mpo-
CTO CTOSYast BOJIHA, 3a)Karas B CHJIOBOM MOJIE.
IlpyuyyHa AMCKPETHOCTH BENHYMHBI JHEPTHH,
KOTOPYIO MOJXET BOCHPUHATH WIM OTHATh
3NIEKTPOH B MOTEHLHANBHOH sIME, COCTOMT B
TOM, YTO BOJIHOBOH OOBEKT MOXKET U3MEHHUTh
CBO€ COCTOSIHME TOJIbKO M3MEHHMB YMCIO Y3-
nos. Eciii 3Hepruy Bo30Oy>xaaomei 4acTHLbI,
HarpuMep (POTOHA, HaJIETAlOIIero Ha 3JieK-
TPOH, HEMOCTATOYHO IUIA TOrO, 4TOOBI yBeNH-
YUTh YUCJIO Y3JIOB B CTOsiYEH BOJIHE XOTA Obi
Ha €AMHMIY, TO BbINOJHACTCA MPUHLMI CY-
MEepPHO3HLHH, U CHCTEMA «IJIEKTPOH+CHIIOBOE
none ¢(x)», T.e. aTOM, OKa3bIBAETCS NpO3pay-
HOH 1t GOTOHA M B3aMMOMEHCTBHE HE MpO-
HCXOIHT.

181

Hao6oport, ecnu 3Heprun ¢GoTOoHa HOCTA-
TOYHO /IS YBEJIMYEHUsl Y¥CIia Y31OB Ha €1u-
HULly, IPOMCXOIUT HEYNpPYyroe B3aMMOAEHCT-
Bue. Ilpu sTroM QoTOH OKa3eiBaercs NOrio-
I{EHHbIM, U 3JIEKTPOH (@ BMECTE C HUM U BEChb
aToM) MEPEeXONUT B Ka4eCTBEHHO HOBOE CO-
crosinve. B coorBercTBUM C pHUCYHKOM | OH
MPOCTO YBEIMYUBAET CBOM PasMepsl, U B Psne
Clly4aeB MOXET B 3TOM COCTOSHUM HAXOIMTh-
Csl DOBOJIBHO JOJIO — MeTacTabuiibHblE BO3-
Oy>kKI€eHHbIE COCTOSHHS aTOMOB.

B ¢usuke CTONKHOBEHMIT IOJAraroT, Kak
camo coboi pasymeromeecs, YTO MHHUMAJb-
HO€ Ce4eHUe B3auMOJEeiiCTBUS onpenesnsercs
PEOMETPHYECKHMU pa3MepaMH  CTaJKUBalo-
muxcs obvextoB. Ha ocHOBanuu 3Toro npes-
NOJNIOXEHUsT (M COOTBETCTBYIOLIMX OIKCIEpH-
MEHTAJIbHBIX [aHHBIX) AENAalOT BLIBOL, YTO
3NIEKTPOH — 3TO MOYTH TOYEYHbIN OOBEKT,
~10" M. OTOT BBIBOA, CHpaBEeIJIMBBIA MUIst
TBepAbIX Kopnyckyn (ecnu 6b1 Takue Cyuecr-
BOBAJIM Ha CaMOM Jiene), He sBnsercs obs3a-
TENbHBLIM AN BOJHOBLIX oObextoB. Hampu-
Mep, OKOHHOE CTEKJIO pa3MepoM 2x2 mempa
ans (OTOHOB BHAMMOIO AMAria3oOHa NpakKTH-
YECKU HE CYLIECTBYET, OMHAKO MbI HE J€JIaeM
M3 3TOTO BBIBOAA, YTO I'EOMETPHYECKHE pas-
Mepbl crexkna ~10™ m.

H3n0xeHHOE 3/1€Ch OTHOCHMTENIBHO BEpPO-
ATHOCTHOM HMHTEPIPETALUMH MOXHO IpOMII-
JMIOCTPUPOBATh Ha MPUMEPE U3 Makpomupa. B
HKEJIE3HOROPOIKHOM NMPAaKTHKE H3BECTHBI CIIy-
yaM, KOrJla COCTaB BaroHOB, ChEXaB C LIHPO-
KOM COPTUPOBOYHOM TIOpKH, NPEOAOJieBaeT
ropky Oosplueii BbICOTBI B Cllydae, €CIH OH
HEJHMKOM HE NOMEINAeTCss Ha IUIaTO BTOPOH
ropku, puc.2. Curyauus Ha mepBbiif B3JAX
MOX0Xa Ha IMHCCHIO O~4aCTHL M3 AApa, KO-
r7a 2HEPrMM TOYEHHOro oOBexTa Hemocra-
TOYHO JUIsi NpeojiojieHHs1 Oapbepa, HO OH BCe
ke okasbiBaercs 3a OapbepoM (c-pacman
anep).

Jnsa nony4yeHuss KpUBOH B3aUMOAEHCTBHA
2 noe3n He 00s3aTeNnbHO HYXXHO NPONYCKaTh
4yepe3 ropkH, Kak 3T0 M300pa’keHO Ha PUCYH-
ke 2. Mbl MOXeM JOMYyCTUTh, YTO MMOE3L ABU-
XKETCsA IO MPSAMOH JIMHUK, HO paclpeneieHue
MOTEHUMAA CHJIOBOIO I1OJIA, NEHCTBYIOLIEro
Ha BaroHb! BJOJIb OCH X, MMEET Taxkoil BuZ,
4YTO KpHBas MOTSHUMANA NPH COOTBETCTBYIO-
11eM BbIOOpE LIeHBI AeeHHsi OCH ) COBIIafa-
er c reomerpuueckoit ¢opmoii ropok. s
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oboux ciyyaeB KpHBas NOTEHLUMAJIbHON 3HEp-
ruv Oyner OAMHAaKOBOM, ONHAKO BO BTOPOM
cilyyae aHaJIOTHsi C KPHBOM NOTEHUMaJIbHOH
sHepruu Ha pucynke 1 Oyner Gonee nonsT-
HoM. [lna TodeyHoro obOwexra (C XOpOIIHUM
OpuOMKEeHHEM M UL OTHACJIBHOIO BaroHa)
KpuBas NOTEHUMAIbHON HEPTHH COBNANAET C
¢dopMoii kpuBOii noTteHUHana, T.e. ¢ Gopmoi
ropok. OoHako s CHCTEMBI TeJ, Ul COCTa-
Ba BarOHOB, CHTyallus CyLIECTBEHHO OTJIMYa-
erca. 1 maremaTuueckue BbIPDAKEHHUSA, U CO-
OTBETCTBYKMIYIO UM rpaduky (B Hauem cny-
Yyae KPUBYIO MOTEHLHANbHON 3HEPruHM) Mbl
CTPOMM TOJIbKO AJisl LUeHTpoB obnekroB. U3
PHCYHKa 2 BUIHO, YTO €CJIM OTAEJIbHbIH BaroH
HauMHAeT ChEe3XKATh C FOPKH TMPH PacCTOSIHUH
X, , TO LIEHTP COCTaBa MpPHU 3TOM HAXOOAWTCA B
TOYKE X; , HO COCTaB KaK LeJO€ TOXE Ha4H-
HAaeT Cbe3XkaTb, TOJbKO IO 3HEPreTHYECKOMH
KpUBOH. JTO 3HAYMT, YTO AJS AJTHHHOIO CO-
CTaBa KPUBYI0 TNOTEHLHAJIBHOH 3HEPrHH
HY>XHO Ha@4MHaTbh CTPOMTDb C TOYKH X , KpMBas
2. Kax BuguM, KpuBas B3aUMOACWUCTBHA
AJIMHHOTO COCTaBa CYLIECTBEHHO OTIMYAETCs
OT KpHUBOH B3aMMOJEHCTBMS OTHENBHOIO Ba-
rOHa.

Puc.2. Tlpeononerue JIHHHBIM COCTABOM COPTHPO-
BOYHOMH rOpKH.
JUi JUIMHHOTO COCTaBa BBICOTA BTOPOM MOPKH HA KpH-
BOH B3aHMOACMCTBHA (KPHMBAs 2) MOXKCT OKa3aTrhCA
MEHbIIE, YEM BBICOTA, C KOTOPOl ChedkaeT moe3s. h; —
reOMETPHYECKaA BBICOTA, HA KOTOPYIO NOAHMMACTCA
LEHTP Macc noe3aa

Ecnu cocTaB LEJMKOM HE NMOMELIAeTCs Ha
IUIATO BTOPOH FOPKH, TO SHEPreTHYecKas Bbl-
cota mgh; BTOPO¥ rOpKH AJIs 3TOrO COCTaBa
MOHKMXKAETCA, M MOXKET O0Ka3arbCAd Aaxe
MEHbIlIe, YeM SHEPreTHUYECKas BbICOTA NEePBOH
TOPKH, KPUBasi 2 Ha PUCYHKE 2. DTO 3HAUMT,
YTO COCTaB MOKET IPEOAOJIETh reOMETpUYe-
cku Oonee BBHICOKYIO FOPKY, €M ropka, ¢ KO-
TOpOH OH chexan. 3mech HET HMKAaKoro mapa-
JOKCa. SHQDI“CT HYCCKVIO CHTYAlUHMI0O HYXHO
aHAIM3KPOBATh C UCMONB30BAHUEM JHEPIeTH-
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YyeCcKOH KPHBOH, TOJBKO HYXHO €€ KOPPEKTHO
rnocrpoutb. MIMEHHO HEMOHMMAaHHE TOTO, YTO
KpHBasi OTEHLIMAJa MOXET CYIECTBEHHO OT-
nvyaThes no GopMe OT KPMBOH NMOTEHLMAb-
HO¥ 3HEPrHH B ClIy4ae, €Cld OOBEKT HEmb3s
paccMaTpuBaTh Kak TO4euHblii (06e KpuBbie
uMerT ofilee Ha3BaHHE — IOTEHLHAJbHAs
KpHBas), ABJSIETCS NMPUYKHHOI MHOrUX 3abmy-
KOCHHH.

yie
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3
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Puc.3. KonebarensHoe ABIDKEHME COCTaBa B CHMMET-
PHUHO#H IOTCHNMAIBHOM sME.

HeHTp cocraBa, KOTOpBIH HAaXOZHTCA HAa KojebHa-
TENBHOM YPOBHE AB , HE IEPEMEIACTCA JEBEE TOYKH
A w npasee Touku B, HO BOJHOBOM MPOIECC PacIpo-
CTPAHAETCA IO OCH X JIEBEE TOYKH X H MPaBEe TO4-
KH Xp .

PaccMOTpuM najiee MOBEAEHHE COCTaBa B
CUMMETPHYHON noreHnuanbHoH sime. Ilycts B
MOMEHT, KOIZia COCTaB HaXxOMMJICS (M TIOKOMII-
cs) B TOYKe A Ha KpHUBON NOTEHUMAJbHON
3Hepruy, OpiH OTHyIEeHb! TopMo3a. Eciy Mbi
npeHeOperaeM BCSKOTO BHAA TPEHHEM, TO
LEHTp COCTaBa MOJHMMETCA A0 TOYkH B
NPOTHBOMNOJIOXKHON NOTEHUHALHOW CTEHKH,
110CJie Yero BO3BPATUTCA B TOYKY A U T.JA,
A0 OECKOHEYHOCTH, T.€. MbI NOJYYHM HeKuii
xonebarenpHbli npouecc. Ecim Mb1 Teneps
OTBETMM HAa BONPOC, KAK B 3TOM IpoLecce
H3MEHSAETCA, HanpuMmep, KOJHYECTBO Beca
(wnu Maccel) cocTaBa Ha eOUHMLY IUTMHBI 10
OCH X , MJIM KaK M3MEHSEeTCS BEPTHUKaIbHas
COCTaBJsIOINas CKOPOCTH BAarOHOB, W Mpen-
CTaBUM 3TO rpaduyecku, TO NOJYyYMM HEKOe
HarmAgHoOe M300paXceHWe 3TOro mpouecca B
BHJIC BOJIHBI, KpHBasi 2 Ha pucyHke 3 (Ha pu-
CYHKE IpEACTaBJIEHa 3aBMCHMOCTb KBaIpara
BEPTHUKAJIbHOH COCTAaBJISAIOIIEH CKOPOCTH -
4yTOOB! aHajlorust Obula KaK MOXKHO IOJIHEE).
Kak BugHO M3 puCyHKa, MocieHH# BaroH B
KpaliHeM JIEBOM TNOJIOKEHMH MOXET repeme-
WATbCA O TOUKU X, , 4 MEPBbIl B KpalHEM
MPABOM IOJOKEHHH — IO TOYKU X4, HO pasBe
MOXEM MbI [IPY 3TOM FOBOPHUTH O NPOHUKHO-
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BeHHH 0ObekTa (B HalleM Cllydae — COCTaBa) B
obnacTp OTPHLATENbHBIX 3HAYECHHIl 3HEPruw
nswkeHus? OTMeTuM, YTO KpHBas 1 Ha pH-
CyHKE 3 MOCTPOEHA C YYE€TOM TOro, YTO HC-
cneayeMblit OOBEKT He ABJSETCS TOYEYHBIM H,
HECMOTpPs Ha 3TO, KpHBasi 2 BCE-TAaKH BbIXO-
JIAT 3a TipeAenbl kKpuBoii 1, a Beab MOXKHO Obl-
JIO €€ HAJIOXKHUTb U Ha KPUBYIO B3aUMOIEHCT-
B TOYEYHOro obbekTa (kpHuBas 3), Kak 3TO
JIelaloT B JIUTeparype, pucyHok 1. B 3rom
cliyyae COCTaB «TyHHenupoBam» Obl ewe
riry6:ke NoA MOTeHLHAIbHYIO KPUBYIO.

Mexny pucynxkamu 1 1 3b umeercs Boi-
cokasi crerieHb aHanorud. Ha obomx pucyH-
KaXx W300pakeHbl KPHMBbIE NOTEHUMANbHOR
SHEPrHH, Ha KOTOpPbIE HaJOXKEeHbI rpaduku
KoseGaTenbHbIX NpoueccoB 0OBEKTOB, KOTO-
pbl€ HaXOHATCS Ha OMNPEAENECHHBIX IHEPreTH-
qeckux ypoBHsAX. OueBUHO, YTO €ClM B TOY-
K€ C KOOPAMHAaTOM X, OTIYCTUTh HE HENbIA
COCTaB, a OTAENbHBII BaroH, KOTOpbi OyneM
CYHTaThb TOYEYHBIM, TO KpHBas KoJebareib-
HOro npouecca He OyAer pacHpOCTPaHATLCA
JIeBee X, M NpPaBe€ Xp , M MbI [OJYyYHUM Kap-
TUHY, OMU3KYIO K TOH, KOTOpPYIO OXuzalu (HO
He MONYYHJIH) U1t 3nekTpoHa. U3 Toro ¢axkra,
4yTo rpaduk konedaTeNLHOro mpolecca Ha
pUCyHKE 35 BBIXOAMT 3a Npenesbl MOTEHLH-
aJIbHOM KPHBOH, Mbl HE AenaeM abCOMOTHO
HHUKAKOTO [ajleK0 MAyLlero BbiBoAa, ubo ca-
MH CTPOMJIM 3TOT rpaduk, H NMOHUMAEM, YTO
OH Kacaerci He TOYEeYHOro oObexTa, He
OTAEJIbHOI'O BaroHa, a CUCTEMBI Te€Jl — LHEJIOTO
cocraBa. AHaIM3UPYsi KPUBYIO 2 Ha PUCYHKE
3 , MBI MOJKEM TOJILKO CKa3aTh, YTO KoJjeba-
TEJbHBIA MPOLIECC HE PACHpPOCTPAHAETCS Je-
B€E TOYKM X; U NpaBee TOUKH X, , HO LIEHTP
COCTaBa MpPU ITOM HU3MEHAET CBOE MOJIOKEHHE
TOJIBKO MEXAY Xa H Xp.

Tenepb BOCHOJIB3yeMCs MOJIY4E€HHBIM pe-
3ynbTaTOM AJIs aHajM3a pucyHka 1. B ypas-
HeHue [Hpenunrepa mbl 3anoxunu mupopma-
LUHMIO O BHJIE€ NOTEHUHAIbHOW KPHUBOH AJIA TO-
4e4yHOro oOpeKTa (MaTeMaTHYE€CKOE BbIpaxe-
Hue s kpusoit Ufx)) , a raxke undpopma-
LHIO O TOM, 4YTO OOBEKT SABJISIETCS HEKOTOPOH
BOJIHO# cO CBOHCTBAMM CONHUTOHA — yepe3 Co-
oTHoweHust ae bpoitns (2.11). ITocne pewe-
HUSI YPAaBHEHHS MBI MOJIYYHJIH BO3MOXXHOCTDH
noCTPOuTh rpaduk |yfx)|> , KOTOpBIil OKa3a-
Cs QHAJIOTHYHbIM rpapuKy 2 Ha pHCyHKe 3
(aHaJIOrUs 3aKNIOYAETC B TOM, YTO €ro Kpu-
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Basd TaKXkKe 3aXOAWT MOA KPUBYIO IMOTEHLH-
aJIbHOM 3HEPruH — OO TOYeK X; M X, puc.l).
JlornyHbpIit ¥ caMbiit POCTOH BBIBOJ, KOTO-
pbifi MOXKHO cIieNiaTh B 3TOH CHTYyaLyiH, CO-
CTOUT B TOM, YTO 3JIEKTPOH Ha CaMOM JIeNie He
SIBJISIETCA TOYEYHbIM OOBEKTOM, M KpuBas
{Wx)|* Ha pucyHke 1 MOCTPHPYET HEKHi
KosiebaTeNnbHbIi MpoLece, KOTOPbIH OCyLIecT-
BJIAETCSA B JJIEKTPOHE, MOMELIEHHOM B CHJIO-
BO€ nousie. JIpyruMu CjloBaMH, Mbl UMEEM Jie-
JIO He C OTHENbHbIM «BaroHOM», a ¢ Oonee
HIIH MeHee «UTMHHBIM cocTaBom». IIpu sTom
pa3sMepbl MEKTPOHA YK€ HE MOTYT ObITbH TO-
yeyHbIMH. BO BCAKOM ciyyae, HMEHHO Tak
CHUTYALHIO KIIOHMMACT» YpaBHEHHUE
Hlpeaunrepa.

Ecnu snexTpoH cuMTaTh CONMTOHHBIM
3JIEKTPOMarHUTHbIM 00pa3zoBaHueM (XOTA M
cneunpuueckuM, HO BCE-TaKy BOJIHOBBIM 00-
pasoBaHHEM, KOTOPOMY MOXHO CONOCTaBUTb
Hexuit konebaTenbHBI npouecc ¢ onpege-
JIEHHOI 4acTOTO#M M JUTHHOH BOJIHBI), TO B IO-
JY4EHHOM pe3ynbTaTe HEeT HUYEero HeoObnu-
HOro — BCE€ PacCy>XAEHHsS HAXOOUTCsS B paM-
Kax BOJIHOBOWM MeXaHUKW KakK pasjena kjac-
cuueckoii usuku. IlpumepHO Tak cUTyauuio
npencrasisin cebe Ilpenunrep: «...BooGine
CYLIECTBYIOT TOJILKO BOJIHBI. Kak cBeT, Tak u
TO, YTO PaHbLIe MPUHHMAJOCh 33 YaCTHULbL, HA
CaMOM JeJie SBJISAIOTCA BOJHAMH. 3Ha4HT, BO-
o0Ie HE CYLIECTBYET HaCTHL, ¥ MAaTEPHIO,
KOTOPYIO paHblile CYMTalH COCTOsLIeH u3
4aCTHL, Mbl JOJIXKHbI MPEACTaBUTH cebe Kak
COCTOSIHIYIO M3 BOJIH. OTO B 3HAaYMTEJbHOM
CTENEHH CHocoOCTBOBaNO Obl JOCTHIXKEHHIO
€INUHCTBa Halel KapTUHBI Mupay, [2,¢.17].

ObpamaeM BHHMaHHE 4YMTATENs Ha TO,
4TO KpuBas 1 Ha puCyHKe 2, B OTJIHYHE OT
KpPHBO#H 3 Ha pHUCYHKe 3, HE UMeeT JHa — Jie-
Basi NOTEHLMaIbHAasl CTEHKA CPa3y MEPeXOAHT
B MpaByl0. DTO OOBACHAETCS TEM, YTO B MPH-
BEICHHOM NPHMeEpe AJIMHA COCTaBa COBMAAaeT
¢ pasmMepaMiu iHa Ha kpuBoi 1. Cocras Hauu-
HAeT MOAHMMATLCA HA MpPaByIO TOPKY B TOT
caMblii MOMEHT, KOrjja 3aBepIlaeT CIyCK C
nesoit ropku. Ecamn 661 cocraB 6bin HEMHOTrO
KOpo4Ye, TO Ha KPHMBOH MOSIBUIOCH Obl JHO.
Haobopor, eciu 6b1 cocras Obun eme nausH-
Hee, TO riayOMHA NOTEHUHMAJIBHONH MBI Obl
YMEHbLINJIACK.
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3. Yc10BHEe HODMHPOBKH

H3BeCTHO, 4TO B CTOS4EH 3JexTpomar-
HHUTHOM BOJIHE IMyYHOCTH 3JIEKTPHUYECKOH M
MAarHHUTHOM KOMIIOHEHT CABHMHYTBHI APYr OT-
HOCHTENbHO Jpyra Ha Ya JUIMHBI BOJHBI B
NPOCTPAaHCTBE U Ha Y4 mepuoja KosjedaHuk
BO BpemeHu. Ilpu 3TOM Ul BOJIHBI B LIEJIOM
TIOJIOBHHA SHEPTHHU COJAEPXKUTCA B JIEKTpUYE-
CKOM KOMITOHEHTE, a MOJIOBUHA — B MarHMT-
HOH. OOBeMHast MIOTHOCTL # 3HEPIHH, CO-
JepxKaleicss B 3JEKTPHYECKOH KOMIOHEHTE,
MOXeT OBITh IpeACTaBlieHa Kak [7]:

g E?
8T

G.1)

Ecnu  cOOTBETCTBYET HAlIPSIKEHHOCTH
E |, Benuuuny FE° MOXHO BBIMHCIMTb Kak
MPOU3BECHUE |/ Ha KOMIUIEKCHO COMNps-
KEHHYIO ¢ Hel BeNuuuHy * (mpu e=1):
.
u=¥¥_ (.2)
87
YMHOXMB 3Ty BENUYMHY Ha dJIEMEHTap-
Hbli 00beM dV/, noay4uM KOJIMYECTBO IHEp-
run dW, cocpenorodeHHoi B obbeme dV

dW:udV:—‘”s—V’—dV (3.3)

/4

HHTerpan or 3TOH BEIMYHHBI MO BCEMY

00beMy OINpPERENUT SHEPIHIO, 3AKIIOYEHHYIO

B 3JIEKTPHYECKOH KOMIIOHEHTE YaCTHLbL, T.€.
nonosuny ot mC? :

U=

2
j‘”‘” av ="mC (3.4)
2
I 47z'mC2 I wydV =1 3.5)

Kak BHIHO, HECMOTPS Ha TO, 4YTO ¢ (uU3M-
YECKOH TOYKH 3PEHHUsl SHEpreTuveckas U Be-
POSTHOCTHAs MHTEPIPETALHM  OTIMYAKOTCS
Oonee, 4YeM NPOCTO CYLIECTBEHHO, C MaTeMa-
THYECKOH TOYKH 3pEHHs MpeajaragMoe ycio-
BHE HOPMHPOBKH OTJIMYAETCA OT M3BECTHOIO
TOJBKO KO3 PHIHMEHTOM nepen HHTErpajoM,
T.€. IIEHOH NeNeHHs IUKalbl HA OCH BEIHYHHBI
¥ . DTO 03HAYaeT, YTO BCE PACHeThl, BBIMNOJI-
HEHHbIE JUIS BEPOSITHOCTHOM HWHTepIIpeTainu,
(axTHYeCKH NPUrOAHBI M JUIA JHEpreTHde-
CKOH. OTUM U OOBSCHAIOTCA YCHEXH KBAHTO-
BOit Teopuu. I'paduyeckoe n3obpaxenue 3a-
BHCHMOCTH |Y(X)]> B pasHBIX MHTEpIIPETaLH-
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SIX OTJIMYAETCS TOJbKO LIEHOM AeseHus opau-
HAaTHhI.

4.3aBucHMOCTDb (popmMbI BOJIHOBOH
¢ynxunn or GopMbI NOTEHUHATbHOR AMbI

Tenepr paccMOTpUM BONPOC 3aBHCHMO-
ctv (GopMbl BOJHOBOH (yHKUMK OT (GOpMBI *
MOTEHLUANBHOH SIMbl, B KOTOPOH HaXOXHUTCA
BOJIHOBOH oObext. Hudopmaums o dopme
NOTEHUMANbHONH sIMbI 3aKJaAbIBAETCA B BOI-
HOBOE YPaBHEHHE 4epe3 BbIpaXEHHe JUlsl Mo-
TEHLHaNIBbHON 3HepruM uactuubl U . Ecmu B
BOJIHOBOE ypaBHeHue BMecTo {/ MOACTaBHTH
BBIPaXXEHUE B/r , KOTOPOE YUHTBHIBAET JEHCT-
BHE Ha 3JIEKTPOH 3JIEKTPHYECKOTO MOJis AApa,
B YaCTHOCTH, IIPOTOHA WJIM NO3UTPOHA, pelle-
HHE BOJIHOBOT'O YPaBHEHHs MOXHO TOJy4HTb
aHAJIMTHYECKH, HO JIMIIL UL ONpEENEeHHbIX,
OUCKPETHO 3a/1aBaeMbIX 3Ha4eHHi Fy, , KOTO-
pble € JOCTaTOYHO XOpOLIel TOYHOCTBIO COB-
NajaloT CO 3HAYEHHSAMHM OJHEPreTHYEeCKHX
ypOBHEH 3siexkTpoHa B aToMe Bopopozxa. Ot-
METHM, YTO B 3TOM CJy4ae NOTEHLUAJbHas
AIMa He ABJAETCS MOJIHOLEHHOH — B HAJMYUM
MMEETCS TONbKO IOTEHIMalbHas CTEHKa
CrpaBa, a JieBas CTEHKa M OHO NOTEHLHaJb-
HOH SIMBI OTCYTCTBYIOT, pUcyHok 4, a. Opau-
Hata U ecTb nub MaTteMarudeckas abcr-
pakuMs M CHJOBOI Harpy3kyd HeCTH HE MO-
JKET, T.€. €€ HeNb3s pacCMaTpHUBaTb Kak IO-
TEHLHANbHYIO CTEHKY CliI€Ba M 3aKaH4YHMBaTh
Ha Hell U300pakeHne YHEPreTUIECKUX ypoB-
HEi, KaK 3TO LeJaloT B IUTEpaType.

Eme 6onee xopolee coBnaseHne Teopun
C 3KCNEepHMMEHTOM Halmomaercs ans aroma
BOJIOpPOJIa B CIly4ae, €CliM BOJHOBOH OOBEKT
(o1eKTpOH) NOMECTHTH B MNOTEHLUAJIbHYIO
MY BHIA:

U= B 4.1

Ha pucynke 4, b npexncrasiieHo rpaguuye-
ckoe M3o0paxxeHue 3ToH 3aBucumocTH. Kak
BUJIHO, B 3TOM ClIyda€ NOTEHLMalbHAas sAMa
MONyYaeTcs MONHOLEHHON, a st h=2 pelle-
HHE BOJIHOBOTO YPaBHEHHsI MOXHO TOJyYUTh
anamutuveckw. [Ipu n=2 Benuuuny A /7"
MOXHO TPaKTOBaTb KaK Pe3ynbTaT AEHCTBHA
nenTpobexubix cun. Konnyecrso sHepreru-
4ECKHX YPOBHEH 3JE€KTPOHa B IOTEHLMAb-
HOM sIMe, M HX IIOJNIO)KEHHE Ha JHeprerude-
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CKOit 1IKane, 3aBUCAT OT (POPMBI U rITyOHHBI
SIMBI.

U a) u \ 4 Ve b)
0 __r Tm— r
/’,
,/
/5
4
/ U=A/rn-B/r

Puc.4. TloTeHuuanpHasa IJHEPTHA IICKTPOHA B IOJIE
MPUTATHBAIOLUETO HEHTPA.
@) Ha IEKTPOH ACHCTBYCT TONBKO CHJI NMPUTArHBAHMSA,
JeBasi CTEHKA H QHO OTCYTCTBYIOT, b) HAa 3NCKTPOH
JEHCTBYIOT OHOBPEMCHHO CHJIBI MPHTATHBAHUA H OT-
TAJIKUBAHHAL,

IleneHanpaBieHHO BONPOC 3a8BHCHMOCTH
BHJIa BOJHOBBIX (PyHKUMH OT KPyTH3HBI IO-
TEHLHAJIbHBIX CTEHOK B JIMTEpaType, IMo-
BHAMMOMY, He wuccnenosaics. Ilpencrasie-
HHE O HEM MOXKHO MOJyYHTb NPHU aHaIU3e pe-
3yJbTaTOB MO MCCIIENOBAHHIO BUA BOJHOBOM
QyHKUMM 3JEKTPOHA B NMOTEHUMANIBLHOH sAME
tina (4.1) Wi B MOTEHUHANLHOH siMe
U=kx*/2 , onuchIBalOIEH M3MEHEHHE IOTEH-
LMAIBLHOH DHEpruM Teja B JMHEHHOM rapMo-
HHUYECKOM ocLMiisTope. B mocnennem ciy-
yae 00e CTEHKH MOTEHLHAIbHON SIMbI CHM-
MeTpuuHO yxoaat B OeckoHeuHocTs. Ilomec-
THTb 3JIEKTPOH B 3Ty AMY M3BHE Henb3s. Teo-
PeTUYECKH OH JOJDKEH TaM POOMTBbCA H OCTa-
BaTbCsl HaBCErJa. JHEPreTHYECKHE YPOBHH B
TakoOH sAIMe pasMelIeHbl 3KBHOMCTAHTHO. 3a-
BHCHMOCTb BHAa y~(pyHKIuM (BepHee, KBax-
para ee MOIyJsi) NOKa3aHa Ha pUCyHKe 5, [8,
9]. Ilo Mmepe yBenuveHuss HOMEpPAa YpPOBHs
YBEJIMYUBAETCS KPYTH3HA CTEHOK MOTEHLH-
aipHOA AMel. M3 pUCYHKOB BHIOHO, YTO MpH
3TOM BO3pPAacTaeT OTHOCHUTENbHAs BBICOTA IH-
KOB, COOTBETCTBYIOLIMX «BEPOATHOCTH OOHa-
PYXEHUs 3JIEKTPOHA OKOJIO NOBOPOTHBIX TO-
4eK», T.€. TOYEK MEPeCceYeHHs 3HepreTHye-
CKHX YPOBHEH C KPHBO# NOTEHLHAIbHOI
sxepruu. Ecny ans n =2 Bce NUKH MPUMEPHO
OJMHAKOBOH BBICOTHL, TO At n = 10 kpai-
HME ITHUKH yXKe MOYTH B JBa pasa BbILUE LEH-
TpaJIbHOro. BriosHe MOruYHO MpeanonoXuThb,
4yTO 3Ta TeHHeHuUus Oyner cobmoparbcsa u
npu 6oMbIINX 3HAYEHUAX M , T.€. KOraa Io-
TEHLMAaJIbHble CTEHKU Yyxe OyayT npaxruue-
CKM BEPTHUKAJIbHBIMU.
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Curyauus, n300pakeHHasi Ha PUCYHKE 5
He ABJISETCSA, KOHEYHO, YHUCTON WINTIOCTPALH-
eil 3aBHCHMMOCTH BUZAA BOJIHOBOH QyHKIMY OT
KPYTH3HBI MOTEHUHAJIBHBIX CTEHOK, IMOCKOJIb-
Ky TpH 3TOM M3MEHSETCSA U PACCTOAHHE MEX-
Iy TOBOPOTHbIMM TOuYkamu. IlomyepkHem
oco6o, 4TO BCE, 4TO HaM HYXHO ObUIO cre-
JIaTh IS NOJIyHeHHUs rpaQuKOB Ha PHUC.S, 3TO
noacrasuth B ypaBHeHue Illpenunrepa Bme-
cro U Beipaxenne U = kx* /2, a nanviie
YPaBHEHHE YXK€ «CaMO 3HAeT», NpH KakKux
3HAYEHMAX X JUis JIAHHOTO YPOBHA HaXonsAT-
Cs NOBOPOTHBIE TOYKH, KAKOH BHJ MMEET Y-
GyHKUMA I NaHHOTO YPOBHS, A0 KakKHX
NpenesnoB OHAa pacnpocTpaHsercs, U T.0. B
JINTepaType 3TOT pe3yJbTaT MOYEMY-TO HE
NPUHHMAETCS BO BHMMAaHHE IIPU PpeELUEHHM
BOTIpOca, kakuM Oyner Bun y~pyHxuuu, ec-
AH YaCTHULY NOMECTHTb B TOTE€HLMAIBHYIO
AMY C BEPTHKAaJIbHBIMH CTCHKAMH OeckoHey-
HOM BBICOTBIL.

i o
-1 0 1 2 -1 0 12

n=1 i

Puc.5. Pacnpenenenue |y mm n=0,1,23 1 10,
[8, c.533].
ITpHXOBaHHKIMH BEPTHKAJILHLIMM JIMHHAMM H300pa-
JKEHBl KOOPZHHATBI MOBOPOTHBIX TOYEK, KOTOPHIC Ha-
XOZATCA B MECTAX NCPECCHCHMA KPHBOH B3amMOACHCT-
B U(x) C NMOMOKEHHEM COOTBETCTBYIOMIETO JHEpre-
THYECKOTO YPOBHL.

AHaMTHYECKH 3Ty 3a7la4y PEUIMTh HEllb-
35 B MNpPMHLMIE, MNOCKOJbKY AHAJIUTHYECKH
HENb3s 338aTh Takylo GopMy NMOTEHLMANbHOM
MBI, CTEHKM KOTOpO# Obuin Obl BEpTHKAIIb-
HeiMu. Ha nepBelfi B3risin Kaxercsi, 4TO
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MOXHO HCCJIENOBaTh ITOBEAECHHE BOJIHOBOIO
00BbeKTa B MOTEHUHANBHOH AME C THMHEHHbIMH
HAaKJIOHHBIMM CTEHKaMH, rae ypaBHeHus 6o-
KOBBIX CTEHOK umeloT Bun:. U=z1kx u 3arem
UCCNIEOBAaTh NOBeNeHHe  Y~PYHKLUMM TNpH
k—+oo . K coxXaneHur0, MOTEHLMANBHYIO MY
Taxoi (JOPMBI TaKOKe HENB3s 331aTh aHAJUTH-
4eCKH, T.€. TAKMM IyTEM 3a0ady TaKXke Hellb-
351 PEILUTb.

B nurepatype 3Ta 3ajada CUMTAETCA pe-
LUEHHOM, U «pelIeHay OHa CIIEAYIoUM obpa-
3oMm, [8]. Ilpeanonaraercs, 4TO NOTEHLMATb-
Hasl SHEPrUs YaCTHLIbI B HEKOTOPOM CHJIOBOM
1ojJie YAOBJIETBOPSET YCIOBHIO:

0 mpu 0<x<l!

“4.2)
o npu x=0 u x=1I

U=

2

o0o3HayuB yepe3 ", ypaBHEHHE

x2

Ilpenunrepa (2.14) MOXKHO NPeACTaBHTL B
BUJIE:

2m
=—-"—(E-U)

h2

B nmpenenax noreHunanpHo# simpl U=0
[IO3TOMY COOTHOUIEHWe /iy uMeeT KOH-
KpEeTHOE, KOHEYHOE 3HaYECHHE

ﬁ//_’i 4.3)

vo__2mpg (4.4)

v K
Pewenre 3amauu 1O HaXOXLEHMIO BUAA
y~QyHKLUUHM CBOAAT Tenepp K HHTErpUpoOBa-
HHIO 3TOTO YPaBHEHHS MPH HA4YaJbHBIX YCIIO-

Busix ¥(0) =0, w () =0 . CobcrBeHHsie
($yHKUHH ypaBHeHUs (4.4) UMEIOT BUA:
v, =sinn zli 4.5)

Ha pucynke 6 npencraBmenn! rpaduxu
cobcrBeHHBIX QyHKUHM (4.5) ¥ UX KBaApaToOB
MOJAyJel st ypoBHe# ¢ HoMepamu h =1, 2, 3
u 4. Ecnu uMerh B BUAY TEHAEHLMUIO, npen-
CTaBJEHHYI0 Ha rpadukax pucyHka S5 (roe
aMIUIMTYAa BO3pacTaja 1o Mepe yBEIHYEHHsA
KPYTU3HBI CTEHKH), TO INOJIyYEHHBIA pe3yiib-
TaT CHJIHO OTJINYAETCH OT TOTr0, KOTOPbIit MbI
OXHUIAJIM HOJNYYUTb — AN BCeX 1 rpaduku
coOCTBEHHBIX QYHKUMI HUMEIOT BHI OOBIYHOM
CHUHYCOHADI, M3MEHACTCS JHMIIb KOJHYECTBO
y35OB.

Ha caMoM nienie B 3TOM HET HMYETrO yau-
BUTEJNBHOrO, 00, B OT/IMUKE OT rapMOHHUE-
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CKOr0 OCLIMJUIATOPA, B JAHHOM CIIy4ae Mbl He
3aKJIafbIBAIH B BOJHOBOE ypaBHEHHE HHOOp-
MalMH O BHAE NOTEHLHANbHOH sAMbl. XOTA
3TO HUTAEC U HE NMOJUEPKUBAETCS, HO ypaBHe-
HHe (4.4) nony4eHoO U3 BOJHOBOTO YPaBHEHHA
B NOPEAnoJIOKEeHUuU, HYTO HactTuula SABJIACTCA
daxtuuecku cBoboxHON (B ypasHeHue (4.3)
mbl nioacrasunu U = 0). Opnunaram rpadu-
KOB cobcTBeHHbIX (YHKUMH B NOBOPOTHBIX
TOYKaXx (Ha MOTEHUHMANbHBIX CTEHKAX) MBI
NpPUITHCAJIM HyJleBble 3HaueHus uepe3 Ha-
YanbHBIE YCJIOBHUS, T.€. NpuHyauTenbHo. Ta-
KHM 00paszoMm, rpaduku COOCTBEHHBIX QYHK-
LM, THNa u300pakeHHbLIX Ha pHUC.6, mnpen-
CTaBJIAIOT COOOI HE YTO MHOE, KaK BOJIHBI Ji&
Bpoiins, xoTopbie Xapakrepu3yroT cBOOOaHbIE
MHKpoYacTulbl. Kak M3BECTHO, ANIMHA BOJHbI
ne bpoins 3aBHCHUT OT CKOPOCTH [BKDKEHHs
4acTHLl — 4eM OoJbllle CKOPOCTb, TeM
MEHBIIE JJIMHA BOJIHbL. DTHM U OTIPEAeNAeTcs
3aBHCUMOCTb rpadmKkoB COOCTBEHHbIX (YHK-
U4 Ha puc.6 OT HOMEpa 3HEPreTHYECKOro
ypoBHs. Bce 310 03Hadaer, 4To 3aja4a Haxo-
wpaeHus: Buna cobcTBeHHbIX QYHKLuME B fo-
TEHLMAIbHOMN sIME C BEPTUKAJIbHBIMU CTEHKa-
MU OECKOHEYHOIl BBICOTHI B JIUTEpaType pe-
HI€Ha HEKOPPEKTHO. s Hac Tenepb O4YeBUA-
HO, 4YTO KOPPEKTHO (CTPOro) Takyl 3ajzady
HeJb3s5i PELINTD B IPHHLMIIE.

ACS

W, (x) n=4

n=4

N\

S

Puc.6. I'padukn cobcrBennbix QyHKumit ¥ moT-
HOCTH BEPOSTHOCTH JUISA YaCTHLBI, NOMELIEHHOHN B 1O~
TEHUHAbHBIA KOJOACH C BEPTHKATBHBIMH H 6ECKO-
HEYHO BBICOKHMU CTEHKaMH, [8, ¢.514]

BepTukanbHOCTb CTEHKH Ha KPHMBOH NO-
TeHLHAJbHON 3HEPTHH O3HAYaeT, 4TO B [aH-
HOM MeCTe HMeeTCs CKa4OoK MOTEeHHMana
(beckoHeYHO Gonbluasi HANPsHKEHHOCTb CHJIO-
BOrO MOJISI), & TaKXe, 4TO OOBEKT sABIsIETCA
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TOYeyHbIM MM HepepopmupyeMmsiM (Hecko-
He4yHO TBepAbIM). Ecin xke oObekT cunTaeTcs
neopMUpYEMBIM, & ero pasMepaMH npexed-
peratb Henb3s, TO CTEHKA Ha KPUBOM IMOTEH-
LMaIbHON 3HEPruy AOJDKHA UMETh HAKJIOH B
npegenax aepopmupyemoctd obwvekra. ITO
HOJDKHO HMETh MECTO Haxe B TOM Cllydae,
€ClIM Mojie NS KaKMX-TO YNpPOIeHHH Xapak-
Tepusyercs OeckOHeYHO O6oNbLIOH Hamps-
KEHHOCTbIO. B 3TOM cilyyae HaKJIOH CTEHOK
obycnosnen nedpopmaumeit o6vexra. Bricora
e TOTEHUHANLHBIX CTEHOK OMNpenensercs
NPOYHOCTHBIMKM XAPAKTEPUCTHKAMU OOBbeKTa
M NOJI — KpHBasi B3aUMOMAEHCTBUS 3aKaHYH-
BaETCA TOrJa, Korma OOBEKT MpeoxoJieBaeT
[10JT€, FJIM )K€ CaM pa3pyLIaeTcsl.

OtmeruM, 4TO B NHTEPAType MOXKHO TaK-
XK€ HalTH pe3ynbTaThl MCCIEAOBAHMM, KOrAa
MOTEHLHANBHBIE CTEHKH SBIAIOTCS BEPTH-
KalbHbIMH, HO He OeCKkOHeuHOMH BbicOThL, [10].
BepTHKanbHOCTE CT€HKH KOHEYHOH BbICOTBI
O3HA4aeT, YTO MaTtepHall GU3HYECKOH CTEHKH,
C KOTOpO#l B3aHMOAEHCTBYET HCCJIENYyEMBbIH
00beKT, sBisgeTCS OECKOHEYHO TBEpHAbIM, HO
xpynkuM. Kak nonarator 8 [10], B 3TOM ciy-
yae BOJHOBbIE (DYHKLUMH 3aXOAAT AOBOJIBHO
JaJIeKO BHYTPb NMOTEHLHANbHBIX CTEHOK, aHa-
JOTMYHO TOMY, KaK IOKa3aHo Ha puc.l. Qu-
3HYECKH 3TO O3HayaeT, YTO KBAHTOBbIH 00B-
eKT 3HAaeT 3apaHee, KaKOBa NPOYHOCTH CTe-
HOK, BefieT cebsi OYeHb HEBOCITUTAHHO, M MO-
3BOJIAT cebe «TYHHEIUpPOBaTh» B 00NaCTb OT-
pHMLATENbHBIX IHEPTUNA NBIXKEHHS HA JOBOJIb-
HO OouspliMe paccTosiHusA, He nAedhopMHpys M
He paspywas npd 3ToM caMoii creHku. B
NPOTHBOIOJIOKHOCTb 3TOMY, TOT k€ KBaHTO-
Bblii 00BEKT B siMe C OECKOHEYHO BBICOKMMH
creHkaMu (DeckoHeyHO TBepabiii U Oecko-
HEYHO TNPOYHbI MaTepHall (H3HUECKOH
CTEHKH) BefieT ce0si OMEHb CKPOMHO — TOJIBKO
u3penxa npubIMIKaeTcs K CTEHKE, HO CTEHKH
HE Kacaercs, AaxXKe €CNIM €ro IHeprus siBiser-
¢ 3HAYUTEIbHOH, pHC.6. YuHuTbIBas H3J0-
’KEHHOE BbIIIE OTHOCHTEJLHO 3HEpreTuye-
CKO#l HMHTeprnperanuy BOJIHOBOH (YHKUHH,
Mbl CUMTaeM yrirybJieHHe B aHalu3 3TOro BO-
npoca u3numauM. [fobaBUM TONBKO, YTO He-
CIIPOCTA, HABEPHOE, 3JHEPrHs B BOJHOBOM
YPaBHEHHH BLICTYIIAET B POJIH MaPaMETPA.

MbI nonaraem, 4TO BONPOC 3aBUCHMOCTH
popmbl coOcTBeHHbIX (QYHKIHHA OT GOpMBbI
NOTEHLUANbHONH siMbl 6osiee MM MEHee Kop-
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PEKTHO MOXXHO NPOBECTH JTUUIb AJIA CIIy4acs,
KOrja BOJIHOBOE€ YpaBHEHHE yOa€TCs PELUHTDH
AHAJIUTHYECKH, T.€. IUIA TaPMOHHYECKOTO OC-
LMJUIATOPA WK AN YaCTULbI B IOTEHUHAIb-
HOW siMe, ommceIBaeMoil ypasHeHnueM (4.1),
puc.4. Bapeupys koucrautamd A u B Mox-
HO MOJIy4aTh MOTEHLMAJIbHBIE SMbI pa3Jiny-
HOM LWHPHHBI ¥ MTYOHHbI, U TAaKUM CIIOCOO0M
JAOCTATOYHO KOPPEKTHO HCCIENOBaTh I3TOT
BOIIPOC.

Uro kacaercsi oObsCHEHHS B MOHATHSIX
Kiaccuueckoif GU3MKM HEKOTOPBIX 3KCIepH-
MCHTAJIbHBIX JAHHbIX, OGBHCHGHHC KOTOPBIX B
JIUTEPATYPE B HACTOALUCC BpeMA HMECTCH
TOJILKO B paMKax BEpOSTHOCTHOH HHTEpHpe-
Tauuu (O-pacnaj snep, XOJOAHYI0 3MHCCHIO
3JIEKTPOHOB, MPEAUCCOLMAUHMIO MOJEKYJ), TO
Mbl HaJeeMCsl M3JIOXKUTb €€ B OJHOU M3 Clie-
aytomux pabor. locratouno moapoOHO 3TH
o0BsicHeHMs U3J10KeHbI B [11].

S.BoiBOoabI

OCHOBHOH apryMeHT NpOTHB BEPOSTHO-
CTHO# MHTeprnpeTauuy (PU3M4ECKOro CMbICIa
Y~(YHKLIMM COCTOHMT B TOM, YTO OHa IPUBO-
OWUT K BBIBOAY O HapyUIEHHM NPUHLMIA NpU-
YUHHOCTH M 3aKOHa COXPAaHEHUS JHEPruu B
mukpomupe. TToCKONbKY MakpOMHP COCTOMT
u3 OONBIIOro YHCia MHKPOMHPOB, JIOTUYHO
OXXMJAaTh, YTO 3aKOHbl MAaKpOMHpa IOJIKHBI
IEHCTBOBATb H B MUKPOMHUPE.

IlpennoxxenHas B 3Toil paboTe 3HepreTu-
yeckas MHTeprnperauus Oasupyercst Ha npen-
TNOJIOXKEHUH, YTO (OTOHBI H «TBEpIbIE» 3JIe-
MEHTapHbl€ 4YaCTHLbl MPEACTaBISIOT CODOOK
CONUTOHHbIe OOpa3oBaHus 3JIEKTPOMATHUT-
Horo nosisi. OYEBUAHO, YTO 3TO MPEANOIONKe-
HHE He NPOTHBOPEYNT KOHUEILMN CBETOHOC-
HOro 3¢upa, 1 BO3BPALUAET BOJHOBYIO MeXa-
Huky IIpeaunrepa B JIOHO kiaccuueckoi Qu-
3MKH, TOCKOJbKY HE NMPOTHBOPEYUT NPHUHLM-
Ty IPUYUHHOCTH H 3aKOHY COXpPaHEHMs JHep-
rud. KBaHTOBBIE CBOWCTBA MHUKPOOOBEKTOB
(KBaHTOBBIE CKa4KH{) MOJYYAKOT NPOCTOE 00b-
SICHEHHE uepe3 BOJIHOBbIE CBOWCTBA COJIMTO-
HOB — CTOAYHUE BOJIHbI H3MEHSAKT CBO€ CO-
CTOsTHHE TOJIBKO AUCKPETHO, B COOTBETCTBUU
C U3MEHEHMEM 4HCJIa Y3JI0B. DTO OYEHb BaX-
HBIH BONPOC ¢ TOYKH 3penust punocoduu du-
3ukd. Ilo noBony xBaHTOBBIX cka4ukoB Illpe-
avHrep B aHcKyccuu ¢ bopom ckasan cie-
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nytowee: «Ecnn Mbpl coOupaemMcsi COXpaHHThb BbIX OOBEKTOB MOJy4aeT CBOE MPOCTOE 00b-
3TH MPOKJIATBIE KBAHTOBBIC CKAuKH, TO 5 BO- SCHEHHE B paMKax Kiaccuueckoil (usmkm,
oblie coxajiero, YTO MMeN JeJio C aTOMHOM ucnoBexytomeil  ¢unocopuro  3ApaBoro
teopueii!», [12]. cMbicia. OObsAcHEHHE MPU 3TOM NOJNYYaeTCs

IToCcKOJIbKY HEKOTOPBIE THIIBI COJHTOHOB HACTOJIBKO MPOCTHIM, YTO B MOAPOOHOM u3-
o0naparT TaKXkKe CBOMCTBAMHM KOPIYCKYJH, NOXKEHMH yKe He HYXKIAeTCs.

KOPIYCKYJIAPHO~BOJIHOBOH AyajH3M KBaHTO-

IlIpedunzep o1, no mensueti mepe, cmone e, Kax u SUHWMERH, ynpam ¢
CB0EM KOHCepeamueHoM OMHOUEHUY K K6AHMOBOT MeXAHUKe: 8e0b OH OMBep2a He
MOALKO CMAamucmuveckoe ee MonKoeanue, KO U HACMAuEAnl HA MOM, Yo €20
GOTHOBASL MEXAHUKA O3HAYAEM 8038PAM K KNACCUYECKOMY MbIUNCHUIO.

M. Bopn, {3, c.68].
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ON THE PROBLEM OF THE PHYSICAL SENSE OF THE
WAVE EQUATION’S ¥-FUNCTION
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The energetic interpretation of the y~function, which is based upon the assumption that all elementary parti-
cles are soliton formations of an electromagnetic field, is proposed. The norming condition for the energetic inter-

pretation of y~function is proposed.
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