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OT U3IAATEJNBCTBA

Hacrompuit c6opaus cocraBnen
M3 JOoKxazoB, drTaHHX & CroxronsMe Tpema HoGenes-
cknmu  naypeartamu. lloaydemme npemmit 3a 1932 r.
(Teitsendepr) u 1933 r. (Jmpar u Ilpeaumnrep) rpema
¢uankamu-reopeTaKaMu HecoMHEeHHO HBIFETCH OT3BY-
KoM HeOoOmNYadHO BO3POCUIETO 3HAYCHHUR TeopeTHdecKOn
¢uzuKE ®BooGmMe B KBAaHTOBOH MeXaHWKM B TaCT-
HOCTH.

B nanncammsrx xocraroumo @omyaspHO AOKAAAAX TH-
TaTenb, HOMHEMO YHCTO (hU3IUIeCKOTO MATEpHANa, HaAAeT
yka3aHus M Ha ¢uiaocodckue Bo33peHna asropos, ['ei-
aeHGepr, sBasolguiica opronanéanbnma nociegoBare-

3



JeM «KOHEHTareHCKOH» UIKOJEL, HpeAcTaBiaioueil o600
HOBEHDIyI0 BEPCHIO- MOSHTABH3MA, DasBABAeT BITAANSL
Ha (PUM3HYECKYI0 TEOPHIO, YPe3BHIYAUHO BIM3KHe K TeM,
roToprre sammupanu, Jorem u Max m xoroprne ® cBoe
BpeMa GLuIM WONBEPTHYTH OCHOBaTeIbHOH MapKCHCT-
croit xpurnre. IlenrpassanM mMotmsom ¢unocodcroro
credo IeiisenGepra sBameTca samura «Hadala TPHAHIH-
OHATLHOH HAGNIORAEMOCTH», 3ToH HOBoM ¢ opMyAHPOB-
KW CTAaporo NPHENMNA «YHCTOTO omECaH®E». Jlupak,
IPeJCTAaBIAIOIMMI  «OUEPATHBHYIO» «KIMOPHIKCRYIO»
OIKOJAY, Heé OCTAHABAMBACTCH B CBOEM JOKiaje chemH-
arbao HA danocodcrux Bompocax. Oxnaxe, ommoaupns
€r0 YCTaHOBKAM «KONEHTareHEes», CKajLBalomIagca Ha-
npuMep B BBeXCHHH HEIOCPEACTBEHHO HeHa(.IIoJaeMbIX
OTPHHATEIbHLIX JHEPIHid, HPOABJIAeTCA B €ro AoKiaje
Aocrarouno ompeperenno. dro xacaerca Illpemmmrepa,
TO, H¢ OPEMBIKAR HA K OJHOM M3 YOOMTHYTBIX UIKOJ, OH
BaHMMAET MOBHIHIO, MPUGILRAIONIYIOCA K SaMATE <MO-
ACNBHOCTH» W HATAARHOCTH» U3HYECKod TeopHH.
Ipusnaban BaxmocTs abCTPAKTHOrO MATEMaTHIECKOTO
dopmanuama anx (QuU3HUYecKod Teopum, OH (xXora X
€ OTOBOpKaMM) IPOTECTyeT TNPOTHB «HAYAJA IPHHEHIM-
anbHOM BaGlONaeMOCTH», YKA3LIBAN IPH 9TOM, GTO
BLITEKAIOWKA W3 «HAYAKa» OTKA3 OT IHIOTE3 O ToOM,
«EAK B JCHCTBHTENHLHOCTH YCTPOEH MMP», 6CTh TPOCTO-
HAaNpPOCTO VKIOHEHHEE OT TPYAHOCTEH, KOTOPHIE CTABHUT
HpHpoAAa Iepej CTPEMANIEHCH PaCEpPHITH €¢ MeXaHH3M
YeXOBEUYECKOH MEICHLIO.

B o6mem Bce Tpm xoEnaza mpeacraBaaioT coboro
AOBOALHO APEYE JOKYMCHTH, XapakTEPH3YIOWIEE Teope-
THYeCKHEe KOHTYDHI HJCHHOTO PpasMekeBaHHA, MBMEIO-
1ero0 MecTO B COBpeMeHHOR drusmre.



Hparkme Omorpadmm aoxnaguuxoB, NIOMENIeHHLIC
HEME, XaloT o0IIMe cBeAeHEs o6 OCHOBHBIX BeXax HX
RIIHH.

wE

Beprnep Tefizendepr (Werner Heisenberg)
poauiacs 8 BropuGypre 3 1901 r. Ero oreq, smaarommid-
¢ BH3AHTHCT, GBI WIEHOM-KOPpEeCHOHAEHTOM ARaZeMHH
Hayk CCCP. TelisenGepr mpoilies HMCKIIOUHTEILHYIO
wmroxy, paGoram B Mionxene y 3ommepdensia, aateM
8 Terrnarene y Bopra m, makonenm, accmcrentom Bopa
B Komenrarene.

Eme crygenrom IefizgenGepr mavan, ¢ paga crareir ue
TEOPHH CHEKTPOB, CBOI YAHBHTEIBHYIO IO PA3HOCTOPOH-
HOCTA ¥ TIONOTROPHOCTH Hayunyl paGory. B 1925 r.
Teitgenbepr meuaraer mepeyo paboTy o HOBOM KBaH:
ToRoM MeXaHWKe, cO3NaBag Tem CAMLIM €€ NepBLIA Ba-
PHAHT: MATDMYHYI0 EBaNTOBYI0 mexammky. B 1927 r.
TeitsenGepr mybamkyer paGoTy o DPHHOHMIE HeOUpexe-
JICHHOCTH, XaomieM 000CHOBaHMe HOBOU MEXaHUKH.

TeitaenGepr sBaserca rnaBHnM upeacrasmrexev Dbo-
POBCKOH «KONEHrareHCKOH» INKOJBI, 3alIWmialonieil mo-
AokeHWE O IOCTPOCHHER TEOPHM HAa OCHOBE «IPHHIIMA-
nuanbHO HaGMIoZaeMbiX» BelHuuH. Kpome coaaammsa
ocuoB, leiisenGepry mpumapremar (QyEIaMeHTaIbHHE
paGoTH WO CcaMBLIM Pa3zHO0OpasHEIM BOTPOCAM KBaHTO-
BOM MEeXaHWKH, B YACTHOCTH, II0 3afiaue MHOTHX TeJ, KBaH-
TOBOH INCKTPOAMHAMMKE, a TAKKC TEOPHMH heppoMarHe-
TH3Ma U CTPOEHHIO AAEP.

C 1927 1. IeftaenGepr «— mpodeccop TeopeTHuecKol
¢uzven Jleimmpurckoro ysmeepcemrera; 8 1933 r. om
moxyuaer mpemuo HoGena no ¢usuke 3a 1932 r.



Kuura TeiisenGepra: «@masraeexue NPHHOANL KBaH-
TOBOE Teopum», H3AaHa I'TTH, J. 1932 r.; Teopun
AXpa HanOmMeHA B AOKiaje HA CoasBeiickom KoHrpecce
1933 r. (mewaraerca wuepe®or). Boisummcrso paGor
I'eiisenGepra mamewarano B «Zeitschrift fiir Physik».

»

Ipeun Ilpeasmurep (¥rwin Schrodinger),
CHH H3BECTROTO OoTamuKa, pomxmics B PBeme B 1887 r.;
oxomaui Benckuit ynupepcenrer m mauan Tam e paGory
no 9KCHEPHUMEHTATHHON M TeopeTHueckoH (hu3mKe
8 1911 r. Ilocne mpodeceyp B .Ilryrrrapre, Bpecaay,
ropuxe llpesuurep s 1929 r. msbumpaercs wienom
Ilpyccroit Axagcvuur Hayx m cramosmrca mpocdeccopom
Bepanackoro ymusepcurera (rapeapa Ilzanxa). Ilocne
¢amincTeroro nepesopora B Lepmanun IlIpexunrep ma
nPorecra yexar 8 Oxcopi, XOTR eMy m He yIpomKaml
naparpag o «HeapMALIaX».

Kpome paaa orgersmnix pador mo KracCHYECKOH M
KBaHTOBOM (MauKe, NANKCAHHBIX, KAK W BCE €T0 TPYABI,
8aMeyqaTelbHO ACHHM M OCTPOYMHBIM m3nikoM, Ulpeann-
rep €oO3j1aer, OoCHOBLIBAACL HA HiueAx jJc Dporim, Box-
sHoByro Mmexamwky (1926 r.) u crpour 3aKOHUEHHYIO
reopuio uBeros (1920—26 rr.). Ilpexpacasre mecaegoBa-
gEa mo Tteopmm Mmpaxa wanevaramsr Ilpexmmrepom
p 1929--1932 rr. » «Wseecruax IIpyceroit Axaxemma».
B 1933 r. Hlpeaunrep aemmr BMecre c¢ Jmpaxom npe-
smuto HoGena no ¢pmsure za 1933 r.

Paborm Illpeaunarepa mo BonHoBo# Mexammke mepe-
neuaraasl ¥3 «Annalen der Physik» B orgensnom c6op-



mure: Abhandlungen iiber Wellenmechanilk, J. A.
Barth, umeerca ¢panuysckudl nepeBof.

Teopus uBeroB M3loxeHa B V ToMe, 2-T0 BHUIYCKa.
13-ro mapapua xuurn J. Miller — C. Pouillet, Braun-
schweig, 1928; «Naturw.»,12, 1923, n 13, 1925.

Hoaxrs Axpmen Mopume Jupax (Paul
Adrien Maurice Dirac), com yuwrens asskoB, poxuica
B Dpucroie B 1902 r. Ilocie moaygenns BeiCiliero Tex-
Hu4eckoro obpazosanma Jupax cneguaimampyerca IIo
Teoperudeckoit ¢uzuke y Payrepa 8 KamGpumxe, rae
OH M0Jy4YaeT CTHIEHAHIO.

B 1925 r., cpaay mxe mocie nepsoit paborst I'efizen-
Gepra, Jlupak HaumHaeT 1€4aTaTh CBOM (DyHAZMEHTAIb-
Hele paGoTH TI0 OCHOBAM KBAHTOBOH MEXAHMKH, UCHOI6H-
aym mMerof exo6ox Ilyaeccona. B 1927 r. Jdupar crpour
onHOBpevengo ¢ MopxaHoM ofuiyilo Tcopmio mpeoGpa-
30BAHUI ¥ C€O3JaeT TCOPHIO HIJNyUeHHAA M METOJA, BTO-
puaHoro kBanrosamma. B 1928 r. momsamerca ypasme-
uue Jmpaxa, B 1930 r. o6bacHeHHMEe OTPUUATEIbLHBIX
spepraii. C 1930 r. Jupax uren Koponesckoro 06-
meersa. QOcennto 1932 r. Jupax nmonyuaer mocxe Jlap-
Mopa sHaMeHHTyI0 crapenmyio Jlykacmanckyro kadexpy
B KowGpumxe, xoropyrw panece zamumarn HeoToH H
Croxc. B 1933 r. Jupax svecre co Illpeaunrepom moay-
gaer npemuto HoGeasm mo ¢usmre 3a 1933 r. HMupax
HEOJHOKPATHO wMTaa Jekgup B Amepuxe, Slmomum,
Opanguu.  pyr coBerckoir nHaykm, Jupak nare paa
mocerun Coserckmit Coro3, Dpuumwmas 3zech ydacrme
B Cbe3jaX, KoHpepeHIMAX, KOHCYIbTAIHAX.
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o n' ypaxa: «OcHOBRL KBAHTOBOM MEXaHWKH», H3-
saua T'TTH, JL. 1932 (¢ KONOJIHEHHAMM aBTOpa).
Ovsosawe paors: Jlmpaka mamewaraHn! B «Procee-

dinge of the Royal Society», London.
Bee raypearst — WIHB-KOPPECHOHIEHTH Axageyun

Hayx CCCP.
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%& BaHTOBag MeXaHWKa,
0 KoTopo¥ A 0yay 3Aech AOKIaAblBaThL, IO CBOEH BHEM-
Hell (popMe BOBHHKZE U3 HONBITKM MOCTPOMTL CTPOHHYIO
MATEMATHYECKYI0 CXeMy DyTeM YTOYHEHHA BBICKa3hI-
Baumii BopoBckoro npunuuwna coorsercreua. Pusuyecku
HOBAA TO4YKA 3PeHUA, KOTOPOH KBAHTOBAaA MCXaHMKA
OTIMYAETCHA OT K.JIaCCHYEeCKOH Q)namc;r, OBLIA MOATOTOR-
JeHa TPyAaM@ MHOrMX HCeieAoBaresieii, 3aHMMaBIUXCH
aHaNH30M TPYAHOCTEM, BCKPHTHIX g DopoBerOH Teopwu
CTPOEHMA aTOMa U B TEOPHH CBETAa.

B 1900 r. Ilnank, vecreayn HaifiicHHBIE UM 3aKOH
YePHOTo HM3AYUeHHAH, OTKPLII B ABIEHHAX CBCTA COBCP»
IIE€HHO WYKIBIH KlaccHdeckod (husuke NPepBIBHBIA pie-
menr. Uepes HECKOABKO ;1eT ATa IIPEPHIBHOCTH HallIIa
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cBoio HamGogee APKYI0 (POPMYIMPOBKY B IMIOTE3IE CBe-
TOBHIX KBanToB JitRmrredna. HeBosmomuocts of6nexu-
HUTH Teopuo Maxceenna ¢ HAarTAIHBIMH IpejCTaBie-
HUAMH, CBASAHHLIMH C IHIOTE30M CBETOBLIX KBAHTOB,
DPHHYAXIA BUHOCIEACTBHH (PH3HKOB CAeNaTh BLIBOJ, ITO
HOHUMA3HAA FBJIEHAA H3TyUYEeHHA BO3SMONKHO [JOCTATHYTH
TONABKO TYTEM Jajieko HAymero OTKa3a ,oT. HAriAAZHOTO
omucanua. Orkpurroe yxe Ilnanmxom um mcemonsnzoBammOe
3arem Jinmreinom, Jle6aem mW APYrEME TeopeTURaMH
06CTOATEABLCTBO, UTOHIEMEHT IPEPHBROCTH, HAALEHHBIA
B ARTEHUAX HITYIEHUA, UTPAET BAKHYIO POABL TAKKC H
B MaT€pHaJIbHEIX IIPOLECCAX, HANLTO IO3JHEE CBOE BHIpa-
sweHHe B DOpPOBCKMX OCHOBHEIX TOCTYJNaTax KB4HTOBOH -
TEOPHH. ITH INOCTYAATH BMeCTE € KBAHTOBBIMH YyCJIO-
BUAMHM 4TOMHOIo CTpoeHusa Dopa—3omMepdennia npu-
Beld K KaYeCTBEHHOMY TOJKOBAHUI0 XUMHUYECKHX B OUTH-
9eCKUX CBoMcTB atomoB. Jonymense OCHOBHBIX moCTy-
JIaTOB KBAaHTOBOM TEOPHH CTOAJI0 B HENPEOLOTHMOM
nPOoTHBOpEUHH C npmvxenexmeni KI1aCCHYECKON MEXanuKR
K aTOMHEIM CHCTEMaM; C APYToil CTOPOHEI, Klaccudecras
MexaHuMKa, OO KpailHell Mepe KayeCTBEHHO, Ka3aiach He-
00XoAMMON XAA NOHMMAHHA CBOICTE 4TOMOB. JITO
OGCTOATETLCTBO MOCTYKHMIO HOBEIM apryMcCHTOM st
OpeAnoIoKeHHA, 4UTO TOHMMaHHe ABJIEHMH NPHAPOIHI,
B KOTODPHIX WIPAaeT CYMIECTBCHHYI0 pOdb WIOCTOAHHAA
TInanxa, BOSMOXKHO TOIBKO IPN 3HAYMTEILHOM OTKaze
OT HAaCrTAXHOrO ONMCAHUA PTHX ABleHuit. Kracchueckas
¢uzuxka oxasalach HALMAXHEIM NIPejedbHBIM CaydaeM
NPAHUKNNATLHO HEHATAAXHON*® MUKPO(HSNKH, clydYaeM,
KOTOPBIT OCYUIECTBIAAETCA TEM TOYHEE, UEM MEHBbIUE
IInanxoBckan MOCTOAHHAA CPABHMTETHLHO €O 3HAYEHHAMA
BeIMIHHEl JeWCTBEA B cucTteMe. W3 3Toro moHHMaHUA
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KIaCCMYECKOH MEXaHWKM, KaK NPEeJeAbHOI0 CAy4as KBaH-
TOBOM, 1 BO3HME npdaHuEN coorBercTeua DbBopa, Gmaro-
Japs KOTOPOMY OKasadoCh BO3MOMKHLIM HEPEHecTH, 1o
KpaifHedl Mepe KadecTBEHHO, PAJ BHIBOJAOB KIACCHYECKON
MeXanu¥d Ha MeXaHUKY KBaHTOBY10. B c¢Basu ¢ Hawaxom
COOTBETCTBUA ,ZchKyTﬂpOBaHacb BO3MOKHOCTb, YTO 3a-
KOHBI KBAHTOBOH MEXaHMKH MOTYT HMETh IPHHLIUIAAIBHO
CTaTUCTMYUCCKMI Xaparrep; o0CoBEnHO ACHO CTATHCTHYE-
Ckasd OPHPoAA MX CKA3LIBANACL B JUHIITEHHOBCKOM Bhl-
sBoe Ilnauroscxoro saxoma waayweuwsn. Hakomcu, ana-
NMA3 cBA3M TEOPHU HIYUCHHA K TeOpUM aroMa, Mpo-
Zenanusiii Dopom, Kpamepcom wu Ciasrepom, npusex
K CACAYIOIIEMY IIOJ0EHUI0 Belle.

+ CornacHo oCHOBHBLIM INOCTy1aTAM KRAHTOBOM TeOpMH

4TOMHAA CHUCTCMA MOKCT HAX0AUTHLCA B JAUCKPETHBIX
CTagUONAPHLIX COCTOAHMAX, T. €. UPUHUMATL IUCKpET-

HBI PAJX 3HAYeHWM PHEPIUM; M3NYUCHUe M IOTIOMICHHE
CECTa IHOXOOHOM CUCTeMOM HPOMCXOXHT BHC3AITHO, CKad-
KOM, cCAM peds uaer ol gpwepruu aroma. C gpyrou cto-
pPOHBI, HArAAZHBIC CBOHCTBA WCHYIUEHHOTO HBAYIEHMA
ONHCLIBAIOTCA BOJXHOBLIM IIOJEM, YAaCTOT4 KOTOPOrC CBA-
3aHA C PA3HOCTBIO 3NEPTUH aTOMa B HAYAALHOM H KO-
HEYHOM <COCTORHMaX coorHomreuucMm: E,—E,=hv.
Kamaomy cragmonapHoMy COCTOAHHIO aToMa CONOCTAB-
JeHa COBOKYIHOCTb BEJAMYMH, KOTOPBlEé ONPCIENAIOT
BCPOATHOCTH Iepexoxa C HCHYCKAaHHEM cBeTa H3 »TOTO
COCTOAHMA B Kakoe-tubo xapyroe. Henocpeacrsennoi
CBABHM MCHKXY M3NydeHUEM, KOTopoe 66110 GBI mcnymIeHno
T0 KAACCHYCCKEM 3aKOHAM PJIEKTPOHOM, BPALIaIOIIUMCH
wa op6uTe, U PTUMH BeIMYHHAMHA, ONPEXEIAOIIAMHA Be-
JOSTHOCTh MCIyCKaHus, He cymecreyer. OxHaxo, coraac-
0 NpPHEHLUMNOY COOTBETCTRMA Dopa, KaKIOMY Hepexoxy

2  HoGexesckue aokaain 17



aTOMa MOEHO COTOCTABUTD OTPEE;IEHNBIA WieH Pagioxke-
guA B pag Pypre xiaccHaeckoll op6GUTE, U BEPOATHOCTH
mepexosa MOXYMHAECTCH KAYECTBEHHO TeM jKe 3aKOHAM,
Kak M MHTEHCHBHOCTh XaHHoll xomnonentnt Pypne. Ta-
kuv 0o6pasoM, XOTA aHAJOTHA aToMa C ILTAHETHOH cH-
cTeMOM BIEKTPOHOB B HCcCaegoBanmax Iesepdopaa,
Bopa, 3omMepdensaa ® Ipyrux aBTopoB M NpuUBENa
£ Ka4eCTBEHHOMY TOJKOBAHMIO ONITHYECKAX ¥ XUMHIECKUX
CBOVCTE aTOMOB, BCE ;K€ KOPEHHOE OTJIMYHE aTOMHOTO
CHEKTPA OT KIacCAYECKOr0 CIEKTPa DIEKTPOHHOK CH-
CTEMbl TPHHYEXAET HAC K OTOPacHBAHA YOHATHA
OpOHATH IEKTPOHA M K OTKA3Y OT HATATLHOTO ONMMCAHMA
aToma.

K nepecMoTpy noaATAEA OPOUTHI 2ACKTPOHA BEIHYMXAET
TaK/Ke aHAXM3 DKCIEPHMEHTOE, HEOOGXOoZUMBIX NjIf Ha-
61ronendn aroit op6urel. Umenno, sagas Bompoc, xaxuwm
ofpasoM Bo3dMOoxHO Ha0MOJaTh JBU:KEHMe 3IEKTpoUA
Ha ero opbumTe B arome, MbI NPHJEM K BLIBOIY, UTO HaH-
6o.1ee HemocpeacTBeHHBIM crmocobowm Gyzer Habaiogenme
3JEeKTPOHA, CKaKeM, B MAKPOCKON HMCKIIOYMTENILHO 00/b-
moi paspemaromeii cmanl. Ho Tax kak ocmemenue
o0pexra HabMIONEHRR B 9TOM MHKPOCKOUE AOKHO GHITH
POM3BENEHO CBETOM BeCHMa MajI0M JJAMHBLI BOAHEL, TO
y#e NEPBHIH CBETOBOM MMNIYJILC, KOTOPHIA JOXOXMT OT
UCTOYAMKA CBeTa K 9JEKTPOHY M K HAIIeMy riasy, co-
raacuo sakonam adggexra Komntona sepocur snexrpon
"3 ero opburer Takum ofpasom, m3 BCell opbursl BOS-
MOkHO OyaeT HAGANOAATH TOJABKO OZHY TOUKY.

Ilpu rakoit cmryamum kasaioch HamGoiee pa3yMHBIM
¢ camoro Hawaaa orGpocHrs BooGHIE LOHATHE OPOUTH
31EKTPOHA, XOTA OHO W ONPABKLIBAETCA ONMMTAMH Buiab-
COHa, W TOABKO BHOCAEACTEEH YyiKeé HCCIeX0BaTh, Ha-
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CKOJBKO TIOHATHE OPOUTHL 21E€KTPOHA OKAKETCH ZOMY-
CTHMBIM B KBaHTOBOH MEXaHWUKeE.

B xknaccmueckoii Teopuw 3agamme WaCTOTEI, aMILIM-
TYyARI u (hasbi BCEX HCNYMEHHHX aTOMOM CBETOBBIX
EONH 6BIn0 OBI TOJNHBIM JKBHBAJEHTOM 3aJaHMIO dJeK-
Tponnoit op6urer. [lelicTBmTeNnHO, mMeF AMIUIMTYAY M
(hasy HCIOYIIEHHOH BOJHEI, Mbl MOMKEM OXHO3HAYHO OIpe-
xenuTh ko3¢ @UEHEeHT COOTBETCTBEHHOr0 4WieHa B pas-
AOMeHAN PNEKTPOHHOU opbursl n pax Pypee; Takam
ofpagoM, M3 3HAHMA BCCX aMIIUTYR B (pas BHOJHE
ompexenscrca oplumra ajnextpona. IlogoGuuim xe obpa-
30M B KBAaHTOBOH MEXaHWKE COBOKYIHOCTh BCEX aMILIM-
Tyx ¥ ¢a3 MCIIyNIEHHOr0 aTOMOM H3TYyYEeHMA MOKHO pac-
CMarpHBaTh Kak HOIHYIO XaPAKTEPHCTHKY aTOMHOM CH-
CTEMBI, XO0T MCTOJIKOBaHUE 3THX BeJWYMH B CMBICIC HAa-
JMYAA PAEKTPOHHOM OpOMTLI, ABWKEHMe II0 KOTOpOH
BeAeT K M3NydeHHIO, B HeroaMoxkHo. Ha Mecro roopam-
naTel 3NEKTPOHA B KBAHTOBOM MEXJHWKE CTAaHOBHTCH
NOATOMY COBOKYIHOCTH BeJXHYHMH, COOTBETCTBYIOHIMX
xopppupuenray  DPypbe Kaaccudueckoro  ABHKEHMA.
Oxanaxo, »T™n xoapdupuerter ne Gyayr yxe pacmoso-
JKeubl IO PHEePTruAM COCTOAHMU M HOMEepaM rapMOHHKYe-
cxux 06epTOHOB, HO GYAYT COOTBETCTBOBATL KAMALIA Pa3
ABYM C(TagWOHADHBEIM COCTOHHHAM aromMa W GyAyrT
UrpaTh CYINECTBEHHYI0 pOJb AJg BEPOATHOCTEN mepe-
X013 aTOMa U3 OXHOTO CTAUMOHAPHOIO COCTOAHHA B APY-
roe. Iloxobnan cosokymmocrs koadbdunmuentos 6yaer
aHajJoOTHYHA MaTpHUe, BcTpedaomenca ® axrefpe numeii-
HEIX npeofpasosannii. CoBepuierno Taxum e o6paszom
MBL MOMeM Kaxuoil BeTMUMHE KIACCHYECKOR MeXaHMEH.
HAIpUMep, WMIYJIbCY HAHA PHEPIHHM PIEKTPOHOR COMO-
CTaBUTH COOTBETCTBYIOHIYIO MAaTpUNy B EBAHTOBOM Me-
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xanuke. Uro6n BRUATH 3aT€M M3 KpyIa Npocroro mpedi-
CTABJIeHMA PMIMPHYECKOr0 MaTepuaia, HcofXoXMMO CBi-
3ars 3aKOHOMEPHLIM 06Pa30M MaTPHIIEI, CONOCTaBIEHHEIE
Pa3zTH4YHLIM BelHYUHAM, TaK Ke, KaAK COOTBETCTBYIOLIMe
BREIMYNKEEL KI4CCHUECKON MEXaHUKM CBA3LIBAIOTICA B HCM
ypasHenmamu japmxenud. Ecap mul cTpemumes npu 3Tom
K namGoyee GIH3KOMY COOTBETCTBUIO Me:K1y KIacCHYe-
CKOM M KBaHTOBOM MEXJHHMKOH H OepeM CIOXKCHHC U
ymaomxenne pagos Pypue 3a ofpasen AJA ClOKEHHRA M
YMHOMEHNA MAaTpPuIl KBaHTOBOH Teopuu, To Hauboiee
€CTECTBEHHEIM GYART OHPCRETUTH NPOU3BeXEHiEe IBYX
Be TMYHH, NPEICTABTEHHLIX MATPULAMHU, Uepe3 MarpHULY
NPOU3BEREHUA B CMBICIE JTUHERHOM ajireGpsl; moc.aen-
Hee AONMyHICHEE HANPAIMBAETCHA yIe B BUZY Pe3yianTd-
ToB teopun aucuepcun Hpamepca-NaaenGypra.

B Buxy Bcero aroro mpeicrapiaiocs NOCTez0BATEAb-
HLIM TPOCTO NEPEeHCCTH YPAaBHCHMA IABHMKEHHA KAacCH-
yeckOd (pu3AKM B KBAHTOBYIO MEX4HUKY, HOHHUMAR HUX KAK
COOTHOLIEHNE MeXKAY MAaTPULaMH, COOTBETCTIBYIOIIHUMMU
EnaccuuecKaM TepemeHnbrM. KeamTosne yciosua Bopa-
3ommepdennaa, KOTOPEle Takme OKRa3ajIoch BO3VOK-
IbIM MCTOMKOBATH KaK COOTHOLIEHME MEMAY MaTpHOaMu
KBAaHTOBOX MeXaHMKH, BMeCTe C yPaBHEUHAMMA ABMIKCHUA
ObITH XOCTATOWHHI Temeph MjiA ONPeicIeHHA BCEX Mu-
TPUI ® TeM caMEIM BCEX PKCIEPHMeHTaNspHO Habaioxac-
MBIX CBONCTB atoMa.

Sacayroit Bopua, Yopnana u Jupaxa 6nina paspa-
6orka na6pocaHHoOM TONBKO UTO MaTeMaTHUYECKOH CXEMEI
B TOC1eX0BATENbHBIM W HPAKTHICCKM HNPUTOTHLIA TEOpE-
tuueckuit annapar. Hpexae scero arumn agropama 6rrio
3aMedeHO, UTO KBaHTOBBIE YCI0OBHA MOTYT GniTh nanu-
CaHbI KaKx NePeCTAHOBOYHHLIE COOTHOMIEHNA MEXK Iy MATPA-
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HaVH, OPeACTARIAIOAMH KOOPAMHATY M HMIYILC IIEK-
tpona. Ilpu arom umeror MecTo CleRyiOm¥e YpasHe-
nua (P, — MaTpumel uMmyieca, g —— MaTPHMOH K0op-
awnar):

h o .
Peds— 4l == -2?5018’

€0 49, ==0;
[1 npu r=ys

| 0 npu rs

IIpn movomn aTUX HepeCTAHOBOUHBEIX COOTHOIIEHUN

PP —pp,=0; 0, =

yAanoCh M B KBAHTOBOM MEX4HMKe AOKA3ATh HATMUIe
31KOHOB, MIPAIOLIMX OCHOBHYIO POJb B MeXaHMKe Kaac-
CHYCCKOM, MMEHHO IOCTOAHCTBEO IHEPTHH, HUMIYABCA «
VMOMeHTa KoaWyecTsa aeBwxenus. llocrpoemmas Takiw
06pasov MaTeMaTH4ecKdaa CXeMa B KOHLE KOHIOB BHEII-
He BeCbMAa IOX0Ka HA KJIACCHYECKYI0 TEOPHIO H OTIN-
JaeTca OT HoCxeJHeH TOJILKO HAAUYHEM IePecTaHOBIY-
HBIX COOTHOIIEHMH, IPH IOMOIIM KOTOPHIX BHpOUCM
VpaBHEHNA [JBMKEHAA MOIYT OBITH BHIBEJXEHH W3
¢ynkgnu amuasrona.

Oanako ¢usnyeckHe CJIeLCTBUA KBAHTOBOM Teopum
CYIUCCTBCHHO OTIIMYHLL OT BHIBOJOB KJIaCCHUECKOH Mexa-
HUKA, 9TO NPHUHYKZAET HAc K TOXPoOHOMY aHaInay
HATASIHOTO COJZEP:KAHMA KBAHTOBOM Mexamuku. B onm-
cannoit 5o cux nop ¢GopMe KERAHTOBAA MEXAHHKA MO3BO-
JifeT MPOHM3BECTH PACCMOTPEHUE M3AydyeHHsd, HCIyLIeH-
HOTO aroMOM, 3HAa4YeHMH PHEPIUM CTALMOHAPHBLIX (€O~
CTOAHMN H JPYFHX XapakTePHBIX AAA PTUX COCTOAHAM
pexnudd. Takusm o6pasom, Teopua coraacyercs ¢ OHbIT-
HEIM MaTepUaToOM, HAKOMJIEHHEIM HCCIEXOBAHAAMMH aTOM-
max cnextpos. imaxo, Bo Beex Tex ciaydasx, Korila
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pedb MAET O HACAAZHOM ONMCAHMM TEYEHHA Npouecca
BO BpeMenm, Hanpumep 06 HCToiKoBammm Bunncoos-
cknx ¢ororpaduii, MareMaTHYeCKHH annapat TeoPHH
NOBHAMMOMY He AaeT HHKAKUX CpeJCTB K 8/3KBATHOMY
ONMMCAaHMIO PKCIEPAMEHTAILHLIX (akToB. B aroM mymETe
KBAHTOBON MeXaHUKe MPUUINA HA IIOMOIUL BOXHOBadA Me-
xanmxa, paszsmran lllpepmurepom Ha ocHoBe Te3NUCOB
ae Bporia.

B cpomx wuccireifloBaHuax, O KOTOpPHIX Oyacr 3jech
ropoputs eam astop, Ulpeaunurep cBes BH4KCieHMe 3HA-
9eHHH PHEPTHH aroMa K upoGieMe coGCTBeHHHIX 3HAYe-
HHM, ONpEAeIdeMOl HEKOTOPOH KpaeBOH 3ajadedl B KO-
OPAMHATHOM NPOCTPAHCTBEE COOTBETCTBYIOILERX ATOMHOWM
cucremsl. ITocne Toro xax Illpeaunrep moxazax marema-
THYEeCKYI0 IKBHBANEHTHOCTh NOCTPOEHHOH MM BOJHOBOA
MeXaHHMKH ¢ MCXRHHKOM KBaHTOBOH, HAOZOTBOPHOE -20¢-
Ausenmne o6emX €TOAb PazIUIHLIX (QUBKHICCKUX HIeH
NpEBE; 10 K IPesBBMAWHOMY pPaCIIMPEHHI0 K oforauis-
HUI0 MAaTeMaTMYeCKOro annapara KBaHTOBOM TeOpHIH.
C oZBHOM CTOPOHBI, 10JbKO0 BOAHOBAA MeXaNHKa MO3BO-
JAMNa TPUCTYNHATH K MATEMATHYECKOMY dAHAIUZY €I0KHBIX
ATOMHEIX <CHCTEM, € JpYrOX CTropoHBI, aHaJIX3 CBA3HK
o6enx Teopmit npueex Jupaxa u Viopaasa x passutmio
Tak Ha3bBaeMOH Teopmu upeoGpazoBanui. He mmesn
BO3MOKHOCTH OCTaHAaBJIMBATHCH Ceildac jeTajblo HA Ma-
TEMATHJECKON CTOPOHE MOCAEAHEeH TEOPUH, A OIPaHUUYCH
TOAbKO (POPMYIMPOBKON eC NPAHEMNHAALHOTO (Hu3nve-
cxoro 3uadeHus. Tcopus npeoGpasoBaHui, HCIOAH30BAB
¢m3uYecKkNe NPUHEXUINE KBAHTOBOM MEXaHUKK B CBOEM
06001DeHHOM MaTeMaTHYECKOM aunapare, I03BOIMAA
COBepLIEHHO 06G1OMM 0Gpa3soM BBIYUCAMTH AIA aroMHBLIX
CHCTeM BCPOATHOCTB HACTYIIEHUA ONpeAe1eHHOTO 3KCme-
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puUMeHTaAbHO HAaGm0gaeMOro COGHTHA NIPpH 3agaHHLIX
PHCHePHAMEHTANBHNX  yCrAoBmiAx. llpeamonaraBmascs
yiKe paHee B HMCCACHOBAHHMAX IO TEOPUH MINYYCHHA H
c¢dopMynuposannas TOYHO B BOPHOBCKOM TeOpHl CTOIK-
HOBEHMH TUIIOTE3a, 9TO BOAHOBaA (PyHKIUA ompenc-
JAeT BEpPOATHOCTb HAAWIUA YACTHHHI, OKA3anach dact-
HBIM ciay4aeM OGIIeH 3aKOHOMEDPHOCTM M eCTeCTBEHHBIM
CAeACTBUEM OCHOBHBIX I10/0KeHUN KBAHTOBON MeXaHUKH.
Baaromapa stomy crarmeTHuecKoMy HCTONKOBAHHIO BO:I-
HOBO MEXAaHWKH, 4 TAKKE TOTHOMY BRIACHEHHIO TOr0 A0~
crofrensCrBa, uro Tteopun Illpemmnrepa wumeer aeio
C BOJHAMH B MHOTOMEPDHOM KOOPAMHATHOM NPOCTPAHCTEE,
ceazp uzed Ilpenmnrepa ¢ mepsoBaua IbHEIME TE3HCa-
mu ge Bporns oxasanachk, KOHeUHO, He ¢TOJb GAm3KOH.
Onnaxo, HIpexunrepy u moaanee Hopzamy, Kiesiny u
Burnepy yxanocs pazpaborars 10 kKoHga B paMkKax ma.
TEMaTHYCCKOro anapaTta TEOPWH TaKike W MepBOHAYATb-
HYy10 MHICIb gxe Dporns, BoOsBHKUIYI0 €IIC 10 CO3ZaHMA
KBAHTOBOH MeXaHHKM, O HAIAZHBIX MATEPHAILHBIX
BOJHAX, PaCHpoCTPAaHANIMIUXCA B HPOCTPAHCTBe M BDe-
mennt. SI mogsoao cee, npexae deMm nepedTH ¥ narisj-
HOMY HCTOAKOBRHHI0O KBaHTOBOX MeXaHMKH, OCTaHO-
BHTHCA HECKONBKO H2 PTOM BONIPOCEe O CYHICCTBOBRHMM
BOJAH MaTepMU B TPEXMEpPHOM HpPOCTPAHCTBE, TaK KaK
pelileBue ero yaajnoCh TOJABKO Grarojapa 00'beiWHEHUIO
BOJHOBOM M KB2HTOBOM MEXaHHKM.

Eme sagoaro xo pasBATHA KBaHTOBOM MeXaHMKH
Haymn pa ocHoBanuH 3aKOHOMEpPHOCTEN NEpHOANYECKON
CUCTEMbl 37EMEHTOB YCTARHOBHJ WSBECTHBIA IPHHIINIL,
YTO0 B OmpeAeNeHHOM KBaHTOBOM COCTOAHMM BCerAa
MOMKET HAXOJAHTHCH He Oonbile oxHOTO pnexTpona. Ile-
peHeCeHHMe 3TOTO IPHHOWNA B KB2HTOBYI0 MEXaHHUKY
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0Ka32J10Ch BO3MOKHLIM HA OCHOBaHHM C.leylOUIeTo pe-
3y7bTaTa, NMOKA3ABUIETOCA CHAYaNa COBEPUIEHHO HEo-
MUAAHHBIM: COBOKYNHOCTH CTAJUOHAPHREIX COCTOSHMI,
KOTOPHIe MO)<eT NPHWHHMATE aTOMHas CHCTema, pacma-
AaeTcs Ha ONpPeAeJeHHBIC KIaCCHL TakuM o6pasoMm, 4To
aToM u3 HEKOTOPOTO COCTOAHHA, IPUHAAJIEKAMEr0 K
OfHOMY KidcCy, HHOrAa He MOMKET NepeHTH B KakKoe-
au6o coCrofHMe APYTOro Kiaacca IO BAMAHHEM KaKHX
651 T0 Hu Gpuio Boavymenudt. IToxoGumit kaacc cocrosn-
HUH, KaKk OBUIO 3aTeM COBepLIEHHO ACHO YCTaHOBJIEHO
paboramu Burmepa m Xymaa, xapakrepmayerca ompcae-
neHasM ceoitcreom cummerpuu Illpeswmnreporckoit co6-
CTBEHHON (DYHKOUK MO OTHOUICHWIO K MEPecTaHoBEE KO-
OpAMHAr IByX »3JeKTponoB. B BuUay npungumuanbHoi
TOMAECTBEHHOCTH ;-mempouon; BCAKOE BHEUIHEE BO3MY-
IDeHUe aTOMa OCTAETCA HeU3MEeHHBIM NMpPHU mepecTaHoBKe
NBYX 3JEKTPOHOB U MO3TOMY Ie AaeT II0BOAa K KaKHM
6H To Iy OBUIO MePeX0AaM MeRAY COCTOAHUAMH Paziudg-
ueix knaccos. Ilpunmmun Ilayim w ycramosneunas ma
ero ocHobe crarucriura @epmu — Jupara pxsupasenrnnr
JONMYyMIeHU!0, 9T0 B NPUPOXE OCYymIeCTBAfdercs TOIBKO
76T KJIACC CTAMOHAPHBIX COCTOHAHMIA, B KOTOpOM coO6GCT-
BeHHAR (DYHKUHA MeHACT 3HAK NPH HepPecTaHOBKe ABYX
271eKTpoHOB. BriGop e cumMerpHUuHO cHCTEMBI TEPMOB
npusen 6uf cornacuo Jdupary me x npunumny Iayau, no
K TAK HashIBAEMOM CTATHCTHKe Dose — DiHmITelna ans
2MEeKTP OHOB.

Mexay moBsATHEM KIacCOB CTALMOHAPHEIX COCTORHHI,
noAduHgIomuxes upuHguny Ilayam uam  crarmcraxe
Bose — ditnmireitna, M TpeAcTaBIeHHeM 1e¢ Dporas
0 BOJHAX MarTepHH CylIecTByeT CBoeoGpasmad CBA3b.
IIpocrpancrBennsiit BOAHOBOI MPONECC MOAAAETCA TPAK
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TOBKEe COFIaCHO IPUHUKIIAM KBAaHTOBOH TCOPHH, eCiH
HPOaRaIM3UpOBaTHL ero corracuo reopeme Pyphbe u pac-
CMATPpUBATL 34TEM KaKIYI0 OTAENABHYI0 KOMMIOHEHTY
@Dypbe BoIHOBOIO JBIKEHHA KaR CHCTeMy C OXHOH
CTemeHbI0 CBOGOAM 10 OOBYHBIM 3IAKOHAM KBAaHTOBOI
MexaHukm. EciW NpUMeHHTH 3TOT MeTo KBaHTOBOTO
ollmcanuA BONHOBLIX IIPOLECCOB, OKAa3aBHIMHCA BechbMa
HI0AOTBOPHEIM Takme H B mcciaefosauuax Jmpaxa no
TEOpHH H3Ly4eHHA, K BOJIHAM Marepuu xe bporas, To MBI
HOTYy9HM TOYHO Te Ke peayibTaThH, KaKkde AaeT KBAHTO-
Bad MeXaHHKA COBOKYNHOCTHA MaTepUanbHEIX YacCTHL
B ciydae BniGopa cHMMerpudHOR cmcremsi TepMoB. Oda
meroxa Gyayr coraacuo Vopaary u Kreimy axBu-
BAJIEHTHBI [ ;K€ TOrI2, KOTXa MBI yUTEM B3aMMOJEHCTBHE
AIEKTPOHOB, T. €. NIpUMeM BO BUHMAHUHEe B BOJIHOBOH
teopun e Dporis sHeprmio mnoxs, Be3BaHHYI0 Hempe-
PHIBHO pacnpejieleHHBIM IIPOCTPAHCTBEHHLIM 3aPAAOM.
B 310it Teopumm MomHO nocregoBaTeABHO INPUMEHHUTE
rakme lllpegunrepoBckoe paccmMorpense Ttensopa um-
IyJbC2 — 3HEePTHH, CONMOCTABAEHHOTO BOJANAM MaTepHM.
Coracno uccregosanuam Hopaanma u Burmepa mamene-
HPE¢ IePeCTAaHOBOYHLIX COOTHOLIEHMM, JeKAMHAX B
OCHOBE PTOH XBAHTOBOI TEOPHM BOJIH, NPUBOAUT K Ma-
TEMATHYECKO} CXeMe, HKBUBANEHTHON KBAHTOBOM Mexa-
HsIXe, coepgubennoil ¢ npunanunow Ilaynu, 1. e. & BEIGopy
aHTHCHMMETPHUHON CHCTEMBI TEPMOB.

9T1i paGoTH BLIACHUIA, UTO CpAaBHCHHe aTOMA € TLIa-
HCTHOM CHCTEMOM, COCTOMAIeH M3 AAPa H DIEKTPOHOB.
He ABJIAETCH €IMHCTBEHHO BO3MO)KHOH HarIagHOM Kap-
THHOH, KOTOPYI0 MBI MOKEM HapHUCOBaTh IJIH aToMa.
Hanporue, o4eBHIHO CTOAB KE NMPABUABHO IpPeRCTaB-
JATh cefe aTOM Kak 006;1aKo 3apAxa H HCIOIL30BAarh PTY
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KapTHHY, COTIaCHO NPHHEMY COOTBETCTBMA, AIA IHOJY-
YeHUA KaYeCTBeHHBIX 3aKMI0YeHMH O MOBEeJeHMH aToMa.
Quanaxo, Gonee meranbHOE PACCMOTPEHWE ITHX BLIBOAOB
ABNAETCA Yike AeA0M BOJIHOBOH MeXaBWKH.

Bogpparumea rTemeps K MaTeMaTHUeCKOH cXeme
KBaHTOBOH MEXaHMKH; NpAMEHEHHe We K (DU3NUSCKHM
npoGaemMaM 4acThIO BHITEKAJI0 U3 HEPBEOHAYAIBHEIX OCHOB-
HBIX AOINYIHEHUH TEOPHH, YACThI0 IIOKOUJIOCh HA TEOPUH
npeo6pasoBanuil, MOCTPOENHON NPHU WOMOIUK BOAHOBOM
mexaHukH. Teleps peub umer ¢ TOM, YTOGHI YCTAaHOBUTH
HariffHOE COJep:KaHue TeopHUH TyTeM ee CpaBHEHU:N
€ KJIaCCHYeCKOl (PU3HKOM.

B xnaccuueckoit pusuke Lenabio meCAeOBAHUA HBIA-
JIOCH onpefeneHue 06GBEKTHBHLIX, IPOTEKAOUINX B IPO-
CTPaHCTBE H BpeMeHM, SBICHMI U MCCHeK0BAHUE 3aKOHOB,
ONpeAenA0IONX TeYCHHE IPOLECCOB 110 HAYATbHBIM NaH-
upiv. IlpoGaema cumranacr pemieHHOW B KiIaCCHUYECKOH
tusnke, ecim ygaBanoCh jJoKa3aTh, 4YI0 KakoM-muGo
npogece OGBEKTHBHO UMeT MeCTO B HPOCTPAaHCTBE H
BpeMEeHH, M II0Ka3aTh, WTO OH MOAYHHACTCA 3aKOHAM
KAacCuveCckol (usumrm, POpMyINpOoBaHHEM B ampde
pesumanspbx ypasHesuax. (aroco6, kakuM GuLIO JO-
CTUTHYTO II03HAHME HTOTO IIpoOLecca, IepeuuciIeHHe
HAaGMI01eHUN, KOTOPLIC JIPUBEIM K €ro BKCIIePHUMEHTaJIb-
H0MYy Ha6IOACHMIO, ABAAANCH COBEPUIEHHC Hecyile-
creennbiMu. Towyno ramme AXE 3aKAI0OYEeHHd KiacCude-
CKOH TEOPHUM He HFPajJ POJM BOIPOC, NIyTEM KaKHX Ha-
Gmozenunr mnposepanuch BeBoakl reopun. Opmaxo,
B KBAHTOBOH TEOPMH MEI BCTPedYaeMCHE C COBepIIeHHO
MHBIM TIOJIOKECHMEM Bellel. YimKe ToOT (hakr, YTo MaTeMa-
THYECKaR CXEMa KBAHTOBOM MEXAaHUKH HE MOKeT OBITH
MOHPMaeMa, KaKk HATAAAHOE OINHCAHUE IIPOLECCOB, MpO-
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TEKalooux B IIPOCTPaHCTBe H BpeMeHH, NIOKazmBaeT.
9T0 B KBaHTOBOH MeXaHUKe BOBCe He MHAeT peds 06
OGBEeRTHBHOM yCTAHOBACHHH MPOCTPAHCTBEHHO-BPEMEH
Heix co6prruit. Hanporme, Maremarnueckana cxema KBaH-
TOBOM MEXAHMKH J[aeT BO3MOMKHOCTb BEUMCINTL JTHLIL
BeIMYAHY BEPOATHOCTH AJA KaKOTO-IUG0 3KCmepHMEH-
TaJbHOrO peayibTara, OCHOBAHHOFO Ha PKCHEPHEMEHTAIb-
HOM 3HAHUH NPEALIXYNIeTo COCTOAHNA ATOMHOM CUCTEMSL,
TMOCKOABKY HOCTIeAHAR He Oblia mojgBep:KeHa HUKAKUM
HHEIM BO3MYIDEHHMAM, KpoMe TeX, KoTropsie Tpelyior-
Ci CaMAM 3JKCNEPUMEHTOM. 10 06CTOATEAbCTBO, UTO
Aaxe MpH Hauboree MONHOM PKCHEPEMEHTANIBHOM 3aki-
MW CHCTEMB! JIA ONpefeleHHOTO pPe3yAbTdTa CAERylo-
7IeTo PKCMepuMeHTAa MOMKHO YKa3arb TOJBKO €ro BepodAT-
HOCTh, MOKA3BIBAET, YTO Kamaoe HaGlofeHHe IPUBOXUT
K HEKOTOPOMY NpePHIBHOMY H3MeHEHMI0 MaTeMaruue-
CKUX BETHYNH, XapakTePHAYIOIIHX aTOMHBHA IIpoLect,
U, CleJ0BaTeAbHO, K NPEPHBHOMY H3MEHEHHI0 CaMoTo
<usndecroro aBrenus. B 1o Bpema kax B KIaccuueckoi
TeopuM cmocol BHaGarogeHud Obln HeCYIleCTBeHHEIM 1A
TeUYeHUA MNpolecca, B KBAHTOBON TEOPHUM BOZMy[IEHMe,
C KOTOpbIM CBA3aHO KaiJoe HAGIIJEHMe ATOMHBIX ABJe-
HUHA, MrpaeT Pellalolgyio ponb. Tak Kak, nanee, pe3yib-
Tar Babmofennd BoOGUIC MPHBOAUT TOABLKO K BHICKA3bI-
BaHUAM O BePOATHOCTH OOpPERENEHHBIX pPEe3yJIbTaTOB
Gonce To3IHMX HaGAIOJEHMH, TO, KaK Tlokagan bop,
peuIaomuM IJA HEIPOTABOPETHBOTO NOCTPOCHHUA KBAH-
TOBOH MeXaHHUKM ABIAAETCH yd4eT MPHUHIHUNUATLHO HEMoj-
Jaioumieiics KOHTPONIO JO0AM PacCMATPHBACMOro BO3MY-
menusn. Ilogo6noe ormmume Knaccmueckom ¢uzMKM OT
<$n3uKd atoMHOM noHATHO, nBo AT THKEABIX Ten, Ha-
upuMep 1UIaHeT, BPAIIAIOIIMXCH BOKPYT COJNHOA, Aapie-
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HU© COJHEYHOTO CBEeTa, OTPAKAIOIIETOCH 0T UX ITOBEpX-
1IOCTH M Heo0X0AHMMOre ANA HAGAOAeHUA, He HIPaCT
HHKAKOH pOJHM; AR MEILYANMMX Ke JACTHUE MaTepHIl
Kamjxoe nabirofenne, Grarofaps Majod Macce, 03HayaeT
cymiecTBeHHOe BMeNIaTeAbCTBO B HX (QusHuecKoe HoBe-
AeHue.

Bossparumcs moproMy K MaTeMarudeckoll cxeme KBal-
AeHHEeM UIpaeT 3aTeM BAJKHYIO POJb NPH YCTAHOBJIEHHA
rpanui, BEYTPM KOTOPHIX BOZMOKHO HArAggHOE onmca-
Hue aroMHMX npogeccoB. Ecam 651 CymgecTBoBaIH
SKCIEPHMEHTEHI, KOTOphle II03BONAAM OBl NMpPOBECTH TOY-
HOe H3MePEeHHe BCeX CTOPOH aTOMHOH CHCTeMbl, ueobXxo-
AMMBIX AN ee KJIACCHYEeCKOT0 OMMCAHMA, KOTOPble Ja-
Bagu Gwl, HANPHMEP, TOYHHIE 3HAYEHHA AJA NOJOMCEHA
M CKOPOCTH K&KA0T0 DPICKTPOHA CHUCTEMBl B EKiM:ABIH
AaHHBIA MOMEHT, T0, BCe PABHO, Pe3yAbTAaThl PTHX IKCIIe-
PHUMEHTOB He MOT:IM OBITH HWCIOJbL30BAHLI B Hauleil Mare-
MaTudeCcKol cxeme, $oiblle TOF0, OHM OBl NIpaMoO eif
nporusopeunin. Takum obpasom, 3xech OYEBHAHO
ONATH UTPacT POJAb TA e NPUHIMIHATBHEC HENoIAAIo-
[mascd KOHTPOJIO 4YaCTh BO3MyLICHHU#A, BH3BAHIOIO ca-
MHM @#SMepeHHeM, KOTOpas He II03BOJAAeT IIPOBECTH
TOYHOr0 M3MePeHUA KJIACCHYECKHUX BeXHIWH K TCM ca-
MBIM J1€7I2€T BO3MOKHBIM TPAMEHCHHE KBaHTOBOM MeXa-
onkn. Dojee gerannnoe mccnesopanme MateMarudecKow
CTOPOHLI TEOPHUH MOKAa3bIBAET HaM, dITO MemKly TOdY-
HOCTBIO, C KOTOPOJH MOKCT GbITh YCTaHOBIAEHO NOJOMKC-
HHe 9aCTHI5I, ¥ TOYHOCTHIO, C KOTOPOH OAHOBpEMEHHO
MoxeT OBITH M3MEDEH ee HMIYJIbC, CYIMIECTBYET oIpeje-
nesHoe cooTHomenne. Hmenmo, npoxsBenenune Beponr-
HHX OMMGOK NpU H3MEPEHHH NOJOKEHHA KU MMIyAbCa
Bcerga GyAer no MeHbmieH viepe PaBRATLCH NOCTOTHHOM
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IInapxa, Aenemmor ma 4x. Taxum o6paszom, Bcerfa
J0MKHO HMMeETh MECTO

Tde P ® ¢ 0003HAYAIOT KAHOHUYECKH CONpPHKeHHEIe
nepeMennsie. IJTH COOTHONIGHUA HEONPEAeNTEHHOCTH
A18 pPeayibTaTos U3MepeNusd KIACCUYECKHUX TepeMeH-
HbiX ABAAIOTCA HEOOXOAHMBIM YCAIOBHEM TOFO, 4TO pe-
3y4BTAT H3IMEPCHUA MomkeT ObITh BbIpaeH B Mare-
MATHYECKOH ¢XeMe KBaHTOBoi Teopuu. Ha page mpn-
mepoB Bop mnoxasan, xaxkuM ofpasoM HeIpeMeHIHO
(BA3AHHOE C KaKALIM HaGMoJeHUeM BO3MyLIeHNUC B Ca-
MOM Jene IPHUBOAMUT K TOMY, UYTO HIDKHAS rpanuna,
YCTaIlOBJAEHHAA COOTHOUIEHUAMH HeoIpeAeneHHOCTH,
He Moxer GOblth mepenfeHa. 1o ofcroAaTensCrBo, YTO
YaCcTh PTOT0 BOBMYIIEHUs OCTAeTCd NPAHOMNUATLHO
Heu3BeCTHOoi, HOKOMTCH, COriacEo Bopy, B KoHue KOH-
110B, Ha HeONpeAeNeHHOCTH, KOTOPads BHOCHTICH CaMHM
noHATHEM UaMepeHHda. J[elCTBHTeIbHO, 3DKCHEpPUMEH-
TRJIpHOE ONMCAIKE KAKMUX 6Ll ToO HM GHUIO TPOCTPaH-
CTBEHHO-BPEMEHHBIX TPOLEcCOB Bceria mpeANoaaraer
HCKOTOPYIO TBEPAYI0O CHCTeMy (Hampumep, KOOpAMEHAT-
Hy10 CHCTEMY, B KOTOPOH NMOKOKUTCHA HaBIr0ZaTe b), OTHO-
CHTeIbHO KOTOPOM H IIPOM3BOAATCA BCe UIMEpPEHHI.
Hdonyckan, uto sTa cHCTeMa HBAAETCH «TBEPROM», MEI
TeM CaMbiM OTKAa3bIBAEMCH 3apaHce OT SHAHUA ec¢ HM-
nyabCa, Tak Kak IHOHATHE «TBepABId» Kak pas ¥ O3Ha-
gaeT, YTO Kakme OBl TO M OBINO H3MEHEHHS HMIIYJbCa
CHCTEMbI IIPA B3AHMOACHUCTBHM ¢ HEH He [OMKHbI HMeTh
vmecra. IIpupmmnuaisEo HeoO6Xoumas HeonpeAeneH-
HOCTh, JAONYIOEHHAX B PTOM MeCTe, PacHpOCTpaHAeTCH



sareM Janblie Yepes H3MEPHTEIBHBIN annapar Ha aToM-
HEIE IIPONECCHL.

IIpn Taxom monokeHHE Bemied ecreCTBeHHO IIONMbI-
TaTbCH 00BeJUHUTH 00BexT HaGIIAeHHAH, U3MEPUTE/IB-
HBII anmapat U HaGnwojgarens B OJHY KBaHTGBO-MEXaHU-
JeCKYyI0 CHCTeMY U TeM CaMBLIM YCTPARHHTh BCIO Heompe-
AeNeHHOCTh. JSAeCh BAKHO, OJHAKO, MOLIEPKHYTH, UTO
caMbIli aKT U3MEPEHHA N0 HEOOGXOAMMOCTH ABAAETCH Ha-
TAAAHBIM, TAK KaK B (DU3AKe B KOHIie KOHLOB pedb BCEIAa
HAET TOABKO 00 ONMCAHMHK IPOCTPABCTBEHHO-BpEMEHHEIX
npopeccos. IloBenenne nabmonarens U ero naMepuUTenb-
HOTO TPHGOpa MONKHO IO3TOMY aHAJAUIAPOBATLCH IO
3aKoHaM Knaccmueckod (pHM3MKH, m60 B MPOTHBHOM Cay-
4ae BooOIme He wMena Ob. mecra HMKakag QuzuIecKan
npoGnrema. Ilopromy sBHYTpH MaMepuTensHerx npubo-
pos Taxke, Kak Gniro nmoguepkryro Bopom, Bce mpo-
MeCCH JO/KHBI PacCMaTpUBATBCH B CMbiCJe Kxaccude-
CKOH TEeOpHH, KaK JeTepMHHAPOBAaHHBIE; IOCAeHee fBw
AfEeTCH KPOMe TOP0 HeoGXOAHMEIM TpeallofoKeRAeM J1d
BO3MOKHOCTH OJHO3ZHAYHO 3aKMIOTATL, YTO COGCTBEHHO
NPOMIONLI0, HA OCHOBAHHH pPe3yThTaToB H3MepeHUd.
Ofbrunan cxema Knaccudeckod pusuku, 06beKTHBAPYIO-
1IDas pe3ynAbTaThl HaGiw0JeHHds, TPH NOMOIDH OImyIme-
HHA NpOLeCCOB B HPOCTPaHCTBe H BpeMeHH, MepeHO-
CUTCH, CEJOBATENbHO, TAKKEe KU B KBAHTOBYI0O TEOpUI0O K
NMpUMeHAEeTCH 3AeCh A0 TeX IOpP, II0KAa OHA He HAXOAUT
CBOI TIPHHUHIHANBHYIO IPaHMILy, CHMBOJM3ZHPYEMYIO
nocroaapoit Ilnanka, crankuBasce ¢ HeHaTAAAHHIMMA
YepTAME aTOMHBIX mpogeccoB. J;1A aTOMHBIX mpomeccoB
HATNAZHOE OMUCAHWE BO3MOMKHO TOJBKO BHYTPH U3BECT-
EBX TPAHALR TOYHOCTH, W BHYTPH PTHX TpaHHl TaKkKe
BCerja MMeT MeCTO 3aKOHBI KIaCCHUECKON (QHIARH.
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B mupy nanrmums rpanuyy TOYHOCTH, YCTAHOBIEHHBIX CO-
OTHOUICHUAMY HeOoNpeae/leHH0oCTH, KIacCHdeCKas KapTu-
Ha aToMa He MOMXeT GRITHL ogHo3Haumo ompeienena. Ha.
NPOTHB, OCHOBOM JJAA HArI4JHOTO NpeXCTaBIeHusd
aroMa ABJAIOTCH B PABHOW Mepe Kak KOpPHyCKy/IfpHasd,
TaK ¥ BOJIHOBAaA KapTHHHL

3axoHB KBaHTOBOM MEXaHHKM MMEIOT NPHHIUNNANLHO
cTaTHeTAYECKUH xapakrep. Ecim mB ycTaHoBHM myTteM
SKCIMIEPUMEHT2 Y Kakoi-n1u00 aToMHOHM CHETEMEBE BCe
oupejscARIOIIME ee JaHHbIe, TO pPe3yAbTar OVAYIIero
Ha0nwojenus, BooGlie roBOops, HE MOKET OBLITH TOYHO
rpenckasad. Ho B kamAbId mosAHeHnImH MOMEHT Bpe-
MeHH CymIeCTBYIOT HaGIi0feHNsd, pe3yAbTaTHl KOTOPHIX
MOTyT OLITh MPEACK23aHbI TOYHO; A APYTUX HaGuioze
HAW MOMKHO JMIIb BHIBECTH BEPOATHOCTA TOTO WIK
HIOT0 PKCHEPUMENTATBLHOTO Pe3ynbTara. JHAUHTENbHAd
CTeNeHb OIpedeleHHOCTH, NMPACYHIAs TAKKe M 3aKOHaM
KBaHTOBOH MeXaHAKH, IPWBOXHT HANpHMEpP K TOMY, 4TO
3aKOHBI COXPAHEHHA IHEPTHM M HUMIYIbCa MMEIOT MeCTO
B IOJIHOHK CTPOTOCTH. IJTH 3aKOHKE MOTrYT OBLITH HpOBe-
peHbI C 11060H TOYHOCTHI0 H BBIIOIHAITCA 3aTeM ¢ TO4Y-
HOCTbI0, ¢ KOTOpOH OHH OniiuM pmokasadel. Crarucimue-
CKMH XapaKTep 3aK0HOB KBAaHTOBOW MeXaHWKH CKasbiBa-
eTCA OAHAKO B TOM, UTO TOYHOE HCCIeJOBaHHe dHepTe-
TUIECKOT0 COCTOAHHA HCKI0YaeT OAHOBpPEMEeHHO® Ha-
Gn0atHHe COOTBETCTBEHHOrO mpoliecca B mMPOCTPaHCIBE
U BpeMeHH.

Hambonee scCHEIM apalusoM OCHOBAHWMI KBAHTOBOH
MeXaHHKAX Mbl 00A3aHE WCCIefoBaHuaM DBopa, KoTOpbIA
B 0Co0eHHOCTH NOZYepKHYX 3HaAUeHHWe TOHATHAA JONOT-
HATEALHOCTH X TO.TKOBAHAHS KBAHTOBO-MeXaHHYeCKHX
3aKOHOMEPHOCTel: Y:ke COOTHOHIEHHH HeolpeleieH-
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HOCTH Aal0T HpUMep TOTO, KaK B KBAHTOBOM MexaHUKe
TOYHOE 3HaHHE OJHOH IIEPEMEHHOH MOKeT HCKJIIYaTh
TOuYNOe 3HAHME XPYTHX HCPEMEHHBIX. JTO COOTHOLIEHHE
DOMOAHATEABHOCTH  MEKIY Ppa3IAYHBIMH acCHeKTaMu
O0IXHOTO ¥ TOrO K€ (PU3HYECKOr0 HmPoUecca TeHCTBUTE/ib-
HO ABJAAETCH XaPaKTepHBIM 1Jif BCEr0 THIHA 3aKOHO
MEPHOCTeH KBalTOBOH McXaHMKM. Hak # TOJBKO 4TO
yKasajg, onucaHAe JHepreTMYecKux 3aKOHOMEPHOCTeH
HAaXOJZATCA B MCKAIOYAIOUIeM COOTHOLNeHAH K  MC-
Cj1eJ0BaNNI0 NPOCTPAHCTBCHHO-BPEMEHHOIO TCYCHHHA C€O-
ooituii. Ilo100HBIM ke oOpazoM pacemoTpeHue XuMH-
YEeCKHX CBOHMCTE MOJEKYJBI ABIAETCH JOHOJHHATEIbHHIM
K HCCACAOBAHUIO JIBH/KEHUH OTIEJBHBIX 9JIEKTPOHOB
B MoJsieKyie; Halaiofenne sBieHAN MHTepdepenInn
CTOHAT B JOHOJHUTEIbHOM COOTHOINEHMH XK Hab/I0geHUIO
OTAeNbHOTO CBCTOEOr0 KBaura. Haxoneu, m obiaacra
IPUMEHEeHHH KJAACCHYECKOH ¥ KBAHTOBOM MexXaHHKH
TAKMKE MOKHO 0XapPakTepU30BaTh ¢ 9TOH TOYKH 3PEHHUA.
Kaaccuueexas dusura mpemcraBiseT TOoT BUX CTpeMIe-
HHA K HO3HAMHI0 HPHPOJHI, OPU KOTOPOM MBI CTapaeMcCH
3aKn09uTh 06 O0BEKTUBHBIX Hpoleccax, IO CYLIECTBY
HCXOAH M3 HAIUMX OIIYLIEHHH; I03TOMY MBI OTKa3hIBaeM-
CH 34eCh OT y4YeTa BJIMAHHHA, KOTOPhle OKAazbIBalOT BCC
HalnlomeHUA Ha HaGawogaeMbil o6bext. HKiaccmuccxas
¢a3uKa Kaxk pag ¥ KOHYAeTcd B TOM MeCTe, IIC Heah3sd
yiKe OTKasaTbCd OT ydera BaMAHMA naGjaiomends Ha uUC-
cienyembie npolieccoi. KBaHTOBas mexamnuxa, HaoGopoT
TIOKYHaeT BO3MOKHOCTh PAcCMOTPEHAd aTOMIIBIX IIpoliec-
COB IyTeM YaCTHYHOr0 OTKasa OT UX ONHCAHHA B UPO
CTPaHCTBe W BpeMeHH ¥ HUX 00beKTUBUPOBANH.

Jist Toro 4ro6s He 3ajepRUBATLCH Ha CAHIIKOM ab-
CTPAaKTHBIX BBICKA3BIBAHHAX O 33aKOHOMEPHOCTHEX KBaHTO-
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BOM MEXAaHHAKH, s X0Tejl Obl HOACHATL KPATKO A3 M3BECI-
HOM TIpUMepe, B KaKOU Mepe IIOHWMAaHHe HarIAAHLIX TIPO-
IIECCOB, ¢ KOTOPHIMH MLl MMEeM JAel10 B HOBCELHESHON
JKMAHHA, MOKET OHTh JOCTHIHYTO NPU IOMOIIW aATOMHON
reopun. Muoro pas yxe BHHMaHHe (HSHKOB BO3OY:K-
Jaro HEONUIAHHOEe BOIHUKHOBEHHE W3 IKHAKOCTH,
HaUpHMED, HepeChIIeHHOT0 PACTBOPA COiH, KPHCTANI0B
npaenasHon ¢opver. CoraacHo aroMHoif TeopMH, €H-
Aoil, @rpaoweil poab TIPH PTOM mpouecce o6pazoBaHUA
$opmMsL, ABAAETCH B HEKOTOPOM poJe CBOACTBO CHMMET-
pnu pemieHua ypasuensn Illpexaunrepa; Tarum oGpazom,
MBl MOMKEM CKa3aTh, 4Yro oGpasoBaHHMec KpPHCTAIOB
oGBbacHAerca Teopmeil atoma. Hecmorps Ha aT0, B HpoO-
mecCe OCTAETCH HEKOTOPHU CTATUCTHYECKHAN, HECBOJZHM-
ML JFaiee, 3A€MEHT, Mbl FOTOBH CKagaTh, 9JEMEHT HCTO-
puuecknit. JedcreurensHo, Jame NP CAMOM HO.IHOM
BHAHMH COCTOAHHA KHAKOCTH mneped 06GpasoBaHHeEM
xpHucTaiia, PopMa KPUCTANAA He ONPEXENACTCA 3AKROHA-
mu kBantoBoid mexanmku. OGpasosanne KpHECTANLIOB IIpa-
BHIBHON (OpMEI SBAfeTCA UL HDOJaBiAfAOme Goiee
BEPOATHHIM, ueM olpasoBanme GecpoPMeHHMOro KyCKa.
Ho onomuwarenbnas ¢opma 00A3aHAa CBEOMM BOBHHAKHO-
BeHHEM HEKOTOPOMY, YACTBI0 yiKe NPUHUANAANLHO He-
AHANM3APYEMOMY Aaji€e, QACMEHTY CAydYad.

Hpemae uem 3akoRIHTH 3TOT 0030p KBAHTOBOH Me-
XaHUKU, f II03BOJI0 ceGe COBCEM KPATKN OCTAHOBHUTILCH
Ha BOUpOCe, Y€r0 MOKHO OKHMIATH OT JaasHeHmero
paseartua 3TOH o0iaacty smamma. Wsaumige ymommuats
TIpH PTOM, YTO DasBUTHE TCOPUM JIO.IKHO TAKKe OCHO-
BLIBATBCH Ha mcrieloBanaax e Bporas, Illpeannmrepa,
Bopna u JInpaxa. Banmanne ¢usuxa-reopeTnra mpesxie
BCETO HPHBJIEKAET 3XeCh BOIPOC O TOM, KakuM oOpaszoM

3 Hobeaescxae zox.axm a3



MOKHO COEJMHHTH APYT € APYrom TpeboBaHms CHeLHanb-
HOHl TeOpWH OTHoCHTEIbHOCTH u Teopu: -kBadt. He-
CMOTPE HA HCKIIOTHTENbHENE yCHeXH, XOCTHrHyThle Jlu-
PAKOM B PTOM HANpaBieHUH, O KOTOPHLIX 3jxech GyAer
FOBOPUTH CaM AaBTOP, Bce K€ OCTaeTCH OTKPEITHIM BO-
poc, BOZMOKHO B OyXeT YIOBIETBOPUTH, He BTajad B
npoTaBopedns, TpeGoBanwaM obemx Teopui Ge3 oxHo-
BPEMEHHOY0 oIpeJeieHMs 30MMepdeinIoBeKodl Imoero-
AHHOH TOHKOH CTPYKTYPBHI.

IlpexmpunaTteie A0 cUX DOp HOOMTKH PEAATHBACT-
CKoH (OPMYNHPOBKH KBAKTOBOM TEOPHUM HCXOIAT BCE M3
HalJigAHBX HOPEACTaBIeHAN, CTOJb GIAMBKMX KjiacCude-
CKOHil (pH3HKe, UTO ONpejAeIeHHC NOCTOAHHONW TOHKOMN
CTPYKTYpPHI B PaMEax TOAOGHBIX CHCTCM HONATHH Tpexn-
CTABAAETCA HEBO3MOKHBIM. Bnpouem, mocTpoerne o6-
cyxIaeMoM 3XeCh CHUCTeMbl HOHATHH BepoATHo Oyier
TECHO CBA33HO ¢ XaJbHEHINHM pasBUTHEM KBaHTOBOW
TEOpPUH BONHOBHIX IojeH, H MHe Kauercs, 9ro 3ra Io-
cIedHgA MaremaTadyeckasd CXeMa, HeCMOTPH Ha IOAPOG-
Hyl0 paspaGoTky ee pagiumunbivu asropamm (Jwmpax,
Mayau, Hopaan, Kiein, Barnep, ®epmn), eme ne uc-
[0Nb30BAHA KO KOHUA.

Bamueifume ykasamaa aaa gaipHedlNero pasBHTAST
KBAaHTOBOH MeXaHHKH MOKHO HO/yYUTh TakKe M3 PKCIe-
PHMEHTOB, OTHOCAIHMXCA K CTPOCHHIO aTOMHBIX AAEp-
Anaras pTHX PRCHEPAMEHTOB HDPHU TIOMOIIM TEeOpmH la.
MOBa TIOBHIHMOMY YKasblBaeT Ha TO, UTO MemAy 2ie-
MEHTaMM aTOMHOI0 f#JApa XeHCTBYIOT CHJIB, HECKOIBKO
OTAHYAIOMMECH OT CWJI, OINpeAcAAMUX CTPOCHNE ATOM-
Hoii oGoaouru. Omeerer Illrepua moxasmsator mainee,
YTO HOBCIeHHAE THKEJNLIX 9JIeMeHTaPHHIX YaCTHLE HE
MOKeT ObITh ONHMCAHO TPU TMOMOMHM MATEMATHIECKOro



aimapara AMPaKoBCKOM Teopuu anekTpoHa. Tawmm oGpa-
30M, B 6yAymieM MBl JO/UKHLI GbITH I'OTOBBl KO BCAKHM
HEOKMAAHHOCTAM, KOTOPble MOIYyT BO3UHKHYTbh Kak g
ofnacTH AzepHON (PUIMKH, TAKR H NP HCCAEHKOBAANK
xocmmyeckux ayweit, Kak GBI, oawako, HA IO KAND-
Helllilee pagBRUTHE TeOPHH, NPEAbIAYHIasd MCTOPHs KBaH-
TOBOH MeXaHMKHM YKasblBaeT HA To, 9TO INOHHMAaHHE
HeACHBIX enie CTOPOH CTPOEHHA aroMa MOxKeT OBITH Ho-
CTHTHYTO TOALKO HYTeM XanbHeWIIEero OTKaza OT Hariax-
HOCTM u CTPeMieHAs K oObexTwBHpoBammo. ¥ HAc,
Hmoskaliyil, HeT OCHOBAHHN cokagerb o6 prom. Jleicreu-
TeAbHO, BCIOMHHAS 0 3HAYMTENbHBIX FHOCEOIOTHYECKHX
TPYAHOCTAX, ¢ KOTODHIMH HNPHXOJWNAOCHL GOpPOTHCH Ha-
TAAXHOMY NpeAcCTaBieHN0 o6 aroMax mpesxHed dusmxm,
MBl VOKEM HaZeATbCHd, UTO pPa3BUBAOIIANCH Telephb
abcTpakTHaa aroMuas (pm3nka oxamkeren B Gyaymem Go-
Aee TapMOHMYHON COCTABHOW WYacTbl0 BCEr0 BEIHKOIo
3HAHMA HAVEH.
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,OTJa Jy4 CBeTd TPO-
XOAHT depe3d oNTUUECKWH mpubop, HanmpuMep TPYyOy Maum
dororpadpueckuil 06HEKTUB, OH NCTILITEIBAET HA Kam 0K
UPEeTOMIAIOWCH WIH OTpa:Kalomiedl NOBEPXHOCTH M3Me-
HeHue Hanpasiends. Mbl MojkemM IOCTPOUTE XOX JNY4a,
ecan u3BecTHHl 006a NPOCTHIX 3aK0HA, KOTOpLIE yUIpaBiIsd-
IOT 9THMM W3MEHEHWAMH HAIpaBjIcHHUA: 3aKOH HperoM-
JTenus, OTKPHITHIM xBecTH Jer Hazajy CHeaauycom, u 3a-
KOH OTpa)keHMs, M3BECTHHIA y:ke Goibile 9eM IBe ThI-
ca9H jger Hazax Apxumeny. Ha puc. 1 noxasan npocroit
npumep ayua A — B, koTopsiii mCUEITHIBaeT IrperoMie-
HiTe, ToTgnHmomeecs 3akony Crejlnuyca Ha Xamaol ua
YeTHIpeX TPAHWTHBIX NOBEPXHOCTeH IBYX JTHH3.
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Pepma chopmyiupoBasT 3aKOH PACKPOCTPAHEHHA Ty-
w8 cBera ¢ ropasio Gojee ofuIeld TOYKH 3peHHS. Caer
pacmpocTpaHseTca B PAasIHYHBIX CPERaX € PasIHIHOH
CKOPOCTBIO, H MYTH JY4d OMpEJeIAeTcE TaK, Kak SyATO
6b1 n1yay GbUT0 BaKHO BO3MOKHO GHCTpee Ao-
CTHTHYTH TOM TOYKM, B
KOTOPYI0O OH MNpPHXo-
zur. (3amerum mpn
3TOM, UTO 38 HAYalb-
HYI0O H KOHeUHble TOu-

Puc. 1. P¥ MOIKHO B3ATHL .1 10-

6ble aABe  TOYKH

BIoas ayua). Mareitiiee oTkOHEHME OT CHCTBHTETH-
HOTO IIYTH o3uaudio Obl 3avedizenne. B atowm zaxmio-
Ygercd  3HAMEHHTLIH
OPUHEAN Kpargaime-
ro ONTHYECKOIO HYTH
Depma, 3ameuarens-
HBEIM 05pasoM ompeje-
JAIOWAA BC0 CcyAsly
CBETOBOTO Jy4a B OJ-

HOM €AHHCTBEHHOM HO-

Puc. 2.

JOKEeHUH, Jaxke H B

TOM CIy4de, ecIH CBOMCTBA CpejAbl M3MEHAWTCA HE
CKAYKOM Ha KakKoW-71u60 MOBEPXHOCTH, HO IOCTENEHHO
OT TOUKM K Touxe. llpmMepoM NOCGIGLRETO MBIMETCH
semaas atmochepa. Uem rryfixe DPOHHKAET B Hee Ma-
JAAIOIIAI M3BHe Y4 CBETH, TeM MeJJeHHEE pacmpocTpa-
HAeTcd OH BO BCe Goxee u §ojee IIOTHOM BoO3AYyXe:
XOTA PasHULIA B CKOPOCTM pacupoCTpanenwa u Gyler
upesBHMAaHO HeaHauuTenALHON, npuHgun Pepma Bee e
TpeGyeT ONPH PTOM, UTOOBI NyTH Jyda CBeTa OBLT BOTHY-
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THIM 1O OTHOWIEHHIO K 3eMre (cM. puc. 2), udo Torma
AYY HECKOJbKO Joiabiite OyZeT 3a1ePHBATHCA B BHIC-
mux «Goxee GHICTPHIX», CHOAX ¥ OPHAET K LWETU CKOpee,
9em Ha Goxee KOPOTKOM LpAMOM TyTH (HA PHCYHKe Ha-
HECeH INYHKTUPOM; He§oABIION  YETHIPEXYTO.ILHHK
WWW'W’ noka ne urpaer pomn).

A nymaro, BB Bce 3avMedanaH, 4ITo coOaHIe, HAXOXACH
YV TOPHSOHTA, KAIKETCA He KPYTIABLIM, HO CILTIOIMIEHHAIM.

Puc. 3. Puc %

TAK YIO er0 BEPTHKAILHLIH AHaAMETDP OpeACTaBIAETCHA
YKODOUeHHBIM. 9TO TaiKe €CTh CHedcTBHE HCKPUBIe-
#Aa nydeln. CorizacHo BoyHOBO# Teopun cBeTa JIYUH
HMeIOT, COGCTBEHHO FOBOPA, TOABKO (PUKTHBHOE 3HATe-
ane, Oum ne aABAMOTCA (PH3HYECKEMH TPAEKTOPHAMH
KaKuX On TO HH OBUIO CBETOBBIX YACTHUL, HO WL Ma-
TEMAaTHUYECKHM BCIIOMOraTeIbHbIM NOCTpOeHHeM, TaK Ha-
3bIBAEMEIMA OPTOTOHATHHBEIMH TPAEKTOPHAMH BOIHOBBIX
TTOBEPXHOCTEH, T. e. raKKe BoOGpaKaEMBIMI JTHHHAMHA;
HOC/IeAHHE HANPABICHHI B KAKTOHE TOUKE NHePIIEHIUKY-
JAPHO K BOJXHOBOM HOBEPXHOCTH B TY CTOPOHY, B KOIO-
pyio xBuraerca mocuegnas (cv. pme. 3, Ha KOTOpOM H30-
Spaen mpocTeHmmi cayuail KoOHEEHTPHUYECKHMX WIApo-
BBIX BOJHOBBLIX [I0BePXHOCTeW, W, Cleg0BaTeI1bHO, UpA-
MBIX JydeH, TorZa kak puc. 4 pasbpacHsmer Caydadl KpH-
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pomnnedRbuix ayueit). llpeacraBaderca yamBATEALHBM,
9TO CTOJX;H BAMKHLIN BeeoOWUN NPHAUAND OTHOCHTCA He-
DOCPEJCTBERHO K JFHM MATEMATHYSCKHM BCIHOMOTATEESL-
HBM JTRHAAM, & He K BO/JIHOBEIM HOBEPXHOCTAM, 3 BHXY
gero opuagun Depma momno Gbulo 6M paccMaTpwsare
KAK HEKOTODHIH MaTemMaTHueckmid kyphes. Ha camom
3ene Bee OGCTOAT CoBEpILIEARO KHade. 10MBKO ¢ TOUKH
3peHHd BonHOBOH Teopum npmuumn Pepma cTamOBHTCH
BIIOJIHE IOHATHBIM M HepecTaeT Obrth uyaom. Jedecrsn-
T€,I1bHO, C BOJIHOBOM TOYKH 3pcHAd TaxK HaznBaeman
KPpHBH3HA jJyua CBeTa ABIAETCA ropasjo Goxee mo-
HATHOH, YeM HOBO P OT BOJTHOBOH HOBEPXHOCTA, KO-
TOpHE TPHBHAILHEIM O00pa3soM JOTKEH HMEThL MeCTo,
€CIM COCeJXHHE YacTH BOITHOBOH HOBEPXHOCTE pacupo-
CTPAHAIOTCA C PaziAMYHOH CKOPOCTHEY; TOYHO TaKike,
HAl[pUMeD, €CJIH POTA COJIAAT BLIIOJIHAET KOMAaHIAy «3a-
XOKJCHHA Hanpaso», TO COAAATLI ,zseﬂalo'r maru pasaiaa-
HOM BEJIHYMHBI: NPaBO(IaHIOBLEA—HaEMEHBITHH, I€BO-
(rauroBeii — HanGonanuimii mpar. B mamrem npumepe
¢ nperoMJcHHeM iyua B 3eMHOH armocdepe (pume. 2)
KvCouex BOJIHOBOH mosepxrHocrn WW gomken oGasa-
TeABHO WTpPOJenaTh HoBopoT nampase k W W', rax kax
€ro jJ1eBag WACTh JEKHT B Gojlee BHICOKOM ClI0E MeHee
ITOTHOFO BO3ZYXd, W NO3TOMY IBH:ETCH ObicTpee, ueM
TpaBag 4acTh, ASHKANIAN HIDKE ).

e ¢

1) Vxamem xcratu 3lech Ha caydaM, JJAf KOTOPOre Ipexcrapie-
umme Crearmyca oxaspiBaercm Hempuvensmiim. Hampasremnsit ro-
PH30HTAIBLHO J1yY OHETA, Ka3aioch, JRomkeH Oba OB ocTaBaThes
ropuysoHTaAbHAbIM, KGO Belh B FOPHBOWTAAHHOM HADPABICHEH IO~
KagaTels OPENOMASHHAA He MeHsercd. B jeldcrsurensHocTH ke ro-
PH3OBTAILHEI JyY HCEpHBigercs G(oi»mc BCAROTO Apyroro, 410
HEMOCPeACTBEHHO OYEBHIHO COITACHO OpEICTaBiIeHMI0 SarmGaronie-
rocn BOJXHOBOro ¢poHTa.
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Ilpu 6xmmxaiiiem paccvoTpedun OKa3piBaercd, dUTO
gpuapun PepMa mo cBoeMY COJZepEKAHALI
COPCPIICHHO SEKBMBANCHTEH TPHBHATHLHOMY U CaMo Co-
GoRt pasymelollleMyCa YyTBepMAEHHIO, UTO, IPH 3aAaH-
HOH TlePeMEHHOH OT TOYKH K TOUKe CKOPOCTH CBeTa,
PPOHT BOAHE XOMKEH 3arHGaTLCA YKABAHHEIM 06paso.
I ne mMero BOSMOKHOCTH JOKA3HLEBATH 3TO BAECH, HO
OONKITAIOCH CAEeNaTh YKasaHHOE YTBEpMJeHHe INPABRO-
noxo6nsM. BepuneMca onaTts ¥ Npwmepy MapurEpyio-
mero orpaza conxar. llyers ans Toro, uroler coxpa-
MHTH NOJHYI0 NPABHILHOCTH (PPOHTA, CONJZATH COCHH-
HeHH JIHHHON TaJKOH, XOTOPYI0 KMMAHNME TBEepXo Kep-
suT B pykax., Ceituac amgero He 6yJeT FOBOPHTHCA O 3a-
XOMIEeHAN, KOMAHXA FIACHT NOPOCTO: «NYCTh KAMKLIH
HIET, WX GeMuT, Kak MOKHO OhrcTpee». Ecnm xapakrep
penasedra MOTBH MEJJIEHHO MeHAETCA OT TOYKK K TOUKE,
TO CHAYANa, CKaReM, IIpaBOe, 3aTeM JeBoe KPHAo dponTa
Gyzer nmeararbca Onicrpee, m camm cobod OyAyr ocy-
[IeCTBAATLCA MOBOPOTH porTa. Uepes nexorTopue
BpeMa MH 3aMeTHM, YTO NPOHICHHLIH MYTh He MBAAETCH
NpAMOANHEHHLIM, HO OblX KaK-To MCKpEBien. 10T ¢akr,
9ro PTOT KPUBOJMHEWHBLIM NYTh B TOUHOCTH €OBIAKAET
€ KpaTdYaWImIHEM B CMBICIE BpPEMERAR NPHOLITHA
B JAaHHEIE NYHKT NpH 3ajanHoM pexsedre, ABAFETCH MO
MeHbIIEeH Mepe BeChMa HPaBAoHOZoGHLIM, Tak K4k Beib
KamIBIH COJJAT CTAPAJCA JABMFATHCA KAK MOMKHO Obl-
crpee. OrmeTuM TaKike, YTO NOBOPOT (PPOHTA BCEraa
INPOHCXOXKHT B TOM HANPABIEHAH, B KOTOPOM pexbed
cTaposHTCA $osee TAMeNIHM, MOATOMY B KOHEE KOHIOB
BCE BHITANZHT TAaK, Kak GyATO conjarsl MapouHo «06o-
HUIE KPYFOM» TO MeCTO, Il OHH JAOIKHBI Onlad 651 mBM-
rarbcd MeJeHHee.



Takuv oGpazov, npuupsn Pepua npegcrasagercs
NpOCT0 TPHBHEAaAbHOH KBHHT3CCeHEHel
BOIHOBOH TeopHK., llo3TOMY COBEpPIIEHHO YIHBHTEHb-
HAIM TOKa32710Ch OTKpBLITHE, CAejlaHHOE B OZHMH HpeKpac-
HBIH JeHb | aMHIBTOHOM, YTO K JEHCTBHTEIALHOE ABUKE-
HEE MATEePHANLHLIX TOUEK B CHIOBOM Hoie (Hanpumep,
niaaneT BOKPYF COHIa, Wid GPOIIEHHOro KaMHS B HOJe
TAMECTH 3eMIH) MNOXIUHAECTCA COBEPIIEHHO TAKOMY Ke
ofieMy UpHHOANY, HOJXYYHBIIEMY HMA CBOCF0 ABTOpPA
I CAeIaBIeMY HOCIeJHee 3HAMEHHTHIM. XO0TH NPHHIHR
I'avmisToHa H He FOBOPHT COBCEM TOYHO, 410 MATepH-
anpbHad TouKa BHGUpaer Hambolee GHICTPHIH IyTH, HO
¢F0 yTBepIKZeHHe CToJh (IH3KO0, aHATOTHUA ¢ NPHHIHIIOM
KParyamiinero ONTHYECKOF0 MYTH €T015 HelloCPeACTBEeHHA,
uTo ABAAeTcA saragounod. Kasanocs, uro nprpoaa kak-
6yATO oOCylecTBHIa OZHY H Ty ke 33KOHOMEPHOCTH
ZBYMA pazauunpiMA coocolamm. Oamn pas, B cayuae
€BeTd, MPH HOMOILUY NOBOJAbBHO ACHOM HIPHL BOIH, XpV-
roif pas, B caydae MaTepHAILHABIX TOYEK, Fie IONIOkKe-
HHe Bemied GLINO HENOHATHO, eCAW TOJIBKO HE CTAPATHCH
H 33ech TaKKe TOBOPHTH O BONHOBOH npupoge. Ilocmen-
Hee TNpPEZNOIOKEHHE KasajoCh ClepBa COBepUIeHHO
HCIIFOUCHHBIM, #00 «MaTepHanbHbie TOUKH», HA KOTOPRIX
ObITH HOJTBEePKIEHHl 3aKOHBl MEXAHHMKH, B TO BpeMs
OLIIM mpocTo 6GOIPUIMMY BHIXMEIMH TEJIaMH, Yacrpio
oYenp 0OAbLUIEMH, HaupHMep, OIaHeTaMu, H FOBOPHTE
0 49eM-TO Bpofe HX «BOJIHOBOH NIPHPOALI» BOBCE He
NPeICcTABIAI0CH BO3MOMHBIM.

Menpuaiitine nocieXHHe YACTHOH MATEPHH, KOTOPHIE
Vbl ceduac ¢ ropasio 50ALUIMM HPABOM HAZLIBAEM «Ma-
TEePHATLHBIMH TOYKAMH», KA3aMMCh TOIrAA eIe YeM-TO
COBEPIEHHO THIOTETHYECKWM. 10JBKO mOCie OTKPEI-
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THA PaJHOAKTHBHOCTH pasBUTHE JHCIOPHMEHTAIHHOR
TEXHHKH TPHBEIO K TOMY, UTO OKa3aj0Ch BO3MOKHBIM
H3y4YaTh CBOMCTBA OTXENLNLIX KOPIYCKYM HAM HACTHIL:
B HacTofdlllee BpeMA BOBMOKRO jJae OCTPOYMHEIM CIIO-
co6om Bumbcona ¢ororpaduposars B (mpu nomMomH
crepeodororpadun) BecbMa TOYHO HU3MEPHATH IYTH OT-
JepHbIX dacTHL. B mpejgenax ToO4HOCTH 3THX HM3Mepe-
HHEA And ABUMKEHHS KOPIYCKYHA HOZTBEDKIAIOTCA Te e
MeXaHAYECKHEe 3aKOHB, UYTO H And OOJBINMX Tei, Ija-
Her ® T. 3. Bupouem, BHIACHHIOCH, YTO, KOHEYHO, HH
MOJIEKY/Ha, W HH OTHAE/IbHBII ATOM e MOTYT CUMTAThCH
«NMOCTeTHIMM KaMHAMH» MaTepUH, HO 9YTO0 H arov
ABJ1AeTCs BeChbMa CIMKHOM cHcTemoi. B mamem npea-
CTaBJIEHHW BO3HHKIM KaPTHHBI CTPOEHHA aTOMOB H3 ua-
cTul, TOBMINMOMY, AHAMOTUYHBIE KAPTHHE TIIAHETHOH
cucremsl. Boonte eCTeCTBeHHHIM GHLIO HOMBITATHCA CIED-
BA COXpPAHHTH 34€Ch TE K€ 3AKOHHI JIBHIKEHHA, KOTODHIE
CTOJb 3aMedaTenbHO ONpaBiannch ANA GoABIIEX Tei.
910 3HAYAT, ITO K BHYTPEHHEMY NMOBEIEHHIO aTOMA TaKIKe
Ob1a mpUMeneHa Mexanuka ] aMHIBTOHA, KOTOpad, KaK A
vKasan Bhille, popMyAHpyercd B FaMHAFTOHOBOM IPHH-
mune. To o6crosrenscTrso, 4T0 HTOT UPHHIHN BeCHMA
aHayoruven onrtEdeckomy upuauguny Pepma, oo
HOYTH COBceM 3a0mITo. Ecau 08 310M H BCIOMHHAIH, TO
ycMaTpABaIH 3J€eCh TOJNLKO 3a64BHYI0 CAYIRHHOCTE Ma-
TeMaTHdeCKOH TeOPHH.

Becsma Tpyamo, me BzaBasch B JeTaad, COCTABHUTH
OpaBHAbHOE NpefcTaBIeHWe O TOM, CKOJMb YCHEIHo,
HIH — HeyCllelnHo, ObUIO INPHMeHeHWe 3TOH KiaccHde-
Ck@-MeXannqeckoit kapTaunl x aromy. C oxnoii ¢ropons.
ppeageEn aMmisTona oxazaica HagexdeduMM H ayd-
IHM TPOBOIHHKOM, Ge3 KOTOPOTO NHpPOCTo Heabsd Gblmo
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OG0BTHCH; € APYTOR CTOPOHN, I NPaBHABHOIO OIMCA-
HUA OHMTHHX (paxkros HeoGXxoAuMo ObIO AOMYCTHTH
BMENIATEAHLCTEO COBEPIICHAO HOBBIX, HENOHATHBIX TPe-
GoBanuii, TaAKk HA3HWBAEMbIX KBAMTOBHIX YCIOBHW H KBaH-
ToBHX mocrynaToB. Onu 3eydyaam kak rpyGnle ameco-
HAHCH: B CUM@OMHN KIaCCUUECKOH MEXaHWKH, A BCE XKe
CTPAHHEIM 00pasoM XazajlBCh CO3BYYHLIMH eH.

Maremarn4eckd MOKHO BLIDASHTh 3TO IOJOMKEHHe Be-
wel creayiowum ofpasoM: B To BpeMa KaKk NPWHIIAN
Tamunsrona rpeGyer TOABKO, YTOSHL HEKOTOPHIH WHTe-
rpaa Onin MHHHMYMOM, HO HE olpeleadeT 3HAYCHHH
3TOr0 MHUHHMYMAa, KBAHTOBREC YCIOBHAA OTpaHHYHBAIOT
3HaYenre MHHUMYMA [EJbIMH KPaTHRMH YHHUBEpCaibHOM
MMpPOBOH HOCTOAHHOM, uMMenno lliankoBCKoi mocromm-
noit gecteua. Ho 310 Toabko moGounoe sameuanue. Ilo-
nomenne BewleR ObITo KoBOTBHO OesHaneknsM., Eciau
Onl crapad mMexaHmka 0bl1a coBceM orfpomena, Xejao He
oGcroano 6H eme CTONL CKBEPHO, Y Hac Guurd GBI OT-
KPBMEHI BOBMOMKHOCTH JAjif8 CO3NAHHA HOBOH MEXaHHKH.
Mu ke crosam mepex Tpyimoit 3amadeir CHACTA Cyld-
HOCTh MEeXaHUKH, Ube JbIXaHWE CHO UYBCTBOBANOCH
B MHRPOXOCMe, H B TO K€ BPeMf, TaK CKaBaTb, BEHIPO-
CHTHb V HeC HPH3HAHMA KBAHTOBBHIX YCIOBHH, B KauecTBe
BHITEKAIOMAX W3 €e OCHOBAHHUN IOJOMKEHMH, a He TIpy-
fuIx BHEIIHHUX TpeGoBanMiA.

Brixox Gpu1 HaifaeH B yHoMHHaBIIEHCA yme BOSMOIK-
HOCTH yCMOTpers B upuHuune |awmasToHa Takxke pe-
SVYABTAT HIPHL BOJH, KOTOPWH COGCTBEHHO H JICKHT
B OCHOBE IBMXKECHHA MaTEPHAILHAMX TOYeK TOYHO TaK Ke,
KaK MBI yKe TaBHO IPUBHIKIN BHAETH BOJNHLI B ABICHHAX
ceera ¢ mux npmagumom Pepma. Orgensnaz Tpaexrto-
PHA MaTePHATBHOH TOUKMU TepPAeT BOpPodeM, BCIeICTBHE
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2TOro, CBOH HENOCPEXCTPEHHLIA (PHIUMECKHA CMBICA H
CTAHOBHTCH YeM-TO (PHKTHBHBIM, BPOJe OTAEALHOTO HM30-
AEPOBAHHOrO ayuya cBera. Ho CygyHoCTs TeopWM, MUHU-
MaJibHBIA NPUHEKO, He TOJLKO OCTAaeTCA He3aTPOHYTHIM,
HO JMINL NPH BOXHOBOM cUOCO0E PaccMOTPEHHA pacKphI-
BaeT CBOe HCTHHHOE IpOCTOe 3HaYeHHe, KAK yiKe yKa-
3nBazock Bbhime. Hosam Teopmsa, cofcTBeHHO FOBOPH.
BOECe He ABJIAETCA H OB O H; OHA Tpejcrasiaser colol
opraHn4ecKkoe IPoJoJKeHHe, XOTeN0CH OB CKasarb, Go-
jlee TOHKOE TOJKOBaHHe CTapoH TEODHH.

Ho kakmM ke o0pasoM Morio NPHBECTH 3To HOBOE,
Gonee «TOHKOE» TO.TKOBaHME K 3aMETHO HWHBIM Pe3yib-
TATAM, KaK CMOFA0 OHO YCTPAHHUTH TPYAHOCTH, BCTPETHE-
mHuecA B aToMe, C KOTOPHIMH CTapad TEOPHA He MOIid
cnpasursea? Hakum ofpasowm mpexnee «rpyfoe BMema-
TeJLCTBO» KBAHTOBBIX YCJIOBHW CTAJ0 TEPHUMBIM, HAM
name OKA3a;10Ch CBASAHHLIM ¢ PasBHTHEM HOBLIX Hpedr?

IT1H BOUPOCH NydUMIe BCEFO PA3BACHHTH TAKXKE HYTCM
onTuyeckod auaroruu. 5 masmax Bewe ¢ TWONHBIM npa-
Boy npunanun Pepva KBUHTACCEROHEN BOJIHOBOH TeopmH
cseta. HecMotps na sro, on He Moker m36aBuTs mac ot
Goree TOYHOrO HM3YUCHHA CAMOFO0 BOIHOBOFO Mpoliecca.
Tax nageiBaevple aBienug auddpakyguu ¥ HHTEpPEpeH-
IiMA MOKHO NOHATH, TOALKO HPOCIEJHEB B AeTanaX ABU-
JKEeHHe BOJH, TAK KAK OPU 3TOM pedb MIeT HE TOIbKO
0 TOM, KyJa B KOHUE KOHIIOB HPHUIET BOJHA, HO TaKKe
o TOM, B KakoW ¢pase HPHIET OHA TyAa B XAHAHINH MO-
menT Bpemenu. IIpm crapmx, Goree rpyGrix, akcmepm-
MCHTaX 3TH HABAEHHA WFPAJIH pPOJL TONBKO HE3HAUU-
TeILHBIX JeTajleli M YeKonnp3aau oT HabloAenmd. Hax
TOJAbKO, OFHAKO, Hd HHX ObL10 ofGpamieHo BHEMande M
oHy OBUIA NPaBHIIGHO, BO.THOBHIM 00Pa30M, HCTOIKOBAHEI,
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0KA33710Ch HETPYAHBIM NPHUIYMATH ONBITH, B KOTOPHIX
BOJHOBAA NMPHPOJAA CBETA MPOABIAETCA HE TOIBKO B JHe-
TanAX, HO COBCEM ACHO BO BCEM XapakTepe ABICHHA.

HossonsTe MHe pPasBACHHTL 3TO Ha JBYX HOpHUMepax
TakMX ONTHYEeCKHEX HMHCTPYMEHTOB, K&K TeXecKoll,
MHEKpockon ¥ T. A. MpeI XOTAM NOIy4HTHE NPH HOMOUIH
OOCIeIHHX pe3skoe H300paKeHHe, T. €. CTpeMHMCA 3a-
CTABUTL COWTHCH B OTHOH TOYKe, TaK HaseBaeMoM ¢o-
Kyce, BCe Jy4H, HCXOJANIHE H3 HEKOTOPOH TOYKH pac-
cmarpupaemoro obwvexra (cm. pue. 5). Crauana xasa-

Pue. 5.

A0Ch, UTO 31eCh MMEIOTCH TOJLKO TPYAHOCTH TeOMEeTpPH-
4YEeCKoH ONTHKH, BUIpOUEM IOCTaroudo cephesnsre. [losx-
‘Hee BLIACHIJIOCH OZHAKO, UTO JAKE Yy HARAYIHIE CKOH-
CTPYMpPOBAHHLIX ONTHYECKHX NPHGOPOB COeXHHEHHE NYV-
yeHl ropasmo Xymxe, ueM ciefOBaJI0 OKUXATH, IIPUHIMAA,
4TO KMKALIA J1yd, HE3ABHCHMO OT COCeXHHMX, TOYHO Cie-
ayer npunguny ®epma. Cser, HcXoIAmMHuii U3 HEKOTOPOIL
TOYKH 00BeKTa M BOCHPHHHMAaeMhiA ONTHYECKUM IIPH-
GopoM, He COeJHHAeTCA MNO3aAX NOCHEIHEr0 ONATh
B 0JHY TOYKY, HO PACOPOCTPAHAETCA HA MaJ€HbKOH, TAK
HaspiBacMod IudPPaKEUOHHOH, OKPYKHOCTH. KOTOpas
BIpOYeM OKA3bIBAETCA B GONBIUMHCTBE CIYyUAEB KPyrom
AHIIb TOTOMY, 4TO Kpad JIWH3 M 3KPAHOB ABIAIOTCA
OKPYKHOCTAMH.

Hpuunnoii aroro sB1enwdA, HassiBaeMoro nuddpas-
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gueld, ABJIAeTCA TO, YTO He BCe LIAPOBLIE BOJHBI, UCXO-
AAmve M3 JAHHON TOYKU, MOTYT OLITh BOCIHPHHATH! NpH-
Gopom. Kpaa auns, uinm sKpaHsl BHAETAOT TOJILKO
YacTh BOJAHOBSIX moBepxHOcreR (cM. puc. 6), u, ecam
nospoieno OGyjer ymorpeGHTL HAriaHOe BBIPAKEHHE,
TIOPAKEHHBIC YACTH BOJH NMPOTHBATCA CTPOFOMY COeImHE-
HHUI0O B ONHOM TOUKe H IOPOKAAIOT HECKOJILKO pasMa-
3EHAYI0 MM pasMbiTyi0 kapTery. Pasmasanmocts ca-
MBIM TECHBIM 00pasom cBasaHa ¢ AJAHHOIN BOJIHH CBETa

Puc. 6.

M, B BHIY 3TOH riyGokoH TeopeTHYeCKOH HPHYHHEL,
fBIgeTcA coBepuleRHo HeHzbemxnod. B mauane eaxsa
oTMeUeHHAan, 9Ta NPHANHNNANLHAA PagMa3aHHOCTH Orpa-
HUYHABAET PA3PEIA0ITYI0 CHIY COBPEMEHHOTO MHKPO-
CKOMa, CTOJd5» YCHEeIHO noGOpOBIIEro BCe OCTAAbLHEIC
TPYXHOCTH, cTOSBUIME Ha NYTH K HieaxbHoMmy wm3olpa-
menmo. OT 08beKToB, KoTOpHle HE INPEBOCXOIAT pas-
MEpPAMH NIMHY BOJHR WIHM JaxKe ABAmoOTcA (oyee TOH-
KHMHA, MBI NMOAydaeM H308paKeHHd, HMelOmHe OTIXaiNeH-
Hloe CXOJCTBO C opnrmlaﬁom, HIH Jaxe BOBCE eMy He
€00TBETCIBYIOLINE.

Broprmv, emie Go1ee HPOCTHIM NpPUMEPOM ABIACTCH
TCHL, KOTOPYI0 JaeT HeJOMbDION TOUEYASRI HCTOWUHNK
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cBeTa OT HempoapauHoro mpexmera. YroGsl IocTPOMTL
dopMy TeHM, MBI AO/UKHBI IPOCAeJHMTh KAMABIA JIYT
CBE€TAa M MOCMOTPETHh, He MENIAeT JM eMy HempospadHoe
Teao jpocTHub 3kpana. Hpail remu ofpasyerca resm# Iy-
YaMH CBET4d, KOTOpHIe, TPOXOAA MHMO, €UI¢ KacalwTca
kpas npegmera. Va3 ompita M3BecTHo, YTO Kpal TEHU Jake

HPH TOYeUHOM HCTOYHHKe CBETAa U

COBEpIEHHO pe3kol  TIpaHHIe
OpejgMeTa, XAMIEero TeHb, B JAeH-
\ CTBUTEJLHOCTH He OyJeT pe3KuM.

Ilpauusra 3TOrOo coBepuienHo Ta
ke, 9TO0 M B ITpeXHEM ciaydae.
®porT BonHB, Tax CcKazaTb, pas-

pesaerca npexmeroM (cm. puc. 7),
9To INPUBOJUT K 00pPa3oBAHMIO

Hepe3KOro Kpas TEeHH, KOTOPLIM
Ot OBl HeMOHATEH, €Cju Obl OT-
AelbHble Tydu CBeTa ABIAIUCH Ca-
Pac. T MOCTOATEIHLHBIMM M pacmpocrpa-
HAJNCH He3aBHCHUMO APYI oT ApyTa,

dro mmaenue, koTopoe Tamke o0ozHauaerca mud-
dpaxuued, y 60oapmIAxX Ted BooGie He CIMIIKOM SAPKO
suipaxeno. Ho ecau reno, xawimee TeHb, uMeer Hegna-
guTeNbHBIE PasMepsl, XO0TA Obl B 0jHOM HampaBieHHH,
10 audppaxuus GyAer NPOABIATHCA TOTAA MPEHKIE
BCEro B TOM, 4To BooOuie He OyZeT HMETh MeCTO COO-
CTBEHHO TEHM, BO-BTODPHIX e, U 3HAUHTeIpHO ApUE,
B TOM, YTO 3TOT HeGOJBIION IIpeXMeT CaM OKa)KeTcHd
CBETHIIMMCA M HCIYyCKAIOIIMM cBeT IO BCCM Hampasie-
HpAaM (BIpoueM, NpPeUMYIIECTBEHHO TOX MAaJLIMK yIia-
Mu k magatomgemy cBery). Komeuno, xamapni us Bac Ha-
01103an TaK HA3HIBAEMYIO0 «COAHEUHYIO IbLIb» HA HyTH
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iyya cBera, NpOHMKAOUIer0o B TeMHYyI0 kxomHary. He-
SoapliMe cTeGAM TPABHI U NMAayTHMHHBIE HUTH Ha BepUIHHE
X0;IMa, 338 KOTOPbLIM IIpAYeTCH €OoJHIe, MJIHM BOJTOCH 4e-
JI0BeKa, CTOAMIel'0 NPOTHB COJHEA, CBETATEd 9acTo 3a-
MedaTelbHO KpacMBo B Xu()parupoBaHHOM CBETe, Ta
4eM IIOKOWTCA TAKKe BO3MOMKHOCTL BMIETh JbIM M TY-
vman. Neno uger eoGcTE€HHO He 0 cavMoM Teje, HO O He-
OoiplEoH 00]acTH B €ro HENOCPeXCTBEHHOH OGIM3OCTH,
B KOTOPOH Tej0 BBHI3HIBAET IHAUMTEJAbHOE BOIMYUIEHHE
majaoInero BojHOBoro ¢porra. Hurepecno u BaxHO
31a ganbHeHIETo OTMETHTh, YTO 00JACTh BO3MYHIEHHA
BCErJa B KaKIOM HAIIPABJEHUM MMeeT pasMepsbl OIHON
MM HeMHOTMX AJAMH BOJH, Kak Obl mm OBl Maia BO3-
Mymawomui npeaver. Taxum o0pasom, 34ech MBI OUATH
BCTpeYaeM TECHYI CBA3b ABienui gudpakguu ¢ 1i1d-
Hoi BonusL Ilocneanee Gyaer nomanyit HauGosnee ACHBIM
0o6pazoM WLIIOCTPUPOBAHO TIyTeM CPaBHEHHA € XPyruv
BOTHOBBIM TIPOLECCOM, HMEHHO 3BYyKOM. Diaroaapa
3HAYATENbHO (OoibIICH Jj1uHE BOJNHBI, U3MEPAEMONl 3%eCh
CAHTUMETPAMH M MeTpaMu, o0pa3oBaHHe TeHu B CHy4ae
3ByKa OTCTyIIaeT Ha 3aiHUM IaH, a xud@paxgus arpaer
GO0ABIIYI0 U TaKKe NPAKTHYCCKH BAJKHYIO POJb; AEHCT3H-
TeIbHO, MBI MOMEM XOPOIIO CJIBIIIATL del0BeKa, CTofi-
1Ier0 34 BHICOKOM CTEHOM, MJIM 3a YrioM GoJbuI0oro J0Ma.
dame eCHM Mbr er0 He MOXeM BHIAETD.

Bosspatumca omATs 0T ONTHXM K MEXaHHUKe M IOCTA
paemcs TO.THOCTHIO UCII0Ab30BATh AHATOIMIO MeKAy HUMH,
Crapoll mMexaHWKe B ONTHKe COOTBETCTBYET MBICHASU
HOE ONepUPOBAHME C H30IMPOBAHHBIMM, He3aBHCHMbLMA
APYT OT Apyra CBeTOBRIMM Jydamu. HoBoii BoaHOBOR
VieXaHHMKE COOTBETCTBYET BOAHOBAA TeOPUA cBera. lie-
pexoja OT CTaporo ¥ HOBOMY TIpeXCTaBIEHHIO0, MBI Bbl-
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ATpbiBaeM B BO3MOMRHOCTH Y4YHTHIBATH ABIeHME JU-
dparnuy, Wim, Iydllle €Ka3ars, HeYTO BeChMa aHaJAOTHI-
Hoe ABIcHMIO IMd@PAKULHE cBeTa; 9TH ABJICHAA B ve
XaHuKe, KaK M B OITHKe, FOBOP# B0OOOIe, He J0MHBI
urparb 0co5oil poin; B HIPOTHBHOM CJydae crapoe npen-
CTaBJICHHE MEXaHKKHM He MOTI0 OBl CTOAB J0JAT0oe BpeMs
Hac yaosierBopare. Ho me TpyaHo xoramarbes, 4T
B H3BECTULIX Ciydagx sasicHue Juddparguu, Koropel
npereGpcraiocs, J0.TAHO GbITh BechbMa 3aMeTHBIM, I[e14-
KOM YHPABAAIOIIMM MeXaHHYeCKHM TIpoleecoM U Tpex-
CTABTAIONIUM JJIA CTAPOU TeOpHu HepPazpemuMyio TPYA-
HOCTB; 3TO 0yJeT WMEThb MECTO TOTZAa, Korza BCA Me-
XaHHMUYeckKkasd CHcTemMa MO CBOHUM pasMe-
paM cpapHUMAa ¢ AJTMHOH BOJIHBI «MAaTe-
PUAABHBIX BOH», HUrPAIMUX XA MeXaHUIECKHEX
IIPOIIECCOB Ty e POdb, KAK CBCTOBLIC BOJHEI JJAA MPO-
WEeCCOB OUTHYECEMX.

Auddpakgua aABIAETCA TNPUYHHOH TOro, MOYEMY
B 3THUX KpPOWIEYHHIX CHCTEMAaX aTOMOB C€TAapoc mpeacra-
BreHHe  OKasajoChb  HEOPUTOXHBIM; OHO  OCTAaeTca
NPAMEHAMLIM ¢ 00ABWION TOYHOCTBIO K IPYOBIM MeXaHM-
JyeCKHM IpolieccaM, Ho YKe He K TOHKOH urpe B ofia-
CTAX HOpPAAX4 OJHOM MK HEMHOTHX I/JMH BoiH. Upes-
BHIYAHHOM HeOKHMJaHHOCTHbI0 OBULO OTKPBITHMC, UTO 3XECh
IPM HOBOM BOIHOBOM HpEJNCTaBIeHHAH caviu coGoH mCue-
84I0T BCC Te CTpaHHBIe J06aBouHBle TpeCOBaHMA, KOTO-
pHie GBI HACHABHO BTHCHYTHI B CTAPYI10 TEOPHIO, YT00BI
npUCNocoOuTh MOCAEAHION K ONMCAHHIO aToMa U CyMeTh
Kak-HuOyab IIOHATh €r0 PeanbHO¢ IOBeXeHHE.

Mot BUAUM, CYIIECTBEHHBIM HYHKTOM HBIAETCH TO
06CTOATENBCTBO, ITO pazMepbl aToMa M JJIUHHM BO.IH
TUIIOTETHYECKMX BOAH MATEPHH ABJIAIOTCA BETHUMHAVIU
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fIPUMEPHO OLHOIO Mopagka. BsI KOHewHO CIpOeHTE.
ABAACTCA AM YHCTOM CJAy4alHOCTBI, 4YTO TpH HameM
HCCNEeTOBAHMA CTPOEHUA MaTepPUH MBI Kak pas B 3TOM
MecTe CTaIKHBaeMCA ¢ BeAHYMHON MOPANKA NJIMHBI BOJ-
Hel. Bol cnpocure sarem, oTkyza BooGme H3BeCTHO U6
2TMX JNMHAX BOJH VaTepud, IPeXCTaBIAIIHX COBED-
INeHHO HOBGIH MHCTPYMEHT TeOPUH, HUKOTAA W HMTAE
npemxie He HaOmogapmuncad. Mosker ObiTb MBI TIPOETO
HOMKHBE CIEeIaTh 3T0 N pPegnoJoXKeHHMe?
Koneuno, @10 coBnagenue pasvepoB oOTHIOAL He
ABJIAETCA NPOCTLIM CIydaeM, U HaM He HYXHO /e aTh
IIMKAKOro HOBoro mpejmoioxenns. Pasmeps: aaun Boan
MOJYyYaloTcd CaMHu CO0OH M3 TeopuM, U BeJHUYMHA MX
IPUBOAMT K CleIylolmeMy 3aMedaTeibHOMY (paxty.
Omnsitel Pezepdopaa u Yagpuxa Hag paccesnueM ajibea-
Jydeil, MOKHO CcKazarhb, AOKAagaid, 4T0 TMKeN0e AJpPO
aTrova 3Ha4YUTEILHO MEHBIIIE CAMOro aroMa M MOMKET I10-
STOMY paccMaTpHBAThCA B AaibHelimeM kak ToueuHblii
penTp OpPHTAREHUA. DBMecTo p1€KTPOHOB MH BBO-
IMM THIOTETHYECKHE BOMHBI, OCTaBIAd UX MJINHY BOJI
IOKa 4TO COBepPIHeHHO HeolpegeleHHOH, uGo MBI 0 Hed
HHYero He 3HdeM. Torga B HalmMX BHIYACAEHUAX Oyner
€TOATh HeKoTOpag Gykpa, HampuMep d, oGosmHavaiommas
Kakoe-To cmle HeuzBecTHoe uucao. K aTomy Mbr yike mpu-
BHIKJIH, © HUYTO He MENlaeT HAM BBLIYMCJIHTH, UTO ATOM-
HOe AXPO J0/KHO BHI3BATh AW(PPaKUUI0 9THX BOJH,
aHATOIrMYHO HWeGOJBIIONH TBLIMHKE B ejaydae cBera. 1 ak-
3Xe, KAK TaM, MBIl MOJIY4MM, YTG pasMepsl 061acTH BO3-
MY[HEHHH, OKPYMAIomed #XPo, TeCHO CBIZAHHI € BEJH-
YHHOH JUJMHBE BOJHH U OGyAYyT OXHOro HOPAXKA ¢ TiO-
caenneir. Temeps ™Mbl momxHBI npolxenaTs pelraromIHi
miar: Mol OTOKJXCCTBIAAEM 00JIacTh BO3MY-
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MeHUA UAU apeny xudpPpakguu ¢ aro-
MOM; MHB yYyTBepxMIacM, 4YTO aroM B Jei-
CTBUTEeABHOCTH ABIRXETCy HHU YeM HMHBM,
KAaK XAPPPAaKUUOHHLM ABJIEHHCM ?Je€K-
TPOHHKX BOJIH, Tak CKas3aTh, HoHMAaH-
HBX AaTOMHBM AXpom Tor ¢gakr, uro Beruwanaa
aroma y AJTUHA BoaHBI GyAyT OJHOTO NOPAAKA, HE ABJIAET-
eda yace Goubllle cryuanHOCTHIO, HO IPEXCTABIAETCA OUC-
suanbiM. Oznako MBI He 3HaeM eIne SHAUCHUH HU TOH, HE
ApPYFOH BeIMYMHLI, TaK KaK B HallUX pacyeTax Bee emIe
CTOMT OJHA HeompexeneHHas IOECTOAHHAA, KOTGPYI0 ML
Ha3BAJIK Hepe3 «¢. Y Hac UMEIOTCA ABe BO3MOKHOCTH,
B3aUMHO KOHTPOJAMpYWOUIUe JAPYyI Xpyra, Aad oupexexe-
HHA 9ToM HeU3BecTHOU. Bo-mepBBIX, MBI MOKeM BHIOpPATL
ee Tak, YTOoGHl BHEIIHMC NPOABICHHA ATOMA M IpekKIe
BECTO MONyCKAaeMble MM CHeKTpajdbHBIC JMHUM, KaK M3-
BeCTHO, M3MEpEHHbLIE BeChbMa TOYHO, MOJAYHajiHCh OBl B
KUJHYeeTBEHHOM €OTJIACHU ¢ OnsrroM. Bo-Bropmix, Mox-
HO BoIOparb HEWU3BECTHYI0 BeJIWUMHY TAK, WTO0H apeHa
Juddpakguu oxazarach ecoBHajalomeid C paamepamu
aroma. O6a 3Tu onpeaesenun (U3 XOTOPHLIX Bropoe BIPO-
uyem GyAer ropasio MeHee TOYHBIM B BUIy HEACHOCTH HO-
HATUHA «BEAAYMHA aTOMa») BH OJIHE COTlacymwTCH
AIpyr e apyrom Mur MoikeMm, HakoHEL, B3aMerHTh,
4YTo HeolpejeleHHas IOCTOAHHAA (pu3udecKn HMeeT Ha
caMOM Jiesie PA3MEpPHOCTb He AJIMHBI, HO BEXUYMHBLI Xei-
CTBHA, T. €. PHEPIMM, YMHOKEHHOH HA BpeMa. B rakom
Ciydae ABANETCS BECbMA €CTECTBEHHBIM TOXCTABUTL X/
Hee 3HaueHNe yHMBEPCATbHOW IOCTOIHHOM KBaHTa JAei-
creua Ilnanka, xopollo MsBecTHOE U3 3aKOHOB TEILIOBO-
ro uaaygenus. (QKasbiBaeres, YTO NPH BCEH BO3MOMKHOM
B HACTOSILEE BPEeMA TOYHOCTH MEI BO3BpAIideMcA K I € P~



BoMy (HaumbGonee TOYHOMY) omnpexseine-
H H I0.

Taxum o6pasom, Teopun 08X0XUTCA ¢ MHUHMMYMOM HO-
BLIX Npeanosioxenui. B Hell CoZepKUTCA €HMHCTBEHHAA
NIPpOH3BOAbHAA MOCTOAHHAA, KOTOPOH MBI JOKHBI MpH-
JaTh YHCAeHHOe 3Ha4YeHwme, XOPOILO H3BECTHOe U3 €Ta-
poif KBaHTOBOM TeOPHUM; TaKWM IIyTeM MBI ToJydaeM, BO-
MepBBIX, HPAaBAIBHYI0 BeawunHy nudpparyuoHnon 1io-
1maxKu, KOTOPYI0 MBI MOXeM pasyMHBIV o8pazov oTo-
KACCTBUTh € aTOMOM, H MOMKEM, BO-BTODHIX, KOJIHYe-

i

Puc 8.

CTBEHHO TPAaBUJIbHO BBIYACIHTH BCC NPOABIEHHMA aTOMa,
HCTYIHeHHBIH MM CBeT, paGory HOHM3agud H T. X.

Al monsrranca 3xech pasBuTh Hepej BaMH OeHOBHYIO
[Iel0 BOAHOBON TEOPUM MATEPHH B BO3MOKHO Ooiee
npocroit popme. Pagpemure Mue cosHarbea Temgepb, 4ro,
CTedyA CTPEM/ICHMIO BO3MOKHOM HMPOCTOTH, A HECKOIBbKO
NpUyKpacuI MOJXOMXeHWe Bemed. IJTO He OTHOCHTCSH
K TOXHOTE, ¢ KOTOPOH ObLIM NOATBePKAEHBI PKCIIePHUMeH-
TOM BCe, JOCTATOUMO OCTOPOKHO CJICJHaHHBIE, BEIBOXLI
TeopHH; HO peuYpr HIAET 0 NPMHIAOHAIBHOH JETKOCTH H
npocrore, ¢ KOTOpPOH Bee 3TH CiIeleTBHA GBUIM MOXY-
yensl. I He mMewo 3Xech B BHIAY TPYJIHOCTA MATEMATH-
Yye¢CKHe, Bcerja B KOHIE KOHIIOB TpPMBHAIBHBIE, HO
IMeHHO TPYAHOCTH OCHOBHHIX npuHpunos. KonewHo, aer-
KO 3a#BMTb, UTO ™Mbl HOGKHH HepedTH oT NpeicTa-
BAEHAA TPACKTOPHH K CACTeMc BOTHOBHIX ITOBEPXHOCTEH,
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nepneuaukyaapaerx k¥ Hed. Ho aTm BoaHoBsie mosepx-
HOCTH, Ja)e eCAU Mbl OyAeM paccMarpHBarb UX He(OIb-
moi vuacrok (cm. puc. 8), oxBareiBaioT Bce 3Ke HEKO-
TOPBIM Y3KHH HYYO0K BO3MOKHBIX TPAaEeKTOPUH ¥ Haxo-
AATCA CO BCEeMM HHMH B OAMHaKoBOM coorTHomeHuu. Co-
IJIACHO CTAPOMY IPEXCTABICHUIO OJHA U3 BTUX TPAEKTO-
PR BEIXendAeTCA B Ka;KA0M KOHKPETHOM cilydae Kak «Xei-
CTBUTE/IBHAA» U3 BCEX OCTAJIbHBLIX HPOCTO BOZMOMKHBIX».
B HoBo# Teopun zeto obcrour wraue. Mpl cTazkuBaemca
Baech CO BCell ITy0OMHOW J10THYCCKOH NPOTHBOIONLOKMO-
CTH MERAY C1y4aeM: «HIH —- HiAd» (MEeXaHHKA TOUKH)
k' Clyd4aeM «d— u» (BOJHOBAA MEXaHUKA).

Jeno He obcromao Gbf Tak IIOXO, €€IHM OB MBI
JOMKHEI OBLIM BOBCE OCTaBUTH CTAPYI0 TEOPHIO U 3d-
meAnrs ee nosoi. K comxanenuro, pgun uaer He 06 3ToM.
C TourM 3peHus BoIHOBOH MeXaHHKH (ecKOHEHHOE MHO-
KECTBO BO3MOKHbHIX TPAEKTOPHUI TOYKM ABIAETCA UeM-TO
(OVKTUBHBIM, HY OZHA M3 HUX He MMeeT IPeUMYIIecTBa
OBiITE PeajbHO OCYIUCCTBIEHHOH B KAaKOM-THGO KOHKpET-
HOM ¢lydae, 110, KaRk # YyKe YIIOMHHAX Bbillle, MBI BO
MHOTHX OHbBITAX ACHCTBUTCABHO Hal:ilojaeM IyTH OTXelNb-
HBIX uacTuy. BoamoBoe TmpeACTABIEHAHE MOMKET 3TO
O0BACHUTE TONBKO ¢ GOabLIMM TPYXOM, WIHM Boodiue ne
B COCTOAHMM JaTh Ha 3TO orBet. HaM XbABOILCEU TPYAHO
O00BABATL 3TU cJicIB TPAeKTOPHH, KOTOPHIE MBI B U { U M,
TOJABKO Y3KUMH IIyYKAMM, PABHONPABHBIX BO3MOKHBIX 1IV-
Tell, KOTOPBIC CBA3AHBLL APYr C APYroM BO;IHOBLIMEH FO-
BepxHoctamu. Oxmako »TH ¢BA3M HEoGX0IUMB, YTOGLI
NMOHATh ABReHMe xauddpakuvu 4 dHHTepdEepeHuud, &o-
TOpbIe MOKHO HAIMANHO TPOXEMOHCTPUPOBATH HA TOU
SKe JACTAe € TAKOW K€ OTYETINBOCTBIO, a4 HE TOAbLKD
3aKJIIOYUTh O HEX HA OCHOBAaHHUM TEOPETHUYECKMX aped-
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cTapireHuit o0 aroMe, o 4eMm Oblia pedsr Bhire. Xota
Aej10 u OBCTOMT Takuy 00pasoM, YTO MBI B KasRIOM
KOHKPETHOM 4aCTHOM C¢ilydae MO:KeM OTBETUTb Hd Bo-
npoc, He BIajaa B IPOTHBOpEUHE € Kaxoﬁ-:omﬁo M3 XBYX
TOYeKk 3peHMdA, HO MBl He Moem 0oJee oOllepUpoBarh
€ TAKMMM TPUATHBIME M Kak-6yATO 1neo6XoXmMbivi no-
HATHAMM, KaK ¢JelCTBUTENbHBH», HAN <TOIBKO BO3MOK-
HBIA»; HAKOIXA HEJb3g CKa3aTh, UTO B JEHCTBUTEIbHO-
CTH HMEeeT MeCTO, WIM B AeHCTBUTEeXBbHOCTH I P O-
dcX0JZMUT, HO JUNIb yKasaTh, UT0 Oyxer Haf i1io-
4 aThca BIAHHOM J4CTHOM ciayyae. [l o1kHbI 14 MBI Ha-
BCEr1a YXOBIeTBOPUThCA T0A00HEIM MooKeHey Bemeli?
HMpuaganuaisso, xoreuno, 1a. Ipuguunuanrsuo 1pedo-
BaHMe¢, 9To TOYHAg HAYKA B KOHIIe KOHOOB JOJKHA erpe-
MHTBCA K OINMCAHHUIO JeHCTBHTEIBHO HAaG/II0XaeMOTo.
BUBCe He TBIAETCH HOBBIM. BompocoM Apigercs JHUIB TO,
AoamHBL AM MBI GyleM OTHbIHe OTKa3aTbCdA CBA3LIBATH
aTO ouMcaHue ¢ KakoH-1uGo ACHOA THMOTE30H O TOM.

"KaK B JEMCTBUTCABHOCTH YycrpoeH mup. Muorume xorAT

ViK€ CErOoJHA 34ABUTH 06 aToM orkase. Ho MHe Kamerted.
YTO TEM CaMbIM Mbl HECKOJIBRO YKJIOHAEMCT OT TPYA-
JHoCTeM.

f1 oxapaxrcpusosax 0wl coBpeMerrHoe COCTOSHME Ha-
mux 3HaHui caexyromum ofpasom. Jlyu mam rpaekro-
plif YaCTUIKL OTBEYaeT N PO AOJABHOM CBA3A HPO-
mecca paenpoerpamenus (T. e. B HampaBieHHH Pacmpo-
CTpaHeHMs), BOJHOBAA e HOBEPXHOCTb COOTBETCTBYET
momepedHOH CBA3M, T. €. [ePNEHANKYIAPHO
k Hanpamiaeummo. (0a cmoco0a cBasu Ge3s COMHeHHUS
ABIAIOTCA peanbHBIMM: OJHMNI JOoKasbIBaeTcsis (pororpa-
¢uamu  Buabcona, apyroi — mETepdepeHUNOHRHBME
onsrramu. OXBaTHTL MX eAWHON KADTHHONM HaM JI0 CHX
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TOp elle HE YyAATOCH. 1 0JBKO B KPAHHAX Cayuasx mepe-
BEIMBaeT mMONEpEeYHaR, €AONCTaA, WIH 3Ke, HaoGopor, ay-
YeBasg HPOXOJAbHAA CBASH HAETOJBKO, YTO MBI HaJeeMcA

ofofiTcs HpEH HOMOIIH OJHOK BOJHOBOH HIH OJIHOW
KOPIyCRYJIAPDHOH KapTHHEI.
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TOpbl OBHAPYHXKNIM, YTO MATEPHUR COCTOUT H3 MAICHb-
HUX YaCTHL PA3NUYHOTO COPTA, NPUYCY UACTHIB Ka-
Xoro eopTa B TouHocTH moiobum apyr ipyry. Hexoro-
pble M3 PTHX uacTUU HaBefuoe ABAMOTCA CIOKHBIMLL
T. €. COCTOAT M3 APYPUX uacTHL §ojiee NPOCTOH IPUPOIBL.
Onnako, €yUIECTBYIOT JPYTue 4acTUUbI, CIOKHOCTL KOTO-
pHIX He Gbi1a MOKA3aHA 10 CUX NOpP H, KAK MBI HaleeMcH,
HHKOrZa He OyJZeT J0Kazaua, TAK UTO MBI CUHTaEM HX
3/€MEHTAPHBIMM B OCHOBHBIMH.

Ha ocnoBannu o8mux duaocodcrnx coobpameHni
X0Tea0Ch Obf, KAk KaMETCA HA NepPBLIA B3MIAJ, HVETb
BO3MOKHO MEHBUIGE UHCIO0 AXEMEHTAPHLIX 9acTHU.
JAyuure BCero ojHH COPT, HAH, B KpallHeM cayduae, 1Ba,

9 Hobenescrite ,10Raa (N 65



Tak, 4ToSBl BCA wvaTepHa Obild NOCTpPoeHA H3 HHX.
Oanako, pesyabrarbl BKCIIEPHMEHTA IMOKA3BUBAIOT, TO
OCHOBHBLIX 4acTAY JO0MKHO ObiTh Joasme. B camom
aese, YHCJA0 3JeMEHTAPHBIX YACTHII CTPEMHJIOCh JOBOMb-
HO KAaTacTpo(pUYCCKKE YBEIMYHBATLCHA B TeUEHUE MOCHEH-
HUX JeT.

Iloskaiyit Takoe rmo.oskeHue BeuwIeH He  CTOJb
CKBEpPHO, TaK Kak 60.ee §IH3KOe pPacCMOTpPCHHe IIOKa-
ABIBAET, YTD HEIb3A IIPOBECTH CTPOIOTrO PA3IHUAA MEMAY
2J1EMCHTAPHBIVE M CloMHMMA uvacTugavn. J1a uHrep-
HPCTALUE HEKOTOPBIX HOBEWIUAX IKCHEPUMEHTOB HEOH-
XOAUMO HPEINOII0MKUTb, YTO YACTHUBI MOLYT CO3T1aBaATh-
ca wu yHuuromareca. lloatomy, ecaum v Haba0IaIH
KaKkylo-IuG0 4vacTuily, BbLIETCRIIYIO U3 JApyroil. Mbl He
VIOKEEM ¢ }BCPCHHOCTBI0 YyTBEP:KIaTh, UTO IOCACIHAH
ABJAACTCA COMHOM, TA4K KAK NepPBAH Y4ACTAIIA VOrJIa OKa-
3aTheA CO31aHHOM BHOBb. PasiHyHe MCKIy 31CMeH-
TAPIBIMH ¥ COMHBIMH YACTHUAMU CTAHOBHTCA HOPTOMY
yexoBubim. Oanoro atoro coofpamenss 10CTaTOMHO,
4ro6bl | IPHHYIUTH HAC OCTABUTL TNPHBIEKATEABHYIO
¢ ¢puirocodCkoil TOYKH 3PEHHA MBICAb, UYTO BCA Marte-
p4n 10CTPoeHa M3 OAHOTO, WM MOMeET ObITh IBYX cOp-
TOB KUPNUYMKOB.

I xoren 6ur ocramosuTbCA 31ech Ha obCyieHHM
fo1e¢ MNpoCTOro copra YacTMy H HOCVOTPeTh, 4YTO
MOMHO CKa34Th O HMX HA OCHOBAHUH YHCTO Teoperwde-
ckux apryvenros. HauGosee npocrmvu suzamm wacrun
ABIAIOTCH:

1. @orouwt, uau ceeToBBIE KBAHTBHL H3 KOTOPMIX €O-
CTOUT CBeT.

2. D1eKTpOHH M OTKPHITHIE HEZABHO IIO3UTPOHBI
ABJIAIGILNECA HYCM-TO BpoJe 3epkajbHOro musodpance-
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HUA PASKTPOHOB H OTAHYAIINECd ot mocCAeqHUX
TOJAbKO 3HAKOM 3JEKTPHYECKOro sapaja.

3. Tame1nie yacTHEB — NPOTOHB! ¥ HEUTPOHSL.

51 8yay paccuarpuBath sjech HOUYTH HCKAIOUHTEIbHO
PJAEKTPOHK ¥ NO3UTPOHLI HE TOTOMY, YTo oHH Hauboiee
MHTEPeCHEI, Ho WOTOMY, 4To TeopUA I1A HEX Opuia paz-
oura Hamboxee moano. B camom xexe, Bpaj Ju MOKHO
cAenaTh KaKoe-TuGo TeopeTHUeCKOe 3aKTI0UeHHe O CBOM-
cTBax ocraibubix ugactuy. C opHolt cTopomst, (poToHBI
CTonb HOPOCTHL, YTO JerKko YKIaAbBAIOTCA B a100yi0
TEOPETHYECKYIO CXEMy, TAK YTo TEOPUA He HAKIAALIBACT
KaKMX-Iu060 orpaHuveHuit Ha ux cBolcTBa. Ilporonn
e U HeHTPoHBl, C JIpPyroll CTOPOHBI, NpeACTABAAIOTCH
CANIIKOM CHOMHBIMH, H 10 CHUX HOp He GBLLIO OTKPHITO
KaKOE-IN00 HAaJAeKHOE OCHOBAHHE JjIH IOCTPUEHMA MHX
TEOpHH.

Bonpoc, xotopore Ml AoamHBL KOCHYTBCH mpemie
BCero, 3AaKJAI0UYAETCA ® TOM, KakuM obpazom proobie
TEOPHUR MOM¥eT HATE Kakue-Tubo CcBejJeHHA O CROMCTBAX
aneMeHnTapHpix uactug. B macroapiee Bpemsa cymectByer
ofian CcUCTEMa KBAHTOBOH MEXAHHKH, KOTOPYIO MOKHO
NPUMEHUTH AjA ONHUCAHUA ABM:KeHHd a1106oro copra ga-
CTHY, KaKoBbl OBl HH OBLIM CBOMCTBA IIOCAedHHUX.
Oaunaxo, sra ofLgad CHCTEMA KBAHTOBOH MEXAHMKH He
NPUTOAHA AJIA CAYy4as CKOPOCTEH, CPABHUMBIX CO CKOpO-
CTBI0 CBeT4, KOorXa HAYMHAIOT HTPark pojb IPdexTn
TEOpPMH OTHOCHMTEIhHOCTH. B macrosmee BpeMa He cCy-
WeCTBYeT peJATUBUCTCKOW KBAHTOBoA MexaHukum (T. e.
npurojroi B Ciayuae GonblUuUX CKopocTeil), KoTopas
Moraa OBl TPHUMEHATBCA K YACTHLAM C NPOH3BOAbHBIMH
csoucreavua. [loaromy, moaBepras KBAHTOBYI0 MeXdHHKY
pPeJATUBHETCKOMY 0008MeNHI0, Mbl HAKAABIBACM TEM

.
~
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€AMLIM OrDAHMYEHHF HA CBOWCTBA YaCTHL. 1akuM my-
TeM MLI MoXeM BBIBECTH PAJ 3AKJIIOUEHHMI 0 WACTHIAX
H3 YHCTO TEOPEeTHYeCKHX Coobpaxkennil, oCHOBAHHKIX HA
obmux (pUaAUYECKUX NPHUHOUTIAX.

ITor MeTOJ oOKazaACA YJAUHLIM B CAy4Yde DIEKTpPo-
nos m noasmrponos. Cieayer majesthecs, uro B Oyay-
LIeM AHAJOTUYHAA TeopHs OyJeT NOCTpOeHa M AIH ApY-
rux yactng. S xowy onmcars 3jech ofuIue YepTHL Teo-
pHH 2IEKTPOHOB M IO3HTPOHOR, IIOKAZAR, KAKAM NYTEM
MOKHO BBLIBECTH <BOMCTBA climHa («BpALLEHUA») BpJEK-
TPOHA H 3AKTIOYHTE 0 CyUIeCTBOBAHMUM IO3HUTPOHOB
¢ HoAoOHBIMU e CBOMCTBAMH COMHA, CHOCOGHKX NpHUTOM
YHHYTOKATHCA IPH CTOTKHOBEHWH € JEKTPOHAMHM.

M mveem mpeskie mrcero ypaBHeRWe, CBASHIBAIOLUEE
KHHETHYEeCKYI0 9Hepruio 1V M KOJMYeCTBO ABIKEHAH
P, (r==1, 2, 3) uwacTuusl B peAATHBUCTCKOH KIACCH-
YeCKOW MeXaHHuKe

— —p,2—m2?=0. (1)

Orciopa ®Bo3MokHO NONAY4UTH BoNHOBOe YypaBHeHie
KBAHTOBON MeXAaHWKH, MojpasyMeBaa moag W um P oie-
r
) 0 L h 0
Sz o " 2..0
ypaBHenusa Ha BoaHoByio dyurgmo ¢. Temepr mmx mo-
IeM HAOHCATL BOJHOBOE yPAaBHCHHE:

paropslt ¢ s H ACHCTByﬂ JIEBOHM YACTBIO

e

Benomuns remeps obimce TpeGoBanue KBAHTOBoOIl Mexa-
HHKH, 4T06bl BCAKOe BO.THOBOE ypaBHeHHE ObLlo JWHEH-
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HBIM OTHOCHUTEJBHO Oneparopa W wan -aT y Mbl BUAUM,

4To Haule ypaBHenue emy uc yposaersopser. Mu xoa-
WHEl 3aMEHMTh eT0 KAKMM-TO ypABHEHHEM, JUHEHILIM
g W, a, 4To6b1 ypaBHcHHe ObUl0 PEIATHBHCTCKH HHBA-
PHAHTHEIM, OHO JOJKHO OBITH TAaKXKe JIMHEHHBIM OTio-
cureabHo .. Taxum o8pazom, Mbi HPHXOAMM K pac-
CMOTPEHHIO YPABHEHHA BHAA

[-‘-:— —a.p.— a(,mc]"f = (. 3)

I10 ypaBHCHME 3akniogacT B cefe UeThIpe HOBBIX IC-
peMEHHBIX &, N 0O KOTOphie ABJIAIOTCA OIEPATOPAMH,
AeitcTyromnvu Ha ¢ynxpuro ¢, Mbet npejmonoxum,
4T0 OHH YJOBJICTBOPHIOT CJACAYHOLIUM YCIOBHAM:

a2=1; aa +a2 =0
xag vy =0, 1,23

a Takme, uTo ¢ KoMMyTUpyioT co Bcemu p u W. Jtm
cBoiicTBa @ Je1al0T ypasHenue (3) do HexoTopo# cTe-
IeHH HKBUBATEHTHHM ypasHeHuro (2), Tak KaK, yMHo-
xup (3) creBa ma

H I
o T %P T %MmE,

Mbl noayuuM Touuo ypasHenue (2). Homme nepemen-
HEle @, KOTOPhle, Mbl ToJUKHB BBECTH, YTOBHI IOIYYMThL
PCAATHBHCTCKo® BOJHOBoe yDaBHeHHe, jsuHednoe B W,
AT couH aeKTPoHa. U3 ofmux npuHnunoB KBaHTOBOM
MeXaHHKH JeTKO BHEECTH, UTO NepeMeHHKe ¢ TPHBOAAT
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K BHa‘lCHHK) CIIMHOBOTO MOMCHTH KOJHYCCTBA JTBHMEHHNA,
paBHOTO TIO/ioBHHe KBAaHTa AedcTBuA, AeICHHOTo Ha 2T,
M K SHAYEHHI0 MATHATHOTO MOMEHTAa, PABHOTO MAarHeTOHY
Bopa u HanpasjeHHoMY HpPOTHB MOMEHTA KOAMYECTRA
JBHMKEHUA. Qm peay:lb‘l‘a’rm' HaxoJgATCa B INOJIHOM CO-
rracun ¢ akcmepuvmentov. Ha camom Aene oHm u Gnianm
BUEPBEIC MONy4eHb! M3 eNeKTpockonmyeckux uabmoxe-
Auil | M0 TBepEACHEI BIIOCACACTBUM TEOPHCH.

Beomuunpt @ NpHBOXAT TaKmke K HEKOTODLIM COBEp-
IMCHNO HEOXHUIAHHMIM ABICHWAM, CBA3AHHBIM € JBIDKe-
HHUeM PACKTPoHAa. JToT Bompoc GrUT MoxpoBHo mccaemo-
san IHpeaunrepov. Oxasersaercsa, uTo 31eXTPOH, Xo-
TOpHil TpeICTABIAETCA HaM MelJCHHO ABIKYIINMCH,
B NefiCTBHTCIBHOCTH AoJiKeH NpolenbiBark KoneBaTesb-
Hoe IBWKEHHe ouyeHb GoJibnrod YacToTHI M Majioif aMian-
TYXBI, KOTOpPOe HAKTaXLBaeTCi Ha HaGmiogaemoe HavH
paBHOMEcpHOC ABMeHme. B pesyanrare aroro KonxeBa-
TeILHOTO ABMIKEHHA, ,CKOPOCTh 3JeKTPOHA BCerga pas-
H7ETCA CKOPOCTH CcBeTa. ITo CICICTBHe TEODMH He Mo-
#er GBITH HEMOCPCACTBEHHO TIPOBEPEHO IKCTEPHMEHTOM,
TaK KaK YACTOTAa Ko0geBaTenpbHOTO ABMIKEHHA CTONb BHL-
€oKa, @ AMIUIATYJAa CTOJh HE3HAUATEeNbHA. Ho Mnt Ton-
MHET JOBEPATL 3TOMY CIEACTBUIO TEOPHH, TAK KaR XPY-
rde BHIBOALI M3 HEe, HEPAZPLIBHO ‘CBA3ANHEC C TOXBKO
YTO YKA3AHHEIM TIAPAaNOKCATHHBIM CAEXCTBHEM, Kak HA-
OpEMep 3aKOH PacCeSHUA cBeTa pJ1EKTPOHOM, NMOLTBEp-
MIAIOTCA DKCHEPUMEHTOM,

‘Hamp ypaBuenus o8magamor eule oXHUM Ba:tHRIM
croifcrBoM., Ha KoTopoc ® Xorer OB YKagate 3A€CH,
H KoTopoe TpUBEAO0 K NPeICKA3aHHI0 [10aUTPOHA.
Wa ypasseuns (1) Mm Bmauv. uro oHo AoMycKaeT XIA
knRetugeckoit sueprum W mIm noroxurenbHbLIE 3HATE-
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nua Goapmme MC°, UK OTPUUATENLHEIE SHAMCHIN, Menb.
mue — mc’. DTor PesynbTAT COXPAHHET CBoro cuay u
npu mepexofie K KBAHTOBOMY ypaHemuio (2) mim (3).
Taxum oSpasom, »Tu KBaHTOBHE YDaBHeHHH, Gyxyun
HHTepPHPeTHPOBAHEI COrTacHo ofuiell cxeMe kBaHToBo
AHHAMHUKH, JlOnchaloT, B KAYEeCTB€ BO3IMOKHLIX pe3y.an-
TaTop H3MEpeHMa KuHeTwIecKod aneprum W, wiaH kaxue-
AuBo gHaweHud, Goapbiue MC’, WIH ke SHAYEHHA, MCHD-
mue — mc’.

B meifCTBHTENBHOCTH KAHETHYECKAR PHCPIMA TACTHIH
reeraa ABAAETCA MoioxurenbHoil. Wrak, MBL Buaum, uto
HAINX yPaBHeHM  NOTMYCKAIOT AJA PNeKTPOHA ABA Buja
NBUKEHHA, M3 KOTOPHIX TONBKO OXMH COQTBETCTBYET
npusmasomy, Jlpyroii B ABWKEHMA COOTBeTCTByeT
PACKTPOHAM C BeChMa CTPAHHLIMH CBOMCTBaMM; Hampm-
Mep, Gonee OHICTPOMY NBHMKEHHIO COOTBETCTBYET MeHh-
was aHeprus; 9rofBl 34CTABUTH TAKOH JAEKTPOH ocra-
IIOBATLCA, HYKHO Hpuaarh emy snepruo. Mommo Gnino
G5l MOPTOMY TONKLITATHCA BBECTH B TEOPHMI0 B KauecrTBe
HOBOrO AONYINEHAN, 4TO TONBLKO OJUH M3 BHAOB ABHIKE-
HAA BCTpewaercA B AelicrsurensHocta. Ho sro mpmso-

T OMT K cephesHoM TPYNHOCTH, TAK KAK MBI HaxOXMM H3
TEOPHH, YTO YNEKTPOH WoN IACHCTBHEM BO3MYIIEHMA Mo-
JeT NepeiiTH W3 COCTOAHUA IBIKEHHUA C HOMOKATEAbHOM
pHepruefl B COCTOAHHME JIBINKEHMR C OTPULAaTeXbHON
puepruei. Iloaromy, name ecnm ms1 mpexmomosmum,
4YTo BCce B3NEKTPOHK B MApe HAXOXATCH BuHagame
B COCTOHHHAX TOTOMHUTENBHONH 3HEPIUM, HYepPes HEKOTIO-
poc BpeMA HacTb U3 HHX OKAKETCA B COCTOAHHAX OTPH-
garensHoii pHeprun. Takum oGpasom, momycxas cocros-
HHS OTPUUATEILHOW DHEDPIWH, TEOPHA TpPeACKA3LIBACT
Hewro, MOBHANMOMY He COOTBETCTByIOmEe YeMy-1u60 m3-
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BECTHOMY H3 BKCHCPHUMCHTA, HO YUTO MBI OJHAKO HC MO-
#eM oTOPOCHTE HPOCTO MYTCM HOBOTO HPEANONOXKEHRHA.
Wrak, mp1 gomxun HaliT™m (PU3AYECKME CMBICT oTpHUa-
TCABHBEIX COCTOSHMM.

Boace xeranbmoe paccMorpcHHe NOBEACHHA 3ICKTPO-
HOB B ®THX COCTONHHAX B 3ACKTPOMATHHTHOM IOJEC IO-
Ka3hIBAeT, YF0 OHU COOTBETCTBYIOT ABHKCHUIO PIEKTDO-
H2 ¢ TOJOMKHUTCABHBIM 3apAIOM BMECTO OOBITHOFO OTPH-
HATEeAbHOTO, T. €. TOMY, YTO SKCICPMMEHTATODHI HaRbi-
BalOT Temeph mMosurpoHoM. IlopromMy mommo 6BLI0 OB
HONBITATHCA JONYCTHTh, UTO 3JEKTPOHLI B COCTOAHMAX
OTPHLATCABLHON PHEPrHM KAK Pa3 ABIAOTCA DO3UTPI-
uamu. Ho Takoe pemcHue Bonpoca He TOMHTCA, TAK Kak
HaGr0facMbIe HA ONBITE TIO3UTPOHL! HABEPHOE HE UMEIOT
OTPMUATCABHKX 3Heprmit. Mur Moskem oXHaRO yCTaHO-
BMTh CBA3L MEJAy JJICKTPOHAMH B COCTOAHMAX OTPARA-
TeIbHOR PHEPrMM W NO3UTPOHAMH WHEIM, SHAUUTEILHO
MeHee TpAMbIM, 00pPa3oM.

Mo Bocmoapsyemca npunpumom Ilayam,- coraacmo
KOTOpOMY B KaAOM COCTOAHUHU IBHIKCHHT MOMKET HAX0-
AMTBCA TONBKO oguH pickrpoH. Jlomycram Tenmeps, urto

.

B M3BCCTHOM MaM MHDC TOYTH BCe COCTOAHHA OTPuUUA-
TEAEHOM PHCPIAH AJMA DIEKTPOMOB 3aHATH Kak pa3s oi-
HUM PJICKTPOHOM B KAKIAOM COCTOAHUN, U UTO PABHO-
MEpPHOE BalONHEHNEe BCEeX COCTOAHUK OTPHUUIATEIbHOH
PHEPTHA HBIACTCR COBEpPIICHHO HeHabmoxaeMbM aiadA
uac. Jomycrum gaiace, 4To KaKoeaHm6 o He3.aH i
TOBCOCTOQAHNE OTPALUATENbHON PHEPTHUY,
Sylydum OTKINOHEeHHEM OF PABHOMCPHO-
eTH, HabrwagaeMo W Kak pas ABaAeTcs
HO3UTPOHOM.

Hesauatoe cocromHme oTpPHUATENHHON PHEPIHH, WIE
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AbIPKA, KAK MBI GyXcM Ha3bBaTh ero AiAd KPaTrKoCTH, Oy-
Zer oliranarh TONOMKUTCIBHOM pHEprued, Tak KaK OHO
ABIACTEA MECTOM, TIAC MMECTCA HEJOCTATOK OTPULATENb-
noit puéprun. B eamom gexe, Anipka Beger ceGix cosep-
meHno nofoGHo o6bYHOM WacTnue, U, OTOXITECTBHB €€
C HO3MTPOHOM, MBI HauGo0J€ PASYMHBIM CHOCOOOM H3-
GaBnAcMCA OT TPYAHOCTH, CBA3AHHOM C HOABACHHCM
OTPHIATENBHEIX PHEPTHIl B Hawmx ypaBHenuax. C proi
TOYKM 3PEeHHMA MOZUTPOH HBIAAETCA TOYHO B3CPRATBHLIM
A300paKcHUEM 3JICKTPOHA, MMEIOLIMM TY Ke MacCy, HO
NPOTHBOIONOKHLLE 3apAj. IJTH BHBOAL Guiiu yixe B 06-
1UX Weprax NHoATBepmAeHb »KcoepuMmentaM. Ilozu-
TPOH AOJKEH 3aTeM MMeTb TaKOM K€, KAK y 3JIeKTpoHa
CIMH, HO 3TO 3aKJUYeHHe He OblIO eule mMpoBepeHo HA
onmire. Ha ocHoBannu namell TeopeTHdyeckodl KapTuibl
MBI JOJGKHBI OKMIaTh, YTO OOBINHBIA 3IE€KTPOH IOI0KH-
TEIbHOUM DHEPIHH MOMKET YMACTh B ABIPKY W 33aHOMHUTH
ee, mpuyeM oCBoGOAMBIIanCH sHEPrus GyaeT BHIEAEHA
B BHAE DICKTPpOMATHMTHOTO Waniyuenud. IJTo Gyder ¢o-
OTEETCTBORBATE NPOIUECCY, B KOTOPOM DJIEKTPOH M NU3H-
TpoH B3auMHo , yamuroxaiotrcd. OGparmeit npoyecc,
HMEHHO CO3JaHMEe 3JMeKTPOHA M IIO3UTPOHA M3 BIEKTPO-
MATHHTHOTO H3TY4EHHUA, TOKC MOMET MMeTbh MeCTO. JTH
NMpogeccsl HOBHIMMOMY ObITH 0GHApYKEHnl IKCIICPHMCH-
TATHBHO M B HacToAlllee BpemA wmccaeayrorca Goinee je-
TANBHO.

Teopua p7eKTPOHOR M HOBUTPOHOB, KOTOPYIO A TOIb-
Ko uto HaBpocan 3mecb, ABJAAETCA JTOTAYECKH 3aMEHY-
10li KApTHHOI, KOTOPaA corAacyerci cO BCeMH H3BecCT-
HEIMH PKCIEPMMCHTAABHEIMA (aktamu. Deito Gur e-
AaTEABHO TOCTPOMTH CTONb Ke YIXOBJICTBOPHTEIBUYIO
Teopuio u aaa npotoHos. Ilomanyit MomxHO Gblio GBI

73



NPeanoaoKUTh, UTO Ta e caMad TeOPHA OpUMeHUwa
i K upordnamM. JTo NpHBeno OBl K BO3ZMOMKHOCTH CyIIe-
CTBOBAHUA OTPUUATENbHO 3APAKEHHbIX HPOTOHOB, ABXA-
IOMAXCA 3ePKAABHLIM H300paKeHueM OGLIYHBIX, HO1O-
HHTeALHO 3apmmeHHHX. HemabHue sKCHEepHMEHTANBHLIC
pesyabrarst Hirepna, kacarommecs cnmroBOro MarHHT-
HOFO MOMEHTAa NPOTOHA, NPOTUBOpPEYAT, OAHAKO, 10Z00-
HOW TCOPUH HPOTOHOB. Tark KaK NIPOTOH 3HAYUTCHKHO
TAMCHee PACKTPOHA, TO BIOJHE BO3MOKHRO, UYTO JAAA HETO
TpedyeTca PHAUMTCABHO (oJee CAOMHAA TEOPHA, XuTd
celyac HeAh3A CKA34Th, KAKOHM OHA NOJ/KHA OLITh.

Bo Bcaxom cuyuae, s CuMTAI0 BEPOATHHIM CYIIECTBO-
'BaHME OTPHLATEIBHBIX MNPOTOHOB, MGO NOCKOABKY MM
MOXKeM elie OmUPATBCA HA TeOPEeTHUECKHe RBBIBOILI,
MeXRAY HOAQKHTEAbHHIM M OTPHEATCABHHIM PAEKTPHYE-
CKHMH 3apAfaMH MMeeTCA TOJMHAA M COBEPUICHHAA CHMM-
METPHA, M €CJIH PTa CHUMMETPUA AeHCTBUTEJbHO HOCHT
YHIAMCHTAIbHLIA XapAKTEP, T0 Z0KHO OKABATLCHA BO3-
MOXKHBIM ofpaware sapan aw6ero copra uacruy. Ko-
HedHO, OTPHIaTeIbHBIE MPOTOHEL GYJeT Topasao Tpyi-
HEC, OGHADYKHUTD PKCIEPHMEHTANBHO, TAK KAK AJIA dTOrO
Heo0X0UMMA ZHAYMTENBLHO OonxpLIAA :-u;epma, cooTBeT-
CcTBeHHO Ooiablell Macce.

Ecan Mu1 cramem ma Ty TOYKYy 3peHUA, uTO HOJIAIA
CHMMETPHMA MEKIY HOJOKHTENBHLIM M OTPHUUATENBHLIM
97TEKTPUYICCKUMH 3apPAJaMH ABAdeTca pyHAAMEHTATbHRIM
3aKOHOM IIPHPOABI, TO MBI JOJLKHB PACCMATPpHBAIL KAK
CBOEro poia CAy4aMHOCTb, UTO 3eMidA, H, BEpPOATHO, bCA
COMHEeYHAA CHCTEMAa COJXEPKAT M3OGLITOK OOHIYHBLIX OrpH-
IATeTbHBIX PJIEKTPOHOB M IOJOKHTENbHBIX ~nporonon.
Bnoane Bogmomxno, uro mekoropnie 3Besmml MOCTPOSHBL
HHBM TyTeM, MMEHHO TIaBHKM 00pa3oM H3 HOBMTPO-
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HOB ¥ OTPHUA4TEIBHBIX NpoTanoB. Koneuno, B Mupe no..
#HO OBITh OTMHAKOBOE 4MCI0 3BE3X KamAOr0 COpTa.
O6a copra 3Besna GyAyr uMMeTh B TOYHOCTHM OJMHAKOBBIE
CIEKTPHE, ¥ B HACTOfILle¢ BPeMA HCT BO3MOMKHOCTH DPas-
AMYATH MX KAKMMH-IMGO ACTPOHOMHMYECKMMH MCTOAAMH.
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