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Ayn ze Bpoitab — kpynueitmuii usux Hawedl 2n0xH,
OAMH M3 OCHOBOMNOAO2KHHKOB KBaHTOBOH Teopun. ABTOp B
OYeHb AOCTYMHOH (hopMe MOKa3bIBaeT, KaKOH IepeBOPOT MpPo-
M3BeAa KBaHTOBAasi TEOPHUS B PasBUTHH (PUSHKH HALIHX AHeH.
Bes xuura manucama B BHAe HCTOpHYEeCKOro o630pa OCHQB-
HBIX INpPeACTaBAEHHH, KOTOpble HEH36e:HO JOAZKHbI GbIAH
NPHUBECTH H ACHCTBHTEAbHO MPHMBEAH K CO3JAHHIO KBAHTOBO
mexanuku. Jle Bpoliap u3naraer Bcio KBaHTOBYIO TeOpHIO
6e3 eaunon ¢opmyanil

[TepBoe wuspanue Kuurum 6bIAO C GOABIIMM HHTEPECOM
BCTPEYEHO YHTATEASIMH, H THPax ee GbICTPO pasolleAcs.

Kuura ae Bpoiias npeacraBasier HecoMHeHHBIH HHTEPEC
AASL LIHPOKOTO KPyra (YPUBHKORB, AAS CTYZEHTOB, H3YYaIOUHX
COBpEMEeHHYI0 (BH3MKY, H AAS UHTaTeAeH, HHTEPECYIOLIHXCH
ycnexamu (U3HKH



[MPEAUCAOBHE PEJAKTOPA

INpeararaemas BHMMaHMIO YHMTaTeAeH KHHTa HalHcaHa OJ-
HHM U3 3HAMEHHUTBIX YYeHbIX, KOTOPHIH caM NMPHHHMAA y4acTHe
B Pa3BUTHHM KBaHTOBOH (PM3MKM, ellle KOTJa OHa JeAaAa CBOH
nepBble maru. JTO OAHA U3 HEMHOTHUX KHHI, rie IORYAAPHO
U ZOBOABHO TIOAHO H3AaraeTcsi HepeASITHBHCTCKasA KBaHTOBas
TeopHs, CTaBllasl yKe KAACCHYECKOH, HO BCe ellle He OYeHb
MOHATHAsl U He OYeHb 3HaKOMasl TeM, KTO HeNoCpeACTBEHHO He
3aHMMaeTCs1 3TOH 06AACTPIO (PHBHUKH.

ATo 06pasel; AyUlIero CTUAs MONYASPHOH AHUTEPATYyPbI, Te
aBTOP HUKOrZa He BNajaeT B AYPHOH TOH CHHCXOZHTEAbHOTO
OTHOIIEHUS K UYHUTATEAIO, KOTOPOe Bbipa:KaeTcsi B TOM, YTO
OuYeHb NPUMHUTHUBHO MPH MOMOIIM OGDBSCHEHWH «Ha HaAbLax»
W BYAbBrapHbIX «KapTHHOK» TMPEJNOANOKHTEABHO «MaAOpa3BH-
TOMY» UYHTAaTEAIO MbITAIOTCA OODBACHHTD HeKHe BbICOKHE H
HezoctynHbie MaTepun. HanpoTus, ato cepnesnas 6ecesa o cepb-
€3HbPIX U TPYZHBIX BellaX, NpejloAarampuias y 4yHTaTeAs CIO~
COOHOCTb K TAaKOMY 2Ke TOYHO HMHTEAAEKTYaAbHOMY HampsiKe-
HHIO, KOTOpOe NPUXOZUTCS JEAATb aBTOPY ZAAS TOro, 4TOOHI
TPYZHbIE BOMPOCHI HM3A02KHUTb II0 BOBMO:KHOCTH SICHO H JO-
CTYIHO.

[MonyasipHoit xuury geraer raaBHbiM 06pasoM TO, 4TO
TPH HBAO2EHHH COBEPLIEHHO He YHOTpeOAseTCs MaTeMaTH4e-
CKMHA ammapaT U OT YUTaTeAss He TpeGyeTcss HUKAKMX CHelHaAb-
Hpix suanuit. OT Hero TpebyeTcs TOAbKO ob6lias KyAbTypa 1
Zobpast BOAsl, KOTOpasi CTUMYAHPYETCsl HEMOCPeACTBEHHbIM HH-
TEPECOM K NpeIMeTy.



Ara kuura 6bira Hanucana B 1936 u nepenszana B 1946 r.
moutu 6es wusmenenuit. [JelicTBHTeAbHO, HEPEAATHBHUCT-
CKas KBaHTOBasg (U3MKA IIPAKTHYECKH OKOHYATEAbHO CAOXKH-~
aach K 1930 r. Toabko HECKOABKO MONPaBOK BHECEHO B TEKCT
3To# KHHMrH 15-AeTHHM pa3BUTHEM HayKH M NPHTOM BCe OHM
He MMEIOT NMPYHIMIHAABHOTO 3HAYeHHS, a OTHOCATCA K 4acT-
HbIM (paKTaM. H 60abme Toro, x (haKTaM He TOH HEPEASITHBHUCT-
CKOH KBaHTOBOH MeXaHHKH, KOTOPas COCTaBASIET COAepKaHHe
KHUTH fe Dpoiias, a k 06AacTH KBaHTOBOH TEOPHH MOAsA HAM
TEOPHH AeMEeHTAPHBIX YacTHL, GAH3KO C Helo CBA3aHHOH. DTH
nocAeaHHe O6AACTH OYEHb CHABHO Pa3BHAHCh 3a IOCAEBOEH-
Hble TOZbI, XOTS MbI BCe elLle, BUAMMO, ZaAEKH 3J€Chb OT UCTHH-
HOT'O NMOHHUMaHHA.

Taxk, mampumep, cefiuac TOYHO YCTAaHOBAEHO, YTO Al0Gai
vactuna (B HacToslee BpeMa HacuuTbiBaloT okoAo 30 pasHbIX
SAEMEHTapHBIX YaCTHL) HMeeT CBOK aHTHYacTHLy, MOZOGHO
TOMY KaK SAEKTPOHY COOTBETCTBYET NMO3MTPOH. B oTAeAbHBIX
PeAKHX CAyyasiX MCTHHHO HeHTpPaAbHBIX YacTHL YacTHIA COB-
MajaeT co CBOell aHTHYACTHILeil, MO3TOMy HEKOTOPble M3 pPac-
cyxzeunii ze Dpoiirs okasniBalOTCs HeCOCTOATEADHBIMH HAH
cuAbHO ympomennniMu. Hanpumep (cm. crp. 56), «crpanHas
aCHMMeTpHs», 0 KoTopoi rosoput ae Bpoitab B cBA3HM ¢ 1pOTO-
HaMM M dAeKTPOHAMH, BOCHPHHHMAEeTCA HaMH Telepb Kak T'AY-
60Kasi 0COGEHHOCTb aCHMMETPHUYHOTO CTPOEHHs HAIIEro MHpa
Ha (poHe TOAHOH CHMMETPHM (PH3HHYECKHX 3aKOHOB I10 OTHOIIe-
HMIO K YaCTHLAM M aHTHYacTHHAM. DTOT (aKT, OUeBHZHO, CBA-
3aH C BblZleAeHHBIM XapaKTepoM MOAOKHTEAbHOTO HaIpaBAe-
vus Bpemenn (cp. obcyxzenne atoro daxta Ha crp. 74, 75),
MIOCKOABKY NpH (popMaAbHOM obpauienun BpemeHH (3ameHa
{—> — t)Bce wacTHIBI MEPEXOAAT B aHTHYACTHLbI C MPOTHBO-

MOAO2KHOH YETHOCTBIO.
IMocre (pynaamentarbnoit paborol Ilayan o Tak HasbiBae-

moii CPT-unsapuantroctu (1942 r.) u yAUBHTEADHDBIX OTKPDI-
tiit mocaezuux Aer (Hecoxpamenme uwerHoct — Am u Slur,
1956 r.; kom6uHHpoBaHHas weTHocTh — Nanzay, 1956 r.) ara
o6AacTb cTara 60Aee TOHATHOM.
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Jpyras BaxHas 06AacTb — 9TO PEASATHBUCTCKash KBaHTO-
Basi MeXaHMKa MAH KBaHTOBasi TEOPHsl NOAs, KOTOpas OYEHb
HHTEHCUBHO cefiuac paspabaTbiBaercsi. HexoTopble us BbiCKa-
spiBaHuit ge Bpoiias Aoruvecku oTHoCATCA HMeHHO K 3TOH 06-
ractu. Hanpumep, ero samewanus o TpyaHocTsx u3AaraeMoi
UM TeOPHH (POTOHA HAM O TPYZHOCTAX PEAATHBUCTCKOH 3ajadu
MHOrHX TeA (PEASTHBHCTCKOH CTATHCTHUECKOH (DUBHKH).

Koneuno, atu nyHxTn crezoBaro 6bI H3A0KHUTD B CBETe
NOCAEAHHMX OTKPbITHH HEMHOTO MO-gPYromMy. XOTs B 3TOH 06-
AaCTH M OCTaAMCb GOAbIINME TMPUHIUMHAAbHBIE TPYZHOCTH, HO
MHOTO€ Telnepb MOXHO OODBSCHHTb M JZaTb KaKOe-TO KOAHYECT-
BeHHOE ONHCAaHHe HeKOTopbiM (akraM. Mbl He cuMTaeM HyX-
HbIM HHM H3bIMaTb 3TH MeECTa M3 TEKCTa KHHIH, HH, TeM Goaree,
Kak-To uX usmeHaATb. Jlas npeamera xuuru e Dpoiias — He-
PEASITUBHCTCKOH KBaHTOBOH MeXaHHWKHM — OHHM MMEIOT No6ovHOe
3HauYEHHE.

Hekoroprie mperensun moryr 6biTh mpeabsBAeHbl k 060+
CHOBaHHUIO B 3TOH KHHTe BEePOATHOCTHOH KOHIIEMUUH KBaHTOBOMH
MeXaHMKH ¥ K TPAaKTOBKe TAK Ha3biBaeMOro KOPHYCKYAAPHO-
BOAHOBoro ayaimsma. VlHorza cosaaercs BheuaTaeHHe, 4UTO
TOuKa 3peHUs e DPOHAA HECKOADKO H3MEHSETCH OT TIAaBbI
K rAaBe. |ak OHO, BEPOATHO, U €CTb, HOTOMY 4TO ze Dpoian
B pasHble MePUOAbl CBOEro HAay4YHOTO TBOPYECTBA IPHIEPHH-
BaACsl PasHbIX B3rAAZOB Ha 3Ty OUYEHb TPYAHYIO H OCHOBHYIO
KOHILIENIIHIO KBaHTOBOH MexanuKH. Bcsikoro, kTo 3axoueT ray6-
e pasobpaThCs B 3TOM, Mbl OTChIAAEM K ZHCKYCCHH MEXKAY
Huabcom Bopom n Aab6eprom Ditnmreiinom, omy6AHKoBaH-
HOH, Hampumep, B kuure Dopa «ArTomHas (pu3sUKa U HeAOBe-
deckoe mNosHaHHe». JlBa BeAHKHX YueHBIX NPUAEPMUBAAHCD
Pa3HbIX B3TAAZOB, U HUX AHMCKYCCHS — 06pasel] Hay4YHOTO CIIO-
Pa, B KOTOPOM YYacCTHHKM HILYT TOABKO YCTAaHOBAEHHS HC-
THUHbI, a He TNOATBEPKAEHUS CBOEH TOYKH BPEeHHS,— MHOID
crioco6cTBOBaAa MOHHMAHHIO YTOTO TPYAHOTO M BaXHOTO
BOIIpoCa.

Yurarenrto, KOTOPBIH 3aXO4YeT MPOJOAXKHTb CBOE 3HAKOM-

CTBO C MAeAMM KBaHTOBOH (PU3HMKM M ee HOBBIMH JOCTHIKe-
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HUAMH, Mbl NpeJAaraeM B KOHLE KHUTH CIHCOK AMTEepaTyphl,
U3 KOTOPOTO OH MOeT Bbi6paTb KHHTY IO CBOEMY BKYCY.

Ho ara xuura ze Bpoiirs ouenb moaxogur u gas mepBoro
3HAKOMCTBA C KBaHTOBOH Teopuel M Aake, Ha HaIl B3TASZ, 6y-
ZeT UHTepPeCHOW MHOTMM (u3HKaM, paboTalOmuM B dToi 06-
AaCTH.

Jeitcturerbno, ymenue ae Bpoliasa scHO M3A0KUTD CAOMK-
Hble BOMPOCHI, HAMETHTb PALHOHAAbHYIO CBA3b HAel COCTas-
ASIeT OueHb IeHHble CBOHCTBA 3TOH KHHTH. E.cAm e mHOrZa B
?KePTBY SICHOCTH NPHUHOCHTCSA F'AYOGHHA U 3Ta CBSI3b BBITASIAMT
HECKOADBKO YHPOIIEHHOH, TO AAS MONYASPHOTO M3AOKEHHS ITO
ellle He NMOPOK, a GoAee MCKYLIEHHbIH YHTAaTeAb NMPOCTUT 3TU
MOMEHTbI M caM HaHJeT CHoco6 MONPaBHTb AAsl cebsi OTAeAb-
Hble 4epThbl B 061IeH NPaBUAbHOH KapTHHE.

M K IIOJJHBAHOB



V2

BBeaenne

3HAYEHHE KBAHTOB

1. Bauem my:kHO 3HATH 0 KBaHTax?

Mpuorue, B3rAsSiHyB Ha 3arAaBHe STOH HeGOABINON KHHIKKH,
6ecciopHo, 6yayT HaNyraHbl 3arafZoYyHbIM CAOBOM «KBaHTBI».
JeficTBuTEADHO, Zaxke O TEOPHH OTHOCHTEABHOCTH, KOTOPa#
JOBOABHO O:KHBAEHHO o6cCy:KJarach B IMOCAeJHHE HECKOAbKO
AeT, LIMPOKHE KPYTM YHUTATEAEH MMEIOT BeCbMa CMYTHOe IIpez-
craBAeHue. YUTo e KacaeTcsi KBaHTOBOH TEOPHH, TO O HeH,
s TOAAralo, YHTATEAb HMeeT elle 60Aee CMYTHOe MpeJcTaBAe-
nue. [IpaBza, aTo M mpocTuTeAbHO, Besb KBaHTBI AOBOABHO
3araZoyHas Bellb.

Uro kacaercsi MeHs, TO S HayaA 3aHHMATbCs KBaHTaMH,
Korjga MHe 6bIAO OKOAO ZBaAllaTH AeT, U MPOJAOA2KAA H3Yy4daTb
HX B TeueHMe ueTBepTH Beka. V1 Bce ke s ZoAMeH uecTHO
MPU3BHATBCA, YTO €CAHM 3a BCe 3TO BpeMsl s U AobHAcA He-
CKOAbKO 60Aee FAY60KOTO MOHMMAaHHS HEKOTOPbIX CTOPOH ITO-
ro BONPOCa, TO si He MOTY ellle C NMOAHOH YBEPEHHOCTBIO CKa-
3aTh, YTO TAUTCA MOJ MAaCKOA, CKPbIBaloLled MOAAHHHOE AMLO
KBaHTOB. |eM He MeHee MHe KaXKeTCs, YyTO, HECMOTPS Ha BCHO
BaXXHOCTb M 3HAYHTEABHOCTb IPOTpPecca, MPOHUCLIEAIIEr0 B QH-
3IIKe 3a MOCAeAHHe BEKa, y4yeHble ObIAM He B COCTOSIHHU TAy-
60KO TMOHATb HUCTHHHYIO NPHPOAY SBAEHHH, NTOKAa OHH HHYEro
He 3HaAW O CyLIeCTBOBaHMM KBaHTOB. F60 6e3 KBaHTOB HeAb3s
6bir0 6b1 MpeaCTaBHTb cebe HU CBETa, HU MaTepPUHU.

Mo2kHo moHATb, Kakoe CyIIeCTBeHHOe BAMSHHe GbIAO OKa-
3aHO Ha CaMoO HallpaBAeHHe Pa3BUTHA YEAOBEUECKMX 3HAHHH
B TOT JeHb, KOTJAa KBAHThl MCUOZTHIIKA BOIIAM B HayKy. B Tor
caMbli ZeHb BEAHYECTBEHHOe H TPaHAMO3HOE 3JaHHe KAACCH-
4eCKOH (PU3BHKH ObIAO NOTPJCEHO A0 CaMOTO OCHOBaHHSA, XOTf
HHUKTO TOrja elle ¥ He OTZaBaA cebe SICHOTO OT4YeTa B ITOM.

HCTOPHUHN HAYKH He MHOr0o 6BIAO NMOZ3eMHBIX TOAYKOB, CPaB-
HHUMbIX IO CHAE C 3THM.
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M ToabKO celluac Mbl B COCTOSIHMY TIOHATb M OLEHHTb TPaH-
AMO3HOCTb H BaXKHOCTb CBepIIMBUIeHCA peBoArtonuu. Kaaccu-
deckas ¢usuka, BepHas upzeary Jlexkapra, msob6paxara Bce-
AeHHY10 B BHJe HEKOEro OrpOMHOr0 MeXaHHW3Ma, IoBeJeHHe KO-
TOPOTO MO2{HO COBEPLIEHHO TOYHO ONKCaTb, 3aJaB IOAOMEHUs
BCEX €ro yacTedl B MPOCTPAHCTBE H H3MeHEHHe MOAOMKEHHS CO
RPEeMeHeM; MeXaHH3Ma, IOBejeHHE KOTOPOTO B TPHHIIHIIE
MO2KHO 6bIr0 Obl mpeacKasaTb a6COAIOTHO TOYHO, 3Has HEKO-
TOPOE YHCAO TApPaMETPOB, OMPEAEASIOIIHX ero HadyaAbHOE CO-
crosinne. Oanako Takas TOYKa 3PEHHA OCHOBBIBAAaCb Ha HEKO-
TOPDBIX T'HIOTE3aX, KOTOPble HPH ITOM JAEAAAHCh U CIIPaBeAAH-
BOCTb KOTOPHIX Ka3aracb oueBugHol. OaHa M3 HHX COCTOUT
B NPEATNOAO2EHHH, YTO Ta 06AACTb B MPOCTPAHCTBE U BPEMEHH,
B KOTOPYIO MbI NOYTH HHCTHHKTHUBHO CTPEMUMCSA IOMECTHTb
BCe HAIIW OLIyLIeHHs,— OOAACTb COBEPIIEHHO 2KEeCTKasi ¥ OIpe-
JeAeHHass M B HeH KaxZJoe (HU3HYECKOe sSIBAEHHE MOZKeT
6bITb B NPUHIHUIE COBEPLIEHHO CTPOTO AOKAaAH30BaHO BHe
3aBHCHMOCTH OT BCEX AHHAMHYECKHX MPOLECCOB, YIPaBASIOMINX
astuM sBAenueM. [losTomMy Bce pasBHTHe (QHU3HYECKOTO MHpa
CBOZMAOCh K HM3MEHEHHsM IPOCTPAHCTBEHHOIO IIOAO2EHHA
TeA ¢ TeueHuem Bpemenu. VimMenHo mosToMy aumHamuueckue Be-
AMYHUHBI, TaAKHE, KaK DHEPTHs U KOAMUYECTBO JBH2€HHs, BbICTY-
MaloT B KAACCHUECKOH (H3HKe KaK NMPOM3BOJAHbIE, 00pasoBaH-
Hble C MOMOLIbIO MOHATHA CKOPOCTH. | akum 06pa3oM, KHHeMa-
THKa OKa3bIBaeTCS OCHOBOH AMHAMHKH.

Coscem MHOe monoxsenHe B KBaHTOBoH (usnke. CymecTso-
BaHHMe KBaHTa JEHCTBHSA TPHBOAUT K IPOTUBOPEYHIO MeEXKAY
KOHLIeNIHEeH CTPOTOH AOKaAW3allMH B NPOCTPAHCTBE M BO Bpe-
MeHM M KOHUeNIIHeH gHHaMHuecKoro pa3sutus. Kaxzas us Hux
B OTZEAbHOCTH MOXSeT GbITb HCIOAb30BaHa AAsl ONHCAHUS Aeil-
crButeAbHoro Mupa. OfHako HX HeAb3sI OZHOBPEMEHHO MpPHUMe-
HATb cO BCeil cTporocTbio. 1ouHasi AOKaAH3aUHUsl B NMPOCTPaH-
CTBE M BO BpPEMEHH — 3TO HeKas CTaTHYecKas HAeaAHsalusd,
MCKAIOUAIONIAs BCAKOE PasBHTHE M BCAKoe aBH:eHHe. | loHsTHe
’Ke COCTOSIHMS JABHIKEHHs, B3STO€ B YHCTOM BH/eE, HANpPOTHB,
eCTb AWHAMHUecKas HJeaAH3aLus, MPOTUBOpeYallas MOHATHAM
TOYHOTO TMOAOKEHHS U MOMEHTa BpeMeHH.

B pamkxax xBaHTOBOH TeopHM (PU3HMUECKMH MHP HeAb3:
omucaTh, He NMOAb3YACb B TOH HAH HHOH CTelleHH KaKMM-AH60
M3 3THX ABYX IPOTMBOPEYAIIMX APYT APYyry MoHsTHH. Takum
06pa3oM, OHa HMCXOAUT U3 CBOEro poja KOMIIPOMHCCA, H3BECT-
Hble 2Ke COOTHOIIEHHs HeompeieAeHHocTH | eiizen6epra yka-
SBIBAIOT HaM, B KaKOH Mepe 3TOT KoMmmpomucc BosmoxeH. Cpe-
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AW TPOYHX BHIBOJOB H3 HOROH TEOPHUHM CAeAyeT, 4TO KHHeMa-
THKa y2e He ABAfAeTCA HayKOH, HMeIOIleil CaMOCTOATEAbHbIH
(Qusnueckui cMbicA. B kAaccuueckoii MexaHHKe MOKHO 6BIAO
u3ydaTb IepeMelleHHUs] B MPOCTPAHCTBE M ONPEAEASITb TaKHUM
06pa30M CKOPOCTb M YCKOPeHHe, HE3aBHCHMO OT TOTO, Kak
(PUBHYECKH peaAM3YIOTCA 3TH MepeMelIeHHs. -3aTeM OT ITOrO
abCTPAKTHOTO U3yUYeHUS 3aKOHOB ABHKEHMWSs, BBOAS HEKOTOPbIE
HOBble (PH3HYECKHe TPHHUMIBI, MOXKHO INEPEHTH K AHHAMHKE.
B kBanToBO#i Mexammke nozo6HBIH NyTh HelpHEMAEM B IHPHH-
IIMIle, TIOCKOABKY TIPOCTPAHCTBEHHO-BpeMeHHAR AOKaAM3aUusd,
AexKallasi B OCHOBE KHHEMAaTHKH, BO3MOKHA AHIIb B HEKOTOPDBIX
YaCTHBIX CAydasiX, olpeJeAsieMbIX KOHXPETHbIMH ZMHAMHYECKH-
MM ycAoBuaMM aBrixkenus. Jlaabme Mbl yBHANM, HOoueMy NpPH
HU3yYeHUH SIBA€HUH B KPYNHbIX Macumrabax BIOAHE JOIYCTHMO
TEM He MeHee TNOAb30BaTbcs 3akoHaMu kuneMaTuku. Oanaxo,
KOrZa Mbl IepPeXOZMM K PacCMOTPEHHIO SIBA€HHH, IPOHCXOAs-
IUX B Macmitabax aToMa, IJe KBAaHTBI HTPAIOT TAABHYIO POAD,
MOKHO CKa3aTb, YTO KHHeMaTHKa, OIpeJeAsieMasl Kak HayKa
O ABHXKEHHHM BHe 3aBUCHMOCTH OT BCE€X JMHAMUYECKHX YCAO-
BHH, IOAHOCTBIO TepsieT CBOe 3Ha'leHHe.

Jpyras runoresa, mo cyumecrsy Aexsamas B OCHOBe KAac-
CHUYECKOH (PM3BHKH, COCTOMT B TOM, YTO C TMOMOILbIO COOTBET-
CTBYIOIIMX Mep IMPeAOCTOPOXKHOCTH MO2HO, B NMPHHIUIeE, CAe-
AaTh UpPeHe6PEKNMO MAABIM BAHSHHE BHOCHMBIX MPOIECCOM
H3MepeHHs BO3MYLIeHMH eCTeCTBEHHOro XoJa HM3y4aeMoro sB-
Aenns. Muave rosops, nmpeanoraraercs, uTo sKCIepUMeHT MoO-
XeT GbITb NMpPoBeJeH TaKUM 06pasoM, yTo6bl BAMSHHE BbI3BaH-~
HbIX HM BO3MYyLIeHHH XoZa H3y4aeMoro mnpouecca 6Gblro Kak
YroAHO MaAbIM. | akasi TUTIOTE3a MOMKET CYHTATbHCS CIPaBeAH-
BO#l A ABAeHMH, MpoTekalOmMMX B GoAbmMX MacmTabax. Jas
sIBAeHHH e aTOMHOrO MHpa OHa OKa3biBaeTcsi HeBepHOH. JTO
CBfI3aHO C CYIIECTBOBAHHEM KBaHTa JeHCTBHSI M C TeM, 4TO,
Kak MoKa3aA TOHKMEH M TAy6okuit anaaus ['eiizen6epra u Bopa,
BCsKas NMOMbITKA MU3MePHUTh KAaKyIO-AH60 BEAHUMHY, XapaKTepHu-
3YIOIIYI0 JAAHHYIO CHCTEMY, HPHUBOJUT K HEKOHTPOAMPYEMOMY
H3MEHEHHI) APYIUX BEAHYHH, ONPeJEASIOLIMX CBOWCTBA ITOH
cucrembl. [ouHee, BCsAKOe M3MepeHHe KaKOH-AM60 BEAHUYHHBI,
KOTOpOe MO3BOASIET YCTAaHOBHTb NMOAO2{€HHe CHCTeMbl B IIPOCT-
PaHCTBe U BO BPEMEHH, HMeET CBOMM CA€ACTBHEM HEKOHTPOAH-
pyeMoe M3MeHEHKe COOTBETCTBYIOLLeH CONpsizKeHHON BEAHYHHDI,
onpezeAsioledl AMHAMMYECKOe COCTOSHHe CHCTeMbl. B wuact-
HOCTH, OKa3blBAeTCsl HEBO3MOXKHbIM TOYHO H3MEPHTb B OJHH
H TOT e MOMEHT JBe B3aHMHO CONPSXEeHHble BEAHYHHDI.



Tenepn noHaTHO, B KakoM CMbICAe MOMHO TOBOPHTDb, YTO
CyllecTBOBaH¥Me KBaHTa JeHCTBUs JeAaeT HeCOBMeCTHMOH Ipo-
CTPaHCTBEHHO-BPEMEHHYIO AOKAaAH3aUMIO pPasAMYHBIX dacTeil
CHCTEMDI C KaKHMM-AHOO ee ONpeseAeHHbIM JUHaMHYeCKHM CO-
CTOSIHHEM, MOCKOABKY AAS AOKAaAHM3AllUH CHCTeMbl Heo6XOZAMMO
TOYHO 3HaTb ILeAbIH Psj BeAHUYHH, U3MepeHHe KOTOPbIX HCKAIO-
4yaeT B CBOIO OYepeAb OlNpeAereHHE COOTBETCTBYIOIIHX COMNPsi-
KeHHDbIX BEAMYHH, XapaKTEePHU3YIOWIUX JAHHaMHYeCKoe COCTOS-~
nue cucrembl, H Hao6opor. CylmecTBoBaHMe KBAaHTOB BecbMa
CBOe06pas3HbIM o6pa30M onpejeAsieT HUKHIOIO TPaHHUUY BEAH-
YUHBI BO3MYILEHHH, KOTOPble (UBUK BHOCHT IPH H3MePEHHU
H3yYaeMbIX UM CHCTeM. | akum o6pa30oM, ofHa M3 TUIOTE3, KO-
Topas OblAa NMOAOXKeHa B OCHOBY KA2CCHYECKOH (PH3HKH, OKa-
S3aAacb ONPOBEPTHYTOH, M 3HAUYeHHWe BOTOro (pakTa BecbMa
BEAMKO.

Hrak, okasbiBaeTca, 4TO HHMKOTZa HeAb3S 3HaTb TOYHBIX
3HayeHHH GoAee MOAOBHUHBI BEAUYHH, HeOOGXOZMMBIX AAS TOA-
HOTO OMMCaHMUS CHCTEMbI C KAACCHYECKOH TOYKM 3peHHA. JHa-
ueHHe HEKOTOPOH BEAHHHHDBI, XapakTepusylolleil cucTemy, TeM
60oree HeomnpezereHHO, YeM ¢ 60AbIIeH TOYHOCTDIO H3BECTHO
3HauyeHMe compskeHHoi efi Beamumnubt. Orciogza BbITekaer cy-
LIeCTBEHHOE pa3AMuUMe Me:KAy CTapod M HOBOH (PH3HUKOH BO
B3TASIZaX Ha JeTePMHUHH3M B SIBAEHHMAX MPHPOJADI.

C ToukM 3peHHMS KAACCHUECKOH (U3HKH 3ajaHMe BEAMYMH,
onpejeASIOIIUX MMOAO2KeHHe PA3AHYHBIX YacTed CHCTeMbl B He-
KOTOPbIH MOMEHT BPEMEHH, U COOTBETCTBYIOIIMX CONPSMEHHDbIX
AWHAMHUYeCKHX BEeAMUYHH BIIOAHe ZOCTATOYHO, MO KpaHHeH Mepe
B NPUHLOMIE, AZAS TOYHOIO ONHCAHHS COCTOSHHS CHUCTEMbI BO
Bce MoCAeZyIOIHe MOMEHTbl BpeMeHH. 3Hasi TOuHble SHaYeHUA

Yo,... BEAMYHH, XapaKTepH3YWOIWHUX CHCTeMy B HeKOTOPbIH
MoMeHT o, MO2#cHO 6bIAO OZHO3HAYHO NPEACKa3aTb, KaKHe 3Ha-
yeHus X, Y,... 9TUX BeAWUHH OyAyT HaHZeHbI, eCAM HX Ompeje-
ASITb B KaKOH-AM60 MmocAeayromuii MoMeHT BpemeHH f. DTo cAe-
AyeT U3 ypaBHeHHUH, NMOAOMEHHBIX B OCHOBY MeXaHHYeCKOH I
(M3HUeCKOH TeOpUH, M eCTb NMPsAMOe MaTeMaTH4eCKOe CBOHCTBO
STHUX ypaBHEHUH.

YTBepmaenus o BO3MO:KHOCTH TOYHOro NpeicKasaHus 6y-
AYIIUX AAIBAEHUH HCXOZA W3 HACTOSLIUX SIBAEHHMH, H O TOM, YTO
6yasyliee B onpeZeAeHHOM CMBICAe MOAHOCTDIO COZEPKUTCS B
HaCTOSIIEM M HHYero K HeMy J06aBUTb He MOXKeT, U COCTaB-
AfIIOT TO, YTO HOCHMT HasBaHHMe JeTePMHHH3Ma SIBAEHHH TNPH-
poabl. Ho Takas BoaMoxHOCTb TOYHOTO NMpejBHAEHHUS MPEAINO-
AaraeT TOYHOe ONpeZeAeHHMe B HEKOTOPbIH MOMEHT BPEMEHH
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MepeMeHHbIX, OINHCHIBAIOLIUX IOAOKEHHE B IPOCTPAHCTBe, H
COTPSI:KEeHHbIX MM JAMHaMHYeCKMX NepeMeHHbIX. A HMeHHO Ta-
Koe OZHOBpeMeHHOe OMNpejeAeHHe B3aHMHO CONPSXEHHbIX Be-
AWYMH M OKa3blBaeTCs, C TOYKM 3PEeHHs] KBAaHTOBOHM MeXaHHKH,
HeBoaMoxkHbIM. ¥ ¢ aTUM cBAsanbI cyllecTBeHHble M3MEHEHHS,
npoucuiezlivie B MOHMMAHUH BO3MOXSHOCTeH NpejBUAEHHs CO-
BpeMeHHOH TeopeTHueCcKOH (H3MKH M B3aMMOCBA3H ABAEHHH
MPUPOLBL.

[TockoAbky sHaueHMs BeAHYHH, KOTOpPble XapaKTePHU3YIOT
COCTOsIHHE CHCTeMbl B MOMEHT BpeMeHH [0, BOBMOMKHO YCTaHO-
BHUTb AHIIb C HEKOTOPOH HEONpPeAeAeHHOCTbIO, HeH3GeXHOH B
KBaHTOBOH TEOPHH, TO COOTBETCTBEHHC (PU3UK y:Ke He MOKET
TOYHO IpeAcKa3aTb, KaKOBbl GyZYyT 3HaueHUs DTHX BeAMYHH
B HeKOTOpPbI# nocreaytomuit MomenT Bpemenu. On moxer npes-
CKas3aTb AHIIb BEPOSTHOCTb TOTO, YTO INPH ONpeJeAeHHH THX
BEAVUYHH B TOCAeAYIOIIUH MOMEHT BpeMeHHM [ Mbl MOAYUYHM Te
HAHM HHbIE HUX 3HaYeHHH. CBﬂSb Mexay peSy]\bTaTaMH ToCcAe~
ZOBAaTeAbHbIX HM3MePEHUH, KOTOpasi 00bsACHSAET KOAMYECTBEH-
HYIO CTOPOHY siBAeHMH, He GyzeT 60Ablle NMPUYHHHOH CBA3DIO,
oTBeualollel KAaccuueckomy aeTepmunusmy. Omna ckopee 6y-
ZeT BEPOSITHOCTHOW CBA3bIO, €ZUHCTBEHHO COBMECTHMOH C He-
ONpeseAeHHOCTbIO, KOTOpasi BbITEKAaeT M3 CaMOro CylecTBO-
BaHMSA KBaHTa feicTBusi. B aToM M cocTouT raaBHOe H3MeHe-
HHe B HallUMX B3rAsijax Ha (U3NuYeCKHe 3aKOHbI, M3MeHeHHe,
BCe (PUAOCODCKHE CAeZCTBHSI KOTOPOTO, KaK HaM KazKeTcs, elle
LaAeKo He OCMbICAEHDL.

B pesyabTare passuTus HOBeilmeil TeopeTHueckod (PU3HMKH
NOSBHAHCD JBe Ba:KHble HZeH: NMPUHLUN JOMOAHHTEAbHOCTH
Bopa u mpunuun orpanuuensocts npeicraBienuit. Bop 6bia
NepBbIM, KTO 3aMeTHA, YTO B HOBOH KBAaHTOBOH (PH3lHKe, B TOM
BHZe, KaKOH eH NpHUjara BOAHOBash MeXaHHKa, MOHATHA dYa-
CTHLBI ¥ BOAHbBI, IPOCTPAHCTBEHHO-BpeMeHHOH AOKaAM3aLNK H
BIOAHe OINpPeZeAeHHOro AHHAMHUYECKOIO COCTOSIHHS SBAAIOTCA
ZoMoAHHTeAbHbIMU. [log aTMM OH moHmMMaA, 4TO MOAHOe OMH-
caHne HabAlOZaeMblX sSBAEHHH Tpeb6yeT HMCIOAb30BaHHS 060OMX
STHX NOHSATHH, HO TeM He MeHee B HEKOTOPOM CMbICAe OHM
HeCOBMeCTHMbI Mexkay co6oil. BprsbiBaemble mmu 06pasbl Hu-
KOTZa HeAb3sl OHOBPEMEHHO MCIOAb30BATb AASI ONMUCAHHs AeH-
cteuTeAbHocTH. Hanpumep, Goabmioe uncAo siBAeHHH, HabAloO-
ZaeMbIX B aTOMHOH (PU3UKe, MOKHO OO6DSACHUTb TOABKO HCXOA
us noHartus uactuy. CaregoBareAbHO, MCIOAb30BaHHe ITOTO
MOHATHA (QuauKy Heobxoaumo. LasHbiM xe o6pazoM aAA
06bSACHEHHS LEAOro psja APYTHX SIBAeHHH Heo6XOZMMO IIOAb-
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30BaTbCsA IOHATHeM BOAHBL. IlocrezoBaTeabHOe NpHUMeHEHHE
AAS ONMCAHUSA SBAEHMH NPUPOAbI KAKOTO-AHGO OZHOT'O M3 ITHUX
IBYX TNpeACTaBAeHHH, CTPOro TOBOPS, HCKAIOYAeT MpPUMEHeHHe
apyroro. OzHako B JeHCTBHTeABHOCTH TPH ONMHCAHHH HEKO-
TOPbIX IIPOLECCOB HCIIOAb3YIOT 06a IOHATHSA, ¥, HECMOTP:
Ha MX NPOTHBOPEUYMBDbIH XapaKTep, HYHHO NMPHUMEHATb TO HUAH
HMHOe U3 HHUX B 3aBHCHMOCTH OT CHTyallHH.

Tax e 06cTOMT ZeAO ¢ MOHATHAMH NPOCTPaHCTBEHHO-BPE-
MeHHOH AOKaAMB3aIlHM M BIOAHE OTPejeAeHHOT0 ZHHaMHYecKOro
COCTOSIHHSA: OHM TaK K€ JONOAHHTEAbHDBI, KaK M IOHATHS Ya-
CTHIIBI M BOAHBI, C KOTOPbIMH K TOMY 2¢e, KaK Mbl CKOPO yBH~
Z¥M, OHM TecHOo cBfsaHbl. MoxHO crpocHTb, MoueMy ke npu-
MeHeHHe ITHX TNPOTHBOPEYAIIMX JAPYr APYrYy TNpeacTaBAeHHI
HHMKOrZa He NMPUBOJMT K abcypay. Kak mbl yxe rosopuam, ato
CBA3aHO C TeM, YTO HEBO3MOX2KHO OJHOBPEMEHHO ONpPEAeAMTb
BCE ZeTaAH, KOTOpble MO3BOASAH 6bl MOAHOCTBIO YTOUHHTb STH
aBa mpeactaBrenusa. Ha maremaTHueckom ssbike ?TO BbIpa-
2aeTcsl COOTHOIIEHHEM HeompejeieHHOCTH | eiizenbepra, ko-
TOpOe B KOHEYHOM CYeTe eCTb CAeACTBHE CYLIeCTBOBaHUsI KBaH-
Ta geficTBus. |ak BbICTymaeT co Bcell SICHOCTbIO TpoOMaZHOE
SHaYeHHe OTKPbITHsA KBaHTOB B Pa3BUTHH COBPEMEHHOH Teope-
THYEeCKOH (DUBHUKH.

C npunuunoM zonorHuTeAbHOCTH Dopa TecHo cBsizaH NMpuH-
LHUIT OrpaHMYeHHOCTH INpeJCTaBAeHHH. | akue nmpocTbie 06pasbl,
KaK YacTula, BOAHa, TOYKa, CTPOTO AOKAaAH30BaHHAash B IPO-
CTPaHCTBE, COCTOSHHE BIIOAHE ONPeZeAeHHOr0 ABH:KeHUS, NMpej-
CTaBASIOT co60H, B CYNIHOCTH, HeKOTOpble abCTpaKLHH, HAed-
Ausanuy. B 60AbIIMHCTBe cAyuaeB 3TH HZeaAWsaluH HPUOAM-
SHTEAbHO COOTBETCTBYIOT JeHCTBHTEABHOMY TIIOAOKEHHUIO Be-
e, XOTA M MMeIOT ONpeJeAeHHble FPaHHLIbI MPUMEHHMOCTH.
[Tpumenenve xaxzofi M3 3THX HAeaAM3alldil BO3MOXKHO AMLID
20 TexX Mop, MOKa He OKaxeTcs Heo6XOZUMBIM HCIOAb30OBaHHe
«JOTIOAHMTEAbHOH» MzeaAH3aluy. | akuM 06pa30oM, MOKHO CKa-
3aTh, YTO YACTHIbI CYLIECTBYIOT, TaK KaK GOAbINOe YHCAO (H-
SHYeCKUX SIBA€HHH MOKeT ObITh 06bSICHEHO TOABKO B TOM CAY-
Yae, eCAM JONMYCTHTb HX cymecTBoBanme. (OgHako B aPyrug
ABAEHHAX KOPNMYCKYAfipHas NMpPHpoja GoAee MAM MeHee 3aBya-
AMPOBaHAa M fABHO IPOABAfAETCA AHLIIb BOAHOBOH XapakTep
npouecca.

CoszaHHble HaMH Goiee MAH MeHee cXeMaTHuHble HJeaAH-
3alUM CIOCOGHbI OTPa3sUThb HEKOTOPble CTOPOHbI PasAHYHBIX
SBAeHHH, HO OHH BCe e OTPaHHYEHbl H B MX 2KECTKHE PaMKH
He yMelllaeTcs Bce 60raTCTBO peaAbHOCTH.

12



Mbr He X0oTMM 3aTSATHBAaTb 3TOT IpesBapHUTEAbHbIH 0630p
HOBBIX TNEPCMEKTUB, NMO3BOAUBIIMN HaM B OOGLIMX 4YepTax pac-
CMOTpeTb pasBHTHEe KBAHTOBOM (pUBHKH. Y Hac ellle 6YAeT CAy-
ya#l NoZPo6HO OCTAaHOBHUTLCH Ha KaxKAOM M3 pacCMaTpPHUBAaEMbIX
BOIPOCOB, AOMOAHAS U YTASGAAA ero no Mepe nsroxenus. Cka-
3aHHOTO 3JeChb yKe ZAOCTAaTOYHO, 4ToObl NOKa3aTb YHTATEAIO,
Kak rAy6oka M MHTepecHa krauTosaa Teopusi. Ona He TOABKO
BbI3BaAa K KHU3HH OTPACAb HayKH — aTOMHYIO (PUBHMKY — HaH-
6oree KHUBYIO H yBAeKaTeAbHYIO, HO TaKxke OeccropHoO pac-
IIMPHUAA Halld NpeACTaBAEHHS O Mype H TNpHBeAa K IOSB-
AeHHIO MHOTHMX HOBBIX MJeH, KOTOpble OCTaBAT, 6e3 COMHe-
HHsl, TAy6OKME CAez B HCTOPHH ueroBeueckoit MbicAu. Vmen-
HO IIO9TOMY KBaHTOBas (U3HKa IpeJCTaBAseT HHTepec He
TOABKO JASl CMELMAAMCTOB, OHAa 3aCAyxHBaeT BHHMAaHHI
KazKZ0ro KyAbTyPHOI'O YeAOBeKa.

2. Kaaccaueckasn mexannmka m (pusnka —
3TO BCEro AHIIb NPUGAMKeHHS

Tenepn o6cyanm BkpaTme BONPOC O TOM, KaKyl POAD
coBpeMeHHas (PM3MKa OTBOJHUT KAACCHYECKOH MeXaHHMKe U (H-
suke. PasymeeTcs, OHH MOAHOCTDBIO COXPaHSIOT CBOe MPaKTHYe-
CKOe 3HaueHHe B TOH OOAACTH SBAEHHH, ZAsi ONMHCAHUS KOTOPOH
OHH ObIAM CO3ZaHbBI M B KOTOPOH MX CIpaBejAMBOCTb MOATBEp-
:KzaeTcs onbiTom. OTKPbITHE KBAaHTOB HM B Koedl Mepe He Ha-
pyllaeT 3aKOHOB NaJeHHS TeA HAH 3aKOHOB TeOMETPHYECKOH
ontuku. Beskuii pas, xorza c ompeserenHoii crenembio Tou-
HOCTH MOZATBep:KJAaeTCA KaKoH-An60 3axkon (a BCAKHi pe3yAb-
TaT MO2KeT 6bITb MPOBePeH AMIIb C ONpPeAeAeHHOH TOYHOCTDIO),
MOKHO yTBepaZaTb, ITO ITOT Pe3yAbTaT B OCHOBHOM fAB-
AsieTCs OKOHYaTeAbHbIM M HMKAaKHe IIOCAeZyIOLIHe TeOPHH ero
He CMOTYT OIpPOBeprHyTb. E.cAu 6b1 3To 6bIAO He Tak, TO HH-
Kakas Hayka Boo6Lle He Moraa 6o passusaTbcsi. OzHako Mo-
eT TaK CAYYHTbCA, 4TO IMOSIBAeHHMe HOBDbIX dKCIEePHMeHTaAb-
HBIX JaHHbIX HAM HOBBIX Te€OPHH NPUBEZET K TOMY, YTO HaHZeH~
Hble paHee 3aKOHbI 6yZyT pacCMAaTPHBATbCH AMIIb KaK HEKOTO-
poe npubauzxenne. MHbiMu croBaMu, MpH yBeAHUeHHH TOYHOCTH
H3MepeHUHl CIpaBeJAMBOCTb MX B KOHIle KOHIOB HapyIllaeTcs.
Taxue cayuam HeozHOKpPaTHO BCTpewarMch B MCTOPHH pa3BH-
tus Hayku. Vs s3axkoHOB reomerpuueckoit onTHkH, HanmpuMep,
H3BECTHO, YTO 3aKOH MPSIMOAHHEHHOCTH PACMPOCTPaHeHHA
CBeTa, XOTSA OH M ObIA NMPOBepeH C GOADBLION CTeNeHbIO TOYHO-
CTH ¥ CYHTaACA BHauaAe COBepIIeHHO TOYHDBIM, OKa3aAcs Bep-
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HbIM AMIIb NPUOAMKEHHO. JTO CTaAO SACHBIM IOCAe OTKPbI-
THA SIBAeHHs AM(PAKLUH M YCTAHOBAEHHS BOAHOBOH NPHPO-
abl csera. Vimenno Takum nyTem mocaezoBaTeAbHbIX MPHOAM-
eHHH, YCTPaHsAA BHYTPEHHHe IPOTHBOPEUHS, M MOXET pas-
BuBaTbcsi Hayka. CosaaHuble B mpoliecce ee pa3BHTHS Teo-
puM He 6YAYT MOAHOCTbIO ONPOBEPTHYTbI H YHHUTOMXKeHbI MO-
CAeayOIINM pa3sBUTHEM HAyXH, a BOHAYT B KaueCcTBe COCTaB-
HbIX yacTeil B HOBble, 60ree obimme Teopun. C 3ToH TOukH
3PeHHs] MeXaHHKY M KAaCCHYECKYIO (PH3HUKY MOXKHO paccMaT-
PUBATb KaK BBeJeHHe B KBAaHTOBYIO (DHSHKY.

Mexanuka u xiaccuueckas (H3HMKa ObIAH CO3ZaHbI ZAAS
ONMCaHMs SABAeHHH, NPOTeKAIOIIMX B MaciuTabe HAIIMX TOB-
cezHeBubix sBAenuii. OHM ocTaloTCs CUpaBeZAMBBIMH U ZAs
ONMCaHMUs MPOLECCOB, TMPOHCXOAANIMX B ellle GOABLIHX acTPO-
HoMuueckux Macmtabax. Ho kxak Toabko Mbl mepexozum K
MacmTabaM aToma, CyLIecTBOBaHHe KBaHTOB Cpasy OrpaHUYH-
BaeT 06AaCTb NMPHUMeHEHHS MeXaHHKH M KAACCHUECKOH (PHBHKH.
C uem :xe sTOo cBfizaHO? A C TeM, YTO BeAMYHMHAa KBaHTa
AeHCcTBMA, XapaKTepuayeMasi 3HaMeHMTOH INOCTOSIHHOH IlnaH-
Ka, upe3BblYallHO MaAa MO CPABHEHHMIO C HALIMMM OGBIYHBIMH
eAMHULAaMH H3MepeHuH. BosMmyluenus, BHOCHMble B H3Mepe-
HUS B pesyAbTaTe CyIUeCTBOBAHHS KBAHTOB, OKaSbIBAIOTCS B
O06bIYHDIX YCAOBHAX HACTOABKO MAaAbIMHM, YTO B MCIIOAb3Ye-
MbIX TPH STOM eAMHHUAX HX MPAKTHYECKH HEeBO3MOXKHO 3a-
MeTHTb. JTH BOBMYIIeHHS 3HAUHTEAbHO MeHbIle OIHNG0K H3Me-
peHul, HensbermHO BOBHHKAIOIIUX B IKCIEPHUMEHTaX, IOCTaB-
AEHHBIX AAS IPOBEPKH TOFO MAHM HHOFO KAACCHYECKOTO BaKOHa.

B cBere xBaHTOBO# Teopmm KAaccHueckas MeXaHHKa M (-
3MKa yxe He ABASIOTCA abcoatoTHo ToudbiMu. OgHako B 06bru-
HBIX YCAOBHAX HapyllleHHe KAAaCCHUECKHX 3aKOHOB OKa3bIBaeTcA
He3aMeTHbIM H3-3a HMeIOUIMXCA BCerZa OLIMG0K H3MepeHUH.
Taxum o6pasoM, gAs sABAeHHH, MPOTEKAIOIIUX B HAUIMX 06bIy-
HbIX MacumTabaxX, KAacCHueCcKHe MeXaHHKa M (PU3HMKa OKasbl-
BAIOTCA OYeHb XOPOLIMM IPHOAMKeHHEM.

Hrak, szech Mbl cHOBa BcTpeuaeMcs ¢ OGBIYHBIM TPOIEC-
COM pa3sBUTHUs HayKH. | BepAO yCTaHOBAEHHble NMPUHIMMLI, Ha-
ZeXHO TPOBepeHHble 3AaKOHbI, XOTH M COXPAaHAIOTCA B ZaAb-
HeflllleM PasBUTHM HayKM, HO yxe pacCMaTPHBAIOTCH He Kak
abCOAIOTHO TOuHble, a AHIIb KaK HeKOTOpPoe NpubAH:KeHHe,
npezeAbl MPUMEHMMOCTH KOTOPOTO ONpPEZEASIOTCSH HOBOH, Go-
Aee 06lIeH Teopued.

[TockoAbky Bce e A5 ABAeHMH Hamero Macmraba KAac-
cHueCcKasi MeXaHUKa M (DU3HKA, COBepUIEHHO He YUHTbIBAIOLIHE
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HaAWYUsl KBaHTOB, OCTAlOTCs CIpaBeJAMBLIMH, TO HEKOTOpBIE,
BO3MOXKHO, CKax{yT, YTO, B CYLIHOCTH, KBAaHTbl He UMEIOT TaKoO-
ro yx BceoOIlero 3HaueHMs, KaKoe MM IPUIHCHIBaeTCHA, MO~
CKOABKY B Ype3Bbl4allHO IIMPOKOH 06AaCTH SIBAEHHH, BKAIO-
yalolleH, B YaCTHOCTH, OGAaCTb MpPaKTHYECKUX MPHAOKEHUH,
KBaHTOBYIO IPUPOJY SABAEHHH MOXKHO COBepIlleHHO He YUH-
toiBath. OzHako Mozo6Hast TOuKa 3peHHs KaxeTcs HaM He-
npaBurbHo#l. Bo-nepBbix, B Takoii BaxHOH M NepCcreKTHBHOH
obracty !, kak aToMHas W szepHas (PUSHKa, KBAHTbI MIPAIOT
HaCTOABKO CYIIECTBEHHYIO POAb, uTO 6e3 MPHUBAeUeHHs KBaH-
TOBOH TEOPHH NMOHSATDH ABAEHHs, OTHOCSLIHeCH K 3ToH o6AacTH,
OKa3blBaeTCs COBepIIEHHO HeBO3MO:KHO. Bo-BTOphIX, B Makpo-
CKONMYeCKOH (pH3MKe, Fje 6GAarogaps MaAOCTH BeAMYHHBl KBaH-
TOB H Hens6exHbIM OmIMOKaM DKCIIEPUMEHTa KBaHTOBas IPU-
pOZa IMPOLeCCOB He MPOSABASETCA SIBHO, HaAMYMe KBaHTa ZeH-
CTBHS BAeYeT 32 COG0OH BCe Te CAeACTBHS, Ha KOTOpPble MBI yKa-
3aau pasee. M ecAM oMM mpaKTHuecku He OKa3bIBAalOT 3aMeT-
HOrO BAMAHHSA, TO 3TO HHKOHM 06pa3oM He yMaAsieT MX 3Ha-
4YeHMsI Kak ZAs (PUSHKH, Tak U AAa purocoduu. [losTomy B
HacTOsillee BpeMsi KBaHTOBasi TeOPHUs SIBAseTCS OZHOH H3 Cy-
IeCTBEHHbIX OCHOB €CTECTBO3HAHUS.

! Dra xuura 6bina HamMcaHa JecaTb AeT Hasah. Hezasuee coszammue
a10MHOH 60M6bI SAICHO MOKAa3blBaeT, KaKHe BaxKHble MOCAEACTBHA JAS
NPaKTHKH MOZET MMeTb pas3BuTHe aToMHoil u agepHoit pusuxu. (ITpume-
yanue cgerano B 1946 r.)



Faasa I

KAACCHYECKAA MEXAHHKA

1. Kunematnka u guHamnka

B aToii me6oAbmIOH rAaBe Mbl OTHIOAb He cobuUpaeMCs Ae-
AaTb Kakoro-au6o, zaxe KpaTKoro, 0630pa MPHHIMIIOB KAac-
CHYeCKOH MeXaHHMKH H, TeM 6oAee, KDHTHUECKH aHaAM3HPOBATb
aTy obractb ¢usuxu. Jas aToro HegocraTouHo 6bIA0 6bI H
LeAOH KHHTH; K TOMy 2Ke STH BOIPOCHI y2Ke pPacCMOTPeHbI
MHOTHMMH BblzaloliuMucsi yveHbiMu. Mbl ocTaHoBuMcA 3aech
AHIIb Ha HEKOTOPbIX BOINPOCaX, KOTOPble, Ha Hall B3TAAZ,
NPeJCTaBASIIOT VHTEpPeC B CBA3H C HM3AaraeMbIM MaTepPHAAOM.

AmnaauTHyeckas MeXaHHMKa COCTOMT M3 ABYX pasZeAoB, HO-
CAIINX COBEePLIEHHO PAa3AHYHLIA XapakTep: KHHEMAaTHKH H JH-
HaMHKH, 4aCTHbIM CAy4aeM KOTOPOH sBAsieTcs cTaTuka. Heo6-
X0AMMO BKpAaTLe OCTAaHOBHTbCA Ha 3TOM Pa3jeAeHHH, MOCKOAD-
KY OHO OCHOBBIBaeTCSi Ha NPejNOAOKeHHAX, He ONpaBAaBLIHX
ce6si C TOUKH 3PEHHsT KBAHTOBOU TEOPHUH.

B camom geae, uTo ke Takoe KHMHeMaTHKa U [OUeMy ee
usyvaroT 06biuHO mpexsge, yem auHamuky? Kumemaruka usy-
YyaeT ABU:KEHUS Ten, NMPOUCKOASIIME B TPEXMEPHOM NPOCTPAH-
CTBe B TeueHHe KAKOTO-TO BPEMeHM U COBepIIeHHO He3aBHCHMO
OT ()M3HYeCKHX TMPHYHH 3TOoro aBvxkenus. Ha mepsbiit B3rasg
KazKeTCs BIIOAHEe eCTECTBEHHDIM IIpejnocAaTb H3Y4YeHHIO JHHa-
MHKH H3yueHHNe KMHeMaTHKH, 160 NMpeACTaBASIETCSA COBepPIIEeHHO
AOTHUHBIM cHayaAa u3yuuTb in abstracto pasamunbie Buabt
ABHUKeHUs B NPOCTPAHCTBe, a YK 3aTeM 3ajaBaTbCsi BOIIPOCOM,
MO0 KaKOH MNPHYMHe M CAeZysl KakMM 3aKOHaM TO HMAM HHoOe
ABU:KeHMe BOSHHKaeT B TeX MAH MHbIX ycropusx. Ho aror
KaKyIWMACS eCTECTBEHHbIM NyTb B J€HCTBUTEABHOCTH IOKOHT-
Csi Ha OZHOH TUINOTe3e, B YeM JZO NOCAeZHEro BpeMeHH He OT-
zaBaru cebe sicHOro oTuera gaxce Hanboaee BblZalOIIMeECs yMbl.
JelicTBuTeAbHO, MaTeMaTHKH, OYeBHAHO, BIpaBe 3aHUMAaTbCA
H3yueHHEM IepeMeLleHHil B NMPOCTPAHCTBe TpeX H3MePeHUH B

16



3aBHCHUMOCTH OT NapaMeTpa, KOTOPBIH MO2KeT 6bITb UAEHTHH-
uuposaH co Bpemenem. OzHako peub 37ech HAET O TOM, MOKHO
AH, KakK 3To 6e3 BCSAKOro aHaAM3a NMpeANOAararochb, NPUMEHSATb
pe3syAbTaTbl dTOro abCTPaKTHOrO M3y4yeHHUs1 K CAy4Yalo peaArb-
HOTr0 ABH2KeHHSI (PU3UUYeCKUX 0ODEKTOB.

Khaccuueckuii nepexos oT KuHeMaTHKH K AHHaMHKe, IO
CyIIeCTBY, COZePXKHUT B cebe TUIIOTE3y O TOM, YTO AOKaAH3aluA
(U3HYeCKUX O6BEKTOB B HEKOTOPOH abcTpaKTHOH o6AacTH
TPeXMePHOro NMPOCTPaHCTBAa M BpPeMeHH BO3MOZ{Ha BHe 3aBH-
CUMOCTH OT BHYTPEHHMX CBOMCTB caMuX (pH3HYeCKHX O6bex-
TOB, Hampumép oT ux maccol. CoBepiieHHO AOCTOBEPHO H3-
BECTHO, YTO €CAM OCTaBaTbCs B IpejeAax Haurero Maciuraba,
TO OKpy:KalollWe Hac MaTepHaAbHble Tera ¢ OOABLIOH CTe-
MeHbI0O TOYHOCTH MOTYT CUMTaTbCs AOKaAH30BaHHbIMH B IPO-
cTpaHCTBe M Bo BpeMeHH. VImenHo aTo cROHCTBO TeA U, B yacT-
HOCTH TBepjblX, IO03BOASIET HaM HarAsAjHO TIpPeJCTaBUTDH
cebe TpexMepHOoe MPOCTPaHCTBO, B KOTOPOM OHHU IepeMella-
torcsa. /JBuikeHue aTHX TeA ZaeT HaM BO3MOMKHOCTb TOYHO
onpezeAuTb Bpems u crocob ero usmepenus. [losTomy oxka-
3bIBaeTCsI BIOAHE €CTEeCTBEHHbIM, YTO METOJbl aHAAMTHYeCKOIl
MeXaHHKH C YCMeXOM IPHUMEHAIOT JAsS W3y4YeHHUS JBHKeHHs
nozobHoro poza MaTepuaibHbix o6bexToB. Oamako pacnpo-
cTpaHeHHe, 6e3 BCSIKHX OT'OBOPOK, INPEJNOAOXKEHHSI O BO3MOXK-
HOCTH AOKaAH3aLLMH (PH3HYECKHX OOGDBEKTOB B TpPeXMepHOM
MPOCTPaHCTBe U BO BpeMeHH Ha dAeMeHTapHble 4aCTHIIbl MaTe-
pHUM, T. €. Ha UYpe3BbIYaHHO Aerkue OODBEKTbI, KaK 3TO ObIAO

cAeAaHO Ha 3ape Pas3BUTHS aTOMHOH (PU3HUKH, — CAHIIKOM
CMeAasi BKCTpamoAsAnus. B ageHcTBHUTEeAbHOCTH, AASl 9THX
dAeMeHTapHb!X 06beKTOB KAACCHYeCKHe TIOHATHA IPO-

CTpaHCTBa M BpeMeHH He 6yayT 6Goree clipaBeJAMBDI, H Mbl
CMO2KeM HCIIOAb30BaTh MX Tellepb AHIIb C OrpaHHUYEHHSMH, KO-
TOpble H COCTaBASIOT Hanboiree cBoeobpasHble CTOPOHbI KBaH-
ToBOH Teopuu. Huxe bl o6cyaum aTor Bompoc 6oree MOA-
po6Ho. [loka e maM gocTaTouHo ykasaHHS, Ha KaKyl TIHIO-
Te3y, 3aBeJOMO CIpaBeZAHBYIO TOABKO AASl 06beKTOB Halllero
Macmitaba, onupaeTcss MeTOZ H3y4YeHHs H ONMCaAHUA JBHUiKe-
HUsl MaTepHaAbHBIX TeA, BbITEKAIOLIMH M3 KAACCHYeCKOH Me-
XaHHKH.

2. 3akonnt Hotorona n aunmamuxa matepuarbHoii Toukn

inlHﬂB 3a OCHOBY BO3MOXKHOCTb AOKaAHM3allUH (DH3HYECKHUX
06beKTOB B IPOCTPAHCTBEe U BO BPEMEHH, KAacCHYeCKasd MeXa-
HHKa HayHHaeT H3y4yYeHHe 3aKOHOB JBHXKEHHA C Hanboree npo-
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CTOTO CAydYasi: C U3Y4YeHHs 3aKOHOB JBHKEHUS MaTepHaAbHOH
TOYKH, T. e. (PH3HUYeCKOTO 06beKkTa 6eCKOHEeYHO MaAblX pasMe-
poB, o6Aazalolero KOHe4HOH Maccoll. DTa cxeMaTHuecKas Hzes
DAEMEHTapHOH YaCTHULbI, KOTOPYI0 aHaAMTHUYeCKas MexXaHHKa
[pPeANoChIAaeT H3AOKEHHUIO 3aKOHOB AHWHaMMKH, TOAHOCTbIO OT-
BeyaeT TpPeACTaBAEHHIO O AHCKpeTHocTu MaTepuu. Y noatomy
COBepIIeHHO eCTeCTBEHHO, YTO IOABeKa Ha3al, Koria (pU3HKH
MBITaAUCh TNPEACTaBUTb cebe MaTepHIO KakK ,COBOKYIMHOCTb Ha-
XOASALINUXCS B JABUKEHWM B3AeMEHTapHbIX 4YacTHL, B JAHMHa-
MHKe MaTepHaAbHOH TOYKH OHHM HAlIAM KaK pa3s TOT HHCTPY-
MeHT, KOTOpbli 6bIA HeO6XOZMM AAS MX TeOpeTHYeCKHX IO-
CTPOEHHH.

Junamyuka MmarepuaAbHOH TOUKM HCXOAMT M3 INPHHLIHNA
HHepUWH, COTAACHO KOTOPOMY MaTepHaAbHasi TOYKa, Ha KOTO-
pyl0 He JAEHCTBYIOT HHKaKHe BHeIIHHe CHABI, COXpaHseT CO
BpeMeHeM CBOe cOCTOosiHMe zBukeHus (maum mokos). Drto mHo-
AOKEeHHMe  CTPOTO BBINIOAHSIETCSA, BO BCSKOM CAy4Yae TOTZAa,
KOTrZa peub MJET O TaK 1la3blBaeMbiX TAAMAEEeBBIX CHUCTe-
MaX KOOPAHHAT, HalNpuMep CHCTeMe, CBSI3aHHOH C
HerogBukHbiMM 3BesgaMu. Ocobas PoAb raiHAeeBbIX CHCTEM
KOOPAMHAT CAeAyeT M3 HX olipefereHus. F.cam TpexmepHoe
[POCTPAaHCTBO, B KOTOPOM AOKAAHM3YIOTCA BCe (pU3HUECKHe
06beKThl, NMOHMMaTh KaK INPOCTPAHCTBO, HUMelollee HeKUH ab-
COAIOTHBIH CMbICA, TO MOJ TaAMAeeBbIMH CHCTeMaMH IIOHHMMa-
I0TCS CHCTeMbl KOOPAHHAT, ABUKYLIHECS MMPSIMOAMHEHHO U paB-
HOMEPHO OTHOCHTEAbHO aBCOAIOTHOTO MPOCTPaHCTBA.

CoraacHo NpUHIMNY HHePUHH, cBOGOAHAS MaTepHaAbHas
TOYKA JBH:KeTCHA NPAMOAMHEHHO W paBHOMepHO, AH60O B 4dacT-
HOM cAyuyae, KOTZa ee CKOPOCTb paBHa HYAIO, OCTAaeTCi B CO-
CTOSHMHU TOKOf. |akuM 06pasoM, BIOAHe eCTeCTBEHHO Ipej-
MOAOKHTb, YTO JAEHCTBHE HEKOTOPOH CHAbI Ha MaTepHaAbHYIO
TOUKY CBOJMTCSA ITIPOCTO K H3MeHeHHI0o ee ckopocTH. Hawu6o-
Aee MPOCTOH THIOTe30H OyZeT MpPeAnOAOXKeHHe, YTO MTHOBEH-
HOe M3MeHeHHMe CKOPOCTH MaTepPHaAbHOH TOYKH MNPSMO TMPO-
MOPIHOHAaABHO BEAHUHHe,  JeHcTByIOIIeH Ha Hee cH-
ABl, a KO9((QHULUHEHT NPOMOPLIHOHAABHOCTH TeM MeHbllle, YeM
6oAbllle ee MHEPUHUsA, T. €. YeM CHAbHee OHa IPOTHBOZAEHCTBYeT
H3MeHEHHIO ee CKOPOCTH.

EcTecTBenno xapaxtepusoBaTh MaTepHaAbHYIO TOUKY BEAH-
4HHON KO3(PUIMeHTa HHepUHH — ee Maccoil. [Ipu aTom ocnos-
HOH 3aKOH AMHAMHKHM MaTeplaibHOH TOYKHM MOXKHO CHOPMYAH-
poBaTh cAeaylomiuM oGpasoM: yCKOpeHHe, cOO6IIaeMOe HEeKOo-
TOPOH MaTepHAaAbHOH TOYKE, PaBHO B Kaz{AblH MOMEHT BpeMe-
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HH OTHOWIEHUIO CHABI, ZEHCTBYIOIIEH Ha 3Ty TOUYKY, K BEAMUH-
He ee Macchl. -3aMeTHM, YTO B COOTBETCTBHH C METOZOM, Ipel-
MoAaraloliuM, 4TO H3AO:KeHHMe KHHeMaTHKH IPEeAIIeCTBYeT H3-
AOXKEHHMIO JMHaMHKH, Macca, ABASAOIIAsAcId B AMHaMHMKe Xapak-
TepHCTMKONH MaTepHMaAbHOil Touxku, BBogurcsi a posteriori, Tor-
Ja Kak CyllecTBOBaHHe OIPe/leAeHHbIX TOAOKeHH A, TPAEKTOPHUH,
CKOPOCTHM M YCKOpPeHHs TOYKM JOIycKaeTcs a Priori.

YpasHenus kraccuueckol ZUHAMMKH MaTepHaAbHOH TOYKH
yTBeP:KAAIOT TaKUM 06pa30M, UTO NMPOM3BEJEHHEe MacChl MaTe-
PUAABHOM TOYKH Ha KaKyl-AHM60 W3 KOMIIOHEHT ee yCKOPEeHHS
paBHO COOTBETCTBYIOLIEH KOMIIOHEHTe CHAbI, ZeHCTBYIOLIEH Ha
3Ty MaTepHaAbHYIO TOUKY. F.cAM npeATonoUTb, UTO CHAA eCTb
W3BeCTHasi QyHKUHs KOOPAHUHAT U BpPeMeHH, TO AAS ONpelene-
HHs KOOPAMHAT MaTepUAaAbHOW TOUKH B 3aBHCHMOCTH OT Bpe-
MeHH Mbl IIOAYYaeM CHCTEMY TpeX OObIKHOBEHHbIX AH(depeH-
IMaAbHBIX YypaBHeHHH BTOPOro MOPsigKa MO BPEeMeHMU.

Xopomo usBecTHas M3 MaTeMaTHYeCKOTO aHaAH3a TeopeMa
yTBep:KZaeT, YTO peHIeHHe 3TOH CHCTeMbl ypaBHEeHHH OJHO3Hau-
HO oNpejersieTcs 3ajaHUeM KOOPAMHAT H HX IEPBBIX IPOH3-
BOAHBIX IO BpeMeHH B KaKOH-AH60 HavaAbHbIE MOMeHT Bpe-
menu. Mnaue rosops, ecAn nu3BecTHO MOAO:eHHe MaTepPHAABHOH
TOYKM U ee CKOPOCTb B HEKOTOPHIH MOMEHT BPEMEHHM, TO MOKHO
TOYHO ONpPeJeAUTb XapaKTep ee ABHMKEHHS BO BCe IOCAeZYIO-
IIHe MOMEHTbI BPeMeHH.

IATOT pesyAbTaT NMOKa3blBaeT, YTO KAaccHyeckas AMHAMHKA
MaTepHaAbHOH TOYKHM HaXOJAUTCS B MMOAHOM COOTBETCTBHM C
HPUHLMUIIOM (PU3HYECKOTO ZeTepMHUHH3Ma, NPUHLMIIOM, COrAac-
HO KOTOopomy 6yZAyliee cOCTOsSIHHE MaTePHAABHOTO MMPA MOKET
GBITh MIOAHOCTDBIO NpPesCKa3aHO, eCAM M3BECTHbI MapaMeTpPbl, Or-
peAeAsIOlHe ero COCTOSIHMe B KaKOW-AHG60 MNpezmecTBYIOLIMi
MOMEHT BpeMeHH.

Hurepecno ormeruts eme oaun ¢akt. Ilockorbky mpea-
MOAaraercs, 4To MaTepHaAbHasi TOYKa HMeeT OeCKOHEYHO Ma-
Able pasMepbl, TO ee TpaekTopHell OyzeT AMHHSA, KOTOpas
3aHHMMaeT B TPeXMepHOM IPOCTPAHCTBe AHIIb OZHOMEPHbIH
kouTunyyM. MartepuarbHas Touka B KamzaO#H TOuKe CBOei
TPaeKTOPUH HAXOZWUT OIpejeAeHHOe 3HayeHHe CHAbI, KOTOPOE
U 3ajjaeT ee BH2KeHHe B TNOCAeAYIOWIME 6eCKOHEYHO MaAbIi
npomexyTok BpeMeHH. |lpu aToM, kazaroch 6bl, XapakTep
ABUKEHUSI ONpeJeAsieTcCs AMIIb 3HayeHHEeM IOASI CHA BAOAD
TPAeKTOPHM M COBepIIeHHO He 3aBHCHUT OT ero 3HaueHHH BHe
9TOH TpaexTOopHH. B zefCTBHTeAbHOCTH, OZHAKO, DTO He COB-
CeM TaK, M XapaKTep ABUKEHHS 3aBHCUT TaKKe OT MOAsS CHA
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B HENOCPeACTBEHHOH 6AM30CcTH OT TpaekTopuu. Ilocaeanee
06CTOATEABCTBO CBsi3aHO C TeM, 4YTO, MOCKOAbKY BO BCeX (u-
3BHYECKHX 3ajayax IIOAe CHA, KaK IPAaBHUAO, MEHSETCA B IPO-
CTPAaHCTBe HeNpepbiBHO, 3HauyeHHe CHAbI B KaKOH-AHG0 TOUKe
TPaeKTOPHH 3aBHCHT, BOOOlie roBOps, OT €e 3HaueHHH B 06~
AacTH, HemocpeAcTBeHHO MpuMbikawome# k Tpaexkropuu. Oco-
6eHHO sICHO 3TO BHAHO B 4aCTO BCTPEYAIOLIEMCS CAydae, KOrja
CHAA B KaxJOH TOYKe NMPOCTPAHCTBA PaBHA rPajHeHTy HEKOTO-
POl (yHKLMH KoOpaMHAT. JeHCTBHTeAbHO, ONpejeAeHHe rpa-
JHeHTa MpeAIOAaraeT, YTO NOTeHUHAA H3BeCTEH He TOAbBKO B
TOYKe MPHAOXKEHHS CHABI, HO U B HEKOTOPOH GEeCKOHeYHO Ma-
AOH OKPECTHOCTH 3TOH TOUKH H, CAEAOBATEAbHO, CHAA B KaxK-
ZOH TOYKe TPAEKTOPHH OKA3bIBAETCS 3AaBHUCSALUEH OT 3HaYyeHHH
noTeHUHaAa B OGAACTH, PACIHOAOKEHHOH B HEMOCPEACTBEHHOM
6AH30CTH OT Tpaektopuu. |lpuHUMO HaMMeHbllero zeicTBHA
MPHUBOJUT K TeM 2K€ BbIBOJAM, MOCKOABKY OH ONpeJeAsieT JeH-
CTBHTEAbHYIO TPaeKTOPHI0 MaTepPHAaAbHOH TOYKH, T. €. TpPaekK-
TOPHIO, KOTOPYIO B JAEHCTBHUTEAbHOCTH OMMCbIBaeT MaTepHaAb-
Has TOuYKa, ABHrafch COrAacHO 3aKOHAM JHHAMHKH, CPaBHEHH-~
eM ee C APYrHMH, 6eCROHeYHO GAMBKMMH TPaeKTOPHAMH. JTO
TaKzKe O3HAYaeT, UTO XapaKTep ABHKEeHHS MaTepHaAbHOH TOY-
KM B3aBHCHT OT 3HauyeHHH CHUABI B 0OAaCTH, PAacHOAOXKeHHOI
6ecKoHeYHO GAH3KO OT ee TPAaeKTOPHH.

Oganako B paMKax KAaCCHYECKOH MeXaHHKH TOMOAOTHYECKHE
HEeOZHOPOAHOCTH MPOCTPAHCTBA, PACIOAO2EHHbIe Ha KOHEUHDbIX
PACCTOAHUAX OT TPAeKTOPHUH MaTePHAAbHOH TOYKH, pasyMeeT-
cs1, HUKOUM 06pa30M He MOTYT BAHATb Ha ee ABuxeHue. | lome-
CTHM, HalpHMep, MONEPEK TPAEKTOPHH MaTEPHAAbHOH TOYKI
9KpaH ¢ oTBepcTHeM. E.cAm TpaekTopus mepecekaeT dKpaH
BOAMBH LIeHTpPa OTBEPCTHS, TO HCKax{eHHs TOMOAOTHH MPO-
CTPaHCTBA, BbI3BaHHble HaAMYHEM dKpPaHa, COBEPILIEHHO He MO-
BAMAIOT Ha ee BUA. HampoTus, ecAH TpaekTopusi NPOXOAMT
6eckoHeuHO GAM3KO OT Kpasi OTBePCTHs, TO OHa 6yAeT BO3MY-
LieHa, ¥ TOrJa [OBOPAT, UTO YacTHLa 3ajeAa KpaH dKpaHa.
Oznako ¢ TOUKM 3peHHS KAACCHUECKOH MeXaHHKH, COBEPLIEHHO
HEBO3MOKHO IMOHSATD, [I0OYeMy JABM2KeHHe MaTepHAAbHOH TOYKH,
HPOXOoAslIed CKBO3b OTBEPCTHE B dKpaHe, 3aBHCHT OT TOrO,
HMeIOTCA AHM B 3KpaHe JOMOAHHUTeAbHble OTBEPCTHS, PACIOAO-
MKeHHble Ha KOHEYHOM PaCCTOSHHM OT MepBOro. JHaueHHe ITHX
3aMeyaHH#l AAA ob6bscHenus: onbitos IOHra c oTBepcTHAMH B
9KpaHe C KOPHYCKYASPHON TOYKH BPEHHS CKOPO CTaHET IMo-
HATHO; MO2KHO TaKzKe IOYYBCTBOBaTb, YTO HOBOTO  JOA:KHa
BHECTH BOAHOBAas MéXaHWKa B dTOT BOIPOC.
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YpaBHeHns KAaccHueckoidl MeXaHHKH MaTepHaAbHOH TOYKH
HO3BOASIIOT BBECTH JBe AMHAMHUYECKHe BEAHUHHDBI, XapaKTepH-
sylollHe JBHAeHHe MaTepHaibHo# Touku. [lepBas m3 Hux —
BEKTOpHAS BeAMYMHA, KOAHYECTBO JBHKEHMsA, MAH HMIYAbC,
KOTOpbIH OMpeZeAsieTcs] B KAACCHYeCKOH MexaHHMKe KaK I[POH3-
BeZeHHe MacChbl MaTepHaAbHOH TOUKHM Ha ee CKopocTb. Bax-
HOCTb 3TOH BeAMYHHbl JASl QHU3HKH CAeldyeT H3 TeX ke
ypaBHeHH#l ABHieHHs, IIOCKOABKY HX MOXKHO C(pOPMyAHPOBATD
caeayomum o6pa3oM: NMPOH3BOAHAs MO BpeMEHHM OT BEKTOPA
KOAMYeCTBA JBH:KEHHs paBHAa CHAe, AeHCTBYyIOIleil Ha MaTe-
PHAABHYIO TOYKy. XOTs, KaK AerKO BHAeTb, B KAACCHYECKOH
MeXaHHKe 3Ta AMHAMMYeCKasi BEAHYHHA ABASETCS MPOM3BOAHOU
OT KHHeMaTH4yecKOH BeAmuuHbl (ckopocTH) M ob6pasyercsa H3
Hee NMPOCTbIM YMHO2(EHHEM Ha Maccy, fCHO, YTO 3TH ABe BEAH-
YHHbl HMEIOT COBEpILIEHHO PAa3AHYHYIO HMPHPOAY, H60 HMMIYAbC
XapaKTepH3yeT COGCTBEHHO AMHAMH4YeCKHe CBOHCTBa paccMmar-
pHBaeMOi MaTepHaAbHOH 4acTHubl. Bropas ms Hux — ckaasp,
sueprua. Ona urpaer cyiiecTBeHHYI0 POAb, OCOGEHHO B TeX
CAydasX, KOrja cHAa sBAsieTca moTeHuuarbHoH. K3 ypasne-
HUH  JBHX<EHHMS HENOCPEJCTBEHHO CAedyeT,  4YTO €CAH
HOTeHUHMAaA JAAS BCeX TOYEK IMPOCTPAHCTBA He 3aBHCHT OT
BPEMeHH, TO UMeeTCs HEKOTOpas BeAMYHHA, COXpaHsollas Mo-
CTOSIHHOe 3HaveHHe NPH ITepeMelleHHMH MaTepHaAbHOH TOUYKH.
OTa BeAHMuYHHA paBHA CyMMe IOAOBHHbI IPOH3BEAEHHs MaccChl
Ha KBajpaT CKOPOCTH M 3HaueHHsi NOTeHIMaAa B TOM MecCTe,
rie HaxXOAWTCA MaTephHaAbHas Touka. MubiMu caoBamu, ata
BeAHYHHA paBHA CyMMe KHHETHUECKOM M NMOTEHLHAaAbHOH 3Hep-
ruit. Takum o6pasom, B moTeHuHaAbHOM More cHA (koHcepBa-
THBHOM IIOAe) MOAHAs dHEePTHs, KOTOPYIO Mbl TOABKO 4TO OMpe-
JeAHAH, OCTAeTCA TOCTOSHHOH HAHM, BbIpazkasicb MaTeMaTHYe-
CKHM f3bIKOM, fBASeTCA MepBbIM HHTErpaAOM JBHKEHHA.
3aech onATb Mbl BUANM, YTO MOHATHE 3HEPTHH BBOJUTCSA C MO~
MOIIbI0 KMHEMAaTHYECKOTo MOHATHS CKOPOCTH M CllelH(]PHUYeCKH
AWHAMHMYEeCKHX TOHATHH Macchl M moTeHuuara (mocaeanuit He-
nocpeacTBeHHo cBszaH ¢ cuAod). Her Heo6xoammoctn oTmE-
4aTb, YTO MOHATHe DHEPTHH, KCTaTH, JaAeKo BbIXOAsIee 3a
PAaMKM KAACCHYECKOH MeXaHHKH, HMeeT OrpOMHOe 3HaueHHe AAs
BCeH (PUBHKH.

Tak xe kak ocTaeTcs NOCTOSHHOH dHeprHs, €CAH IPOHU3-
BOoZHasl MOTeHIHaAa MO BPEMEHH TOXKJAECTBEHHO PaBHA HYAIO,
TaKk M KOMIOHEHTa KOAHUYECTBA [ BH2KEHHS COXPaHsET MOCTOAH-
HOe 3HauyeHHe, eCAH MPOM3BOAHAA MOTEHUHAAA MO COOTBETCTBY-
I0IeHd KOOPAMHATE TOXKZECTBEHHO PaBHAa HyAK. JTO yKasbi-
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BaeT Ha HEKOTOPOEe CXOACTBO MeMAy DSHeprHeH M KOMIIO-
HeHTaMM MMIyAbca. JHepPTHs COOTBETCTBYeT BpeMeHHOH Kkoop-
AMHaTE, TOrZa Kak KOMIIOHEHTbl HMIYAbCa — MPOCTPaHCTBEH-
HbIM KoopaunataMm. CxoacTBo mnposBAsieTcs emme 6oAee sB-
HO B TEOPHH OTHOCHTEABHOCTH, B KOTOPOH B3HeprHs M TPH
KOMIOHEHTbI HMOyAbCa pPacCMAaTPUBAIOTCA KaK KOMIIOHEHTI
HEKOTOPOIO 4YeTBIPEXMEPHOTO IMPOCTPaHCTBEHHO-BpeMeHHOro
BEKTOPA — BEKTOPA 4eTbIPEXMEPHOTO HMIyAbca.

B Mexanuky maTepuaibHOii TOUKM BXOAAT Takze M He-
CKOABKO JAPYFHX BEAH4HH, MMEIOLIMX BaxxHoe 3HaueHue. [Ha-
npuUMep, KOMIOHEHTbl MOMEHTa KOAMYECTBA ABHM:KEHHA MaTe-
PHAABHOH TOYKH OTHOCHTEABHO HEKOTOPOH 3aZaHHOH TOYKH.
Onu rtaxae BHIBOZATCA M3 KHHEMaTHYECKMX MOHSATHH MOAOKe-
HHUSl H CKOPOCTH, K KOTOPbIM A06aBAsieTCA AHHaMHYecKoe MO~
HsTHe Macchl. JTH KOMIOHEHTHI, KaK H3BeCTHO, 6YAYyT MepBbi-
MH HHTerpaAaMy ABHKEHHS B CAyuae LEHTPaAbHOTO ITOASl CHA;
Ba:KHOCTb 3TOTO CAyuasi B Heb6eCHOH MexaHHKe o6IIeH3BecTHa.

Hrak, B xraccHueckodt TeopHH JAMHaMH4YecKHe BeAHUHHDI
06pa3yloTCs N3 KHHEMaTHUYECKHX BEAHUHH CKOPOCTH M KOOPAH-

HaTbhl U COOCTBEHHO JHHaMHYECKHMX BEAMYHMH MacChl H IOTEH-
LHaAa.

3. Junamuka cHcTeMbl MaTeépHAAbHBIX TOUeK

B aunamuke MaTepuarbHOH TOYKHM NMOAe CHA MpejmoOAara-
eTcsd 3aZaHHbIM B KaXKAOH TOYKe AAsl Kax<oro MOMeHTa Bpe-
mend. Ho B knaccuueckoli mexanuke cHAOBOe MOAe, AEHCTBY-
Iollee Ha KaKyl-AHO60 MaTepHaAbHYIO TOYKY, CaMo CO3jaeTcH
APYTHMMH MaTepHaAbHBIMH TOYKaMu. |akuMm 06pasoM, BIOAHE
eCTeCTBEHHO PAacCMOTPETb COBOKYMHOCTb B3aHUMOJEHCTBYIOIIHX
Mexay co60H MaTepHaAbHBIX TOYEK W ONPEAeAHTb XapakKTep
JABHMEHHSI TaKOro aHcaMOAs.

Ha neproiit B3raaz mogo6uas sazaua MoxseT MOKa3aTbC
O4YeHb CAOKHOH, MOCKOAbBKY Ka:kJas MaTepHaAbHas TOYKa, BXO-
Asasi B 3Ty CHCTeMy, NepeMellaeTcsi B Pe3yAbTaTe BO3AeH-
CTBHS Ha Hee JPYrHX MaTepHaAbHbIX TOYEK 4YTO B CBOIO OdHe-
peab MPHUBOAMT K H3MEHEHHIO CHABI, AeHCTByIOLeH Ha JaHHYIO
MaTepHAaAbHYIO TOYKY CO CTOPOHBI OCTAABHBIX.

eM He MeHee ¢ MaTGMaTHYeCKOH TOYKH 3peHHs 3ajada
POPMyAHPYETCs MO-NpPe:KHEMY MPOCTO: B KaxuAbIH MOMEHT Bpe-
MeHH TMPOH3BeJeHHe MacChi KaKOH-AHO6O MaTepHaAbHOH TOYKH
Ha ee yCKOpeHHe PaBHO JEHCTBYIOIleH Ha Hee CHAe, KOTopas,
pasyMeeTcs, 3aBHCHT OT MOAO:KEHHs BCeX OCTaAbHbIX MaTe-
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PHAAbHBIX TOYeK cHCTeMbl. lakum ob6pasoM, AAs aHcaMOAd,
cocroamero us N MaTepHaAbHBIX TOYeK, Mbl MOAydYaeM CHCTe-
My H3 3N AU PepeHIHAADPHDIX YpaBHeHHH BTOPOro Nopsajka 1o
Bpemenn aaa 3N xoopaunart Bcex N MmaTepHaAbHBIX TOYEK.
Kak cAeayer us maTemaTHueckoro aHaAM3a, pellleHHe 3TOH
CHCTEMbI ypaBHEHHH MOAHOCTbIO ONpejeAsieTCs 3ajaHHeM MO-
AOKEHHH M CKOFOCTEH BCEeX MaTepHAaAbHBIX TOYeK CHCTeMbl B
HayaAbHbIH MOMEHT BpeMeHH. |ak o6o6imaeTca Ha CAydad CH-
CTeMbl MaTePHAAbHBIX TOYEeK HPUHLHII MeXaHHYeCKOro JeTep-
MHHH3Ma, YCTAHOBAEHHDIH paHee AASl CAydasi OAMHOYHOH MaTe-
PHAABHOH TOYKH.

Hsyyenne asuxenns cucTeMbl MaTepHAAbHbIX TOYEK OYeHb
yNpoILaeTcs, eCAH BBeCTH MOHATHE LEHTPA HHEePUHH CHCTEMBbI,
KOTOPBIH, KaK H3BeCTHO, COBMNAZaeT C LUEHTPOM TSKECTH BCeX
MaTepHaAbHbIX Touek cHcrembl. OkasbiBaeTcs, 4TO €CAH Ha
CHCTeMY He AeHCTBYIOT HHKaKHe BHeEIIHHe CHADBI, TO ee LeHTp
HWHEPUHH JABMETCA MPAMOAHHEHHO M paBHOMepHO. IJTOT pe-
3yAbTAT CAejyeT U3 OZHOro obuiero cBOHCTBAa CHA, BBOAHMbIX
B MeXaHHKe, CBOHCTBa, KOTOpOe BbIpaxKaeTcsi NMPHHUIHIOM pa-
BeHCTBA geficTBHs u nporuBogeiicteusa. CoraacHo aTOMy MPHH-
uuny, cuaa, AeHCTByIOIAs Ha MaTepHaAabHyio Touky A co cro-
POHbI MaTepHaAbHON TOUKH B, paBHa 10 BeAHUHMHe H NMPOTHBO-
MOAOKHA 1O HampaBAeHHIO CHAe, ¢ KOTOPOH TOYKa A pefict-
ByeT Ha Touky B.

TOM cAydae, KOrga cvcreMa o6AaZaeT MOTEHLHAAbHOH
9HepPTrHEH, MOKHO NMPEANOAOKHTD, YTO MOTEHIHAAbHAS DHEPTHs
3aBHCHUT TOABKO OT B3aHMHOIrO MOAO2{€HHs MaTepPHAAbHbBIX TO-
4yeK — TFUIOTE3a C (H3UYECKOHM TOYKH 3PEHHs] BIIOAHE ecTe-
CTBeHHasl.

Hrak, sazaua ompezeneHus JBH:keHHA cHCTeMbl pas6u-
BaeTCsl Ha JBe: CHayaAa HaXOJHUTCS JBH:KeHHe LIEHTpa HHep-
LHH, a 3aTeM — ABH:KEHHe CHCTeMbl OTHOCHTeAbHO ee LeHTpa
Tsectd. Psag xopomo u3sBecTHbIX Teopem obAeruaeT pelleHHe
9TOH 3ajauu.

KoanuecTBo aBMaseHHS cHCTeMbl MaTepHAAbHBIX TOYEK OI-
peaeAsieTcsi MPOCTO Kak cymMMa (reomeTpuueckasi) KOAHYECTB
ABHKEHHS BCeX BXOAAIUMX B Hee MaTepHaAbHbix Touek. OHO
BbIpazkaeTcsi B BHJEe CYMMbl [POHM3BeJAeHHH Macc Ha COOTBET-
CTBYIOLIHE CKOPOCTH, T. €. TaK2ke HCIOAb3YeT MOHATHE CKOPO-
cti. Uro KacaeTcs SHepruu CHCTeMbl, TO Ola BCErAa COAEPHHT
cAaraemoe, COOTBETCTBYIOLIee KHHETHYECKOH DHEPTHH M paBHOE
CyMMe KHHeTHYECKMX DHEPrHH BCeX MaTepHaAbHbIX TOYeK, T.e€.
MOAyCyMMe NMPOW3BeleHHH Macchl Ka:KAOH MaTepUaAbHOH TOYKM
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Ha KBazpat ee cKopoctH. Eicau e cucreMa KoHcepBaTHMBHa, TO
MOAHAasA 3Hepriist BKAIO4YaeT B cebs TaK:Ke MNOTEHIHAABHYIO
9HEPrHlo, KOTopasg B CBOIO OuYepeAb COCTOMT H3 ABYX cAarae-
mbix. [lepoe paBHO cymMMe moOTeHLHAaAbHBIX aHeprui
BCEX MaTepHaAbHBIX TOYeK BO BHEIIHEM IMOAE, AeHCTBYIOLIEM Ha
cucremy (ecam Takosoe umeeTcs). Bropoe craraemoe, oTAmu-
HOe OT HYASl U B TOM CAy4ae, KOrja BHeIIHee [OAe OTCYTCTBY-
€T, eCTb DHEPTHUsl B3aMMOJeHCTBHA MaTepHaAbHbix Touek. OHo
PaBHO CyMMe B3aHMHBIX MOTEHLHAAbHbIX DHePTHH KaxKAOH ma-
PbI YacTHL.

Becbma cymecTBenHo, uTo B3aMMHYI0 MOTeHIHAABHYIO aHep-
THIO HeAb3s MPeJCTAaBHTb B BHJE CYMMbI IOT€HUIHAADHbIX DHEP-
I'MH, MPHUIHMCHIBAEMBIX Ka:KAOHW MAaTePHAADHOH TOUKe B OTZEAb-
Hoctu. Kaxaas mapa BsammogeficTBylOmMX MaTepHaAbHBIX
TOYEK ZAeT BKAAA B MOAHYyIo sHepruio. CregoBaTeAbHO, MHAH-
BHJAYaAbHOCTb MaTePHAAbHOH TOYKH BbipaxieHa TeM cAaabee,
yeM CHAbHee B3auMoJeHcTBHe MexAy HuMH Hannune sToH
B3aHMHOH SHEPrHH XapaKTePHO JAAsA CHCTeM B3aHMoJjeil-
CTBYIOIIMX MaTepPHAAbHBIX TOYeK H OTAHYAET UX, HallpHMep, OT
aHCaMOAs HeB3aUMOJEHCTBYIOIUHX MaTepHaAbHbIX TOYeK, Haxo-
ASIIUXCA B 3a4aHHOM BHEIIHEM ITOAe.

Junamuka cucTeM MaTepHarbHbIX TOYEK — OCHOBA JHHa-
MHKH TBepPJbIX TeA, OCKOAbKY IOCAeZHHE MOKHO MPeACTaBHTb
B BHJe CHCTeMbl MaTepHAaAbHbIX TOYEK, PACCTOSIHHS MexKAy Ko-
TOPbIMH OCTAIOTCS HEHBMEHHBIMH M3-3d4 CHA B3aHMOZAEHCTBHS,
Ype3BblYaHHO OBICTPO BO3PACTAlOIIHX IPH OTKAOHEHHH 3THX
TOYEK OT CBOEro NOAOXKeHHsI paBHOBecHA. 10T (hakT, 4TO B3a-
HMHOe pacHoAOKeHHe MaTepHaAbHbIX TOYeK B TaKHX TBePJbIX
TeAax OCTAaeTCsi HEeM3MeHHbIM, IT03BOASET ONPELEAHTb €ro MOAO-
*KeHHe B KaKZblH MOMEHT BpeMeHH 3aJaHHeM BCEro AHIIb
IIeCTH MMapaMeTpPOB.

Takumu napamerpaMm MOryT CAYXKHTb, HampuMep, TPH
KOOPAWHATbI KAKOH-AM60 MPOU3BOABHOH TOYKH TeAa W TPH
yrAa, OompeieAslOIMX €ro OpPHeHTALlMI0 OTHOCHTEAbHO HeKo-
TOPOH CHCTeMbl KOOPAHUHAT.

Ecan mbi umeem 3azauy o ABM2eHMH HECKOABKMX TBEPABIX
TeA, KaKHM-AH60 06pa3oM CBsIBaHHbIX Me:xay cOOOH, TO 4dHC-
AO mapaMeTpoB, HEOOXOAHMDIX AASl OMHCAHHS TaKOH CHCTEMBbI,
Bospacraer OgHako NMpH HaNHCaHHM ypaBHeHHH ABHKEHHs
BCerja MOMHO HCXOJAUTb M3 ypaBHeHWH JAsi CHCTeMbl MaTe-
PHAADHDBIX TO4YEK, IpeArnoAaras NPUH STOM, YTO TBepJAble TeAa
NPeCTaBAAIOT COO0H HEKOTOPYID COBOKYNHOCTb TaKHX Mare-
PHaAbHBIX TOYeK.
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Takum o6pasom, npeaBocxuias pa3sBHUTHe ATOMHOH (H-
3UKH, MEXaHHKa TBePJAbIX TEA CTPOHAACh HCX0JS U3 MpeAmno-
AOXEHHA O JHCKPETHOCTH MaTepHH. -3Zech CAeAyeT CAeAaTb
oaHO 3aMeuaHHe. B 06bluHbIX DKCEpHMeHTaX Mbl HMEEM JAEAO,
KaK NMPaBHAO, C KPYMMHOMAcCIiTaOHbIMU TeAaMH, a He C MaTepH-
aAbHbIMH TOYKaMH, H, B 4aCTHOCTH, GOABILIHHCTBO METOZOB H3-
MepeHHs1  MPOCTPAHCTBA M BpeMeHH, He0OXOZHUMbBIX JAA
H3Y4eHHs pasAHUYHBIX SIBA€HHH, OCHOBAaHO Ha MCIOAb30BaHHH
CBOHCTB TBepabix TeA. MMenno >Tu moHsTHA mpocTpaHCTBa M
BPEMEHH, B3STbie U3 MOBCEAHEBHOH XKH3HH U HAOAIOZEHHH HaJ
KpymHoOMaclITabHbIMH TeAaMH, B YaCTHOCTH TBepPJAbIMH, CAYy-
#aT HaM JAsl ompejeAeHHsT 3aKOHOB JBHKeHHS MaTepHaAb-
ubix Touek. OmpegeAnB TakuM 06pa3soM 3TH 3aKOHBI, Mbl
CHOBa BO3BPAILAEMCA K HM3Y4eHHIO MeXaHHYeCKHX CBOHCTB
TBePAbIX TeA, PACCMATPHBAS UX KaK COBOKYMHOCTb MaTepHaAb-
HbIX TOueK. XOTA Tako# NyTb M HENPOTHBOPEYHB, OJHAKO
NpeAnOAOKEHHEe, YTO MOHATHS NPOCTPAHCTBA M BpeMeHH, BO3~
HUKIIHe U3 HaGAIOJeHHUH HaJ TBePAbIMH TeAaMH, MOxHO 6e3
HW3MeHeHHH HMCIIOAb30BaTh MPH M3yUYeHHH IIPOLECCOB, NMPOHCXO-
SAIIUX C dAeMeHTapHbIMH YacTHLIAMH, — BeCbMa CMeAas THIO-
tesa. MoxHo 6biA0  6bl MPEAMOAOMHTD, YTO IpPUMEHEHHE
9THX IOHSATHH K 3AeMeHTapHbIM aKTaMm NOTpebyeT HX cepb-
e3HOH Moaudukaunu. EguecTBeHHOe ycAOBHe, KOTOPOe IPH
3TOM Ha CaMOM JeAe JOAXKHO coOAIOZaTbCA, 3aKAlOYaeTcs B
Tpe6GOBaHHH, YTOObI CBOHCTBA aAeMeHTapHbIX 4acTHL OGbIAHM Ta-
KOBBI, YTO, IepexoAs K CHCTeMaM H3 O4YeHb MHOTHX YaCTHL, Mbl
¥MeAn 6bI BO3MOXKHOCTb TMOAYHaTb yxie H3BECTHble HaM CBOH-
CTBa MaTepHaAbHbIX TeA (B YaCTHOCTH, CBOHCTBa TBepPJbIX
TeA) u OObluHble ONpeJeAeHHS HPOCTPAHCTBA H BPEMEHH.
Ilpasaa, aTo 3ameuaHMe, Bax¢HOCTb KOTOPOTO HEAABHO MOZ-
yepkuyA . A. ZJerym, He ABAseTcs. MO-BHAMMOMY, CEPbEs3-
HbIM BO3paxKeHHEeM HPOTHB MeT0Aa, HCIOAb3yeMOro B KAac-
CHYECKOH aHAAMTHUYECKOH MeXaHHKe, MMOCKOAbBKY MaTepHaAbHYH
TOYKYy TaM MO2KHO ObIAO 6bI ONpejeAHTb He KaK 3AeMeHTap-
HYI0O 4YacTHUy, a KaK 4acTULYy MaTepHH, HMeloLIyio npeHebpe-
?KMMO MaAble pa3Mepbl, HO COJepxalllyio Bce ke B cebe upes-
BbIYafiHO 60ADbIIOE YHCAO dAeMeHTapHbix uacTul. VlHoe zero B
aTOMHOH (pH3HKe, KOTJa, JAOMycKas CyLIeCTBOBaHHe dAeMeH-
TapHbIX YaCTHU, MNbITAIOTCA HPHUMEHATb K HHUM KAAaCCHYECKHE
3aKOHbl MeXaHHKH MaTePHaAbHOH TOUKH HAH KakHe-AHOO Apy-
rHe 3aKOHbI, IpejHoAaralollie CIPaBeAAHBOCTb HALIMX OObIu-
HbIX MOHATHHA MPOCTPAHCTBA M BPEMEHH. 3JeCb 3TO BO3paxe-
HHe CTAaHOBHUTCS Cepbe3HbIM.
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4. AnarutHueckas mexannka u Teopus Sko6u

Anaautnueckas MexaHHKa, TeCHO CBSI3aHHAasA C MMeHeM Be-
Auxoro JMarpana, npeAcTaBAfeT cOGOH COBOKYMHOCTb METO-
JOB, MO3BOAAIOIIHX ObICTPO HamHCAaTh ypaBHEHHs JBHKEeHHA
KaKOH-AHOO CHCTeMBbI, eCAH H3BeCTeH Hab6op napamMeTpoB, 3Ha-
HHUA KOTOPDbIX JOCTaTOYHO AAS OZHOBHAYHOTO oOlpeieAeHHS
MOAOKEHHsI CHCTEMBI B KaxaAbli MoMeHT BpemeHH CoBepIIeHHO
He cobupasch nMogpo6HO aHAAHBHPOBATb 3J€Chb METOJbl aHaAH-~
THYeCKOH MeXaHHKH, CAEAaeM AHIIb HECKOAbKO 3aMedaHHH,
KacaloUIHMXCsA JBYX XOPOIIO H3BECTHBIX CHCTEM ypaBHEHHH:
ypaBHenu# Narpanxa u ypasuenuit [ amuabtona. Otanune me-
toza MNarpanma or meroza ['amMuAbroma saxkirouaeTcss B TOM,
uTo B MeToAe J\arpam:ka sHeprus CHCTeMbI BblpaxkaeTCs Yepes
060611eHHble CKOPOCTH, T. €. Yepe3 IPOM3BBOJHbIE MO BPeMEHH
OT MapaMeTPOB, ONpPeAeAAIOLIHX IIOAOKEHHe CHCTeMbl, TOria
Kak B Metoze |'aMuAbTOHA 3Heprus BbipaaeTcs Kak EYHKLHA
060611eHHbIX HMIYABCOB.

B pamkax xAaccHueckmx mpezcTaBAeHHI MOMHO O4YeHb MPO-
CTO NMepPeHTH OT 060O6ILEHHbIX CKOPOCTEH K 060OLIEHHbIM HM-
nyAbcaM H 06paTHO, MOCKOAbKY HMIIyAbChl TaM Bcerga ompe-
ZeAsIOTCSl Yepes CKOPOCTH H, TakuM o6pasoM, ypaBHenus Jar-
panzxa u 'aMuAbTOHA, KaK MOKa3bIBAET MX AHAAH3, MOAHOCTBIO
SKBHBAAEHTHBI H OTAHYAIOTCA APYT OT Apyra AHLIb (POPMOH
sanucu. Korza xe mbt mepeiizem k kBaHTOBO#t MexaHuKe, TO
YBHAMM, 4TO ypaBHeHHsA | aMHAbTOHA, COOTBETCTBYIOLIHUM 06~
pasoM 3amHMCcaHHble, COXPAaHSAIOT CBOe 3Ha4yeHHe, 4Yero HeAb3A
ckasaTb 06 ypasHenusx JarpaHzxa. ITo Aerko o06bICHUTH, €C-
AH 3aMeTHTb, YTO AHHAMHYeCKHe MOHATHS COXPaHAIOT B KBaH-
TOBOH MeXaHHKe CBOe 3HauyeHHe, TOTJa KaK KHHeMaTHYeCcKHe
NOHATHA, Boc6Glle roBOPsA, TEPAIOT CBOH CMbIcA. |ak, HampH-
Mep, HMIIYABC, KOTOPbIA, COTAACHO KAACCHYeCKMM BO33pPEHHAM,
HOSIBASIETCS] KaK BEAHUYHHa, BbIBOZMMAas H3 CKOPOCTH, BBICTY-
MaeT B KBAHTOBOM MeXaHHKe y»ke KaK BIOAHe aBTOHOMHas Be-
AHYHHA, He 3aBHcsIas 60Aee OT MOHATHS CKOPOCTH, NMOHATHA
y2ce He BO BCeX CAyyasix BIIOAHE ONpPeAeAeHHOro.

Ouenb BaxkeH M HMHTepeceH, C TOYKHM 3PeHHS paccMaTpH-
BaeMbIX 3JeCb BOIPOCOB, pa3JleA aHAAUTHYECKOH MeXaHHKH,
noceauleHHbi Teopuu fko6u. B camom zere, aTa Teopus mo-
3BOASAET KAACCH(HUHPOBATb Pa3AHYHbIe BHJAbI JABHKEHHs Ma-
TepHAaAbHOH TOYKH B 3ajaHHbIX MOASX CHOCOGOM, KOTOPbIH
Kak 6bl MOArOTaBAHBaeT MePeX0J OT KAACCHYECKOH MeXaHHKI
K BOAHOBOH. Mbl He B cOCTOSIHMM BAaBaTbCsl 34eCh B MOZPO6-
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Hbill aHaAu3 Teopun flko6H, Tpebyromuil K TOMY e ZOBOABHO
CAOKHOrO MaTeMaTHYecKOro amnapaTa, i OrpaHUYHMCS AHIIb
pesyAbTaTaMH, KOTOPbie MOAYYalOTCH B 4acTHOM, HO BecbMa
Ba:KHOM CAydYae CTAaTHYECKHX, T. €. He 3aBHCAILHX OT BpeMeHH,
CHAOBbBIX MOAEH.

Bes coBokynHOCTD BO3MOMKHBIX TpaeKTOPHH MaTepHaAbHOH
TOYKH B TAaKOM ITIOAE€ CMA 3aBHCHT OT LIECTH MapaMeTPOB, IO-
CKOABKY Kax<Zas M3 DTHX TPAeKTOPHH OMNMpeAeAsieTcs] HadaAb-
HbIM [OAO:KEHHEM M HauaAbHOH CKOPOCTbIO MaTepHaAbHOMH
toukn. OfHaKo Bce 3TH TPAEKTOPHH MO2HO 06'beJHHHTb B Ce-
MeHCTBa, 3aBUCsILIHE TOABKO OT TpeX MapaMeTPOB, MPHYEM Tpa-
eKTOPUH OZHOTO M TOrO K€ CeMeHcTBa 06pa3ylOT CEMEHCTBO
KPHBbIX, 0PTOFOHAAbHBIX HEKOTOPOMY CEMEHCTBY MOBEPXHOCTEH.
Ecau HaliTi 04HO M3 HHX, TO OPTOrOHaAbHbIe STOMY ceMeHcTBY
KpuBble 6YyAyT BO3MOXKHBIMH TPAaeKTOPHAMH MaTepHAAbHOH
Touku. [eopusa flko6u mospoaser HafiTH cemeiicTBa TakUX IO-
BEPXHOCTEH M C MOMOIILIO pelleHHs HeKOToporo zaHudde-
PEHLIHAABHOTO YOAaBHEHHsI B YacTHBIX MPOM3BOJAHbIX MEPBOTO
HOpPsAZKA U BTOPOH CTeleHH, KOTOPOe HAa3bIBAETCsl ypaBHEHHEM
SIko6u. Boiroa aToro ypaBHeHHs OCHOBaH Ha raMHABTOHOBOM
BbIpaKEHUH LA DHEPrHH MaTEePHAAbBHOH TOYKH B KaxJblH MO-
MEHT BpeMeHH KaK (pyHKLHH KOMIOHEHT ee UMIyAbCa H KOOpP-
AHHAT B TOT € MOMEHT BpEMEeHH.

Hrak, mbt Buaum, uto Teopus fko6m mossorser pa3buThb
1IeCTHMEPHOe MHO2KeCTBO TPAeKTOPHH MaTepHaAbHOH TOYKH Ha
ceMeHCTBa, KaxJoe M3 KOTOPbIX COZePKUT B cebe TpexmepHoOe
MHO4€CTBO TPAaeKTOPHH H COOTBETCTBYET HEKOTOPOMY ceMel-
CTBY OPTOTOHAAbHbIX uM moBepxHocTeit. Kamzgoe cemeiicTBO
TPaeKTOPUH M COOTBETCTBYyIOLlee €My CeMEHCTBO OPTOroHaAb-
HbIX MOBEPXHOCTEH HAaXOJAATCS TOYHO B TAKOM e OTHOIUEHHH
APYT K APYTY, KaK AY4H M BOAHOBble MOBEPXHOCTH NPH pac~
CMOTPEHHH BOAH B paMKaX reoMeTpHueckoii onTHku. Euge 60~
Aee BeKa Ha3aj] INOTAAHICKUA reomeTp [ aMMAbTOH OTMeTHA
3Ty aHaAOTHIO M€y MEXaHHKOH H reoMeTPHUECKOH ONTHKOH,
HO TOABKO pa3BUTHe KBAHTOBOH TEOPHH MO3BOAHAO YBHJETD
B HeH HeuTo GOAbliee, 4YeM MPOCTOE CXOACTBO MaTeMaTHYeCKO-
ro OMHCaHHS.

B cBa3u c 3TUM HHTepecHO OTMETHTb, YTO C TOYKH 3PEHHS
KAACCHYECKOH MEeXaHHMKH MaTepHaAbHOH TOYKH CBSI3b YaCTHLIbI
C BOAHOH, cAeayriomas us Teopun flko6u, He HMeeT (PHU3HUe-
cxoro cmbicaa. JeficTBHTeADHO, B paMKaX KAACCHUECKHX Mpes-
CTaBAeHHH MaTepUaAbHas TOYKA, HMEIOLIasi B Ka:KAbIH MOMEHT
BpeMeHH BIOAHE olpeZeAeHHble MOAO:EHHE H CKOPOCTb, OMHU-
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CbIBaeT B IOA€ CHA €ZHHCTBEHHYIO, BIIOAHE ONlpeZeAeHHYIO Tpa-
€KTOPHIO, BUJA KOTOPOH ONMpPeZeAsieTCs: HaUaAbHbIMH YCAOBHSAMH.
[TosTomy 6eckoHeuHas COBOKYNHOCTb TpPaeKTOPHH, KAacCHPH-
HMpoBaHHasA, coraacHo Teopuu flko6u, B cemeiicTBa, mpejcTas-
AsieT cO60H AHLIb BO3MO:KHbIE TPAEKTOPHH, H TOABKO OJHa H3
HHX J€HCTBUTEAbHO PEAAH3YETCS B Ka*KJOM KOHKPETHOM CAY-
yae. DTH ceMelicTBa HMeIOT CKopee abCTpPaKTHO MaTeMaTHue-
CKOe 3HauyeHHe, MOCKOAbBKY OHH OTO6paKkaloT COBOKYMHOCTD
BO3MOKHOCTeH, M3 KOTOPBIX OCYIIECTBASIETCS OAHAa H TOABKO
ozna. TeM He MeHee HM BCe ke MOXKHO MPHAATb KOHKPET-
HBIH CMBICA, €CAM NPeJCcTaBHUTb cebe, uTO MMeeTcst GeCKOHeuHOoe
YHCAO OZWHAKOBLIX M He B3aMMOJAEHCTBYIOLIHUX APYT C APYroM,
MaTepHaAbHbIX TOYeK. 1 OrZa MOMKHO MPEANOAONHTb, UTO pas-
AWYHble MaTepHaAbHble TOYKH ONHMCHIBAIOT pa3AHYHble TpPaek-
TOPUH CEMEHCTB, KOTopble MpHOGpeTaloT, TakuM obpasom,
KOHKpeTHoe cogepxsanne. CaezoBaTeabHO, TeopHio flkobu
MOKHO PAacCMaTPHUBAaThb B HEKOTOPOM CMbiCAe KaK CTaTHCTHYe-
CKyI0 TeOpHIO, TaK KaK OHa OJHOBPEMEHHO PacCMaTPHBaeT aH-
caM6AM M3 pasAHYHBIX TpaeK10pHH. B 3ToM Mo:xHO yBHAETb
B 3apojblllle BePOSITHOCTHOE M CTAaTHCTHYECKOe TOAKOBaHHE
BOAHOBOH MeXaHUKH.

Bbime Mbr paccmoTpeAn cayuall aBumseHHst OAHOH MaTepH-
aAbHOH TOYKM B 3ajlaHHOM cHAoBoM mohe. [lpn o6o6ieHnu
Teopun SIko6u Ha CAyual CHCTEMbl B3aHMOZEHCTBYIOIIHX ZPYT
C APYroM MaTepHaAbHHIX TOMEK BO3HHKAeT OZHa 0COGEHHOCTD,
0 KOTOPOH MbI ellle 6yJeT rOBOPHUTDH, KOrZa nepeijemM K BOAHO-
Boii MexaHuke cuctem. Ecam cucrema cocrout uz N marepu-
aAbHbIX TOYeK, TO HeoGX0ZMMO BBECTH B pPacCMOTpeHHe HEKO-
Topoe abcrpakTHoe mpocTpaHcTBo 3N koopaunar N wacrun,
0o6pasylolINX CHCTEMy, TaK HasblBaeMoe KOH(QHrypaliHOHHOE
npocrpancTeo. JeficTBHTeAbHO, ecAM HamMcaTb ypaBHeHHe
fIko6u ars cucTembl, MCXOAA H3 raMHABTOHOBA BbIpaKeHHs
AAsl ee DHEPTHH, TO Mbl MOAYYHM Zud@PepeHIHaAbHOEe ypaBHeE-
HYe B YaCTHbIX NMPOH3BOJAHDIX MEPBOTO MOPSAKA H BTOPOH CTe-
menn. DTo ypaBHeHHe, cozepkuT 3N HesaBHCHMbIX MepeMeH-
HbIX, sABAAIOIIMXCA KoopauHatamu N MaTepHaAbHbIX TOUEK
CHCTeMbl, H ONpeJeAsieT HEKOTOpble CeMeHCTBa MOBEPXHOCTeH B
KOH(QHTrypallHOHHOM TpocTpaHcTBe (a He B 0GBIYHOM Tpexmep-
HoM npoctpancrBe). OueBngHO, uYTO KaxzAas KOHQHrypauus
onpeaeAasaeTcss 3aZaHUEM 3N KOOPAHHAT TOYEK, BXOJALIHX B
CHCTEMY, H MOxkeT 6bITb FeOMETpHYECKM NpejcTaBAeHa B BU-
A€ TOYKM B KOH(HUrypallHOHHOM MPOCTPAHCTBE — C 3THM H
CBABaHO TaKoe HasBaHHe MPOCTpaHcTBa. llocAezoBaTeAbHOCTD
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2Ke PasAHYHBIX COCTOSHHH CHCTeMbl u306paxkaeTca KpH-
BOH B KOH(HIYpaHOHHOM  MPOCTPaHCTBe — TpaeKTopuei,
u306paxarolieli TOYKH CHCTeMbl. DTH YCAOBHble TpPaeKTOPHH
cucrembt 3aBucAT oT 6N nmapameTpoB — 6 HauaAbHBIX YCAOBHH
ars kamaon us N touek. Teopus flko6u Tak xe, kak u 8
CAydae OZHOH MaTePHAAbHOH TOYKH, MOBBOASET Pa3feAHTb STO
6N-mepHoe MHO2eCTBO TpaexTOpHH Ha psaa cemedcts. Kaxaoe
M3 3THX ceMefACTB ompeaersierca 3N-mapamerpamm u obpasy-
€T CeMEeHCTBO KPHBbIX, OPTOTOHAAbHBIX CeMeHCTBY MOBEPXHO-
CTeH, KOTOPbie B CBOIO OuepeAb ABAAIOTCH MHTErpaAbHBIMH I10-
BepxHOCTAMH ypaBHenus fko6bu. Mmenno stor cayuaii 3N-mep-
HOr0 KOH(HTypallHOHHOTO NPOCTPAHCTBA HAXOAUT aHAAOTHIO
B pacnpocTpaHeHuH BoAH. MoxHo mpesBHaeTh, UTO MPH Tpak-
TOBKe BONPOCOB JWHAMHUKH CHCTEM BOAHOBas MeXaHHKa, CO-
I'’AacHo Teopun fIKO6H, AOAXKHA CAeZOBaTb dTOMy NYTH M pac-
CMaTPHBATb PACHPOCTPAHEHHE BOAH B KOH(QHrypalHOHHOM
IPOCTPAHCTBe. JTO MPHUBOAUT K TOMY, YTO BOAHBI B BOAHOBOH
MexaHHKe He TOAbKO HMEIOT BEPOSATHOCTHBIH M CTATHCTHYECKHH
CMBICA, HO U HOCAT TaK:xe OTBAEYEHHbIH M CHMBOAHYECKHH
XapaKkTep, CHAbHO OTAHYasCbh OT TeX BOAH, C KOTOPbIMH HMeAa
AeA0 KAaccHuecKas (H3HKa.

5. Ilpaanun nanvenbmero aeicTBHA

YpaBHenus auHamMMKM MaTepHaAbHOH TOYKH B IMOAE CHA,
o6AaZAOIIMX MOTEHUHAAOM, MOKHO MOAYUHTb, HCXOAsS U3
HPUHLIHIIA, KOTOPbIX B 06LIeM BHJE HOCHT Ha3BaHHe MPHHLUHIA
[amuabrona, mam npunumna cramuonapuoro aeficrsus. Co-
FAACHO ITOMY HPHMHUIMIY, H3 BCeX JABHMKeHHI MaTepHaAbHOM
TOYKH, KOTOpPbie OHa MO€T COBEepPIIHUTb MeKJAY TEMH 2xe Ha-
YaAbHOH H KOHWEYHOH TOYKaMH 3a TOT € CaMbIH IIPOMEXYTOK
BpeMeHH l9—1¥|, B ZefCTBHTEABHOCTH OCYWIECTBASETCA TO ABH-
eHHe, AAS KOTOPOTo HHTErpaA no BpeMeHHu ot !| go f2 oT pas-
HOCTH KHHETHYeCKOH M MOTEHUHAAbHOH SHEPrud 3TOH MaTepH-
aAbHOM TOYKH HPUHHUMAaeT KCTPEMaAbHOE, T. e. MHHHMaAbHOE
HUAH MaKCHMaAbHOe 3HadeHHe. |[oAb3ysch M3BECTHBIMH METO-
JaMH BapHallMOHHOI'O MCYHMCAEHHS, AerKo NOKasaTbh, 4YTO M3
3TOro MPHHLHIA BbITEKAIOT KAacCHYeCKHe yPaBHEHHS JBHU-
KeHHUs.

Ocobenno mpocTyio opMy IpHHHMaeT NMPHHLIHI CTAaLHO-
HapHOro JAeHCTBUS B 4aCTHOM, HO BaKHOM CAydyae CTaTHUECKHX
CHAOBbIX MoAeH. B aTom cayuae o coBmagaeT ¢ MPHHLHUIIOM
HanMeHbiero gefictBusi MomepTion, COrAacHO KOTOPOMY ZAAsl
AeHCTBUTEABHOrO MYTH MaTepHAAbHOH TOYKH B KOHCepBaTHB-
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Hom (T. e. He 3aBHCAILEM SIBHO OT BPEMEHH) CHAOBOM IOAE
HHTErpaA OT UMIyAbCa YaCTMUbI, B3STHIH 10 OTPE3KY TPAEKTO-
PHH MexXAY KakuMH-AM60 AByMsi ee Toukamu A u B, munuma-
A€H TO CPAaBHEHHIO C TAKHMH 2Ke WHTerpaAaMM, B3SATHIMH IO
OTPe3KaM APYrHX KPHBbIX, MPOBeAeHHbIX uepes Touku A u B.
[Tpunuun MonepTion mozeT 6bITh BbiBeseH M3 mpuuuuna I a-
MHAbTOHA. Firo Mo:HO cBA3aTbh Takxke ¢ TeopHeit SIko6u.

Mpbr Buzean, 4To B CAyuae CTaTHYECKHX TOAEH TPaeKTOPHU
B 9TOH TEOPUH MOXKHO PACCMaTPUBATb KaK KPHUBbIE, OPTOTO-
HaAbHble HEKOTOpOMy cemeiicTBy mosepxHnocTteii. [IpocToie pac-
CY2/IeHHS TIOKa3bIBAIOT, YTO 3TH TPAEKTOPHH MOTYT GbITb MO~
AYUYEHBI M3 YCAOBMS MHHHMAaAbHOCTH HHTerpaAa, COBMazalo-
mwero ¢ aeficteuem no MonepTioH, T. e. KDUBOAHHEHHOTO MHTEr-
paAa OT KOAHYECTBAa JABHKEHHS BAOADb TpaeKTopuu. Boieog sToT
BeCbMa MHTEepPECeH, TaK KaK OH yKa3blBaeT Ha CBs3b, CyLIeCT-
BYIOINYIO MeXAy MPHHIUIIOM HaHUMeHbIIero AefCTBHA M MPHH-
uunom MunuMaabHoro pemenn Depma.

JeficTBNTeABHO, Mbl yie TOBOPHAM O TOM, YTO TPAEKTO-
pun B Teopuu SIKOGH MOXKHO paccMaTPHBaTb KaK aHAAOT CBe-
TOBBIX AyueH B reoMeTpHueckoit onTuke. AHaAH3 25e ZOBOZOB,
NPHUBOAUMBIX B JOKa3aTeAbCTBO MPUHLHIA HAHMEHbINEro ZAei-
CTBHS, MOKa3bIBAaeT, YTO OHHM MOAHOCTbIO MZEHTHYHDBI TEM, KO-
TOPble B TreOMeTPHYECKOH ONTHKe MPUBOAATCA AAsA 06OCHOBa-
HHs TPMHLHNA MHMHHMaAbHoro Bpemend, uau npuuuuna Mep-
ma. Bot ero gopmyanpoBka: B nperoMAsiiolleii cpese, CBORCTBA
KOTOPOH He 3aBHCAT OT BPEMEHH, CBETOBOH AydY, MPOXOAAIIMH
uepes Touku A u B, Bpi6upaer cebe Takoil myTb, 4TOGBI BpEMs,
Heo6X0ANMOe eMy AAS mpoxoxzenus ot Touku A go Touxkn B,
6bIA0O MHHMMAaAbHBIM, T. €. CAeAYeT 1O KpHBOi, koTopas obpa-
IaeT B MMHUMYM KPHUBOAMHEHHDbI{l HHTErpaA OT BeAHYHHb! 06-
paTHOH (Pa30BOfi CKOPOCTH pPAaCNpOCTPAaHEHUs CBeTa. 1 emeps
cxozcTBo Mexay npunuunom Moneprion n npunymnom Mepma
OYEeBUZHO.

OpHako MexXZy HHMH CYLIeCTBYeT M BaxKHOe Pa3AHYHE.
B npunnune maumeHbinero zeicTBHA MOALIHTEr PaAbHOE BbIpa-
»eHHEe COBMAZaeT ¢ HMMIIYAbCOM YaCTHUBI H, TaKMM 06pasoM,
HHTErpaA MMeeT Pa3MepHOCTb ZAefcTBHA (npousseseHns dHep-
FHH Ha BPeMsl MAH HMIyAbca Ha myTb). B mpunuune xe Mep-
Ma MoJbIHTerpaAbHOe BbipaxeHue, Ha060poT, 06paTHO NPOTIOP-
LLIMOHAABHO CKOPOCTH PAaCIPOCTPAHEHHS. HNmenno no aroi mpu-
YyHHe aHAAOTMS MeKJy STHMH ABYMd NMPHHUHIAMH B TeueHHe
ZAMTEABHOTO BPEMEHHM pacCMaTPHBaAacb Kak YHCTO (PopMarb-
Has, He MMelomas nox coboil HUKaKoro ray6okoro guandecKo-
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ro oGocHoBaHus. Doaee Toro, kasaroch gazke, uTo ¢ (pHBHYE-
CKOH TOYKM 3peHMS MeXKAY HHUMH HMeercsl CylIeCTBeHHOe Pas-
AHYHE, MOCKOABKY MMIYAbC MPSAMO TPONOPIIOHAAEH CKOPOCTH
H, CAeZOBATEAbHO, MOJAbIHTErPAAbHOE BbipaskeHHe B TPHHIIUIE
MonepTion cozepMT CKOPOCTb B YHCAMTeAe, TOTZA Kak B
npunnune (DepmMa oma B 3HaMeHaTere. ITO 0GCTOATEABCTBO
CHITPAAO BaxkHYI0 POAb B 3MOXY, KOTZa BOAHOBAas TEOPHUs
CBeTa, BbI3BaHHas K :xu3HH redneM (Dpemers, 3aBepmana
cBoro nobexy Haa TeopHel McTeuenus. I loraraam kak pas, 4To,
MCXOAs W3 Pa3sAMYHOH 3aBUCHMOCTH OT CKOPOCTH TOZbIHTEr-
paAbHbIX Bbipa:keHHH, BXoAAWHX B WHTerpaibl MonepTtion u
MDepma, MoA#HO crEAATD BbIBOZ, YTO H3BECTHble SKCIEPUMEHTDI
Myxo u Muszo, coraactio KOTOPbIM CKOPOCTb PACNPOCTPAHEHHS
CBeTa B BOJZe MeHbllle CKOPOCTH CBeTa B IIyCTOTe, AalOT HEOI~
pOBepKHUMble M pellalollHe apryMeHTbl B NMOAb3Y BOAHOBOMH
reopun. Oznako, onmupasch Ha 3TO PasAMuHe H OOGDACHAS OMbI-
o1 Dyko u Muso kak moarsepxzenHe QakTa CylleCTBOBa-
HHMS CBETOBBIX BOAH, IIPeATIOAAraAM, YTO BHOAHe  3aKOHHO
OTO2JECTBAATb CKOPOCTb MaTepPHaAbHOH TOYKH, (HIYpPHUPYIO-
wyko B npunnumne MonepTion, co cKOPOCTbIO pacnpoOCTpaHeHH
BoAH, Bxogsmefi B uHTerpan (Depma. Boamosas wmexanuka
MoKa3aAa, 4TO BCAKOH ABH2KYILIeHCA MaTepHaAbHOH TOuKe
COOTBETCTBYeT BOAHA, CKOPOCTb PAaclpoCTpaHeHHas KOTOPOi
MeHsieTcd 06paTHO MPOMOPUHOHAABHO CKOPOCTH 4YaCTHLbI.
ToAbko BoAHOBas MeXxaHuKa AeHCTBHTEAbHO NPOAMAA CBET Ha
npHpoay rAy6OKOro POACTBAa MexAy ABYMs (yHAaMeHTaAb-
HbIMM TIPUHIIMIAMM M BCKPbIAA ero Qusuueckuil cmpicA. Ona
nokasaAa Takxke, uto akcnepument (Duso He cToAb pewaro-
INHHA, KaK 3TO CYUTAAOCh paHbIle. XOTS OH H JOKa3blBaeT, 4TO
pacmpocTpaHeHHe CBeTa €CTb PACpPOCTPaHeHHe BOAH M 4UTO
NoKa3aTeAb MPEAOMAEHHS Heo6XOAMMO OMpeJeAsTb Yepes CKO-
POCTb pacrpoCTPaHEHHs, HO OH COBCEM He HCKAIOYaeT BO3MOZK-
HOCTH KOPIMYCKYASPHOH CTPYKTYpbl CBETa MPH YCAOBHH, KOHEU-
HO, COOTBETCTBYIOUIeH CBA3H MeXJy BOAHAMH M HaCTHIaMH
ceera. Ognako 3To y2ke OTHOCHTCS K KPYTy BOIPOCOB, KOTOPbIE
Mbl 6yzeM 06CyKAaTb HHZKE.

CpaBuuBas aBH2KeHHe MaTepPHaAbHOH TOYKH B TOAE CHA,
He 3aBHCSILEM OT BPEMEHH, C PACTPOCTPaHeHHeM BOAH B Ipe-
AOMASIIOIUMX CPeZaX, COCTOSTHHe KOTOPBbIX TaKiie He 3aBHCHT
OT BpeMeHHM, Mbl TIOKa3aAH, uTo Mexay npuHuunamu MonepTion
u Mepma cymecTsyer ompegerennas anarorus. Cpasuusas
ABHKEHHe MaTepHaAbHOH TOYKHM B TepeMeHHbIX BO BpPEeMeHH
CHAOBDBIX TOASIX C PACHPOCTPAHEHWEM BOAH B MPEAOMASIOLIHX
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cpeAax C MmapaMeTPaMM, MeHSIOIIHMHCS BO BpeMeHM, 3aMeuaeM,
4TO aHAAOTHS MeXKJAy NPHHUHUIOM HaHMEHbIIEero JeHCTBHS B
ero obuiem BHAe, TPeAAOKEHHOM | aMHABTOHOM, M NMPUHLIMIOM
MDepma, 06061IeHHOM Ha CAyYall TPEAOMASIOIIUX CPeJ, COCTOS-
HHMe KOTOPbIX 3aBHCHT OT BPEMeHH, COXpaHAETCS U B 3TOM, 60-
Aee obwem cayuae. He 6yzem ocramaBamBaTbcsi Ha 3TOM BO-
npoce. Jas mac zocTaTouno 6yazeT AMIIb, YTO 3Ta aHAAOTHSA
MeKJY ABYMs OCHOBHbIMH NPHHUHIAMH MEXaHMKH M reoMeT-
PHYECKOH ONTHKH HMeeT MECTO He TOABKO B PAaCCMOTPEHHOM
HaMH Bblllle, XOTSA M O4eHb Ba:KHOM, HO BCe 2K€ YaCTHOM CAY-
Yae IOCTOSIHHBIX MOAeH, HO U B 6oAee 06lleM CAyyae Iepe-
MEHHbIX MOAEH.

[lpunuun craguonapHoro g#eHCTBHA CNpaBeAAMB U AAS
CHCTeM MaTepHaAbHbIX ToueK. JAS ero (POPMYAHPOBKHM HaM
yA06HO BEeCTH KOH(UIYPaIHOHHOe TPOCTPAHCTBO, COOTBETCT-
BylOlllee paccMaTpHBaeMoi chcTeme. B kauecTBe mpumepa orpa-
HHYHUMCH CAydaeM, KOrja MOTeHUHAAbHAs DHEPTUs CHCTEMbl He
3aBHCHT SIBHO OT BpeMeHH. |akoB, HampuMep, cAyualt H30AH~
POBAaHHOH CHCTEMbl, Ha KOTOPYIO He AEHCTBYIOT BHELIHHEe CHADI,
IIOCKOAbKY IOTEHIIHaAbHAs DHePTHsl ee [PH DTOM CBOAMTCSA
TOABKO K 3HEPTHH B3aHMOJEHCTBHS H He BaBHCHT SIBHO OT
BpeMenu. B atom cayuae, BBoas 3N-mepHoe koHQHrypalHOH-
HOe TMPOCTPAHCTBO M BEKTOP B ITOM IPOCTPAHCTBE,
KOMIIOHEHT KOTOPOrO0 COBIajaeT C KOMIIOHEHTaMH BEKTOPOB
KOAHMYeCTB JABH2eHuss N MaTepHaAbHBIX TOYEK CHCTeMbl,
NPHHIIMI HaHMeHbluero zefictBusi B popme MonepTion MoxHO
cpopMyAHpOBaTb cAeayolmum obpasom. | paektopus H3obpa-
Xarollell TOYKH CHCTeMbl, IMPOXOAAINAsi 4epes JBe 3aJaHHbIE
Toukn A u B B KOHpHIypallMOHHOM IIPOCTPAHCTBE, JAEAAeT
MHHHMAaAbHbIM KPHBOAHHEHHbIH HHTErpai OT BBEJAEHHOTO BbI-
me 3N-mepHoro BekTOpa, B3ATHIH [0 OTPe3Ky TPAEKTOPHH
mex24y ToukamMu A u B, mo cpaBHeHHIO ¢ TaKHMH Xe HHTerpa-
AaMH, B3ATBIMH [0 OTPe3KaM JPYrMX KPHUBbIX B KOH(QHrypa-
LHOHHOM MPOCTPAHCTBE, MPOXOJAIINX Yepe3 Te ke TOUKH
1 B. Dr1oT npuHLMN Aerko MOAYUHTDb Takxse H3 TeopHH SIko6H.
Amnanorns xe ero ¢ npungunom Mepma caeayer us Bosmox-
HOCTH TpeJCTaBAeHMS TPAEKTOPHi M306paxiarollell TOUKH B
KOH(HI'ypallHOHHOM NPOCTPAHCTBE B BHJAe AY4YeH BOAHbBI, pac-
npocTpaHsomefica B dTom mpocrpancree. Flrak, mbr cHosa
BHZMM, 4TO JAAS CHCTeM MaTepHaAbHbIX TOuYeK [epexoz oT
KAQCCHYEeCKOH MeXaHHKHM K BOAHOBOH MO2KHO  OCYIUECTBHUTb
AMIIb B paMKaX a6CTPaKTHOrO KOHQUIYPAaLHOHHOTO NPOCTPaH-
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IFanaga II
KAACCHUYECKAA ®H3HUKA

1. Jarbueiimee pasBuTHe MeXaHHKH

B npeabiayuefi raaBe Mbl He CO6HPAAHCH AaBaTb CKOAb-
Ko-HH6YaAb MOAHOTO 0630pa KAACCHUeCKoit MexaHHKH. lem 60-
Aee Mbl He cobHpaeMcsl H3AaraTb B DTOH I'AaBe BCIO KAacCHYe-
cKy1o (usuky. Mbl oTMeTHM 34ech AHUIb ee OCHOBHble pasie-
Abl U CZeAaeM HECKOAbBKO 3aMeYaHMH 10 NMOBOAY KamKzOro
U3 HHUX.

K nepsomy paszery xaaccuueckofi (usHkH, pasBHBLIeHCS
Ha 6a3e MeXaHHKH, MOXKHO OTHECTH MAPOJHHAMHUKY, aKyCTHKY,
TEOPHIO YNPYroCTH. JTH O6AACTH BOSHHMKAHM paHbIlle ZPYTHX,
IOCKOAbBKY KPYT SIBA€HMH, KOTOpble OHM H3yyaloT 6bIA Haubo-
Aee TeCHO CBA3aH C MpakTH4Yeckol xusubio. C TeopeTHuecKoi
TOYKHM 3peHHs OHH SBASIOTCS HENOCPeJCTBEHHbIM MNPOAOAXe-
HHEM MeXaHHKHM, U3 KOTOPOH OHM 3aHMCTBOBAaAH CBOM OCHOB-
Hble MPHHUHIBI U METOAbI, ZOMOAHHB MX THIIOTe3aMH, MOACKa-
sauubimu onbitoM. CaegyeT, npaBaa, ckasaTb, YTO 9TH TEOPHU
He NPeANOAAraloT, YTO TBepJble TeAd, XKHAKOCTH HAH Tasbl
KMeloT auckpernyio cTpyktypy. Hanporus, onn ucxozsar us
NpeACTaBAEHHS O HeMpepbIBHOH CTpyKkType MaTepuu. [Ipn atom
CYMTAEeTCs, 4TO KaxKAblH dAeMeHT o6beMa 3TOH HelpepbIBHOH
cpeabl B3aMMOZeHCTBYeT CO BCEMH COCEJHHMH dAEMeHTaMH CO-
raacHo sakonam Mexanukd. OgHako HMYTO He MelllaeT COBMe-
CIHTb HCIIOAb3yeMble IPH ITOM METOZbI C MpPeANoAroxkeHHeM 00
aTOMHOH CTPYKType BellleCTBa, €CAH pacCMaTPHBATb dAEMEHTDI
o6beMa, XOTA M JOCTAaTOYHO MaAble, HO BCe 2Ke cojepxalliue
B ce6e ype3BbIYaHHO GOADIIOE YHUCAO MOAEKYA.

ATH  pasAeAbl KAACCHYECKOH (U3BHUKH, HENOCPeACTBEHHO
NPOZOAZKAIOIMe MeXaHHKY, XOTS M OCHOBaHb{ Ha NMPHHUHNAX,
BbITEKAIOIWIUX M3 3aKOHOB KAACCHUeCKOH MeXaHHKH, B AeHCTBH-~
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TEADHOCTH OYeHb CAOXKHbI M MOTPeGOBAAHM ZAA CBOEro Pa3BH-
THS HEMAAbIX YCHAHH 9KCIEPHMEHTATOPOB M TeOPETHKOB.

(Dusuueckne ABAeHUS B 3TUX 06AACTAX ZareKO He MPOCTHI
H C TPyZAOM MOZJAIOTCHA H3yueHHo. PacueThr 3zech gyacTo Tpe-
6yI0T npHBAeUeHHS CAOXKHOTO MaTeMaTHueckoro ammapata. Ilo-
9TOMY XOTS 9TH HAayKH yx2e JAaBHO CYLIECTBYIOT, OHH MPOJAOA-
2KAIOT HempepbIBHO pasBuBaTbhcs. Mx mpumensror npm usyue-
HHUHM LWIHPOKOro KPyra MPaKTHYEeCKHX BONMPOCOB, H 3HaHHe ITHUX
Pa3zeroB (UBMKM COBeplleHHO Heo6GxoauMo uHmxenepam. [lpn-
MEHHTEAbHO K MNPaKTHYeCKUM TpeGOBaHHAM, KOTZa HeNOCpPes-
CTBeHHble TNPHAOXKEHHMs BarkHee, 4yeM oOlas TeOpHsl, NMOAb3Y-
I0TCA MPHOAM2KEHHBIMH (OPMaMH 3TOH TEOPHH, TAKHMH, KaK
THAPaBAMKA H CONPOTHBAEHHE MaTEPHAAOB.

3aecb Mbl 3aKOHYHM 3HAKOMCTBO C STHMH ZAHCLHIAHHAMH.
Janbueiimee passuTHe (HUSHKH, BO3MOXKHO, INPHBEJET K MHX
Pa3AMYHBIM MOJAH(HUKALHAM, OJHAKO AO CHX MOP KBAaHTbl HI-
paAd TYT He3BHAaYHTEAbHYIO pPOAb, M IO3TOMY pPacCMOTPEeHHe
3THX BOIPOCOB BBIXOJHUT 3a PAMKH KHHTH.

2. OnTuka

Ecaun rugpoaunamuka MAM TeopHs yIpyrocTH He MpPeACTaB-
ASIFOT HeNOCPeJACTBEHHOrO MHTepeca AAsS H3y4eHHs KBaHTOBOH
TEOPHH, TO C ONTHKOH ZeAO OGCTOHT COBepIIEHHO HHaye, MO-
CKOABKY ee TMPOrpecc TeCHbIM 06pa3oM CBA3aH C PasBHTHEM
nHopefimei @Qusuxku. I[logo6buo sBAeHHAM, NpoucxozAWHM C
TBePABIMH M *KHAKHMHU TEAAMH, CBETOBbIE IBACHHS TaK2Ke C PaH-
HHX TOp NpPHMBAeKaAH K cebe BHumanme Arogeil. Ho Toabko B
XVII B. onTuka Hauara GopMHPOBATbCSA B HACTOSILYIO HAYKY.
B atoT nepuoa ZJexapt copMyArHpoBaA 3aKOHBI IIPEAOMAEHHS
u orpaxenus ceera 1 Depma npegroxuA cBOf nmpuHIHMN, B KO-
TOPOM COZEePKHTCSA BCS TreOMeTpHuUeckash ONTHKA. B TeueHue
BCEFO 3TOrO INepHOJA PA3BHTUA ONTHKH TMOHATHe CBETOBbIX
AydeH HrPaAo B HeH FAaBHYIO POAb: H3y4aAOCh NPSMOAMHEHHOe
pacCIpoCTPaHeHHe CBETOBbIX AyueH B MYCTOTe MAH B OZHOPOZA-
HBIX CpejaX, OTPakeHHe HX OT 3ePKAAbHbIX MOBEPXHOCTeH H
IipeAOMAEHHe TPH ITlepexofe U3 OAHOH cpeAbl B APYrYIO H, Ha-
KOHell, MCKPHBAEHHe CBETOBBIX AyueH NpPH pPaclpOCTPaHEHHH
CBeTa B HEOZHOPOAHBIX IPEAOMASIOIIMX cpeaax. loraa e
Xpucruan [olirenc npearouA Apyryro HHTepHpPETALHIO Tex
»Ke SBAeHHH, OCHOBAaHHYIO Ha MOHATHAX BOAHBI H BOAHOBOH MO-
Bepxnoct. OH mokasan, KpoMe TOrO, 4TO €ro METOJ TaKzKe
06bsICHAET HelaBHO OTKPbITOE SBA€HHe ABOHHOIO AydenpeAoM-
AEHHMS B HCAQHACKOM IUIaTe.
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C uucro reomeTpHuecKOHl TOUKH 3peHHS MeTOA, OCHOBaH-
HbIH Ha MOHATHH CBETOBbIX Ay4YeH, M MeTOZA, MCIIOAb3YIOLIHH
HOHsATHE BOAHOBHIX [OBEPXHOCTEH, MOAHOCTbIO 3KBHBAAEHTHDI
B pamkax reomerpuueckoit ontuku 6e3 TPyaa MO:KHO TMepeHTH
OT OZHOTO MeTOZAa PACCMOTPEHHs] K APYyroMy H y6eauTbCcsi B
3TOll aKBHBaAeHTHOCTH. Jyuyu mpeacTaBASIOT cO60H KPHBbIE,
OpPTOrOHAaAbHble CeMeHCTBY BOAHOBBIX MTOBEPXHOCTEH, M TPHH-
uun Mepma sABAsETCA NMPAMDBIM CAeACTBHEM ITOrO (paKTa.

Oganako aTu aBa POPMaAbHO DKBUBAAEHTHbIX METOZA MPHBO-
AT K CyLIeCTBEHHO Pa3AHYHBIM B3TAAZAaM Ha (PU3HYECKYIO IPH-
POAY CBeTa B 3aBHCHMOCTH OT TOrO, KaKoe H3 dTHX NMOHATHH —
CBETOBOH AYY HAM BOAHOBYIO IOBEPXHOCTb — IPHHATb 3a Iep-
BHYHOE.

[lpeanoroxxenne o TOM, uTO MOHATHE CBETOBOrO Ayua
OCHOBHO€, a BOAHOBOH ITOBEPXHOCTH — BCIIOMOraTeAbHOE, MPH~
BOAMT K BbIBOAY O KOPMyCKyAsipHo#t mpupoze ceera. Coraacuo
ATOH IUIOTe3€, CBET NPEACTaBAsieT CO60H COBOKYMHOCTb MeAb-
YaHIIHX YaCTHL, ABHMKYIIMXCS BJAOAb ONpPeJeAEHHOH TPaeKTo-
pun — ceetoBoro Ay4a. IlpsiMmoamneiinocTh pacmpocTpaHeHHS
CBeTa B OJHOPOJHDbIX CpeJax M sBAeHHe OTPAKeHHs ero OT
MOBEPXHOCTH 3epKaA HaxoAAT ceGe B 3TOH TEOPHH HarAsiZHOE
u ecrecTBenHoe ob6bsicuenue. Mcxoas us atoro npeacrasrenns,
MO2KHO OObACHHTD TaK2ke, XOTS H HECKOABKO CAO2Hee, IBAEHHE
IpeAOMAEHHs CBETOBOTO Ayda Ha rpanuie aeyx cpea. C aroit
TOYKH 3PeHHsl, HMEHHO CBeTOBble AYYH, T. €. TPA€KTOPHH CBe~
TOBbIX YaCTHI, UMeIOT (H3WveckHil cmbicA. BoAHOBble ke Mo-
BEPXHOCTH — AHIIb YHCTO BCIIOMOTaTeAbHOe TreoMeTpHYeCKoe
HOHSATHE, N03BOAsIOIee 06bEAUHUTD AYUH B HEKOTOPble CeMeH-
CTBa, NMOZO6HO TOMY KaK B MeXaHHKe HHTerpaibHble IMOBepX-
HocTH ypaBHeHHs Slko6M NMO3BOASIOT Pa3s6UTb COBOKYIHOCTD
Pa3AMYHBIX TPAaEeKTOPHH YaCTHL Ha CeMeHCTBa KPHBBIX, OPTO-
rOHaAbHbIX HHTErpaAbHbIM mHoBepxHocTaM. MozkHo, oZHaKo,
MOHTH N0 APYroMy HNYTH M CUHTATb, YTO NMEePBUYHBIM OCHOBHbIM
NOHATHEM SIBASIETCS MOHSTHe BOAHBI H BOAHOBOH NMOBEPXHOCTH.
ITOT NyTb MPHBOAMUT HAC K NPEACTaBAEHHIO O BOAHOBOH NpPH-
poze ceera. CoraacHo 3Tofl Touke 3peHHs, CBET MPEACTABASAET
co60H BOAHDI, PAaCIPOCTPaHSAIOLIHECS B IPOCTPAHCTBE, AYUH 2Ke
OKa3bIBAlOTCS YHCTO abOCTPAKTHBIM NOHSTHEM U ONPeAEASIOTCS
MPOCTO KaK KPHBble, OPTOTOHAAbHble BOAHOBBIM ITOBEPXHOCTSIM.
Tounkuii anaaus ['olirenca nmokasaan, 9To BOAHOBas TeopuUA
06bsicHsIeT SIBAeHHS OTpazKkeHHs M nperoMaenus. OaHako 06b-
SICHEHHe NPSIMOAHHEHHOCTH PaCIpPOCTPaHeHHs CBeTa B OJHO-
POZHBIX CpeaaxX, CTOAb OUEBIZHOE B KOPMYCKYASIPHOH TEOPHH,
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rze OHO HEMOCPEACTBEHHO CAEAYET U3 3aKOHA HHEPUHH, B BOA-
HOBOH TeOpUH Ha MePBbIl BIrAAJL OTHIOAb He TaK IIPOCTO.

OTU ABe MPOTHUBOMOAOKHbBIE TOYKH 3PEHHSA — KOPHNYCKYAAp-
Hasl KOHILEMIHs, HAH TEOpPHUSA MCTedeHHSA, M BOAHOBAs
ronuenuua — rocnogcteoBarn B XVII u XVIII Ba. Iepsas,
noaxepxuBaeMas sauare JexkapToMm, Hamaa ce6e 3aTeM upes-
BbIyafiHO aBTOPHTETHOrO SalIMTHHKa B Aume Hplotona. ['enn-
aAbHbIA cO3ZaTeAb He6eCHOH MeXaHHKH 6bIA OCTAHOBAEH TPYZA-
HOCTSAMHM, KOTOpble BCTaAM MepeA BOAHOBOH TeopHeil (ocobenno
NPU MOMbITKe 06bACHEHHA NMPAMOAMHERHOCTH paclpoCTPaHeH s
CBETa), U PEUIHTEAbHO BbICKA3AaACSA B MOAb3Y KOPMYCKYAsPHOH
runoressl. Beaea 3a Horotowom B XVIII 8. 60oabmuncteo yue-
HbIX CTAAH CKAOHATbCA K KOPHNYCKYASIDHOH TEOPHH, H BOAHOBAs
rMIIOTe3a, CTOAb 6GAecTsANle PasBUTash B KOHIE MPEAbIAYIIEro
Beka [rofirencoM, coxpaHMAa AHLIb HEMHOro TpPHBEPIKEHILIEB
(Diinep). Kasaroch, uTo mobeay oaep:arM CTOPOHHHKH TeO-
PHH, OCHOBAHHOH Ha TpeJCTaBA€HHM O AHMCKPETHOH NpHpozAe
cBeTa.

Ouanako B Haware XIX B. moroxieHHe MOAHOCTbIO H3MeHH-
Aoch. Tlpuunnoit aToro 6biA0 OTKPHITHE SIBAEHHH HHTepdepeH-
nuM M gudpakuuu. B HEKOTOPbHIX YAaCTHBIX CAydasx DTH SB-
AeHHs GbIAH H3BECTHHM ellle BO BpeMeHa HbroToHa: cHavara OHU
6biAH o6Hapy:menbt |'ykom m |'pumarbam, a sateMm u camum
Hprotonom. B wacrnocTu, ssrenne, Bnepsble uM HabAOZaBLIe-
ecs M HOCsIee HblHe HasBaHHe koael HproTona, ecTh He uTo
uHoe, Kak sBAeHHe HHTeppepennuu. Co cBOHCTBeHHOH eMmy
npouunaTeAbHocTsio HbloToH oTAHMYHO cosHaBan, 4To H B
paMKax MoAAep2KHBaeMoi UM KOPMyCKYAsIPHOH TeOpHH 06bsic-
HeHHe dTHX SIBAeHHH Tpe6yeT BBeJEHHS HEKOTOPDbIX DAEMEHTOB
nepuoanunoctd. [losToMy oH BbiHy2Z€eH 6bIA BbIABHHYTb IHIIO-
Te3y, COTAACHO KOTOPOH YacTHUbI CBETa IONEPEMEHHO HCIBITDI-
BAlOT M P M C T y 11 bl AeFKOTO NPOX0:KAEHHA M AErKOro OTpaxie-
HHA. DTO MpPeJNoAO2eHHe, KOTOPOe MOTAO IIOKa3aTbCsl HA
MepPBbIfi B3rAsJ BeCbMa CTPAHHBIM M HCKYCCTBEHHBIM, SIBHAOCD,
TeM He MeHee, NIEPBOH MOIBITKOH O6beJHHHTb IMpPeJCTaBAEHHT
0 KOPMYCKYASIDHOH M BOAHOBOH INPHPOJe CBeTa, NOMbITKOH, B
KAaKOR-TO CTeNeHH MNPeABOCXMTHBINEH MYTH pPasBHUTHS COBpe-
mennoi Haykn. Ho B XVIII B. Bcenero rocnozcreoBarn npea-
CTaBAEHHMS O KOPMYCKYASPHOH NMPHPOZe CBETa W Ha SBAEHHA
MHTep(epeHLHH He 0GPAaTHAM AOAXHoro BHuManus. M Anmmn
B xonte XVIII u B Havare crezyromero Beka aHTAHHCKHME yue-
ubiii Tomac FOur npeanpunsia cepbesHoe HccrefOBaHHE HHTEP-
(depeHUMH H AH(PPAKLHH, a TFeHHMAAbHBIH (paHUY3 OriocTen
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Mpenern (1788—1827 rr.) gar uM moaHoe H OKOHYATEAbHOE
TeopeTHyeckoe o6bsicHenre. Onupasicb Ha BBHIABHHYTYIO | I0ii-
rencoM BoAHOBYyIo rumortesy, (Dpenerp moAHOCTbIO 06bsCHHA
BCE M3BECTHble K TOMY BPEMEHH ONBITH MO AM(PAKUHH M HH-
Tep(epeHIIMH ¥ MOKa3aA, H 3TO 6bIAO BeCbMa CYILIECTBEHHO, YTO
npeACTaBAEHHS O BOAHOBOH MPHPOJe CBeTa He IIPOTHBOPEYAT
PaKTy NMPAMOAMHEHHOCTH PACIPOCTPaHeHHs CBETa B OAHOPOZ-
ubix cpegax. KpHTukyemblft NPOTHBHHKAMH BOAHOBOH TEOpHH,
KOTOpble yKasblBaAH eMy Ha TO, 4TO OHa MpeACTABAseT, Ha
NepBbIft B3rASA, NapajgoKcaibHble pesyAbTaTbl, (Dpeneab
NPOBEA COOTBETCTBYIOULHe 3KCIEPHMEHTbI, M ero IMpejcKasa-
HHS TOAHOCTbIO omnpasiaruch. C 3Toro MoMeHTa ycliex BOA-
HOBOH Teopuu 6bIA obecreyeH, a KOPHYCKYAsipHast TeOPHs,
XOTsA M ToAJep:KHBaeMas ellle HeKOTOPbiMM yuenbimu (mampu-
mep, Buo, Aanracom), crara 6bicTpo TepsATb CBOMX HMPHBEP-
KeHIEB.

Ho Mpenerb ne orpaununrca stum. Jas o6bscuenus ss-
A€HHH MOASPH3ALHH OH BbIABUHYA HJIEI0 O IONEePeuHOCTH CBe-
TOBbIX KOAe6aHMH, OTBEYaIOLIYI0 Ha BOMPOC, MOYEMy CBOHCTBA
MOASIPH30BaHHOI'O CBETA 3aBHCAT OT YIAA B MAOCKOCTH, MePIeH-
AUKYASIPDHOH HampaBAeHHIO pacrnpocTpanenus. Msyuas cBoi-
cTBa monepeunbx kore6anuit, Mpeneab pasBua Teopuio orpa-
*KEHHUs CBETA OT NMOBEPXHOCTH MPEAOMASIOIIAX TeA, BbIBEA 3a-
KOHbI JBOMHOTO Ay4YelpeAOMAEHMs M pa3paboTaA TeOPHIO pac-
NPOCTPaHEHHs CBeTa B aHH3OTPOMHbIX cpexax. JTH paboTbl —
HaCToAIIHe MezeBPbl TeopeTHueckol dpusauku. Onu Bomau 6e3
KaKMX-AH60 CyIIeCTBEHHbIX M3MEHEHH# BO BCe COBPEMeHHbIE
yuebHukH Qusnueckoit onrtuku. HMcromennbii  nmocTosHHBIM
OFPOMHBIM yMcTBeHHbIM Hamnpsxkenuem, Oriocren Dpenkernb
6bIA cpaxcen Goaesubio u ymep B 1827 r. B Bo3pacte 39 Aaer,
HO COBepUIEHHbIH MM MOMCTHHE BEAMKHH TPYJ HaBCerja ocTa-
HeTCA OJHOH M3 CaMbIX NMPeKPAacCHbIX TAaB B HCTOPHH Pas3BH-
THSA (PU3HKH.

[Tocae cmeptn Mpeners BoAHOBas mpHpoxa CBeTa CTAHO-
BHAACh Bce 6oree obmenpusHanuoi, u skcrnepumentsr Myko
n Duso npuHecAH HeocHopuMble JOKa3aTeAbCTBA 9TOH rumo-
tesbl. 1 ToAbkO MHOTO mos2e, Ha py6eske Hamero Beka, PU3HKH
BHOBb GbIAM BBIHY:KJZEHbBI OOpPaTHTbCA K KOPMYCKYASPHbIM
npejCcTaBAeHHsIM O MPHPOAE CBETa, He OTBePrasi, OAHAKO, HU
oaHOro MoMeHTa H3 BOAHOBOH Teopun Dpeners. Bosuukaa
HeO6XOZHMOCTb B CBOEO6PAa3HOM CHHTE3e HAM, CKOpee, MOCAe-
JOBaTEAbHOM COYETAaHHH BOAHOBBIX H KOPIYCKYAsIPHDBIX Npez-
craBrennit. 1 ecan (Mpenean zan BepHyio o6ILyr0 BOAHOBYIO
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HHTEepIPETALMIO H3BECTHBIX K €0 BPEMEHH HAH OTKPBITHIX HM
CaMHM ONTHYECKHX SIBAGHHH, TO (U3MKH, TpHHAaAAexKalIHe K
IPOTHBHOH LIKOAe, [0 CYIIECTBY TO2Ke He OMHOGAAHCH, MPEAIO-
Aarasi CyLleCTBOBaHHe AHCKPETHOTO acleKTa B MPUPOAE CBETA.
Hbrioron u Buo ne 3ps nozospesarn xakyio-to ray6okyro ana-
AOTHIO ME:KAYy CBOHCTBAMH CBETOBbIX AyueH M TPaeKTOPUIMH
MaTepHaAbHbIX TOYeK B Kaaccuueckoi mexanuke. M me cayuaii-
HO reoMeTpHYecKas ONTHKa obHapy:KHBaeT aHaAOTHH C AHHa-
mukoil, Hanpumep npuxuun Depma nozoben npunuuny nHau-
MeHbINEero AelcTBHA. 3aMedaTeAbHble TEOPHH aHAAMTHYECKOM
MeXaHHKH, H B OCOGeHHOCTH Teopusi SIko6H, NOSACHSIOT
HCTHHHDBIH CMBICA 3aKOHOB F€OMETPHYECKOH ONMTHKH, HO H BOA-
HOBas ONTHKa B CBOK Ouyepeib YKa3blBaeT MyTb 0606LieHHs
KAACCHYECKOH MeXaHHKH, Ha KOTOPOM Mbl O6Hapy#HBaeM, 4TO
OHa, KaK M FeOMeTPHYECKas ONTHKA, OKa3blBAETCS AMIIb MPH-
6AMKEHHEM, CIPABEAAHBbIM BO MHOTHX CAyYasX, HO HMeIO-
ILAM ONipeAeAeHHbIM 06pa30M OrpaHHYEHHYI0 O6AACTb NpHMe-
HeHHsI.

B aaabneiimem Mmbr eme Bepuemcs k atum Bomnpocam. Og-
HaKO, YTO6bl MOATOTOBHTb MOYBY, MOET GbITb NMOAE3HO YiKe
ceflyac ykasaTb, KaKAM 06pa30M BOAHOBAas ONTHKAa BKAIOYAaeT
B ceb6sl TeOMETPHYECKYI0 M KaK, HalpHMep, C TOYKH 3PEHHs
Mpenens, moxuo 6piro 6b1 06ocHosaTh npunuun Mepma. Pac-
NPOCTpaHeHHe BOAH B BOAHOBOH TeOPHM ONMCBIBAETCA ypaBHE-
HHEM B YaCTHDbIX NMPOHU3BOAHBIX BTOPOTO MOPSAKA, XOPOIIO H3-
EECTHBIM TI0J Ha3BaHHEM BOAHOBOTO ypaBHeHHs. JTo ypaBHe-
HHe COZEpPXUT HEKOTOPbIR MapameTp, PaBHbIA CKOPOCTH pac-
NPOCTpPaHEHHs] BOAHDBI, KOTOPbIH B HauboAee 06LIeM CAydae He-
OZHOPOAHBIX CPEA C NMEPEMEHHBIMH BO BPEMEHH MapaMeTpamu
6yAeT HeKOTOPOH ompeZereHlON (PyHKLHEH MPOCTPAHCTBEHHBIX
KOOPAMHAT U BPEMeHH.

B BaxuoM uacTHOM cAyuae HeHSMEHHbIX BO BPEMEHH Cpel
CKOPOCTb PACHPOCTPaHEHHsT He B3aBHCHT OT BpPeMeHH H Ofpe-
ZeAsieT MOCTOSHHBIN B KazAO0H TOYKe MPOCTPAHCTBA MO K a 3 a-
TeAbNpPpeAOMAeHHs. BorHoBoe ypaBHeHHe IpH 3TOM J0-
MyCKaeT pelleHHs, TAaPMOHHYECKH MeHSIOILHECs BO BPEMEHH H
npeacTaBAsioHe CO60H CBET PAa3AHYHOH YacCTOTBHI, T. €. Pa3HbIX
1IBETOB, PACMPOCTPAHAIOMIMACA B paccMaTpHBaeMOH  Cpefe.
Mo:xuo BHZeTb, 4TO €CAM MOKa3aTeAb IPEAOMAEHHSA MaAo
MeHAETCS Ha PACCTOSHUM MOPAAKA AAHHbI BOAHbI, TO H3MeHe-
HHe (asbl BOAHBI OMHCBHIBAETCS MPHOAHLEHIIO HEKOTOPDIM ypas-
HeHHeM B YaCTHbIX NMPOU3BOAUbIX MEPBOrO MOPAAKA H BTOPOIi
CTemeHH, KOTOPOe Ha3biBaeTcss y paBHeHHEM TEOMETpH-
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YeCKOUWONTHKY H B TOYHOCTH COBMaZaeT o (popme ¢ ypas-
nenueM flko6u. DTo ypaBHeHme AAs KamAOH pacmpoCTPaHsIIO-
IIeHCsT MOHOXPOMAaTHYECKOH BOAHBI MO3BOASET HAHTH CeMeH-
CTBO TaK Ha3biBaeMbIX BOAHOBBIX NOBEPXHOCTEeH, Ha KOTOPBIX
(paza BOAHDBI HMeeT NMOCTOSHHOe HasHauyeHue. |akum o6pasoMm,
MO2{HO HAHTH KPHBbIE, OPTOTOHAaAbHble BOAHOBbIM TOBePX-
HOCTSIM, H ONPEJEAHTb HX KaK COOTBETCTBYIOLIHE CBETOBbIE
AYYH, pacIpOCTPAHIIOLINECS B Cpeje.

TClofa yxe MoxkHo BbisecTH npunnun (Depma, Teopemy
Manroca, _mocTpoennus [olirenca u Bce apyrue 3akoHbI reoMe-
tTpuyeckofi ontuxu. Mrak, ¢ Touku speHns BoAHOBOH TeopuH
reoMeTpHYecKasi ONTHKA CIpaBeAAHBAa BO BCeX CAydasX, Koraa
OKa3blBAETCSA BO3MOXKHbIM NPUOGAMNKEHHO 3aMEHHTb CTPOroe
BOAHOBOE ypaBHeHHe YPaBHEHHEM TeOMEeTPHYECKOH OINTHKH.
YcroBuem artoro, kax Mbl BHAEAH, OKa3bIBaeTCS AOCTATOYHO
MeZAAEHHOEe H3MeHeHHe IMOKa3aTeAsl MPEAOMAEHHs B HPOCTPaH-
crBe. Ognako atoro HegoctaTouno. Heob6xozaumo, utobpr Ha
IHyTH CBeTa He GBIAO HMKAaKHX INPENSATCTBHH, MeEINAIOLIHX ero
CBOGOZHOMY paclpPOCTPAHEHHIO M TNPUBOASIUHX K SBAEHHAM
AU pakLHH HAH HHTEp(EPEeHIIHH.

Takum o6pasoM, ¢ TOukM 3peHHS BOAHOBOH TEOPHH Teo-
MeTpHYecKasi ONTHKA OXa3bIBAETCS HEKOTOPbIM MPHOAHKEHHEM,
HMeIOIUHM OIPEJEeAEHHbIH CMBICA, HO TeM He MeHee BCerja
OrpaHHUYEHHbIM.

O6paTtumcsa Tenepb K (DH3MYECKOMY CMbICAY BOAHOBOH TeO-
pun. CperoBble BOAHDBI, CBOGOAHO PacHpPOCTPaHSIIOIIHECS B Iy-
CTOTe, BOBCe He CBf3aHbl C IepeMellleHHeM BelllecTBa. To ke
TOrZa sIBASIETCSI HOCHTeAEM 3THX BOAH, KakoBa cpeja, koneba-
HHA KOTOPOH MPeJACTAaBAAIOT CBETOBble BOAHDBI? |akHe BONIPOCH
BCTaAM Ilepes CO3ZaTeAsIMH BOAHOBOH Teopuu. Jas oTeera
UM MPUIIAOCH MPEeANOAOXKHUTb CYLIeCTBOBAHHE HEKOEH HeyAOBH-
MOH BCeNpoHHKaroLleHl cy6CTaHLHH: CBETOBOro 3(pHpa, pacnpo-
cTpaHHBINerocs mo BceH BceaeHHoi, 3amoAHMBIIEro MyCTOTY
U TpONHTaBLIEro MaTepuaAbHble Teaa. (CpolicTBa 3TOf 3ara-
ZOYHOH CcpeAbl M XapaxTep B3aUMOAEHCTBHs ee C MaTepHAaAbHbI-
MH TEeAAMH JOAXKHBI ObIAH 06bsACHUTD 0CO6EHHOCTH pac-
NPOCTPaHEHHUs] CBeTa B MYCTOTe W B MPEAOMASIOLIHX cpejax.
[TocaeaoBaTean (Dpeneass mocTaBHAM cBoel IeAbIO paspelTHTh
npo6aemy apupa. OHH CTaparrCh yTOUHHTb €FO MEXaHHYECKYIO
npHupoay, NpeacTaBUTb cebe ero cTPyKTypy. PesyAbTaThl aTHK
HCCAeZOBaHHH OKazaAHcb BecbMa crpamnbiMu. C ozmoil cro-
POHDI, 3P, pacCMaTPHBaeMblil kKak ynpyras cpeAa, B KOTOPOT
MOTYT PAacIpPOCTPAaHATbCS TOABKO TONepeYHble BOAHDI, AOAKEH
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6bITb BO MHOro pas 6GoAee :KECTKHM, 4YeM, CKaz{eM, CTaib, a C
ZPYrod CTOPOHBI, 3TA KeCTKas cpela, KaK MOKAa3bIBaeT OMbIT,
He JOA2<Ha OKa3biBaTb HHKAKOI'0 COMPOTHBAEHHS ABHKYLIUMCA
B Hell TeAaM H COBepIIeHHO He BAHsSeT Ha JBH:KeHHe IAaHeT.
Ho uu oauna reopus, npeanoAaraioas CyyecTBOBaHHe CPEADI
C TaKHMH NapajsoKCaAbHBIMH CBOHCTBAMH, KaKoi 6bl COBepIUeH-
HOH OHa HU OblAa, He MOKET HMeTb MpaBa Ha CylleCTBOBaHHE,
H Bce 60Abie U 6OAbille (PHBUKOB CTAAO COMHEBAaTbCs B JeH-
CTBHTEABHOM CylleCTBOBaHHH 3TOH cpegbl. Huxe Mp1 yBuaum,
KaKkHe H3MeHeHHs lpeTepliera Teopusli d(pHpa CHadara MOCAe
MOSIBA€HHUS] DAeKTPOMAarHUTHOH TEOPHH, a 3aTeM IMOCAe yCTa-
HOBA€HMS MPUHLHUIIA OTHOCHTEAbHOCTH.

3. DAeKTPHUECTEO M BAEKTPOMATHHTHAA TEOPH:

Mexanuka u cBsisaHHbIe ¢ Hell 06AACTH. a TaK»Ze aKyCTHKa H
ONTHKA BO3HHUKAH OYeHb JaBHO, IIOCKOAbKY OHH H3y4alOT SB-
A€HHS, C KOTOPbIMH YeAOBEeK HellpepblBHO CTAAKHBAETCS B CBOeH
nosceaneBHo# xusHu. Hayka 2e 06 arexTpuuecTBe, HanpoTHB,
NOSABHAACh CPaBHHTEAbHO HezaBHO. KomeuHo, HekoTOpble (ak-
Thl, KaK HallpuMep, DAeKTPU3ALHUsl TeA TPEHHEM HAH CBOHCTBa
NPUPOAHBIX MAarHHUTOB, ObIAM H3BeCTHbl yie M paHbime. He
MOTAH He 06paTHTb Ha ce6s1 BHMMaHHS M TaKHe BEAHYECTBEH-
Hble W CTpaHHble SIBAGHHS MPHPOZAbI, KaK TPO3bI.

Ouanako BpAA AM 3TH (PaKThl B JZOCTATOUHOH CTelNeHH HC~
cAegoBarHCh U conocTaBAsAAHCh go kouna X VIII B. wu Bpsg an
KTO-AH60 YeTKO MPeACTaBASAA cebe B TO BpeMs, UTO OHH CTaHYT
06beKTOM H3yYeHHs HOBOH HayKH, COCTaBAsAIOLleH OZHY H3
BaxkHeHIHX o6AacTeil coBpeMeHHOH (HM3HKH. JTO CTaAO SICHO
aumb B konue XVIII n navare X1X B. Murepecno ormeruts,
4YTO B TO 2Ke camMoe BPeMsl OGLIAH OTKPBITBI sSIBAEHHsI HHTepge-
PEeHLIHH M NMOCTPOEHA BOAHOBas TeOpHA. JTOT 3aMedaTeAbHbIH
nepHoJ B HCTOPHH Pa3BHUTHA HAyKM, KOTAA BO3BHHKAA BOAHOBAs
ONTHKAa M COBpEMEHHasl TeOPUsS DAEKTPHYECTBA, GBIA AAS Ma-~
KPOCKOMHYECKOH (PU3HKH TeM e, ueM 6bian nocaeanue 50 aer
ZAS aTOMHOH (QH3HKH.

Mbr He 6yzeM 3zecb HM CAeZOBaTb B JeTaAsIX HCTOPHH
PAa3BUTHSA TEOPHH DAEKTPHUECTBA, HH OTMedaTb CIEIHAAbHO
BKAaZbl TaKHX yueHbix, kak Boabra, Kynron, dpcres, Buo,
Aannaac, ayce, Amnep, Mapazeit u MHOrHX ZPYTUX, AHUBIIHX
M pa6oOTaBUIHX B MePHOA CTAHOBAeHHs 9TOH HOBOH obAacTu
HaykH. XOTA 2To ¥ 6bIAc 6bl OueHb MHTEPECHO, HO yBeAo Obl
Hac CAMIDKOM JaAeKO B CTOPOHY OT 3ajad, KOTOpble Mbl
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ce6e nmoctaBuAu. [loaToMy orpanmummcs AMIID 3aMedaHHEM,
4TO BO BTOPOH MoAoBHHe XIX B. 3aKOHBI DAEKTPHUECKHX SBAE~
HHUH ObIAM y:Ke HACTOABKO XOPOLIO H3BECTHbI, YTO OKa3aAoCb
BO3MOHbIM TOMNBITATbCS MepedTH K 06beAUHEHHIO GOABIIOTO
YKCcAa PasSAMYHBIX (DAKTOB U yTBep:K/JAEHHH M K TNOHCKAM eZH-
HOH cTpoiHOH Teopuu. DTy orpoMHyr0 paboTy TIpoZeAaA
Axeiimc Kaepx Maxcsear. PykoBoacTBysich oTKpbITHAMH CBO-
IX TpPeAlleCTBEHHUKOB H CBOHM OFPOMHBIM JapOBaHHEM, OH
CyMeA TMOCTPOHUTb MOAHYIO TEOPHIO BAEKTPOMATHHTHBIX SIBAe-
HHUH, KOTOpass HOCHT Telepb ero uMms. Bce pasHoo6pasue dTHX
SIBA€HHH, BCIO COBOKYMHOCTb 3aKOHGB, KOTOPBIM OHH MOZUYHHS-
I0TCSl, €My YZaAOCb CBECTH B OJHY CHCTeMy ypaBHEHHH, KOTO-
pble HasbiBaroT ypaBHeHuamu Maxceeara. Y paBuenusa Max-
CBEAAA COCTOSIT M3 JABYX BeKTOPHbIX ypaBHEeHHH, KBHBAAEHT-
HbIX LIECTH ypaBHeHHSIM JAASl KOMIIOHEHT, M JAByX CKaAspPHbiX
ypaBHeHHH. DTH ypaBHEHHS CBA3SbIBAIOT KOMIOHEHTbI BEKTO-
POB DAEKTPHUECKOrO H MATHHTHOTO TMOAeH H BEKTOPOB DAeK-
TPUUYECKOH H MarHUTHOH HMHZAYKUHU Me:xkay cOBOH H C IAOT-
HOCTSIMH dAeKTpHUeckoro sapsiza u Toka. OZHO M3 BEKTOPHbBIX
ypaBHeHH BblpazkaeT 3aKOH HHAYKIHH, oTKpbiThiii Mapazeem.
OgzHo U3 cKaAApPHBIX ypaBHEHHI OTpaz<aeT HeBO3MOMHOCTb Bbl-
JeAeHHs] MarHUTHBIX 3apsSZOB HAH ITIOAIOCOB OJHOro 3HAaKa,
apyroe (GOPMYAHPYET DAEKTPOCTaTHUeCKyio TeopeMmy | aycca.
OTU ypaBHeHHsI CTaAH 0606leHHEM y2<e H3BECTHBIX 3aKOHOB.
Oanako BTOpoe BEKTOPHOE YpaBHeHHe COJZEPIKUT CYILECTBEHHO
HOBbIil DAeMEHT, BHECEHHbIH B TEOPHIO COOCTBEHHO Maxkcsea-
AOM.

Bropoe BekTopHOe ypaBHeHHe JOAXKHO 6bIAG OTPA3HTH
CBS3b, CYLIECTBYIOUIYIO MexKJy MarHHTHBIM TIOA€M H DAEKTPH-
YeCKHM TOKOM, coraacHo sakoHy Awmmnepa. CoraacHo srtomy
3aKOHY, POTOP OT BEKTOPa HAMPSI:KEHHOCTH MAarHHTHOIO TOAS
ZorxeH 6biTb paBeH (C TOYHOCTBIO ZO MOCTOSTHHOH, 3aBHCS-
el OT BbI6Opa CHCTeMbl eJMHHI] H3MepeHHH) MAOTHOCTH
zAekTpHueckoro Toka. Ho Makceear 3ameTHa, uTo ecAu ompe-
ZEAHTb BXOZAILYIO B 9TO ypaBHeHHe MAOTHOCTb TOKa KaK MAOT-
HOCTb TOAbBKO TOKa, CBSI3aHHOTO C MepeHOCOM 3apsja, TO 3TO
HPUBOJHT K LeAOMY paAay TpyaHocTeld. Urobpr usbexaTp HX,
OH BBIABHHYA OGAeCTALIVIO HZEI0 — 0606IIHTb BbipazKeHHe JASA
HNAOTHOCTH TOKa, A06aBHUB K TaK Ha3blBaéMOMY TOKY MPOBOZH-
MoCTH, 06YyCAOBAEHHOMY TEPEeHOCOM 3apsiia, cAaraemoe, IMpo-
HOPUHOHAAbHOE CKOPOCTH H3MeHeHHs1 BO BPEeMeHH BeKTOpa
DAEKTPHUECKOH HHAYKIMH. DTO cAaraeMoe TpeacTaBAseT cobon
HOBDIH BHZ TOKA, TOK CMeLIeHHs, KOTOPbIH B OTAMYHe OT TOKa
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NPOBOJAMMOCTH BOBCe He 0653aTEAbHO CBA3aH C IepeMelleHHEM
DAEKTPHUYECKHX 3apAA0B. |ak, HampuMep, B TMOASAPH3yeMOil
cpeje 4aCTb TOKa CMEIeHHs CBf3aHa C TepeMelleHHEM dAEK-
TPUYECKHX 3apAAOB, APYyTras e ero 4aCTb, OTAHYHAS OT HYAA
Zaxe B MYCTOTE, €CAH DAEKTPHUECKOe MOAe MepeMeHHO BO BpE-
MeHH, COBEpLIEHHO He CBsA3aia C ABHKeHHeM 3apagoB. Baaro-
Zaps BBeJeHHIO TOKOB CMENIEHHs TPYZAHOCTH, O KOTOPBIX Mbl
yhnomuHaAH, ucuesAn. CAoxHBbIF BOIPOC O 3aMKHYTBIX H He-
3aMKHYTBIX TOKaX, 3aHUMaBIIHH TEOPETHKOB TOTO BpeMeHH,
paspeminAcsi cam cob0il, MOCKOAbKY, eCAH NPHHATb BO BHH-
MaHHe TOKH CMeLIeHHs, TO BCe dTH TOKH OKAa:KYTCA 3aMKHY-
TBIMH.

Ho camas rennarbnas uzes MakcBeara, BbIZBHHYTas TMOCAe
HamHCaHUs O6IIHX ypaBHEHN# DAeKTPOMaTHHTHBIX SBAeHHH, co-
CTOSIAA B TOM, UTO 3TH ypaBHEeHHs JAIOT BOBMOXKHOCTb PaccMart-
PUBATb CBET KaK DAEKTPOMAarHUTHOe BO3MYLIeHHe. DTO B CBOIO
ouepesab MOBBOAMAO 0ObEJHHHTb ABe Ka3aBIIHECH CTOAb Pa3-
AHYHBIMH 06AACTH (DPHSMKH M PacCMaTPuUBAaTb BCIO ONTHKY Kak
4aCTHbIA CAy4yaH DAeKTPOAHHAMHKH — OJZHH M3 HaHboAee 3a-
MeuaTeAbHbIX TIPHMEPOB CHHTE3a, KOTOPbIH ZaeT HaM HCTOPHs
Pa3BUTHS (PH3HKH.

Uro xe momorro MakcBeAry BBIABHHYTb 3Ty paAHKaAb-
Hyl0 Hzer0? YpaBHeHHs 3SAeKTPOAMHAMHKH cCOJep:sal HeKo-
TOPYI0 KOHCTaHTY, PABHYI0 OTHOLIEHHIO 3AeKTPOMAarHHTHOU
eAMHULbl 3apAJa HAH TMOASl K COOTBETCTBYIOIeH DAeKTPOCTa-
tHueckoit ezunuie. C moMompbro HeCAOMHBIX Mpeo6pasoBaHHil
OCHOBHDBIX ypaBHeHHH Aerko ToOKasaTb, 4TO paclpoCTpaHeHue
BAEKTPOMArHHTHOTO MOAs B TYCTOTe OMHCHIBAeTCH BOAHOBBIM
ypaBHeHHeM, COZep:KalllUM yKasaHHYIO TOCTOSHHYIO B Kaue-
CTBe CKOPOCTH pacHpOCTpaHeHHs.

Taxum o6pasom, ecan npeanoroxsum, Bcaes 3a Makcsea-
AOM, 4YTO CBETOBble BOAHDBI MPEJACTAaBASIOT CcO60H BAEKTPO-
MarHHTHble BO3MYIIEHHSI, TO OTCIOZAa CAeZYEeT: CKOPOCTb pac-
NPOCTpaHeHHS CBeTa B MycCToTe, o6o3Hauaemas o6bIYHO 6YK-
BOH C, ZOAZHa 6bITb paBHa MO BeAHUYHHe OTHOLIEHHIO, HaMpPH-
Mep, €AVHHI 3apfAZa B DAEKTPOMATHHTHOH M 3DAEKTPOCTATH-
yeckofi cucTeMax. V1 zeficTBHTEABHO, pe3yAbTaTbl COOTBETCTBY-
IOLIHX H3MepeHHH, yxe H3BeCTHble K TOMY BpeMeHH, FOBOPSAT
0 cobAOZeHHH 3TOro paBeHcTBa ¢ TouHocTbio A0 3—4%. Bce
e MOCAeAYIOIHe H3MepeHHS YKa3blBalOT HA TO, YTO 9TO paBeH-
CTBO, TMO-BHAMMOMY; BBITTOAHSIETCA ¢ A1060if TOYHOCTBIO. DTOT
(BakT ABHACH GAeCTALIMM MOATBep:KaeHHeM BbABHHYTOH Makc-
BEAAOM THIOTe3bl 06 DAEKTPOMAarHUTHOH MNPHPOJE  CBETA.
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Coraacuo Teopun Makcseara, mAockash MOHOXpOMaTHue-
CKas CBeTOBasl BOAHA, PacClPOCTPAHSOWANACSA B IYyCTOTe, ONpe-~
JeAsieTCs] ZBYMSI BeKTOPAaMH: BEKTOPOM DAEKTPHYECKOrO H BeK~
TOPOM MarHHUTHOIO MOAeH, KOAeGAIOIIMMHUCS C YaCTOTOH BOAHBI.
Ouu pasHbl Memay coboll MO BeAHUHHe, TepreHAMKYASPHDI
APYr ZPYTY W HaNpaBAEHHIO PACIPOCTPaHEHHS H KOoAeOAIOTCSH
B oaHO#l (ase. Bce pesyabrarTor, caeayromue us teopun Mpe-
HeAsl, MOTYT ObITb MOAYYeHbI, eCAH 3aMeHUTb KoAebaHHs aPpHpa
9AeKTPOMarHHTHbIMH KoAebGaHHSMH H MOBTOPHUTD I pexKHHe pac-
Cy2KeHHs, HO yxKe Ha JPYrom sI3blKe — si3blKe DAEKTPOMAarHHT-
HOH Teopun. DTa TeOpHs IIPEBOCXOZHO TMO3BOAsET OGOHTHCD
6e3 a(upa: ZAS ITOTO AOCTATOYHO MPEANOAOMHTb, YTO CBOH-«
CTBa MHYCTOro MPOCTPAHCTBA OMPEAEASIIOTCA B Ka:MJA0H TOUKe
3aZlaHHeM ZBYX BEKTOPOB 3JAEKTPHUYECKOTO W MAarHUTHOIO MO-
aeit. [lpu aTom Teopus mpuHHUMaeT ZOBOAbHO abCTpaKTHBIH Xa-
paKTep, 4TO, BIpoyeM, OObIYHO ZAsI COBpEMeHHbIX (PH3HYECKHX
reopueil. OHa okasbiBaeTCs B OCHOBHOM MaTeMaTHYECKOH Teo-
pUeH.

IJTOT OTBAeYEHHBIH XapaKTep DAEKTPOMArHHTHOH TeOPHH
CTaHOBHTCS 0cOO6eHHO 3aMeTHDIM B TOH (popMe, KOTOPYIO TNPH-
Zan eil Heckoabko mos:xe lepu. M Tem He menee mmorme us
()M3HKOB TOro BpPEMEeHH BCe elle HCHbITBIBAAH NOTPEeGHOCTD
BRECTH HEKOTOPYIO Cpely — HOCHTEADb DAEKTPOMATHUTHOTO IMO-
Asl—H PaccMaTPHBATb MOAe KaK HEKOTOPOe COCTOsIHHe BO36Yxk-
ZeHus aToli cpeapl. MHorve, u B ocobenHocTH A0pA Keab-
BHH, TOTPAaTHAH MHOTO YCHAHH, NbITasiCb MOAYYHTb MeXa-
HHYecKoe 0ObsCHeHHe SAEKTPOMArHUTHBIX SIBA€HHH, CBOAS HX
K HaTAMEHHIO HAH yOpyTuMm gedopmauuam agupa. Ognako atn
NCNbITKM HHKOTZa He HPHBOJZHAH K YZOBAETBOPHTEADHDBIM pe-
3yAbTaTaM, M CO BpeMeHeM MNoAoGHble Teopuu >pupa cebs
MOAHOCTbIO ZUCKPEJZUTHPOBAAH. DPHP CTaA PacCMaTPHUBATbCA
Telepb KaK HEKOTOpPAas THIOTETHYecKas Cpeja, MO3BOASIONIAS
onpezieAsiTb AHUIb CHCTeMbl KOOPAHWHAT, B KOTOPBIX CIIpaBej-
AHBa obpruHas popMa ypasHennit Maxcseara. Ho zaxe mocae
TOTO, Kak 3a 2(QHPOM OblAa OCTaBAE€HA CTOAb CKPOMHAsi POAb,
STO MOHSATHe BCe ellle IPUBOAUAO K pAAy TpyaHocTeit. B wact-
HOCTH, dAeKTPOJHHAMHKa JABHMKYIIHXCs cpel, Gasupyrowascs
Ha NpejNoAOeHHH, YTO d(PHP MOKET CAYKHTb AAS OmpeJere-
HHS JBHKEHHS MO OTHOLIEHHIO K a6COAIOTHOMY MQEOCTPAHCTBY,
OKa3blBaAaCh BeCbMa CAO:KHOH M INpHBEAA B KOHIle KOHIIOB
K IPOTHBOPeUHIo ¢ akcnepumenToM. V1 Toabko Teopust oTHOCH-
TeAbHOCTH BHeCAa MOAHYIO SICHOCTb B 3TOT BONPOC, COBEPLIEH-
HO YCTPaHWB M3 (pU3HUYECKHX TeOpHH MOHATHe d(pHpa.
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Ogzuum us Hanboree GAECTAWMX MOATEEPHACHHIA TeOPUH
Maxkcseara 6bir0 oTkpbiTHe ['eplem aAexTpOMarHMTHBIX BOAH,
Ha3BaHHBIX B €ro 4YeCTb BOAHaMH | epua. DAeKTpoMarHMTHas
TeOPHsl MPeACKa3bIBaAd, YTO IPH LOCTATOYHO 6GBICTPOM HU3Me-
HEHHH DAEKTPHYECKOTO TOKa B LeNMH BO3MO:KHO H3AYYeHHE b
OKpYy:Kalollee NMPOCTPAHCTBO DAEKTPOMATHHUTHOH BOAHBI, KOTO-
pasi, coraacHo uzeaM Makceeara, ZOAKHA HMeTb CTPYKTYPY,
COBepIIEHHO aHAAOTHYHYIO CTPYKType CBeTOBOi BOAHBL Ho
BOAHBI, KOTOPble MOXHO 6BIAC 6bl MOAYYATh C MOMOIUIbBIO COOT-
BETCTBYIOLLETO DAEKTPHUECKOrO0 KOHTypa, o6bAazard Bcerga da-
CTOTOH, rOpasZio MeHbIIEH, H COOTBETCTBEHHO JAAMHOH BOAHBI,
ropaszo OGOAbIIEH, YeM 4YacTOTa M JAMHA CBETOBbIX  BOAH.
OTcroza, ecTecTBeHHO, BLITEKAaAO M pasAHYHe MeaKAY CBOH-
CTBaMH 3THX BOAH: BOAHbI [ epra He BO3zeHCTBYIOT Ha Halld
opraHbl YyBCTB H, YTO CBs3aHO ¢ GOABUION JAHHBI BOAHBI,
AeTKO OorubaroT HempospauyHble MPENSATCTBUS, BCTpevalolinecs
Ha ux nyta. OgHako, HECMOTPS Ha 3TH pasAHUHs, HMeAaChb H
6oAbmIast OGLIHOCTD MeKAY CBETOBBIMH BOAHAMH H BOAHAMH
Il'epua. B wactHOCTH, ¢ mMOCcAeazHMMH MO:HO 6bIAO HMOBTOPHTD
CTaBLIHE KAACCHYECKHMH DKCIEPHMEHTbI MO OTpa:KeHH!o, Mpe-
AOMAEHHIO, HHTep(epeHIHH HAH audpakuun BoAH. Heobxo-
JUMbIe AASl DTOTO IKCMEePHMEHTAAbHble YCTAHOBKH JOAXHbI
B OCHOBHOM O6BbITb TaKMUMH 2K€, XOTs, pasyMeeTcsl, U ropaszo
6oAbmiuX MacwITabOB B COGTBETCTBHHU C H3MEHHBIUEHCS AAH-
HOH BOAHBI.

3To maMATHOe OTKPbITHE BOAH lepua M HX CBOHCTB He
OCTaBHAO 6OAbllle HHKAaKHUX COMHEHHH B MPaBHABHOCTH OC-
HoBHbIX Hzeli MakcBeAra, Kacaomuxcs 3AeKTPOMarHHUTHOM
npupoabt ceera. M per, moxaayil, Hy:abl HamOMHHATb, YTO
HMeHHO OTKpPbiTHe BOAH |eplia MO3ROAHMAO OCYILecTBHTb Gec-
NPOBOAOUYHBIH TeAerpad, a IMo3JHee CNOCOGCTBOBAAO pPasBH-
THIO JPYTHX CPEJCTB CBSI3H Ha PACCTOSIHUH.

AeKTPOMarHUTHasi TeOPHs IMO3BOASET Takze pPacCMaTpPH-
BaTb pacrpocTpaHeHHe CBeTa B MaTepHaArbHbix cpegax. Ona
NpHBeAa K 3HAMEHHTOMY COOTHOIUEHHIO, CBSI3bIBAIOLIEMY JH~
3AEKTPHUYECKYI0 TOCTOSHHYIO OJHOPOAHOH Cpeabl C ee MOKa-
3aTeAeM IMPEeAOMAEHHS, M TO03BOAHAA H3YYHUTb TOTrAOILLEHHE
cBeTa B mpoBoasAmux cpezax. Ho Toabko mocAe Toro, Kak oHa
6biAa JOMOAHEHA THIOTE30H O JMCKPETHOH DAEKTPHYECKOH
CTPYKType MaTepuu (rumoTesa SAeKTPOHOB), dAeKTPOMATHHT-
Hasl TeOPHs JaAa BO3MO2KHOCTb MO-HACTOSILEMY TAy6OKO HC-
CAeJOBATb XapaKTep PACIPOCTPaHeHHs CBEeTa B MaTepHAAbHbIX
cpenax.
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4. Tepmoaunamuka

Heab3sa sakonuuTb 3TOT KpaTKuil Ouepk MCTOPHH Pa3BHTHA
KAACCHYEeCKOH (U3HKH, He CKa3aB HECKOAbKO CAOB O Hayke,
KoTopasi LeAHKoM 6bira coszgana yuenbiMmu XIX B., o Tepmo-
AVHaMUKe.

B XVIII B. Tenaora mpeacTaBAsirnach B BHAe HEKOTOPOH
HKHIKOCTH, oblllee KOAMYECTBO KOTOPOH OCTaeTcss B TeueHHe
PA3AHUYHBIX (PUBHUYECKHX MPOLECCOB HeMsMeHHbIM. JAs 06Dbsic-
HeHUs LeAOro psifia sSIBAEHHH, H B 0COGEHHOCTH SBAEHHs pac-
NPOCTPaHEHHs TeMAa B MaTePHAAbHBIX TeAAX, 9Ta HIIOTe3a OKa-
3bIBaAaCh BIOAHE YZOBAETBOPUTeAbHO#H. Masmmas um kaaccu-
YecKasi TeOPHsS PACUPOCTPAHEHHS TelAa B MPOCTPAHCTBE, CO3-
aanHas MDyppe, HCXOAUT U3 COOTHOLIEHHS, KOTOPOEe Bblpar{aeT
«3aKOH COXpaHeHHs TenmAoThbi». Ho MHoOrouncaeHHble SBAEHHS,
B KOTOPBIX TeNAOTa BOSHHKAET B pPe3yAbTaTe TPeHHS, ¢ 6OAb-
IIUM TPyZAOM O6DbACHAAMCh B paMKaX STOH THMIIOTe3bl, H MaAO-
noMaAy (U3HKH OT Hee OTKa3saAHChb M CTaAH pacCMaTPUBATb
TEMAOTY He KaK HeKYIO BeYH)I0 Cy6CTaHLHIO, a MPOCTO Kak
oaHy u3 ¢opm sHeprud. JeHcTBHTeAbHO, BO BCeX NMPOHCXOAA~
IHX BOKPYT HaC YMCTO MEXaHHYeCKHX SBAEHHAX DdHePrHs CO-
XpaHseTcsl BCerja, 3a HCKAIOUEHHEM TeX CAydaeB, KOTJa B pe-
3yAbTaTe TPeHHs MPOHCXOAMT BblAeAeHHe TenAa. F.cAn paccma-
TPUBATb TENAOTY Kak OZHy H3 (OPM 3DHEPTrHH, TO MOKHO
BbIABHHYTb HeKMH O6IMH MPUHUMN coXpaHeHus aHepruu. Mmi
He GyZeM paccKasbiBaTb 34eCb O TOM, KaK Pa3BHBAACSA DTOT
MPHHUHMN M KaK OH ObIA TOATBep:KJAeH M3MepeHHSMH MeXaHH-
4ecKOro dKBHBaAeHTa TenAoThl. Ho, kak H3BecTHO, OJAHOrO
NPUHLHNA COXpaHEHHs PHEPTHH ellle HeJOCTATOYHO AAS MOCTPO~
eHHs1 TepMoanHamMukH. K nemy Heo6xozuMo ao6aBHTDH elie
npunyun Kapno, nau npunuun sospacranus surtponuu. Brep-
Bble aT0T npuHuun 6biA BboigBHHYT B 1824 r. Cazu Kapno B
3aMeTKaX O TENAOBbIX MalIMHAX, e OH YKa3aA Ha HEBO3MOK-
HOCTb NOAHOIO IpeBpallleHHs1 TemAa B paboTy. DTu coobpaxe-
Hust KapHo aerau B ocHOBY BbiCKa3aHHOrO HECKOABKHMH Toja-
MH MO03:Ke NPHHLHNA, KOTOPbIA OCTaeTCsA ClpaBeJAHBBIM H IO
HacToAmui Zenb. UToAbl mMpuaaTh eMy MaTeMaTH4ecKyIlo (oOp-
My, KAaysuyc BBeA moHATHe 3HTPONHM W MOKasaA, 4TO IHTPO-
MM U30AHPOBAHHOH CHCTEMbI MOXieT TOAbKO BO3PACTaTb.

Ha ochoBe aTux aBYx yniamMeHTaAbHBIX NPHHIHUMIOB 6bIAA
MOCTPOEHa TepMOAUHAMHKA — HayKa, MO3BOAHBLIAs 06DbACHUTD
M TpejckasaTb GOAbLIOE UYHCAO fBAEHHH M Hrpamouas
CYLIeCTBEHHYIO POAb B HacTosillee BpeMsi, 0CO6EHHO B TeO-
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puH rasoB. JTo abcTpakTHas HayKa, ONePHPYIOMAas B OCHOBHOM
MNOHSATHSIMH HePTUM, 3aKAIOYEHHOH B TeAaX, KOAHUYECTBAMH CO-
BepIIaeMOH UMH PaBoOThl U TENAQ, KOTOPbIM OHM 06MEHUBAIOTCA.
Ona He nbiTaeTcs BHHKAaTh B JeTaAbHOe OMMCaHHMe dAeMeHTap-
HBIX TIPOLECCOB, a MHTEPECYeTCsl AHIIb O6LIUMH XapaKTePHCTH-
KaMH CHCTeM. | epMOZHHAMHKa OCTaBASeT upe3BbiYaliHO 60Ab-
Iyl cBobogy ZASl PasAHYHbIX ONMHCAHHH DAeMEHTaPHBIX IPO-
LIECCOB M YCTaHABAMBAET AHIIb 061UHE 3aKOHOMepPHOCTH, KOTO-
PBIM JZOAKHBI YZOBAETBOPATb BTH ONHCaHHs. |akum o6pasoM,
He TOABKO KAAcCH4YeCKasl aTOMHas (PH3HMKa, He y4YHTbIBaloUlas
CyLIeCTBOBaHHSl KBAHTOB, HO W KBaHTOBas (pU3HKa, 6asupylo-
Llasicss Ha MPUHUOUIIHAABHO OTAHYHBIX KOHLEMUIHUAX, CTPOATCA
B COOTBETCTBHH C 3aKoHaMu TepmoguHamuku. C Touku 3peHus
KOHCTPYKTHBHOTO Pa3BHUTHS COBPEMEHHBIX TeOPHH TepMOJHHa-
MHKa MOKeT B KAKOM-TO CMbICAE€ UTPaTh HANPAaBASIOLIYIO POAD,
OrpaHMYMBasi YHCAO TPHEMAEMbBIX THIOTE3, HO He yKasblBaf,
KOHEYHO, TOT HAHM MHOM ONpeJeAeHHbIH NMyTh pasBUTHA. | OuHee,
MOCKOABKY TepPMOZHHAMHKa PacCMaTPUBAeT AMLIb o6Iiue CBOH-
CTBa CHCTeM, He BJABasCh B JeTaAH OTJEAbHbIX IIPOIECCOB,
OHa He PHCKYEeT BIacTb B OUIMOGKH, YTO 4acTo yrpoxaer 6oaee
«CMEAbIM» TeOpHSM, INPEeTeHAYIOWINM Ha JeTaAbHOe OIHCaHHe
npouecca. M1 copox Aer Hasaz, Mo MHeHHI0O MHOTHX (DH3HKOB,
CYHTAAOCh MPEeANOYTHTEABHBIM HCIOAbB30BATh TePMOJHHaMHYe-
CKHe MeTOZbl, He BBOAsA 6GoAee JeTaAbHbIX H 6Goree CMeAbIX
KOHIenuui. JTOT OCTOPOKHBIH MeTol ObIA Ha3BaH dHep-
retnueckuM. Ho ecan ocTopoxHOCTD — MaTh 6e30MacHOCTH, TO
cyapba yabibaercs Aummb orBaxmubiM. M Torza kak mpuBep-
#.eHIIbI 9HEPTeTHUYECKOro METOJa TOMNTAAHCh Ha OZHOM MeCTe,
XOTS M Ha TBepJOH MOuYBe, CTOPOHHHUKH 60Aee ZeTaAbHOro OMHU-
CaHHSI BAEMeHTapHBbIX SIBAeHHH, pa3BHBAasg aTOMHCTHYECKHEe H
KOPIYCKYAsipHble KOHILENMUHH, OTKPbIBAAH HOBble HeH3BeJaH-
Hble 06AACTH.

OTH KOHIEMIHH MOAYYHAH CTOAD MHOTOYHMCAEHHblE dKCIe-
PHMEHTaAbHblE TIOATBEPAKAEHUS U IMPHBEAH K OTKPDbITHIO TaKo-
ro 6GOABIIOr0 YHCAA HOBBIX COOTHOLIEHHH, O CYILeCTBOBAHHH
KOTOPbIX «3HePreTHKa» He MOIAa Jarxke Mojo3peBaTb, 4TO B
HacTosillee BpeMsl CTapasi «dHepreTHYecKas» TaKTHKa YyixKe
JaBHO OCTaBAeHa.

Uro6bl npocAeaUTb MyTb PasBHTHS KAACCHYECKOH (PU3HKH,
Heo6XOZHMO PacCMOTPETb HOBbIH MHP aTOMOB M 4YaCTHL.
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Faasa III
ATOMbBI 1 YACTHULIBI

1. Aromnan crpykrypa marepun

Xopouio H3BECTHO, YTO APEBHHE MBICAHTEAH HEOZHOKPATHO
BBICKa3bIBAAH IIPeJNOAOXKeNHe O JHCKPETHOH IpHPOJZe MaTe-
pun. OHH NPHIIAH K DTOMY, HCXOAS H3 (HAOCOPCKOH HAEH
O TOM, YTO HEBO3MO:KHO OCO3HaTb GeCKOHEUHyI0 JAeAHMOCTb
MaTepUH W MPH PACCMOTPEHMH Bce 6oAee MEAKHX KOAHYECTB
Heo6X0ZUMO IZe-TO OCTaHOBUTbCA. JAs HHX aToM 6bIA MOCAes-
Hell HeZeAHMOH YacCTbIO MaTepHH, NMOCAe KOTOPOH yxe Hedero
6bir0 uckatb. CoBpeMeHHasi pu3HKa Takde HCXOZHT H3 Ipex-
cTtaBAeHHs 06 aTOMHOH CTPYKType MaTepuH, HO C ee TOYKH
3pEeHHs] aTOM INpeZCcTaBAsieT cO60H HeYTO COBEPIIEHHO OTAHY-
HO€ OT TOrO, YTO MOHHMAAH II0J DTHM CAOBOM ApeBHHE MbICAH-
tean. Ilo coBpemennbiM npeacraBaenusM, aTom 6yAyun co-
CTaBHOH YaCTbIO BellleCTBA, HMeeT BeCbMa CAOXKHYIO CTPYK-
Typy. JelicTBHTeAbHBIMH :Ke aTOMaMH B CMBICAe APEBHUX SB-
ASIIOTCSI, C TOYKH 3peHHsi HOBeHlued (HU3UKH, Tak Ha3blBaeMble
DAeMeHTapHble YaCTHLbI, HAallpUMep DAEKTPOHBI, KOTOpble pac-
cMaTpuBaloTca cerogus (MoxkeT 6bITb, BpeMEHHO) Kak MOCAeZA-
HHe HeJeAHMbIe COCTABASIONIYE aTOMOB H, CA€ZOBAaTeAbHO, Ma-
Tepuu L.

Ilonsatne aToma 6bIA0 BBeeHO B COBpeMEHHYIO HayKy, KaK
H3BeCcTHO, XuMuKkaMmu. Vsyuenne XuMuueckux cBOHCTB pasinu-
HBIX TeA MPHUBEAO YYEHBIX-XHMHKOB K MBICAH, 4TO BCe Belle-
CTBa NMOJPa3ZeAAOTCSA Ha ABa KAAacca: K OZHOMY M3 HHX OTHO-
CATCSA CAOXCHble HMAHM COCTaBHble BeLIECTBA, KOTOPble IyTeM
COOTBETCTBYIOIIWX onepalHid MoryT GbiTh pasAozkeHbl Ha GoAaee
NPOCTble BellleCTBA, K JPYroMy — 60Aee IPOCTble BelleCTBa,

! B coBpeMeHHOM NOHHMaHHH JAeMEHTAPHOH YacCTHLUBI B MpPHAara-
TEABHOM «3dAEMeHTapHasg» MOYTH He OCTaAOCh aGCOAIOTHOrO COZAepAHaHHI.
Cxopeit 3TO ycAOBHOEe MOHATHE, KOTOPbIM NMPHXOAHTCHA MOAb30OBATbCH 3d
HeHuMeHHeM Ayumero, — [Ipum. ped.
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KOTOpble ye HEBO3MO:KHO PasAOMHTb Ha COCTaBHble 4acTH .
STH MPOCThle BEIeCTBAa YaCTO HA3BIBAIOT TaKxKe dAeMEHTaMH.

3y4eHHe KOAHYECTBEHHbIX 3aKOHOB 06Pa3s0OBaHMA CAOMKHDIX
BElIeCTB M3 MPOCTbIX IOCTENEeHHO MPHREAO XHMHKOB MOCAek-
HEro CTOAETHS K CO3ZAHMIO TEOPHUH, COTAACHO KOTOPOH BCE MPO-
CTedlliMe BellleCTBA, HAM DAeMEHTbI, COCTOSAT H3 MeAbYaHIUHX
COBePIIEHHO OJHMHAKOBbIX YaCTHII, Ha3bIBAeMbIX aTOMaMH CO-
OTBETCTBYIOLLErO DAEMEHTa, a CAOXKHble BelllecTBa 06pa30BaHbI
H3 MOAEKYA, MPeACTaBAAOIWINX Cco60# coegHHeHHe aTOMOB
PasAMYHBIX DAeMEHTOB. B cooTBeTcTBUMEM ¢ 3TOH TeopHeii pas-
AO2eHHe CAOXHBIX BELIECTB Ha COCTABAFIOUIMe HX DAEMEHTbi
COCTOWT B paspylleHHUM CBsisell, 06beAHHAIIMX pPasAHYHbIE
aTOMbl B MOAEKYADBI, H pasZeAeHHH BelleCTB Ha COCTaBHbIE
uyactd. Bce aneMeHTbl, BKAYOWAas M HeZaBHO OTKPBITble, Te-
Nepb XOPOWIO M3BeCTHbl. UHMCAO HX COCTaBAsSeT B HacTosllee
Bpema 89. Ognako, Kak Mbl CKOPO YBHAMM, CHHCOK 3THX dAe-
MEHTOB MO2ieT GbITb ZOMOAHeH To Kpaiideit mepe o 922 Ta-
KHM 06pa3oM, BCe MaTepHaAbHble TeAa COCTOSIT H3 aTOMOB IO
KpaiiHeil Mepe 92 pasAHUHbBIX BAZOB.

AToMHas rumoTesa okasaiacb OuUeHb AOJZOTBOPHOH He
TOABKO AASl 0O6bACHEHHS OCHOBHBIX XHMHUYECKHX SBAeHHH, HO
U AAsA TOCTPOEHHSI HOBbIX (plI3HUecKHX Teopuil. B camom zene,
€CAH BCe BellleCTBa JeHCTBHTEAbHO COCTOST H3 aTOMOB,
TO MHOTHe HX (PU3HYeCKHe CBOHCTBAa, MO:KHO TpeJCcKasaTb,
HCXOZAsl M3 NpeacTaBAeHHsA 06 WX aToMHOH cTpykType. Hampu-
Mep, XOPOINO H3BeCTHble CBOHCTBA rasa CAeZOBaAO 6bl 06bsc-
HSATb, NPeJCTABAASA a3 KaK COBOKYMHOCTb 4Ype3BbiuaiiHO 6OAb-
IIOr0 YHCAA aTOMOB HAH MOAEKYA, HaXOAAIIMXCA B COCTOSHHH
HerpepbiBHOTO 6bicTporo apuenus. JasreHHe raza Ha CTEHKH
coZep:Kallero ero cocyZa JAOAKHO ObITb BbI3BAaHO yZapaMH
aTOMOB HAH MOAEKYA O CTEHKH, TeMIlepaTypa ero ZOoA:KHa 6bITb
CBsi3aHa CO CpeaHel CKOPOCTDbIO JABUMEHHS YaCTHI, KOTopas
BO3pacTaeT C yBeAHYeHHeM TeMmepaTypbl rasa. OcHoBaHHas
Ha MOAO6HbIX MpeACTaBAEHHSAX TEOPHs, MOAYUYHBIIAs Ha3BaHUe
KHHETHYECKOH TeOPHH ra30B, MO3BOAHAA BbIBECTH TEOPETHUECKH
OCHOBHbIe 3aKOHbI, KOTOPbIM MOAYMHSIOTCA Ta3sbhl H KOTOpbIe
yrse 6bIAM MOAYUeHbl paHee dKCMepHMeHTaAbHbIM myTeM. Doree
TOro, €CAH TpPeANOAO!KeHHe 06 aTOMHOM CTPOEHHH BelleCTB CO-
GTBETCTBYET AeHCTBHTEABHOCTH, TO H3 ITOTO CAEAYET, YTO AAA

! Bo BcAkOM cAyuae, eCAH O1BA€YBCA OT aTOMHDBIX H HAEPHBIX Mpe-
BpallleHHH, HCCAeAyeMbiX COBPeMEHHOH (hU3HKOH.

2 B uactosmee Bpems ussecrHo 104 anemenra. —[Ipum. ped.
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O6bSCHEHHSI CBOHCTB TBEPAbIX TEA M KHAKOCTeH HeoHOX0ZMMO
JOMYCTHTb, UTO B DTHX (PH3UYECKHX COCTOSHHUAX aTOMbl HAH
MOAEKYABI, H3 KOTOPBIX COCTOHT BellleCTBO, JOAXHbl HaXOAHUTb-
Cs1 Ha ropasio MeHbIIHX PACCTOSHHUSAX ZPYT OT APyra u 6bITh
ropaszo CHAbHee CBA3aHHBIMH Me:xAy co6oH, ueM B rasoobpas-
HOM COCTOSIHWH. DoAbIasi BeAuurHa CHA B3aMMOZeHCTBHS MeXK-
&Y 4pe3BblYalHO GAHMBKO PAaCMOAO:KEHHbIMH aTOMaMH HAH MO-
AeKyAaMH, KOTOPYI0 HeO6XOAHMO AOMYCTHTb, AOA2kHa 06bscC-
HHTb YIPYTOCTb, HeC:XKMMaeMOCTb H HEeKOTOpble Apyrde CBOH-
CTBa, XapaKTepH3yIOIlHe TBepAble H :KHJKHe TeAa. BosHukuine
¥ paspaboTaHHble Ha 9TOH OCHOBe TEOPUH BCTPETHAH Ha CBOEM
NyTH LeAblH psag Tpyarnoctel (6oAblias yacTb KOTOPBIX GblAa
yCTpaHeHa ¢ BOSHHKHOBeHHeM KBaHToBoH Teopuu). OgHako
[TOAy4YeHHble B DTOH TEOPHU PE3YAbTATbl GBIAH  ZOCTATOYHO
YAOBAETBOPHUTEAbHBIMHU, YTOOBI CUMTATh, UYTO OHA PAa3BHBAETCH
10 MPABHABHOMY Iy TH.

HecmoTpsa na To uTo rumoresa 06 aTOMHOM  CTPOEHHH
BeLIeCTBA AAsl HEKOTOPDLIX PUBUYECKHX TEOPHH OKasaracb BeCh-
Ma MAOZOTBOPHOM, JAAsSl OKOHYATEABHOrO ee MOATBepAKAeHH:
6bIA0 He06X0AHMO IMPOHU3BECTH 60OAee HAH MeHee NPSMOH 3dKC-
MePUMEHT, MOJATBEPKAAOIMA aTOMHYIO CTPYKTYpy MaTepHH.
M aTa 6oabmas skcrnepuMeHTaAbHas paboTa, 3aHABLIAS OKOAO
TPUALIATH AeT, OblAa MpoJeraHa (PU3NKAMU, H3 KOTOPHIX B Nep-
BYIO ouepeab Hajo OTMeTHTb lleppena m ero ombiTbl, cras-
LIHe KAACCHYECKHMH.

HegoamozxHo HemocpeacTBeHHO 3aMeTHTb JBH2KeHHe aTo-
MOB HAH MoAekyA. Ho To, uTo oHO cyliecTByeT, yCTaHOBHUTb
BO3MOHO. BblpakaeTca aTo B mepeMellleHHH moJ ZAeHCTBHEM
HelpephIBHBIX COyZapeHHH HEKOTOPOH YaCTHLbl MaKpPOCKONHYe-
CKHX pasMepoB, B3BellleHHOH B rase HAM :xugxkocTH. Msyuenue
NepeMellleHHs] TAKOH YACTHLbI CPaBHHUTEAbHO GOABLINX pasMe-
POB, H3BECTHOro IOJ Ha3BaHMeM OGPOYHOBCKOrO JBHIKEHHS,
riosBoAuro l[leppeHy oOUeHHTb UYHCAO MOAEKYA, cozepsas
LIUXCS B OJHOH rpaMM-MOAeKyAe KaKoro-aAn6o rasa, Haxozs-
merocsi Npu HOPMaAbHOH TeMmmepaType W gaBAeHuHu. Ilo krac-
CHYecKOMY 3aKoHY ABOrazpo H3BeCTHO, YTO 3TO YHCAO OZHHA-
koBo aAsi Bcex rasoB. OHo HocHT HasBaHMe umncAa Aporazgpo.
Axcnepumentor  lleppeHa mokasaAH, 4TO ero 3HaueHHe 3a-
KAloueHo B mpejerax 6-102—7-10%, Bce mocaeayro-
LHe OMBbITHI GAeCTAIle MOATBEPAUAM 3Ty OLeHKY. DoAbluoe
YHUCAO JpPYyruX, O6OoAee KOCBEHHDBIX ONBITOB TaK2e IO3BOASET
OnpeeAHTb 3HaueHHe uucAa Aporazpo. IDTH MeTOAbI OCHO-
BaHbl Ha HM3y4YeHHH CaMbIX PAa3AMUYHBIX SIBAeHHH: CIIEKTPaAb-
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HOro pacnpejeAeHHst dHePrHH H3AYy4YeHHUs NPH TePMOJHHAMH-
YeCKOM paBHOBECHH, JAHP@Y3HH CBeTa B rasax, H3AYYeHHS
pazHoaKTHBHBbIX BeruecrB. I loayuennbie Pa3HbIMH NYTSAMH 3Ha-
YEeHHA YHCAQ ABoraa,po, a TaKke BbIYHCAsieMble C €ro OMOLIbIO
3HAYEHHSI HEKOTOPbIX aTOMHBIX KOHCTAHT (Hanpumep, Maccel
aToMa Boaopozl,a) HaXoZJsTCS B CTOAD 6AeCTALIEM COOTBETCTBHH
Mexy co60H, YTO He MO3BOASIOT COMHEBATbCS B CIIPaBeJAH-
BOCTH THIOTe3bl 06 aTOMHOM CTPOEHHH MaTepHH.

Hrak, cyllleCTBOBaHHEe aTOMOB, IIpHHHMaeMoe XHMHKAMH,
6bIAO IKCIIEPHMEHTAABHO JOKa3aHo (PH3HMKaMH. Ocraercs no-
CMOTPETb, KaK 70T ()aKT ODIA HCIIOAb30BaH TEOPETHKAMH.

2. Kunernueckaa Teopns rasos.
CrarucTHYecKas MeXaHHKa

Ecan Bce MaTepnaAbHble Tera COCTOAT M3 aTOMOB, TO
€CTECTBEHHO JZONYCTHTb, YTO B TeAaX, HAaXOASILIHUXCA B raso-
06pasHOM COCTOSIHMH, YaCTHUbI B CpeZHEM HAXOJATCA JAOCTa-
TOYHO ZAAeKO APYT OT Apyra u GOAbIIYIO YaCTb BpeMeHH JBH-
ralotcsi BHe o6AacTH BAHAHMA CHA B3aumogeiictsus. HMuorza
aTOM Ha KOPOTKHH MPOMEXKYTOK BPEMEHH MOAXOAUT K KaKOMY-
Anbo JZpyroMy aToMy HAH K CTEHKe COCyZa, B KOTOPOM
3aKAIOYeH ras, HACTOAbKO OAH3KO, YTO CHABI B3aHMO-
ZeHCTBHSI BO3PACTAlOT M HAYHMHAIOT OKa3bIBaTbh CyLUeCTBEHHOE
BAMAHHe Ha ero asumenue. llpu Tom roeopaT, uTo mpoucxo-
ZHUT COyZapeHHe aToMa € APYTHM aTOMOM AH60 CO CTEHKOH.
Mexay aBymsa mocAeZoBaTeAbHBIMH COyZapeHHSIMH aTOM JBH-
#eTcsl CBOGOJHO, He HCIBbIThIBass KaKoro-Au6o BO3AEeHCTBHS CO
CTOPOHBI APYFMX aTOMOB HAH creHok cocyaa. QueBuaHO, 4TO
JASl BCeX rasoB, HaXOZSUIMXCS B OOBIYHBIX YCAOBHSMX, IOAHOE
BpeMsi BCeX COYyZAapeHHH Kakoro-Au(o 0jJHOro atoma C OCTaAb-
ubiMu (M cTeHkaMm ), MPOHCXOAANUINX, CKAaKeM, 32 OAHY CEKYH-
a4y, 6yzer 6eCKOHEYHO MaAO IO CPABHEHHIO CO BpEMEHEM €ero
cBo60OZHOrO JABH:KEHHS 3a TO 2Ke BPeMsA, XOTS CaMO YHCAO
CTOAKHOBEHHH 3a OZHY CEKYHAY MO2KeT 6bITb M orpoMHo. Ecau
MPeAMOAOXHTD JaAee, UTO XMBHZeHHE aTOMOB IPOHMCXOAMUT IO
3aKOHAM KAACCHYECKOH MEXaHHKH, TO NPHXOAHM K BBIBOAY,
YTO B NPOMEKYTKe MeXKAYy JABYMs IOCAeJOBaTEAbHbIMH coOyza-
PEHHSAMH YaCTHUbl JBHAKYTCA TMPaKTHYECKH M PAMOAHHEHHO
M paBHOMepHO, a coyzapeHus (eaMHCTBeHHas MpPHYMHA HePas-
HOMEPHOCTH JBHZKEHHS) HM3MEHAIOT XapaKTep ABHMEHHSA B CO-
OTBETCTBHU C 3aKOHAMH COXPaHEHHS HMIYyADCAa H 3HeprH.
EcAn aToMbl MOKHO NpeAcTABHTh B BHJEe MeCTKUX abCOAIOTHO
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YIPYTUX MapUKOB, YTOGBI UMETb BO3MOMHOCTD y4eCTh BAHSHHE
coyZXapeHUil, TO MOBeAEHHE Fa3a MOXET GbiTh B MPHHLHUIE TOA~
HOCTDIO ONPEAeAEHO pEIIEHHEM CHCTEMbI ypaBHEHHMH KAACCH-
yeckoit mexauuxu. OAHAKO eCAM NpejCTaBAeHHe O Tase Kak
O COBOKYMHOCTH MeCTKHX a6COAIOTHO YHPYFHX LIAPHKOB H 5B~
ASIeTCSL BMOAHE ‘Pa3syMHbIM H IO3BOASET B IpUHIIHMIE TOYHO
pelnTh 3aZayy O TIOBEAEHHM Taza B TeX MAH MHBIX CAyYafXx,
TO MNpaKTHYeCKH NOZOGHas 3azada HACTOABKO CAOXHa, YTO
AEMUT 3a MpeJeraMH BCAKMX PEaAbHBIX BO3MOMKHOCTEH. DTO
CTaHeT COBEPUIEHHO OYEBHAHO, €CAM 3aMETHTb, YTO B OGBIYHBIX
YCAOBHAX OAHH KyGMUECKMil CAHTHMETp rasa COJAEPHHT OKOAO
10'® atomoB, KamAbIi U3 KOTOPHIX HCIBITHIBAET MPHOAMBHTEAD-
o 10'° coynapennit B cexynay. Takum o6pasom, sazaua Mo-
eT MoKasaTbCA HepaspewIMMoH. A Tem He MeHee 3aKOHbI, KO-
TOPBIM MOAUMHAIOTCS Tasbl, YPe3BHIYAHHO MPOCTHI, BO BCAKOM
CAyYae eCAH OTPaHHYHTBCA NMepPBbIM NpHOAHKeHHeM (3aKOHBL
uzeaAbHbIX rasos). M kasaroch coBepienno mapazokcarbHbIM,
YTO CTOAb MPOCTble 3aKOHbI MOXHO BBIBECTH, MCXOJS M3 TaKOH
CAOKHOH MOJEAM ra3a, KaK aTOMAapHOKHHETHYECKas MOJEAb.
Ho B koneunom cuere umenHo upesBbiuaiiHas CAOMHOCTb 3TOH
MOZEAHM U MO3BOAMAA NOCTPOMTb CTPOHHYIO TEOPHIO, U3 KOTO-
POl CAEAYIOT 3TH MPOCTHIE 3aKOHDI.

I'pomaznoe umcro AMHaMHUECKHMX MPOIECCOB, pa3bIrPbIBAIO-
IIHXCsl MeXKAY MOAEKYAAMH ra30B, MO3BOAHAO MOJOHTH K HU3y-
YEHHIO SIBAEHHH C JAPYrod CTOPOHBI M, MOAb3YACh TEOPHER
BEPOSITHOCTH, HMCCAEZOBATH TOBeJeHHE ITHUX IMPOLECCOB B Le-
AOM, 3a4YaCTyK BeCbMa IPOCTO M C OGOABIIOH TOYHOCTHIO
HOAYYHTb COOTHOILIEHHS JAA ycpeaHeHHbIx BeamumH. OTkao-
HEHUsI OT 3THX 3aKOHOMEPHOCTEH O4YeHb MaAOBEPOSATHBI H3-3a
4pe3BbIYaHO GOABIUOrO YHCAA 3dAEMEHTapHBbIX IPOLECCOB,
JAIOIIUX BKAAJ B CPEJHHUH PE3yAbTar.

Kunernueckas Teopus rasoe pasBuAach K HauaAy BTOPO#
norosunbl XIX B. 6rarogapa orkportuam Makcseara u Kaay-
3duyca. Jra Teopus MNpuobpera CTPOTyd (GOpMy B TPYAAX
Boabumana. He 6yzem usaarate sgech zarke oCHOBHDBIX MOAO-
*KeHHH M BBIBOJIOB KHHETHYECKOH TeOpHH — OHH CeHyac XO0po-
II0O W3BECTHbI BCSAKOMY, KTO XOTb HEMHOrO H3yuaA TEOPETH-
4ecKylo (QU3MKYy. YKaKeM TOAbKO, 4YTO JaBAEHHE, OKa3blBae-
Moe rasoM Ha CTeHKH COJep:Kallero ero cocyza, 06YyCAOB-
A€HO, COTAACHO ITOH TEOPHH, OFPOMHBIM YHCAOM COyZape-
HUIl MOAEKYA rasa co CTeHKaMM cocyZa. |emmnepaTypa rasa
ONnpejeAsieTCS CpejHEeHd KUHeTHYeCKOH dHeprued ABHKEHHs MO-
AeKyA, YpaBHeHHe COCTOSHHMSI MJAEAaAbHOrO Trasa BbIBOJUTCA
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sremenTapHo. HaxkoHen, kuHeTHueckass TeopHsi NO3BOASET B
MepBOM NPUOAMAEHHH CHEAATb HEKOTOPble 3aKAIOYEHHS O Xa-
paKTepe TENAOEMKOCTH rasoB, AUP(Py3HH, BeAHYHHe KOIPPH-
LIHEHTOB BS3KOCTH, TENAONPOBOAHOCTH U T. X.

Koneuno, nerpss yTBepszaTh, uTo KMHeTHYecKas TeOPUA
paspelIdAa BCe BONPOCHI, CTOSIIHE Iepe) TEOPHEH B 3TOH 06-
racta. OcTaroch MHOrO HepelleHHBIX BONPOCOB, M TeMepb
ellle MOABAAIOTCA paboTbi, KOTOPhble IPOKAAABIBAIOT HOBBIE
nytu B 3ToM HanpaBienun. QfHako B IIEAOM MOXKHO CKa3aTs,
4YTO NMPEJACTABAEHHs KMHETUYECKOH TeopuH, 6a3upyloIluecs Ha
runotese 06 aTOMHOM CTPOEHHHM MATEPHH, XOPOLIO OTPazaloT
ZEeHCTBUTEABHOCTb.

OaHuM M3 ycrmeXoB KMHETHUECKOH TEOPHH ra3oB GBIAO TOA-
KoBaHHe TMOHATHA auTponuu. Mccaeaysa poap coyaapenuit mex-
Ay aTOMaMM rasa M MPOLECC YCTAHOBAEHHs IOJ JAeHCTBHEM
3THX COyJapeHHH COCTOAHHS paBHOBecHs, Doabuman omnpeze-
AHA HEKOTOPYIO BEAHWYHMHY, KOTOPAasi HeMNpepbIBHO BO3pacTaeT
JO TOTO MOMEHTA, IIOKa He JOCTHUIHET CBOEro MaKCHUMaAbHOTO
3HAYEHHUs, XapaKTePHU3YIOUEro COCTOSIHHE PaBHOBECHUS.

OJTa BeAMYHHA JOAXKHA ObITb OTOKAECTBAEHA, OYEBHAHO,
¢ sutponueir. BoabnMaH mokasaa, uTo oHa paBHa AorapU@My
BEPOSITHOCTH JAaHHONO MIHOBEHHOIO COCTOSIHMSI BCEro rasa.
ITo B CBOIO oyepeab IPOAMAO CBET Ha (H3MUYECKMH CMBICA
TOHATHSA SHTPONMM, TNOHATHA, KoTopoe llyamkape HasBaA
yauBUTeAbHO abcTpaxTHbiM. leopema Kaaysumyca, coraacHo
KOTOPOW DHTPOMUSA HBOAHPOBAHHOM CHCTEMbl HENPEPBIBHO
BO3pAacCTaeT, O3HAayaeT, TAaKUM 06pa3oM, 4YTO H3O0AHPOBAHHAA
CHCTeMa BCerjga CTPeMHTCS NepedTH B CBoe Hauboree BepOAT-
Hoe cocTosiHMe. DTO BEAHKOAeNHOe O6DbACHeHHe IOHATUS 9H-
TPONMHM ABHUAOCH GOABIIHM YCIEXOM CTOPOHHMKOB aTOMHOH
teopun. Y Torza kax CTOPOHHMKM 3HEpPreTHYeCKOro MOAXOZAA
V€ CKAOHSAAHMCbD K TOMY, YTO NPHHLHI DHTPONHH — HeobObsC~
BUMbBIH DKCIEPUMEHTAAbHBIH (AKT, KMHETHYeCKass TeOpHs ra-
30B MMO3BOAHAA AErKO IOHSATb €ro CTaTHCTHYECKH, paccMaTpH-
Bas DBOAIOLMIO CHCTEM, COCTOSALIMX H3 O4YeHb GOADBIIOro 4YHCAA
YaCTHUL, HAXOAAILIMXCSA B XaoTH4YecKoM OecnpepbiBHOM JBHiKe-
HHUH.

Takum o6pasom, kuHeTHueckas TeOpHs TrasoB IIPHBEAA
TEOPETHKOB K HOBOH TOYKe 3peHHs Ha BellM M K CTATHUCTH-
YECKOMY pPAaCCMOTPEHHIO TPOMAaZHOrO 4YHCAA He CBA3aHHbIX
Mexay co6oil 9AeMeHTapHbIX MexaHHueckux mnpomeccoB. Ona
nobyaura MPOBECTH MX CHCTEMATHYeCKOe H3yYeHHE, ONMHPAasiCh
OZHOBPEMEHHO Ha O6IIMe 3aKOHBI MEXaHMKH, C OZHOH CTOPOHDI,
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M Ha 3aKOHbI TEOPHHM BEPOSTHOCTH, C ApyroH. lakas paboTa
6bina mpoBeaeHa BHauare DoablMaHoM, a satem | m66com n
MPUBEAa K BOSHHKHOBEHHIO HOBOH HayKH — CTaTHCTHYECKOM
mexanuku. CraTHCTHYecKash MeXaHHMKa ITI03BOASIET He TOADBKO
ITOAYYUTb BCe HaubOAee CyIIeCTBeHHble Pe3YAbTAThl KHHETHYE-
CKOH TEOPHH, HO TaKkKe YCTAHOBHTb HEKOTOpble o6lie MOAO-
JKeHHUs, IPUMeHsIEMble K CHCTEMaM, COCTOSIIIMM M3 aTOMOB HAM
MOAEKYA H He SBASIIOLINXCS TasaMu, HalpuMep K TBEPJbIM
TeAaM.

Takosa, B wuacTHOCTH, M3BeCTHas TeopeMa O PAaBHO-
pacrpeieAeHHH DHEPTHHM IO CTENEHSM CBOGOZABI, COTAACHO KO-
TOPOH B CHUCTEME, COCTOSILIEH U3 GOABIIOTO YHCAA COCTABHBIX
YacTed W MOAZEPKHBAEMOH NPH MOCTOAHHOH a6COAIOTHOH TeM-
nepatype I, sHeprusi pacrmpezersieTcs MexKAy pPasAHYHBIMH
CTeNeHsAMH CBOGOJBI CHCTEMbl TAaKUM 06pa3oM, YTO B CpeAHEM
Ha KazJylo cTerneHb CBOGOAbI MPUXOAHUTCHA OZHO M TO Ke KOAH-
YCCTBO HEPTHH, NMPONOPUHOHAAbBHOE TeMIepaType 1.

[lpumenenne sTolf TeopemMbl K rasaM MPUBOAMT K BECbMA
HHTEPECHbIM M HEOZHOKPATHO NOJTBePKAEHHbIM OIbITOM €=
syAprataM. llpumeHenue ee K TBepabIM TeAraM TO3BOASET
cAeAaTb BBIBOA, YTO AaTOMHAas TENAOEMKOCTb TBEPJABIX TeA
AOAXHA 6bITh, Kak NpaBHAO, paBHa mectn (3axkon /woronra
u [Itu) u, Bo BcAkOM cAyuae, HHKOrZa He GBITh MeHbIIe TpPEX.
ITo 3aKAIOYeHHe TaKe 6biA0 HEOJHOKPATHO NOATBEPHSZEHO
(DaKTHYeCKUMH HsMepeunsiMM. V1 Tem He MeHee ecam 60Ablmoe
YHUCAO CAEACTBHH CTaTHUCTHYECKOH MeXaHMKH OAecTsAllle MOA-
TBEPAUAOCH DKCMEPHUMEHTAAbHO, TC HEKOTOpble U3 HHX BCe Ke
He COBNAZaAM C DKCIEPHUMEHTAAbBHBIMH JAaHHBIMM. |ak, HalpH-
Mep, TOBeJeHHE TENAOEMKOCTH rasos (MpH MOCTOSHHOM JAaB-
A€HHM) MPH HHU3KHX TeMIlepaTypax He COOTBETCTBOBAAO IpEA-
CKa3bIBaeMOMY TEOPETHUECKH, a HeKOTopble TBepable Tera (aa-
Mas) MMeAH 3HaueHHe aTOMHOH TeMAOEMKOCTH CYIIeCTBEHHO
MeHbllle TpeX. JTO OAHOBPEMEHHO M YAMBAAAO M HACTOPAKH-
BaAO, IMOCKOABKY upe3BbldalHas O6GIUHOCTb METOAOB CTaTH-
CTHYECKOH MeXaHHKH, Ka3aAocb 6bl, rapaHTHPOBaAa ee OT
Kakux-Au60 omu6ok. Tem He MeHee HapsAzy ¢ 6AeCTALMMH I10-
6ezaMH B HEKOTOPDBIX CAydasX dTA TeOPHUs MOTeprera O4eBHJ-
Hoe mopaxenne. CBsA3aHO 3TO 6bIAO C CYILeCTBOBAaHMEM KBaH-
toB. OTKpbITHE MX M CO3ZaHMe KBAHTOBOH MeXaHMKH MO3BO-
AMAO BBISICHUTb INPUYMHBI ITOr0O HECOOTBETCTBHUS M yKasaTb
npegeAbl NPUMEHMMOCTH METOAOB KAACCHYECKOHM MEXaHHUKH H,
%Aenosa're)\bﬂo, CTaTHCTHYeCKOH  MeXaHHKM Doapnmana —

n66cCa.
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Ecau ucxoaurs us Toro, 4to Bce pesyAbTaThI TEPMOAM-
HaMHKH BDBITEKAIOT M3 CTAaTUCTHYECKOH MEXaHHKHM, TO OTCHOZA
CAeZyeT, YTO 3aKOHBI TePMOAMHAMHKH He HMEIOT yaKe XapaKkTepa
crporoit Heob6xoaumoctH. Oum HOCAT BepOATHOCTHBIH Xapak-
Tep, XOTA BEPOATHOCTb HX BBIMOAHEHHS M HeoOGbluaiiHO BbI-
coka. lakuM o06pa3oM, HampHUMep, PacCYUTaHHble METOZAMH
TepPMOAMHAMUKH JaBAeHME MAM DHTPOIHA rasa, 3aKAIOYEeHHOTO
B HEKOTOPDBIA 3aMKHYTBIH COCYA M MOAAEPKHUBAEMOro NMPH IO-
CTOSIHHOR TeMIepaType, NPeACTaBAAIOT co60H AMIIL HaHGOAee
BEPOSATHbIE 3HAYEHHS STHX BEAMYHH IO CPABHEHMIO C JPYTUMM
BO3MO2KHbIMH TIpH 9THX YCAOBMAX HMX 3HaueHuamu. OzgHako
3TH HanboAee BepOSTHble 3HAaUeHHS HACTOAbKO GoAree Bepo-
ATHbI, YeM Jaxke OYeHb MAaAO OTAMYAIOIIMecsd OT HHX B3Haue-
HHS, YTO NMPAaKTHYECKH TOAbKO OHK M MOTYT HabGAIOJATbCS Ha
onbite. 1 TeM He MeHee TeopeTHueckM Bce e BO3MOMKHBI
OTKAOHEHHS MTHOBEHHbIX 3HAaueHHH OT HX HaubOAee BeEPOST-
HBIX 3HaYeHMH, JaBaeMblX TepMOJAMHaMHKOH. Yame Bcero aTh
(AYKTyalMH CAHIIKOM MaAbl HAM PeJKM, 4TO6bl HX MOXKHO 6bi-
AO 3aMETHTb, OJHAKO B HEKOTOPBIX CHEHHAAbHBIX CAYYasX OHH
BCe e MposBAsIoTCA. Hanmpumep, QAYKTyaIMH IIAOTHOCTH
rasa Aerko MOPYT ObiTb OGHapy:KeHbl, eCAM Ta3 HaXOJHTCS
B6AH3Y CcBOeil KPHTHUeCKOH ToukH (sABAeHHe KPHTHUYECKOH OMa-
AECLeHIIHH ).

Yenexu craTmcTHueckod MeXaHMKM HaydMAM (DH3HMKOB pac-
CMAaTPUBAaTb HEKOTOPble 3aKOHbI MPHPOJADLI KAK CTaTHCTHUECKHE.
HMmenno notomy, uTo B rasax mpoHCXOZHT KOAOCCAABHOE UHCAO
MeXaHMYeCKHX dAeMeHTapHbIX NMPOLeCCOB, JaBAEHHE HAH DHTPO-
NUsA ra3soB MOZYHMHAETCH MPOCTHIM 3aKOHAM. -3aKOHBI TePMOAH-~
HaMMKHM HMEIOT XapaKTep BEPOATHOCTHBIX 3aKOHOB, NMPEACTaB-
ASIOIIUX CO60H CTaTHCTHYECKME PE3YAbTATbl SBAEHHH aTOM-
Horo Macmraba, KOTOPble HEBOBMOMHO H3y4aTb HENOCPeJ-
CTBEHHO W aHaAM3MpoBaTb JeTarbHo. (Tporme amHaMHuecKHe
3aKOHbI, aBCOAIOTHBIH [JeTepPMHHH3M MeXaHM4YeCKHX SBAeHHH
O0CAabAAIOTCA B aTOMHOM MHpE, TZle OHH CTaHOBATCA HeHabAIO-
ZaeMbIMM M TZe MPOSBASIOTCA M MOTYT HabAIOJAaTbCA B HalleM
MacmTabe TOABKO AHIIb HX CPeZHHE XapaKTePHUCTHKH. |akum
06pa30M, QU3HMKM 3aMETHAM, YTO BO MHOTHX CAy4asix HabAIo-
ZaeMbIM B3aKOHAM MOAYMHSAIOTCA AMIIb CpejHHe 3HAYEeHHUS Be-
AnunH. [ToaToMy ydeHble B3aHAAMCD M3yueHHeM BePOSTHOCTHBIX
3akoHOB. BoAHOBas MexaHHKa pa3BHMAA 3TO HallPaBAEHHE H IO-
KasaAa, 4TO HaGAIOJaeMble 3aKOHbI, KOTOPbIM MOZYMHSIOTCS
3AeMeHTapHble YaCTHIIbI, TaKze HOCAT BePOSITHOCTHBIH Xa-
paKTep.
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3. Jucxpernas npupoga saekTpHuecTBa.
AEKTPOHBI M TMPOTOHDI

M3 ToAbko 4TO CKa3aHHOrO BHAHO, YTO B (PHU3MKe, KAK H
B XUMWHM, TUIIOTE3A, COTAACHO KOTOPOU BCE TEAA COCTOAT U3
MOAEKYA, MPeACTAaBASIOWIHNX cOGOH B CBOWO oyepelb Kombu-
HalUMM PAaSAHYHBIX ATOMOB, OKa3aAacb 4YpPesBblYaHHO IIAOZO-
TBOPHOH M MOAYYHAa OAecTAIIMe 3SKCMePHUMEHTaAbHble NOJ-
tBepxaenus. [lepen yuenbiMu BcTara HoBasi 3afaya — y3HATbh,
W3 Yero COCTOSIT CaMH aTOMbI, H MOHATb, YeM aTOMbI Pa3AHYHBIX
3AEMEHTOB OTAMYAIOTCA APYr OT APYyra. DTy TPYAHYIO npo61\e-
My NOMOTAO Pa3peliHTh JaAbHellllee pasBHUTHe HAIUMX BHAHHMIT
0 NMPHUPOJAe DAEKTPHUECTBA.

Ha sape usyuenus saexTpuueckux sABAeHHH Kasaroch
BIIOAHE €CTeCTBEHHbIM MPEeACTABASATH 3DAEKTPHUECTBO B BHJE
HEKOTOPOH 0CO60H KUAKOCTH M pacCMaTpPUBATh, HalpUMep,
DAEKTPHYECKHIl TOK, NMPOTEKAIOWHH MO METAAAHYECKOH IIPOBO-
AOKe, KaK IOTOK 2AEKTPHYECKOH KMAKOCTH, TeKylleH BAOAD
stoit mpoBoroku. OgHako, kKak 6GbIAC H3BECTHO C AABHHX IOP,
CyIIecTBYeT ABa BHJa dAEKTPHYECTBA: ITONOKHUTEAbHOE H OTPH-
nateabHoe. CreoBaTeAbHO, HEO6XOAMMO 6BIAO TPEANOAOKHTD
CyILeCTBOBaHHE ABYX PAa3AMYHBIX BHAOB IAEKTPUYECKOH KHA-
KOCTH: TIOAOMKHTEAbHOH M oTpuuaTeAbHoH. MoxxHo 6biro npea-
IOAOZKHTDb JBe KapAHHAADHO OTAHMYHbIE MOJZEAH 3THX KHAKO-
cTeH: AH6O MPeJCTAaBUTD ee B BHAEe HeKOeH HenpepbIBHOH Cy6-
CTaHLIMY, 3ANOAHAIOLIEH DAEKTPHYECKH 3apszeHHble TeAa,
AH60, Ha060POT, CUHTATbh, HYTO OHa COCTOMT M3 MHOZKECTBA
MeAbYAHIMHUX DAEKTPUYECKHX YaCTHL, Kazkzas M3 KOTOPBIX
npejcTaBAsieT cO60H DAeMEHTAPHYIO YacTHLY DAEKTPHUYECTBaA.
PesyabraT sKCcmepuMeHTa ObIA B NMOAb3Y BTOPOH MOZEAH.
Oxkoro copoka AeT Haszaz 6bIAO DKCIEPHMEHTAABHO ITOKAa3aHO,
YTO OTPHMLaTeAbHOE DAEKTPHYECTBO 06pa30BaHO H3 MeAbuail-
IIMX OAMHAKOBBIX uacCTHll, o6AaZalOWIMUX YpPe3BbIYAHHO MaAbl-
MM BHa4YeHHMSMH MacChl M 3apaga. JTH YaCTHLbl OTPUIATEAD-
HOTO 3AeKTPHYECTBa MOAYYHAH HasBaHHe B3AekTpoHoB. Kax
H3BECTHO, BIIEPBbIE DAEKTPOHbI GBIAM OOGHapyzeHbl B cBO6OA-
HOM COCTOSIHMH, BHE 3apsKEHHDbIX TeA, B BUJZE TaK Ha3blBaeMbIX
KaTOAHBIX AydeH, BOSHHUKAIOIIMX B paspsAAHOR Tpybke. 3arTem
HX yjzaAroch o6HapyXHTb B SIBA€HHAX (poToaddexTa U TePMO-
SMHCCHH CHABHO pasorpeTbix TeA. OTKpPbITHE pajzHOAKTHBHOCTH
HO3BOAMAO TOAYYHTb HOBBIH MCTOYHHK DAEKTPOHOB, NOCKOABKY
6OABUWIMHCTBO PaJHOAKTHBHBIX BEIECTB CIIOHTAHHO H3AYYaloOT
B-Ayuu, npeacrasagomine coGoil He 4TO HHOE, KaK SAEKTPOHDI,
ABUIKYIIMECA C OueHb 6GoAbmMMM cKopocTsamu. Kak caezyer
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U3 MHOTOYHUCAEHHbIX 9KCIIEPHUMEHTOB, BCe 9AEKTPOHDBI, KaKO-~
ro 6b1 NPOUCXOXKIEHHUA OHH HH 6bl]\H, HEeCyT Bcerga oguH U TOT
e 4pesBbIYalHO MaAblil OTPULATEAbHBIH JAEKTPHYECKHH 3a-
paa. MBy'{aH XapaKTep ABHU2KEHMA SACKTPOHa B IIYCTOTE, MOXK-~
HO YCTAaHOBHTDb, YTO OH JABHKETCs TOYHO TaK Ke, KaK AOAK-~
Ha 6bl}\a 6b1 ABHUTATbCsA, COTAACHO 3aKOHaM MeEXaHUKH, Ma-
A€HbKasA 3apsAXeHHas 4YacTHLaA. MCC,’\.CZLOB&HHC XapakKTepa
ABHUIKEHHA 3AEKTPOHAa B IAEKTPHUUYECKOM M MArHUTHOM IIOAAX
NMO3BOAHUAO H3MEPHTb BEAHUYHHY €ro 3apsaxa U MaccCbl, KOTOpbIe
O4Ye€Hb MaABbl.

Tpyauee 66100 MOAYUHTD ZOKABATEABCTBA KOPNMYCKYASAPHOH
CTPYKTYPbl IMNMOAOZKHTEADHOI'O 3AEKTPHYECTBA. Oﬂ,HaKO I1032Ke
(pHBHKPI yﬁe.U,HJ\HCb B TOM, UTO ITOAOZKHTEAbBHOE IAEKTPHUYECTBO
B KOHEYHOM CYeTe TOoXKe AOAKHO paccMaTPUBATDHCA KaK COCTO-
mee U3 OTAEAbHDbIX COBEPUIEHHO OAMHAKOBbBIX 4acTHy — npoTo-~
HOB. MaCCa IPOTOHA elle TOxKe OYE€Hb MaAa, XOTsA OHa IO4YTH
B ZAB€ TbICAYH pas 60}\bII.le MacCcChl 9AEKTPOHA. STO yCTaHaBAH~
BaeT J\.l’o60ﬂblTHny ACHMMETPHIO MeXKAY INOAOKHTEADHBIM H OT~
puLaTeAbHbIM 3AekTpuuecTBoM. Hanpotus, sapag npotona no
ab6COAIOTHOH BeAMuMHe paBeH 3apsAAdy DAeKTPOHa, HO, pPasy-
MeEeTCA, NMPOTHBOIIOAO2ZKEH €MY IIO 3HaKy. AO CaMoOro nocaeg-~
Hero BpPEMEHH NPOTOH paccMaTPHUBAACA KakK YacTHLa, npex-
CTaBAfAIOLIASA C060ﬁ 9AEMEHTApPpHYIO €JHHHULY IOAOKHTEABHOIO
dAEKTPHYeECTBa. OﬂHaKO OTKPDITHE NMOAOKHTEADHOTO 9AeKTpPOHa
HECKOABKO YCAOXHHAO BOIIPOC. AeﬁCTBHTe}\bHO, CyLIeCTBYET
JyacTHloa ITOAOXKHTEABHOIO JAEKTpHUYECTBA, HUMeEIOIHaA Maccy,
PABHYIO MacCe DAEKTPOHa, M 3apsAj, PAaBHbIH MO BEAMYHHE
M IPOTHUBONOAOKHBIH 110 3HAKY 3apAay DAEKTPOHA, — MOAOKH-~
Te]\belﬁ 9AEKTPOH, HAH IIO3HUTPOH. KaKaﬂ Ke U3 I3THX JBYX
4yacTUL sABAAEeTCA Ha CaMOM JeAe BJ\eMeHTapHoﬁ qaCTngﬁ
TIOAO2KHTEADHOI'O IAEKTPHUYECTBA — IIPOTOH HAHU HOBHTPOH?
”]\H HUMEITCA JBe Cy4leCTBEHHO pPAa3AHYHDIE 9AEMeHTapHbIE
YaCcTHL bl NMOAOZKHUTEADHOI'O SAeKTqueCTBa? OTKprTHe HeﬁTpO-
Ha, npejmecTBOBaBIIee OTKPDBITHIO MOAO2KHTEADHOI'O 3AEKTPO-
Ha, MO3BOAJAAO JAYyMaTb, YTO HNPOTOHbI — CAOZKHDbIE 06pa308a-
HHUA, COCTOALUHUE U3 HeﬁTpOHa U MOAO2KHTEADHOIo 3AEKTPOHaA.
B Hacrosiee Bpems moAaraloT, YTO HPOTOHBI M HEHTPOHBI CKO-
pee JABa pasAHYHBIX COCTOSIHHA OZHOM M TOH 25e YaCTHUBI.
HO 40 CaMOro InoCAegHero BpPEMEHH CpHBHKH CYHTAAH NPOTOH
eAMHMIEeH MOAOKHTEABHOTO DAEKTPUUYECTBA. JTOH TOUKH 3pe-
HHUA Mbl IIOKa 3JeChb U 6yﬂeM npuaepKUBaTbCA ]-

! Bro paccymaenue ne Bpoiira ouenp HeTouHO c cerogHsAmHeH TOu-
Kk 3penus. He scHo, uto Moxer Ha3bIBATHCA 9AeMeHTapHOH wacTHlel
MOAOKHTEABHOTO dAEKTPHYECTBA, HO YK CKOpeH BCero MOBHTPOH.
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DAEKTPOHBI U IPOTOHbI UMEIOT OYeHb MAaAYIO, HO OTHIOZDL
He HYAEBYIO MacCy, TaK 4YTO [MOAHas Macca GOABIIOLO YHCAQ
IIPOTOHOB M SAEKTPOHOB MOXSET CTaTb BIOAHe omyTumoi. Ilo-
STOMy Ka3aAOCb 3aMaHYMBBIM  [PeJNOAOXKHTb, 4YTO BCE
MaTepHaAbHble TeAa, OOAajaloOUIMe BeCOM M HHepLHeH, T. e.
MacCoH, COCTOSAAT B KOHEYHOM CHeTe M3 OFPOMHOr0 4HCAa MPO-
TOHOB U 3AekTpoHoB. C 3Tolt TOUKH 3PeHMSA aTOMbBI Pa3sAMUHBIX
9AEMEHTOB, SIBASIOLIHECS MEePBHYHBIM MaTepPHaAOM, H3 KOTO-
poro o6paszoBaHbl BCE MaTepHaAbHble T€AA, CaMM JAOAZKHBI CO-
CTOATb U3 IPOTOHOB U BAEKTPOHOB, H 92 BHAa aTOMOB pasAuuy-
HBIX DAEMEHTOB JOAMKHBI MPEACTaBASATb coboil 92 pasamunbie
KOMOHMHALMH U3 POTOHOB U YAEKTPOHOB.

Sagaua Temepb 3aKAIOYaAACh B TOM, 4TOGbI MOHATb, UYTO
NPEeACTAaBASIOT CO60H 3TH KOMOGHHAUMM M3 IPOTOHOB U 3DAEK-
TPOHOB, T. €. B TOM, YTO6bI MOCTPOUTb MOJEAb aToMa. DbIAl
BDIZBUHYTbI pa3AWuHble runoresn.. HekoTopblit ycmex umena,
Hanpumep, MOJeAb, TMpeAAOxeHHass |oMcoHoM, 3HaMeHH-
TBIM (PU3HUKOM, paboTel KOTOPOro BO MHOrOM CIOCOGCTBO-
BaAM yrAy6AeHHMIO HalUMX 3HaHMA o mpHpoze matepuu. Ilo ero
MOJEAH ATOM IPEeACTABASA COGOH paBHOMEPHO 3apseHHOE I0-
AOKHTEADHDIM IAEKTPHYECTBOM IIapoobpa3Hoe 06AaKO, B KO-
TOPOM B PABHOBECHMHM HAXOJAATCA OTPHLaTeAbHble DAEKTPOHBHI.
Oanaxo npusHaHMe MOAYYHAA APYras MOJeAb, M3BeCTHAs HbIHe
kak Mozerp Peseppopaa—Dbopa, B koropoit atom mnpeacras-
ASIACS, NOZOGHO MUHHATIOPHON COAHEYHOH CHCTEME, COCTOSALIHM
M3 [EeHTPAAbHOTO MOAOKHTEABHO 3apsAKEHHOTO AZpPa, BOKPYT
KOTOPOTO ABMIKYTCA SAEKTPOHbI. BnizBuuyras BHauare [lep-
pEHOM, 9Ta MOZEAb aToMa HalllAa NOATBep:KAeHHe B ONbITAX
10 OTKAOHEHHIO O-YaCTHI, PacCeHBaeMbiX Ha MHIIEHH. ITH
IKMEPUMEHTBI, MpoxeraHHble Pesepdopaom wu ero co-
TPYAHHKAMH, NOKa3aAH, YTO B COOTBETCTBMHM C IAaHETapHOH

l—lpOTOH—qac'mga, KOTOpaﬂ OYE€Hb OTAHYAETCA OT IAEKTPOHA, nO-
3HTPOH, HAINIPOTHB, OYEHb GJLHSOK 9AEKTPOHY H OTAHYAETCA OT HEro TOAL~
KO 3HaKOM DAEKTPHYECKOTO 3apsfa. JAeKTPOH M MOBUTPOH 06pasyroOT mHa-
py uactuua — antuyactuga. IlpoTon Toke mmeer aHTH4UACTHLY: aHTHIIPO-
TOH C OTpHgaTeAbelM BACKTPH'{CCRHM sap;w,oM, TaKMM 2Ke, Kak Y
dAEKTPOHA. r!\aBHOC OTAHYHE l'lpOTOHa (H aHTanOTOHa) oT SAeKTpOHa
COCTOHT B TOM, 4YTO OH HMEET Kpome 3AeKTpH'-lCCKOPO 3apajga JOIIOAHH~
TEAbHYIO XapaKTePHCTHKY — e€ YCAOBHO MO2KHO Ha3BaTb SAZEPHbIM 3api-
aom. ITono6uo Bcem zpyrum wactuuam, ob6razaroliuM aToH XapakTepPHUCTH-
l\'Oﬁ, OH HCIBbITbIBae€T CHAbHDbIE sAJ€pPHDbIE BB&HMOACFICTBH}I, B KOTOPbIX HH-~
KakKoro y4acTHA He NPHHHUMAKOT 3AEKTPOHbI H HOBHTPOHbI.

OTo HHYero He MeHAeT B AaAbHEHIIHX paccyaeHHAX Ae Bpoii-
s, — Ipum. peo.
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MOZEADIO ITIOAOKHTEAbHBIH 3apsj aToMa CKOHIENTPHPOBAaH
B Ype3sBbIYaHHO MaAOH O6AACTH NPOCTPAHCTBA B LEHTPE aToOMa.
Taxum o6pasom, HeHTparbHOE AAPO aTOMa HeceT MOAOKHTEAD-
HbIH 3apsiJ H OKPYXEeHO IAEKTPOHAMH, UrPAIOIIHMH POAD ITAA-
HeT U JBHKYIIUMHCS BOKPYI Hero moj AeHcTBHEM KYAOHOBDBIX
cun. Kaxawiii atom, naxozsammuiica B HOpMaAbHOM COCTOSIHHH,
XapakTepusyercsi umcaom N aaektpoHos-maaner. [lockoabky
aTOM B HOPMAaAbHOM COCTOSIHMH JAEKTPUUYECKH HeHTpaAeH, TO
AZPO ITOr0 aTOMa JOAXKHO HMETb 3apsj, PABHbIH M MPOTHBO-
TIOAOKHBIH 110 3HaKy CyMMapHOMY 3apsly BCeX 3AEKTPOHOB.

aToMe C OZHHUM €JHHCTBEHHBIM 3AEKTPOHOM-IIAAHETOH SAAPO
AZOAMHO MMETb 3apsJ, PaBHbIH M [POTHBOIMOAOKHBIH MO 3HAKY
3apsaAy srektpona. Bce apyrue sigpa ZoAKHBI HeCTH KpaTHBII
€My IIOAOKHTEAbHBIH 3apaa. |akum o6pasoMm, A4po aToMa,
o6AazaoIero oAHUM 3AeKTpoHOM (aToma BOZOPOZA), MOMKET
PACCMATPUBATLCSA KaK eJAMHHMLA MOAOKHTEAbHOro JAeKTpHUe-
CTBa — TOT caMblil NPOTOH, O KOTOPOM MbI Yy2ke TOBOPHAH.
Hrax, atom kazaoro Buga xapakrepusyercs merbiM yncaom IV,
KOTOpOe IOAYYHAO Ha3BaHHMe AaTOMHOTO HOMepa M, CAeAOBa-
TeAbHO, Bce 92 sAeMeHTa MOZKHO PACIOAOKHTD B OJHH PAZL
C aTOMHBIMH HOMepamH, Bospactatomumu ot 1 g0 92. Brioane
BO3MO2KHO, YTO MOAYYEHHAas TakdM 06pasoM KAacCHPUKALHUs
COBMajaer ¢ Kaaccuuranued Mo aromHomy Becy. Hexoropwie
SIBAEHH S [IO3BOASIOT C YBEPEHHOCTDIO CYAUTb 06 aTOMHOM HOMe-
pe pasAMuYHBIX 3ieMeHToB. Hanpumep, cmemenme uwacroTHOro
CNEKTpa PEHTTEHOBCKUX AYyueld pasAHUHBIX BAEMEHTOB, KOTOPOE,
COTAACHO BKCHZPUMeHTaAbHO ycraHoBAeHHoMy Mosau sakony
(1913 r.), nponopuuoHaAbHO KBazpaTy aTOMHOTO HOMEPA DAe-
MeHTa.

EcAv He cuMTaTbh HEKOTOPBIX OTKAOHEHHMH, TO, AEHCTBH-
TeAbHO, PAaclOAOZ{EHHE DAEMEHTOB IO BO3pacTaloleMy aTOM-
HOMY HOMepY XOPOIIO COOTBETCTBYET PACIIOAOMEHHIO IO BO3pa-
cratomgemy atomHomy Becy. CaezoBaTeabHo, mAaHeTapHas Mo-
ZeAb aToMa MOATBepAHAach sKcrepumentarbho. B 1913 r. Bop
B CBOeH 3HaMeHMTOH paboTe HpPHUAZAA €H MaTeMaTHYEeCKYyIo
($opMy, MO3BOAMBLIYIO NPEACKa3aTb ONTHYECKHE W PEHTIEeHOB-
CKHe CIIEKTPbI Pa3sAHYHBIX 3AeMeHTOB. Ho, uTo6bl MOAY4YHTH
3TH 3aMeuyaTeAbHble pe3yAbTaTbl, Dopy HpUIIAOCH JOMOAHHTH
MAANETapHYI0 MOJEAb  OCHOBHBIMH IIOAOMKEHHSIMH KBaHTOBOH
TEOPHUH, IOCKOABKY HCHOAb30BaHHE KAACCHYECKOH MeXaHHKH
M 9AEKTPOAMHAMHUKH He MO3BOAAAO MOAYYHTb CKOABKO-HHOYZAD
YZOBAETBOPHTEAbHble pesyAbTaTbl. 1eopusi Bopa moraa 6niTh
pasBHTa TOAbKO Ha 6a3e KBaHTOBDBIX IPeJCTABAEHHH.
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4. Usryuenue

C oTkpbiTHEM HOBOTO BUZJAa BOAH, OTAHYAIOLIMXCS OT CBe-
TOBBIX TOABKO JAMHOH BOAHBI, 06AACTb MPHAOMEHHS ONTHKH
M BOAHOBOH TeOPHUM B3HAYUTEABHO PACHIMPHUAACh. JTH BOAHBI
LlOATOe BpeMsl OCTAaBAAHCh HEHU3BECTHBIMH, MOCKOABKY YeAOBe-
yeckuit raas HeuyBcTBHTeAeH K HUM. OaHako MX MOXKHO 3aMe-
THTb [0 HEKOTOPbIM (HU3HYECKHM SIBAEHHAM, KOTOpble OHH
EbI3bIBAIOT, HalpHMep: IO HarpeBaHHIO OGAYYaeMbIX HMH TEA,
nouyepHeHHI0 (GOTONMAACTHHOK U T. A. Mmenno Tak Qusuxu u 06-
HAapYMHUAM HX CyluecTBoBanue. Bce aTH BOAHBI, HMEOLIHE TY e
NPHUPOAY, YTO MU CBETOBble BOAHBI M OTAHYAIOLIHECS TOADBKO
ZAHHOH BOAHBI, 6bIAM O6BejHHEHbI B OZHO GOABLIOE ceMeH-
ctBo usayuenuii. ¥l Bech BuaMMDBIE cBeT mpeAcraBasieT co6oii
AHMIIb MAAYIO 4aCTb 9TOFO CEMEHCTBA.

Brarogapsa oTkpeiTnsiM, caeranubiM 60Aee MATHAECATH AeT
Has3aj, HallM 3HaHUA 00 HM3AyYEeHMHM Ype3BbIYaHHO paCHIMPH-
Auch. B HacTosilee Bpems M3BECTHDbI BOAHBI C ZAHHOH OT COTEH
KHAOMETPOB 20 AECATUMHUAAHMAPAHBIX Zoreit muarumerpa. OT
COTEH KHAOMETPOB IO [JeCSTOH MHAAHMETPA [POCTHPAETCs
o6aractp paavoBorH. OT aecAToil MHAAMMeTpa [0 HECKOAb-
KUX JeCSATHUTBICSIYHBIX JAOAEH MHAAHUMETpPA PAaCHOAOXKEeHa
06AaCTb UH@PAKPACHBIX BOAH, HAHM TEMAOBOIO H3AyYEHHS.
Boaree kopoTkue BOAHDBI, COOTBETCTBYIOUIHe JAHHAM BOAH OT
BOCBMH JO YeThIpeX JAECSATUTBICAUYHbIX MHAAHMETPA, COCTAB-
ASIIOT ZHaNasoH BUAMMOTrO CEETa OT KPacHOTo Zo (PHOAETOBOTrO,
Juanazon oT ueTpipex AeCSTUTBHICAYHBIX MHAAMMETPA JO O~
HOH JeCSATHUTDHICAYHON 3aHHMAET YAbTPAaQHOAETOBOE H3AYUEHHE,
OKasbIBalolIee CHAbHOe BO3ZAeHCTBHe Ha (poToamyAabcHio. Janee,
IHpokass 06AaCTb, BIAOTb A0 AAHHBI BOAH MOPsAAKAa OJAHOH
CTOTBICSYHOM, MPUHAZAEKHT pPEHTreHoBCkMM Ayuam. [, Hako-
Hel, o6AacTb elle 60Aee KOPOTKHX BOAH 3aHMUMAeT CHABHO
NpOHMKaIoLlee HU3AyyeHHe, CO34aBaeMoe PAJHOAKTHBHBIMH Te-
AaMH, HasblBaeMoe Y-Ay4YaMH.

Mpbi He 6yaem pacckasblBaTb 37eCb, Kak ObIA OTKPBIT
M M3ydeH Becb 3TOT o6WHPHKIE zuanasoH. EguncreenHoe, 4To
CAeZyeT yKasaTh, 3TO TO, YTO BOAHOBAsl TEOPHs, KoTopas 6Gbira
CTOAb 6AecCTslle MOATBep:AeHa B OOAACTH BHAHMMOTO CBETa,
OKasaAachb TaK:Ke CIIpaBeAAHMBOH U JASl BOAH BCEro jguanasoHa.
Kak ¢ Boamamu [epua, Tak u ¢ peHTreHoBCKMMM AyYaMH H
Jlaxe Y-Ay4aMH MOrYT HaGAI0JaTbCs THIIMYHO BOAHOBble SIBAe-
nus (MpeAroMAeHHe, MHTep(epeHINa, IUPPAKLIHUSA, pacCesTHHE).
H B nacTosmee BpeMs HeT 60OAbIle COMHEHHHI B TOM, 4TO AAs
BCeX BHJOB M3AYYeHHs BOAHOBAs TeOpPHUs MPUMeHHMa B TOH e
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CTeNeHH, YTO U JAAA cBeTa. Pa3sAuuHble BUABI MSAYYEHHA U HX
CBOHCTBA 3aBUCSAT TOABKO OT ZAMHbI BOAHDI.

OzaHako Hy2KHO OTMETHTD, YTO BOAHOBAs TeOPHs, MPUMeEHse-
Mas B PaBHOH Mepe KO BCeM BHJaM H3AVUYeHHH, HMeeT, KaK MO-
Ka3aAo pa3sBHUTHe HOBeHIlledl (U3HKH, BCSIKMH pa3 oJUHAKOBbIE
rpaHuMbl TpUMeHeHHsA. DBosBpalieHHe K KOPHYCKYASPHBIM
MpeACTaBAEHHUsIM, BbIpaxKaeMoe BBeJeHWUEeM IMOHATHs (POTOHa,
OKa3bIBaeTCsi B PAaBHOH CTEMeRH HeOOGXOAWUMBIM AASl BCeX BH-
a0 usayuennit. M1 aro mocreamee sameuanme oxonuaTerbHO
JOKa3bIBaeT, YTO BCE BUJbI M3AYUYEHHH HUMEIOT OJHYy U Ty Ke
(PHU3HYECKYIO TIPHPOAY.

OTkpbiTHE M KAACCHM(DMKALHA pasAHYHbIX BHIOB H3AYyYe-
HHH M MX OAMHAKOBas NMPHPOJA MO3BOAMAH yueHbIM OKOAO CO-
poKa AeT Hasaz pa3sAEAHTb Becb (H3MYECKMH MHp Ha ABe
pasanunble xateropun. C ozHOil CTOPOHBI, 2TO MaTepHA HAH
BeLIeCTBO, COCTOAIEe H3 aTOMOB, KOTOpPble B CBOIO OYepeAb
NPeACTaBAAIOT COGOH COBOKYIIHOCTb INPOTOHAa H DAEKTPOHOB,
T. €. DAEMEHTapHbIX yacTHl arexTpuuecrsa. C zpyroit cropo-
HbI, H3AYy4YeHHE — COBOKYIHOCTb BOAH, OJAWHAKOBBIX MO CBOEH
'M3HYECKOH NPHPOJEe U OTAHYAIOLIUXCA APYr OT APYyra AHIIb
aaunoit. Bemectso m wm3AyueHume mpeacTaBAfoT coboil zBe
COBePIIEHHO HE3aBHCHMbIe APYr OT Apyra (pU3HYeCKHe KaTero-
PHH, TOCKOADKY BELIECTBO MOXKET CYLIeCTBOBaTb 6e3 BCAKOTo
HBAY4YeHUs, a UBAYyUYEeHHEe B CBOK OuYepelb MOXKET PacIpoCTpa-
HATbCS B 06AACTHM IPOCTPAHCTBA, abBCOAIOTHO CBOOGOAHOH OT
remectsa. Il Tem He meHee oueHb BaxHO M3YYHTb B3aHUMoOZEH-
CTBHe BelllecTBa c H3AyueHHeM. [Heobxoaumo mHccAesoBaTh
BO3J€HCTBHE W3AyUEHHs Ha BelleCTBO M 06paTHO, peaKlHIO Be-
WeCcTBa Ha HM3AyuYeHHe, NMOHATb NPHYMHBI, NMPUBOAALLHE K IIO-
TAOILEHHIO M HcIycKaHuio usaydenus. [lepsoit Teopueit B co-
BPEMEHHOH (pU3HKe, KOTOpas MONbITaAaCh AeTaAbHO pa3PelInuThb
9TH BONPOCHI, 6bIna DAEKTPOHHAA TEOPHS.

5. drexTponnas Teopus.

AaexkTpoMaruuTHas Teopus Makceeara coaep:HT ypaBHe-
HHUsl, BblpariaiollMe CBSA3b MexXJAy H3MepseMbIMH B HalleM
06blYHOM MaciITabe SAEKTPOMATHHTHHIMH TOASIMH, C OJHOH
CTOPOHDI, H DAEKTPHUECKHMMH 3apsAaMH M TOKaMM, C APYToOH.
OTH ypaBHeHMA HAEKTPOJAMHAMUKH, BbiBeZeHHble Ha OCHOBe
06061L1eHHST PE3YABTATOB MaKPOCKONMHYECKHX 3KCIEPHUMEHTOB,
6bIAYM, HECOMHEHHO, CIIpaBeAAHBbIMH AAsl 9TOrO KPyra sBAEHHH.
Ho ars aerarpnoro ommcanms saexTpuuecKod NMPHPOZDI Belle-
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CTBa M DAEKTPOMATHUTHBIX TPOIECCOB, MPOHCXOAAIINX BHYTPH
aTOMOB, OMMCAHHSA TPOLECCOB H3AYYEHHS M MOTAOLIeHHS Heo6-
XOJAMMO 6bIAO 3KCTPANMOAHPOBATh ypaBHenus MaxkcBeara B 06-
AaCTb MHKPOMHPA U MPHAATb UM (POPMY, MPHUTOZHYIO AAS ONHU~
CaHHs SBAEHHMH, NPOUCXOAAIIUX B aToMe. DTO M GBIAO CAEAAHO
OZHHM M3 BEAMYAHIIHX CO3]JaTered COBPeMEHHOM TeopeTHYe-
ckoit usuxu I'. A. ]\opengM.

KayecTBe OTNpPaBHOH ToukM J\OpeHN NPHHAA THIOTE3Y
0 AMCKPETHOH CTPYKType dAekTpuuecTBa. OH HCXOZHA U3 CY-
ILECTBOBAHHS DAEMEHTAPHbIX YACTHII SAEKTPHUYECTBA, KOTOPHIM
Zan o6liee Ha3sBaHMe DAEKTPOHOB, M MPEAINOAONKHA, HUTO BCE
BEIIeCTBA COCTOAT M3 Pa3AMYHbIX KOMOGHMHALMH STHX 3AeMeH~
TApHBbIX 4YacTHI. 10, YTO Mbl O6bIYHO Ha3bIBaeM DAEKTPHUYECKI
3apsAKEHHbIM TEAOM, 3TO TEAO, CoZeprkalllee B LEAOM GoAblee
YHCAO 4YaCTHI, HeCYWIMX 3apfaj OJHOTO 3HaKa, 4YeM YacCTHL,
06AazalOIUX 3apAZOM NMPOTHBOMNOAOXKHOTO 3HaKa. DAeKTpHUYe-
CKYM e HeHTpPaAbHOE TEAO COJEepPKUT OJHHAKOBOE YHCAO Yac-
Ty pasHoro sHaxka. Camo cobofi pasyMeercs, uTo B MaTe-
pUaAbHBIX TeAaX, T. e. B MaKPOCKOMMYECKHX, YHCAO TaKHX 3a-
PAMEHHbIX YaCTHI Bcerga upesBbluaiiHo Beauko. Coraacho
3TOH TOYKe 3PEHHS, DIAEKTPHUECKHI TOK, TeKYIIMH 1O MPOBOZA-
HUKY, O6YCAOBAGH TepeMellleHHeM GOADIIOTO YHCAA DAEKTPO-
HOB, COJepalIUXCA B 9TOM MPOBOZHUKE, a CAaMO SBAEHHE MPO-
BOAMMOCTH 06bACHAETCS HEKOTOPOH CBO6OAOM ABHAKEHHS DAEK-
TPOHOB B TPOBOASUIEM BELIeCTBE M BO3MO2KHOCTbIO HX Mepe-
MeIleHHs MOJ ZeHCTBHEM BHENIHETO JAEKTPHUECKOTO TOAS.
HMzorsTopnr ke, HampoTHB, XapakTepH3yIOTCA OTCYTCTBHEM
3TOH CBO6OABI, B HHX KaaZAbll IAEKTPOH HMEET HeKOe IOAO-
»KeHHe PaBHOBECHA M MOXKET CMEIIAaTbCsA M3 DTOro MOAOMEHHS
AWIIb Ha OYeHb MaAble paccTosiHMA. Kamabli M3 3AEKTPOHOB
CO3/IaeT CBOE DAEKTPOMACHUTHOe TIOAE, H HabAloZaeMble H H3-
MepsieMrie HaMH OGBIYHO MOAS He YTO MHOe, KaK CpefHHe CTa-
THCTHYECKHe CYMMb! DAeMEHTapHbIX MOAeH, CO3JaBaeMbIX upes-
BbIYafiHO GOABIIHM YHCAOM OTZEAbHDbIX SAEKTPOHOB, BXOZASILIHX
B COCTaB BCeX MaTepHaAbHbIX TeA. Kak »To wacTo 6biBaerT,
cpeaHee CyMMapHoOe TMOAe MOZYHHAETCA BeCbMa IPOCTHIM 3aKO-
HaM. DTH 3aKOHbI, B3allMcaHHble B MaTeMaTH4Yeckoll (opMe,
6yayT MPOCTO yPaBHeHHAMH, KOTOpPble CBA3bIBAIOT HENOCPeACT~
BEHHO HabAIOZaeMble MaKPOCKONHYECKHE MOASl C 3AEKTpHUe-
CKMMH 3apsAZaMM M TOKaMH. DoAee cMmeras, ueM TeopHs
MaxcBeara, Teopus JNopeHuma mbiTarach OMHMCATb MHKPOCKO-
NHYecKHe DAeKTPOMAarHHTHble ABAEHHS M C MX NOMOLIbIO B pe-
3yAbTaTe YCPEAHEHHS TIOAYUHTb 3aKOHbI, KOTOPbIM IMOZYH-
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HAIOTCA  KpyNHOMacIITa6Hble  MaKPOCKONHUYECKHe SBAEHHS.
Nopenyy mnbitarcs  ompeaeAHTDb SAEKTPOMarHHUTHble TIOA4,
3apAAbl MU TOKH B KaxJOH TOYKe MPOCTPAHCTBA, B Ka:KZbIH
MOMEHT BpeMeHH, IIPHYEeM He TOAbBKO B MPOCTPAHCTBE MeXKAY
3apszaMHM, HO U BHyTPH caMux aAiexkTpoHoB. OH mpeamoro-
KHA, YTO BCeé MHKPOCKOIIMYeCKHe BEAHYHHDbI, TaKHe, KaK TOAA,
3apsAAbl, TOKH NOJYHHAIOTCSA ypaBHEHHUSAM TOro ke BHUZA, UTO
H MaKpPOCKOIHYECKHE ypPaBHEHHS Maxkcseara, ¢ Tol Ammb pas-
HHLeH, 0ZHaKO, YTO B HHUX yKe He OCTaeTCA MecTa AAA pas-
AHYHA TOAEH M COOTBETCTBYIOIIHX HHAYKUMH, a 3apAAbl U TOKH
OKa3aAHCh 3aBHCALIUMHM OT CAMOH CTPYKTYpbl BDAEKTpHYE-
crBa. MoxHo mokasaTb, uTO, yCpeAHAS MHKPOCKOMMYECKHE
BEAMYHHBI, U3 ypaBHeHHH J\opeHIa MOXKHO MOAYYHTb CHCTEMY
ypasuennit Maxceeara. [lpu aTom BeIcHAeTca pasanume Mesx-
Ay TIOASIMA M MHAYKUMAMH. |akum 06pa3oM, SAeKTPOMAarHHT-
Has teopuss MakcBeara okasbiBaeTcsi TeopHeH «KpyMHOMAac-
[MTabHbIX» DAEKTPOMArHUTHDIX IOAEH, SBASIOIIMXCS CcpeJHe-
CTaTHCTHYECKOH CYMMOH 3AeMEHTAapHbIX MAM MeAKoMacurTab-
HbIX MOAeH, onmHcbiBaeMbix Teopuel Nopenua.

ODAeKTPOHHAsA TEOPHs, OCHOBHbIE MOMEHTbI KOTOPOH Mbl
TOABKO YTO KPaTKO M3AOMKHAH, IpHBEAA K CepPbe3HbIM ycllexaM
U MO3BOAMAA INpeJcKazaTh U OOBACHUTh OOABIIOE YHCAO HO-
Boix sBaenuii. OHa packpbira (PH3HUECKHH CMbICA 3aKOHOB
AHUCIIEPCHH, y2Ke IOAYYEHHbIX K TOMY BpeMeHH C IIOMOIUbIO
apyrux Teopuit. Kpome Toro, m aTo HecomMHenHO 6bIAO OZHHUM
U3 KPYIHbIX ee YcCMeX0B, OHa IO3BOAHMAA TOYHO IpeJCKa-
3aTb HOPMAaAbHbIH 3 @eKT 3eemana, T. e. pacluenaeHre CIIEKT~
PaAbHbIX AHHHH aTOMOB II0Z ZAeHCTBHEM MAarHUTHOTO IIOAA.

JxcnepuMeHTaAbHOE TOATBePKAEHHE STOTO SABAEHHS H3Me-
HEHHs] YaCTOTbI HCIYCKaeMOro aToMaMH CBeTa NOJA JeHCTBHEM
BHEIIHEro MarHHUTHOIO NOASl SBHAOCh 3aMedaTeAbHbIM MOATBEP-
xAeHneM aAekTpoHHo# Teopun. Craro MOHATHO, YTO YACTHLBI,
C ABHKEHHEM KOTOPDbIX CBA3aHO H3AyYEHHE, ECTb He YTO HHOE,
RaK OTPHIIaTeAbHble DAEKTPOHDI, ¥, TAKUM 06pasoM, 6bIr0 JOKa-
3aHO CyIIeCTBOBaHHE HX BHYTPH BellecTBa. JTO 6BIAO KPYIHBIM
ycnexom Teopun JNopenna. B obmem, MoxHO ckasaTbh, uTO
DAeKTPOHHAsA TeopPHs YAOBAETBOPHTEAbHO O06bACHMAZ BCe AB-
AeHHs, B KOTOPBIX dAEKTPHYECKHE M MarHUTHble ITOASl TaK MAH
HHaye BAHMAIOT Ha yCAOBHSA H3AYyYEHHs, paclpoOCTpPaHEHHU: H IO~
rAOIIEHHS cBeTa. I\ HUM OTHOCHMTCA, HalpHMep, SBAeHHe Bpa-
IEeHHS TAOCKOCTH MOASipH3alMH B MarHuTHOM mnore (addexT
(Mapazes), xoTopoe B cBeTe Teopun JopeHla MOKHO paccMar-
pUBaTh MPOCTO KaK oOPaTHbIH IPPeKT 3eemaHa, a TaKHxe
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SIBA€HHST ABOMHOTO AYYelpeAOMAEHHS, BbI3BBAHHOTO IAEKTpHUE-
CKMM HMAM MarHuTHsiM noreMm. Bo Bcex aTux obaactax, cocTas-
ASIOILHX DAEKTPO- U MarHUTUONTHKY, Teopus J\opeHua chirpa-
Aa GOABIIYIO POAD.

IDAEKTPOHHAs TeopHs, Ka3aA0Ch, OTBETHAA TaK:XKe Ha Bax-
HbIH BOIIPOC, YTO SIBASIETCS HCTOYHHKOM H3AYYEHHS, HCIIyCKae-
Moro BemectsoM. CoraracHo ypaBHenmam J\opeHIa, SAEKTPOH,
ABMKYIOMHCA TNPSAMOAMHEHHO M pPaBHOMEPHO, MOAHOCTbIO Ile-
peHOCHT ¢ coboit cBoe aAeKTpoMarHuTHoe more. CreZoBaTenb-
HO, B dTOM CAydYae H3AYYEHHS DHEPrHW B OKpy2Kawluee INPo-
CTPaHCTBO He MNPoHCXoAHMT. Ho ecAM dAekTpoH ABHKeTCS €
YCKOpPEHHeM, TO OH HBAYYaeT DAEKTPOMarHUTHble BOAHBI, H
DHEPrHs, TepsieMas UM B pPe3yAbTaTe H3AYUEHHs, NMPOMOPIHO-
HaAbHa KBaJAPAaTy YCKOPEHHA.

Msryuenne snekTpOMarHHTHbIX BOAH IepeMEHHBIM TOKOM
AerKO OOBSICHHTb C TOYKH 3PEHMs] IAEKTPOHHOH TEOPHUH, ECAH
yuecTb, 4YTO TOK IIpeACcTaBAseT CO60H rpoMa/iHOE YHCAO IEePHO-
Audecku Korebarowuxcs arexTponos. Cpasy craHOBHTCSA 5CHO,
MOYeMy TOK MO:KeT H3Ay4aTb B3Hepruio. llomsaTHniM craHoO-
BHTCS Takxke H3AyueHHe BOAH |epuma TokaMH B OTKPBITHIX
KOHTypaX, TaKMMH, HallpHMep, KaK TOK, TEKYIIHH B Mepejaro-
Ileil aHTeHHe paZHOBellaTEAbHbIX cTaHUMiA. |akum ob6pasoM,
Mbl BO3BpallaeMcs K TEOPHH H3AYYeHHsA BOAH |epua, ocHo-
BaHHOH Ha ypaBueHusix Maxkceeanra.

PaccmatpuBas M3aAyueHMe OTZEADHBIX YCKOPEHHO JBHMKY-
ILUXCS DAEKTPOHOB, Teopus J\OpeHIIa MO3BOAAET Y3HATh IePBO-
NPHYMHY HBAYYeHHS, NOHATD, IJe HAXOAHUTCSA HCTOYHHK H3AY-
HeHHs, HCNycKaeMoro BewectBoM. CrezoBaTeAbHO, 3Ta TEOPHs
JoaxHa 6bina 6bl B NPHHIIHIE OOGDBICHUTh BO3HUKHOBEHHE
9AEKTPOMarHHTHBIX BOAH B MaciiTabe aroMa W IIOKa3aTh, Ha-
npuMep, KakuM o6pasoM aTOMHDbIE CHEKTPbI CBsS3aHbl C JBH-
XKeHHeM BHYTPHAaTOMHDIX SAEKTPOHOB. DAEKTPOHHas TeOopHUd
CTOAKHYAAchb ¢ 6OABUIUMM TPYAHOCTSMH IIPH MONbITKE 06BAC-
HUTb BO3HUKHOBEHHE ATOMHBbIX cleKTpoB. Ho Bmauare kasa-
AOCb, YTO 3Ta TEOPHS YCKOPHUTEADBHBIX BOAH IO3BO-
AsieT AaTb TIOAHOE M HcuepliblBalollee 06bsiCHEHHMe MpolleccaM
HCIyCKaHHs H3AyueHHs BemecTBoM. V] msBecTHoe siBAenwue,
3aKAloyalolleecsl B BOBHHKHOBEHHH PEHTTEHOBCKHX Ayded INpPH
PE3KOM TOPMOXEHHH DAEKTPOHOB Ha aHTHKATOJE, CAYKHAO
HEONPOBEP!KUMbIM JOKa3aTEAbCTBOM  CIIPaBeAAMBOCTH  3TOH
TEOPHH.

Hecmorpss na nepsble 6iecTsimme ycrmexu, SAeKTPOHHAA
TEOPHUs OKa3aAach He B COCTOSIHHHM OOBSICHHUTb SIBAEHHS B Mac-
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wrabe atoMa. [lpu mombiTke pacemoTperb Bompoc o Tepmozu-
HaMH4YeCKOM paBHOBECHH BellleCTBA M H3AyueHHS Ha OCHOBa-
HHM ypaBHeHui J\opeHIa BO3HMKAIOT TPYAHOCTH, KOTOPbIX
MOxHO M36exkaTb AHLIb BBOZAY COBEPUIEHHO HOBble Npej-
cTaBAeHHss kBautoBoil Teopuu. C gpyrol CTOPOHBI, JAAA
06bsACHEHHSA H3AYYEHHS aTOMOB C TOYKH 3pEHHS IAEKTPOHHOH
TEOPHH NPHXOAUTCS INPEANOAOKHTb, UYTO B HOPMAAbHOM CO-
CTOSIHUM BHYTPHATOMHbIe DAKTPOHbI HeloABHHbI. B mporus-
HOM CAyuvae, ABHTafACb 104 JAeHCTBHEM KYyAOHOBCKHX CHA BHY-
TPH Upe3BbIYAHHO MaAOH OGAACTH MPOCTPAHCTBA, OHH OOAa-
JaAH Obl OTAHMYHBIM OT HYAS YCKOPEHHEM M JAOAXKHBI ObIAM 6bl
HellpepbIBHO TEPSATb DHEPTHIO B BHJE IAEKTPOMArHUTHOIO
H3AY4YeHHs, YTO MPOTUBOPEUYHT OCHOBHOMY TIOAOKEHHIO 0O
ycroiuusocTH aToma. PassuTHe Hammx sHaHHUB 06 aToMe
NPHBEAO HAC, KaK Mbl BHJEAH, K TIAaHETApHOH MOZEAH,
HCXOZSILEH M3 TNPeJNONOKEHHS O HENPEePbIBHOM  ABHKEHHH
DAeKTpoHOB-NAaHeT. Kl TyT BO3HMKAO ABHOe NPOTHBOpPEuHE
MeXAy TeOpHeH YCKOPHTEAbHBIX BOAH H HZAeeH CTaGUABHOTO
aToMa. Paspemenne 3Toro nmporuBopedHs MokeT 6bITb MOAY-
4YeHO TOABKO C TOMOILUbIO BBEJEHHs HOBBIX, KBAaHTOBBIX IIpej-
craBaenuii (Teopus Bopa).

Ha »Tux meckonbkux mpuMepax, KoTopble MPH KEAAHHH
MOXKHO O6bIAO 6B YMHOKHUTb, BHAHO, YTO 3DAEKTPOMAarHHTHas
TeOpHs, AONOAHEHHas M pasBUTas J\OPEHIOM, KOTOPbIH yueAr
JUCKPETHYIO CTPYKTYpPY DAEKTPUUYECTBA, XOTsT M OGAecTAle
06bsicHHAA GOABIIOE YHCAO PABAMUYHBIX SIBAEHHH, CTOAKHYAACh
TEM He MEHee C CEPbEe3HbIMH TPYAHOCTAMH IIpH IIOMbITKE
00bSICHUTD BKCllepHMeHTaAbHble (DaKTbl, OTHOCALIHecH K
aTOMHOMY MHpPy. OTH TPYAHOCTH MOXKHO ObIAO IPEOZOAETH
TOABKO TpHBAEYEHHEM COBEPIIEHHO HOBBIX MpeJACTaBAEHHH,
HOHATUH M HJeHd, B KOPHe OTAHMHBIX OT NOHATHH H HZEH,
Ha3blBA€MbIX HbIHE KAACCHYECKMMH, Ha KOTOPbIX IOKOHTCSH
9AeKTPOMarHUTHasl TEOPHUS.



IMarama IV
TEOPHSA OTHOCUTEABHOCTH

1. npuﬂgun OTHOCUTEABHOCTH

[lpexzae uem roBopuTb O pPasBUTHHM HAIINX INpPeACTaBAE-
HHH O KBaHTaX, HeAb3s He ITOCBATHUTb KOPOTKYIO TAaBy Teo-
PHUH OTHOCHTEADHOCTH.

Teopus oTHOocHTEADPHOCTH M KBaHTbBI — 3TO ABa CTOANA
COBPEMEHHOH TeOpeTHYeCKOH (PM3HMKH, M, XOTs 3Ta KHHra IO~
CBAIlleHa TEOPHH KBaHTOB, HEBO3MOXKHO OOOHTH MOAUaHHEM
H TEOPHUIO OTHOCHTEADHOCTH.

Pa3BuTHe TeopuM OTHOCHTEABHOCTH HA4yaAOChb C HM3Yy4eHHs
HEKOTOPBIX BOIPOCOB, CBSI3aHHHIX C ONTHYECKHMMH SBAEHHSMH,
MpPoOHCXOZAIMUMH B aABH:kymuxcs cpezax. (DpenereBo mnpea-
cTaBAeHHEe O CBeTe IpejfioAaraio CyllecTBOBaHHe 3d(pupa, 3a-
MOAHSAIOILEro BCIO DBcereHHYI0 H MpPOHMKAOLIEro Bo BCe TEAA.
Takoii »a¢up wurpar poab cpeabi, B KOTOPOH pacIlpo-
CTPAHAAHMCb CBETOBble BOAHBI. ~JAEKTPOMAarHUTHash TeOPHS
MaxkcBeAra HECKOABKO OCAabMAa 3HayeHHe €ro, Tak Kak 3Ta
Teopusi He TpebyeT, 4TOObI CBEeTOBbIe KOAeHaHHs GBIAM KoAeba-
HMAMM Kako#-AH60 cpeapi. B Teopum Maxrceeara cseroBble
KOoAebaHMs TNOAHOCTBIO OMNPEJEASIIOTCS  3aJaHHEM BeKTOPOB
aAeKTpoMaruuTHoro noas. Ilocae Toro kak Bce MONMBITKH Mexa-
HHUYECKOH HMHTepIpeTallUd 3aKOHOB JIAEKTPOAMHAMHKH IOTep-
MeAH HeyZauy, MOAsSl B MaKCBEAAOBOH TEOPHUH B KOHIle KOHLOB
CTaAH paccMaTPUBATb KaK HMCXOAHbie MOHATHSA, KoTOopble Gec-
NOAe3HO NbITaTbCsA TMepeBeCTH Ha sA3blk Mexanuku. C aToro
MOMEHTa Hcue3Aa Kakas Obl TO HU Oblra HEOOXOAHUMOCTDb Ipek-
noaarath CylleCTBOBaHHe YIPYIOH cpeabl, Mepelalolled dAeK-
TPOMarHUTHble KOAebGaHHS, M MOKHO OBIAO NMOAYMAaTb, UTO IO-
HATHe 3Qupa CTAHOBUTCA GeclfOAe3HbIM. B AeHCTBHTEABHOCTH
»Ke ?To 6BIAO He COBCeM TaK, H mocrezoBaTean MaxkcBenna,
B yacTHocTH J\OpeHI, BbIHY»<ZeHb! GbIAM CHOBa MOAHATbL BO-
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npoc o6 spupe. B uem :e 6piro zero? [louemy mpumnroch
npogoAxHuTb pasropop o6 adupe? [loTomy urTo ypaBHeHHs
anekTpoauHaMukH MakcBeAara He YZOBAETBOPAAM IPHHIIHIY
OTHOCHTEADHOCTH KAaccuueckoidl mexaHukd. Mubimu caoBammy,
6yayun cnpaBeZAHBBIMH B OZHOH KakKo#-AH60 cHCTEMe KOOpP-
ZUHAT, OHH CTAHOBMAHCb HEBEPHBIMH B APyTOH CHCTEMe KOOp-
AWHAT, ABHKYIUEHCS MNPAMOAHHEHHO M PaBHOMEPHO OTHOCH-
TeabHo mepsoit. Ilo xpaiineli Mepe, ecam gomyctuth (uTo
APeACTaBAAAOCh TOTAA caMo CGHOH pPasyMeIOUIMMCS), YTO NMpPH
nepexoje OT OJHOH CHCTEMb! K JAPYroH KOOPAHMHATHI 3aMEHs-
IOTCSl Tax, KaK 9TO OObIYHO JAE€AAeTCA B aHAAOTHUYHBIX CAYy4asix
B KAaccuueckoil Mmexanuke. JleficTBHTeAbHO, KAacCHUeCKas Me-
XaHHMKA HCXOAUT U3 CYUIeCTBOBAHHS HEKOEro abCOAIOTHOrO Bpe-
MEeHH, eJHHOro ZAAsi Bcex HabAmjaTereHl H JASL BceX CHCTEM
oTcuera. B meil mpeamonaraercs Takzke, 4TO PaccTOSHHE MeXKAY
JABYMSA TOYKAMH IIPOCTPAHCTBA SIBASIETCS HHBApHAHTOM, T. €.
JOAZXHO MMETb OJZHO H TO 2K€ 3HaueHHe BO BCEX CHCTEMax KO-
OPAVHAT, KOTOPbIe MO’KHO UCIOAb30BaTb JAAS OIlpeAeAeHHsA
MIONOKeHHsI Touek B MpocTpanctse. K3 aTux aByx mpuHuumnos,
KOTOpble Ka3aAHCb BIIOAHe €CTECTBEHHBIMH, HENOCPEJCTBEHHO
CAeZOBaAM IIPOCTble KAACCHYeCKHE (POPMYyAbl MpeoSpa3oBaHUs
KOOPJAHHAT IpH Mepexoje OT OAHOH CHCTEMbI OTCYeTa K APY-
rof, KOTOpas ABHKETCS OTHOCHTEAbHO IMepBOH IMPSIMOAHMHEHHO
M paBHOMepHO. ODTH (OPMYABI OMPEZEASIIOT TaK HasbIBaeMoe
npeo6pasosanue [arures. OZHUM M3 OCHOBHBIX MOAOMEHHH
KAACCHYECKOH MeXaHHKH sIBAsieTcsi Tpe6GoBaHHe, 4TO6bI BCe ee
ypaBHeHHs1 6GbIAM WHBAapHaHTHbI OTHOCHTeAbHO NpeobpasoBa-
nusa Faaunes. U geficTBuTerbHO, MOAB3YSCH QopMyramu Tpe-
o6pasoBanusa ['arnares;, Aerko y6eguTbcs, YTO eCAH ypaBHEHHS
Hbiotona cnpasezauBbl B cHcTeMe KOOpAMHAT, CBS3aHHOM
C HeMoZBHKHDBIMH 3Be3JZaMH, TO OHH O6YAYT cIpaBeJAHBbI TaK-
’Ke ¥ BO BCEX JPYIUX CHCTEMaxX OTCYETA, JBH:KYIUUXCS MPIMO-
AMHEHHO M pAaBHOMEPHO OTHOCHTEABHO 3THX HENOABHMKHDIX
sBesa. Hanporus, ypasuenns Makceara u Nopenna, cyme-
CTBEHHO OTAHMYAIOILHECs 10 CBOed (opMe OT ypaBHEHHH KAac-
CHYECKOH MeXaHHKH, He HHBAPHAHTHbI OTHOCHTEAbHO Mpeobpa-
soBanua 'aaunes. Cregosaterbno, ecan ypaBnenns Maxkcpea-
Aa CIpaBeJAMBBI B KaKOH-AMG0 OZHOH cHCTeMe KOOPJAHHAT, TO
OHHM CTAHOBATCA HeCHPaBeZAMBbIMH IPHU Iepexole K JPYroH,
ABHKYIIEHCS] OTHOCHTEAbHO MepBOH MPAMOAWHEHHO H paBHO-
mepHo. Jlero o6cTouT Tak, kKak ecAH 6bl CyIIecTBOBaAa Hekas
cpeaa, 3amoAHsAKILAs Bclo Bcenenuyro, Takas, 4To yPaBHEHH
MakcBeara cnpaBeAAMBBI TOABKO B OZAHOH, CBA3AHHON C 3TOH
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cpenoii cucreme orcueta. Vlmenno ¢ artoil cpezoit orcuera ac-
couuHMpoBaAM MociedosaTeAn [VlakcBeanra mousaTHe 3(upa.
SApup He 6bIA ArST HUX yKe YNPYroH cpeZod ¢ 0cO6bIMH CBOMH-
cTBaMu, crnoco6HoM mepezaBaTh cBeroBble Kore6anna. On crar
aBGCTpPaKTHOH, BecbMa YCAOBHOM CpeZoH, CAyKaLleH AHIIb AAA
(UKCcAM¥ CHCTEM OTCYETa, B KOTOPbIX ClpaBeJAUBbI ypaBHe-
una snexrpoauHamuxu Makcseana.

Ho aame ceaenuniii 70 Takofi HesHaYMTEAbHOH pPOAH
a()Up BCe Ke OCTABAACH, KAK Mbl yKe CKa3aAM, JOBOABHO He-
yao6uoit kounenuueir. JeficTsurerbno, coraacHo reopun Maxkc-
Beana—N\openna, aAs HabAl0ZaTeAs, ABUKYIIErOCH OTHOCH-
TEAbHO 3(Hpa, CBETOBbIE SIBAEHUS AOAXKHbI 6bIAM Obl MPOTe-
KaTb HHaue, ueM AAs HenoisuiHoro. CaezoBaTenbHO, M3Yde-
HHe 9THX SIBAeHHH B JBH:KYLIEHCS CHCTeMe KOOPAHMHAT AOAXKHO
6bIAO TO3BOAMTD ONPEAEAUTb CKROPOCTb ITOH CHCTEMbI KOOP-
AVHAT OTHOCHTEAbHO >(HPa, KOTOPbI TakUM 06pa3oM MPH-
o6peraer y:xe HeKOoTOpoe 6GOAec KOHKPETHOe COJep:KaHMe.
B uactnocTn, Quswku, paboraromue B cBouMx Aa60paToOPUAX HA
3emnre, BcaeacTsue Bpamenus 3eman Bokpyr CoaHuma Haxo-
AATCSA B TOCTOSIHHOM JABH2KEHMH, HaripaBAeHHe KOTOPOro Ile-
PHOAMYECKH MEHSETCA CO BPEMEHeM roja, TOCKOAbKY 3eMAs
asmxercst Bokpyr Coanlla MpH6AMBHTEABHO 110 KPYroBoit 0p6u-
te. M ecan, mo meseposiTHOH cAyuaiiHOCTH, B KakoH-TO MOMEHT
BpeMeHH 3eMHOH HaOAIOAaTeAb HAXOAUTCS B MOKOe OTHOCH-
TeAbHO 2()Hpa, TO yKe yepes HECKOAbBKO HeJeAb HAH MecsLeB
OH 6yZeT ABUraTbCA OTHOCHTEAbBHO HETO C ZOBOAbHO 60ABLION
ckopocTbio. [akum 06pasoM, ¢ HOMOIIBYO HECKOAbKHX, NPOBe-
ZEeHHbIX MOCAeZOBATEAbBHO ZAPYr 3a JAPYroM B5KCIEPHMEHTOB
MOXHO 6bLIAO 6bl BeCbMa TOUHO ONPEAEAHTb CKOPOCTb -3EMAH
oTHOcHTeAbHO d@Hpa. OaHaKO HHM O/MH M3 MHOrOYMCAEHHDIX
SKCIEPMMEHTOB, MOCTaBAeHHbIXx yueHbiMH XIX B. ¢ wmeabto
Olpe/ieAeHHsl ABUMEHHS 3eMAM OTHOCHTEAbHO 3(upa, He IO-
3BOAUA «IIOYYBCTBOBAaTb» JABHMEHHsT SeMAH. lem He MeHee
B Te4deHHe JOATOro BPeMeHH 3TO OTCYTCTEHE pe3yAbTaTa MOXKHO
6bir0 yBABaTH C TeOpHEH, MOCKOABKY NpPEACKasbiBaeMbli 3 (-
(exT 6bIA BecbMa Maa, a TOUHOCTb MOCTABAEHHbBIX ONTHYECKHX
3KCMePHMEeHTOB Gbina HEAOCTATOYHO BbICOKA M He MO3BOAAAA
cZeAaTb BIOAHe OMpeJeAeHHbIX BbiROJOB. JleHCTBHTEABHO,
MO2KHO TOKa3aTb, YTO ABH€HUE HaGAIJaTeAs 10 OTHOIIEHHIO
K 3(QHPy NPHBOAUT K MOMPAaBKaM, MPONOPLUHMOHAAbHBIM KBaj-
PaTy OTHOLIEHHA CKOPOCTH ABHAEHHs HabAIOZATEAS K CKOPO-
cTH cBera B mycrore. Ilockoabky e TO oTHolleHHe Bcerga
O4YeHb MaAO, TO ¥ OXuUAaeMblt 3 (eKT Tak:ke oueHb Mar. Ho
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(DU3HKH, TMOCTOAHHO COBEPILEHCTBYS TEXHHUKY DKCIEPUMEHTA,
MOAYYHAHM, HAaKOHell, BO3MOMKHOCTb H3MEPSTb CTOAb CAabble
3 @eKThI. Tenepb yKe C MOMOIIbIO OILITOB NO HHTepdepeH-
UMM C TIOAHOH YBEPEHHOCTbKD MOXHO 6bIAO CKasaTb, 3aBHCSIT
PE3yAbTAThI KCIEPHUMEHTOB OT CKOPOCTH SeMAH OTHOCHTEABHO
a¢upa urm Her. M ombit cHoBa zaa, Ha 3TOT pas yxke ompe-
JeAeHHO, OTPHUATEAbHbIH OTBeT: OXKHZAAEeMbIH 3(PQeKT, XOTA
M O4YeHb MaAbIH, HO Bce Ke AexalUUi B TNpelerax TOYHOCT
HabAIOZEHHH, KOTOPBIH MpejCKasblBara TeopHs, OGHapyXRHTH
He yaarocb. DdHp MNPOJOAKAA OCTABATbCH HEYAOBIMBIM, YTO
Tenepb y:e SIBHO MPOTHBOPEUHAO KAACCHUECKOH TeOPHH. JTOT
Ype3BbIYAHHO BaHHIH BBIBOJ IC3BOAMA CAeAaTb 3HAMEHHMTDIH
onoir Maiikeabcona, nposenennniii 8 1881 r. u nosTopeunsiit
HM HeckoAbko nos:xe emecte ¢ Mopan. Jpyrue onbithi, Ko-
TOpblE TOXe AOAZHbI OBIAM O6HAPYMMTb IBYXKeHHe SeMAI
OTHOCHTEABHO 3(Hpa C NOMOUIbIO y:Ke He ONTHUYECKHUX, HO DAEK-
TpomarHuTHbix siBAeHuit (ombithi [ payToma u Hobas), 6b1au
He 6oree ycnemHbl, ueM onbiT MalikeabcoHa.

Camo coboit pazymeeTcs, 6BIAO CASAAHO HEMAAO MOMBITOK
COTrAacoBaTh OTPHUATEAbHbIH pesyabrar ombita MalikeabcoHa
¢ cywecTByromumMu Teopusimu. B wactaoctn, (Duuaxeparns
1 N\opeHl BbIZBMHYAH THIOTE3Y O COKPANIEHMH MaTepHaAbHbIX
TeA NMPH UX JBHKEHHH OTHOCHTEABHO 3(pupa. JTO COKpalleHHue,
He MeHss NOMlepeyHbIX Pa3sMepoB, JOAKHO INPUBOAUTH K COKpPa-
IIeHHIO AHHEHHbIX Pa3MepPOB TeA B HalpaBAEHHH HUX JBHXKEHW:
OTHOCHUTeABHO 3(QHpa H, TaKWM 006pPa30OM, TOYHO KOMITEHCHPO-
BaTb BAHSAHHE OTHOCHTEABHOTO JABM:KEHHSI Ha CKOPOCTb PAaCIpo-
CTPaHEHHS CBeTa.

Ho srta ocrpoymnas runoresa Hocumia, oueBHAHO, BecbMa
HCKYCCTBEHHBIH XapaKTep M, Ka3aroCb, Oblaa BbIABHHYTA
C eJVUHCTBEHHOH WeAbI0 CKPbITh Heyaauy. YV, xak usBecTHO,
b Aapbept IDNHIITEHH Hale\ HCTHHHOe pelleHHe 3TOTV
sonpoca (1905 r.).

Kasaroch cosepmenno oueBuzgHO, 4TO ypaBHEHHS B3AeK-
TpoauHamMukd MakcBeara — NopeHlla  AOAMXHBI  O3BOAHMTD
¢ NMOMOLIbIO COOTBETCTBYIOLIMM 05pa30M NOCTAaBAEHHBIX DKCIle-
PHUMEHTOB ONPENEAUTDb /IBU:KeHMe HAOAIOATEAs] 110 OTHOLIEHHIO
k a¢pupy. Ilpuyuns Takoit yBepeHHOCTH 32KAIOYAAACH B TOM,
uro ypaBHeHus MaxcBeara MerAOT cBOH BHA NpH INepexoZe
OT OZHOH CHMCTeMbl KOOPAMHAT K APYroH, ABHAKYLIEHCS OTHO-
cureabHo mepsol. Ho mpu stom a priori gomyckaroch, urto
KOOPAMHATbI KaKOro-AH60 TeAaa, U3MepeHHble B ABYX CHCTeMax
KOOPZHMHAT, ABHKYLIUXCA OTHOCHTEABHO JAPYT ZPYyra MPAMOAM-
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HeHHO M paBHOMEPHO, CBA3aHbi Mexay CcoboH (GopMyramu
npeo6pasosauna | arunes. Hrak, ypaBmemna Maxceeara —
NopeHna He HHBapHaHTHbI OTHOCHTeAbHO Npeobpasosannuil I'a-
AMAess. A pas 3TO Tak, TO SKCIIEPHMEHTHI JOAMHBI MO3BOAHTD
OTpeZeAHTh ABHKeHHe -3eMAH OTHOCHTeAbHO 3dupa. Ho ombit
CBHZETeAbCTBOBAA, UTO JBUiieHUe SeMAM He CKa3blBaeTcs Ha
3AEKTPOJAMHAMUYECKHX SBAEHHAX.

Kaxk nokasar MNopeni, xoTs ypaBHeHHS 3AeKTPOAHHAMHKH
He MHBAapHAHTHbI OTHOCHTEAbHO Npeobpa3oBaHus | arnAes, oHU
MHBaPHAHTHbl OTHOCHTEABHO HEKOTOPOro APYroro AHMHEHHOTO
npeo6pa3oBaHUsl KOOPJAHHAT, HMeEWIIero HecKoAbKo Oonee
CAOXKHBIA BHZ, ueM mpeo6pasoBanue [ armness, U HocsAlIero
HbIHe Ha3BaHHe TpeobpasoBanuil Nopenua. Buauare sror daxr
Kazaaca MPOCTO MaTeMaTHUCCKMM KypbesoM, a mnpeofpasoBa-
uus Nopeuuma, Kaszarocb, He HMeAH HHKaKOTo (PH3HYECKOTO
cmbicaa. Ho Ddimrureitn ucxoanr us ob6parnoro. On mpeamno-
AOKHA, 4TO Npeobpasosaune J\opeHla oTpar<aer AeHCTBUTEAD-
HYI0O (HU3HYECKYIO PeaAbHOCTb M CBA3bIBAET KOOPAHUHATHI, H3-
MepeHHble ABYMSA HabATOZATEASIMH, ARMAKYIIUMHCS PaBHOMEPHO
M NPAMOAMHERHO APYT OTHOCHTeAbHO Apyra (ecAH, KOHeYHo,
o6a OHM ABMKYTCA NPAMOAHHEHNHO M pPaBHOMEPHO OTHOCH-
TeAbHO CHCTEMbI KOOPAHHAT, CBA3aHHOH C HeNOZBHXHbIMH
sBeagamu). M kak pas ne npeo6pasosanue ['arunres;, a uMeHHO
npeobpasosanre J\opeHIa UMeeT TOUHbIH (PU3HYECKMH CMBICA.
Toraa us MHBapHAHTHOCTH VpPaBHEHHH DAEKTPOAMHAMHKH OT-
HOCHTeAbHO Npeobpasonanus JopeHla cAelyeT, 4To OHU HMe-
IOT OZMHAKOBbIH BHJ BO BCEX CHCTEMaX KOOPAHHAT, ABHKYIIHX-
Cs TMPAMOAMHEHHO H PaBHOMEPHO OTHOCHTEAbHO HEIOJBHKHDIX
3BesJ. A 3HauMT, Bce 3AEKTPOMArHUTHble H ONTHYECKHE
ABAeHHs 6yAyT MPOTEKaTb COBePUIEHHO OJWHAKOBO He3aBHCH-
MO OT TOTO, B KaKoil CHcTeMe KOOPAHMHAT OHH HabAIOZalOTCA,
H 06HApYXHMTb MO 3THM SBAeHHSAM ab6COAIOTHOE ZBHKEHHE
0 OTHOLIEHHIO K 3(HPY OKa3blBAaeTCA HEBO3MOMHO. | akKMM
c6pasoM, OTPHLUATEAbHDbIH pesyabrar ombita [MafiikeAb-
COHa W ZPYrUX ONbITOB, MOCTABAEHHDBIX C LeAbI0 OOHAapPYMKHTb
ABH2KeHHe 3eMAH OTHOCHTEAbHO 3(pHpa, CTAHOBUTCS COBepPINeH-
Ho ecrecTBeHHbIM. V] ecAM NpuUHATD Tenmepb OTHOCHT €A b-
HOCTb BCeX OINTHYECKMX U DACKTPOMATHHTHBIX SIBAEHMIl
(B ToM e cMbICAe, B KAaKOM KAacCHYeckas MeXaHMKA MOHH-
MaeT OTHOCHTEAbHOCTb BCeX MeXaHMYeCKHMX SBAEHHH), TO OT-
croza ¢ Heo6XOAUMOCTbIO 6yZeT cAeZOBAaTb, YTO He Mpeobpaso-
BaHHe [arnAes, a MMeHHo mpeo6pasoBanve JNopeHua BbIpa-
2aeT TOYHYI0 CBA3b MeXAy ABYMs PAasAHYHbIMM HabAlozaTe-
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ASIMH, JBHXKYUWHMHCA npﬂMOJ\nHeﬁHo 1 paBHOMEpPHO JApPYT
OTHOCHTEABHO APYra.

BaxHo 6bir0 MOHATH MPHYMHBI, 0 KOTOPbIM NpeobpasoBa-
uus [arures Heob6xogumo 3aMeHHTb mnpeobpasosanuem JNo-
peHIla, U BBIACHHUTb (QU3HUECKHe CAEACTBHS DTOH 3aMeHbl. IDTO
cxeraA DHHIITEHH NPH NMOMOLIM TOHKOH W TAYGOKOH KPUTHKH
MOHATHH MPOCTPAHCTBA M BpeMeHH. |akas KPUTHKa 6bira co-
BepIIEHHO Heo6X0AWMa, MOCKOAbKY Mpeo6pasoBaHHe NopeHla
BAEKAO 3a COBOH LEAbIH P4 CAeACTBMA. Ka3aBUIUXCS TOTAA
coBepileHHO NapajokcaibHbiMH. JeficTBHTeAbHO, M3 mpeobpa-
sosanusi JopeHlma cAejOBaro, UTO, C OAHOH CTOPOHBI, He
cyllecTBYeT ab6COAIOTHOTO BpeMeHH, T. e. JBa Habamoza-
TeAsl, ABUKYILIMXCS JAPYr OTHOCHUTEAbHO JpYyra, MOAb3YIOTCHA
Pa3AMYHBIM BPEMEHEM, a C APYroH CTOPOHBI, YTO PACCTOSHHE
MexAy ABYMS MaTepHaAbHBIMH TOYKAaMH TaKxe He MMeeT abco-
AIOTHOTO XapaKTepa M PasAMYHO AAsSI PasAMYHBIX HabAlozaTe-
aeit. M3 mocryraTa 06 ab6corroTHOCTH BpeMeHH M INPOCTPaH-
cTBa cAeayeT npeobpasosanue [ aauresa. Ecaum xe mpunstp
npeo6pasosanrs JNopeHIa, TO HY:KHO OTKasaTbCsl OT 3THX,
Ka3aBLIHXCS CTOAb €CTE€CTBEHHBIMHM IIOCTYAaToB. YTo6bI mpo-
ACHHTb 3TOT TPYAHBIA BOMpoc, DHHIITEHH NPOBEA TAYGOKHMil
KPHUTUYECKHH aHaAU3 DKCIepHMEHTaAbHbIX MeTOJOB H3Mepe-
HHMSA TPOCTPAaHCTBA M BpeMeHH. |lpu 3TOM B KaueCTBe OCHOB-
HOTO TMOAOKEHHS OH MPHUHSAA MOCTYAAT, COTAACHO KOTOPOMY HH
KaKasi SHeprusl, HUKAaKOH CHFHaA He MOXeT PaclpoCTPaHATbC
CO CKOPOCTbIO, TIpeBblIIAIOIIEH CKOPOCTb CBeTa B MYCTOTY,
a CKOPOCTb PACHPOCTPaHEHWsI CBeTa B IIyCTOTe MMOCTOSIHHA
M He 3aBHCHMT OT HanpaBAeHHs pacupocTpanenus. CyuiecTsoBa-
HHe 3TOH BepPXHEM TPAHUIbl JZAS CKOPOCTH PaCHpPOCTPaHEHHS
CHIHAaAOB TMO3BOAHAO BBIBECTH (POPMYyAbI mpeobpasosanus No-
peHILla U MOHATb MX (PHU3HYECKHH CMBICA.

[Tpexae Bcero DitmmTelin nocraBuA mepexs coboil Bompoc,
KakiM 06pa30oM JOAXKHBI OBITb CHHXPOHH30BaHbl B HeEKO-
TOPOH JaHHOM CHCTeMe OTCYETa Pa3AMYHble Yacbl, 1O KOTO-
PbIM H3MepsieTCS BpPeMs B PasAMYHBIX TOYKaX dTOH CHCTEMBbI.
[TockoAbky HeBO3MOXKHO HEN®CPEeACTBEHHO CPABHHUTb MeXAY
cofoU yachl, PaCIOAOKEHHbIe B PasAHYHBIX TOYKax MPOCTPaH-
CTBa, TO AASl HX CHHXPOHH3alMH HeO6X0AMMO HCIIOAb30OBATb
TOT UAM MHOH MeToj curHaausanuu. CHHXPOHHB0BAB BCe yachl
B KaKoH-AH60 pactMaTPUBaeMOH cHCTeMe KOOPJAMHAT, MOXHO
CKa3aTb, YTO TaKMUM 06pa3oM Mbl onpejeAMAH co6cCTBeH-
Hoe Bpemsa 3ToH cucrembr koopnunat. Ho cunxponuso-
BaHHble TaKUM 06pa30M yacbl OKa3bIBAalOTCA TAKOBBIMH TOAbKO
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B OZHOH CHCTeMe KOOPAMHAT, HIMEHHO B TOH, B KOTOPOH IPOBO-
aurach cuHxponusanus (a Takxke, pasyMeeTcs, BO BCEX CHCTe-
MaX KOOPJMHAT, MOKOSILIMXCA OTHOCHTeAbHO 3Toit). [lpu asTom,
YTO OYeHb CYUIECTBEHHO, OKa3bIBA€TCS HEBO3MOXKHO BBECTH
HHKaKkoe abBCOAIOTHOe BpeMsi, ClipaBeZAMBOE ZAsl BCEX CHCTEM
koopaunart. I loscaum st0 60ree noapobuo. Ilycts umeercs aBe
cucTeMbl oTcuera A u B, aBMxkymmecs Zpyr OTHOCHTEABHO
aApyra NpAMOAMHeHHO M paBHOMepHo. Dyaem mnpeamnoaaratb,
YTO B TOH M APYroM CHCTeMe KOOPAWHAT Yachl CHHXPOHH30Ba-
HBbI, T. e. 6yaeM INpejroAaraThb, YTo 4acbl, CHHXPOHH30BaHHbIEe
MexAYy co60H, PACIOAOKEHBI KAK B PAa3AUYHBIX TOYKAx CHCTe-
mMbi A, Tak M B pasAMuHBIX Toukax cucTembl B. B mpouecce
JBHKEHHUA Yachl, YCTAaHOBAeHHble B A, 6yAyT NPOXOAUTb MHUMO
yacoB, ycranoBAeHHbIX B B. IlycTh Temepp mabarozateam, Ha-
Xoasmuecs B cucTeMe A, B KakoH-AH60 MOMEHT BpeMeHH, CKa-
*KeM, Korjga HMX COOCTBEeHHble Yachl MMOKa3blBAlOT MOAZEHbD,
OTMETAT BPeMs, MOKa3blBaEMOe MNPOXOASIIMMH B STOT MOMEHT
MUMO HMX yacamu cucTembl Koopaunat B. Toraa okamercs,
9TO BpeMs, OMNpejeAeHHOe PAa3AHYHBIMM HaOAIOZAaTeAIMH MO
ABHXKYIIMMCS uyacaM, Takxke pasauuno. Vlmaue roeops, Bpems,
onpejseAeHHOE B OAMH U TOT K€ MOMEHT COGCTBEHHOTO BpeMe-
HM cucTeMbl A 1O pasAMYHBIM YacaM CHCTeMbl B, okasbl-
BaeTcs pasauyHbiM. C Zpyro#t cTOPOHBI, MOCKOABKY C TeM Ke
OCHOBaHHEM MOKHO CYMTATb, UTO cHCTeMa A aBMKeTCs OTHO-
cuteabHo B, To BpeMms, ompeaeAsieMoe B OAMH M TOT e Mo-
MeHT co6CTBeHHOro BpeMeHH B HabarozaTeAsMH, HaXoxsLIH-
Mucs B cucteMe B, mo pasauumbiM uacam cucTeMbl A, Tak:e
6yaer pasauuHbIM. |akum ofpasoM, B TEOPHM OTHOCHTEAbHO-
CTH TOHsITHE OJZHOBPEMEHHOCTH TepseT CBOM abCOAIOTHbIH
CMBICA: JBa COGBITHS, MIPOUCXOASAILIYNE B OAUH U TOT :Ke MOMEHT
BPEMeHH B HEKOTOPOM CHUCTeMe KOOpAWHAT, 6yAyT He OJHOBpE-
MEeHHBIMH B JPYTOH CHCTeMe KOOPAWHAT, ABUKYyIUEHCS OTHO-
cuteApHo nepsod. Y aToT, Ha mepsbiit B3rAAA cTOAD mapasok-
CaAbHBIH BbIBOJ, KaK SCHO TOKasaA OHHINTeHH, ABASeTCH He-
NOCPeACTBEHHbIM CAeJACTBHEM HEBO3MOKHOCTH CHHXPOHH30BaTb
qachl C NOMOILIbIO CUTHAAOB, PAacPOCTPAHSIOIIUXCSA CO CKOPO-
CTbIO, TMpeBbINIAIOIIEH CKOPOCTb  PACHPOCTPAHEHUs CBeTa
B IyCTOTe.

Iposoran Tem e myTeM (PUSHUECKYIO HMHTepPIPETAIHIO
npeobpasosanus Nopenna, Dinmrefin NokasaA, uTO Al06oe
MaTepUaAbHOE TEAO, ABHKYLIeeCs OTHOCHTEAbHO HaGAIOZaTeAS,
6yzeT eMy KasaTbcs Kopoue (B HampaBAEHHMH JABHKEHHS ), UeM
HabAlOZaTeAI0, OTHOCHTEABHO KOTOPOTO 3TO TEAO IOKOHUTCH,
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T. . HABAIOZATEAIO, ABHKYILEMYCs BMeCTe ¢ 9THM TeAroM. llo-
SCHUM 3TO YTBEPXKIEHHe TakKe HECKOAbKO 60Aee MOAPOGHO.
ITyctp aBa HabAIOZAaTEAS ABHAYTCS APYT OTHOCHTEABHO APYTa
pPaBHOMEPHO M TPAMO\MHEHHO B HeKOTOpoMm HampaBienuu D.
[Tpeanoroxum, uro ozuu ua HabalogaTerelr HeceT ¢ coboii
AMHEHKY, opHeHTHpoBaHHYI0 NapaireabHo D. Ilyctp ee aruna,
H3MepeHHasi 3TUM HabAIOJareieM, paBHAa, Hampumep, OAHOMY
metpy. Toraa aas apyroro Hab6AIOZATeAss ZAMHA STOH Ke AH-
HellkM 6yZeT MeHblle MeTpa, NMPUYEM 3TO OTAHUYUe OYZAET TeM
3HauYUTeAbHee, YeM 60Abllle 6yAeT CKOPOCTb OTHOCHTEABHOIO
ABMKeHHA. BeAnuMHa 9TOro «COKpallleHMA» JABHAKYIeicA AH-
HelKH, BOOGIle roBOPs, YPE3BbIYAaHHO Maha M CTAHOBHUTCS 3a-
METHOH AMIOb TNPH NPUOGAUNKEHUH CKOPOCTH OTHOCHTEABHOIO
ABH2KEHUS K CKOPOCTH cBeTa B myctoTe. MMenno mo stoit npu-
YHHe TaKoe COKpallleHWe He YZaBaAOCh H3MEPUTb C IOMOLIBIO
npsamoro skcrnepuMenta. OaHako 3To COKpallleHHe, MMelOIee
NpaKTHYeCKH HHYTOXKHYIO BEAHYHMHY, OKasaAoCb B TOYHOCTH
paBHBIM ToMy, KoTopoe mnpeanoiararu Ouuaxeparna u No-
peHll, ¥ OBIAO KaK pa3 TaKHUM, YTOObI CTPOro 06bACHUTDH OTPH-
naTeAbHbIE pesyabTaT ombita Maiikeabcona. M Tem me menee,
HECMOTPS Ha 3TO COBIlajeHHe, UMEETCs CyLleCTBEHHAsl pasHUIA
mexay cokpamennem o Muuaxeparbay — Nopenny u corpa-
wenveM no Jiumreitny. JelcTBUTeADHO, MepBble paccMaTPH-
BaAM €ro Kak ZeHCTBHTeAbHOE COKpallleHHe TeA, HaXOoJSALIMXC3
B abCOAIOTHOM JBHKEHMHM IO OTHOIUEHHIO K HENOABUMKHOMY
9Qupy, TOrga Kak BTOPOM — AHMIIb KaK KaxKylleecs JBHKyILe-
Mycsi HabAIOZaTeAl0 COKpallleHHe, CBSI3aHHOE TOABKO C MpOIlec-
caMH HM3MepeHUH, KOTOPBIMH IMOAb3YIOTCS pPasAHYHble HabGAIO-
ZAaTeAM AAS M3MePEHUS PACCTOSHUH M MPOMEXKYTKOB BPeMeHH,
u npeob6pasoBaHueM J\opeHIIa, MaTeMaTH4eCKHM BblparKalOLIHM
CBSI3b MexXJy pe3yAbTaTaMH U3MepeHWH, MPOoJeAaHHbIX ABYM:
PAa3AHYHBIMH HAOAIOJAaTeAAMH, HaXOZALHMMHCS B OTHOCHTEAD-
HOM JBHUKEHHH.

Kaxymeecs cokpaugenne pasMepoB CONMPOBOXKAAETCA Ka-
XKyIIMMCA 3aMeaAeHMeM Xoja uacoB. Flabarogareaum, naxozs-
Iuecs, HaNpUMep, B CUCTeMe KoopauHAT A, M3yuas X04 4acos,
ABMKYIIMXCS BMecTe C cHCTeMoit B, o6HapyxaT, 4TO OHH OT-
CTalOT OT MX COGCTBEHHDBIX YAacOB, NMOKOAILUXCSH B cHcTeMe A.
Huaue rosops, MoxHO YTBep:KAaTb, YTO ABUAYLIHECA Hachl
HAYT MeaAeHHee HemoABMxKHbX. Kak mnokasan Oitnmreiin,
5TO TOMe 0AHO M3 CAeJCTBHH mpeobpasosanus Nopenua. Mrak,
Kakylleecsi COKpalleHHe AZAMH WU 3aMeZAeHHe X0Ja 4acOB OJHO-
3HAYIIO CAeAyeT M3 HOBBIX ONpEJEAeHHWH MPOCTPAHCTBA M Bpe-
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MeHHW, C KOTOPbIMH H CBsizaHo mnpeobGpasosanue JopeHua.
U o6paTHo, mocTyAupys coxpalieHue pasMepoB H 3aMeAeHHE
X0Za YacoB, MO2{HO NMOAYYMTb (opMyAb! npeobpasosanus No-
peHua.

Paccyxaenus, npu nomomwn KoTopblx JRHIITEHH BBOAUT
CBOM HOBbie TPEJACTABAGHHS, MOPOXO OUeHb XMTPOYMHBI H HX
CAOKHO H3A0KHTb KoppekTHO. Ho onu coscpuenno Gesympeu-
Hbl, 4 C AOTHYECKOH TOUKH 3PEHHS UM He MOMKeT O6BITb NMPeAb-
SIBAGHO IIM OJHO Cepbe3HOe Bo3par<enile. B wacTHOCTH, TeopHs
06bACHET TaKoW Ha T[ePBbIA BATAAJ NapazoKCaAbHLIH (DaKT,
4TO COKpalleHHe MaclITaboB M 3aMeZA€HHME XOZa YaCOB HMEIOT
B3aMMHbI xapakTep. LLcAm xaxaniit ms aByX nabarozatered.
ABMKYIIMXCA APYT OTHOCHTEABHO APYra MpsMOAHHeHHO H paB-
HOoMeplio, o6AajaeT OAMHAKOBbIMII 4acaMH M AMHeHKaMH, TO,
NPOU3BeAA H3MepeUHs, Kamabld M3 HUX COHAPYKHT, UTO AH-
HeHKa JPYyroro Kopode €ro CcOGCTBENHOH, a wyacsl /APYroro
OTCTaIOT OT €ro 4acoB. JTa B3aUMHOCTb, KOTOPas Ha JNePBbIH
B3TAS/ KaKeTCH TAKOR yAHWBUTEAbHOH. CTAHOBHTCA AErKO IO-
HATHOH npH 60oAee BHUMATEAbHOM H3YUYEHHH TEODHH, Uero Mbl
34€Cb, KOHEYHO, He MOKEM CAeAaTb.

M3menenue nomsATHil 0 mpocTpaHCTBe M BpeMeHH, Bbl3BaH-
HOe MPUHIIMIOM OTHOCHTEABHOCTH JHHIITeilHa, IMPUBEAO K H3-
MeHEHMIO OCHOBHbIX TNPHHIHMOB KHHeMaTHKH. B wactHocTH,
3aKOH CAOXKEHHMsI CKOPOCTeH npuobper HHOH, HECKOAbKO Goree
CAOXHDBIH BuA. DTO B CBOIO OyYepeAab AErKo MO3BOAUAO IHOHSTDH
pesyAptath onbitoB (Du3o mo pacnpocrpanenuro ceera B 4BH-
MKYUIUXCS AHCIepTHPYIOIUUX cpeaax. Ha Asbike TeopHu adHpa
3TH JKCNEPUMEHTbI MOXKHO OBIAO MOHATH, FOBOPS O YACTHYHOM
yBAeueHHH 3dupa asuxywumucs Teramu. Onbiter Puso noa-
TBepauAd mnpearoxennyto (Dpemerem ¢opmyry, onpezersto-
YO KO3(P(PUIMEeHT yBAEUEHHS KaK (PYHKIHMIO MMoKasaTeAs Mpe-
AOMAeHMSA ABMiKyWeHcs cpesbl. J\opeHN B cBoell TeOPHH DAeK-
TPOHOB CYMeA MOATBEPAUTb 3Ty (POPMVAY, HO TEOPUS OTHOCH-
TeABHOCTH JaAa e€d ropasizo 6GoAee TMPOCTOoe U H3SIIHOE
o6bscHeHHe, NTOKa3aB, YTO OHAa MPSAMO CAeJyeT U3 HOBOTO 3a-
KOHA CAO2KEHHUS CKOPOCTEHN.

2. pocTpancTBOo 1 Bpemsa

[lpeo6pasosanua ['arunes 6biAm ocHOBaHPI Ha THIOTE3e
MOAHOH He3aBHCUMOCTH BpeMeHM M IpocTpaHctsa. OTcroza
H CAeAOBaA abBCOAIOTHHIH XapaKTep, IMPUIUCHIBABUIMHCS 3THM
noustusm. B Teopunu e oTHOCHTEABHOCTH, KaK 3TO SACHO ye
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U3 caMoro BHJa npeobpazoBaHus ]\openga, IPOCTPAHCTBEHHbIE
KoopauHaTbl U Bpems (T. e. BpeMeHHAs KoopAuWHATa) 60ADbIIE
He MOTYT paccMaTpUBaTbCcs HesaBucuMmo Jlas reomerpuue-
CKOro 0ODbsCHEHHMs] COOTHOIIEHUW MeKJAY MPOCTPaHCTBEHHbIMU
KOOPAMHATAMU M BPEMEHEM pPa3AHWYHBIX HabAIOZaTeAeH HYKHO
BBECTH HeKOTOpoe abCTPaKTHOe YeTbipeXMepHOe MPOCTPAHCTBO,
MO3BOAAIONIee OYeHb M3BAUIHO OTPASHTb BHYTPEHHIOI CBA3b
Me Ay MPOCTPAHCTBEHHbIMH KOOPJAHUHATAMH M BpeMeHeM, KOTO-
pas copepxuTcsa B npeobpasopanusx Nopenma. to reomerpu-
YecKoe TOAKOBaHHMe TNpearoxeHo ¥ pasButo MuHKoBCKHM, a
yeTblpeXMepHOe IPOCTPAHCTBO TMOAYYHAO HasBaHHe YeTbIpex-
MEpPHOT0 MHPA, UAH NPOCTPAHCTBA~BPEMEHH.

[Tpeo6pazosanne Nopenua ocraBAsieT HeH3MEHHBIM B3aUM-
HOe pPAaCCTOsIHHE MexKAy ZABYMS TOYKAMH B HeTbIpeXMePHOM
MHpe, T. €., KAk FOBOPAT, PACCTOAHHE MeKAY ABYMS MHPOBBIMH
toukamu. [lostomy npeo6pasosanne Aopenna moxuo paccmar-
pHBaTb NMPOCTO KaK MOBOPOT CHCTEMbI KOOPAMHAT B HeTbIpeX-
MepPHOM IPOCTPAHCTBe M BCe (U3HYECKHe 3aKOHbI 3anucaTh
B BHJe HEKOTOPDbIX ypaBHEHHH AAS HeTblpeXMePHBIX TEH30POB.

Kaxapiit Ha6AtogaTeAb MO-CBOEMY BBIKPAUBAeT U3 HeTbIpeX-
MEPHOTO MHpPa CBOe MPOCTPAHCTBO U CBOE BPeMs, B (POPMYABI
npeo6pasosanuit NopeHla HeMeZAEHHO CAeAYIOT U3 TOTO, YTO
ABa M0-pa3SHOMY PABHOMEPHO ABHUAKYLIMXCsS HabBAIOZATEAs pas-
HbIMH CoCO6aMH OTAEASIOT NMPOCTPAHCTBO OT BPEMEHH.

Takum 06pasom, Mbl BHAHM, UTO TeOPHS OTHOCHTEAbHOCTH
MO3BOASET B KaKOM-TO CMbICAe O06beMHHTb BPEMEHHYIO KOOpP-
AWHATY U NPOCTPAHCTBEHHble KOOPAWHATH B e€JUHOE YeTblpex-
mepHoe MHoroobpasue. Oanako u= 3Toro, pasymeercs, BOBCe
He CAeJyeT AeAaThb BbIBOJ, YTO B TEOPHH OTHOCHTEABHOCTH
MOAHOCTBIO CTHpaeTcss QU3UYEeCKOe pasSAMUYMe MeXJy BpeMeHeM
" NPOCTPAHCTBOM M OHHU CTAHOBATCS COBepIIeHHO PaBHOMNpPaB-
ubivt. OHM LeAMKOM COXPaHAIOT TaM CBOH CyUIECTBEHHO
pPasAMUHBIH (usHuecKHil cMbicA. DoAee Toro, pasauume ux Ha-
XOJUT CBOE OTPaKeHHe TaK:Ke B MAaTeMaTHYeCKOH 3aIUCH ypPaB-
HEHHH, B KOTOPble BPeMs BXOAHUT MHbIM 06pasoM, yeM KOOPJAH-
HaTbl. |aK, ecAM MoTpe60BaTh, UTO6bI yKasaHHOe YeTbIPEXME P~
HOoe TNPOCTPAHCTBO ObIAO 3BKAMZOBbIM (B TreoMeTpHYECK(M
CMbICAE), TO B KaueCTBe YeTBEPTOH KOOPAMHATBI HEOGXOZHMMO
BbI6paTh He caMO BpeMs, a NPOU3BeJeHUe ero Ha MHUMYIO el 4-
Huny. B sToM M mnposBAseTca cyljecTBEHHOe pPasAHYMe
MeXAYy BpeMeHeM M NMPOCTPAHCTBOM.

OzHO M3 OCHOBHBIX CBOHCTB BpeMeHH — 3TO €ro Crocob-
HOCTb M3MEHATbCA TOAbBKO B OJHOM HalpaBAeHHH. Orcroaa
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HL(T€KaeT CBOEro Poja HEeH30TPOIHOCTb YeTbIPeXMEPHOTO IPOo-
CTPAHCTBA: BbIAEAEHHBIH XapaKTep MOAOKHTeAbBHOrO Hanpas-
A€HHs BAOAb OCH BpeMeHH. Kaa0My moAokeHHI0 MaTepHaAb-
HOH TOYKH B HEKOTOPBIH MOMEHT BpeMeHH 6yJAeT COOTBETCTBO-
BaTb TOYKa B HeTbipexmepHoM MpocTpaHcTBe. COBOKYMHOCTA
TaKHX MHPOBBIX TOYEK, COOTBETCTBYIOLWIUX Pa3AHUYHBIM IIOAO-
KeHHUSAM MaTepHaAbHOH TOYKH AAs PAa3SAUYHBIX MOMEHTOB Bpe-~
MeHH, onpeleAsieT HEKOTOPYIO KPHUBYIO B UeTbIpeXMepHOM MPO-
CTPaHCTBe, Ha3bIBAEMYI0 MHPOBOI AMHHeH 3TOH MaTepHaAbHOMN
Touku. Ha kaxzo#i Takoit MMPOBOH AHHMH HMMeeTCsi BbIJEAEH-
Hoe HalpaBAeHHe OT MNpollejHlero K OyAymieMy, u 3Ta Hepas-
1103HAYHOCTb HalpaBAEHUH TaKKe CBsA3aHa C pa3sAMYMeM MEXAY
BpeMeHHOH M MPOCTPAHCTBEHHBIMHM KOOPZHHATAMH.

M Tem He meHee, HeCMOTPS Ha CTOAb pasAMYHBIH (HU3HUe-
CKHIHl CMDICA, BpeMsi H IPOCTPAaHCTBO B TEOPHUH OTHOCHTEAb-
HOCTH OKa3bIBAIOTCS TECHO CBS3aHHBIMH M BBeJeHHe 4YeTbl-
peXMEpPHOro MHpa SIBASETCS MaTeMaTHYECKMM OTparKeHHeM
3TOH CBA3H.

Mbi ne 6yzem aaAbiue 3aZep:KHBATbCA Ha STOM BONPOCE,
60ree TAyOOKOe M3y4eHHE KOTOPOro TpebyeT MPUBAEYEHUS
COOTBETCTBYIOIIErO MAaTeMaTHYeCKOro ammaparta, a MOCMOTPHM
Tenmepb, K KaKUM H3MEeHEHHsM B 3aKOHaX KAacCHYeCKOH Mexa-
HUKM NpHBeAa TeopHs JHHIUTelHA.

3. PeaaTuBucTCKas JMHaAMHKa

Knraccuueckue ypaBHeHHS HBIOTOHOBOH MeXaHHWKH HHBapPH-
aHTHbI OTHOCHTeAbHO npeobpasosanusa | armres. M ecau pac-
cMaTpHuBaTh 3TO Npeo6pasoBaHHe KaK COOTHOLIEHHe, OTPaKalo-
Ilee HCTHHHYIO CBA3b MexXAy KOOPAHMHATAMH, H3MepseMbIMH
ABYMs HaGAIOZAaTeAAMH, ABHKYIIMMMCH APYT OTHOCHTEABHO
Apyra TMPsSMOAHHEHHO M PABHOMEPHO, TO OTCIOZA OZHO3HAUHO
cAeayeT, uTo ypaBHeHHs HploToHa cnpaBeZAMBBI BO BCEX CH-
CTeMaX KOOPAMHAT, ABHKYUIKXCS NMPAMOAHHEHHO ¥ PABHOMEPHO
OTHOCHTEAbHO CHCTEMb! HeNOJABMKHbIX 3Be3Z. Bo Bcex »THX
cHCTeMaX KOOPAMHAT MeXaHHYeCKHe SABAeHHsA 6yayT MOAYHM-
HATbCH OJHHM M TEM e 3aKOHaM M, CAeJOBaTeAbHO, HHKaKHe
MeXaHHYeCKHMe SBAEHHMS He MOTYT HO3BOAHTb ONPEAEAHTb CKO-
POCTb CHCTEMbI OTCHeTa, B KOTOPOH NMPOUBBOAATCA H3MePEHH:
OTHOCHTEAbHO HeMOJABHKHbBIX 3Be3J. B aToM M cocTouT HmpHH-
LHUN OTHOCHTEABHOCTH cTapod Mexanumxku. Ho ¢ Tex mop kak
OiiHmTeH NoKasaA, YTO CBiI3b MexJy KOOPJAMHATAMM ABYX
ABHKYWIMXCS CHCTEM OTCYeTa jaeTcs He Npeo6pasoBanueM [ a-
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AHAest, a npeobpasosanueM NopeHila, MOAOXKeHHe COBEPIIEHHO
usmenuroch. M, B wacTHOCTH, MPUHLAN OTHOCHTEABHOCTH OKa-
2aAcs  TNPUMEHUMBIM K ONTHYECKMM M DAEKTPOMAarHHTHbIM
SABAEHHAM, YTO TMTOAHOCTbIO COTAACYETCS C OTPUIATEAbHBIMH pe-
syAbTaTamu ombita MalikeAbcoHa M aHAAOFMUHBIX €My APYTHX
sKcrnepumenToB. Ho ypaBHeHus HBIOTOHOBOH MeXaHMKHM OKa3a-
AMCb HEHHBAapUAaHTHbIMH OTHOCHTeAbHO Npeobpasosanus Jo-
peHIa, U, CAeJOBaTEAbHO, NMPHHUHN OTHOCHTEABHOCTH OKa3aA-
Cs AASL MeXaHWUYeCKHX SIBAEHHH, CTPOro ToBOps, yx2e Heclpa-
BegauBbiM. Ognako JHHIITeRH CYHMTAA STOT BbIBOJ Herpa-
BHABHDIM M HCXOAHMA H3 INPEANOAOKEHUS O TOM, YTO MPHHIHII
OTHOCHUTEABHOCTH JOAKeH ObITb CIpaBeZAMB JAsi BCeX (H3H-
YeCKMX SBAEHHH, B YaCTHOCTH M JAA MeXaHudeckux. Ho
Torja ypaBHeHHsT MeXaHHKH HYXXHO ObIAO 0606GHIUTb TaKUM
06pa3zoM, uTO6bI OHM CTaAM HMHBAPHAHTHBIMH OTHOCHTEAbBHO
npeobpasosanua JNopenua. [lpu 3ToM HoBble ypaBHEHH:
JOAXKHDI COBNIaZaTh B MePBOM NMPHUOAHMKEHUH CO CTapbIMHU ypaB-
HenusmMu HbloToHa Bo Bcex HccaeznBaHHBIX paHee CAyYasX,
rie 3KCMePUMeHTaAbHble JaHHBle OAeCTsAlle MOATBEPKAAAM DTY
teoputo. Craro moHsATHO, KakuMm o6pasoM HEO6X0AMMO GBIAD
06001IHTD OCHOBHbIE ypaBHEHUS MeXaHHKH, uToObl OHH OKasa-
AMCb HHBapHAHTHbIMH OTHOCHTeAbHO TipeobpasoBanus JNopeH-
ua. Ypasneuns Hplotona yreepxgaior, uTo npoussoaHas uM-
NyAbca MO BpeMeHM paBHa JelcTByiolleid cHAe. B aunamuxe
OlHwTeliHa 3TO yTBep:KJAeHNEe COXPaHAET CBOI CHAY C TOH
AMIIb PasHUIEH, YTO HMMIYADC ONPeZersieTCSl TaM HECKOAbKO
uHbiM  o6pasoM. Ilog wumMnyibcom MaTepHaAbHOH  TOUKII
PEASITUBUCTCKAasi MeXaHMKa IOHHMaeT He MPOCTO IPOH3Be-
ZeHHe MacChbl MaTePHAAbPHOH TOUKH Ha ee CKOPOCTb, a IPO-~
U3BeJeHHe MacChl Ha YaCTHOE OT JeAeHHs CKOPOCTH Ha HEKOTO-
PYyI0 (pyHKLHIO, 3aBHCSILYIO OT KBaZpaTa OTHOLIEHHUS CKOPOCTH
MaTepUaAbHOM TOYKH K CKOPOCTH cBeTa B myctoTe. | [ockoabky
B OOBIYHBIX YCAOBHSAX CKOPOCTb MaTePHAAbHBIX TE€A JOCTATOUHO
MaAa M KBaZpaT OTHOILEHHUS ee K CKOPOCTH CBeTa NpeHebpe-
KHMO MaA IO CPaBHEHHIO C eZHHHWIIEH, To dTa (yHKIMA 6es
3aMeTHOH OLIMOKM MoOeT OnIThb IOAOXieHa PABHOU eJAHHHILE,
H Mbl CHOBa TMPUXOZHM K C(TapbiM HEPEASITHBUCTCKHM ypas-
HeHussM Mexauuku. OzHako MPM CKOPOCTAX, CPABHUMBIX CO
CKOPOCTDbIO CBeTa, 3Ta (PYHKUHS OTAHYHA OT €JMHHIDbI U Cylle-
CTBEHHO 3aBHCHT OT BeAMunHbl ckopocTu. OTcroza caeayer or-
AHYHe PEeASITHBHCTCKHX 3aXOHOB OT HePeAATHBHUCTCKHX, KOTO-
poe TeM 6oree 3aMeTHO, YeM OAM2Ke CKOPOCTb TeAd K CKOPOCTIL
ceeta. Kcraty, w3 HOBLIX ypaBHEHMH MeXaHHKHM C OYEBHJ-

76



HOCTBIO CAelyeT, YTO CKOPOCTb MaTepuHaAbHON TOYKH HHUKOIAA
He MOXN<eT JOCTHTHYTb CKOPOCTH CBeTa B NycTOTe. 1akum 06pa-
30M, CKOPOCTb CBeTa B IIyCTOTe OKasblBaeTCA BepXHUM IIpeje-
AOM cKOpOCTH mNepeaud dSHeprWu B mpocrTpancrse. ¥ Tax
a posteriori okasbiBaeTcs onpaBZaHHOH OZHA M3 TUIIOTE3, Cle-
AaHHDIX DAHIITEHHOM NPH 2HAAHM3e METOJAOB CHHXPOHH3AIIMH
4acos.

Mpb1 He B cocTOSHMM NPOBOAMTb 3AeCh MOAPOOGHBIH aHAAM3
ypaBHeHHH peAATHBHCTCKOH Mexonuku. JocraTouHo 3aMeTHTD,
YTO Becb ee anmapaT MOXHO  PAa3sBHUTb TOYHO  TaKMM
»Ke MyTeM, KaK 3TO [AE€AaAOCh B HEePEASATHBHCTCKOH KAaccH4e-
ckoit mexaHuke. Hampumep, Bce ypaBHeHHS pPeAATHBHCTCKON
AMHAMHKH AErKO MOTYT 6bITb TOAYYEHbl M3 HEKOTOPOro MPHH-
I{MMa CTAIIMOHAPHOTO JAEHCTBHSA, U3 KOTOPOTO B CBOIO OYePeAb
creayloT ypaBHeHus Narpanma u ['amuabrona. Taxum o6pa-
30M, MbI CHOBA MPHUXOZHM K TeOpHH SIko6M M B cAydae CTaTH-
YeCKMX CHAOBbIX TOAeil K NMPHUHLUNY HaMMeHbIIEro AeHCTBHs
Moneprion. Oauako Memxay crapoit M HOBOH MeXaHHKOU
MMeeTcs 6GOAbIafs pa3HMUA. |loAbIHTerpaibHble BbIPazKeHUS,
CTOSILIHe B MHTErpare AeHCTBHUsA, B 060MX 3THX CAyuyasx cylle-
CTBEHHO OTAMYAlOTCS APYr OT JApyra M IPaKTHYECKH COBMa-
ZAlOT AMIIb NMPH JZOCTaTOYHO MAaAbIX CKOPOCTAX, Koraa KBaj-
paT OTHOLIEHHWS CKOPOCTH IBU:KeHHS MaTePHAABHOTO TeAd
K CKOPOCTH CBeTa B IyCTOTe NpeHeGpe:KMMO MaA [0 CpaBHe-
uuto ¢ eaunugeil. Orcioza caeayer, uTo KAaccHuecKas Hepeas-
THBUCTCKAs MeXaHHKa SABASETCs NPUOAMKEHHeM, CIPaBeAAH-
BbIM B TpoMaZHOM OOABIUMHCTEE MPAaKTHYECKH HHTePECHBIX
CAyuaes.

Hsmenenus, BHocHMble TeopHell OTHOCHTEABHOCTH B ypaB-
HeHMsl KAACCHMYeCKOM MeXaHWKHM, CBOAATCH K 3aMeHe CTaporo
HMIIyAbCa TPOW3BEAEHHEM HEKOTOPOH KOHCTAHTBbI, XapaKTepH-
3ylolued CBOMCTBA MaTepPHAAbHOHM TOUKHM, HAa YAaCTHOE OT JeAe-
HHS ee CKOPOCTHM Ha (PYHKIHIO, TaKke 3aBHCAIIYI0O OT CKOPO-
cru. Ilpu xeranuun. oaHako, MOMHO M B PEAATHBHCTCKOH Me-
XaHHKe OINPeAeAHTb MMIYAbC Tak 2€e, KaKk M B HEPEASBUCT-
CKOH, T. €. KaK NPOH3BeJeHHe MacCChl Ha CKOPOCTb, C TOH
AHLIb pasHHLeH, YTO B 9TOM CAyyae Macca OyZeT yke 3aBHCETb
or ckopocTH. [lockOAbKY aAOMOAHMTEAbHAs QYUKUUSA, PUIYPH-
pylouwas B PeASITHBHCTCKOM BblpaX<eHMM AAs HUMIIyAbCa, CTpe-
MHTCSA K eAMHHUIE, KOTZa CKOPOCTb CTPEMHTCH K HYAIO, TO OT-
CI0Za CAeAYET, YTO KOHCTAHTA JOAXKHA 6bITb NMOAOXKEHA PABHOU
Macce MOKOS MaTePHAAbHOM TOYKH, HAH, KaK HHOTZA TOBOPST.
cobcTBenHON Macce. Ilocaeanee HasBaHMe CBI3aHO C TeM, 4TO
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HUMeHHO 3Ty BeAWYHHY MacCcbl H3MEPUA 6b1 HabAIOZAaTEAD, ABH-
MKYIIUICA C TOH 2€e CKOPOCTBIO, YTO M MaTepHaAbHass TOHKA.
Kak yKe OBIAO OTMEYEeHO. 3aBHCHUMOCTb MacChl OT CKOPOCTH
CTaHOBUTCS CYLIECTBEHHOH AWLIb JAASl JZOCTATOYHO OOABLIHX
CKOPOCTeH, CPaBHUMBIX CO CKOPOCTbIO CBETA.

Hsmenenus, BHecenHble Teopueidl OTHOCHTEABHOCTH B Ofpe-
JAeAeHHe HMIIyAbca, INMPHUBEAINl, pa3yMmeeTcs, K COOTBETCTBYIO-
eMy H3MeHEHHIO BbipaxkeHus aAs sHepruu. Y aTo me yausu-
TeAbHO, TOCKOABKY TPH KOMITIOHEHTbl BeKTOpa KOAHYECTBa JBHU-
’KeHHs M dHeprusi TMPeACTABAAIOT COOOH 4YeTblpe KOMIOHEHTBI
YyeThIPEXMEPHOrO BEKTOPA, Ha3bIBAEMOro BeKTOPOM SHEPTHHU
HMITyAbCa HAH YeTblpeX-BeKTOPOM HMITyAbcCa.

STo HOBOe BbIpazkeHHe JIAS SHEPTHH OUeHb MHTEPECHO TeM,
4TO TPH CKOPOCTH, PaBHOH HYAIO, SHeprus He obpaliaeTcs
B HYAb, KaK TO CAeJOBaAO U3 CTaporo HepeAATHBUCTCKOTO
BbIpaKeHHs AAS SHEPTHM, a NPHHUMAET NMOCTOSHHOE 3HaueHHe,
paBHOe TMPOM3BeJEHMIO Maccbl MOKOS Ha KBagpaT CKOPOCTH
cBeTa B mMycToTe. | akum 06pa3oM, BCAKas MaTepHAAbHAs TOY-
Ka, BCAKOe TeAo, o6Aazalolllee HMHepUHeH, MMeeT HEKOTOPYIO
COBCTBEHHYIO SHEPTHIO HAH DHEPTHIO TOKOs, HE3aBUCAILYIO OT
ckopocTH. E.cAM cKOPOCTb TeAa OTAMYHA OT HYAS, TO €ro 3Hep-
rHs MpeBbilllaeT SHepruio Mokosi. PasHocTh Mexay MOAHOM
SHeprHueil ABHAKYIIEroCH TeAa H ero SHeprHedl MOKOS XapaKTe-
PU3YET CKOPOCTH JABUKEHHS M MOKeT 6bITh Ha3BaHA KHUHETH-
yeckOH aHeprueil Tera. AHAAM3 PEAATHBUCTCKOTO BbIPaMEHHA
A KHHETHYeCKOH SHePrMH MOKAa3bIBAaeT, UTO MPH CKOPOCTAX
ABHKeHMS, MHOTO MEHbUIMX CKOPOCTH CBeTa, OHO C TOYHOCTBIO
40 MaAbIX TOIPABOK IE€PeXOAHT B BbIparseHHe AAS KHHETHYe-
CKOH DHepPI'MM, HCTIOAb3YEMOEe B CTapoil KAACCHYeCKOH MeXaHHKe
(moAoOBYHA MPOM3BeAeHMS Macchl Ha KBaApaT CKOpocTH). |a-
KHM 06pa30M, Mbl CHOBA BHJAHM, YTO HbIOTOHOBA MeXaHHKa —
MepBoe MPHOAMAEHHE, CIIPaBeAAHBOE MPH CKOPOCTAX ABHKE-
HM S, MHOTO MeHbIIMX CKOPOCTH CBeTa.

MareprarbHoe TeAro, MOKOsLeeCHs OTHOCHTEABHO HEKOTO-
poro HabarozaTteAsi, obrazaeT B CUCTeMe KOOPJAMHAT, CBA3aH-
HOM C 3TUM HabAlOJZaTeAeM, SHeprueH, pPaBHOM IMPOU3BeAEHHIO
Macchl MOKOA Ha KBajzpaT CKopocTH ceera. Ho ecam Tero
HayMHaeT ABUraTbCs, TO €ro Macca BO3pacTaer. [Tpu npubau-
KEHHHM CKOPOCTH TeAa K CKOPOCTH CBETd OHa CTPEMHUTC:
K 6eCKOHeYHOCTH. JTO ellle pas yKasblBaeT Ha TO, YTO HHKa-
KOMY MaTepHaAbHOMY TeAy C MaccOH INMOKOsi, OTAHYHOH OT HY-
ASl, HEBO3MO:KHO COOOIIUTH CKOPOCTb, PAaBHYIO HAHM TeM 6oaec
NPeBbIMAIOIIYIO CKOPOCTb CBeTa B IycToTe. DHHIITeHH 0606-
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LIMA 3TOT PEe3yAbTAT, MIOKa3aB, YTO BCSKOE MaTepHaAbHOE TEAO,
o6Aagarollee HeKOTOpPo# maccolt (M3MepeHHOH KakHUM-AM60 Ha-
6AI0ZaTeAeM ), HMeeT, C TOUKH 3PeHHs TOro :Ke caMoro HabAwo-
JaTeAsl, DHEPTHIO, PABHYIO TPOU3BEZEHHI0 H3MEPEHHOH UM
Macchl Ha KBaZpaT CKOPOCTH CBeTa. DHHUITeHH NPOHAAIOCTPH-~
pOBaA 3TO yTBep:KJeHHE MHOTOYMCAEHHBIMH IPHMepPaMH. Tax
6bIA yCTaHOBAEH NMPUHUMI DKBHBAAEHTHOCTH MAacChl U dHePTHH,
oTpaxammuil TAy60Ky0 ¥ 06WIyI0 CBA3b MeMXAy Maccoi
u sHeprueil. M3 Hero creayer, uTo Bce TeAa, Tepsisi dHePrHIO,
TePSIOT W Maccy, ¥, 06paTHO, C yBeAHMUEHHeM DHepruH yBeAH-
yMBaeTCsA Macca TeAa. |ak, HampuMep, Macca aToMa yMeHb-
IIAeTCs MPH H3AYUEHHH.

YcranoBaenubiii Teopuell OTHOCHTEABHOCTH NPUHIHI SKBH-
BAAEHTHOCTH Macchl M 9HEPTHH CbIrpai GOAbHIYIO POAb BO BCeH
TeopeTHYeCKOH (PM3HKe, HauyWHas C acTPOQHUBHKH M KOHUas
aTOMHOH M sjepHo# ¢usuxoi. B wacTHocTH, cTaro BO3MOXKHO
HanucaTb 6aAaHC DHePTHH JLAsl SIBA€HHH silepHOro pacrfaza
M TOAYYHTb OTCIOZa PAJ BecbMa O6IUUX (POPMYA, ONMHCHIBAIO-
mux atu sprenna. OgHako 3TH BONMpochb! yie He UMEIOT K Ha-
meil TeMe MPAMOro OTHOLIEHHs, H Mbl MX KacaTbCs He Oyzem.

4. O6maa TeopHs OTHOCHTEABHOCTH

OcTanoBumcs Temepb B HECKOABKHX CAOBax Ha o6Lied Teo-
PHMH OTHOCHTEABHOCTH. BHauaAe TeOPHS OTHOCHTEABHOCTH GBIAL
coszaHa JHHIITEHHOM AMIIb ZAS MHEPIIMOHHBIX CHCTEM KOOP-
AUHAT, T. €. AAS CUCTEM KOOPAWUHAT, ABHKVILIHUXCs MPAMOAH-
HEHHO U PaBHOMEPHO OTHOCHUTEAbBHO CHCTeMbl HEMOZJBHKHbIX
3Be3J, M TaK ke, KaAK U B CTAapoOd KAACCHYECKOH MeXaHHKe,
MPUHIIHUI OTHOCHUTEABHOCTH OBIA MPOBO3rAAIIEH TOABKO JAs
NPAMOAMHEHHOTO H paBHOMepHOro asuxkenus. [lostomy moj
TeopHeld OTHOCHUTEAbBHOCTH IOHMMAIOT OOGBIHHO COBOKYIHOCTD
HauboAee CYILIECTBEHHBIX PE3YAbTATOB, OTHOCSLIUXCA K HHep-
IHOHHBbIM CHCTeMaM KoopauHaT. YTo6bl mHoAYepPKHYTb 3TO,
ee MHOTZA HA3bIBAIOT YAaCTHOH MAH CIleLIMAaAbHOH TeOPHeH OTHO-
cureabHocTd. Ho Heob6xozaumo 6pino mombrtathesi 0606muTH
STH Pe3yAbTaThl Ha CAyYaH YCKOPEHHOro JABUXKEHUsS H IOCT-
POMTb TEOPHIO, CNPaBeAAHMBYIO B GoAee obmem cayuae. Jas
HeNMpAMOAMHEHHOTO HAM YCKOPEHHOrO  JBH:KeHHs, Boobile
roBOPSs, IPHHUHIT OTHOCHTEABHOCTH B €ro MpexHeH POPMYAHU-
POBKe OKasblBaeTCsl yKe HeCNpPaBeJAHBBIM, NOCKOAbKY B CH-
CTeMe KOOPAHMHAT, ABH:KYIleHca yckopeHHo (Hampumep, Bpa-
IIaloIleiicsi), MexaHHYeCKHe. ONTHYeCKHE HAM dAEKTPOMAarHHT-
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Hble sIBAeHHSA IMPOTEKAlOT MHade, YeM B HHEPIIMAAbHDIX CHCTe-
MaxXx OTCY4eTa. DB 4YacTHOCTH, JAsl TPABHUABHOTO OMHCAHU
MeXaHU4YeCKHX SIBAeHMH, NMPOTEKAalOIUMX B YCKOPEHHOH cHCTEeMe
KOOpPAWHAT, HEOBX0ZMMO BBOAUTD HeKkHe (MKTHEHDIE ZONOAHH-
TeAbHble CHAbI, Ha3blBaeMbie [eHTPOCEKHBIMM U CHAAMHU
Kopuoaruca. A Heo6X0zuMOCTb BBeJEHHA 3TUX CHA AaeT
HabAIOZaTeAI0 BO3MOXKHOCTb OHPEAEAHTb HaiHWuve YCKOPEHHH
CHCTeMbl KOOPAHMHAT, C KOTOPOWl OH cBsA3aH. leM He MeHee
U B 3TOM CAYy4Yae MOKHO BCe M{e COXPaHHTb NMPUHLIKI OTHOCH~
TeABHOCTH B ero 6oaee obiueil Qopme, €CAM JONYCTHTDb, 4YTO
BCe 3aKOHDI HPUPOJbl BbIPAXAIOTCA B BUJe TEH30DHDIX COOT-
HOLIEHMH B 4YeTbipeXMEPHOM IMPOCTPAHCTBE M MOMNLITATbhCH
y4eCcTb BAHsSIHHE YCKOpeHHA Ha (Qu3HuYeCkHe sIBAeHHs BBele-
HHEM YCKOPEHHO JBHKYIIHXCS CHCTeM KoopauHaT. Doree mnoa-
pOGHBIIl aHaAM3 TMOKA3bIBAET, YTO HCAOAb30BaHHE KPUBOAHHEH-
HBIX KOOPAMHAT B 4YeTbipeXMEPHOM IPOCTPAaHCTBE INO3BOAAET
06bACHUTD ABAEHHs, HaOAICZaeMble YCKOPEHHO ABIKYIIMMCA
HabAIOZaTeAeM, ¥, B WacTHOCTH, BBeZeHHe  LEHTPOOEMHbIX
H APYIHUX CBsA3aHHBIX C HUMH CHA.

Passusas 3Ty uzen, DHHITEHH BHIABUHYA Ype3BbIYaHHO
KPaCHBYIO THIIOTe3y, Ha KOTOPOH OCHOBaHAa €ro M3BecTHas Teo-
pusa rpapuTtauun. CHABl TACOTEHHS, HAH TpaBHTallMOHHbIE CH-
ABI, HTpalOlI}e CTOAb BaxHYIO POAb B acTPCHOMHH, 06AazaioT
0ZHON 0CcO6eHHOCTDbO, BblZEASIOUIEN HX W3 BCEX M3BECTHBIX HAM
8 npupoje cuA. A HMeHII0, Kak MOKasaAM upe3BblyaifHO TOU-
Hble DKCIIepUMEHTDI, IPOBeieHIble DTBeEIeM, STH CHABI BCEr4a
IPONMOPIMOHAAbHBI Macce TeAa, Ha KOTOPOe OHH ZEHCTBYIOT,
M, CAeJOBaTeAbHO, BCE TeAa HE3aBACHMO OT BEAHYHMHDBI HX
Macchbl MAM 3apsja ABHKYTCSH B PPAaBHTALHOHHOM IOAE COBep-
IIeHHO OZMHaKOBO {pasyMeercs, IPH OJHUX M TeX e HavaAo-
HbIX ycaoBusax). Muaue rosops, nx TpaekTopHs ONpeieAsieTCs
TOABKO CBOHCTBaMH TPaBHTalHOHHOTO MOAS H He 3aBHCHT OT
CBOMCTB JBHKYIIETocs TeAa. JTO IMO3BOAMAO OJHHIITEHHY
y4ecTb BAHsIHHe FPaBHTALIHOHHDIX MOAeH, JeHCTBYIOIIMX B He-
KOTOPOH O0GAACTH TNPOCTPAHCTBA, BBEZEHHEM AOKAAbHOH KPH-
BM3HBI YeTbIpexMepHOTO npocTpaHcTsa. Mcnoabsyemorit B cne-
IHaAbHOH TEOPHH OTHOCHTEADHOCTH YeTbIPEeXMEPHDbIH KOHTHHY-
YM NpPOCTPAHCTBa-BpeMEHH IMpPeJCTaBASeT COOGOH DBKAHZOBO
MAM, KaK FOBOPAT, NMAOCKOe IIPOCTPAHCTBO (B 1ACTHOM CAyuae
ABYX HM3MepeHMH IPHMEPOM 3BKAHMJZOBa INPOCTPAHCTBA MOxer
CAY#HuTh 06bluHasa nAaockoctb). OzHako HHMYTO He MellaeT
IPEANOAOKHTD, UYTO YeTbipeXMepHOe IPOCTPAHCTBO MOKET
o6rasaTh MepCMEHHOH KPHUBU3HOH, T. €. ObITb HEIBKAHJOBBIM.
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B aTom cAyuae yie HeAb3s BBECTM CHMCTeMbl NMPAMOYTOABHBIX
KOOPJAHWHAT, U NOAOMEHHE KaKOU-AH6O TOuKM B NPOCTPaHCTBE
MOxeT ObITb ONPEZEAEHO AMINb € TMOMOUIBIO KPUBOAWHEHHOM
CHCTEeMbl KOOPAMHAT, MOJZOOHO TOMY KaK 3TO JAeAaeTcs B reo-
MEeTPHH TIpH H3YYeHHH HCKPHBAEHHBIX NOBepXHOCTed. |akum
o6pasoM, HaOAIOZAaTeAb, HaXOASIIUMHCSA B HEIBKAHZOBOM IpO-
CTPAHCTBE, AOAKEH AAs ONMCaH¥s COOLITUH 06513aTEABHO MOAD-
30BaTbCs KPHUBOAMHENHOH CHCTEMOH KOOPAMHAT, 4TO H IPHBO-
AT K NOSABAEHMIO FPaBUTAUHOHHBIX cuA. LlenTpobexHbie cHAbI,
BO3HMKAIOIIYe BO BPALIAIOIUEHCs CHCTeMe KOOPAUHAT, CBA3AHDI
¢ TeM, 4TO HabAlOJaTeAb, HAXOAAIIMUCA B DTOH CIICTeME, HC-
MOAb3YeT AAsi ONMCaHUA SIBAEHHH, IPOUCXOASAIIMX B IBKAHZO-
BOM YeTbIPEXMEPHOM MPOCTPAHCTBE, CHCTEMbl KPHUBOAMHEHHDIX
roopaunaT. [logo6ro aToMy BO3HHKHOBeHHe IpaBHTALHOHHDIX
CHA BbI3BaHO TeM, YTO B 0OAACTH JEHCTBHUS TPaBHMTalMOHHbIX
TOAedl NMPOCTPAHCTBO OKA3blBAETCS HEIBKAUZOBBIM U HabAlo-
JaTeAb BbIHY:KAEH MOAb30BAaTbCsl KPUBOAMHEHHBIMH KOOPJHHA-
TaMH.

Ha s1om 3akonunm secbma kpaTkuii ouepk Teopuu TAroTe-
Hus OiinmTeiina, 6oree ray6okoe H3yueHHMe KOTOPOH HEBO3-
MOXKHO 6e3 IpPHUBAEYEHHs] JOBOABHO CAOMXKHOTO MaTeMaTHYe-
cxoro annapata. OTMeTHM TOABKO ellle pas, 4TO 3TO, MOMAAYH,
OZHA M3 CaMbIX KPAaCHBBIX M HU3AUIHBIX (PU3HUYECKHX TEOPHH.

CrneuuarpHas T€OPHS OTHOCHTEABHOCTH HEOZHOKPATHO TMOA-
TBep:KZAeHa DKCllepUMeHTaAbHo. B wacTHocTH, mpeackasbiBae-
MOe ITOH TeopHeH 3aMeTHOe YBEAMUEHHe MacCbl JAEKTPOHOB
npy nNpHOAMAEHHMH HX CKOPCCTH K CKOPOCTH cBeTa OAecTsalle
NoATBEPAHAOCh MHOTHMH 3dKCIlepUMeHTaM¥, MOCAeJHYe M Hau-
6oAee TOuHble U3 KOTOPBIX 6bIAM Tipozeranbl |'rolie n Aasan-
wn. TouHo Tak e He BbI3bIBaeT COMHEHHMA MPHHLIUI SKBUBA-
AEHTHOCTM MacChl M DHEPTHH, HeOCIIOPUMO JOKa3aHHBIH
SKCIlepUMEHTaMM B sAepHoil (Qusuke. Ho ecau cmeuuarpnas
TeOPHs] OTHOCHTEABHOCTH ZOCTAaTOYHO MPOBepeHa Ha ONbITe, TO
3TOrO HeAb3sA ellle CKasaTb 06 o6lWeH TeopHH OTHOCHTEAbHO-
ctu. JeficTeuTeAbHO, HOBble d()PeKTbI, NpeicKasbiBaeMble 3TOi
TeOpHeH, CTOAb MaAbl, YTO, 06HAPYKHB UX, KaKABIH pas NPH-
AOZHTCS CIIpalIuBaTh ce6Gs, ZeHCTBHTEADHO AH 3TO Te CaMble
a(PeKThHl, KOTOPble NPeACKa3blBaeT 061Ias TeOPHUs OTHOCHTEAD~
HOCTH MAHM 2<e OHHM BbI3BaHbl JPYIMMH Hey4YTeHHbIMH (aKTo-
pamu. M Bu upessbluaiino Maroe BekOoBoe CMelleHHe MepH-
reauss Mepkypus, Hu oueHb cAaboe OTKAOHEHHE CBETOBBIX
Ayuedl, npoxoasmux 86Au3su CoAHla, He MOTYT TOKa CAYMKHTD
HEOTPOBEPKUMbIMH OKa3aTeAbCTBAMU CIHPABEAAMBOCTH 3TOH
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TEOPHH, NMOCKOABKY, XOTA 3THU 3P{PeKTbl ¥ COBHAZAIT NO IO~
PsAKY BEAHYHHBI C IpejCKa3blBaeMbIMH TeopHeH JHHINTEHHa,
TOAKOBaHHME HX BCe K€ He BIOAHe OgHO3HauHOo. Doaee y6e-
ZHUTEADHBIMH KaXyTCs SKCIEPHMEHTbI [0 H3MepeHHIO K P ac-
HOTO CMelLleHH s1 CIHEKTPaAbHBIX AMHHMH, H3Ay4YaeMbIX, Ha-
npumep, cnytiukoM Cupmuyca. OzHako 5TOro eAHHCTBEHHOTO
TIOATBePKJeHHs elle HeJOCTaTOYHO H OZHO OHO, 6€3 COMHEHHS,
HE MOKET CAYKHTb AOCTOBEPHBIM JOKa3aTeAbCTBOM CcIipaBel-
AHMBOCTH 06Luel TEOPUH OTHOCHTEADHOCTH.

TeM He MeHee, HECMOTPS Ha HEZOCTATOYHOE IKCIHEPHMEH-
TaAbHOEe MOATBEPKJAEHHE OOIUEH TEOPHUH OTHOCHTEABHOCTH, 3Ta
TeopHus, cosaaHHasg JHHIITeHHOM,— BlleuaTASIOlLee COOPYHie-
mue. OHa npuHecAa B PUBHKY MHOMECTBO HOBBIX M IIAOZOTBOP-
HbIX MZeH, HayuyMAa BHAMATEAbHO BHUKATb B CYLIHOCTb OCHOB-
HBIX TEOPeTHYECKHUX IOAOKEeHWH H KPUTHYECKH OTHOCHTBHCH
K OYeBHAHBIM M caMo co0OH pa3yMerIIMMCs Ha IepPBbIH
B3rAsAJ YTBepmAeHMAM. Daarozaps caMol CAOXKHOCTH, ¢ OZHO
CTOPOHBI, U OAHOBPEMEHHO AOTHYECKOH CTPOMHOCTH ee, C APY-
rOH, W3y4YeHHe ITOH TEOPHH UYpPE3BbIYAMHO MOAe3HO AAsL BCEX
(PMU3UKOB-TEO PETHKOB.



I'iasa V
ITOABAEHHE KBAHTOB B ®MHU3UKE

1. Kraccuueckas m xBanTOoBasm (husHKa

Hactynuao spems nepeiiTm k BBeseHMIO MOHATHS KBaHTOB
B pusuxy. OzHako Npexize 4eM U3AAraTb MCTOPHIO MOABAEHHUS!
KBaHTOB, HeOOXOZHMMO B HECKOABKMX CAORaX OCTaHOBHMTbCA Ha
rAY6OKOM pa3sAUYMU MeXAY KAACCHYECKHMH, JOKBaHTOBBIMH
TeopusavMH M KBaHTOBOM Teopued. O6wmum AAA Bcex KAaccH-
YeCKUX TEOPHH ABASIETCA NMPEANOAOKeHHe O BO3MOKHOCTH OINH-
CbIBaTb COCTOAHHMA (PM3HYECKOrO MHPA, 3afaBas TOYHOe MOAO-
eHHe OTJAEeAbHbIX €ro 4dacTed B TpPeXMepHOM IPOCTPAaHCTBE.
IT0 MoAOKeHHe HelpepbIBHO H3MeHseTCA co BpemeHeM. Ilpu
3TOM CaMO JABHKeHHe OINpPejeAsieTcs XapaKTepoOM H3MeHeHHs
HOAOKEHHs CO BpeMeHeM.

Pasymeercs, Mexay Npe:xHUMH NMONBITKAMH H NpeJCTaBAe-
HUAMM PEASITUBHCTCKOM TEOQHH €CTb C)llieCTBEHHOe Pa3sAHYHE.
B zopeasTusucTCKOH (HM3HKe MPOCTPAHCTBO MPEACTABASET CO-
60l HekOTOPYHO (DHKCHPOBaHHYIO 06AacTb, B KOTOPOH MHPOTe-
KalOT BCe (U3HYECKHEe fBAEHHSA, paccMaTpHBaeMble AIO6bBIMH
MBICAUMDIMM HabGAIOZaTeAsIMH B OZHO M TO ke Bpems, abco-
AIOTHOE U YHHBEPCAaAbHOE, KOTOPOe 3akaeT CBOH PHTM BCEM
aTuM HabAlozaTeAssM. B Teopnu oTHOCHTEABHOCTH, HamPOTHB,
HH TIPOCTPAHCTBO, HH BPEMsi He HMEIOT abGCOAIOTHOTO Xapak-
Tepa. AGCOAIOTEH AUIID YETbIPEXMEePHDIH KOHTHHYYM, o6paso-
BaHHBbIH O6beAVHEHHEM IIPOCTPAHCTBA M BPEMEHHM H HasblBae-
MblH YeTbipexmepHbiM MupoM. Raxablit HabAlogzaTeAD M3 STOrO
YeTblpeXMEPHOIO MHPA pPa3sHbIMU cHocobaMH BblZeAsieT CBoe
npocTpancTBo M ceoe BpeMsa. OzHako, HECMOTPsi Ha 3TO Cy-
IgecTBeHHOe pasAMYHe BO B3rAsfZaX Ha IIPOCTPAHCTBO H BPEM,
KaK PeASTHBHCTCKAs, TaK U JOPEASTHBHUCTCKas (PU3HUKA B PaB~
HOH Mepe MCXOAAT U3 MPeJNOAOXKEHHs O TOM, UTO BCe (PH3HYe-
CKHe AIBAGHHs He3aBHCHMO OT MX XapaKTepa M NPHPOABI MOLYT
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6BITb BIIOAHE ONPEAEAEHHO H OZHO3HAYHO OMHMCAHBI B paMKaX
TpeXMepHOro NPQCTPAaHCTBA M BpeMeHH. |ak, HampHMep, ABH-
#eHve KaKOH-AHOO YacTUUbI ONpPefeAseTCss 3aJaHHeM IOCAeO0-
BaTeAbBHOCTH BIIOAHE ONPEZEAEHHBbIX TMOAOKEHHH ee B Pa3AHU-
Hbie MOMEHTBI BpEeMEHH COBepIUeHHO He3aBHCHMO OT (u3sHuye-
CKOH MPHPOADbI 3TOH YaCTHUILbI, CKa2KeM, OT BEAHUHHDI ee MacChl.
Boaee Toro, Tak xe Kak M B cTapoil KAACCHYeCKOH (PU3BHKE, B
PEASATUBUCTCKOH TEOPHH BCs IBOAOUHA (PU3HYECKHUX SBAEHHH
onpeAeAsieTCs HEYMOAHMOH HMIpoll AU (epeHUHAaAbHBIX ypaB-
HEHHUH, KOTOPble OJHO3HAYHO NPEACKa3biBalOT Bce Oyayliee.
[{pu onucanuu weTbipexMepHOro MpocTpaHCTSa TeOPHS OTHOCH-
TEABHOCTH INpeANoAaraeT 3aZaHHOU BCHO COBOKYIHOCTb COOBI-
THH, COOTBETCTBYIOILUX AI060My MoMeHTy Bpemenu. M pers-
TUBHMCTCKAsl TEOPHS AHLIb HECOBEPLIEHCTBOM uYeAOBeKa 00bsc-
HseT TOT (aKT, YTO HaGAIOZATEAb MOMKET PacKPbIBATb COOBITHS
B 4eThIpeXMepPHOM MMPE TOABKO MOCAEeJTOBATEAbBHO LIAr 3a Lia-
roM IO Mepe TeueHHs ero CONCTBEHHOTO BpeMeHM. Y TBepzas,
4TO KazKablH HabAwOZaTeAb MO:ET OJAHO3HAYHO AOKAAH30BaTh
cOOBITHA B NPOCTPAHCTBE M BO BPEMEHH, NpPHAaBas MPOCTPaH-
CTBEHHDbIH XapaKTep AAHTEABHOCTH U paccMaTpuBas Al06ble pe-
aAbHble TpeJCKa3aHWsA, JUKTyeMble CaMHM XapaKTepoM IMpo-
CTPAaHCTBa-BpeMeHH, TEOPHUS OTHCCUTEABHOCTH COXPaHsAET B CH-
Ae BIAOTb JO CaMbIX JeT&ADHBIX CAEJCTBHH TreHepaAbHbIe
naeu npe:xueit pusuku. [losromy MoxkHO ckasaTb, uTO, HECMOT-
psA Fa TaKOH HOBbId, NMOYTH PEBOAICLHOHHBIH XapaKTep 3MH-
LITeHHOBCKUX KOHLEIIIUH, TEOPUsST OTHOCHUTEAbBHOCTH B OIpeje-
AE€HHOM CMBICAE SBHAACh BEHIOM HMMEHHO KAACCHYeCKOH (QH-
3HKH.

Cospemennas kBaHTOBafA (PUIMKA CMOTPUT Ha BelIM COBep-
weHHo MHauve. Bo BBeZeHMM K 3TOH KHMMKKe MBI y:Ke yKasaAH
Ha HEKOTOPble U3 TAABHBIX OCOGEHHOCTeH KBAHTOBOM TEOPHH.
Camo cyvigecTBoBante kBaHTa JeHCTBHA, KAK Mbl FTOBOPHAH, Bbl-
paxaeT CBOEro pPOJa B3aHMHYIO CBsI3b MexAy AOKaAH3alLHeH
HeKOTOoporo o6bexTa BO BpeMeHH M B NPOCTPAHCTBE M ero AH-
Hamuuyeckum coctosiHneM. C TodkM 3peHUs KAacCHMYeCKOH QH-
BMKHM 3Ta CBS3b INPeJCTABASETCS COBEPIUEHHO Heo6bsCHUMOH
M ropaszo 6oAee HENOHSITHOH IO CAeACTBUSM, K KOTOPbIM OHa
NPUBOAMT, YeM CBA3b MeXJY NPOCTPAHCTBEHHbIMH IlepeMeHHbI~
MH U BpeMeHeM, YCTaHOBAeHHasl TeOpHeH OTHOCHUTEABHOCTH.

Ms cymecTsoBaHus 3Toii B3aMMOCBA3H BBITEKAeT HEBO3-
MO2{HOCTb OJZHOBPEMEHHOIr0 ONpeAeAeHUs KOOPAHMHATBI M CKO-
pOCTH, BblpaxaeMas Ha MaTeMaTHYeCKOM si3blKe COOTHOIIEHHEM
HeonpezereHHocTu | efiseHGepra. JTo COOTHOUIEHHe YKa3bIBAeT
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Ha TO, YTO HeAb3sl B KaKOM-AHGO 3KCIepHMeHTe OZHOBPEMEHHO
HPOBOJAMTb HM3MCPEHHS TNPOCTPAHCTBEHHO-BPEMEHHBIX KOOpAH-
HAT M NAPaMeTPOB, ONPEZEASIOLIMX AHUHAMHUYECKOe COCTOsAHHE
CHCTEMBI.

AHaAu3 3TOro CAOXKHOTO BOMPOCa MOKa3bIBaeT, YTO C TOYKH
3PeHHs KBAHTOBOH (DM3HKHM NPOCTPaHCTBEHHO-BpeMeHHOe OIH-
caHHe cO6BITHH, NPUHATOE B KAaccuueckoil (M gaxe B PEAATH-
BHCTCKOH) (PM3HKe, JOAKHO PacCMaTPHBATHCA AMIIb Kak HPH-
6AuaceHHe, CTIpaBeZANBOE TOABKO AAsi COABHMTEADBHO TsAKEABIX
TeA. A MOJ TAKEABIMH TEeAaMH Mbl IOHHMaeM TeAa, COCTOsLIHe
H3 Ype3BbIYaHHO OGOABLIOrO 4YHCAa JAEMeHTAPHBIX YacTHL H,
cAezoBaTeAbHO, OoOAajalollvie NMOAHOM MacCOHM, BO MHOro pas
npesblmatonieil Maccy Al060i 3 sreMmenTapHbix wactuy. K Ta-
KYM TeAaM OTHOCSTCS, B YaCTHOCTH, BCe MCIIOAb3yeMble HaMH
06bIUHO B 3KCHEpHMEHTaX Terd. JTHM M OObACHAETCA TO, 4TO
HPY H3Y4YeHUH KPYIHOMACIWITaOHBIX sBAEHMH KAACCHYeCKas
(U3HKa MPEKPACHO MOTAA 0GX0AUTHCA STUM HPOCTPAHCTBEHHO-
BpeMeHHbIM OfHCaHUeM.

Cucrtema KoopAWHAT, CBA3aHHAA C KaKUM-AHGO MaTepHaAb-
HbIM TEeAOM, M 4Yacbl, CHHXPOHH30BaHHble COOTBETCTBYIOIIHM
06pa30M, O3BOASIOT, CAEAYS MeTOZAM KAACCHUeCKOH (PH3HKI,
YAOBAETBOPHUTEABHO OIMCBHIBATb BCE MAaKPOCKONHYECKHe sBAC-
nust. Ho npu nonbiTke ucnoabsosaTh Takum o6pasoM onpeze-
AeHHble MPOCTPAaHCTBEHHO-BPEeMeHHble KOOPAHHATBI AAS OMMCA-
HHISA HPOLECCOB, NMPOHUCXOZAIIMX B MHKPOMMPE, Mbl CTaAKHBa-
eMCA C COOTHOLIEHHAMH HeoNpezeAeHHOCTH | efizen6epra. K3
9THX COOTHOIUEHMH BDbITEKAaeT, 4YTO MOHATHA HPOCTPAHCTBA
H BpPEMeHH, HCIOAb3yeMble B KAACCH4YeCKOU (HU3HKE M BIIOAHE
NPYMeHHMble AASI OMHCaHMs MaKPOCKONMUYECKMX SBAEHMH, CTa-
HOBSITCA HEeNPHMEHHMbIMH INPH OHNMCAHHH SIBAEHHH aTOMHOTO
macuTaba.

Oanaxo mbl, Ppu3HKH, BCe e yNOPHO MbITAeMCS OMHCHIBATDH
MHp DAeMEHTAPHBIX 4YaCTHL C [OMOILbI0 IPeKHHUX IOHATHH
NPOCTPAHCTBA M BPEMEHH, NPUBHUTHIX HaM MOBCEZHEBHbIM OIbI-
toM. OTcioza ¥ TPYAHOCTH, BO3HUKAIOIIHE NPH M3yUeHHH KBaH-
TOBOH TeOPHH, MOITOMY HaM M Ka:KeTCs CTOAb CTPaHHBIM CaMo
NOHATHe KBaHTa ZeHCTBHA. DbITh MOeT M OKaxKeTCs BO3MOK-
HbIM BBECTH JASi MHMpPa aToMa NOHATHUS IPOCTPaHCTBA M Bpe-
MeHH KakuM-AHO0 6oree oOLiMM crmocoboM, yeM ITO JeAaeTcs
B KAaccuueckol gusuke. Ozako 3TH HOBble MOHATHA FOAKHDI
KaK-TO OTpakaTb CyIleCTBOBaHHe KBaHTa JeHcTBuUA H 6GoAree
TECHYIO, YeM B KAACCHYeCKOH ()M3HUKe, CBA3b MemAY YHUCTO Ieo-
METPHYECKHMH H JAHHaMHYeCKHMH mNoHaTuamu. Kpome Toro,
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B CAyHae cHCTeM, COCTOSILMX M3 OuYeHb OOABLIOrO 4YHCAA 3AE-
MEHTapPHbIX YaCTHL, T. €., UHa4Ye FOBOPs, NPH OMHCAHMU MaKpo-
CKONMYECKHX ABAEHMH, OHH JOAXKHbI MO3BOAMTH  HepeHTi
K OGbIYHBIM NMOHATHAM MPOCTPaHCTBa M BpemeHH. KlHTepecHbie
paboTbl B 5ToM HanpaBAeHuH yxe caerannt Jerymem. Bo
BCAKOM CAyuyae, He cAegyeT 3abblBaTb O TAKOH BO3MOXKHO-
HOCTH.

A6COAIOTHDIH ZeTePMHHA3M KAACCHYECKOH (PUBHKH B 3Ha-
YUTEABHOH Mepe NMOKOHTCS Ha MOHATHAX MPOCTPAHCTBa MU Bpe-
menu. [lpusegs kK rayboxkuM H3MEHEHHMAM BO B3TAAZAX HA
NIPOCTPAHCTBO M BPeEMs, TeOPHUS OTHOCHUTEABHOCTY TeM HeE
MeHee COXPaHMAA MPHHUMIL KAACCHYECKOTO AeTepMHHH3MA.
Cosepmienno unaue OGCTOHUT ZeAO B KBAHTOBOH MeXaHHKe.
OTBepl‘aﬂ TO4HOE MPOCTPAHCTBEHHO- spemeHHOe omnmcaHue B
AeHHH, BO BCAKOM CAydyae #ABAE€HHH MacmTaba aTtoMa, OHA
OTBEPraeT TaK:Ke M NPHUHUHUI KAACCHYECKOro JeTepMHHH3MaA
B €r0o CTapOM CMbiCAC.

HesosmoxHocTh 0aHOBpeMeHHOro oOmnpeseAeHHs TOUHOTO
MOAOKEeHHST MHKPOCKOMHMYECKOH CHCTEMBI U ee AHHAMHUYECKOTO
COCTOSIHHM A, BbITeKalollas M3 CYLIeCTBOBaHHs KBaHTa AeHCTBHA,
NPHUBOZHUT K TOMY, UTO HHMKaKHe MOCAEZ0OBAaTEAbHO NPOBOZHMMbIE
u3MepeHHsl CHCTEM aTOMHOrO MMpa He JalOT BO3MO2KHOCTH
OnpeAeANTb BCE JeTaAd NMPOIlecca, NMO3BOAAIOILIHE COTAACOBATh
Pe3yAbTaTbl 3THX H3MePEHHH C NPHMHLUMIOM KAACCHYECKOTO
JeTepMHHU3Ma.

JeiicTBuTeAbHO, COBpeMeHas KBaHTOBasA TeOPHA ZaeT BO3-
MO2KHOCTb OHPeZeAHTb TOABKO BePOSTHOCTHbIEe 3aKOHbI, M03BO-
AslIOlIMe 10 pe3syAbTaTaM IePBOro H3MePeHUs yKasaTb Bepo-
STHOCTb TOrO, 4YTO MPH T[OCAEAYIOLEM H3MEPEHHH O6yzeT
TOAYYeH TOT HAM MHOH pe3yAbTaT. DTa 3aMeHa TOYHBIX 3aKO-
HOB BEPOATHOCTHBIMH IIpH ONHCAaHHH MHKPOMHpPa CBS3aHa, KO-
HeYHO, C TeM, YTO B 3TOH OOAACTH HeAb3sl NPHUMEHHTb O6bIY-
Hble NpeACTaBAEHUs O NPOCTpaHCTBe M BpeMeHu. Jaa o6bek-
TOB e MaKPOMHpa 3TH INPeACTaBAeHUs OKa3bIBalOTCs, €CAHU
TaK MOXKHO BbIPa3HTbCSA, ACHMITOTHYECKH CIpaBejAHBBIMH.
BeposThocTHbIi  xapakTep 3ak0HOB KBAHTOBOH TeOPHH MPM
3TOM HCYe3aeT W NMPHUHHMAaeT BUJA JAOCTOBEPHBIX OZHO3HAYHBIX
3aKOHOB, M TMPHHUMUII KAACCHYEeCKOro JeTePMHHHM3Ma BHOBD
BCTYIaeT B CHUAY.

M3 Bcero atoro creayer, uTo B TeopeTnueckoil (U3HKe
IPOW30IIEeA CYLIECTBEHHbIH TepPeBOPOT B TOT MOMEHT, KOTZaA
CTaAa O4YeBHJHa HeOOXOZMMOCTb yUHTBHIBATb KBAHT JAeHCTBUA.
A kak Bce 3TO IIPOHCXOAMAO?
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2. Teopus uaryuenua uepHOro TeAa.
Keaur aeiicreua IMaanka

Hauaro paseuTtuio kBaHTOBOH TeopuH IOAONKHAM OTHOCS-
muecas k 1900 r. pa6orsr Maxkca [Tranka mo Teopuu usayde-
HHS 4YepHOro TeAa. |lombITKa MOCTPOMTb TEOPHIO H3BAYHEHHS
YePHOI'0 TeAd Ha OCHOBE 3aKOHOB KAACCHYeCKOH (QH3BHKH TpH-
Bera K cepbesHbiM TpyaHocTam. O6bsacHuM, Hpexae BCero,
B HeM 3aKAIOYAaAMCh 3TH TPYAHOCTH.

PaccMoTpuM 3aMKHYTYI0 NMOAOCTb, MOAZEP:KHBAEMYIO NPH
NOCTOSHHOH TeMIepaType M COZepiKallylo KaKHe-AH60 Mare-
PHaAbHDIE TeAd, CHOCOOHble HMCIYCKaTb M MOTAOLLATb H3AY4Ye-
uue. Ecan aTm mMaTepnaAbHble Tera MMeAM B HauaAbHBIH MO-
MEHT KaKYI-AHO60 TeMIepaTvpy, OTAHUYHYIO OT TeMIlepaTypbl
MOAOCTH, TO C Te4eHHeM BpeMeHU B pe3yAbTaTe IIPOLECCOB
HCIyCKaHUs M TOTAOLIEHHS TeMIepaTypa UX 6yZeT CTPEMHTb-
cAd K TeMIepaType MOAOCTH, T. €. CHCTeMa OyJZeT CTPEMHTbHCA
K COCTOSIHHIO TePMOJHMHAMHYeCKOTO PAaBHOBECHs, XapaKTepHsye-
MOMY PaBHOBECHEM MeXKAY IOTAOILAeMOH H M3AYy4aeMOH B eJH-
HHLY BpEMEHH dHePrUen.

Ha ocnoBe Anwb campix obmux TepMozMHaMHYeCKHX 3a-
koHoB Kupxrod nokasana, 4To aTo cocTOsHHe paBHOBeCHs eAHH-
CTBEHHO M XapaKTEPH3YETCs ONpeZeAeHHBIM CIIEKTPAAbHbIM
pacnpeiereHHeM IIAOTHOCTH JHEPrMH  H3AY4YeHHS, 3aKAIO-
YeHHOro B 9TOH moAoctu. Boree Toro, o moxasaa, yTo QyHK-
Uus, onpeJeAsiloNIasg 3TO CNEKTPAaAbHOe pacllpeieAeHHe, HOCHT
YHUBepCaAbHBIH XapaKTep, T. €. COBEPUIEHHO He 3aBHCHT HH OT
pa3smMepoB HMAM (QOPMbI pacCMaTPUBAeMOH IOAOCTH, HH OT
CBOHCTB 3aKAIOYEHHBIX B HeH MaTepHaAbHBIX TeA, W IOAHOCTBIO
OnpeneAsieTCs TeMIepaTypPoH IOAOCTH M, Pa3syMEEeTCs, 4acCTo-
Tol. Takoe papHOBecHOe M3AYUeHHe, XapaKTepH3yeMOe HEKOTO-
pOJi ONpejeAeHHOH TeMIepaTypol, MOAYYMAO He COBCeM yZAau-
Hoe HasBaHMe YE€PHOTO H3AYYeHHs, COOTBETCIBYHOLLe-
ro 3TOJ TeMIlepaType.

Takum ob6pasom, mnepes TeopeTmueckoil (usmKkoil BcTara
3aZavya HaHTH SABHBIH BHJ 9TOH (QYHKUMH, OIpejeAdArOlleH
CNeKTPaAbHYI0 NMAOTHOCTb SHePruu uyepHoro usayuenus. Cua-
YaAa 3Ty 3ajauy NbITAAHCh PElIMTb METOAAMH, OMHPAIOLIMMHUCS
HCKAIOUHTEADHO Ha TepMOJHHaMHUYeCKHe 3aKOHbI H, CAeJOBa-
TEADHO, FapaHTHPYIOWIHMH JOCTAaTOYHYI0 OOGLIHOCTb M A0CTO-
BepHOCTb pesyAbraTa. [lpu aToM yzaroch mokasaThb, 4TO MOA-
Hasg NIAOTHOCTb SHEPTHM UvepHOro usAydenus (T. e. sHeprus
M3AyYeHMs, cOzepraliascad B eAMHHMIe oObeMa BHyTPeHHeH
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4acTH TOAOCTH, lAXOAAIeHCs B TePMOJMHAMHYECKOM PAaBHO-
BECHHM), NPOMOPUHOHAADHA 4YeTBEPTOil CTeNeHH TeMIepaTyphl
no Keabsuny. 910 saron Crepana — Boabumana.

Heckoabko moase ¢ momomplo BecbMa OCTPOYMHOrO Me-
Toga Bum gokasaa, 4TO creKTpaAbHas HAOTHOCTb 3IHEPIHU
4ePHOTO H3AVHEHHS, C(OOTBeTCTBYyIOUlas JaHHOH  HaCTOTC,
ZoA:xHA 6BITD HPOTOPUHOHAAbHA NMPOH3Be eHHI0 Ky6a uacTOTb!
Ha HEKOTOPYIO (DYHKIIWIO, 3aBHCANIYIO TOABKO OT OTHOIUEHHS
YaCTOTHI K TeMIlepaType. SIBIbIH ke BHJ 3Toi (YHKIHH YCTa-
HOBHTb C NOMOIIbIO OAHMHX TOABKO TEPMOZHHAMHUECKHX METO-
aoB Buny, x coxanennio, He yzaroch.

3akounr Credana — Boabumana u Bura gapaau ouewns
HeHHble CBeAeHHA O (DYHKIUM CHEKTPAALHOTO paclipegereHH:
U IpekpacHo MOATBepAuAuCh 3cHepumentoM. QOgHaxo oMl
COBEPLIEEHO HHYEro He MOTAM CXa3aTb O KOHKPETHOM XapakK-
Tepe pacnpegerenus. B gaapmefimem cranro sicHo, 4TO C HO-
MOILBIO OJAHHMX TOABKO TePMOZHHAMHUYECKMX METOZOB HPOJBH-
HYTbCA ZaAbllle B 3TOM HalpaBAeHMM He yjaactca. Jlaa ompe-
JeAeHHs ABHOTO BHAa (DYHKUUM CNEKTPAaAbHOIO paclipeieAeHHs
Heo6xoauMO 6bIAO CJeAaTb KakHe-AHM60 KOHKPeTHble IIPeANOAO-
eHHS O XapaKTepe NMOTAOIUEHHA M HCMYCKaHUA HBAYUEHHS —
OTBaXKUTbCA NMOKMHYTb TBEPAYIO IIOYBY TePMOAMHAMHKH —
M BCTYIMTb Ha PUCKOBAHHbIH NyTb THIOTE3, KacaloMUXCH
ATOMHOH CTPYKTYPHI.

Ha nepsoiii Barasa sTo He TpyaHo 6bIA0 czeaaTh, MHO-
CKOABKY DAeKTPOAHHAMMKA, B HaCTHOCTH, B TOM BHZe, KOTOPbIH
npuzar eit Nopenu, zasara, Kasaroch, BIOAHe YZAOBAETBOPH-
TeAbHYIO MOJZeAb HPOLECCOB HMCHYCKAHHS U TOTAOLIEHHS HU3BAY-
venus . matepueit. OcTaBaroch AHMIb HCHOAB30BATb IOAYUEH-
Hble B 9AEKTPOHHOH TEOPHHM (POPMYABI U C MX MOMOLIBIO ONpe-
ZEAUTD TOUYHbIH 3aKOH CMNeKTPAABHOTO paclpejeAeHHs IAOT-
HOCTH 3HepTHH uepHoro usiyuvenus. Ho pesayabraT oxasanrcs
cosepuleHHO HeoxuzaHHbiM. Haklizennoe TakuM o6pasom
crnekTpaAbHOe pacnpezereHie (sakoH Panea) mpoTusopeunro
3KCITe PUMEHTY.

CoraacHo 3akoHy Pares chexkTpaAbHas NAOTHOCTb 3Hep-
TMH M3AYYeHHS JOAMHA MOHOTOHHO BO3PAacTaTb C YBEAHYCHHEM
4acTOThl. B To ke BpeMsa SKCHepHMEHT ONpeXeAeHHO YKa3biBaA
Ha TO, YTO C yBeAHYeHHeM YacCTOTbl ClleKTpaAbHas NMAOTHOCTDb
BHayale PacTeT, a 3aTeM, Ha4yMHasd C HEKOTOPOH 4acTOThHI,
COOTBETCTBYIOILel MaKCHMYMy IIAOTHOCTH, MNajgaeT, CTPeMSACh
K HYAIO, KOTJa 4YacTOTa CTPeMHTCA K 6GeckoHeuHocTH. Mmaue
rOBOPS, KPHBas CNEKTPAAbHOH ITAOTHOCTH SHEPTHH HMMeeT KO-
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Arokoroo6pasubii eua. Ilockoabky mo sakomy Pares crex-
TparbHas NAOTHOCTb OKasblBaAach MOHOTOHHO BO3pacTarolied
(PYHKIHMEH 4acTOThl, TO OTCI0A CAeJ0BaA, OYeBHAHO, aBCOAIOT-
HbId BDIBOJ: TMOAHasl MAOTHOCTb SHEPIHHM YEPHOTO H3AY4YeHHus
fIpyU BCceX TeMmepaTypax AOAMHa 6bITb 6eckoHewHOM!

[Toroxenue, croxmuBIIEeCs B pe3syAbTaTe STOTO PACXOMAE-
HUA MemAy TeopHeHd H DKCIePHMeHTOM, 6bIAO O4YeHb Cepbes-
HbIM, TaK KaK OHO CBHUZAETEAbBCTBOBAAO, U MHOTHe (DUBHKH ITO
CO3HaBaAH, O KaKOM-TO CYIIECTBEHHOM HeJOCTaTKe KAaccHue-
CKUX TEOpPHH, HENOCPEeACTBEHHBIM CAeACTBHEM KOTOPBIX ObIA
sakoH Paresa. Aerxko mokasato (/:xunc), uto sakon Panres
MOKHO MOAYYHTb TaK:Ke, MPUMeHsAa o6llMe METOABI KAacCHYe-
CKOHM CTATUCTHKH K COBOKYHHOCTH BOAH, 3aKAIOYEHHBIX BHYTPH
3aMKHYTOH moaocTH. Bce MONbITKH MOAYYHTb (QOPMYAY AAS
(YHKLIMH CHEeKTPAAbHOH NAOTHOCTH DHEPTHM 4EPHOTO H3AyYe-
HHSA, OTAMYHYIC OT PopMyAbi Panres M coraacyroomyiocs ¢ aKc-
IePUMEHTOM, OKOHUYHAMCDH HeyZayel. CTaro SCHO, UTO YCHEIUHO
pelIMTh NPOGAEMY H3BAYUEHHsi YEPHOTO TeAa MOKHO TOABKO,
€CAHM B HayKy o npupoze 6yZeT BBeZeH KaKOH-TO COBePIUEHHO
HOBbI B3TAsiZ Ha Bemil. UecTb 3TOro peBOAIOLHMOHHOrO Iuara
npunaarexur Maxcy ITranry.

[Trank Hauar cBoe HccAezOBaHHe, MPeACTABAASA BeLIECTBO
B BH/e COBOKYMHOCTH SA€KTPOHHBIX OCHHAASATOPOB, T. €. DAEK-
TPOHOB, KOAEOAIOLIHXCSI OKOAO CBOEro MOAOXKEeHHsl PaBHOBECHS
N04 JeHCTBMEM HEKOTOPOH CHADLI, MPOMOPLHOHAABHOH yZaAe-
HUIO OT moAoxeHus pasHosecuss. Ou mocrasua nepea coboil
3ajayy UCCAeJOBaHUs TENAOBOIO PAaBHOBECHs, yCTaHaBAHBAlO-
erocss B pesyAbTaTe o6MeHa sHepruedl Me:KAy OCLHAAATOPA-
MM M usryueHueM. Ilockorbky xapaxTep crexkTpaAbHOro pac-
npeleAeHys SHEPTHH PABHOBECHOIO M3AYUYEHHUs He AOAMEH 3a-
BHCETb OT NPHUPOZABI MATEPUAAbHBIX TeA, HaXOAAILUXCS BHYTPH
TIOAOCTH, TO NMOAYYEHHDIH NPH TaKOM PACCMOTPEHUH Pe3yAbTAT
AOAKeH HOCHTb obiumii xapaxtep. [lpumenss x atofi 3azaue
MeTOZbl KAaccHueckoli usuku, [Irank moayuma, ecrectBeHHe,
saxkon Panea. Ho, anarusupys noayuennbie pesyabraThi, yue-
HbIl 3aMeTHA, 4YTO HelpaBUABHOCTb 3akoHa Paaes omnpeze-
ASIeTCS CAMIIKOM GOABLIOH POABIO, KOTOPYIO B KAACCHUECKOH
KapTHHe oOMeHa HePrHeH MeXAY OCLUUAAATOPAMH H H3AYyYe-
HHeM HI'paloT BbBICOKOYACTOTHble OCHHAAATOPBL. B caMom zeae,
MMeHHO IpeyBeAHueHHasi POAb ob6MeHa 9Hepruell MexAy pas-
IIOBECHBIM M3AYYEHHEeM H MaTepHaAbHBIMH OCHHUAAATOPAMH C
BBICOKOH 4acTOTOH MNPHBOAMT K MOHOTOHHOMY BO3PACTAHHIO
CNIEKTPAABHOH NMAOTHOCTH C POCTOM YacCTOTbl W K HENPaBHAb-
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HbIM OKCIEPHMEHTAAbHbIM CAEACTBHAM HAM K AOTHYECKHM
abcypaaM, 0 KOTOPbIX Mbl YTTOMsIHYAH BBILIE.

[1ranky npumaa B roroBy reHMaAbHas MbICAb, YTO HYKHO
BBECTH B TEOPHIO HEKOTOPBIH HOBbIH DAEMEHT, COBEPLIEHHO,
pasyMeeTcs, UysSAbIH KAACCHYECKUM IIPEACTaBAEHHAM, KOTO-
PBIH  AOAZeH MOZAaBUTb 3HaueHHEe OCLHAAATOPOB BBICOKOI
YacTOTbl, ¥ OH BbIABMHYA 3HaMEHHUTDbIH MOCTYyAaT: BeIeCTBO
He MOKeT HMCHOYCKAaTb SHEPTHI0 H3AYYeHHS HHaue KaK KOHeu-
HBIMH HOPUHAMH, NPONOPUHOHAABHBIMH YacTOTEé ITOr0 H3AY-
genus. Kos(p@uuueHT NpPONOPLUHOHAABHOCTH MPH 3TOM €CThb
HeKoTopas yHHBepCaAbHas MOCTOSIHHAS, HMeIOWIasl Pa3MepPHOCTD
MeXaHHYeCKOTO AeHCTBUSA. DTO M eCTb 3HAMEHHMTas MOCTOSIHHAsA
ITranka A.

Beeas B urpy sty nmapaaokcaabsyio runoresy, Ilrank mno-
CTPOMA TEOPHIO TEIAOBOI'O PABHOBECHS M BbIBeA HOBBIH 3aKOH
pacnpefeAeHUs CMEKTPaAbHOM IAOTHOCTH SHEPTHH HYEPHOTO
M3AYy4eHHs, KOTOpbiit HOCUT ero umsi. IlockoAbky B mpeamoro-
xenusnx [IraHka HHUTO He MPOTHBOPEUHAO MPHUHLKIAM TEPMO-
AMHAMHMKH, TO TNOAY4YEeHHOe UM BbipakeHHe HaXOZHUAOCH B IIOA-
wom corracuu c¢ sakoHoM Cregpana u saxonom Buna. Hampo-
THB, OHO CYLIECTBEHHO OTAHHaroch oT (Qopmyant Pares,
COBMazasi ¢ Hefl TOAbKO B O6AACTH MaAbIX HacTOT M BbICOKHX
TeMIepaTyp.

ZJAst BBICOKHX YaCTOT M HMBKHX TeMIepaTyp 9TO BbipakeHHe
IIPHUBEAO K COBEPLIEHHO APYTMM pE3yAbTaTaM. OTO U NOHSAT-
Ho. [lpn Hu3KHX wacTOTax M BHICOKMX TeMmepaTypax B SHepre-
THYECKOM O06MeHe MexAy BelleCTBOM M HBAy4UeHHEM yHacTBYeT
60AbIIOE YHCAO OYEHb MAAEHbKHX NOPUHUH DHEPTHH, W TaKHUM
06pa3oM ¢ JOCTATOYHOH TOUHOCTBIO MOKHO HpeHeOpeub
AMCKPETHbIM XapaKTePOM H3MEHEHHS] DHEPTHH M CYMTaTb, YTO
OHa MeHsercs HenpepbiHo. Ilpu aToM noayuarorcs, pasymeer-
Csl, Pe3yAbTaThbl, IOAHOCTbIO COBMNAZAMOUIHE C KAACCHUYECKHMH.
B cayuae e BblcOKMX HaCTOT M HHUBKHMX TeMIepaTyp B o6MeHe
dHeprueH y4acTByeT HEOGOADIIOE YHCAO CPABHHTEAbHO GOADBIIHX
MOPUHI SHEPTHH M AMCKPETHOCTb HU3MEHEHHs DHEPTHMHM OKasbl-
BaeTcs CYLIeCTBEHHOM.

Takum o06pasoM, 3aKOH CINEKTPAaAbHOrO paclpezeAeHHA
ITranka nossorsieT ompeseAMTb 06AaCTb MPUMEHUMOCTH 3aKO-
Ha Panes, orpannuuBas ee MaAbIMH 3HAaUEHHAMH YacTOT U Bbl-
COKMMHM TeMmIepaTypamy. B o6racTn MarbiX TeMmepaTyp H Bbi-
COKHMX 4acTOT 3akoH PaAea okasbiBaeTcs HENPHUMEHHMbIM
1 Heob6XozuMo noAb3oBaTbhcs 3akoHoM [Inanka. B mpotusomo-
AOHOCTb 3aKkoHY Paaes, KOTOpblli NPUBOAMA K MOHOTOHHOMY
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POCTY CHEKTPAaAbHOH NAOTHOCTH JHePTMM YEPHOTO H3AY4YeHHS,
sakoH [Iranka yxasbiBaer, uTo criekTpaAbHasi MAOTHOCTb DHeP-
FMH BHaYaAe MOHOTOHHO PAacTeT C 4aCTOTOH, a 3aTeM, NPOHAA
yepes HEKOTOPbIH MaKCHMYM, MOHOTOHHO y6BIBaeT, CTPeMsChb
K HYAIO NPH HacTOTe, cTpeMsweiics k 6eckoHeuHocTH. Kpusas
H3MeHeHHUsl CIIeKTPAAbHOH NAOTHOCTH B 3aBHCHMOCTH OT 4Ya-~
CTOTBI HMMeEeT KOAOKOAOOOpas3HbIK BHZ, a NOAHAasA ITAOTHOCTb
SHEPTHH 4YePHOro U3AYUYEHMs, KaK AerKO [OKa3aTb, OKa3biBaeT-
csi KoHeuHO#. |akuMm o6pasoM, 6biAa paspellleHa OAHA M3
Cepbe3HeHINHX TPYAHOCTEH KAACCHYECKOH (PHBUKH.

Cpasuenue sakona [lnamka c pesyabTaTaMu aKcllepHMeH-
TOB, TOUHOCTb M 4HCAO KOTOPBIX HellpepblBHO BO3pPACTaAH, MO-
KasaAo, UTO MMeeTcsl [IOAHOe coraacHe TeopuH IlnaHka c ombl-
TOM, U HO3BOAHAO C GOABIION TOYHOCTHIO OMPEJEAHUTb YHCAEH-
Hoe 3HaueHMe mocTosiHHOM Ilnanka. Bripaxcennoe B 06b1uHO
HCIOAB3YEMbIX B (PU3HKe €ZWHHIAX, OHO OKa3aAOCh 4YpPE3BbI-
yaifiHo MaAo. 3aMeuaTeAbHO, YTO y2Ke IlepBOe 3HaueHHe ITOH
MOCTOSIHHOH, HaHJeHHOe W3 ONBITOB C 4YepPHBIM H3AyUeHHEM,
6b1A0 OllpesereHO ¢ 60AbLIOH TOUHOCTbIO. B zarbHefimemM 6b1A0
NOKa3aHO, YTO YHCAeHHce 3HaueHue noctosiHHoi [lranka mo-
#eT ObITh HaHAeHO ¢ [OMOWIbIO MHOTHX JAPYTHX BJKC-
nepumentos. Yl Bce aTM M3Mepenus, mpoBogMBIIHEcs CO BCe
60ADbIIell M GOABLIEH TOYHOCTDBIO, JaBaAM AAs NMOCTOAHHOH A
3HaueHHsl, o4eHb OAM3KMe K TeM, KOTopble ObIAH HaH/JeHb
ITrankom U3 onmbITOB ¢ PaBHOBECHBIM H3AYHUEHHEM.

B To Bpems, koraa Ilrank nanmcar cBon ocHoBHbIE pa6oTbI
N0 TEOPHH YEPHOTO M3BAYYEHHs, €r0 COBPEMEeHHHKH, BEPOSTHO,
ellle He OCO3HAaAH MOAHOCTHIO BCeH BaKHOCTH COBEPIIMBLIEHCH
PEBOAIOLHH.

Beenenne mnpeanromennoit Ilramxom rumoressi kasaroch
NPOCTO OCTPOYMHBIM MPHEMOM, TIO3BOASIIOLIAM YAYUYIUHMTb Teo-
PHIO MHTEPECHOrO, HO B O6LIEM-TO JAOBOABHO YACTHOFO SIBAE-
HHMsS, a OTHIOLb He BOCIPHHHMAAOCh XaK FeHHaAbHas MBICAb,
KOTOpasi AOA26HA TPHUBECTH K H3MEHEHHMIO OCHOBHBIX KOHLEI-
uuil kAaccuueckoit ¢usuxu. Ho mocremenno Baxuocty uzeit
ITranka cranoBuAach Bce 60Aee OUeBHAHOH. | €OPeTHKH CTaAH
NOHMMAaTb, YTO NMPEPbIBHOCTb, BHOCHMAasi T'MIIOTe30H KBaHTOB,
HECOBMECTHMA C OCHOBHBIMU IOAO:KEHHSIMH, AeKallUMH B OC-
HOBE KAACCHYECKOH (PM3HMKH, H TpebyeT UX MMOAHOrO NePecMoTpa
M MO2HO TOAbBKO BOCXHMIUATbCs FeHHaAbHocTbio Ilnanka, koTo-
PBIM, M3yyass YacTHOe (PHUBHYECKOe SIBAEHHE, OKA3aACi B CO-
CTOSITHMM yrazaTb OAMH M3 CaMblX OCHOBHBIX M HaHOGOAee 3ara-
ZOUYHDbIX 3aKOHOB NPHPOAbL. DoAee copoka AeT MPOWIAO CO AHA
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3TOr0 3aMeYaTEeAbHOrO OTKPDBITHA, HO Mbl BCe ellle ZAAeKH OT
NOAHOTO NMOHMMAaHHs 3HAaueHMs DTOTO 3aKOHA H BCEX €ro CAel-
creuii. Jeup, korza 6eiaa  BBezeHa 1ocTosiHHas IlaaHka,
OCTaHeTCsi OJAHOHW M3 CaMbIX 3aME€4aTeAbHBIX JaT B HCTOPHH
Pa3BUTHA YeAOBEUeCKOH MbICAH.

3. Paspurne runovesnt [laauka. Kpant aeiicteua

Ilpu nocrpoennu cBoeii Teopuu pPaBHOBECHOrO TEMAOBOTO
u3AyueHHs [[AaHK MCXOAMA U3 MPEANMOAO2EHHS, YTO BeILeCTBO
npescTaBAsieT COG0H COBOKYTMHOCTb DAEKTPOHHBIX OCLHAAATO-
POB, NPH MOCPeACTBE KOTOPBIX U MPOHCXOAUT O6MeH dHEPTHEf
Mex(4y MaTepHed U UBAyuYeHHeM. | aKoH OCLMAAATOP NMPeACcTaB-
AsIeT cO60M MAaTEPHAABHYIO TOUKY, VIEP:KHBAEMYIO OKOAO CBO-
€ro TMOAOXMSEHHS PaBHOBECHA CHAOH. BeAMuHHA 3TO CHADI
BO3PACTaeT MPOMOPLUHOHAABHO OTKAOHEHHIO OT IMOAOKEHHA
PaBHOBECHS, H OCLHAASITOP SIBASIETCS MeXaHHYeCKOH CHUCTEMOH.
XapakTepH3yeMOH OJZHMM CB0eo6Pa3sHbIM CBOHCTBOM.  OTO
CBOHCTBO 33aKAIOYaeTCsi B TOM, YTO YacTOTa KOAeOGaHHH OCLHA-
ASTOpa He 3aBHCUT  OT BEAHYMHDBI ero aMIAHUTY/bL.

Caeays Ilranky, onpeseAuM KBaHT dHeprHH OCIHAASTOPA
Kak BEAHYHHY, PaBHYIO IPOU3BeJEHHI0 YAaCTOThl ITOTO OCLHA-
ASITOpa Ha MOCTOSIHHYI0 /i, ¥ NpeaAnoAOXHM, 4TO NPH B3AHMO-
AeHCTBUH OCHUMAASTOPA C W3AYYEHHEM OH MOET TePsITb HAH
npHo6peTaTb DHEPTHIO TOABKO CKAYKOM, IpHYEM BeAHYHHA
3TOr0 CKayKa paBHA COOTBETCTBYNOWIeMY KkBaHTy sHepruu. Ho
B TaKOM BHZe THUIOTe3a KBAaHTOBaHHs DHEPrHH OKa3bI-
BaeTCs NPHMEHHMOI TOABKO B CAy4ae FapMOHHYECKHX OCLHA-~
asitopoB. JlelicTBHTeAbHO, B 06IEM CAVuae CHCTEMBI, YacTOTa
KoAe6aHHIl KOTOPOH He MOCTOSIHHA, a 3aBHCHT OT aMIIAHTYZAbI
KoAebaHHH. BBeJeHHOe OlpeleAeHHe KBAaHTAa DHePTHH
CTAaHOBUTCS HeoZHO3HAYHbIM. |[AaHK HoHMMaA Heo6X0AMMOCTb
zatp 60ree 06LIYID (POPMYAHPOBKY MPHHLUHINA KBaHTOBaHHA,
NPUMEHHUMYIO K AIOOBIM MeXaHHYeCKHMM CHCTEMaM H COBNazjaro-
LIYI0O B YaCTHOM CAY4ae rapMOHHYECKOTO OCLHAASTOPA C MPH-
Begennoii Bbime. OH paccyszgar caexyiomum obpasom. [lo-
CKOAbKY MOCTOSIHHAsi UMeeT Pa3sMePHOCTb JAENCTBHHA, T. €. pas-
MEPHOCTb IPOU3BeIEHHs] DHEPTHH HA BpPeMsA HAHM KOAHYeCTBa
/ABH?<€HMsA Ha NyTh, TO ee MOXKHO pacCMaTpHBAaTb KaK ?dAe-
MeHTapHoe KOAHYECTBO AeHCTBMS, CBOEro poAa eLHHMUY zel-
cTBHsL B aToMHoM Mupe. PaccMoTpum Telepb MeXaHHYeCKYIO
CHCTeMYy, COBepUIaloLIyi0 MepHOZHYECKOe JBHKEHHe H Xapax-
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TePH3YeMYyI0 TOABKO OZHOH IepeMeHHOHW, CKaxXeM, CHCTeMY,
COCTOSILLYIO M3 OZHOM YaCTULbI, COBepLIAIOIUEH MepHOLHYECKOE
ABUMeHHe BAOAb HeKoTopoil mpsvoH. Jlas Takoit cucTeMEl
MOKHO BLIYHCAMTb HHTerpar zaeiictBus no Moneprion, xoro-
pPBIH  COBMAZaeT C HHTETPAAOM JeHCTBMs, (DUIYPHPYIOIIHM
B NPHHUHIe HAUMEHDIIEro AeHCTBHs, B3STbIM [0 IIOAHOMY IT€-
PHOZY JBMKEHHS.

dra BeAMUMHA SBASETCS OIpeAeAeHHOH XapaKTepHCTHKOi
MepHOAUYECKOTO ABH:KeHHs. |pebys, uTO6bI OHa paBHIAACD
NPOW3BEEHHIO LIeAOT0 YHCAa Ha mocToaHHyio [lnaHka, moay-
YaeM HOBYI0 (POPMYAMPOBKY NPHUHUHIA KBaHTOBaHHA, IpHMe-
HHUMYI0 K AI060OMY OJHOMEPHOMY MEePHOZHYECKOMY J[BHKEHHIO.
J\EFKO }'66,’.[!41"])(15[, 4YTO B YaCTHOM CAYyae TapMOHHYECKOTV
OCHHAASITOPA TOT HOBbIH NMPHHUMN IOAHOCTbIO DKBHBAAEHTEH
npe:HeMy NPUHIMIY KBAHTOBaHHS 3Hepruu. Urobpl mpuaaTth
NPHHUMIY KBaHTOBaHMs 6oree obwyw dopmy, [[ranky mpum-
AOCb OTKa3aTbCsl OT nepsouaqubHoi’i TUIIOTE3bl KBaHTOBaHMA
9HEPrMM U 3aMeHHTb ee¢ [MINOTE30H O KBAHTOBAHHH AeHCTBHSA.

To, uto B 0bwei (OpPMY AMPOBKe MPUILHIA KBAHTOBAHUS
(UrypupyeT HMMeHHO JAeHCTBHe, OBIAO OZHOBPEMEHHO M ecTe-
CTBENHbIM, H HECKOAbKO CTPaHHbIM. F.CTeCTBEHHEIM noTomy,
YTO 3Ta BEAMYHHA HUIPaeT CYLIeCTBEHHYIO pOAb BO Bceil
aHAAHTHYeCKOW MeXaHMKe COTAacHO NpHHUHNY | aMuAbTOHa
M OPUHIUNY HaUMeHbLIEro AeHCTBUs. IJTO B CBOIO OYepelb
NpHBEAO K TOMy, 4TO Becb aNmnapaT aHAaAMTHYECKOH Me-
XaHHUKHI Kak 6bl yae 6bIA TOTOB BOCHPHHATD HOBBIH
npunnun ksaHtosaHus. CTpaHHBIM KBaHTOBaHHE HMEeHHO JeH-
CTBHSL Ka3aAOCb NOTOMY, YTO C YHCTO (PMBMYECKOH TOUKH 3pe-
HHS TPYAHO 6BIAO TIOHATb, KAK Takasd BeAMYHHA, KaK AeHCTBHE,
HoCsLIasi ZOBOABHO abGCTPAKTHBIN XapakTep H He YyAOBAETBO-
pAOLAasi HEeNOCPEeACTBEHHC HHKAKMM 3aKOHaAM  COXpaHeHHs,
MOKeT INPeACTaBAATb COOOH XapaxTEePUCTHKY  AUCKPETHOCTH
NPOLECCOB aTOMHOro MHPA.

JeficTBue Bcerza BbipazkaeTcsl B BHAe IQOM3BeAeHHA HEKO-
TOPbIX BEAMYHMH, MMEIOLIMX reOMeTPHUECKYI NPHPOAY, Ha CO-
CTBETCTBYIOIIME BeAMYMHbI, UMEIOUIHe JHHAMHYECKYIO IPUPOAY.
[lapbt 3THXx BeAmunlH 06pasyiOT B aHAAUTHUECKOH MEXaHHKE
KaHOHHYECKH COMPSeHHbIe NepcMeHHble. | aK, uuTerpaa, Qu-
rypHPYIOIIKH B MPHHIMNE HauMeHbpwero aeiicteus MonepTion,
eCTb KPHUBOAMHEHHbIH MHTErpaA OT KOAHYECTBA /[BH2KEHHA
BAOAb Tpaektopuu. M cBoero poza auckpeTHOCTb AEHCTBH,
BblpaxkaeMasi BBeAcHMeM MNocTosiHHoM Ilranka, ykasbiBaer Ha
HaAHuMe OINpeJeAeHHON B3aHMOCBA3H MexkJAy MPOCTPAHCTBOM
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H BpeMeHeM, C OZHOH CTOPOHDBI, © JUHAMHYECKHMH SBACHUAMH,
KOTOpble Mbl MNbITAEMCS AOKaAM30BaTbh B 3TOM I[POCTPAHCTBE
H BpeMeHM, C APYyrod. JTa B3aUMOCBA3b HOCHT COBepPLIEHHO
HOBbIH XaparTep, aGCOAIOTHO 4YyKADbIH KOHIENMIUSAM KAACCH-
ueckoit pusuku. M B aToM 3akAlOuaeTcs ray6okoe H peBOAIO-
LHOHHOEe 3HaueHHe HJeH, NOAOkeHHBIX IIraHKOM B OCHOBY
TCOPUM PABHOBECHOTO M3AYYEHHS YEPHOTO TeAa.

[Trank McxoaMA M3 NMpeaNCAOHeHMA, YTO BEUIECTBO MOKET
HCIycKaTb M3BAYYeHHe He HeNpepbiBHO, a TOABKO OTZAEAbHBIMH
KOHEYHbIMH MOPUUAMH. JTO, OAHAKO, He BAedeT 3a co60i 0AHO-
3HAYHOTO NPEANOAOMKEHHSI O LHUCKPETHOCTH CTPYKTYPbl H3AY-
venusi. MoxHO NOCTPOMTH 1Be pa3AMYHble TEOPHH, MOKOS-
IIxecsi Ha ABYX HPOTHBOMOAOMKHDBIX TPEANOAOXKEHUSAX OTHOCH-
TEAbHO XapaKTepa IIOTAOLIEHHS M3AYUeHHs BelllecTBOM. B
OCHOBe MNEPBOH, NOKaAYH, 6HOAee MOCAeIOBATeAbHOH H 3aBOEBaB-
Hied BIIOCAEACTBHHM Bceobllee IpPU3HaHUE, AEXKHT IMPeAIOAO-
2KeHHe O TOM, UTO IAEMEHTb! BEUIeCTBA, HANpPHUMep DAEKTPOH-
Hble OCUMAASITOPbI, MOTYT HAXOAWTbCA TOAbKO B TaKHX
COCTOSIHHAX [BHeHUs, KOTOPbIE COOTBETCTBYIOT KBaHTOBAaH-~
HbIM 3HauyeHusaM sHeprud. OTcl0za HemocpesCTBEHHO CAEAYET,
4TO Kak MCIyCKaHWe, TaK M IOTAOUIEHHE M3BAYUYEHHs MOKET
NPOUCXOAHUTb TOABKO AHMCKPETHO OTAEAbHBIMH MOPUHSIMH, UAH
KBaHTaMH. JTO B CBOIO ouepeib HEOOXOZMMO BA€UET 3a CO-
60 yTBep:KAeHHEe O JAHCKPETHOCTH CTPYKTYypPbl H3AYUEHHs.

CMyluIeHHDbIHT STHM HEeMOHSATHBIM CAeJCTBHEM CBOMX CO6-
cTBeHHbIX wnzael, [lramk goAroe BpeMss mbiTarcs pasBUBATD
LpYyrylo, MeHee paguKaAbHYI0O (OPMy KBAHTOBOH TEOPHH, B
KOTOPOH TOAbBKO HCIYCKAHHE H3AYYEHHS HOCHAO JHUCKPETHBIH
XapaKkTep, a MOTAOILEHHEe OCTaBaAOCh HelpepbiBHbiM. CuuTa-
AOCb, UTO BellleCTBO MO2KeT HEMNPEPBIBHO MOTrAOILATH NaZjaroLiee
Ha Hero M3AydeHHe, HO HCIIYCKATb €I'0 OHO MOKeT AHIIb AHC-
KPETHO, OTAEAbHbIMH KBaHTaMH. /\eTrko MOHATb IeAb, KOTOPYIO
Tiraux npecaegoBar. OH crTapaAcs 3alIMTHTD M COXPAHUTD
npe:kHee NpejcTaBAeHHE O HENPEPBIBHOH NMPHPOJE UBAYUYEHHS,
MOCKOABKY Ka3aAoCb, YTO TOABKO B TOM CAydae KBAaHTOBasf
Teopusi He 6yZeT NMPOTHBOPEUHTh BOAHOBOH TeopHH, Hallejlliei
HeOZHOKpaTHble NMOATBEPXKAEHHs B MHOTOYHCAEHHBIX M BeCbMa
TOYHBIX DKCHEPUMEHTAX.

Oanako HecMOTPsi Ha BCIO H306peTaTeAbHOCTb, BAOZEH-
uyio IlrankomM B passuTHe 2TO#Ht (PopMbl KBAHTOBOH TEOPHH,
oHa 6blaa OMPOBEPTHYTAa JAAbHEHIIHM XOZOM (HM3HUKHM H, B
4aCTHOCTH, DHHIITEHHOBBIM 06bsicHeHHeM QoTod(pPdekTa U yC-
nexom Teopuu atoma bopa.
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4. Qoroarexrpitueckuiit 3dekT U AUCKpeTHasA
npupoja cBeTa

OrTkpbiTHe sBAeHHUST (QOTOI(P(EKTa M ero JarbHeiimee
H3yueHHe NPUHECAO (PU3BHKAM MHOro HeoxugaHHoro. CymHocTb
poToapPeKTa COCTOMT B MCIYyCKAHMHM BeLIeCTBOM  OBICTPBIX
SAEKTPOHOB M0/ BO3JeHCTBHEM JOCTAaTOYHO KOPOTKOBOAHOBOTO
M3Ay4YeHHs, MajaloLlero Ha »To BemecTBO. |lpu 3TOM oKasbl-
BaeTCsA, M 3TO OUeHb CYLIECTBEHHO, 4TO dHePrHA MCIyCKaeMbIX
AEKTPOHOB COBEPIIEHHO He 3aBHCHT OT MHTeHCHBHOCTH IOTAO-
IaeMOro H3AY4YeHHs, a OINpeJZeAsieTcss TOAbBKO €ro 4acTOTOH
U cBoiicTBaMH camoro BeilecTBa. OT MHTeHCHBHOCTH H3AYde-
HHS 3aBHCHT TOABKO MOAHOE YHCAO HCIYCKAeMbIX SAEKTPOHOB.
IJTHM NPOCTbIM IMIHPHUECKMM B3aKOHAM O0Ka3aAoCh OYeHD
TPYAHO JZaTb YZAOBAETBOOHTEAbHOE TeEOpETHUECKOe Ob6DbACHE-
uue. B wacTHocTH, 60AbIIMe TPYZHOCTH BCTPETHAM Ha CBOEM
GYTH TONMBITKM OGDACHUTb IAEMEHTAapPHBIH MeXaHM3M BBICBO-
60:4eHHST (POTODAEKTPHUUECKOTO 3AEKTPOHA, HAH, Kak ceHuac
TIPUHSATO TOBOPUTD, POTOIAEKTPOHA.

JeiicTBuTEADHO, BOAHOBas Teopus cBeTa, kotopasa k 1900 r.
KasaArach COBepUIeHHO G6Ge3yMNpeyHOH M HEOCIOPHUMOM, MPUBO-
AMAQ K [PEACTaBAEHHIO O PABHOMEPHOM paclpeeAeHHH SHep-
TMM U3AY4YeHHsi B cBeToBOH BoaHe. [lagas Ha sAekTpoH, cBETO-
Basg BOAHA HENpPepbIBHO NepesaeT eMy SHEePTHIO, IpUUYEM KOAHM-
4eCTBO PHEPTHH, OAYYEHHOH DSAEKTPOHOM B eJHHHIY BPEMEHH,
HalpuMep B CeKYHAY, COTAACHO BOAHOBOH TEOPHH ZOAXKHO
6bITb NPONOPIHOHAADHO HHTEHCHBHOCTH Najalolled Ha HEro
BoAHbL. [loaToMy 06DbACHMTL 3akoHBI (GoTOd(deKTa Kas3aroCh
O4YeHb TPYZAHO.

B 1905 r. Diinmrelin BbIcKasaA 3aMeYaTEABHYIO MbICAD
0 TOM, 4YTO (POTODACKTPHUYECKHH 3(P(eKT yKasbiBaeT Ha JAH-
CKPETHOE CTPOEeHHE CBeTa, CBA3aHHOE C CYUIeCTBOBAaHHEM KBaH-
tos. [lepsonauanbuo runoresa IIranka B ee naunbonree cmerokt
(opMe COCTOAAA B TNPEANOAONKEHHH, YTO BEIIECTBO MOZKET
NOTAOLATh DHEPTHI0O M3AYUEHHS TOABKO KOHEUHBIMH IOPLHs-
MH, [PONOPIHOHAADHBIMH HacTOTe. YCMeX IAAHKOBOH TeopHH
UepHOrO U3AYUeHHs NOATBEPAHA CIIPABEAAMBOCTb DTOH THIIO-
tesbl. Ho ecAu aTa rumoresa sepHa, To NpeAcTaBASETCA BIOA-
He BEpPOATHDbIM, YTO AMCKPETHas TNPUPOJA CBeTa, MPOABAAIO-
Wasics B MOMEHTbl MOTAOLIEHHMS M HCIyCKaHHUS, ZOAKHA CO-
XPaHATbCA TaK:Ke M B OCTaAbHble NPOMEXNKYTOUHbIE MOMEHTBI
BPEMeHH, T. €. TOrJa, KOTrJa M3AyueHHe CBOGOZHO PacIpOCTpa-
HSeTCS B MPOCTPAHCTBe.
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DHHmTeHH ZOMyCTHA, 4TO A060e MOHOXpPOMAaTHUYECKOEe W3-
AydeHHe COCTOMT M3 COBOKYMHOCTH KBaHTOB, NPHUYEM DHEPTUT
RazxZ0ro KBaHTa MNPONOPUHOHAAbHa 4YacToTe, a KO3(P@PHIUIHEHT
[POMOPUHMOHAABHOCTH  paBeH,  pPAa3yMeeTcs, MOCTOSHHOH
[Iranka. DTo no3BOAMAO Aerko O6BACHMTD 3aKOHBI (POTO-
spdexta. B camom aene, sArexTpoH, Haxogsmmiics BHYTPH
BellleCTBa, MOTAOLIasi KBAaHT CBeTa, AHOO TOKHHET BellleCTBO,
Aub0 ocTaHeTcs ‘BHYTpHM Hero. Bce 3aBmcut oT TOro, npe-
BbilllaeT AM DHEPrHsl CBETOBOro KBaHTa paboTy, KOTOPYylO Ha-
A0 COBEPUIKTb IAEKTPOHY, 4TOObI MOKWHYTH BEILECTBO, T. €.
KaK rosepiT, paboTy Bbixoga. CaezoBaTeAbHO, KHHeTHUECKAs
9HepPrus BbHIOUTOTO dAeKTpOHA OyaeT paBHa DHEPTHH MOTAO-
IIEHHOTO CBETOBOTO KBaHTa MUHYyC paboTa BbIXoZa.

Taxkum o6pasom, kMHeTHYeCKAash SHEPTHA  HCHYCKAEMBIX
JAEKTPOHOB JOA2¢HA O6bITh "MHEHHOH (YHKUHMEH 4acTOTbl MHa-
ZAIOIIEro H3AyHUeHHs,, a KO(PPUUHEHT NPOMOPUHUOHAABHOCTH
YHCAEHHO ZOAkeH ObITb paBen mocTosiHHoi Ilnamka. Bce atu
BBIBOAbl OKa3aAMCb B INPEKPACHOM COOTBETCTBHH C ONBITOM.
Hccrenosanus saBucumocTu (hoTodd@eKTa OT 4YacTOTHI maza-
IOLIETO CBETa [OKA3bIBAIOT, YTO (POTOIAEKTPOHBI BO3HHKAIOT
AHUIb TOTZa, KOTZAa 4YacTOTAa HAYHHAET NPEBBILIATb HEKOTOPOE
3Ha4YeHHe: nopor poroaddekra.

B o6ractu wacToT, mpeBbImaONIMX MOPOTOBOE 3HAUEHHE,
KHMHETHYeCKasi JHePrvsi DAEKTPOHOB C OGOAbLIOH TOYHOCTBIO
OKa3bIBaeTCsl AMHEAHOH (YHKUHEH uacTOThl Majalollero cae-
ta. MiaMepenus Tamremca yraa HakAOHa KPUBOH, NPeACTaBAA-
IOLIed 3aBHCHUMOCTb 9HEPTrWH (OTODAEKTPOHOB OT YaCTOTHI,
MOKa3aAH, YTO OH HYHCAeHHO paBeH mnocTosHHoM [laanka. C
TOYKH BPEeHHs] BBIABUHYTON JHHIITEHHOM TMIOTe3bl HHTEHCHB-
HOCTb NAaJalolero CBETa OMNpPeAeAseTCsl, eCTeCTBEHHO, YHCAOM
CBETOBBIX KBaHTOB, MajalolIUX B CEKyHZY Ha OZMH KBajpar-
HbIl caHTHMeTp ocBeiaeMoll mnosepxuocTH. CaezoBaTeAbHO,
YHUCAO (POTOIAEKTPOHOE, MCNYCKaeMbIX eAMHHILEH MOBECPXHOCTH
B eAMHULY BPEeMeHH, AOA2KHO ObITb NMPONOPLUHOHAADHO HHTEH-
CHBHOCTH OCBeLIeHHS.

Taxoso 6bir0 06DbsicHEHHe 3aKOHOB (POTOIPPEKTa, MPELAO-
aennoe Jitnmreiitnom B8 1905 r. Aty Teopuro on HazBaA KBaH-
ToBOH Teopueli cBera. B HacToslmee BpeMs KBaHTbI cBeTa Ha-
3bIBAIOTCS (POTOHAMHM M ITI0O9TOMY TeopHsi DHHIITEHHA IOAY-
4YHAa Ha3BaHHe (POTOHHOH Teopuu. B TeueHue mocreayromux
TPHUAUATH AeT CYLUeCTBOBatiMe (POTOHOB ObBIAO HeOZHOKPATHO
noATBep:xJeHo MHoruMu omnitamu. OnbiTel no GoroadderTy,
NPOBOZMBIIHECS CO BCe BO3pacTalolied TOYHOCTHIO, He TOAbKU
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CO CBETOM, HO TAKKe C PEHTreHOBCKMMH AydYaMH M Y-AY4aMH,
HOATBEePAHAN CIIPABEJAHBOCTb NMOAOXKEHHH, BbIZBHHYTbIX DUH-
IITeHOM, 1M pa3BUTOH MM (ioTOHHOH Teopuu. Ilockorbky ua-
CTOTDbI, COOTBETCTBYIOLLHE QPEHTTeHOBCKWM M Y-AydaM, CHABHO
IPEBBIAKT YacTOTy BHJIMMOIO CBeTa, TO H DHEPTHs COOT-
BETCTBYIOIMX KBAHTOB MHOrO GOAbllle PHePTHH (OTOHOB.

Takum o6pasoM, TH AVYH OKa3bIBalOTCSA  CIOCOGHBIMIL
BBIPHIBATb He TOABKO cAaGo CBsA3aHHble IAeKTPOHbI, HAXOZs-
LIHecsi B NOBEPXHOCTHOM CAOe BeWIeCTBa, HO TaK:e H BHYT-
peHHHe DAEKTPOHBI, TPOYHO CBsizaHHblE C siAPAaMH aTOMOB.
IMockoAabky u3yueHMe CIEKTPOB PEHTIEHOBCKHMX AyueH MO3BO-
ASIET O4YeHb TOYHO OMNpeseAHuTb paboTy, HeOOXOAHMYIO A
BBIPbIBAHHS KaKOro-AMO60 BHYTPEHHEr0 BAEKTPOHA AaHHOTO
4aTOMa, TO M3MEPEeHUs C PEHTIEHOBCKUMH AY4aMH HO3BOASIOT
HalTH PaboTy BHIXOJAa C OTHOCHMTEABHOH TOYHOCTBIO, Fopasfo
60AbIell, yeM B cAyudae OnHIToB co cBetoM. CaezoBaTeAbHO,
DKCMEPHUMEHTbl C PEHTI€HOBCKMMH AY4aMH H Y-Ay4aMH IOCAY-
MKUAHM ellle OZHOM Cepbe3HOH MPOBEPKOH NPABUABHOCTH Teo-
pPeTHUYECKHX [OAOeHHR DunmrteiiHa. Hx 6iecTsamee skcnepH-
MEHTaAbHOe MOATBEPXKAEHHE SIBUAOCh BECKMM [AOBOAOM B IOAb-
3y KOPNYCKYASIpHOH TEOPUM CBeTa.

Ortkpoitne B 1923 r. eme oanoro sABAeHHS Jarw HOBbIE
LOKa3aTeAbCTBa CylIeCTBOBaHHMS (poToHOB. Vbl uMeeM B BHAY
apdext Komnroma. MssecTHo, uTo npu nagenum usrydenus
Ha HEKOTOpPOE MAaTEPHAAbHOE TEAO YacTh DHEPTrHH H3AyUeHUs
pacceMBaeTCsi BC BCEX HANPABAEGHHUSX B BHUJe PACCESHHOIO H3-
AYUYEHHS.

OAEKTPOMATHHTHAsi TeOpHs O0ODBACHAAA 3TO SABAEHHE CAe-
ayomum obpasom. [loa zelicTBueM aAekTpHUECKOro MOAs TMa-
Zalooledl BOAHBI DAEKTPOHDI, BXOAsIIUHE B COCTAB MaTePHAAb-
HbiX TeA, HayHHAlOT KoAeGaTbcs M, H3Aydasi, OKasblBalOTCSH,
TakuM 06pa30oM, IAeMEHTAaPHBIMM MCTOYHHKAMH BTOPHYHDIX
c(hepHUYeCKHX BOAH, PAcCHPOCTPAHSIOIUMXCSA BO BCEX HalpaBie-
HUSAX M TPHUBOASILUHUX K IepepaclpefeAeHUI0 DHePrHH Najaro-
weit BoAnbn. CoraacHo 3ToMy, ecAM NepBHUHas BOAHAa OblAa
MOHOXPOMAaTHYECKOH, TO M PACCEIHHOE HBAYYEHHE JOAMHO
6bITh MOHOXPOMAaTHYECKHMM M 06AajaTh 4YacTOTOH, B TOYHO-
CTH paBHOH YacTOTe NMEPBHYHOH BOAHBL. B TeueHue BecbMa
AAMTEABHOTO BPEMEHH Ka3aA0Chb, 4YTO  IAEKTPOMarHHTHas
TeOpUsl MPeKPacHo oO'bsCHAeT He TOABKO paccesHHe CBeTa
MaTepHaAbHbIMM TeAaMH, HO TaKzke M paccessHHe PEHTTEeHOB-
CKHMX Ay4yeH. 3akoHbI paccesHHs, TIpelCKa3biBaeMble DTOIl
TeOPHEH, NOATBEPKAAAUCHD C OOABIUIOW CTENEHbIO TOYHOCTH.
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Ho 6oaee Tmarerbnoe usyuenue storo sonpoca nokasano, uTo
B ONDITAX IO PACCeAHHUIO PEHTTEeHOBCKMX AYyueH HapsAy C M3-
Ayd4eHHEM OCHOBHOH 4aCTOTbl MMeeTCS Takke KOMIOHEHTa H3-
AY4eHHsI C YacTOTOH, HECKOAbKO MeHbLIEH, ueM wHacToTa IHa-
ZAIOIIET0 H3AydYeHHS — (AKT COBepPIIEHHO HeOODbACHHMDIH C
KAACCHYeCKOH TOYKH 3peHHsl. DTO ABAeHHE OBIAO YCTaHOBAE-
HO aMepHKaHcKuM QusnkoM KommrToHoM, KOTOPBI He TOABKO
C JOCTOBEPHOCTbIO [0Ka3aA CyIIeCTBOBAHHE DTOTO HOBOTO
d((deKTa, HO Tarxe THIATEAbHO M3YYMA 3aKOHBI ITOTO SBAe-
HUSA W TpesAOxHUA ero obbsicHenue. Hamboree xapaxTepHoil
0cofeHHOCTPIO OTKPbITOro KoMmnToHOM siBAeHHsA 6bira 3aBH-
CHMOCTb YacTOTBHI PAcCesTHHOTO M3AYYEHMs OT yrAa pacces-
HHsl M He3aBHCHMOCTb ee OT NPHPOJbI PACCEHBAIOMIETO TeAa.
Komnron u moutu B To e Bpemsa Jle6ait ykasaim, uto Bce
OCHOBHBIE OCOGEHHOCTH 3TOTO HOBOTO SABAEHHS MOTYT OBITH
06DBSICHEHDI, €CAH  PAacCMAaTPHBAaTb B3aHMOAEHCTBHe MEHKAY
9AEKTPOHOM H DAEKTPOMarHMTHOH BOAHOH Kak cOyZJapeHHe
3AeKTPOHA C NajaloOIIMM KBAaHTOM H3AYHYEHHs, HAH (QOTOHOM.

MOMEHT COyZAapeHHsl MeMAy DAeKTPOHOM M NePBHYHDLIM
(OTOHOM NPOUCXOAUT OO6MeH 3HeprHell M MMIyAbcOM, a IO-
CKOADKY DAEKTPOH IOYTH BCETAa MOXKHO CUHTATb HEMOABHIK-
HBIM 10 CPaBHEHHMIO C (GOTOHOM, TO B pe3yAbTaTe TaKOIo CO-
yAapeHUs DAEKTPOH NpPHOGPETaeT, a (POTOH TepsieT IHEPTHIC.
Tak kak wactoTa, COOTBeTCTBYIOWass (OTOHY, NPOMNOPLHO-
HaAbHA ero dHepPTHH, TO MOCAe COYZapeHHs OH AoAsseH obia-
ZaTh MeHbLIeH 4aCTOTOH, UeM A0 COYAapPEHHUS.

Beaukorenno coraacylomiascs ¢ 9KCHePUMEHTAAbHBIMI
AaHHbIMH TeopHusa dPdekTa Komnrona upe3BblUallHO NPOCTa H
MO3BOASIET, MCIOAb3YS AHMLIb 3aKOHB! COXPAaHEHHs HMMIIyAbca
M BHEPTUH, TOUHO ONPEAEAMTb 3aBHCHMOCTD YaCTOThI PACCEsH-
HOro ()0ToHa OT yrAa paccesaHus. [HesaBHcuMocTb wacTOTBI
paCCeSHHOTO M3AYUEHHS OT MPHPOAbI PACCENBAIOLIEro  TeAa
ob6bsicHseTcs sieMeHTapHo. JelicTBHUTeAbHO, B akTe pacces-
HHS y4aCTBYIOT AHLIb NMazZaiolxe GOTOHbI M DAEKTPOHBI, CBOH-
CTBa KOTOPBIX COBEPLIEHHO He 3ABHMCAT OT KOHKPETHOH MpH-
pOAbI BelIeCTBa, B COCTAB KOTOPOIO OHHM BXOZASAT.

Teopus Komnrona — Zle6as Tak npocto u ussmHo 06bsc-
HMAAQ Hau6oAee CYILECTBEeHHble OCOGEHHOCTH KOMIITOHOBCKOTO
paccestHHs, YTO Cpa3y CTaAa elle OAHHUM OAeCTAIUHM JAOKasa-
TeAbCTBOM CIPaBeZAMBOCTH (HOTOHHOH TEOPHH CBETA.

B kauecTse eme oaHOro moATBepAsAeHUS (POTOHHOH TEOPHH
MO2$HO yKkasaTb, Hampumep, Ha ap@ekt PamaHa, OTKPBITHIH
Hemuoro nosxe spdexra Komnrona. dpdext Pamana 3akrio-
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yaeTcsl B H3MeHeHHHM YacTOTBI PACCESIHHOTO H3Ay4eHHsi B 06-
AaCTH BHAHMOTO CBeTa. BarkHoe oTAmuMe >Toro sddekra OT
aP@deKTa Komnrona cocrour B Tom, uTo B 3TOM cAyuae ua-
CTOTa PACCESIHHOTO CBeTa CYIIECTBEHHO 3aBHUCHUT OT NPHPOADI
pacceuBaioliero Tera. Kpome Toro, paccesHue CcONnpoBOAK-
naeTcs Tak:e U yBeanueHueM uacToThl. OZHaKO HHTEHCHBHOCTD
paccessHHOro cBeTa ¢ OOAbIIEH 4YacTOTOHW ropasio chabee HH-
TEeHCHUBHOCTH CBeTa, PACCeHBAEMOr0o C yMeHbIUIEeHHEM 4acTOThI.
Motonnas Teopus oueHbp Xopomro 06bACHMAA BCe XapaKTep-
Hble 0COGEHHOCTH ITOTO ABAEHHs M ZaAa MPocToe 06bIACHEHHE
Jaxke TpPeo6AAZaHMIO paCCesTHMsl ¢ yMeHbIUIeHHEM YacCTOTbI
HaJ paccessHHEM C YBEeAHYEHHEM YacTOThl, YTO G6GbBIAO COBeEp-
HIeHHO He NMOA CHAY KAAQCCHYECKHM TEOPHSIM.

Kopoue rosops, sa Tpuaumato Aer coero cyllecTBoBaHHs
runoTesa o AMCKPETHOCTH HMPHPOADLI CBETa OKA3aAaCh HACTOAb-
KO NAOZOTBOPHOH, YTO B HACTOsILLEE BPEMsI yxe HE OCTaeTcCH
comHuenuit B ee zocroBepHoctd. OHa OTKphIBaeT HOBYIO Cylle-
CTBEHHYIO CTOPOHY (pusHueckoil pearbHocTH. Ho ara runortesa
BCTpPe4YaeT Ha CBOeM IYTH TaKxkKe TPYAHOCTH W BbI3bIBAET
BO3pax<€HHsl, BOBHMKIIHE elle BO BPeMeHa IHepPBbIX paboT
diinTelina N0 KBAHTOBOH TEOPUH CBeTa.

[lpexszae Bcero Bo3HMKaeT Bompoc, Kak COBMECTHUTb AH-
CKPETHOCTb CTPYKTYPbI CBETa C BOAHOBOH  TeOPHEH, CTOAD
HEOCIIOPHMO MOJATBEPXKJEHHOH MHOTMMM TOYHBIMHM JKCIEpH-
mentamu? Kak cosmecTuTp Memay coboit  cyliecTBOBaHHE
HeZeAHMOTO KBAaHTa CBeTa H sIBAeHHA MHTep(epeHuuu? B ua-
CTHOCTH, Kak nokasaA J\opeHI, HEBO3BMOXKHO ONPEAEAHTb pas-
pelraomyo CIoco6HOCTb ONTHYECKHX HMHCTPyMeHTOB (Hampu-
Mep, TeAeCKONa), HCXOAS M3 IPEANOAONKEHHS O KOHLEHTPaLHH
CBETOBOH dHepPrMM B (POTOHAX, AOKAaAMBOBAHHBIX B MPOCTPaH-
crBe. A Kak 06bACHUTD C TOUKH 3peHUsT (POTOHHOH TEOPHUH Te
Ke ABAEHHUSA UHTep(epeHLIHH ?

Koneuno, mMoxuo 6b1A0 6bl MPesMOAOKHTb, UTO SIBAEHHT
HHTep(epeHUMH CBA3aHbl C B3aUMOJEHCTBHEM OOABIIOrO YHC-
Aa (DOTOHOB, OJZHOBPEMEHHO ydacTByloIMX B mNpouecce. Ho
TOTZa HHTep(epeHLHOHHbIE SIBAEHHS AOAXHBI ObIAHM Obl 3aBH-~
CeTb OT MHTEHCHBHOCTH CBETa M B CAydae AOCTaTOYHO MaAroi
MHTEHCUBHOCTH, KOrga B HHTep(epeHUHOHHbIH mNpubop
nonazaeT OZHOBpeMeHHO He 60oAee OZHOTro (poTOHA, BOoBCe ObI
OTCYTCTBOBaAHM. |aKoil dKCIepHMMeHT BHepBble GbIA IOCTaBAEH
Toaiiropom u mpuBeA kK oTpuuaTerbHoMy pesyabraty. Onbit
MOKa3aA, 4To KakoBa Obl HM 6blAa HMHTEHCHBHOCTb NajaroUiero
CBeTa, MHTep()epeHUHOHHAss KapTHHA OCTAeTCsi OAHOH M TOH
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XKe IPU YCAOBHHM, KOHEUHO, YTO BPEMS BDKCMOSHLUHU OYyZIeT
ZOCTATOYHO BEAMKO. DTO YKa3blBaeT HAa TO, YTO KaKABIH (O-
TOH, B3ATbIH B OTAEABHOCTH, y4YaCTByeT B SIBAEHHH HHTep-
(epeHUUM — (PAKT YPe3BbIYAHHO CTPAHHbIH, €CAM CUHTaTb
()OTOHBI AOKAAH30BAaHHBIMH B IMPOCTPAHCTRE.

Jpyras TpyaHocTb, KoTOpas BO3HMKAeT, eCAM MbITATbCA
MOCAEZOBATEABHO MPUJAEPKHUBATHCSA T'MNOTE3bl O YHCTO KOPIY-
CKYASIDHOH TpUPOAe cBeTa, COCTOMT B cAeayroigem. Cawmbriit
croco6, koTopbiM DUHINTEHH BBOAMT TOHSATHe KBAaHTa CBETa,
HAM (POTOHA, OMUPAETCS Ha TMOHSATHe YACTOTbI, B CBOIO OUYEPE]D
CBsI3aHHOE C TPejCTaBA€HHEM O HEKOTOPOM HENpPepHIBHOM Ie-
pHozuUeckoM mpouecce. HUCTO x:e KOPHYCKYAsIpHbIE MPEACTaB-
AeHHsA 06 HBAYYEHMM KaK O COBOKYIIHOCTH ()OTOHOB HHKAaK
He TI03BOASIIOT ONPEAEAHTb KaKyI0-AH6O TMepHOZUYHOCTb, da-
crory. B aelicTBuTeabHOCTH, wacToTa, uTypHpyiollas B OM-
pejereHHHM KBAHTA, — 3TO YaCTOTA, 3AUMCTBOBAHHAsl Yy BOA-~
HOBOH TeOpHHU, KOTOPAsl BBIBOAUTCA U3 SIBAEHUH AUPPAKLUU
¥ UHTepPepeHINH. SHAUUT, CaMO ONpefeAeHHe IHEPTUH (POTO-
Ha Kak TIpOW3BeJeHUs 4YaCTOTbl Ha MOCTOAHHYI0 1liaHka c
YHUCTO KOPMNYCKYASIPHOM TOUYKH 3peHHs HENOCAeJOBaTEABHO.
Bonaee Toro, ono xak 6bl ycTamaBAHBaeT CBA3b MeXAY BOAHO-
BOH KOHLENUHMEH CBeTa ¥ BHOBL BO3POJHBIIEHCS C OTKPbITHEM
doroapdekTa Kopryckyrsapuoit koumenuueir. Oanako 6b1r0
6bl HempaBUABHO JYyMaTb, YTO JO OTKPbITHA  (POTO3(pdeKTA
MOCAEZHSIA He MMeAa TMOZ cOGOM HHUKAKHUX OCHOBAaHHH.

flBrenus oTpameHus cBeTa. OT 3epKaA, MPSIMOAMHEHHOCTD
ero pacrpoCTpaHeH}sd B OZHOPOJHBIX Cpeiax, Aa U Booblle BCA
reoMeTpHuYecKasi ONTHKa C ee NMOHATHEM CBETOBBIX Aydei
OYeHb eCTECTBEHHO YKAAJbIBAIOTCSH B GAAAUCTHUECKYIO KOPITY-
ckyAsipHyio KaptuHy. Ho Teopus (Dpeuers, Beauxorenno
06bsACHUB BCe 3TH OGAANUCTUYECKHE ACHEKTbl C YHCTO BOAHO-
BOH TOUKH 3peHHs, NPHBEAA K TOMY, 4TO KOPMYyCKyAdpHas
KapTHHa okasarach He y aeA. OtkppiTHe (oToa(pexra 3a-
CTaBUAO CHOBA BEPHYTbhCA K MPeJCTaBAeHHSAM TaKoOro poJa,
XOTs, KOHEYHO, yxe COOTHoIleHHe JDWHUITEHA Mexay dHep-
rueii ()OTOHA W ero 4YacTOTOH TOKasblBaAL, YTO BOAHOBas
KOHUEeNUUS He OTBepraeTcs HAYUCTO U (OTOHHAS TeOPHi
JOANHA KaK-To OObeJUHHT» BOAHOBbIe M KOPMYCKYAsIPHBIE
NpeACTaBACHHSA TaKHM o6pa30M, yTo6bl 06a acmneKkTa HMeEAH
onpeseAeHHbIH (PUBUYECKHH CMbICA.

Haxonen, caezyer ykasaTb eme Ha ozHy ToHKocTb., Co-
rAACHO KAACCHYECKHM T PEACTABAEHHAM 3HePrHs MaTepHaAb-
HOH YaCTHIbl — TO BEAMUYHHA, UMelonlas KaKoe-TO BIIOAHE oOll-
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peZleAeHHOe 3HaueHHe. B TeopuM e MBAydeHHs HHUKaKoe W3-
AydYeHHe HeAb3sl pacCMaTPHUBATh KaK CTPOTO MOHOXpPOMAaTHYe~
CKO€, MOCKOAbKY OHO BCETZa COLEPKUT KOMIIOHEHTDbI, YacTOThHI
KOTOpBIX OTAM4YaroTcs APyr ot gpyra. lllupuna storo cmext-
PAADHOTO HHTEpBara MO2KeT OBbITh OYeHb MaAa, HO BCe Ke
BCerja OTAHYHA OT HyAs. JToT (pakT IIramk mozuepxuBar
yxe B NepBbIX CBOMX pPaboTax IO TEOPHM M3AYYEHHS YePHOTO
Tera. BeneacTBue aToro coorHomenne SiHmTeiiHa, npupas-
HUBalIlee 3HePTHIO YaCTHUbI CBeTa, (JOTOHA, HacCTOTE, COOT-
BETCTBYIOILeH KAACCHYECKOH BOAHe, YMHOXeHHO#t Ha M, Ho-
CHT HECKOAbBKO IapajoKCaAbHBIH XapaKkTep, IOCKOABKY OHO
NPpUPaBHUBAET OJHY BEeAMUYHHY, UMEIOLIyl0 BIIOAHe OlpejeAeH-
HOe 3HaueHMe, IPYTrOH, He HMelOilleH, CTPOro TOBOPS, HHKAKOTO
ONpeJleAeHHOTO 3HaueHHs. JlaAbHelilllee pasBHTHe KBaHTOBO
MeXaHHUKH PaCKPbIAO HMCTHIIHBIH CMBICA 3TOTO MPOTHBOPEUHS.

Hrak, moxHO ckasaTb, uTo (OTOHHAS THIIOTesa, IPEBOC-
XozHO obbscHsOIass sIBAeHHs (OTO3(h(PEeKTa ¥ KOMITOHOB-
CKOTO paccesHHs, He JaeT BO3MO2KHOCTH NOCTPOUTb MNOCAELO-
BaTEAbHYIO KOPMYCKYASIpHYI0 Teopmuio usiydyenus. Owua Tpe-
6yer pasBuTHs 60onree TAYOOKOH Teopud, B KOTOPOH H3BAYyUe-
HHe MOzKeT o6AazaTh H BOAHOBBIM K KOPIYCKYASIDHBIM aclek-
TaMH, NIPUYEM CBA3b MEXAY HHMM ZOAXKHA ObITb YCTaHOBAEHA
Tak, YTOOBI BBIMIOAHSAOCh COOTHOILeHHe JDHHIITeHHa.

5. IlepBbie mpuroenua KBaHTOBON rHmOTe3DI

I'unoresa kBanTOB, 6AecTAIIe NOATBepXJEHHAs yCHeXOM
TEOPUM H3AyueHHs depHOro Tera Ilnamka u Teopum @oTo3d-
(exta DiHImTelHa, He 3aMeJAHAA 06HapyXKUTDb CBOIO 3] Pek-
TUBHOCTb U B Apyrux obaactax. Ilpusegem HeckoAbko mnpu-
MepOB.

CratncTuueckas MexaHHKa JZOKa3aAa TEOPEMY O PAaBHO-
pacupeseAeHUN HEPTUH MO cTelleHsM cBoboabl. B obieM Buzae
ee MOKHO C(HPOPMYAHPOBATH CAezylomum obpasom. B mexanu-
YeCKOH CHCTeMe, 06AaZalolWied OueHb OGOABIIMM UYHCAOM CTe-
neHel CBOGOJABI W HaxoAsIeHCS B COCTOSIHMM TepMOZHUHAMH-~
YeCKOT0 PaBHOBeCHsA INPH IOCTOSIHHOM TeMIepaType, DHEPTHUSA
TEMAOBOTO JBH:KEHHs paclipejeAsieTcs TaKUM o6pasoM, YyTO Ha
KaxJyi cTeleHb CBOOOJZBI NPHXOAUTCH OAUHAKOBOE ee KOAH-
4ecTBO.

Ara TeopHs, COBEPIIEHHO CTPOro JOKasaHHasg B paMKax
KAACCHYECKOH CTaTHCTHYECKOH MEXaHHKH, 4acTO OYeHb XOPOILO
MOATBEP2KAA€TCA Ha OMNbITE.

101



B uacThocTH, 6recTAwe moaTBepaMAHCH CAezylOllne H3
3TOH TeOpeMBbl BHIBOABI O CpejHed KHHETHYECKOH 3HeprHu
aTOMOB W MOAEKYA B Tlasax, a Tak:Ke BbIBoZ 06 obuieM xa-
paKTepe 3aBHCUMOCTH TENAOEMKOCTH Ta3006pa3sHbIX TeA OT
temnepaTypbl. M Tem He Memee, kak mokasaro JaAbHeHIee
pa3sBUTHE KBAaHTOBOW TEOPHM, DTa TeopeMa OKal3blBaeTCsl He-
cupaBeAAMBO#. DTO, HampuUMep, CAeZyeT yzKe H3 TOTO, UTO
NpUMeHeHHe ee K PABHOBECHOMY H3AYUEHHMIO YepPHOrO TeAa,
HPHUBOJUT K HENPAaBHAbBHOMY 3aKOHY CIIEeKTPaAbHOrO paclpeze-
A€HHS] TUAOTHOCTH JHEPrMH uepHoro usavuenus (saxon Pa-
res — Jxunca). VI kpanrtoas runoresa [Thanka 6pira BBeze-
Ha, B YaCTHOCTH, AASl TOro, uToGbl O6OHTH 3aKOH O paBHOpPAC-
npeaenrenud sueprun. Ecaw runoresa [Tranka cnpaseaamsa, To
OHAa JOA2{HA MO3BOAUTDb ONPEAEAUTb TaKzKe T'paHULbI IPUMEHU-
MOCTH KAACCHYECKMX 3aKOHOB M B APYTHX 0OAACTAX (PUBHKH.

Paccvmorpum, manpumep, Teopuro TBepabix TeA. B oxHopoa-
HBbIX TBEPJbIX TE€AAX B OTCYTCTEHEe TEMAOBOTO ABHUMKEHUS aToO-
MBI HaXOZATCA B MOAO:KeHHH paBHoBecus. [lpu Tenrosom zBH-
?KEHUHU aTOMbI KOAeBAIOTCS OKOAO CBOMX NMOAO:KEHHH PaBHOBe-
cusl, NpPUYeM aMIAHTYJa 3THX KOoAebGaHUH TeM 6OAbllle, YeM
Bolme TemmepaTypa Tera. CoraacHo Teopeme o paBHOpaclpe-
LEAEHHHU JHePTHH N0 CTeNeHAM cBOGOAbB! BCe aTOMbI, BXOASIIIHE
B COCTAaB TBEPAOro TeAd, AOAKHBI 06AaZaTh OZHOHA WU TOH ke
cpeanert sneprueii. OcHoBapHble Ha 3TOH TeopeMe CTaTHCTHUE-
CKOH MeXaHHKH pPacueThl MPUBOJAAT K CAeAYIOLLeMY HPOCTOMY
M BecbMa o6LIeMy PE3YAbTATY: aTOMHAs TEIIAOEMKOCTb BCEX
TBepablx Ter (MHaue TOBOPSA, KOAHYECTBO TelmAa, KOTOPOE
HaZo CoO6GIIUTb OZHOMY TpPaMM-aTOMY TBEPAOTO TeAd, YTOGBI
NOAHATDb €TO TeMIepaTypy Ha OZUH rpajyc) NPUGAHMSHUTEAbHO
paBHAa LIeCTH KaAopuaAM. B 3ToM u 3akAIOwaeTcss H3BeCTHDBIH
sakoH Jrmononra u Ilru, sxcnepumeHTarbHO yCTaHOBAEHHBIH
MU ellle A0 IIOAyYEHHS TeOPETHUECKHX pPEe3yAbTaTOB. JTOT
3aKOH TaK XOPOIUO NOATBEPKAAANCA AAsT OOAPIIMHCTBA TBeEP-
LbIX TeA Ipu O6BIUHBIX TeMIepaTypax, 4TO XHUMHUKH Jaxe
UCIIOAb30BaAM €ro AAsl ONPeJEAEeHHsT MOAEKYASIPHOTO Beca He-
KOTOpPBIX BEULeCTB.

Oanako saxkon Jliononra u Iltm Bpmoanserca xors u
o4YeHb uacTo, Ho He Bcerga. HekoTopble Tera, Kak IPaBUAO,
OoueHb TBepZAble, HallpuMep aAMas, 06AaZalOT aTOMHOH Tell-
AOEMKOCTbIO, 3HaueHHe KOTOPOH MeHbure mectH. Kpome roro,
C MOHM2KEHHEM TeMIlepaTypbl AAsl BCEX TBEPABIX TeA HACTyIaeT
MOMeHT, Korga 3akoH /oronra u [Itn Hauunaer HapymaTbcs
H TEeNAOEMKOCTb CTAHOBHTCSI MeHbIlIe CBOEr0O HOPMAAbHOTO 3Ha-
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uennsi. KBantosas teopus ouenn xopomo 06bsicHura 3TH OT-
KAOHEHH .

B o6piux uyeprax 3To 06bsAcHeHHe 3aKAIOUAETCH B CAEAYIO-
wem. B TBepapx Terax aToOMbl KOAEGAIOTCS OKOAO CBOSFO
MOANOX{€HHs1 PAaBHOBECHS C YAaCTOTOH, 3HaueHHe KOTOPOH olpe-
AersleTC MacCoOH aToMa M KO3()(MYUHEHTOM yNpyrocTH BO3BPA-
IWaroled CUAbL JHeprusa KOAeGaHMH COTAACHO KBaHTOBOX
THIIOTe3€e JOAXKHA ObIThb IO MeHblled Mepe paBHAa KBaHTY Hep-
TMH, COOTBETCTBYIOLLEMY dacToTe 3THX KoaebGamuil. Chrezopa-
TEeADHO, €CAHM TeMNepaTypa 6yZeT HACTOAbKO HHM3Ka, YTO DHEP-
THA, KOTOPYIO B COCTOSIHMUHM IMOAYYHTH aTOM, MeHbllle DHEPTHH
COOTBETCTBYIOILEro KBaHTa, TO 3TOT aTOM OCTAaHETCs HeIo-
ABHKHbIM, H, TaKUM 06[)8.30[\4, TeopeMa o paBHOpacnpeaeJ\eHuH
9HEPTrUM yxie He 6yJZeT UMeTb MecTa. JAd aTOMOB GOAbLIMH-
CTBa TBEPADbIX TeA 3TO MHHHMAaAbHOe 3HaueHHMe dHePTHH ZOCTA-
TOYHO MaAC, TaK 4YTO IPQH Hopma/\be!x TEMIIepaTypax cpen-
HAA QHCPFHYI TEIIAOBOI'o ABHiKEHUSI OKal3blBaeTCAad MHOIO 60ADB-~
Ile ee M TCOpPeMa O PABHOPACHpPeJereHHH DHePTHH H, CAeAO0-
BaTeAbHo, 3akon [wononra u [ltu Bomoansiorca. Ognaxo
AAS OYeHb TBePJbIX TEA, TaKUX, KaK, HAlpUMep, aAMa3s, B KO-
TOPBIX aTOMbI CBSI3aHbl MexKAy cO60H 60Aee 2eCTKO, BeAHUYHHA
COOTBETCTBYIOIErO KBaHTa HAaCTOAbKO BEAHKAa, UTO yzKe MPH
HOPMaAbHBIX TeMIEpPaTypax TeopeMa O paBHOPACIPeAeAeHUH
SHEPTHH He HMEeT MeCTa. SICHO TaKie, uTO C IOHHKEHHEeM
TeMIIePaTyPb! AASl BCEX TBEPABIX TEA PAaHO HMAU TO3JAHO JOA-
’KeH HACTYMHUTb MOMEHT, KOrZa DHEPTHH TeNAOBOrO JBHKEHHS
6yzeT yxe HeZOCTATOYHO JAAS BO3OYy2AeHUS BCEX aTOMOB, U
3HaYeHHe TENAOEMKOCTH YNUAaZeT [0 CPABHEHHIO C ero HOPMaAb-
HbIM 3HaYeHHUEM.

Teopus TennoemkocTeidl, ocHOBaHHAas Ha KBaHTOBOH THIIO-
Tese, 6bina HpearozkeHa IJUHmTeHHOM u JHHZeMaHOM, a 3a-
tem [Jle6aem, Boprom u Kapmanom. Dra Teopus aerxo obmac-
HMAA OTKAOHeHHsA oT 3akoHa /ioromra m Iltw u saBucHMOCTb
TEAOEMKROCTe#l OT TeMIlepaTypbl. DoAee TOro, TeOpHs TemAO-
eMKOCTeH okasaAach npumenumod, mutatis mutandis, raxxe
M K rasoob6pasHblM TeAraM. B wacTHOCTH, oHa MO3BOAMAA MO-
HATb, NOYeMy BHYTPEHHHe CTefeHH CBOGOAbI CAO2(HBIX MOAE-
KYA OKasblBalOTCA IPH HUZKHMX TeMmepaTypax Kak 6bl «3aMo-
POKEHHBIMHU», (AaKT COBEPIIEHHO HEOOBICHUMBIH C TOUKH 3pe-
HUS1 KAACCHYeCKOH CTAaTHCTHYECKOH MeXaHHKH.

Bce sti pesyabTaTbt 6bIAM Cepbe3HBIM HOJTBEP JeHHEM
kBaHTOBOH runoresnl. OcHoBaHHble Ha HeH pacueThl BepxHeil
TPAHHLBI HeNpPepbIBHOTO CIIEKTPAa PEHTTEHOBCKUX AYy4eH, BO3-
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HuKamomux npu -6omMbapaupoBKe aHTHKaTOZa YCKOPEHHDIMH
AeKTPOHAMH, TaK:Ke MOATBEPAUAM ee ClIpaBeJAHBOCTbD.

Bce gopmyAb, moAyueHHBle ¢ NOMOLIbK KBaHTOBOH Teo-
puH, cozepxkar nocrosHuyio [Iranka A, CpaBrenue ux c skc-
MEePUMEHTAAbHBIMH AaHHbIMM TNO3BOASIET OINpeJEeAUTb ee UHC-
AeHHOe 3HaueHue. |loAyueHHBIe BCceMH STHMM pa3AHYHBIMH
MeTOZaMu 3HadeHus nocrosHHoH IIramka okasaauch upes-
BbIUaliHO 6AM3KH MexaAy co6OH.

Hrax, x 1913 r. rennarpHas runoresa [Iranka 6bira moa-
TBep2K/leHa MHOTOYMCAeHHbiMu (pakTamu. |losBuBmasics B aTo
BpeMs Teopusi aTomMa Dopa mNpuHecAa el HOBOe, GAecTsIIec
MOATBeP:KAeHHe, MOKAa3aB, JO KAKOH CTeleHH caMo CTpOoeHHe
MaTepuU CBS3aHO C CYUIeCTBOBaHHEM KBAaHTOB.

A\



INrasa VI
ATOM BOPA

1. CnekTpbl U cHeKTpaAbHble AHHHH

Hesosmoxno HemocpescTBeHHO  u3yuyaTb  BHYTpPEHHee
CTpOeHHe aToOMa, TOTO0 MHKPOMHPA HeBOOOpPa3HMMO MaAbIX pas-
MepOB, XapaKTepH3YeMOro npoleccaMH, HeJZOCTYMHbIMH Hallle-
my npsmomy BocupusaTuio. CTpykTypa aToMa mNpPOSIBASETCH
TOABKO KOCBEHHO B SIBAEHHHAX MaKpOCKONHYecKoro Macurraba,
KOTOPbie KaK-TO CBsA3aHbl C €ro BHYTPEHHHUM CTPOEHHEM.

K uncAy aTHX sABAeHuit OTHOCMTCS, B 4aCTHOCTH, HBAyUe-
HHe aTOMOB, BO36YV2KJaeMbIX TePMHYECKHM HAH NOCPeACTBOM
BHEIUIHEr0 PAEKTPHUYECKOTO MOAs. JTO M3AyYeHHe XapaKTepH-
3yeT olipeseAeHHble CBOHCTBA ATOMA, MOCKOAbKY OHO CBSI3aHO
c mpoueccamu, HpoTeKalowHUMH BHyTpu Hero. Mccaezosanue
CBOHMCTB 3TOT0 HU3AYYEHHsS [O3BOASIET IOAYYUTb HEKOTOPbIe
CBeJeHHsT O BHYTPEHHeH CTPYKType aToMa. |akum o6pasoM,
U3yueHHe M KAACCU(HUKAUUA ONTHUECKHUX CHEKTPOB H3AydYe-
HUA PasAMYHbIX aTOMOB mnpuobpeTaeT 6GOAbIIOE 3HAYEHHE.

drta 3azaua, 0ZHAKO, OTHIOAb He NMPOCTA, MOCKOABKY OITH-
YeCKHe CIEKTPbl UMEIOT OYeHb CAOXKHBIH XapakTep U IpH
MCCAeJO0BaHUH HEBUIMMOU MPOCTHIM TAa30M  HH(pPaKPaCHOH
H YyAbTPa(HOAETOBOH YacTeH CIleKTpa HeO6XOZHMO IOAb30-
BaTbCsl CAO2KHOH clieuarbHoi anmapartypoi. Oanako Manro-mo-
MaAy, B pPe3yABTaTe TILATEAbHBIX M KPOIMOTAHBBIX HCCAEZO-
BaHHH Y4YeHbIM YJaAOCb YCTAaHOBHTb HEKOTOpble 0oOLIHe 3aKO-
HOMEPHOCTH B XapaKTepe CHeKTPOB ¥ HAHTH SMIHPHYECKHE
3aKOHbI, KOTOPbIM OHM mnozuuHsiorcsa. llpexze Bcero 6b1r0
3aMeuyeHO, UYTO CIIeKTPAaAbHble AMHHH BCEX IAEMEHTOB MOZKHO
pasdéuTb Ha ceMeMCTBA HAH, KaK TOBOPST B (PHU3HKe, CepHH,
NpUYeM CTPYKTYPbl COOTBETCTBYIOIUUX CEPHH, OTHOCSIIHUXCS
K PAa3sAHYHBIM XHMHYECKHM DdAeMeHTaM, OKaBaAHCb OUEHb CXO-
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xM Mexay coboi. B mpeaenax oamoit cepum pacnonoxeHue
Pa3AMYHBIX CIIEKTPAABHBIX AHHHH HMeeT BIIOAHe OIPEZeAeH-
HpIH XapaKTep W MO:kKeT ObITb ONMHCAHO NMPOCTOH MaTeMaTHye-
CKOK (POPMYAOH.

gyacruoctu, B 1885 r. Baabmepy yzaroch nafitu dop-
MYAY, ONUCHIBAIOLLYIO paclpeleieHHe CleKTPaAbHbIA AHHHMH
BUJHMMOTO CHEKTpa aToMa BOAOPOZAA, MMOAYUYMBIIHUX Ha3BaHHE
cepun Barbmepa. dta popMyra ompenerseT yacCTOTy, COGTBET-
CTBYIOILYIO MOCAeZOBaTEAbHbIM AMHMAM cepHu Daabmepa, kak
@ynxuuo meaoro yucaa. Mccregopanua usayuenus, nposeseH-
Hble B HEBUAMMOM YaCTH CIeKTPa, TNOKAa3aAM CYLIeCTBOBaHHe
cepuil, pacrioAOeHHBIX B yAbTpaduonretosoit {cepua Naiima-
Ha) u uHppakpacHoii obracTax (cepunm [lamena, DBakkera,
Ilpynaa), u B Kaxkaoit U3 ITUX cepui POPMYABI, ONpPeEAEASTIO-
IiMe PACIIOAO2KEHHE CMEKTPAAbHbIX AMHHUH, COBEPIIEHHO aHaAO-
ruuHbl POPMyAe, MOAYHEHHOH AAsA cepun Daibmepa.

ITogo6ubie e crewTparbHble cepuu, XOTS W O6Aajaloliue
60ree CMAOKHOU CTPYKTYPOH, HMEIOTCS He TOABKO y BOZAOPOJA4,
HO U Yy HEKOTOPBIX APYTHUX IAEMEHTOB, Y LIEAOYHBIX METAAAOB.
B kamaoii Takol cepui pachmoAoxeHHWe AMHHIA OMpPEZEAsieTCs
PopMyAoH, aHarorvuHoit ¢opmyre Daabmepa, T. e. uacrora,
COOTBETCTBYIOIIAs KaKOH-AMO0 AMHHUM DTOU CEPUH, BbIPAKAETCS
B BHJE PA3HOCTH ABYX CAaraeMblX, OZHO U3 KOTOPDIX 3a-
BHCHT TOABKO OT HOMePa CEPUH M MOCTOAHHO AASL BCEX AMHHII
LAHHOH CepHH, a BTOPOE OMNPeJZEASIeTCs] HOMEPOM AHHHHM B
aToll cepuu. lakoil crmeuu@uueckuidi BUj 3TOH (POPMYABI H
06bACHsIET, B YACTHOCTH, TO, YTO YaCTOTa HEKOTOPOH CIEKT-
paAbHOH AMHMHM YacTO OKa3bIBA€TCA PABHOM CyMMe 4YacToOT,
COOTBETCTBYIOWIMX KaKWUM-AMG0 JABYM  JAPYTHM  AMHHAM
crexTpa. JTOT (PaKT ObIA YyCTAHOBAEH 3KCIEPUMEHTAABHO 11
no3BOAMA PHTHY OTKPbITL 06WMH 3aKOH, HOCAIIMI Ha3BaHHe
KOMOMHALHOHHOrO NPHHUHWNA W CTAaBUIMA OCHO-
BOH BCEH COBPEMEHHOM CIIEKTPOCKOIHH.

KoM6unauuonubiii MPUHUUN MOMXKHO CPOPMYyAHPOBATDH CAe-
AyomuM 06pa3oM: ZAA KaxJOro aToMa BO3MO:KHO HaHTH HO-
CAeJJOBAaTeAbHOCTb HYHCEA, H23bIE2EMbIX CHEeKTPaAbHBIMH Tep-
MaMH 3TOro aToMa, TaKHX, 9TO 4ACTOTbI BCeX CHEeKTPaAbHBIX
AHHHA JaHHOTO aToMa 6yayT BbIpazKaTbCsi B BHJe PasHOCTH
ABYX KaKHX-AHGO CHeKTpaAbHBIX TepMOB. Kak azAzHWTHBHblE
CBOHCTBA YaCTOT, TaK M COOTHOLIEHHSI, ONMpeJeAsolHe pac-
MOAO2KeHHe CMNEeKTPAAbHBIX AMHUH B Pa3sAHUHbBIX CEPHAX, AEI'KO
MOTYyTb GBITb IOAYYE€HbI U3 KOMOMHAMOHHOTO TIPHHLMIIA.
CnpaBéaAMBOCTD €ro MO2KHO CUMTaThb HEOCIIOPHMO IOJTBEP -~
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ZEHHOW MHOTOUHCACHHBIMH 9KCIEPHMEHTAAbHBIMH JaHHBIMH.
Ho o6ocroBanue ero casamno ¢ pasrajkoil cTpoeHHs aToMa H
JOAKHO OODBACHHUTb, KAK H KaKMM{ HMEHHO IpOLleCcCaMu Ie-
PECTPOMKH BHYTPEHHEH CTPYKTYPbl aTOMa BbISBIBAETCS H3AY-
YeHHe BOAH C YaCTOTOH, COOTBETCTBYIOUIEH KaKOH-AMGO CIEKT-
parbHO# AuHMH. |akum o6pasom, mepes TeopeTHUeCKOH (U~
3HKOH BCTaAa Bax<Hasi U HEOTAOXKHAs 2aZaus TeOPETHUECKOTO
060cHOBaHMS KOMO6HHAIMOHHOTO NpHHIuNa PuTia.

K comanenuro, knaccuueckas TeopeTHyeckas (PUBHKA OKa-
3aAach COBePIIEHHO HeCHocOo6HOM O06bSCHUTH NOAYUYeHHDIE
SMIUPHYECKHUM TyTeM 3aKOHbI, KOTOPHIM IMOAYUHSIOTCS aTOM-
uble cnekTpbl. JedcTBUTEAbHO, AAS O6DbACHEHHS CIIEKTPOB
H3AYYeHHs] B PaMKaX KAACCHYECKOH IAEKTPOJUHAMHKH He-
06X0ZMMO ZOMYCTHTb BHYTPHU H3AYYAIOIIEro BelllecTBA HAAHUHE
KOoAe6AIOIIMXCS 3apseHHbIXx yacTHl. Hanpumep, moxno npes-
HMOAOKHTb, UTO aTOMbI BeLUeCTBa COZepaaT IAEKTPOHBI, KOTO-
pble B HOPMAAbBHOM COCTOSIHUM, KOTJa HET H3AYUeHHs, Hello-
ABHM:KHbDl U HaxoAsTCS B PAaBHOBECHW, HO IOJ BO3JAeHCTBHEM
Kakux-An60 BHELIHHX NPHUYUH MOTYT HauyaTb KoAebGATbCSA OKOAO
cBoero moao:kenusa pasHoBecuss. (Oanako TmoOAyyaemble NPH
STOM CIleKTPaAbHble 3aKOHbI HaXOZASTCS B BONIHIOLIEM IIPOTH~
BOPEUYHH C OMbITHbIMHM AaHHbIMH. FlMeHHO 06 3TOM mMoOpa:keHHH
kAaccuyeckoit pusukyu nmucar B 1905 r. Aupu Ilyaunxape: «Ha
NepBbIA B3TAAJ H3y4YeHHE CIEKTPOB NPHUBOJAUT HAC K MBICAH O
rapMOHHMKax, C KOTOPBbIMH Mbl y2Ke BCTPEYAAHUCb B aKYCTHKE.
CGuanako MMeeTcs CylleCTBEHHOe pa3AMuYMe: He TOAbBKO BOAHO-
Bble YMCAA He KPAaTHb! OJHOH M TOH 2Ke BEAMYHMHE, HO Mbl He
HaxoZHUM 34ech TaKkKe HHKAKOM AaHAAOTHH C KOPHIMH Tex
TPAHCLIEHAEHTHBIX YPABHEHUH, K KOTOPHIM TaK YacTO IPHBOJAAT
3aZayd MaTeMATUYeCKOW (U3HKM, TLXHe, KaK, HalpHUMep, 3a-
Zaya 0 KorebGaHHUSX TeAa ONpeleAeHHOM (JOPMbI MAM 3ajaka o
rorebaunsax ['epua B pesonaTope uau, HakoHen, 3azaua Dypbe
06 OXAamJeHHH TBEPJAOTO TeAa. JTH 3aKOHBI Mpolle, HO OHH
HMEIOT COBepIIeHHO HHYIO MPUPOAY... B aToM He oTzaBaru cebe
OTYeTa, U A AyMalo, 4YTO 3J4eChb H KPOeTcs OJMH H3 Ba:KHEHIIHX
CEeKPETOB MPHPODI» |,

«M s pymaro, uTo UMeHHNO 3Zech KpOeTCA OAHH U3 BarKHEH~
mux cexperoB npupoabi». Mpasa noucTune npopoueckas, ecAu
BCIIOMHHUTDb, UTO OHa ObIAa HanucaHa 3a JecsTb AeT JO IOAB-
renus teopun Bopa. M, zeiictButerbno, Teopus Bopa Bbisic-

LHenri Poincaré La valeur, de la science. 1905, p 205.
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HHAA HCTHHHOe 3HaYeHue CHEeKTPaAbHbIX 3aKOHOB U OOGDbsCHH-
A4, KaK 3TH 3aKOHBl OTPaKAIOT KBAHTOBBIA XapakTep BHYTPH-
aTOMHOH CTPYKTypbl. JTa TeOpHs IO3BOAMAA 3arASHYTb
BHyTPb aToOMa M IIOKa3aAa, YTO KaK caMa CTPYKTypa aToma,
TaK U YCTOHYHUBOCTb 3TOH CTPYKTYpPbl HepaspPbIBHO CBS3aHbI
C CyllecTBOBaHMeM KBaHTOB. Des KBaHTOB MaTepHsi He MOTAA
5bl CyLIecTBOBaTb. B 2TOM M 3aKAiOUaeTCS BEAHKHH CeKperT.
o koropom rosopuxr [Iyankape.

2. Teopusa Bepa

Tenepn, HakoHey, mMbl MOmeM pacckasaTb O 3aMedaTeAbHOIl
KBaHTOBOH TeOpHUM aTOMa, KoTopas 6bina paseuta Dopom
B 1913 r. B sTo Bpems (usukM CKXOHAAMCh K IIAAHETapPHON
mozeru atoma. CoraacHo TOH MOZeAU aTOM COCTOMT M3 Haxo-
ZsiUlerocss B LEHTPe TSKEAOTO I[OAOKHUTEABHO 3apsi?KEHHOTro
sApa, B KOTOPOM COCPEJOTOYEHA IOUTH BCsS Macca aroMa H
9AEKTPOHOB-NIAAHET, Bpallaroluxcsa Bokpyr aapa. Cnpasegru-
SOCTb 3TOH MOJeAM, TpeAAOxeHHo#t Bhepsble Ileppenowm,
6bira  TMoaTBepAeHa onbiTaMu Pesepdopaa, KOTOpPbIH 10-
KasaA, 4YTO BHYTPH aTOMa JAeHCTBUTEAbHO HAXOAMTCA $APO,
obAagaroliee MOAOKUTEAbHBIM 3aPAL0M H Ype3BbIYAHHO MaAbl-
Mu pasmepamu. K coxareHHio, ogHako, 3Ta NAAHETapHas MO-
IeAb HaXoZMAAch B IIPOTHBOPEUYUH C BbIBOJZAMH KAACCHYECKOH
5AEKTPOAUHAMHUKH, KaCAIOWUMHUCSA H3AYYEHHUs YCKOPEHHO JBH-
KyIIUXCA 3apseHHblx wactun. JefcTBuTeAbHO, 3KCIIEPHMEHT
MOKa3blBaA, YTO CHEKTPbl H3AYYEHHS] ATOMOB COCTOSIT U3 IOYTH
MOHOXPOMAaTHYECKUX AMHHMH, COOTBETCTBYIOIIMX HEKOTOPbIM He-
nsmeHHbiM uactotaM. OTcloga coraacHo KAaccHuecko (pusH-
Ke C Heu36eKHOCTbIO CAeJOBAAO, YTO B HOPMAAbHOM COCTOs-
HUH DAEKTPOHBI, BXOAsIIWEe B COCTaB aTOMa, JZOAXKHbBI ObITb
HelnoZABHKHbI U HAXOZUTbCS B COCTOSIHHH YCTOHYMBOTO PaBHO-
BecHsI.

BriBesennbiit BoszeiicTBMEM KaKMX~-AH60 BHEWIHHX IPH-
YMH U3 COCTOSIHMS PABHOBECHS, DAEKTPOH HAauyHHAET KOAe-
6aTbCsA OKOAO INOAOMEHHUS PABHOBECHs, H3AydYass HPH STOM
SAEKTPOMArHUTHYI0 BOAHY BIIOAHEe OlpEJEeAeHHOH 4YacTOThl.
TTocTenenno, mo Mepe TOro Kak ero KHHeTHYecKas IHePTRS
OyzeT MepexOAUTb B DHEPTMIO H3AYUYEHHs], aMIIAHUTyZa KOAe~
GaHU! aAeKTpPOHAa OyJeT yMeHbL1ATbCS, OKA B KOHIe KOHLOB
He 06paTUTCA B HYAb, U DAEKTPOH He BepHeTCS CHOBAa B HC~
XOZHOe MOAOZeHHEe paBHOBeCHA. |akuMm 06pa3s0M, MOMKHO Obl-
A0 6bl OZHOBPEMEHHO O6bSCHUTb M HaAM4YHe B CIEKTpe MOHO-
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XPOMATHUYECKHX AMHME M yCTOHYMBOCTb aTOMHOiH cucTembl. Ho
nAaHeTapHasi MOJeAb aTOMAa He AOMycKaAa Takoro o6bsiCHeHHA,
TaKk Kak B ITOH MOJEAW INPeANOAaTaAM, 4TO 3AeKTPOHbI Bpa-
IaoTcsA, NeZ00HO NMAaHeTaM, N0 KeNAEPOBbIM Op6UTaM BOKPYT
LUeHTPaAbHOTO sApa W HMEIOT YacTOTy ob6palueHHs, 3aBHCS-
IIYI0 OT MX KWHETHYECKOH DHEPrUM K H3MEHSIOLLYIOCs BMe-
cre ¢ Heil. [TosTomy ecam knaccuueckas Teopus H3AydeHHS
NpYMEHHMa K BHYTPUATOMHbIM JAEKTPOHAM, TO SAEKTPOHbI-
NAQHEThl JAOAXKHDI IIOCTENIEHHO TEPATh HHEPTHIO, HM3AYy4ad
BOAHBI HeIlpepbIBHO MEHSIOLleHCA 4YaCTOTbl, H B KOHILe KOH-
LJOB yMacTh Ha AAPO M HEATPAAM3OBATH ero. | akum o6pasom,
B paMKaX KAACCHYECKOH TeOpHUH MAaHeTapHash MOJZEAb He IO-
3BOASINA OOGDACHUTD HU MOHOXPOMAaTHYECKMH XapaKTep CIIeKT-
PAABHBIX AMHMH, HH YCTOHUMBOCTb aTOMHOH cHCTeMbl. |ako-
Bbl GbIAM TPYAHOCTH, ¢ KOTOPBIMH cTOAKHyAca Huasc Bop
B HayaAe CBOMX HCCAEZOBAHHU.

I'pomagnas sacayra Bopa cocrour umenHo B TOM, uTO OH
AICHO TMOHSIA, YTO HY2KHO COXPAHHUTb NAAHeTapHYI0 MOZEAb aTO-
Ma, BBeJsl B Hee (PYHAZAMeHTaAbHble HAeH KBAaHTOBOH TEOPHUH.
B cooTeercTBUM ¢ 3TO# Teopuen cpesu 6eCKOHEYHOrO MHOXSe-
CTBa BCEBO3MOMN{HBIX JBHUKEHHMW, JOUYCKAaeMbIX KAACCHYECKOH
MeXaHHKOH, TOABKO HEKOTOpPble KBAaHTOBaHHble JBH2KEHHs OKa-
3bIBAIOTCS YCTOWYUBBIMM ¥ OGbIYHO OCYIECTBASIIOTCS B [IPH-~
poze. Jias cucrem, coBepmaomux 04HOMepHOE IepHOAHUYECKOE
ABY2KeHHe, DTO YCAOBHe KBaHTOBaHHA Gbiro BBegeHo |[rankom.
O6o6wenne ke 9TOro ycAoBHS Ha CAyuail NepHOZHUECKOTO
JABUKEHM, ONpeseAseMOTO 6oAee yeM OJHUM IapaMeTPoM, K TO-
My BpeMeHH, korza Dop mamucan cBoum mepBble paboThl, elye
He 6bIAO M3BecTHO. DOp MpeanonokMA, YTO ZBMKEHHE aTOMHBIX
CHCTEM JZOAZHO OBbITh KBAHTOBAHHbIM, T. €. ZOAKHO NMOAYHHSATH-
Cs1 HEKOTOPBIM YCAOBHSM HAH, KaK MHOrAa roBOPsAT, IpaBHAAM
xBanToBanMs. CAeZoBaTeAbHO, KaKABIE aTOM JZOAKeH o6Aa-
JaTb HEKOTOPOW MNOCAEJ0BAareAbHOCTbIO KBAaHTOBAHHDBIX, HAH
CTalyHOHapHbIX cocToAHmM. Ecan aToM usoanpoBan u ob6pasyer
3aMKHYTYIO CHCTEMY, TO Ka:KJoe H3 ITHX CTallMOHAPHBIX CO-
CTOSHMH XapaKTepPU3yeTCs HEKOTOPbIM KBAaHTOBAHHBIM
3HaueHHeM dHepruH. lakuM o6pa3om, Kaxabld BHJ aToMa
XapaKTepU3yeTCsl NMOCAeZ0BAaTEAbHOCTbXO KBAHTOBAHHbBIX 3Haue-
HUH DHEPrHH, COOTBETCTBYIOIUHX PA3AMYHBIM BO3MOMKHBIM CTa-
guoHapHBIM cocTosinuAM. Vlwaue roBops, aToMy Kaszoro sAe-
MeHTa COOTBETCTBYET INOCAE€JOBATEAbBHOCTb YHCEA, ONpPeAeAsi-
IOIIUX DHEPTrHI0 PAa3AMYHBIX COCTOSHUH, B KOTOPBHIX ITOT aTOM
MO2KeT HaXOAUThCS.
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Ilpuaa x stomy momenry B paccy:xAeHHH, AerKo BHZIETb,
YTO MOAYYeHHasi KapTWHa oOHapy:KHUBaeT 3aMedyaTeAbHYIO aHa-
AOTHIO C CYIUeCTBOBAHHEM CIIEKTPAAbHBIX TEPMOB, BBITEKalo-
UM U3 KOMOHHALMOHHOTO TpHHUuNa. YTo6bl MOAYYHTD KBaH~
TOBYIO MHTEPIPETAUHIO CHEeKTPaAbHbIX TepMOB M 3aKoHa Pur-
Lia, ZOCTATOYHO AMIIb MPEANOAOZKHTb, UTO YaCTOTHI, COOTBET-
CTBYIOLIMe pPa3sAHYHbIM CNEKTPAaAbHBIM AHHHUAM aToMa, Bcerga
[IPOTIOPUHOHAADHBI PAa3HOCTH ABYX KBAHTOBAHHBIX 3Ha4YeHHH
€ro dHePruH, OTBEYAIOIIUX Pa3HbIM CTAllMOHAPHBHIM COCTOAHH-
aM. Bop npexpacuo Buzer, uTo 9TO MOCAeaHee NpeAmOAOHKEHHE
COBepIEHHO eCTECTBEHHO B KBAaHTOBOM TeopHuu atoMa. JeiicTBu-
TEAbPHO, TaK XaK Pa3AH4YHble KBaHTOBble COCTOSIHMA aToMa
YCTOHUHMEDI, TO HU B OAHOM H3 ITHX COCTOSIHHH aTOM He JOA-
2eH H3Ay4YaTb. BrniBoa, oueBMaHO, MPAMO NMPOTHBONMOAOMHBIM
BBIBOZY KAACCHYECKOH 3AeKIpOJHHAMHKM, COTAACHO KOTOPOIl
3AeKTPOHBI-MIAAHETHI, ABHAKYLIHeCH C YCKOpPeHHeM, JOA2KHBI ObI~
A 6bI HenpepblBHO H3AyYaTb IAEKTPOMAarHHTHble BOAHBI.

Hrax, Torpko nepexos aToma M3 OZHOrO CTalUHOHapPHOTO
COCTOSAHHA B JAPYroe C H3MeHEGHHEM JdHEPTHH CONPOBOXKZAAETCSHA
M3AyueHHeM. Dop NpeANOAOMMA, YTO Kaxjas CNEeKTpaAbHAs
AHHHA COOTBETCTBYET MIHOBEHHOMY IepexoJy aToMa M3 OZHOTO
KBaHTOBOI'O COCTOSHHA B APYroe, XapakTepH3yeMoe MeHbIIHM
3HaueHHeM dHepruH. VI36bITOK SHEPrHH YHOCHUTCS H3AYUYEHHEM.
Ilpu atoM B KBaHTOBOil TeOPHM BIIOAHe eCTeCTBEHHO CUMTATb,
YTO JHEPrus H3Ay4YaeTCsi B BHZAEe OTAEAbHBIX KBAHTOB, HAH
(QOTOHOB.

Takum o6pasoM, mpu nepexcZe aToMa M3 OZHOrO CTAaLHO-
HapHOTO COCTOSIHMS B APYyroe OH HCIyCKaeT (OTOH, dHePrua
KOTOPOTO paBHA PA3HOCTH DHEPTMH HAYaAbHOTO H KOHEYHOrO
coctosuuii atoma. OTcloga HemocpeACTBEHHO CAeAyeT TaKk Ha-
3bIBaeMOe NPaBHAO 4YacToT Dopa: uacToTa cHeKTPaAbHOH AH-
HHH, COOTBEeTCTBYIOLIeH Ilepexojy aToMa H3 HEKOTOPOro co-
croauna A B cocroamme B, parma pasnocTH sHeprmii aToma
B cocroaunax A m B, gzeremnonn ma mocroanmyro Ilranxa h.

CoraacHo aTOMy mpaBMAY YaCTOT CHeKTpaAbHble TepPMBbI
aToMa paBHBl DHEPrHsIM CTALHOHAPHDBIX COCTOSHHH dTOrO aTo-
Ma, ZAeAeHHbIM Ha INOCTOAHHYIO nJ\aHKa. TeM €aMbIM CTaHO~
BUTCS MOHATHbIM KOMOGMHAUMOHHBIH npuHuun Puruya.

Hrax, Bop mocTpour cBowo KBaHTOByIO TeOpHIO aToMa Ha
ABYX OCHOBHBIX moAiozeHusx: 1) atom obrajaeT mocaezoba-
TEeAbHOCTBIO CTAJHOHAPHBIX COCTOSIHHH, COOTBETCTBYIOLUHX ABHU-
MKEHHAM, YJIOBAETBOPAIOMUM ycAoBHAM kBanToBanus IIraHka,
U TOABKO 3TH COCTOSHHS MOryT ObITb (MH3HMYECKH pearH30Ba-
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Hbl; 2) CHeKTpaAbHOe H3Ay4YeHHe MOZKET HMCIYCKaTbCs AHIIDb
npu mepexoAe aToMa M3 OAHOTO CTaLHOHAPHOTO COCTOSTHHN
B Zpyroe, NMPUYeM HYacTOTa STOTO H3BAVUEHHS ONpPeAeAseTCs
BblIIEyKa3aHHbIM NPaBHAOM 4YacTOT. -3ajada 3aKAKOHYAaAaCh
Temepb B ONpeJeAeHHM BSHePrHi CTALlMOHAPHbIX COCTOSHHH
pasauunbix aTomoB. CaMbiM MpoCThIM, oueBMAHO, GbIA cAyHail
aToMa BOJOPOAA, ATOMHBIH HOMep KOTOPOTO paBeH eZHHHIe.
B stom cayuae aTom ob6razaeT BCero ogHMM  eZUHCTBEHHBIM
3AEKTPOHOM-TIAAHETOH, OMHCHIBAIOLIUM BOKPYT fApa KETIlAe-
poBckyto Ttpaektopuio. Ho aaxe ars atoro man6onee mpo-
CTOTO CAyuasi MOCTaBAGHHas 3ajauya He 6bIAa MOAHOCTBIO pe-
meHa B mepBbix paborax Dopa. ITo obbsAcHAAOCH TeM, YTO
KeNAepOBCKOe JABH2KEHHE He OJHOMEPHOE, a ONpeAeAsieTCs ABY-
Msl MepeMeHHbIMHM, HalpHMep BEAHYHHOH pajHyC-BeKTOpa
M a3UMYTaAbHbIM YTFAOM B3AEKTPOHa-NAaHeTbl. [lpaBuAa ke
KBAaHTOBAaHHA JAS JABYXMEPHOTO ABHMEHUS K TOMY BpPeMeHH
eme He 6bIAM M3BecTHBL. Dop o6omieA 3Ty TPYAHOCTD, NPeAINO-
AOKHB, YTO ABHKEHHE YMCTO KPYTOBOE, T. €. CUMTAasds BEAHUHHY
paauyc-BeKTOpa MOCTOAHHOH. B aTOM cayuae aBueHue 6yzeT
LIeAMKOM ONpeZeAsATbCS, OUeBHAHO, TOABKO OZHO IepeMeHHOH,
a3UMYTaAbHBIM YLAOM, T. €. CTAHOBHTCS OJHOMEPHBIM, ZAS KO-
TOPOTO MPaBUAA KBAHTOBaHUs ObIAM M3BeCTHDbL |lpupabHHBas
MHTerpaA AeHCTBHMA, B3ATHIH MO MOAHOMY MEPUOAY ABHKEHHS,
npoussesenuto nocrosHuoi [Iramka ma meaoe umcro, bBop Ha-
IeA BbipazkeHHe AAS DHEPTHil, COOTBETCTBYIOIIUX Pa3AHUHBIM
CTa6UADBHBIM COCTOSIHUAM, KaK (QYHKUHIO IIEAOTO UHCAA, H3Me-
HAIOLIErocs OT eAWHHMUBL A0 6eckoHeuHocTH. Paszerus MOAY-
yeHHOe BbIpa:KeHHe AAsl dHePrHH Ha M, HalizeM CreKTpaAbHble
TEPMBl aToMa BOAOPOJA M, CAeAOBAaTEAbHO, HaCTOTHI CIeK-
TpaAbHBIX AMHHMH pasanunbix cepuit. OTcioza HenocpesCTBEHHO
caeayioT @opmyabl Daabmepa M aHarorHuHble (POPMYABI AASA
cepuit Maiimana, [lamena u 1. a. [lpu atom Haxoaurcs He
TOADKO O6IMil BHJ 9THX (OPMYA, HO M BCe BXOAAILHe TyZAa
nocrosiuubie. Hanpumep, B popmyry Barbmepa u anaroruunbre
ell BXOZWT HeKOTOpas IMOCTOSAHHAs, HasblBaeMas IOCTOSHHOH
Pugbepra, sHaueHue ee H3BECTHO C GOABINOH CTENeHbIO TOY-
HOCTM M3 HECKOADKHMX CHEKTPaAbHbIX H3MepeHui. [eopus
Bopa nmossorsieT moayuuTh BblpasieHue AAA NocTosiHHOH Pua-
6epra uepes yHHBEPCAAbHbIE (PU3HUECKHe NOCTOSHHbIE: 3aPAJ
3AEKTPOHA, ero Maccy M nocrosnHyio IInanka. Takum o6pa-
30M, 3Ta TeOPHA NO3BOASAET TEOPETHYECKH BBIYHCAHTb 3Haye-
Hue uoctoanuoil PuaGepra. Haitzcunoe mpu srom 3snauennue
6AecTsilge COrAACYETCA CO ZHATEHIIEM, NOAYYEHHBIM Ha OCHO-
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BaUHH CNERTPOCKONMYECKHX UsMepeHHH. IJTO 6bIAO0 GOABLIHM
ycnexom Teopun Bopa u yxaspiBaro Ha maozoTBOopHOCTH pas-
BUTDIX UM KR,

Oauaxo DBop aTum He orpammuuaca u pacmpoCTPaHHA
CBOIO TEOPHIO Ha CAyYall HOHH30BAHHOTO aToMa reims. | eami
3aHMMaeT BTOPOe, MOCAe BOAOPOAAa, MecTo E Tabamue Men-
AeneeBa, T'Ze BCE BAEMEHTbl PACNOAOMKEHHI B IOPsJKe BO3PA-
CTaloIlero aTOMHOro Beca. Ero aTommbiii HoMep paBeH aByM,
H COTAACHO NAAHETAPHOR MOZEAH TeAHil COCTOHT 3 AApa,
3apAJ KOTOPOTO paBeH yJZBOEGHHOMY 3apsaay MPOTOHA, H ABYX
DAEKTPOHOB-TIAAHET.

C maremaTHuecko#f TOUKM 3peHus ONpejeAeHHe KBaHTO-
BaHHDbIX JABH:KeHHH aTOMa TreAMsa TNpeAcTaBAseT cob6oil BecbMa
CAOKHYIO 3aZady. MOCKOAbKY MBI MMeeM 37eCb He ABa, a TPH
tera. OaHako AAS OAHOKPATHO MOHMBOBAHHOTO AaTOMA FeAH:,
T. €. AAA aToMa, MOTEePABIIEr0 10A4 AeHCTBMEM KaKHX-AH60
BHEIIHHUX NPUYHH OJHH M3 CBOMX YAEKTPOHOB, Mbl CHOBA BO3-
BpamaeMcsi K mpobieMe ABYX TeA, M BCe CYILeCTBEHHO YIpPO-
waerca. JJas 0AHOKPAaTHO HOHH3O0BAHHOTO aTOMA FeAHS 3ajada
CBOAMTCA K PAaCCMOTPEHHOH B CAyuae BOZOPOJZA C TOH AHIID
pasHuLeil, YTO 3apAA AZPAa B STOM CAydae B ABa pasa GOAbIIC.
Tax Bop nokasaa, uto pacmoroxenue crekTpaAbHBIX AMHH
B CNEKTpe OAHOKPATHO MOHHWBOBAHHOTO TeAHS HY2KHO OIHCDI-
BaTb COOTBETCTBeHHO (opMyAamu DarbMepa u Apyrumu, aHa-
AOTHYHBIMM, B KOTOPBIX BMeCTO MocTosiHHo# Puabepra aorzxHo
CTOATb MPOU3BeAeHHEe DTOH MOCTOSHHOH Ha 4YeTbipe. IJTO MO-
3BOAMAO YCTAHOBHTb, uTo cepua |luxkepuura, orkpbiTaa
B CHeKTpaX HeKOTOPbIX 3Be3] M HeMPaBUAbHO T PUIHCAHHAA
paHee BOZOPOAY, TPHHAAAE!KHT OJHOKPATHO HOHU3OBAHHOMY
reanmo. TakuM 06pa3oM, KBaHTOBas TeOPHA aTOMa IMOMOTAA
pa306paThbCs B HEKOTOPbIX ONBITHbIX AAHHBIX, TOAKOBAaHHE KO-
TOPbIX OCTABAAOCD [0 T€X NMOP COMHHUTEAbHDBIM.

Haxounern, teopus Bopa ob6bacHara ewe oaun, xoTs u ne
CTOAb CyILeCTBEHHbIH, HO BeCbMa CTPAHHBIH Ha NePBbId B3TAAZ
¢axt. Jero B ToM, uTo noctoaunasa Puzbepra, onpezerennas
M3 CIeKTPAaAbHbBIX HM3MepeHHH C OAHOKPATHO HOHHW30BAHHbIM
reAMeM, MMeAa 3HayeHHe, XOTS M BeCbMa OAM3KOe, HO BCe e
B npejeAax TOYHOCTH dKCIlePHMEHTAa, OTAHYHOE OT TOr'O, KOTO-
poe GbINO HafifeHO u3 H3MepeHHH ¢ BogopoaoM (c ydeTom,
KOHEYHO, 4YeTBePKH, O KOTOPOH Mbl ymomuHaru Bbime). Dop
yKasaA, 4YTO NPHYHHA 3TOTO PACXOKJAEHHsI KPOeTcs B HeobXxo-
AUMOCTH YUMTbIBaTb ABH2KeHHA sjep BOZOPOZA W TEAHsA, HMe-
IOIIMX pasAMUYHbIe MaCcChl.
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Ilpocreiimuii BapHaHT TeopHH, HCXOZAWIMH H3 IPEANOAO-
:KEeHHsI O HEMOZBHUKHOCTH sAApPa, SBASETCA AHIIb NePBbIM NMPH-~
6AuxeHNEM, TeM OGOAee TOUHDIM, yeM OOAbILE OTHOIIEHHe Mac-
chl Aapa K Macce arekTpoHa. lloaTomy aasa moayueHusi Tou-
HbIX BbIpa*keHHH HYKHO Y4eCTb JBH2eHHe sApa, COBepILNalo-
Imeecsi 1M0J BAHUSHHEM CHA, JeHCTBYIOIIMX CO CTOPOHDI
arexkTpona. JleficTBuTerbHO, mpoBeseHnbii Dopom 6oaee TOU-
HBIH pacyeT, MO3BOAHA [OAYUUTb COOTBETCTBYIOLIHe IONPAaB-
KH, MNPONOPUHOHAAbHble OTHOUIEHHIO MacChl DAEKTPOHA K Mac-
ce sagpa. A Tak Kak Macca szpa reAMs NPHMEPHO B YeThbIpe
pasa MpeBBIIIAET MAcCy sApa BOJOPOZA, TO M IONPaBKa OKa-
3arach AAsl BOZOPOJZA 3aMETHO OTAMYarouleHcss OT TOH, KO-
Topas BO3HHKaeT B cAy'uae reaus. Mcnpasaenuble sHaueHus
nocrosaHHoii Puabepra 6iecTsAllie COBMaAM C oOlpejeAeHHBIMA
DKCIepHMeHTaAbHO. | akHM 06pa3oM, pacxoxeHHe B YHCAEH-
HbIX 3HA4YeHHSAX BTOH IOCTOAHHOH, NOAYYEHHOe H3 ONBITOB
C reAmeM U BOJZOPOJAOM, 6biAO 0ODBSACHEHO.

Teopus artoma, passutas Dopom, mossoamaa Tax:xke, N0
KpalHel Mepe B OOIIMX uepTax, MOHSTb CTPYKTYpy ONTHUe-
CKMX CMeKTPOB M Apyrux asnemeHToB. OaHako npu NOMBITKE
HENOCPeACTBEHHO PAacOPOCTPaHHUTh pacuyeThl Dopa Ha aToMbl,
obrazarolie GOABHIMM UHCAOM DAEKTPOHOB, Mbl CTAAKHBAEM-
CSl C Cepbe3HbBIMM TPYAHOCTSAMH, MOCKOABKY, C OZHOH CTOPO-
HDI, 3ajaya ONpPe/leAeHHs JBHEHHSA DAEKTPOHOB YpesBbIYail-
HO YCAO2KHSETCS, a TO U BOBCE CTAHOBUTCSI HepaspelIUMOH, 2,
C APYroH CTOPOHDbI{, CAMHM MPaBUAA KBAHTOBaHHA JBHKeHHA
B 3TOM CAyuae NpeACTaBAAIOTCA coMHuTeAbHbiMH. V1 Tem He
MeHee TrAybokasi aHAaAOrH:A, CyUleCTBYIOIUasi MeXAy CIeKTpaMH
Pa3AMUYHBIX DAEMEHTOB, CBHJETEAbCTBYET 06 HMX €JHHOH MPH-
poje W TMO3BOASIET HaJZesTbCs, 4YTO MeTOJ, yBeHYaBLIMHCS
CTOAb OAeCTALIMMH yCllexaMM B CAydyae aTOMa BOAOPOZA, MO-
KeT ObITb 0606LIeH HAa CAy4YaH aTOMHBIX CHCTeM, COCTOs-
IIHX U3 GOABILIOrO YHCAA DAEKTPOHOB.

B uwactHoctH, caeays teopunm DBopa, moxHO mpexrozxuth,
HanpUMep, CAeAYIOWIHMH, INpaBia BecbMa NPUOAHM:KEHHDBIH, Me-
ToA peuienus aToH mpobremul. IlycTp umeeM HexoTOpBIN aToM
c aTomMHbiM HoMepoM, paBHoiM V. Byzem cuurarp, uTo szpo
u N—1 srekTpoHOB 06pa3yloT CHCTEMY, SKBHBAAEHTHYIO HEKO-
TOPpOMY 3(P(PeKTHBHOMY SApPY, B IOAe KOTOPOTO JBH2KETCA
N-# anextpon. VMluaue rosops, Bausnme agpa u Bcex OCTaAb-
Hbix N—I 37eKTPOHOB CBOAMTCA B NMePBOM NPHUOAHKEHMH K
CO3/IaHHIO HEKOTOPOro 3(P(eKTHBHOrO KyAoHOBa mnoAs. [lepe-
x0abl N-ro sAeKTpOHAa M3 OZHOrO CTaLlMOHAPHOTO COCTOAHHSA
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B APYroe M ONPeAEASIOT ONTHYECKHH CIEKTP ITOrO dAEMEHTa.
Takum 06pazoM, ZAA CHeKTPaAbHBIX TEPMOB MbI IOAyHaeM
BBlpAaKeHHUsA, NMOJA06HDIE TeM, KOTOPble GBIAH MOAYYEHbI B CAY-
uyae BoZopoga. JTo M O6DBACHAET, MNpaBAa AOBOAbHO Trpy6o,
HabAIOZaeMyI0O Ha ONbITe AaHAAOTHIO MeMAy ONTHYECKHMH
CTeKTPaMH Pa3AHUYHDIX dAeMEHTOB.

Teopus Bopa moseoamra Takxze MOHATD NPOUCXOKAEHHE
PEHTTEHOBCKUX CMEKTPOB, ABAAIIIHXCA, NOZOGHO ONTHUECKHM
CIIeKTpaM, XapaKTepPHCTHKOH BHYTPHaTOMHOH cTpykTypbl. He
»KeAas BZaBaTbCsA B AeTaabHOe 06Cy2K7eHHe 9TOro BOIPOCA, OT-
MeTHM AHIUb, 4TO HAed Dopa NMO3BOAMAHM NOHATH TNPHPOAY
OZHOTO U3 OCHOBHDBIX 3aKOHOB, KOTOPOMY MOZYMHSIOTCS PEHT-
TeHOBCKHe CNeKTphi aToMoB -— 3akoHa Mosau. [Togo6uo ontu-
YeCKMM CNeKTpaM, PEeHTIeHOBCKHe CMEKTPbl TaKxke AEeASTCS Ha
cepun, ob6mas CTPYKTypa KOTOPbIX OAMHAKOBA JAA BCeX
xuMuueckux arementoB. Ilocae Toro kak ¢on Nays, Mpuz-
pux u Kuunnuur 8 1912 r. oTkpeian siBAeHME AUDpaKLHU PEHT-
reHOBCKMX Ay4edl B KPHCTaAAaX, MO3BOAHBIIEe TOYHO OIpPEZe~
AMTb AAMHY BOAH DPEHTTeHOBCKOTO HM3AYUYeHMs, MOAOAOH aH-
raviickuit yuenoti Mosan o6paTHA BHMMaHMe Ha TOT (akrT,
4TO CMeLleHHe PEHTTeHOBCKMX CHEKTPOB PAa3AMYHbIX DAEMEH-
TOB Ha ILIKaAe YacTOT C JOCTATOYHON TOYHOCTBIO MPAMO TNPO-
MOPUHOHAABHO KBazpaTy HX aTomHoro HoMepa. Vlmaue roso-
psA, HaCTOTa KakOH-AM60 ONpeaeAeHHOH AHHHH HEKOTOPOTO
DAEMEHTa B 4YeTbipe pasa MeHbIe YaCTOTbl COOTBETCTBYIOLLeH
AMHHM 3AeMeHTa C yZABOEGHHbIM aToMHbIM HoMepoM. K3 Bmipa-
MeHHs1 Al 4acCTOT, MOAYYeHHOro ¢ mnoMowibio Teopuu Dopa,
AETKO BHJETb, YTO, BO BCAKOM CAydae B NEepBOM TNpHOAMKe-
HHY, 4aCTOTbl BCeX AHHHH pPEHTTeHOBCKHUX CIEKTPOB ZeHCTBH-
TeADHO JOAXKHDB!I 6DbITb NPHMEPHO IPONOPLUHOHAABHBI KBaZA-
paTy aTOMHOro HoMepa dAeMeHTa. 3akoH Mosau Hamea cBoe
o0bAcHeHHe, W TaKuM NyTeM Teopuss aToma Dopa oxasanrach
NpUMeHHMOH BO BCeX 06AACTAX CIEKTPA.

3. Paseurne Teopuu Bopa. Teopna Jommepdernaa

B cBoem marematuueckowm BbipaxseHHH Teopus Dopa obaa-
ZaAra oZHUM cepbe3sHbiM HegocTaTkoM. JleiicTBuTeAbHO, Zaxe B
HanboAee NPOCTOM CAy4yae aTomMa BOJAOpPoJa, OHa IO3BO-
AsiAa HaliTH DHEPrHI0 CTALMOHAPHDBIX COCTOSIHMH AMIIb ZAAS
YHCTO KPYrOBOTO ABHMKeHHs. |lpuunHa 3TOro 3aKAOuaAach
B OTCYTCTBHHM HeOOXOZMMDIX MeTOZOB KBAaHTOBAHHs, MOCKOADBKY
MeTOJ KBaHTOBAaHHA JeHcTBHA, npezroxeHHbld [Trankom, ro-
AUACS AHIIb AASL OfHOMepHOro asuxenus. [loaTomy s garb-
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Heiflero pasBuTHA Teopud Dopa Heo6xoZUMoO GBINOG HAHTH Me-
TOABl KBAaHTOBaHMA, TPUMeHHMble B 06IleM CAydae MHOTO-
MEPHOTO JBH2KeHHUSI.

Ota sazaua 6bira pemena B 1916 r. nouts ogHOBpeMeHHO
Buabconom u 3ommepperbaom. Ouu o6paTuru BHUMaHHe Ha
TO, YTO BCe MeXaHHYeCKUe CHCTeMbl, paCCMaTpPHBaeMble B KBaH-~
TOBOH MeXaHHKe, OTHOCATCA K KAACCy KBa3HIlepHOZUUECKHX
CUCTeM ¢ paszersiomuMHcsa nepemeHHbiMH. CHCTeMbl Takoro
poza XapaKTepH3YIOTCA NepHOAHYECKHM H3MeHeHHeM BCex Ie-
pPEMEeHHBIX, XOTA BEAMUMHDI 3THX NepHOJOB, BOo6GIe TOBOP,
OTAMYHBI ZPYT OT APYyra. DoOAee TOro, HagAexkalluM BbI60POM
STHX NlepeMeHHbIX HHTerpaA AeHCTBHA yjgaeTcs pasbUTb Ha pAj
HHTErpaAOB, Kaxbli U3 KOTOPbIX 3aBHCHT TOABKO OT OZHOH
nepemennoi. [lpoBoas B KaxJA0M M3 STHX WUHTErpaAoB HHTET-
pUPOBaHHe MO NMOAHOMY TIePHOAY COOTBETCTBYIOINEeH mNepeMeH-
HOH M NpUpaBHUBAs Kaxzbii U3 HHX TIPOH3BEJEHHIO MOCTO-
aunoi [IraHka Ha 1eAoe YHCAO, HOAYYaeM, OUeBHAHO, YCAOBHS
KBAaHTOBAHHA AAA CAyyas CHCTEM CO MHOTMMH CTeleHSIMH CBO-
60abl. B uacTHOM cAyuae oJHON cTemeHM cBo60abI OHM Ilepe-
XOZAT, KaK AerKO BHZETb, B YCAOBHMe KBaHToBaHMA l|lraHka.

Meros ksantoBanua Buabcona — 3ommepdernsa, koTo-
pBIil MBI TOABKO HTO ONHCAAM B OOGIIHX YepTax, MO3BOASET
B NMpHHIHUNe pa3pelIMTb BCe 3ajauH, CTOAIUUe Tepej TeopHeil
atoma Dopa. [IpakTuuecku :xe B cAyuae 60ree HAH MeHee CAOXK-
HOTO aTomMa 3azaua, Kak H [pexje, OCTaeTCs, CTPOro ToBOPS,
Hepaspemumoii. Ho aTo cBasano yxe He ¢ oTCyTcTBHEM He06-
XOAMMbIX NPaBUA KBaHTOBaHMA, a C MaTeMaTHYeCKHMMH TPYZA-
HOCTAMHM, BOSHUKAIOWIMMH NPH PELICHHY yPABHEHUI ABHKEHHS.

SoMMepdeAbs HCIOAB30OBAA TPEAAONKEHHDIH HM METOZ AAS
pemeHus 60Aee CAOKHBIX 3aZay TeOPHH aTOMa, KOTOPble OKa-
3aAHMCh He TOJ CHAy panHeill Teopuu Dopa. [lpexae Bcero on
HOKa3aA, YTO y4eT SAAMINTHYHOCTH DAEKTPOHHbIX OPGHT B aTo-
Me BOZOPOZA He M3MEHSeT BbipaXKeHHH JAS DHEPrHH Pa3AHY-
HbIX CTAallHOHAPHDBIX COCTOSIHHH H, CAeZ0BaTeAbHO, aBCOAIOTHO
He CKasblBaeTCA Ha pe3yAbTaTaxX, noAyuenunix Dopom. [anee
OH MOKa3aA, 4TO 60OAee CTPOTMH yueT JABHSEHMA DAEKTPOHOB
NPHBOAMT K 3aMeHe (GopMyA Tuna Daibmepa apyrumu, 6oree
TOYHO ONHUCHIBAIOLIMMH MCTHHHOE PACIIOAOKeHHe CNeKTPaAbHbBIX
AMHHH ONTHYECKOTO CIIEKTpPa M COBMAZAlOLIMMM C HaHzeHHbIMH
paHee aMmupuuecKMMH (opmyramu Puzbepra u Purua.

Ho nau6oanmuii ycnex saBoesara, pasyMeeTcsi, ero TeopHsi
TOHKOH CTPYKTYpbl AMHMH. |laTeAbHOe H3ydeHHe CIEKTPA
BOJOPOZA, MPOBEeAEHHOE C MOMOILbIO CHeKTporpaos, o6razao-
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IIUX BBICOKOH paspelialoliedl CHOCOGHOCTBIO, MOKAa3aio, UTO
HEKOTOpble CIeKTPaAbHble AHHHM OKa3bIBalOTCSA He NMPOCThIMH,
a UMelOT 60Aee TOHKYIO CTPYKTypy W CaMH COCTOST H3 PAAA
oueHb GAH3KO APYT OT Apyra pacrnoroxexuoix aunuid. OzHako
popmyrbl Barbmepa u apyrue, TeopeTmueckn Haiizennbie Do-
POM, He YUYUTbIBAAM ITOH TOHKOH CTPYKTYypPbl AHHHH.
Torza 3ommeperba BbicKasaA MpeaToAOzseHHe, UTO TOHKad
CTPYKTypa CINeKTPaAbHbIX AMHHK CBSI3aHA C PEAATHBHCTCKMMH
a(ppeKTaMH U JZAS yueTa ee HeOGXOZUMO BMECTO ypaBHeHHH
HbioTona BocmoabsoBaTbcs ypaBHeHHSIMH pPeASTHBHCTCKOH
MexaHuku Oinmreitna. ¥ 1eficteuTerbHO, IpoBeseHHbIE MM
pacyeTbl MOKAa3aAH, UTO YyYeT PEASTHBHCTCKHX IMONPABOK INPH-
BOAMT K pPAaCIeNAEHUWIO I[EKOTOPbIX 3HEePreTHHECKHX YPOBHeI:.
HMuaue roeops, HekoTopble CrmeKTparbHble TepMbl BOZOPOZAA,
naitizennoie Bopowm, pacmazaioTcs Ha ABa, XOTH U OYeHb OGAM3-
KHX Mexxay coboi, HO BCe 26e OTAWUHBIX APYr OT APYyra CHeK-
TpPaAbHBIX TepMa. JTO, OUeBHAHO, U OGDBACHSET sABAEHHEe TOH-
KOH CTPyKTypbl. DBbluncaenHoe 3oMmepderbioM 3HaueHHE
Pa3sHOCTH 4YacTOT, COOTBETCTBYIOLIHX AHHHAM Ay6AeTa cepHH
Baabmepa, okazsaroch B Z0OCTaTOYHO XOPOIIeM COTAACHH C IKC-
nepPHUMEHTAAbHBIMH JaHHDIMH.

O6uagerennbiii 3TUMH ycnexamMu 3oMMep(eAbs MOMBITAA-
Cs Tak:ae O6DBACHHUTD TOHKYIC CTPYKTVPY PEHTIeHOBCKHX CIIeK-
TPOB, YTO HMeAO elle 6OAblllee 3HaueHHe, YeM HHTEpPIPETALHs
ONTHYECKHUX CHEKTPOB, MOCKOAbKY B PEHTIeHOBCKHX CIIEKTpax
HabAOa0TCA AY6OAETDI, A€TKO paspeliuMbie AAS BCEX DAeMEH-
toB Tabauupl Menzereesa. HexkoToprie us atux zy6aeros, Ha-
3blBaeMble NpPaBHUAbDHBIMH JyGAreTaMmu, OOHapy:KH-
BAIOT 10 Mepe MepexoAa OT OAHOIO DAEMEHTa K ZPyromy, ompe-
ZeAeHHble 3aKOHOMEPHOCTH. B 4acTHOCTH, PasHOCTb 4acToOT,
COOTBETCTBYIOIas AMHHAM OAHOro zy6AeTa, GBICTPO pacTeT C
yBeAHYeHHeM aTOMHOIO HOMEpAa 9DAEMEHTa, NPHUOAH3HTEAbBHO
Kak ero uerBepTas crenenb. O6pameHne K PeAATHBHCTCKHM
ypaBHEHHAM JABH:KeHHS BMECTe C HaWZeHHBIMH UM YCAOBHAMH
KBAaHTOBAaHHS TO3BOAHMAO -JoMMepderbay O6DACHHTE Kak
NPHYMHY BOSHHUKHOBEHHUS 9THX Ayb6AeToB, Tak M yKasaH-
HyIO Bblllie 3aBHCUMOCTb Pa3HOCTH YaCTOT OT AaTOMHOTO HO-
mepa. B uacTHocTH, pacmonroxenue ay6aeToB cepun L oueHn
XOPOIO ONHCHIBAAOCH JIOAYYEHHBIMH HM (OPMYAaMH.

3aMeuaTeAbHble pe3yAbTaTbi, TNOAYUYeHHblE -SoMMepderb-
aoM u ony6aukoBaHHble B 1916 r., ABUANCD NOAHBIM NOATBep-
KIeHHeM CHPaBeAAMBOCTH KAK KBAHTOBbIX MeTOJOB, TaK OJHO-
BPEMEHHO U PEASSTUBHCTCKOX AWHAMHKM M IPHBAEKAHM K KBaH-
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Tosoll Teopuu Bceobwee BHHMaHHe. Ho 6onree raybokuil aHa-
AH3 9TOH Teopud OOGHAPYKHA B HeH MHOIO HeAOCTATKOB.
B wacrtHOCTH, TMOCAezOBaTEAbHOE NPHMeHeHHe HCIOAb3YeMbIX
B 3Toll Teopun (koTopast B HacTOslee BPeMs H3BECTHa Kak
CTapas KBaHTOBAas TeEOpHSA) IPUHUHIIOB U METO-
OB BCTpPeuaeT Ha CBOeM NVTH oNpejeAeHHbie TPYAHOCTH NPHH-
uunuarbHoro xapakrepa. Ho gaxke 6e30THOCHTEABHO K 3THM
TPYAHOCTsIM 06LIEro xapakTepa Teopus 3omMMep(peAbZa MOKET
BbI3bIBAaTh BO3pax@<eHHs1 OOAee yacTHOro MopszAKa.

ITpexzae Bcero aelicTBMTEAbHAs TOHKas CTPYKTypa OMNTH-
4eCKOTO0 M PEHTTeHOBCKOrO CIEKTPOB HOCHT 6OAee CAOXKHbIN
XapaKkTep, 4eM OTO CAelAyeT U3 Teopuu oMmepdeArbia.
[loryuenHas uM KapTHHAa CMeKTPaAbHbIX AMHHE, XOTs U 60-
Aee noAHas, uem y Dopa, Bce e ropaszo 6eanee TOH, KoTopas
HabAIOJaeTCs B JefCTBHTEABHOCTH. OTO OKa3blBaeTCs OYEHb
Cepbe3HOH TPYAHOCTBIO, U60 Teopusa .3oMMepPerbza He OCTaB-
AsieT MeCTa JAAA BBeJAeHHs 3THX JONOAHHTEAbHbIX TepPMOB,
CylleCTBOBaHHe KOTOPDBIX HEGCINOPHMO JOKAa3aHO IJKCNEePHMEH-
toM. [loaHoTa u 06mHOCTD MCOAD3yeMbIX MeTOZOB He ZOMY-
CKAaloT, Ka3aAoch 6bl, garbHeiiurero o6o6menns Teopuu. [1pas-
Za, 3oMMep(peAbAy YAAAOCh yUECTb 3TH AOMOAHHTEAbHbIE TEP-
Mbl, BBeJeHHEM HEKOTOPOro JAOMOAHHTEeAbHOTO KBaHTOBOTO
4YHCAa, HA3BAaHHOTO MM BHYTPEHHHM KBAaHTOBBIM
uncarom. OpHako oHO 6b1A0 BBeZeHO BeCcbMa HCKYCCTBEHHO
M HHKaK He CAeZOBAAO U3 CaMOH TeopHM. | OAbKO CAEAaHHOE
no3ze OTKPbITHe COOCTBEHHOrO MAarHHTHOIO MOMEHTA JAEKTPO-
Ha IO3BOAHAO ONPAaBZaTh ¥ 06BACHUTH BBeJeHHE DTOrO HOBOIO
KBaHTOBOTO YHCAA.

Takum ob6pasom, Teopuss 3oMMepderbaa OKa3aAachb HECHO-
COGHOH JZaThb ZOCTATOYHO NOAHOEe OObACHeHHe TOHKOH CTPYK-
Typbl cnekTparbHbix Aunud. Ho npeackasanue ee oTHOcHTeAb-
HO AyOAETOB B ONTHYECKOH M PEHTreHOBCKOH O6AACTAX CIIEK-
TPOB, Ka3aAoCh, MOAHOCTBIO onpaBiaAoch. K coxanenuto, npo-
BeJeHHbIH NO3JHee TILATEAbHbIH aHaAM3 CTPYKTYPbI CIEKTPOB
nokasaA, uTO COBNMazeHHe He Takoe yx xopomee. Okasaroch,
4TO KaxJjoe YCTOHYHBOE COCTOSIHHE aTOMa XapaKTepH3yeTcs
LeAOH COBOKYNHOCTbIO KBAHTOBBIX uHceA. E.cAm 3To ydecTb,
TO Mbl INPHUXOZHM K CAeAylOlleMy HECKOAbBKO CTPaHHOMY BbI-
BoZy: Teopus 3oMMepderbja TOYHO mNpeacKkasara Ay6AeTHI
cepun Baabmepa u penrrenosckux cnektpos. OgHako aelicTu-
TeAbHOE IOAOzKeHHe HMX He COBNAZaro C TeM, KOTOPOe CAelo-
Baro us Teopuit. Heposmoxno 6bir0 npunucaTh ycnex TeopHu
3oMMepderbza MPOCTO CUACTAMBOH CAYYaHHOCTH H BCe 2Ke
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4yBCTBOBAAOCb, UTO B DTOH TEOPHH 4YTO-TO He Tak. J\MIIb Teo-
pua Jupaka, mpuHAB BO BHMMaHHe HOBble CBOHCTBAa 3AEKT-
pOHa, TOCTaBHAA BCe Ha CBOM MeCTa, COXPAaHHUB BCe T'AaBHbIC
pesyAbTaTbl Teopuu 3oMMepdeAbza. |akum o6pa3oM, BbIAC-
HHAOCDH, YTO HalpaBAeHHE MbICAH 3TOro 3aMeyaTeAbHOTo (u-
3MKa 6bIAO COBepLIeHHO MpaBUAbHBIM. Ho B To Bpems, korza
OH pa3BUBAA CBOKI TEOPHIO, KBAHTOBble I pPEACTABAEHHS, C
OLHOH CTOPOHDBI, U HAllX 3HaHHA 06 DAEKTPOHe, C APYyroH, He
6biAH ellle ZOCTATOYHO NMOAHBI ZASL TOTO, YTOOBI NO3BOAHTD eMYy
OKOHYaTeAbHbIM 06pa30M 3aBePIINTb CBOE IOCTPOEHHeE.

4. Teopua bopa u cTpoenmne aTomon

I'raBubIM MoMenTOM Teopuu Bopa 6sia0 yTBep:xaeHue, UTO
DAEKTPOHbBl BHYTPH aTOMa MOTYT HAXOZAUTbCS TOAbBKO AMIID
B CTAallHOHAPHBIX COCTOSHHUAX, COOTBETCTBYIOLUHUX OINpPeZeAeH-
HbIM KBAaHTOBAaHHbIM 3HaUYeHMAM SHEPTHH. JHAUNT, CYLIeCTBYIOT
onpejereHHble JdHePreTHYeCKHe YPOBHH, Ha KOTOPDBIX KaK-TO
pACMoAaraloTCA pasAHYHble DAEKTPOHbI aToMa. |loaHoe umcAQ
3AeMEHTOB paBHO, Kak u3BecTHo, 92. AToM kaxzoro mocae-
AYIOILEro dAeMeHTa COJepKUT Ha OJHH dAEKTPOH OOAblle, ueM
aToOM INpezblgyILero.

Takum ob6pasom, mo Mepe Bo3pacTaHHs ATOMHOTO HOMepPA
CTPYKTypa IdAEKTPOHHbIX OOOAOUER COOTBETCTBYIOILHX aTOMOB
BCe 60Aee H 6Onee YCAOHHAETCA. SHaHHe ITOH CTPYKTYPBI IO-
3BOASIET ONPEJEAHTb BCe XHMHYeCKHe M (U3HueCKHe CBOHMCTBA
3THX dAeMeHTOB. E.llle 3a70Aro0 40 BOSHHKHOBEHHS KBAaHTOBbIX
Teopuii pycckuil xuMuk MenzaenreeB pacroAOKHA BCe W3BBECT-
Hble K TOMy BPeMEHH DAEMeHThl B TaOAHIY 10 BO3pacTalomeMy
aTOMHOMY BeCYy, T. €. IIOYTH TOYHO B NOPSAJKe BO3pacCTaHHA HX
aTomHoro Homepa. Ilpu »ToM OH o06HapyKHA oONpeAeAeHHYIO
MePHOAUYHOCTD B XHMHYECKHX CBOHCTBAX PACIIONO2KEHHDbIX Ta-
KuM o6pasom dremeHToB. MHaue rosops, cBoiicTBa 9AeMEHTOB,
pasjeneHHbIX B 3TOH TabAHUe HEKOTOPbIMH peryAsipHbIMH
HHTepPBaAaMM, OKAa3bIBAIOTCA BO MHOIOM MOJZOGHBIMH.

Ozauako 3Ta mepHOAHYHOCTb He COBeplIEHHO cTporas. I ak,
HanpuMep, BEAHYHHA [€PHOJA YBEAMYHMBAETCS MO Mepe MPOABH-~
MKeHHs K KoHUY Tabauunl MengereeBa, a cama mepHOAMYHOCTD
3a4acTyi0 o6HApyKHBAET HeperyAspHble OTKAOHeHHA. Bce aTo
yKasblBaeT Ha TO, 4TO (PU3HYECKAs NPUPOJA DTOH INePHOAHY-
HOCTH OTHIOAb He NPOCTa. leM He MeHee IePUOAMYHOCTD
CBOMCTB CyI[eCTBYeT M HaCTOsAllas TeOpHUs aToMa JOAXKHA
06bACHUTD ee. UT06bI O6BACHHUTD STH 3aKOHOMEPHOCTH, TEOPHsI
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Bopa 6bira gomorHena elle OZHMM H, KaKk Mbl B JaAbHeflieM
ybeaumcs, o4eHb BaKHBIM NPABHAOM, IO KOTOPOMY Ha OZHOM
9HePreTHYeCKOM YPOBHE MO2KET HAXOJUThCS AHIUb OrpaHH-
4eHHOe YHCAO DAEKTPOHOB, T. €. DHEPreTHYeCKHe YPOBHM Kak
6bl HacbILIAIOTCA AEKTPOHAMH. JTO OBIAG NMOUCTHHE HOBOE H
HeOXKHJAaHHOe CBOHCTBO KBAaHTOBBIX CHCTeM, FAy6oOKoe COZep-
*KaHKe KOTOPOro CTAAO SICHO 3HAYHTEABHO IMO32KeE.

[Toabsysich mocTyraToM 0 HachllleHHH ypPOBHEeH ¥ OMHPAACh
Ha BecbMa OOLIHH (PMBHYECKHH NPHUHLMHI, COTAACHO KOTOPOMY
YCTOHYHBOE COCTOSIHHE CHCTEMBI eCTb COCTOSIHME C MHHHMAaAb-
HOH 9HeprueH, MOXKHO Aerko INOHATb MPHPOZY 3aMeueHHOH
MeHzereeBbIM NePHOAHYHOCTH CBOHCTE Pa3AMUHDIX DAEMEHTOB.

camMoM Jere, eCAH 6bI He CYIIeCTBOBAAO HAaCHIIEHHA yPOB-
Hel, TO B HOPMAaAbHOM CTaBHUABHOM COCTOSSHHM aTOMa KaKoro-
An60 dAeMeHTA BCe DAEKTPOHbBI HAXOAHUAMCH 6bl HAa CaMOM
HH3IIEM YPOBHe, COOTBETCTBYIOLIEM HaWMeHbIIeH 3HePTHH.
Ogaunako H3-3a HacbllleHMs YPOBHeH Takasd CHTyalluss HeBO3-
MO2KHa.

Korza no mepe yBeauuenus aTommoro Homepa, Mbl Iepe-
X0JHM OT OZHOTO 2AEMeHTa K APYrOMy, HOBbIH DAEKTPOH, KO-
TOPbIH ZOGABASETCA K CTPYKType aToma, OObBIYHO 3aHHMaeT
MeCTO Ha YpPOBHe C HaMMeHblled dHeprued, KOTOPbIH emIe He
HacbIIIeH, WAH, KAK 4aCcTO [OBOPAT, Ha YPOBHe C HaHMeHbIuei
DHeprueil, rae ewe ectb cBoGozHOe MecTo. Kak TOAbKO HHU3-
IIMH ypPOBEeHb OKa3bIBaeTCs 3aMOAHEHHbIM, DAEKTPOHBI HauH-
HAalOT pacloAaraThbCs Ha CAejyilolieM, 60Aee BbICOKOM, IOKa €ro
TaKKe He 3aMOAHAT LEAHUKOM. -3aTeM HACTYNaeT O4ePeib CAe-
AYIOLIero YPOBHS M TaK AaAree. |akuMm 06pa3oM, ABHrasichk HO
tabane MenzereeBa B HamnpaBAeHHHM BO3pacTaHHS aTOMHOIO
Beca 9AEMEHTOB, Mbl MOX2eM 3aMeTHTb, KaK IIOCTENEeHHO GJAMH
3a APYTHM 3alOAHSIOTCSA BCe HU3IIHEe DHEPreTHUECKHE YPOBHH.

Zecb CAeZyeT CAeAaTb OJHO CyIIeCTBEHHOe 3aMeuaHHe. | OH-
Kasg CTPYKTypa CHeKTPAAbHBIX AMHMH yKas3blBaeT Ha TO, YTO
DHepreTH4YeCKHe YPOBHH BHYTPHATOMHbIX DAEKTPOHOB QacIleil-
AAIOTCSI Ha Psii OueHb OAM3KO PAclOAOKEHHBIX I10ZYPOBHEH.
OAEKTPOHDI, 3aNOAHAIOLIHE 3TH NMOAYPOBHH H obAazaomize,
CAeJoBaTeAbHO, NOYTH OZHHAKOBOH »Hepruel, o6pasyloT, Kak
roBopsAT, 060AOUKY.

Urax, sanoauss oaun 3a gpyrum Bce MOCAeAYIOUIHE yOOB-
HH, dAEKTPOHbI 06Pa3sVIOT TOCTENEeHHO Pa3AHUYHBIE OOOAOYKH.
[lo mepe moctpoenns oamoii u TOH ke 0O6OAOYKH XMMHUECKHe
CBOHCTBA JAEMEHTOB MEHSIOTCS BIOAHe ONpeZeAeHHbIM 06pa-
soM. Kak Toabko ara o060Aouka OkashiBaeTCs 3amOAHEHHOH,
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HayHHaeTCs [OCTPOeHHe CAelyioled. DTO MOCTPOEHHe MPOTe-
KaeT MOUTH TaKWM ke 060a30M, H XUMHUYECKHe CBOHCTBA dAe-
MeHTOB B 06WMX yepTax mnosroparoTcsa. (CAezoBaTeAbHO, Ha-
6Ar07aeMan NpH aABuceHuM 1o Tabauue MeHnzereeBa mepuoauy
HOCTb CBOMCTB HAaXO0AUT cebe COBePIIEHHO eCTeCTBEHHOe 06bsC-
Henue. PasanuHoe uMCAO MOZYpPOBHE#R M, CAeZoBaTeAbHO, pas-
AWUYHOE YHCAO DAEKTPOHOB, HEOOXOAUMBIX AASI 3alIOAHEHUS TOH
HAM UHOH O06OAOUKH; O6DSACHSET OTMeYeHHble BbIllle BapHAIIUU
nepuoga. JTo 06bsACHeHHEe U3MEHEHHs BeAHWUHHBI Ilepuoza, Xa-
pPaKTePHU3YIOLIEro NMOBTOPAEMOCTb XHMHYECKMX CBOWCTB paz-
AHYHBIX DAEMEHTOB, C ITOMOIIbIO MOJEAH BANOAHSIOLIHXCA
ob6orouek 6bir0 mpesroseHo BHauare Koccenaem, a szarem 60-
Aee zetarbHo passuTo bopom, Cronepom u Cmurom.

Pacnpeserenre 3AeKTPOHOR BHYTPH OTAEAbBHBbIX 060A0UYEK
H YyPOBHEH TECHO CBSI3aHO CO CTPYKTYPOH PEHTTEHOBCKUX CIIEK-
TpoB. JelicTBuTeABHO, coraacHo Teopun Dopa WX BOSHHKHO-
BeHHe O06bscHseTcsa caesyouwnm ob6pasom. [lycte moa Baums-
HUEM KaKUX-AMO0 BHEUIHHX IPHWYHH OZMH U3 IAEKTPOHOB
BHYTPeHHeH O060AOYKHM YyZaAeH CO CBOero ypoBHsA. lorza
B 9TOH 060AOYKE OKaKeTCsi 0AHO CBOOOAHOE MECTO, Ha KOTOPOe
Telepb MO2KET IePeHTH OAMH U3 DAEKTPOHOB BHeIIHeH 060-
AOYKM, O6GAajarolIuH, CAeZ0BaTeAbHO, OOAbIIEH 3dHepPrHeH.
M36b1Tok 2TOMN 3Heprum 6yzeT VHeceH HCIyCKaeMbIM IPH Ta-
KOM IlepexoJe raMMa-KBaHTOM. JTO H3Ay4YeHHe M IPUBOAMT
K PEHTTEHOBCKHMM CHEKTPAaM.

Takum o6pasom, yxe OTCIOZa COBEPIIEHHO SICHO, KaKoe
OrpOMHOE 3HayeHHe JAASl H3Y4YeHWs] BHYTPEHHEro CTPOEHHUT
aTOMa U CTPYKTYpPbl YPOBHEH HIpaeT AeTaAbHOe HCCAeJOBaHHE
¥ KAacCH(UKALMA 3THX CNEKTPOB. DB yaCTHOCTH, MOXHO CKa-
3aTh, YTO HMEHHO aHAAM3 PEHTTE€HOBCKUX CIIEKTPOB PA3AMYHBIX
9AEMEHTOB II03BOAHUA HEONPOBEP:KUMO JOKa3aThb CHPABEJAH:
BOCTb BaXHOTO IPUWHIIMIA HACBILUEHUs YHEPTEeTHUYECKUX YPOB-
HeH, 3HaYeHHE KOTOPOTO Mbl y:Ke NOAYePKHUBAAH.

['unoresa Bopa o cymecTBoBanMM KBaHTOBBIX dHepreTHue-
CKHX yPOBHEH, a paBHbIM 06pa3oM H ero o61ias KapTHHA BHYT-
PeHHEro CTPOEeHHsI aTOMOB PAa3AMYHBIX DAEMEHTOB XOPOIUO
[OATBEPAHUANCh ONbITAMH [0 yZapHOH HOHM3aLMH. SIBAeHHe
HOHH3aUMKU IPH TNOMOILH yJAapa, UAM yAAPHOH HOHHBALHH,
COCTOMT B OTPbIBe OAHOIO W3 BHYTPUATOMHDBIX 3JAEKTPOHOB
B pe3yAbTaTe COyZapeHHsI aTOMa C KaKUM-AH60 APYTHM TEAOM,
ckaxeM, ¢ gpyrum atomom. Ilpu »ToM, uem ray6xe ypoBeHb,
Ha KOTOPOM HAXOJZMTCS DAEKTPOH, TeM GOABIIYIO SHEPTHIO HaZo
3aTPATHTb AASl ero yAaAeHHs. JTa 9HEPrHUsl HOCHT HasBaHHe
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SHeprHM MOHH3aUMM JaHHOro aToma. [lpeactaBum cebe myuoOR
YacTHMIL ¢ HEKOTOPOH 3aJaHHONH 9HePrHeH, MajaloOLIHi Ha raso-
BYIO MHIIedb. | OrZa B pe3syAbTaTe COyZapeHHWH STHX 4acTHI
C aToMaMM rasa 6yZeT NPOHUCXOAUTb MOHHU3ALUsI aTOMOB, IPH-
YyeM W3 HUX 6yAYT BBIPHIBATHCSI TOABKO T€ DAEKTPOHDI, SHEPTHA
HOHHU3AUMI KOTOPbIX MeHblile DHeprHH NajalolIuX YacCTHI,
T. e. IPH MaAOH CKOPOCTH MNMajaloiHX YacTHL DAeKTPOHbI 6y-
AYT BBIPBIBATbCS TOABKO C BepXHMX ypoBHeil. KapTuna moutu
He 6yZeT MeHATbCS NPU yBeAHYEHUM DHEPIHM YaCTHI, HO TOAb-
KO ZO TeX IOp, OKa MOCAeAHSsI He BO3PACTeT HACTOADBKO, YTO-
6bl OKa3aACsg BO3MOKHDBIM OTPBIB DAEKTPOHOB, HaXOAALUMXCH
Ha cAeayioliem, 60nee TAY6OKOM ypoBHe. lak ¢ pocTOM aHep-
HH TOCTeNeHHO 6yAyT BCTynaTh B WUrpy Bce 6Goaee u 6oAee
ray6okue ypOBHH, NIpHYeM KapTHHA 6yAeT HOCHTDb SICHO BbIpa-
MeHHbIH cKaukoo6pa3HbLIH XapakTep. |akuM o6pasom, dKcre-
PHMEHTBl C YAAapHOH HWOHH3ALMeH NO3BOAAIOT B MPHHIHIE,
ONpeseAUTh PACIOAOKeHHe PA3AHUYHBIX DHEPreTHYECKHX yPOB-
HeH.

JeficTBHTEADHO,  Pe3YAbTaTbl  ONBITOB, [OCTABAEHHDBIX
Mpankom u ['eprem, He TOAbKO MOATBepAHAM CyLlecTBOBaHHE
DHEPreTHYECKUX YPOBHEH, HO M OKAa3aAHChb TaKKe B XOPOIUEM
COOTBETCTBMH C JAHHBIMH O PACIOAO2KEHHM 9THX ypOBHe#
B PasAHYHBIX aTOMaX, MOAYYEHHUBIMH Ha OCHOBAaHHMH CIEKTPO-
CKONHYECKHX H3MepeHUH.

5. Kputuka teopun Bopa

Toro, uto 6pir0 ckaszaHO B 9TOH rAaBe, BIOAHe ZOCTAaTOYHO,
YTOGbI MIOHATH BCe 3HaueHHe aToMHOH Teopuu Dopa. Poxzenne
ee 03HaMeHOBAAO HOBbIH BaX{HbIil 9Tall B PasBUTHH COBPEMEH-
HOM (QU3HKH. ¥Y2e C CaMOro Hayara TeOPHUsi NIO3BOAHAA MOHATD
IIPHPOJY ATOMHBIX CIEKTPOB M 0ODBACHUTD B OOIIUX YepTax
3aKOHBI, KOTOPbIM OHH nogunHsnorcs. Jonoanennas satem 06-
IUMMH NPaBMAAMH KBaHTOBaHWsd, OHa NPHHAAA B KaKOM-TO
CMbICAE 3aKOHYEHHbIH BHJ M OKasaAach crnocO6HOH 06bACHUTD
60ADILIOE YHCAO HOBbIX ABAGHUH aTOMHOTO MHpa.

Tem ne Menee aTa Teopus Bce e o6Aajara HEKOTOPBIMH
HezocTaTkamu. Vbl He cobupaeMcst FOBOPHTb 34€Cb O TeX He-
yZauax, KOTopble OCTUTAM ee, HANPHMeQ; NP MONbITKe 3O0M-
Mepderbaa 06bACHHTD HabAIOZAEMYIO PKCNEPUMEHTaAbHO TOH-
KYI0 CTPYKTYpPYy CIeKTPOB HAM O NPOTHBOPEYHH C OIDBITOM,
K KOTOpOMy TOCAe ZOATHX Bblumcrenuit mpumen Kpamepe,
KOTrZa OH XOTeA NPHMEHHTb METOAbl CTapOH KBAaHTOBOH TeOPHH,
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4TO6BI TEOPETHUYECKU OMNPEAEAHTh NMOTEHLIMAA MOHMBALUU HEH-
TPAAbHOTO aTOMa TeAMs. XOTA 3TH HeyJauH W He mpeJBelaiH
HHYEro XOPOILEro, HO pevb NMoHzeT He o HuX. [lepBoHauarbuble
Kougenuuu Dopa BCcTpedaroT BO3pameHHs ropasjo Goree 06-
IIero XapaxkTepa, CBHIETEABCTBYIOILHE O HEYZOBAETBOPHUTEAD-
HOCTH CTapoi KBaHTOBOH TeopuH. OCTaHOBUMCS B HECKOABKHX
CAOBax Ha HauboAee CYLIECTBEHHBIX M3 3THX BO3PAKEHHH.

[lpexae Bcero, Teopus Bopa oxasarach comepmenno He-
CrOCO6HOH OKOHYATEABHO YTOYHHUTD IPUPOAY MUBAYUEHUsI, BO3-
HUKAIOILEro NpuW IMepexozaXx BHYTOHAaTOMMDBIX DAEKTPOHOB H3
OZHOTO CTAaLlMOHAPHOTO COCTOAHMA B apyroe. Pasymeercs, oHa
I03BOASIET OMpeeAdTb yacToTy usayuenusa. OgHako ZAA moA-
HOTO OMHMCaHHs TpoIlecca DTOro ellle HejocTaTouHo. Heo6xo-
AMMO 3HATb TaKke MHTEHCHMBHOCTb M3AYUEHHUS W €ro NOASIPH-
saguo. Ho Ba atu Bompocst teopus Bopa me gaer nuxakoro
oreeta. Yl B aTom cmbpicAe OHa OKasbIBaeTCsi ropasio 6oiree
HecoBepIIEHHOH, YeM KAACCHUeCKas TeOpHsS H3AyueHHs. Dop
OTAHYHO CO3HAaBaA JTOT HEJOCTATOK CBOEH TEOPHH W IOMDI-
TaACsL YCTPAHHTDb ero, npearoxkuB B 1916 r. uaBecTHbIH mMpHH-
LIHN COOTBETCTBUS.

Ho naxe nomumo storo y teopuu Bopa ects eme craboie
mecta. B wacTHocTH, B Heii 0/JHOBPEMEHHO HCIIOAbBYIOTCS
YHCTO KAaCCHUECKHe MOHATHA M (OPMVABI H KBaHTOBble. |ax,
HallpHMep, BHayaAe BHYTPHATOMHbIE IAEKTPOHbI PACCMATPH-
BAIOTCA KaK MaTepHaAbHBLle TOukH (Kak OHH NMOHMMAIOTCA KAAc-
CHUYeCKOH MeXaHMKOi), ABMyILIHecs NOJ JefCTBHEM KYAOHO-
BBIX CHA IO BIOAHE OIpeJZeAeHHbIM 0pOHTaM, a aTOM NpejCcTaB-
ASIETCSI B BH/le MUHHUATIOPHOH COAHEYHOH CHCTeMbl Upes3Bbluai-
HO MaAbIX pa3MepOB. -3aTeM B 3Ty YHCTO KAACCHYECKYIO CXEMY
H3BHE BBOJSATCA COBepPLIEHHO YyKJAble eH YCAOBHUS KBaHTO-
BaHHA H YTBeP:KZAAeTCs, YTO cpeid OeCKOHEYHOro MHoroobpa-
3Ms1 PA3AHYHBIX TPAEKTOPHWH, He NPOTHBOPEYAIUUX yPaABHEHUAM
KAACCHYECKOH AMHAMHKH, YCTOHUMBBI MU (PU3HUYECKH pPeaNH3Y-
IOTCS AMIIb Te U3 HHX, KOTOPble YZAOBAETBOPSIOT YCAOBHSM
KBaHTOBaHHS.

ChrezoBaTeAbHO, H3MeHeHHMe COCTOSIHHSI aTOMa MOXKeT IIPO-
HW30HTH AHLIb B Pe3yAbTaTe BHE3alHOIo Mepexoja, CONPOBOK-
ZaeMoro noTepedl 3HePrMHM M H3AYUeHHEeM, OMHCATb KOTOPLIH
B paMKaX YHCTO KAACCHYECKHX IPEJCTABAEHHH OKa3bIBaeTCsd
HEeBO3MO2KHO. B mpomeskyTkax zke MexJy 3THMM IlePexoJaMi
aTOM HaXOAHUTCSA B yCTOMUMBOM COCTOSIHHHM, HHAade FOBOPs, B
OZHOM U3 CTAJIMOHAPHBIX COCTOSHHM, Ile OH KaK 6bl COBepLIEH-
HO HHYero He 3HaeT O CyIeCTBOBAaHHWH BHEIUIHEro Mupa, u60
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B IPOTHBHOM CAY4Yae 110 3aKOHAM IAEKTPOZHHAMHKH OH JOA-
MeH 6LIA Obl HEMPepbIBHO TEPSATb DHEPrHI0 Ha H3Ay4YeHHe
3AEKTPOMarHUTHBIX BOAH. Bce 3To yxe Hukax He coraacyercs
C KAACCHYECKMMM KOHLENUHSMH, CAYKHUBHIMMH B ONlpe/leAeH-
HO#l cremeHu oTHpaBHOH Touro#l Teopum DBopa. M ouesuzmo,
4TO NOZOGHYIO TEOPHIO, NMPHHUMAIOLIYIO 3a OCHOBY COBOKYII-
HOCTb ONpeJEeAeHHBIX INOHATHH, a B JaAbHeHlieM HX HAyHCTO
OTBEPralollyl0, HHKaK HeAb3sl CUMTATb BIIOAHe YZAOBAETBOPH-
TEAbHOH H BHYTPEHHe HENPOTHBOPEYHBOH.

HaKOHel, BCs 9Ta AHHAMMYecKasi KapTHHa, KOTopas BHa-
4yare 6bIAa BBeJeHA, BCe 9TH TOUEUHble DAEKTPOHDBI, OMHCHIBAIO-
IUHe HEKOTOpble TPAEKTOPHH, B KaxmJOH TOYKe KOTOPBIX OHH
06AaZalOT BIIOAHE OIpPeZeAeHHbIMH 3HAYeHHSIMH KOOPZMHAT
H CKOPOCTH, OKa3aAMChb HYXHBI AMIIb AAS BBIUHCAEHHsS DHep-
THM CTalJHOHAPHBIX COCTOSTHUH H COOTBETCTBYIOLIUX CIIEKTPAAb-
HbIX TepmoB. llpuueM TOABKO OHH MOryT 6BITh CpPaBHEHb
C DKCUEPUMEHTAAbHBIMH AAHHBIMM, NOAYUEHHBIMH U3 CIEKTPO-
CKOIMYECKMX HM3MePEeHUH H ONbITOB IO yZAapHOH HOHHM3ALMH.

He noneitatbcs Au mpeacraButh cebe, uTo 3TO ONHCaHHe,
CAHIIKOM MoAPO6HOE W HCKYCCTBEHHOe, 3TH (OpPMbI OPOUT
H 3HAYeHHs KOOPZHHAT M CKOPOCTEH DAEKTPOHOB He COOTBET-
CTBYIOT HHUKaKoH (PUBHUYECKOH PEaAbHOCTH W TOABKO IHEPTHs
CTallMOHAPHBIX COCTOSIHUH, KOTOPYX0 B KOHIe KOHIOB JaeT
HaM Bcs 9Ta KBaHTOBas HebeCHasi MeXaHMKA, HMeeT PEaAbHbIH
(pu3HYeCcKHH CMbICA?

Kax sto uacTo 6piBaeT, caM reHuaAbHbIH CO37aTeAb KBaH-
TOBOH TEOPHWH aTOMa MePBbIA 3aMETHA H TOAYEPKHYA CAa-
6octH mnpexro:xenHoi um Teopuu. Own mnepBpili ykasan Ha
MCKYCCTBEHHOCTb MAaHETapHOH MOZeAM, Ha cBoeoGpasHe W HO-
BU3HY IOHSTHH CTAalJMOHAPHBIX COCTOSHHH H UEPEXOJOB H3
OJHOTO COCTOSIHHS B JAPYroe W Ha HEBO3MOKHOCTb II0CA€J0-
BaTeAbHOIO BBEJEHHUs ITHX NOHATHUH B OOBIUHBIX paMKax IPO-
CTPAaHCTBA H BPEMEeHH H, HaKOHel, Ha He06XOZHMOCTb [TOUCKOB
HOBbBIX l'lyTeﬁ, KapAHHAADHO OTAHYHBIX OT IIPEKHUX. EFO NPHUH~
ILUII COOTBETCTBHUSI yKa3blBaA HAa OZHO M3 TAKHX HOBBIX HaIlpaB-
AeHuil. A HeckOAbKO AeT CNyCTs OAHH M3 yuyeHHKOB Dopa,
Bepnep leiisenbepr, creays uaeam cBoero yuuteAs, co3zaan
HOBYIO 3aMeyaTeAbHYIO TEOPHIO KBAaHTOB — KBAHTOBYIO Me-
XaHUKY.
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IFaara VII
IPHUHLHIT COOTBETCTBHUA

1. Tpyaunoctsp corracoranus KBaHTOBOii TeopHH
M TEOPHHN HBAYUEHH:

ODAeKTpOMarHHTHAsA TeOPMs, AONOAHEHHAs TeOpHed DAeK-
TpoHOB J\OpeHlla, ZaeT COBEPINEHHO SCHYIO M TOYHYIO KapTHHY
U3AYYEHHs, HUCIIYCKAEMOTO0 CHCTEMOH JBHKYIIMXCA 3apALOB.
Ecau 3azanpl cTpyKTypa M 3aKOH ABH:KEHHS CHCTEMbI DAEKTPHU-
YECKHUX 3apﬂ11013, TO MOXKHO TOYHO BBIYHCAUTDHD 4HAaCTOTbI, HHTEH-
CHBHOCTHM W MOAsApU3auui0 usArydyedus. Jas aToro mocTymaioT
caeayiomium obpasom. Bo-mepBbiX, B NPAMOYTOABHOH CHCTeMe
KOOPAWHAT BBIUHCASIOT KOMIIOHEHTbI BEKTOpPAa 3AEKTPHUYECKOTO
MOMEHTA CHCTeMbl, KOTOPbIH B Ka:KAblH MOMEHT BpeMeHH OIpe-
AeAsieTCsl TOAO’KeHHeM BCeX 3apAZ0B CHCTeMbl. OTH KOMIIO-
HEHTbl 3aBUCAT OT BPEMEHH M 110 OGLIUM MaTeMaTHYECKHM Teo-
pemaM o pasioxenHu B psag uam unterpar Myppe moryr 6piTH
npescTaBAeHbl B BHZe cyMMbl (KOHeyHOH MAM 6eckOHeuHOH),
Kax/Jbld YAE€H KOTOPOH FapMOHHMYECKH 3aBHCHT OT BpEMEHH.
CoraacHo aAeKTPOMAarHMTHOH TEOPHM cHCTeMa OyJeT HCIyc-
KaTb M3AYYeHHe CO BCEMH TeMH 4acTOTaMH, KOTOpPble (PUrypH-
pytot B aTom pasromennn Dyppe. Kpome Toro, usryuenue oa-
HOH M3 3THX YacTOT C SAEKTPHYECKMM BEKTOPOM, HaparAeAb-
HbIM O.U,Hoﬁ U3 KOOpﬂ,HHaTHbIX oceﬁ, HMeeT HHTEHCUBHOCTD,
KOTOpast ompeieAsieTcss KOd(PQHUIHEHTOM, COOTBETCTBYIOLIHM
JaHHOH uacToTe B pasioxenun (Dypve, TOH KOMIOHEHTHI
QACKTPH‘ICCKOFO MQOMEHTa, KOTOpaﬂ napa)\J\e)\bHa paCCManl/l"
BaeMoOH OCH.

ATOro A0CTaTOYHO, YTOGLI ONPEAEAHTb YAaCTOTY, HHTEHCHB-
HOCTb ¥ NOASPHU3ALMIO HU3AYUEeHHS, HCIYyCKaeMOro pPacCMaTpH-
BaeMOH CHCTEMOH.

Ecau srexTpomarnuthas Teopus JAopeHua AeHCTBUTEABHO
IpUMeHNUMa K 9AeMEHTaPHbIM YaCcTHIIAM DAEKTPHUYECTBA, TO OHA
ZOAMKHA TIO3BOAHTDb OJHO3HAYHO ONPEeZeAHTb H3AY4YeHHe, HCHYC-
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xaemoe atomom Pesepdopra — Bopa. Ho, xax mp1 ymxe BH-
AeAH, 3Ta TeOpUs MPUBOAHT K COBeplIeHHO HENMPaBHUAbHBIM
BbiBoAaM. /eficTBUTEAbHO, TOCKOABKY aTOM JOAXKeH BCE BPEM3
TepPATb JHEPTHIO Ha HU3AYYEHHe, DAEKTPOHbI OUeHb OBICTPO
VHazyT Ha SO, a 4acTOTa H3AYYeHMA 6yJeT HelpepbIBHO
uamenaTocsa. Ho Toraa aTom 6nin 661 HecTaGHAbHBIM, M CIIEK-
TpaAbHble AHHMH CTPOTO OMpeJAeAeHHOH 4aCTOTbl He MOTAH 6bl
CYleCTBOBAaTh — aB6CypPAHBIH BBIBOJ.

Urobbl 06ofiTH 3Ty OCHOBHYIO TpyaHOCcTb, Dop caeranr
NpeANoAOXKeHHe, UYTO B CTAlMOHAPHBIX COCTOSHHUAX aTOM He
u3AyuyaeT. JTO PaBHOCHAbHO YTBEPK/JEHHIO, UTO dAEKTPOMAr-
HHTHYIO TEOPHIO H3AYVUEHHS HeAb3sl INPHMeHSATb K JAEKTPO-
HaM, ABHKYIIMMCS 10 CTaBUABHBIM 0p6UTaM.

[Topras Takum 06pa3oM ¢ DAEKTPOMATHHTHOH TeopHeil,
KBaHTOBasi TEOPHS aTOMa OKa3aAach COBEPUIEHHO He B COCTOS-
HUM OO6BbACHHTb CBOHCTBA CHEKTPOB H3AydueHus. Mbl BuIeAH,
kakuM o6pasom Dopy ¢ momowpio agonmymieHus, uTo KamaAbli
nepexos MeJy KBAHTOBbIMM COCTOSIHHAMM CONPOBOXKJAETCS
HCIIyCKaHHEM KBaHTa 3HEPrUH U3AYUE€HUSs, VAAAOCh PEUIUTb BO-
npoc o yactorax. FHo 3To mpaBMAO uacToT Zareko He MOAHO-
CTDBIO ONHCHIBAET MCIyCKaeMOe H3AYyueHHe, OHO HHYero He roBO-
put 06 wuHTencuBHOCcTH M morspusauuu. B 1916 r. Bop
CyMeA OTYaCTH BOCHOAHHTb 3TOT HeJOCTATOK, CAeAYs OYeHb
CTPaHHDbIM H Jax»<e HECKOAbhKO HelocAeJOBaTeAbHbIM IIYTEM.
IJTOT NMyTb COCTOAA MO CYLIECTBY B CAeAYIOIIEM: HECMOTPS Ha
HeNPUMEHHUMOCTb SAEKTPOMArHHTHOH TEOPHH K BHYTPHATOM-
HbIM SIBAGHHAM, Hazo MOMDITATbCA TeM He MeHee YCTaHOBHTD
OnpezeneHHOE COOTBETCTBHE MeXJY KRAHTOBbIMH SBAEHHSAMH
¥ OPMyAaMH IAEKTPOAHHAMHKH C TeM, 4TO6bl MOHATD, MOUYEMY
KAACCHYeCKash DAEKTPOMArHHTHAs Teopus JaeT MpeKpacHoe
onucaHWe SBAeHUWB 6GoApmoro macmraba. lakum o6pasom,
Bopy yaaroce copMyAMpOBaTb yAHBHTEAbHbIF MPUHL HUN
COOTBEeTCTBUSA, CbITpAaBIMH BaxKHYI0O M GAArOTBOPHYIO
POAD B Pa3SBHTHH KBAaHTOBOH TeOPHH.

Ilpexxae uem mepefiTh Kk pPaccCMOTPEHMIO NMPHHIMNA COOT-
BETCTBHUS, Mbl ZOAXHDI CTPOTO OYEPTHTb PAMKH TOH CAOKHOH
3azayM, pellleHHe KOTOPOH nbiTancs moAyuutb bBop. Heo6xo-
AMMO $ICHO TIOHMMAaTb, HaCKOAbKO Pa3AHYHBI TpPeACTaBAEHHS
0 MPHUPOJe MU3AYUEHHS KAACCHYECKOH TeOPHH, C OJHOH CTOPO-
HBI, ¥ KBaHTOBOH Teopuw, ¢ apvrod. CoraacHo xraccuueckoit
TEOPHH [BHKVIIHMACA B aTOMe DAEKTPOH H3AyHaeT IIEAbIH Ha-
60p uactor. Kraccuueckoe msayuenue, Takum o6pasom, mnpo-
HCXOJMT HelpepblBHO M OZHOBPEMEHHO HCIYCKAETCH CBET pas-
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HEIX YacToT. B kBaHTOBO# TeopuH, Ha060POT, aTOMHDBIH DAEK-
TPOH, HaxoAsIWIMHCSA Ha CTAaHOHAPHOH OP6HTe, He HM3AYUaeT.
Korza xe on mepeckaxupaeT H3 0ZHOTO COCTOSHMA B APYTOE,
OH HCIyCKaeT eAWHCTBEHHBbIIl KBAaHT MOHOXPOMAaTHUECKOrO W3-
Ay4YeHHs: pa3AHYHble MOHOXPOMATHYECKHE HW3AyYeHWs, HCIy-
IleHHble TPYNNOH aTOMOB OAHOro copra (HampHMep, pasAaHu-
Hble CIEeKTPaAbHble AHMHHMH, HCHylleHHble OJHHM DAeMeHTOM
B ra3006pa3HOM COCTOSHHH), COOTBETCTBYIOT, TAKHM 06pa3soM.
nepexozaM, KOTOPble MPOMCXOAAT B pasHbix aTomax. Mubimu
CAOBAMH COTAACHO KBAHTOBOH TEOPHH, U3AYy4YeHHe CIIEKTPAAb-
HbIX AMHHH KaKoro-Au60 AeMeHTa eCTb IPOLeCC AHUCKPETHBIH,
HPOUCXOAALIUN B BHZAE OTAEAbBHDIX DAEMEHTAPHBIX aKTOB.
[Moxanyii, Tpyano maliTe zBa ZPyruxX CTOAb OTAHHYAIOUIHXCH
APYT OT Apyra NpeACTaBAEHHSA, KaK KAACCHYECKOe U KBaHTOBOE.
03TOMY IpexKJe BCEro CAeAyeT CIPOCHTb, MOXKHO AH BooOOLIe
IOCTPOUTb MeXAYy HUMH KaKoe-HMOyJAb CBA3YyIOIlee 3BEHO.

Ecau mpl nozymaeM, Kak yCTaHOBHTb COOTBETCTBHe MewAy
KAACCHYECKOH KAapPTHHOH CIEKTPAAbHOrO H3AYYeHHS U CTOAb
He II0XO0KeH Ha Hee KapTHUHOH, BBITEKAIOILeH H3 KBaHTOBbIX
HnpeACTaBAEHHH, Mbl Cpa3y K€ 3aMeTHM, YTO DTO COOTBETCTBHE,
€CAH OHO TOABKO BO3MOX2KHO, MO2€T ObITb AMIIb CTaTHCTHYE-
ckum. JlecTBUTEADHO, COOTBETCTBHE C KAACCHYECKOH KapTHHOH
HeAb3s1, OYeBHAHO, YCTAHOBHTb MHaye, KaK paccCMaTpHBasi OJHO-
BpeMeHHOe HCIyCKaHHe BCeX CIeKTpaibHbix AuHmi. Mexay
TeM C KBAaHTOBOH TOYKH 3pEeHMs HCIyCKaHHe KaxKJOro KBaHTa
MOHOXPOMATHYECKOI0 H3AYyYeHHS €CTb HHIMUBHAYAAbHBIH aKT,
H, 4YTOObI MOAYYUTb OZHOBPEMEHHOEe HCIIyCKaHHe BCeX CIIeK-
TPaAbHBIX AHHHH, HAM MPHUZAETCS PACCMOTPETb aHCAMOAb OYeHb
60ABIIOT0 YHMCAA AaTOMOB OJHHAKOBOH NPHPOAbI, aHCAMOAD,
B KOTOPOM IOCTOSIHHO OCYIIECTBASIIOTCS HHAWBHZAyaAbHble Ile-
pexoabl BceX BHJAOB, NMPHBOJASLIHe K HCIYCKaHHIO Pa3AHYHBIX
CNeKTpaAbHBIX AMHHH paccMaTpHBaeMoro saemeHTa. Heo6xo-
AVMOe TOHATHE 06 WHTEHCHBHOCTH PA3AHYHBIX AHHHH MO2XKHO
TaKze BBECTH B KBAaHTOBYIO TEOPHIO, AHMILIb pPacCMaTPHBasl ero
CTaTHCTHYECKH.

KBanToBblli aToM, B KOTOPOM NPOHCXOZHT Mepexod, HCIHY-
CKaeT TOAbKO OZHMH KBaHT, eAHHHLY MOHOXPOMATHYeCKOro H3-
Ayuenws. Jlas Takoro MHAMBHAYaAbHOrO aKTa 6ecCMbBICAEHHO
rOBOPUTb 06 HHTEHCHBHOCTH H3AY4YeHHA. To6bI OMmpeseAHTb
HHTEHCHBHOCTb, HeOOXOZMMO CHOBA PAacCMOTPETb aHCaMG6Ab,
COCTOAINH#A M3 60ABIIOro YHcAa OZHHAKOBBIX aTOMOB. B Takom
aHcaMbne B CEeKYHAY NPOHCXOAHUT OOADbILIOE YHCAO IePex0ZOB
Bcex BHZOB. PaccMaTpuBasi Bce mepexoAbl olpefeA€eHHOro BHJAA
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H BCe KBAaHTbI U3AYYEHHsS OZHOH M TOH rKe 4ACTOTbI, UCIIyCKae-
Mble TPH STHX HEPeX0ZaX, MOKHO ONPeJEeAUTb CTATUCTHYECKOe
3HayeHHe WHTEHCHBHOCTH KaK CPEAHIOI0 MAOTHOCTb 9THX KBaH-
TOB B IIPOCTPaHCTBe. DTy HHTEHCHBHOCTb MOMKHO y2Ke CPABHH-
BaTh C HMHTEHCHBHOCTbIO, BBIYUCAEHHOH MO KAACCHUYECKOH Teo-
pHH.

UuraTteArb, HecOMHeHHO, HawyMHaeT JorajblBaTbCsl, Kak
MO2¢HO 6BIAO 6bI yCTaHOBHTL Tpebyemoe cooTBeTcTBHe. Pac-
CMOTPHUM, C OAHOH CTOPOHBI, aHCaMOAb (QUKTHBHBIX aTOMOB,
NOAYHHAIOIIMXCA 3aKOHAM KAACCHYECKOH 3AeKTPOMArHHTHOM
TEOPHUH, a C APYroH — aHCaMOAb peaAbHbIX KB2HTOBBIX aToO-
moB. [lonbiTaemMcs yCTaHOBHTb COOTHOIIEHHe Me:KAYy YacCTO-
TaMH, VUHTEHCUBHOCTAMH H IOASIPH3ALNeNd HW3AY4YeHHs, HCIy-
IIEeHHOro KaKJAbIM W3 3THUX JABYX aHcamM6AieH, Takum ob6pasoM,
yTOoObI pacueT CHEKTPA HM3AYUEHHs MepPBOH CHCTEMBI XOPOLIO
H3BECTHBIM METO/OM KAACCHYECKOW DAeKTPOAMHAMHKH JaA He-
KOTOpble CBeZeHUs 00 M3AYyUEHUH BTOPOil CHCTeMbl, T. €. 00
H3AYYEHHH peaibHbIX aToMOB. A Priori scHo, uto HalTH Takoe
cooTHomIeHUe, kKoHeuHo, Hererko (Oanako Heo6bualiHO MPOHU-
uaTterbHbIH ym Dopa momor emy oTbickaTh B aTo#t TpyaHeiimei
3aZaue, €CAM He OKOHYATEAbHOE H BIIOAHE OIpeAeAeHHOE, TO
0 KpaHHed Mepe NpeJBapUTEABHOE pPELIeHHE, KOTOPOe OKa3a-
AOCh YPE3BbIYAWHO MOAE3HBIM ¥ TMOAHBM TAyGCKOro (usHue-
CKOTO COoZeprKaHHs.

2. Ipunuun cooreercTrna Bopa

CpaBuum Ha60p 60ADLIOr0 YMCAA (PUKTHBHDBIX aTOMOB, KO-
TOPble NOAYHHAIOTCH KAACCHUECKHM 3aKOHAM, ¢ Ha6OPOM TaKo-
r0 :Ke uHMCAa peaAbHbIX KBAaHTOBaHHBIX aTOMOB. E.cau Ham
H3BECTHO, KaK JBHKYTCA JAEKTPOHbI B aTOMaxX MepBOro THIA,
TO Mbl 3HAeM, KaK BbIYMCAHTb YacCTOTbI, MHTEHCHBHOCTH M IO~
ASIPU3BAIMIO HCIYCKAEMOT0 MSAYYeHMA. |emepb, BOCIOAb30BaB-
WHCh 3THMH pe3yAbTaTaMH, IIONBITAeMCH BbIACHHTb, KaKOBbI
4aCTOTbl, MHTEHCHBHOCTH H TMOAAPH2ANUA HM3AYUEHHS, HCIYy-~
CKaeMOTro peaAbHbIMH aTOMaMH. E.CAM 6bi Mbl HUuero He 3HaAH
06 9THX NOCAEJHHX, TO He CYUIeCTBOBAAO 6bI HUKAKHX CPEACTB
peureHust aTod sajaud. K cyacThio, HaM W3BEeCTHbI 3HaueHHUs
YacTOT, M3AYyaeMblX KBaHTOBaHHbiMM aTomamu. Onu garoTcs
npasurom Bopa.

Takum o6pasom, mepBoe, YTO MPHUXOAMT B TOAOBY — 3TO
CPaBHUTb 60POBCKME HACTOTbI C TEMH, KOTOPble HCIYCKaAH 6bl
(UKTHBHDIE aTOMbI COTAACHO KAaccHueckoil Teopuu. Ecam Ta-
KOe CpaBHEHHe MPOAEAATb, TO OKa3blBaeTCs, 4TO B obuieM
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cAydyae Me:XAy STHUMH ABYMsI KaTerOPUAMH 4YacTOT He Cylle-
CTByeT NpPOCTOro cooTHomenus. Jpyrux e myTell AASL ZaAb-
HeHIlero IPOABW’KEHHUS B HYKIIOM HalpaBA€HHH MbI He
BUZHM.

HMmenno saecp u npossurach nsobperaterbHoctp bopa. On
3aMeTHA, YTO SAEKTPOMAarHHWTHasi TeOPHs BCerja — OYeHb XO-
polllee MPHOAUAEHHE AASI ONHCAHUA SIBAEHUH MaKpOCKONHYe-
ckoro macmrtaba. C KBaHTOBOH ke TOYKM 3PEHHS MaKpPOCKO-
NHYeCKHe SIBAEHHS 3TO T€, B KOTOPBIX HUIPAIOT POAb GOAbIIME
KBaHTOBble uHcAa. [lodToMy  KameTcsh BepOATHDBIM, 4YTO
PEe3yAbTAaThl KBAHTOBOW TEOPHH JOAKHBI aCUMIITOTHUECKH CTpe-
MHTBCST K KAACCHMYeCcKHUM B 06AacTM 60ABIINX KBAHTOBBIX YH-
cen. B aToli o6racTH M cAezyeT MCKAaTb COTAACOBAaHHMA JABYX
paccMaTpHBaeMbIX TeopHH. A Tak Kak Mbl 3HaeM, KaK BbIYHC-
ASITb U KAQCCHYECKHE, ¥ KBAaHTOBble YaCTOThI, TO HYKHO INPe-
e BCEro BBISICHHTb, COBNAJZaiOT AM 3TH 4aCTOThbl AAS CAyuas
CTAaLlMOHAPHDBIX COCTOSTHUH, OTBEYAWOIIMX 6OABIIHM KBAHTOBBIM
YHCAAM.

PaccmoTpum Temepp 0aHY M3 BHEIIHMX dAEKTPOHHBIX Tpa-
€KTOPHH KBAHTOBOTO aTOMa, COOTBETCTBYIOWIYIO GOABIIOMY
kBaHToBOMy uncAy. OJHOBpeMEHHO pPacCMOTPHM TaKylo ke
TPAEKTOPHIO IAEKTPOHAa B (QPUKTHBHOM KAACCHYECKOM aTOMe.

KAACCHYECKOM aToOM¢ DAEKTPOH HENpPepbiBHO  HCIIYCKAaeT
LeAbIH Habop 4acTOT, KPATHBHIX OMNPEJeAeHHbIM OCHOBHBIM 4a-
CTOTaM, KOTOpPble OIPEAEAAIOTCA JABHMKEHHWEM DAEKTPOHA.
B kBaHTOBOM aTOMe 9AeKTPOH B CTAllMOHAPHOM COCTOSIHHMH He
H3Ay4aeT, HO OH MO2KeT CoBepluaTb IEPeXOAbl, MPU KOTOPBIX
NPOH30HJAET H3AYYEHHME C YACTOTAMH, ONPEJEAEHHBIMH INpPaBH-
rom Bopa.

OxkasbiBaeTcs, uTO Kaxz0il uyacToTe, (QUIypHPylOLleh
B KAACCHYECKOH TEOPHH (PUKTHBHOTO aTOMa, COOTBETCTBYET
onpeZeAeHHBIN Nepex0l KBAHTOBOTO aTOMa, KOTOPbIH TNPHBO-
ZMT K MCIIYCKAHHIO H3AY4YeHHs TOH :Ke YacTOThl. |akum
06pa3oM, B 06AacTH OOABUINX KBAHTOBbIX YHCEA CYLLECTBYeT
XOpolllee COTAACHe MexJy YacCTOTaMH H3BAYUYEHHS, UCIYCKaeMO-
ro M0 KAACCHYECKMM 3aKOHAaM, M YacCTOTaMH, KOTOPble MOKeT
H3AyuYaTb B Npollecce NMepexoja KBaHTOBhIH arekTpoH. Ho B To
BPEMsI KaK KAACCHYeCKHH aTOM MCHyCKaeT BCe YacTOThI, O KO-
TOPBIX HJET peub, HENPEPbIBHO M OAHOBPEMEHHO, KBaHTOBbIH
aTOM MOKeT MCMyCKaTb HPH KarAOM OTZAeAbHOM aKTe H3AYdYe-
HUA AMIIb oAHY u3 Hux. llpaBza, »To ray6okoe pasauuue
MeXaHH3MOB MCITyCKAHHs He MelllaeT COBIAZEHHIO Pe3yAbTATOB:
JBa MBICA€HHO CpaBHHBaeMbIX aHcaMOAsl aTOMOB 6yayT HCITy-
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ckatp (B 06AacTH GOABLIHX KBAaHTOBBIX YMCeA) OAHHAKOBBIE
CIeKTpaAbHble AHHHUH.

IMoaTBepaur TakumM 06pa3oM OZMHAKOBOCTb NpeiCKasaHHH
KAAcCHYecKOH H KBAHTOBOH TEOPHH B OTHOLUIEHHH YacCTOT IIpH
HOAPIIMX BHAUEHHAX KBAHTOBbIX uHceA, DoOp AOMycTHA, HUTO
npeAcKasaHHs KAACCHYECKOH TEOPUM B OTHOLIEHHWH HHTEHCHB-
HOCTeil ¥ NMOAsSipH3ALUH H3AYyueHHsA aHCaMOAsi (HKTHBHBIX aTo-
MOB, N0 KpallHel Mepe B 3ToH 06AiacTd, 6yAyT cCIpaBeJAHBBI
AN aHcaMOGASL peaAbHBIX aTOMOB. B cAyuae peaAbHBIX aTOMOB
HCIIyCKaHHe CIIeKTPaAbHBIX AHHHH IMPOUCXOAUT NPH OTAEAbHbIX
nepexozax Me:xAy KBaHTOBaHHbIMH cocrosiHHamu. Vurencus-
HOCTD CIIEeKTPAAbHOH AHHHM OyZeT IMpPU STOM 3aBHCETb OT cpel-
HEro 4HgAa aTOMOB aHCaMOAf, COBepLIAiOIIMX B eAHHHMLY Bpe-
MeHH COOTBETCTBYIOLIHH NEPexok, T. €. OT BEPOSATHOCTH TOrO,
4TO KazKAblH KBAaHTOBBIH aTOM COBEPIUHUT B €AWHULY BpeMeHU
ynoMsanyThiit nepexos. Ecan npeanoromurs, caeays Bopy, un-
TE€HCHBHOCTb JaHHOH CHEKTPAaAbHOH AHHHH, HCIyIIeHHOH BTO-
pbIM aHcaMbAeM, PaBHOH BBIYMCAEHHOH KAaCCHUeCKH HHTEHCHB-
HOCTH TOH 2Ke CIIeKTPaAbHOH AHMHHH ZAS IepBoro aHcam6Ad,
TO 9TO MO3BOAHUT HaM OUEHHTb C NOMOUIbI0 (POPMYA DAEKTPO-
AHHAMHKH BePOATHOCTb ZAHHOTO KBAHTOBOTO Iepexofa.

Takum o6pasom, HaM yzaroch pemuTb, Mo KpaiiHedr Mepe
AAs GOABIUHX KBAHTOBHIX YHCeA, NPOOGAeMy BBIYHCAEHHS HH-
TEHCHBHOCTH CIeKTpaAbHbIXx AuHHH. Eauncreennoe, uero He-
AocTaBaAo B NepBOHayaAbHOH Teopun Dopa, uTo6b mposerartn
3TO BBIYHCAEHHE, — METOJ, OLEHKH BEPOSITHOCTH KBAaHTOBOTO
nepexoaa. Maea ycranoBAeHHs COOTBeTCTBHA Mexay KaKAbIM
M3 STHX KBAaHTOBBIX NePEXOJOB U CHEKTPAAbHBIMH COCTaBAAIO-
IDUMH KAACCHYECKOTO U3AyUYEHHS NPHBeAa B pacCMaTpPHBaeMOM
aCHMIITOTHYECKOM CAy4Yae K IIPOCTOMY H CTPOTOMY IIPaBHAY
OUeHKH BeposiTHOcTell mNepexoia. Ecrecrsemno mo aHanoruu
NPejNOAOKHUTD MOASIPHBALHIC PEAADHO U3AYUAEMBIX CHEKTPAAD-
HbIX AHHUH COBNaZawolleH ¢ NOAspH3alHed, NMOAYyYeHHOH Ha
OCHOBe KAACCHYECKOH TEOPHH, YTOGHI MOAHOCTBIO PELIHTDH BO-
IPOC U O TIOASIPHBALHH.

K coxanrenuio, aToT 3aMeuaTeAbHDIH cIOCO6 COrAacOBaHHA
HeCOBMECTHMbIX Ha NePBbIH B3rAsAJ MpejCTaBAEHHH, HY2KHBIX
AAS AONOAHEHHS KBaHTOBOH TeOPHH, MMeA 3HadeHHe TOABKO
AAst 06AaCTH 60ABUIMX KBaHTOBbIX uHceA. | [pakTHuecky xe AAA
TEOPHH aToMa 3Ta OGAACTb HPeACTaBASET HaHUMEHBIUHH HHTe-
pec, Tak KaK, 3a HCKAIOUEHHEM HEKOTOPBIX OUeHb peJKHX CAY-
4yaeB BbICOKOTO B0306yzKJeHHs, DAeKTPOHbI B aTOMe HaxoJsTcCs
B CTallHOHAPHBIX COCTOSHHAX, COOTBETCTBYIOIUHX Topasio
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MeHbIIMM 3HaueHHSAM KBAHTOBBIX HHCEeA, H OOBIUHBble CIIER-
TpaAbHble AMHHMHM HCIIYCKAlOTCS TNMPH IepexoZax UMeHHO MemAy
TakuMu coctosHuaMH. [losToMy Zrs aToMa B HauaAbHOM CO-
CTOSAHUM JO Tepexoia HUAHM KOHEUHOM COCTOSHHUH IIOCAe Iepe-
X0Za MexAYy peaAbHbIMH KBaHTOBBIMH HYaCTOTaMHM U HaCTOTaMH,
BBIYHCAEHHBIMU [0 KAACCHUYECKOW TEOPUH, HET IPOCTOro COOT-
HomeHus. Dop TeM He MeHee CMeAO MPEATNIOAOKHA, YTO ZAAA
NPHUOAMKEHHOrO BbIYUCACHHUs PeaAbHON UHTEHCUBHOCTH M IIO-
ASIPU3AaLHUU MO2KHO IOAb30BAaTbCA KAACCHUECKHMH OLeHKaMH
MHTEHCHBHOCTEH M NOASIPU3aLNH, IKCTPAUOAMPYs Ha obracTb
MaAbIX KBAHTOBBIX YHCEA COOTBETCTBHE, YCTAHOBAeHHOe JAs
60ABIINX KBAaHTOBbIX uMceA. Vbl He MoxeM 34echb AETaAbHO
06BACHUTD, Kak Dop mbITaAcs yTOUHHTb BHZ STOrO I p U HII M-
Na COOTBETCTBHUA. 3aMeTHM AHIIb, YTO OH B3sAA HeEKHe
cpesHMe 3HAUEHHUS KAACCHYECKHX BEAMUYHH, BBIYHCAEHHBIX AAS
rpynnbi coctosHuit (HeCTaIMOHAPHDBIX), MPOMEKYTOUHBIX MEXK-
Jy HayaABHbIM M KOHEUHbIM CTallHOHApPHBIMH COCTOSAHHSIMH,
COOTBETCTBYIOIIMMHY JaHHOH clleKTpaAbHO#R AuHuH. XoTs chop-
MYAMPOBAHHBIH TaKUM 06pa30M NMPHUHIUI COOTBETCTBHA U NMPHU-
BEA K MHTEpPEeCHbIM M, BoO6WUIe roBOPsA, TOYHBIM pe3yAbTaTaM,
co3JaeTcsA BIeYAaTAE€HHe, YTO €ro BbIBOJ HOCHT HECKOADBKO
HCKYCCTBEHHBIH XapakTep M YTO B paMKaX CTapoil KBaHTOBOM
TEOPUH HEBO3MOKHO HAHTH €ro OKOHYATEABHOH (POPMYAHPOBKH.
B pamkax HOBOH MexaHHWKH 6BIAO TMOAYUEHO BbIpaxKeHHe, KOTO-
poe okazaroch 60aee 060CHOBAHHDBIM.

Oganako BaxHOCTb BbIABUHYTOH DopoM uzenm ckopo mnoa-
TBepauAach. MpbicAb 0 TOM, UTO IAEKTPOMAarHHTHAs TeOPHH,
OKa3aBIIafACsA, CTPOTO TOBOPS, HEBepHOH, COXpaHsSeT BaXHYIO
HAIIPABASIONLYI0 POAb M, NMoAo6HO HuTH ApHagHbl, BezeT Hac
K JaAbHeHIleMy MNOHHMaHMIC HCTHHHBIX KBAaHTOBbIX 3aKOHOB
SAeMeHTapHDbIX YacTHI, OKa3aAachb BecbMa maozoTBopHoil. OHa
MOCAY26HAa OCHOBOW (POPMYAMPOBKM HACTOALLETL MeTOZa COOT-
BeTCTBHA, U yueHuxu Dopa, moaarascp Ha ®TOT MeTOA M HPO-
HHKHyTble, no cAoBam | eitsenbepra, ayxom Komnenrarena, cy-
MeAH NPOABUHYTbCSA BIepes IO STOMY NYTH M CAEAAaTb 3aMe-
YyaTeAbHblE OTKPBITHA.

3. Hexotopnie npuao:kenus npHHHHOA COOTBETCTBHSA

[Tpunnun cooTBeTcTBHA MO3BOASET, N0 KpalHed Mepe mpit-
6AMKeHHO, BBIYHCANTD HHTEHCHBHOCTH Pa3AHYHBIX AHHHUH HOp-
MaAbHBIX CIIEKTPOB, a TaK:Ke CIIeKTPOB, HU3MeHEHHbIX 3P PeK-
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tamu Illrapka u Beemana. PesayabraTel Takux BbIYMCAEHHI
0Ka3aAMCb B XOPOUIEM COTAACHH C dKCIIepHMEHTOM.

OaHuM M3 caMbiX Ba)KHbIX NpPUMEHEHHH STHX PacyYeTOB
HHTEHCHBHOCTH GBIAO MCCAeJOBAaHHe CIEKTPAAbHBIX AMHHH, KO-
TOpbIe CYIIECTBYIOT IO NpPaBHAY uacToT Dopa, ogHako HMcrycka-
JOTCH ¢ HyAeBOH MHTEHCHBHOCTDBIO, T. €. (DAKTHUECKH OTCYT-
cTByroT B Habawogaemom cnektpe. OcTaHOBUMCA Ha 3TOM ITOJ-
po6uee. Ecan usBecTHDB! Bce cTamHOHapHble COCTOAHHSA H, CAe-
ZOBaTEeAbHO, BCe CIIEKTpPaAbHble TEPMbl aToMa, TO, NOMapHO
KOMO6HHHpYsA coraacHo mpaBuAy Dopa 3Tu Tepmbl, MbI IOAY-
YaeM BCe AHHHM CIIEKTpa, KOTOpPble MO2SeT H3Ay4aTb ITOT
atoM. Ecau e cpaBHMTb NOAYyueHHble TakuM o6pasoM Tab6-
AMIBI AHHHH ¢ TaGAMIAaMH peaAbHO HabAIOZaeMblX CIEKTPOB,
TO OKa3bIBAaeTCs, UTO He BCe BbIUHCAEHHbIe TEOPETHUECKH AH-
HHUHM MCNYCKAIOTCA B AedcTBUTeAbHOCTH. MlHbIMU cAOBamMH, KOM-
6UHHPOBaHMEM CIIEKTPAAbHBIX TEPMOB MOKHO MpPEeACKa3aTb BCe
vactoThl pearbHoro cmektpa. O6paTHoe e yTBepzAeHHe He-
BepHO, M60 B peaAbHO HabAIOZaeMOH KapTHHe CIIeKTpa He
Bcerza IpeiCTaBAeHbI BCe KOMOMHAIIMH CNeKTPaAbHBIX TEPMOB.

3uauuT Teopus AoAkHA 6blAa 6b1 ZaTh MpaBHAA OT-
6 0 p a, MO3BOASIIOLIME CKAa3aTh, KAKUM M3 KOMOMHAIMH CIeK-
TPaAbHBIX TEPMOB COOTBETCTBYIOT peaAbHO HCIyCKaeMmble
aunnu. J[As 9TOro mpezmoAaraloT, YTO OTCYTCTBHE B PeaAbHBIX
CIIEKTPaX HECKOABKHX AMHHH, IpeACKa3aHHbIX TeOpHeH, 06D-
ACHAETCA OIpeZeAeHHbIMH O6CTOATEAbBCTBAMM, IIpH KOTOPDIX
9TH AHHMHM MCIYCKAaIOTCA C HYAEBOH HHTEHCHBHOCTDIO.

SATa ToOuka 3peHHS NOATBEP:KAAETCA TeM, YTO B HCKAIOUH-
TeAbHBIX YCAOBHSAX, HalpUMep MOZA AeHCTBHEM 0CcO6eHHO MOIU-
HBbIX YAEKTPHUUYECKHX MOAEH, aTOM HauMHAeT UCIYCKaTb AHHUH,
06bIYHO B CNeKTpe oTcyTcTBytowue. |lpuuuun coorsercTBHA
MOKa3bIBAET, UTO INPHU HOPMAAbHBIX YCAOBHUAX HHTEHCHBHOCTD
CIEKTPaAbHBIX AHHUH, OTBEUYalOIINX ONpeJAeAeHHbIM Iepe-
XozaM, paBHa HyAI0. DTO O3HadaeT, YTO paBHa HYAIO BePOAT-
HOCTb TaKOro Mepexosa B aTOMe.

Ozano M3 KBaHTOBBIX HHCEA, ONpEJEAAIOIIUX CTaGUABHYIO
op6UTy 3AEKTPOHOB, HOCHT Ha3BaHHe Aa3HMMYTaAbHOTO
KBAaHTOBOTO 4YHCAA. [lpuHmun cooTBeTcTBHS  MO3BO-
ASIeT TIOKa3aTh, YTO MPHU OObIYHBIX 06CTOATEABCTBAX OTAHUHYIO
OT HYASl BEPOSTHOCTb HMMEIOT AHIIb Te INepPeXozbl, B KOTOPbIX
9TO a3UMyTaAbHOE KBAaHTOBOE UYHCAO YBEAMUHMBAETCA HMAH
ymeHbmaerca Ha eaununy. OTci0ga MOKHO BBIBECTH CAEAYIO-
Imee NPaBHAO o0T6Opa: mMPpH OGBIYHBIX 06GCTOATEABCTBAX Bce
CneKTpaAbHble AHAHH, COOTBETCTBYIOIEHEe mepexojaM, B KOTO-
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PHIX a3UMYTaAbHOe KBAHTOBOe YHCAO He E03pacTaeT HAHM He
yMeHbIIaeTCA Ha €JHHANY, HMeIOT HYAEBYI0 HHTEHCHBHOCTb
H (aKTHYECKH B CHEKTpPE OTCYTCTBYIOT.

STo npasBuAro oT6opa, AOMOAHEHHOE ellle OZHMM aHAAOTHU-
HBIM ITIPAaBUAOM, HAalIAO 3aMedaTeAbHOE MOATBEpMAeHHe MPH
HCCAeZOBAaHMM BCeX BHAHMbBIX M PEHTFeHOBCKUX CIEKTPOB
¥ 3HAYUTEAbHO OGAEruMAO KAACCH(HMKAUHUIO ellle He HCCAEO-
BaHHDBIX CHeKTPoB. [lpMHUHUN COOTBETCTBMA OKa3aA HeOIEHH-
MY YCAYTY, NOKa3aB TeOPETHUeCcKOoe 3HaueHHe DTUX MPABUA
or6opa, KOTopbie 6BIAM TIPEAAONKEHDbI ellle paHblle M3 COBEp-
WeHHO Apyrux coobpaxennit (Py6unosuu).

Ouenb Tpyano 6biA0 O6BACHUTb B KBAHTOBOH TEOPHH AB-
AeHHE ZUCHEepPCHM cBeTa. Ko3((PUUIHEHT NMpPeAOMAeHHS ZaHHOTO
BellleCTBA 3aBUCHT OT YacTOThbl CBETA U OYEHb CHADBHO MEHseTCA
BO6AH3M HEKOTOPHIX KPUTHYECKHX YAaCTOT, B TOYHOCTH PaBHbBIX
YaCTOTAM TEX CIIEKTPAAbHBIX AHHHH, KOTOPble MOXKET M3AYYATb
310 BemecTBo. |lpexHue Teopuu A0BOABHO X0pOmIO 06BACHU-
AH 3TH H3MeHEeHHA KOod(PPHUMNEeHTa NPeAOMAEHUA, H, TaKUM
06pasoM, OHM AaBaAM SABAEHHIO AMCIIEPCHH YAOBAETBOPHUTEAD-
Hoe 06'bsicHEHHE.

B uactHoCTH, B 9AeKTPOHHON TEOPUM CUUTAAOCH, YTO ATOMAI
COZEpIKAT DAEKTPHUUECKHME 3apAAbl, FaPMOHMYECKH KOAe6AIO-
IgHecss BOAM3H MOAO2eHHR paBHOBecHst (DAEKTPOHHBIE OCLIHA-
astopnr). [lpu sTom wacToTbl KOAE6aHMET pasAMUHBIX aTOMHDIX
OCUHAAATOPOB AOAXKHBI 6bITb PaBHbI YacTOTaM HCIyCKaeMbIX
aToMoM cHekTpaAbHbIX AuHui. Mayuus, kakum o6pasom moHo-
XpoMaTHuecKas BOAHA, NMajas Ha aTOM, Bbi3blBaeT BbIHY:KJeH-
Hble KOAe6aHUA ero OCUHAAATOPOB M KakHM 06pa30M 3TH Bbl-
Hy25/1eHHble KOAe6aHUs BHYTPHATOMHBIX BU6PAaTOPOB BAHSAIOT
Ha pacnpoCTpaHeHHe MazZalolleHd BOAHDBI, DAEKTPOHHAs TEOPUS
[O3BOAMAA BBIYMCAMTD KO PHLHEHT MPEAOMAEHHA KaK (QYHK-
LMIO 4aCTOTbl, MpHueM (POPMyAa AHMCIIEPCHH TMOAHOCTBIO COFAa-
COBbIBaAaCh C Pe3yAbTAaTaMH SKcIepuMeHTa. B arToit dopmynre
KPUTHUECKHe YaCTOTbl AMCIEPCHH paBHbI COGCTBEHHBIM HacCTO-
TaM SAEKTPOHHBIX OCIHAAATOPOB, T. €. YACTOTAM CIIEKTPAAbHbBIX
AMHUMH JaHHOTO BellleCTBa. JTOT BbIBOA COBMazaA ¢ Habalogae-
mbivu axkTamu. B Teopun Bopa crporoe o6mbscuenne aucnep-
cun 6b1A0 ropaszo 6oree croxubiM. JefcTBHTEABHO, B aTOMe
Bopa mexannueckue uacToTbt BpalleHHs DAEKTPOHOB Ha CBOMX
opbuTax He HaXOJAMAHMCh B IPOCTOH CBA3M C ONTHYECKHMH ya-
CTOTaMM CHEKTPaAbHbIX AMHHMH, CBA3aHHbIX C MEPEX0ZaMH, a
He C cocToaHuAMH. |akum o06pasoM, Temepb GBIAO TPYAHO
MOHATb, KaK H3MeHeHHe MeXaHHYEeCKOTo COCTOSHHsI aToMa IOJ
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ZefiCTBMEM MNazaloLIero CBETa MOXKeT MPHBOAMTb K SBAEHHIO
AMCIIePCHH, TJe TPHUHIUNHAADHYIO POAb MIPAlOT He MeXaHH-
yecKHe YacCTOTHI aTOMa, a ONTHYECKHe YACTOTHI CHEKTPaAbHIX
Aunuit. Bop M ero mocaezoBaTeAM 3aMeTHAH BTy TPVAHOCTH
[TosaBrenne mpunnunma cooTseTcTBHA MO3BOAHMAO Dopy HaiiTm
pemeHue Ha HoBoM myTH. JBa yuenuxa Bopa, Kpamepc u Tefi-
senbepr, cymern mnoayuutb B 1923 r. kBaHTOByI0 (POPMYAY
AVCTepCHY, KOTOpas He COBHajzaAa TOAHOCTBIO C KAaccHye-
ckoll popMyAOH, HO HAXOAMAACh B MOAHOM COTAACHH C PE3YAb-
TaTaMH 9KCIlepUMeHTOB. Brpouem, coo6paxenus Kpamepca
u Iefisen6epra ne 6piam abcortoTHo 6Geccropupmu. OaHaxo
OHHM TIOCTOSHHO PYKOBOACTBOBAAHCh M BJOXHOBASAHCH ZLYXOM
NMPUHLUKNA COOTBeTCTBHA. Kak Mbl yke ckasaAM, MOAYYEHHas
rakuM o6pasoM (opMyAa He COBCEM COBNAajZaAa € KAACCH-
Jeckol (GOpPMyAOH: OHa cozep:kaAa NOMOAHHUTEAbHble YAEHDI.
nocaeactsun NageH6ypr 110KkasaA dSKCNePHMEHTAaAbHO, HTO
STHM uYAeHAaM OTBeuaeT olipeJeAeHHas (UaHuecKas PeaAb-
HOCTb.

ITpu uccrezosauun gopmyrnr aucnepcuu [eiizenbepr y6e-
AMACH, UTO MOAE3HO MCKAIOUATb U3 Teopun Dopa Bce He Ha-
6A10aeMble HEMOCPEACTBEHHO BEAMUHHbI, OCTAaBAAS B He# IO
Mepe BOSMOZKHOCTHM AMIIb HabAIOJaeMble BeAHYHHbI, HaPUMeEP
HCKAIOUHTbD YaCTOTbI BPAllleHHs DAEKTPOHOB Ha opbuTax, 3a-
MEHHMB MX CHEeKTPAaAbHbIMH YaCTOTaMH, CBA3aHHBIMH C KBaHTO-
BbIMH TNepexozamu npaBuaoM Dopa. Dtu coobpaxsenus, oue-
BUZHO, NOBAHAAH Ha MOAOJOFO YUEHOTO, HalpaBHB €ro MBICAb
IO TOMYy NYyTH, KOTOPbIf IPHBEA €ro HECKOAbKO MO32e K OT-
KPBITHIO KBAHTOBOH MEXaHHKH.

KsanrtoBas Teopus amcnepcum — Bpicmmii ycmex cTapoi
KBaHTOBOH TEOPUH — yiKe COZepzKara B 3apojblile TPHHLIMIbL,
TpuyM(d KOTOPHIX Mbl BHAMM B HOBBIX BOAHOBOH M KBaHTOBOM
MeXaHHKaXx.
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IF'aasa VIII
BOAHOBAA MEXAHHKA

1. OcHoBHbie HIEH BOAHOBOH MEXaHMKH

B 1923 r. craro mourtu scHo, uto Teopus Bopa u crapas
TeOPHs KBAHTOB AMIIb MPOMEKYTOUHOEe 3BEHO MexKJAy KAacCH-
YeCKUMM NPeJCTAaBACHUAMH H KaKUMH-TO OYeHb HOBBIMH B3TASM-
LaMM, MO3BOAAKOIIMMH TAy(GiKe NPOHUKHYTb B HCCAeZOBaHHE
KBaHTOBbIX fiBAeHHH. B crapoli kBaHTOBO# Teopum ycAoBHA
KBaHTOBaHHUs B KaKOM-TO CMbICAe YHCTO BHENIHMM 06pa30M Ha-
KAaZbIBAAMCh Ha pe3yAbTaTbl KAaccuueckod reopun. Cyme-
CTBEHHO pa3pbiBHasg NPHPoZa KBAHTOBaHHUsA, KOTOpas BbipazKa-
Aach LEABIMH YHMCAAMHM, TaK Ha3blBaeMbIMH KBaHTOBBIMH YHC-
AaMH, HaXOZMAACb B PA3UTEABHOM INPOTHUROPEUYHH C HENPEPbIB-
HOW NMPUPOAOH ABUMKEHUH, ONHUCHIBAEMBIX CTapOH AUHAMHUKOH,
KaK HbIOTOHOBOH, Tak M »ainmTedHoBod. Craro coBepueHHO
OuUeBHAHO, 4TO TpebyeTcs MOCTPOHUTb HOBYIO MeXaHMKy, TIae
KBaHTOBble HJEH BOHAYT B CaMyl0 OCHOBY MOCTPOEHHs, a He
6yayT mZo6aBAEHBl NOJ KOHEU, KaK B CTapOH TEOPHH KBaHTOB.

U aro6onbiTHO, uTO 9Ta MporpaMma HayaAa OCYILECTBAATHCS
HOYTH OZHOBPEMEHHO ABYMS COBepINEHHO PAaSAHYHBIMH IIyTSAMH
B paboTax yueHbIX, HAKAOHHOCTHU KOTOPBIX IIC CYLLECTBY GBIAU
COBepIIEHHO pasAMYHbL. |ak 6bIAM CO37aHbl BOAHOBas MeXa-
HMKa, C OZHOH CTOPOHDI, U KBaHTOBas MeXaHHKa, ¢ apyrod. Ha
HepPBbIH B3rASJ Ka3aA0Ch, YTO 06e TEOPUM COBEPUIEHHO MPOTHU-
BOIIOAO2KHBI U [0 BHEIIHEMY BHAY W IO NpUMeHseMOMYy (opma-
AM3MY. DTH TEOPHH, TaKHe pasHble 10 BUAY, CAeAYeT Ha CaMOM
JEAe CUHUTATb OAHUMHU M TEMHM 2Ke, IIOTOMY YTO KaxKAas U3 HUX
eCTb AMIIb [IEPEBOJ JAPYrod Ha WMHOH MaTeMaTHYeCKMH SA3BIK.
STH CTOAD pa3AHUHDbIe BHAYAAE NOMbITKH MOCTPOUTDH HOBYIO Me-
XaHHUKY, MO-HACTOsLIeMy HACHIUIEHHYI0O KBAaHTOBBIMH IIOHATHSA-
MH, B KOHLe KOHLOB CAHAHCb B eJWHOE 1IeA0e, B TEOPHIO, KOTO-
pas MoxceT 6bITb HasBaHa HOBOH KBaHTOBOH TeOpHeH.
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Posmaenne Boinosoit Mexaunku (1923 r.) memmoro omege-
auro keautosyto Mmexanuky (1925 r.). Kpome Toro, mepsas
0Ka3aAach Ayulle MOATOTOBAEHHOH K NMPHMEHEHHI0 MaTeMaTH-
YeCKOTO ammapara.

Tlpexcne Bcero xoreaocr 661 06pHCOBaTH MPHUUHDBI, KOTOPBIE
npusean B 1923—1924 rr. k ycTaHOBA€HMIO OCHOBHBIX HZEH BOA~
HoBoi mexanuku. OTKpbITHIH Kk 9TOMY BpemeHu addext Komn-
TOHa ¥ H3yueHHe (POTO3(P(PEKTa PEHTTEHOBCKUX AyueH AMIIHHA
pa3 3aMeuaTeAbHO NOATBEpAiZAAM MpeiacTaBAeHHe JHHINTEHHA
0 CBETOBBIX KBaHTaX. leleppb yxe eABa AM MOKHO 6bIAO OCIa-
PUBATb AMCKPETHYIO IPHPOAY H3AY4YeHHsl H CyILIeCTBOBaHHe
dortonos. CrezoBaTeAbHO, c ellle GOAbLIed OCTPOTOH BCTaAa
rpo3Has JMAeMMa: HYTO TaKoe CBeT — BOAHbI HMAM HacTHLBI?
Xouemp He Xouemb, a JAS IOAHOTO ONHCAHUA CBOHCTB
H3AYUeHHS HYKHO GBIAO NPUMEHATH MMOOYEPEAHO KapPTHHY TO
BoAH, To uactul. CooTHomenue DitminTeitHa Mexkay uyacTOTOH
M DHeprueH, BBeAeHHOe UM Ha OCHOBe ero TeopuHu (POTOHOB,
SICHO TIOKAa3aA0, YTO DTOT JYAAHU3M HM3AYUeHHUs HePaspPbIBHO
CBsA3aH C CaMHUM CyLIeCTBOBaHMEM KBAaHTOB. 10rjza BO3HHKaeT
3aKOHHBII BONPOC, HE CBA3aH AM OTOT CTPAHHbIH AYyaAU3M
BOAH M YaCTHL, IPHMEPOM KOTOPOr0 TaK 3aMeYaTEAbHO U He-
COMHEHHO fBHUACS CBET, C FAYGOKOH M CKpbITOH NPUPOAOH
kBaHTa aeficteus? He caeayer Am oxmparb, uto aBoHcTBeH-
HOCTb TAaKOro THNAa OGHAPYKUTCSA Be3jge, IAe TOABKO IIOAB-
asietca nocrosinHas Ilaanka. Ho Torza mourtu cam co6oit Bos-
HHKaeT BOIPOC: MOCKOAbKY CBOHCTBA DAEKTpOHa B CTalHO-
HapHOM COCTOSIHUM aTOMa OMHCBIBAIOTCS C MOMOIUbIO KBAaHTA
AeHCTBUS, HE MOXEM AW Mbl IPEATNOAOKHUTD, UTO U IAEKTPOH
Tak 26e ABOHCTBeH, Kak M cBer? Ha mnepsnii B3rasa rtakas
HJes NOKa3aAacb oueHb Jepskoil. Beap Mbl Bcerza npea-
CTaBASIAH cebe DAEKTPOH B BHJE IAEKTPUUECKH 3apAAEHHON
MaTepHaAbHOH TOUKH, KOTOPas NOZUMHSETCS 3aKOHOM KAacCH-
yeckoil auHaMUKH (yAYULIEHHBIM B HEKOTOPBIX CAYHafAX PEAs-
THBHCTCKMMHU MONpPaBKaMH, KOTOPble BBeA OWHmITEHH). DAek-
TPOH HHUKOTZa SIBHO He INPOSBASIA BOAHOBBIX CBOHCTB, TakHX,
CKax<eM, KaKMe IIPDOSIBASIET CBeT B ABAEGHHAX HHTep(epeHIHH
u audppakuun. [TonbrTka mpunucaTh BoAHOBbIe CBOHCTBa DAEK-
TPOHY, KOTZa dTOMY HET HHUKAKUX DKCIepUMEHTAAbHBIX JOKa-
3aTeABCTB, MOTAA BBIFAAZETb KaK HeHayuHas gaHrtasus. M tem
He MeHee, KaK TQAbBKO BO3HHKAA MJesl, YTO BAEKTPOH, BO3MOXK-~
Ho, o6AaZaeT TaKMMH CBOMCTBAMH, U He TOAbKO DAEKTPOH, HO
1 BOOOIIe MaTepHaAbHble YaCTHULbI, TAK B F'OAOBY HauaAH IPH-
X0AUTDb pasHble GeclOKOHHbIE CO06pazKeHHUs.

135



Mbr o6bsicHHAM B TepBoil FAaBe, KakHM 06pa3soM TeopH:A
fIxo6u nosBoAseT B KAaccHuecKo# AWHAMHKe, CTPYNNHPOBATD
BO3MOKHble TPAeKTOPHH MATEPUAAbHBIX TOYEeK B 3aZaHHOM
HOAe TaK, YTO TPAEKTOPHH KaxKJAOW IPYNNbl HAMOMHHAIOT AYYH
BOAH, PaclpOCTPAHAIOWUXCA II0 3aKOHAM TeOMeTPHYECKOH
ONTHKH. JTOT 3aMevYaTEAbHbIH MapaiAeAH3M IO3BOAHA pac-
CMaTPHUBaTbh MPHHUWI HaUMeHDbLIEr0 JeHCTBHS Kak OZHY H3
¢opm npunnguna Mepma. Hecomnenno, ato popmarnnoe cxoa-
CTBO MexJy cnocob6aMu OINMHCAaHHsA JAHHAMHKH M reOMeTpHue-
CKOH ONTHKH He YCKOAB3HYAO OT TaKOro GAeCTsIIero maTema-
THKa, kKak | amuabron. OgHako, mo-BHAMMOMY, OH He NbITaACA
MpHUZaTh 3TOMy (H3HuecKoro cmbicaa. Kpome Toro, sTomy mpe-
NATCTBOBaAM HeKOTOpble 06CTOATeAbCTBA. Bo-mepsnix, M mpe-
#zae BCero, Teopus SIko6M yCTaHOBHAA CBA3b MEXKAY PAcCIpo-
CTpaHeHHEM BOAHBI M TPYIMIIOH BOSMOKHbIX TPAeKTOPHH ZaH-
Hoit uactunpl. OZHaKO COTAACHO KAACCHUECKHM IIpeACTaBAE-
HHSM YacTHLA B AIO6OM (DPH3HUYECKH OCYLIECTBASIIOLIEMCS CAY-
Yyae OIMUCHIBAET COBEPIUEHHO CTPOrO ONlpe e AeHHYIO TPaeKTOPHIO.
I'pynna e Bo3MOMHBIX TpaeKkTOpHit — 3To abcTpakuus, pac-
CMaTPUBAaTb KOTOPYI0 MAaTeMaTHK, KOHEYHO, HMeEeT ITOAHOE
npaBo, QU3HUK 25e, Ka3aAocb Obl, He JOAXeH IPHAABAThH ei
KaKOH-AH60 KOHKPETHBIH CMBICA.

Bo-Bropnix, HexoTopoe pacxomaeHHe B MaTeMaTHueCKOH
(QopMe, MO-BHUAHUMOMY, yKasblBaAO Ha TO, YTO ABHU2KEHHe Ya-
CTHIbI HeAb3s Ha JeAe (PU3BHYECKH CONMOCTABHTDH € PaclpocTpa-
HeHHeM BOAHbI. E.CAM NMPHMPaBHATD CKOPOCTb HAaCTHLbI H CKO-
POCTb BOAHBI, TO Mbl CTOAKHEMCsI C HENPHATHbIM (aKTOM: STH
JABe CKOPOCTH TMO-pasHOMY BOHAYT B (POPMYAHPOBKY MPHHIIH-
noe Moneption n Mepma coorsercrsenno. M xors atu Tpya-
HOCTH 6BbIAM XOPOIIO HM3BECTHbI, HO IOABAGHHe TeX HOBBIX
HJeil, 0 KOTOPBIX MBI y:Ke TOBOPHUAM, MPHZABAAO BOAHYIOIIYIO
OCTPOTY MBICAH O TOM, YTO B KAACCHYECKOH aHAAHUTHYECKOH
MeXaHHKe (popMaAbHasi aHAAOTHs MEXKAY TPAaeKTOPHSAMH 4YaCTHI
H CBETOBBIMH Ay4YaMH YCTaHaBAHBAeTCs 4Yepes MOCPeACTBO IoO-
HSATHA JAEeHCTBHSA, T. €. B TOUYHOCTH TOTO CaMOro MOHATHS, KOTO-
poe MOCAY2HAO OCHOBOH AAA BBejeHHs xBaHToB. He moarsep-
#JaeT AH 3TO B CaMOM JeAe TY MBICAb, YTO KBaHT ZeHCTBHA
CAYKHT COeZHHHTEAbHbIM 3BEHOM MeXJy KOPIyCKYAsPHBIM
H BOAHOBBIM TPEJCTABACHHAMHM O MaTepHAAbHbIX YaCTHLAX?

, HaKoHell, ellle 04HO ykasaHHe. Ecan npaBza, uto anek-
TPOH B MaKpPOCKONHYECKHX Ipoleccax Bcerja BejeT cebs Kak
o6bIyHasA YacTHLA, KAKHE eCTb OCHOBaHHs MPH OMHCAHHU IIOBe-
ZeHHs DAEeKTPOHA BHYTPH aTOMa HaBsA3blBaTh Yy:KJble eMy
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YCAOBMSI KBaHTOBaHHS, B KOTOPHIX MOABASIOTCS LleAble HHCAA?
Taxkofi cnmoco6 orpaHMueHHs KAacCHUeCKOf AWHAMHMKH, KOrzia
OHa NPUMEHSAETCS] K dAeKTPOHY, SCHO TOBOPUT O €€ HENOAHOTE
M yKasblBaeT Ha TO, YTO CBOHCTBa IAEKTPOHA He BCErZa TaKHe,
KaK y TpoCTOH wacTHubl. E.CAM BayMaTbcsi, TO NpUBAeueHHe
IeABIX YHCEA JAS XapaKTEPUCTHKU CTaUMOHAPHBIX COCTOSHUH
aTOMHBIX DAEKTPOHOB OKa3blBaeTcs yzxKe BeCcbMa CHMIITOMa-
THYHBIM.

B camom zeae, Mbt uacTo BeTpeuaeMcs C IEABIMH UHCAAMH
B TeX pasjeArax (PM3UKH, TZe pPacCMaTPHBAIOTCS BOAHBI: B TeEO-
pUM yIpPyrocTH, axkyctuke, ontuke. QOHM TNosBAAIOTCA NpH
OTMHCAHHM CTOAYHX BOAH, MHTep(epeHIMH, pesoHaHca. IloaTo-
My BIOAHE /JONYCTUMO TMPEANOAO:KHTb, HTO HHTEPIpPeTALuA
YCAOBHUH KBaHTOBAaHUS MOXKET IIPHUBECTH K BOAHOBOH TOUYKe 3pe-
HUS Ha DAEKTPOHbI BHYTPH aToMa. |akum o06pa3oM, MOMNBI-
TaTbCAd NPUIHCATb DAEKTPOHY HAM BoobOllle BCeM YacTHIaM,
nozo6HO QOTOHAM, ABOHCTBEHHYIO NPHPOAY, HaZleAUTb MX BOA-
HOBBIMHM U KOPIYCKYASIDHBIMH CBOHCTBAaMH, CBSI3aHHbIMU MexJAy
co60H KBaHTOM JeHCTBHUsA,—— Takas 3ajaua IpeACTAaBASAACh
KpaiiHe He06XOZUMON H NMAOJAOTBOPHOH.

2. Yactana u BoAHaA, CBA3aHHAA C Hed

B uem e B ocHOBHOM 3sakarouarach szagaua? Ilo cyme-
CTBY B YCTAaHOBAEHHHM OIpEeJEeAeHHOrO COOTBETCTBHS MexKzay
pacIpocTpaHeHHEM HeKOel BOAHBI U JBUKEHHEM 4aCTULbI, TPHU-
4eM BEAHYMHBI, ONMCBHIBAIOIINE BOAHY, JOA:HBI GBITH CBSA3aHbI
€ AVHAMHYECKMMH XapaKTePUCTHKAMH YaCTHLBI COOTHOIIEHHEM,
KoTopoe coiepxmutr nocroaunyro Ilranka A. [lpu Tom xera-
TEABHO YCTAaHOBHTb ITO COOTBETCTBHE TaKHUM 06pa3oM, 4TO6DI
obmue nmpaBUAa, BbIpa<alolive CBS3b BOAHBL M YacCTHLDbI, MPH-
MeHeHHble K (POTOHY, ZaBaAH XOPOLIO H3BECTHbIE M IPOBEPEH-
Hble COOTHOmEHHs JHHmTeHHa Mexay (POTOHOM H CBETOBOH
BOAHOH.

[Mpexcne uem mpuctTynuTp K pemenmio >Toff 3azauu, 6bIAO
€CTECTBEHHO PACcCMOTPETb CaMbii INPOCTOH cAywaid: 3agauy
0 PaBHOMEPHOM H INPSMOAMHEKHOM JBHKEHHH YacTHLBI C 3a-
ZaHHBIMH MOCTOSAHHbIMM 3HAUEHHAMM 3HEPTMH M uMIyAbca. K3
coobpaxeeHU# CHUMMETPUH CAEJOBAAO CONOCTABHUTb €H BOAHY,
PACTIPOCTPAaHAOMIYIOCA B TOM :Ke HalpaBAeHUH. |emepb
OCTaBaAOCh TOABKO ONPEZEAHTDb, KaK CBA3aHbI MeXAY COGOH va-
CTOTa M JAWHA DTOH BOAHBI C JUHAMHUYECKUMH XapPaKTePHCTH-
KaMH dacTHYbl. ApPryMeHTbl, OCHOBaHHble Ha O6GIIMX NPUHLH-

137



HaXx TEOPUH OTHOCHUTEABHOCTH, MPUBOAAT K CAeAylolleMy pe-
3YABTaTy: 4acTOTAa BOAHBI, CBABaHHOH c ABM:KYIleHcs yacCTH-
uefl, paBHa 3HePrUM YaCTHUDbI, JeAeHHOH Ha mocToaHHYyo |IraH-
Ka, a ZAMHAa BOAHBI—YAcTHOMY OT JeAeHHsa noctosanHo# [laan-
Ka Ha HMIYAbC 4YaCTHUbl. 1akas CBA3b MeAy 4YacTHLEH
U COOTBETCTBYIOLLeH el BOAHOH o6AazaeT emle U TeM GOABIUHM
NPEeHMyIUeCTBOM, YTO OHAa B TOYHOCTHM COBNAZaeT C COOTHOLIe-
HueM ORHmMTeHiHa ZAA (OTOHA M CBETOBOH BOAHBI. lak 6bIA
OCYIIEeCTBAEH 3HAMEHHUTbIH CHHTe3, MO0 OKa3aAOCh, UTO ZAs
YacTHL MaTepHM M AAA CBETAa YCTAHOBAEH OAUH M TOT 2Ke BHUJ]
AyaAusma.

EcTp eme oauH, coBeplieHHO He3aBHCHMBIH NYTb, KOTOPBIA
BeZeT K TAKOMY :Ke CIOCO6y YCTaHOBAEHHs CBA3HM Me:xzAy Uac-
THIeH M COOTBeTCTByIOmeH e BOAHOH. Mbl y2e roBopHAH,
uyto Teopus SIkobu oueHb MPO3pPayHO HaMeKaeT Ha HZAE O
CXOJACTBEe TPAEKTOPUH ACTHL C AYYOM HeKOeH BOAHDI, OTOXJe-
CTBASIA MHTErpaA AeHCTBHS HWACTHLBI C BOAHOBBIM MHTErPaiOM
Mepma, Tak 4TO NPUHLUHN HaUMeHbLIero AeHCTBHA COBIAZAET
C NPHUHIIMIOM MMHHMAAbHOTO BpeMeHH. FLCAM BBINOAHHTBH BTY
ollepalldio, TO MBI CHOBA TYT € HAaX0JWUM, 4TO, C OAHOH CTO-
POHBI, DHEPTUs MPONOPLHUOHAABHA YACTOTe, C APYrOH CTOPOHBDI,
UMIyAbc o6paTHO mpomopunoHaAeH aiumHe BoAHbl. Ocraercs
TOABKO IOAOKHUTb KODPOHUUHUEHT NPOMOPIHOHAABHOCTH paB-
HpiM £ (4TO cOBepIIEHHO eCTECTBEHHO M COTAACyeTCsA C Hzeeii
06beIUHEHHS DTHX ABYX CTOPOH AyaAM3Ma IMOCPEACTBOM KBaH-
Ta JAeficTBMA), uTO6bI CHOBa MOAYYHTb COOTHOLIEHHe, YyIe
yCTaHOBAEHHOE C TOMOIIbIO TEOPHH OTHOCHTEABHOCTH. DTa HO-
Basl LIEMOYKA paccy:AeHUH HUrze sIBHO He o6pallaercs K IO-
HATUAM TEOPUH OTHOcHTeAbHOCTH. IlosTomy ona moxer 6BITH
LEeAMKOM pa3BHTa B pPaMKaX HbIOTOHOBOH AWHAMHKH.

s aTux oCHOBHBIX pe3yAbTaTOB AErKo BBbIBECTH CaMoe
Ba:KHOE CAEJCTBHe, Kacaloolleecs COOTHOLIEHHs Mexay CKo-
POCTBIO YaCTHIBI ¥ CKOPOCTHIO CBA3aHHOM ¢ Hell BOAHBL. B BoA-
HOBOH TeOpHUHM HapsAAy C MOHOXPOMAaTHYeCKHMMH BOAHaMM JaH-
HOH 4YaCTOTBl pPacCMATPUBAIOTCA TaKze BOAHOBble IaKeThl,
npeacTaBAsOLINE CO60H COBOKYMHOCTb Pa3AHYHBIX MOHOXPO-
maTuueckux BoAH. Cpeau >TMX NakeToB HMHTEpECHO PAacCMOT-
peTb Te, KoTopble 06pa30BaAHCh HAaAO2KeHHEM MOHOXPOMATH-
YeCKUX BOAH C 4YacTOTaMH, AexkalluMy BHYTpH He6oAbmioro
CTIeKTPaAbHOTO MHTepBaAa B6AM3M OCHOBHOH wactoTbl. B zeii-
CTBUTEAbHOCTH, MOHOXPOMAaTHUYeCKHe BOAHBI — 3TO abcTpak-
LKA, HUKOIZAa He peaAM3yIollasca Ha TMpakTHKe. 10, 4TO Mbl
Ha3bIBaéM MOHOXPOMATHUYECKMMH BOAHaMH, BCerJa MpeJACTaBAs-
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et coboil rpynny BOAH, 3aMOAHAMIIMX HeGOADBLIOH CIEKTPaAb-
Hbii uMHTepBaA. EcAM M3yuaTh pacnpocTpaHeHHe BOAHOBOTO
makeTa B TaKMX YCAOBHAX, KOrZa CKOPOCTb PacHpOCTPaHEHHUS
MOHOXPOMAaTHUYECKHX BOAH eCThb (DYHKLMSA HX 4YacCTOTBI, TO OKa-
3bIBaeTCA, YTO IPyINNa BOAH B LeAOM 06AafaeT CKOPOCThIO, OT-
AHYHOH OT CKOPOCTH PACNPOCTPAaHEHWUs OTAEAbHBIX BOAH, CO-
CTaBAAIOIUX STy rPymy. ATa rpynmnosas CKOPOCTbD
ompezeAsieTcsl CpejHedl 4YacTOTOH Tpymmbl BOAH M 3aBHCHUT OT
VU3MeHEHHUs] WHAHUBU/YAAbHBIX BOAHOBBIX CKOPOCTEH C H3MeHe-
HHeM YacTOTbl. YKa3aHHas 3aBHCHMOCTb JaeTcs (OPMYAOQ
Pares — 3sHaMeHHTOro aHTAMICKOro (PM3MKa, BIlepBble YKa-
3aBulero Ha 3To cBoicTBo. MokHO mHombITaTbCA NPUMEHHTH
3Ty TEOPUIO IPYINIOBOH CKOPOCTU K BOAHE, CBSI3aHHOH C YaCTHU-
Led, a 3aTeM YCTAaHOBHTb COOTBETCTBHe MexAy ABUKYILeilcs
NpsSMOAMHEHHO M PaBHOMEePHO uYacTUleH, ob6Aazarolled 3azaH-
HOH BHeprueH, M pacnpocTpaHeHdeM B TOM 2ke HalpaBAeHHH
TPYNIBl BOAH, CPEAHSs 4acCTOTa KOTOPBIX paBHAa dTOH dHePTHH,
aerennoit nHa h. [Ipumenss gopmyay Pares, Mbl Bugum Toraa,
YTO CKOPOCTb BOAHOBOrO IaKeTa paBHA CKOPOCTH, KOTOPYIO
KAaccUYecKass MeXaHHKa IPUIMCbIBaeT PAcCMaTpPUBAeMOd 4a-
cTuge. DTO 3aMeyaTeAbHOe COBNaJeHMe 3HaMeHaTEAbHO, HOO
OHO O3HayaeT, YTO 4YacTHLAa B NPOIecCe ABUKEHUS OCTAaeTCH
cBsi3aHHOMH co cBoeil rpynno# BoaH. Ho csepx Toro, o6imas reo-
pUsA KoAebaHUA TAACHT, UTO CPYNIOBas CKOPOCTb €CTb He UTO
MHOE, KaK CKOPOCTb ITlepeHoca sHepruu BoAHaMmu. [lockoAbxy
B Halled AyaAMCTHYECKOH KOHLENLHUM SHeprus NpPUNHCbIBaeTCA
YacTHle, TO eCTECTBEHHO, UTO IPYNIOBas CKOPOCTb CBA3aHHbIX
C YacTHIeHd BOAH JOAXHA ObITh paBHAa CKOPOCTH YaCTHIIbI.

ITH mnepBble YAOBAETBOPHTEAbHblE PE3YAbTATbI ellle He
noaubl. OHU yCTaHOBAEHDI NOKa TOABKO ZASl OYeHb CNELIHAAb-
HOr'0 CAydasi NPSAMOAMHEHHOTrO PAaBHOMEPHOTO ZABUKEHUS Ya-
CTHLIB! B OTCyTCTBUH BHemHero noas. OgHako He cocTaBasieT
ocoboro Tpyaa o606IIUTh 9TH pesyAbTaThl. PaccmoTpum, Ha-
npuMep, ABHkeHHE YACTHLb! B NOCTOAHHOM noAe. | eopus fko-
61 mpezAraraeT pacCMaTPUBATh TPAEKTOPHUH YACTHI KAaK AYYH
pacrpocTpaHeHHs HeKOTOpbiXx BOAH. OToxAeCTBAAA NPUHLIUI
HauMmeHbuero Aeiicteus u npunuun (Depma, cHoBa mpuxozum
K TOMY 2Ke COOTHOLIEHMIO, CBA3bIBAIOIIEMY HacCTHLY C ee BOA-
HOi: sHeprmsa (MOCTOsAHHAA) uyacTALDI paBHA YACTOTe BOAHBI,
yMHOKeHHOH Ha /i, a HMOyAbC uacTHIbI, KOTOPbIH MeHAETCA
B NOAE CHA OT TOUKH K TOUKe, paBeH MOCTOAHHON /, gereHHOH
Ha JAHHY COOTBETCTBYIIleHd BOAHDI, HOZOGHBIM :Xe oGpasom
MeHs0mMyoca B npocrpancree. MoxHo v zaapme 06061IUTDH

139



3TH Pe3yAbTaTbl, PaCCMOTPEB CAydaH, KOrZa MOASl 3aBHCAT OT
BpeMend. B aToM cAywae cHOBa 06Hapy:KHM, YTO COOTHOIIEHHS
MexAy AUHAMHYECKHMH XapaKTePHUCTHMKAMH 4aCTHUbI H 4acToO-
TOH M AAMHOH CBSA3aHHOH C HeH BOAHBI OCTalOTCH TEMH 2Ke
CaMbIMH.

O606man Takum 06pasoM MapaAreAH3M MexAy HacTHIeil
H CBSI3aHHOH C HeH BOAHOH, Mbl HJEM IO NPaBUABHOMY IIYTH.
JeiicTBUTEADHO, €CAH MBI PACCMOTPUM, KaK BeAyT ce6s BHYTPH
aToMa Dopa BOAHBI, CBA3aHHbIE C DAEKTPOHAMH, MPHIEM K IIO-
HHMaHUIO BHYTPEHHETO CMbICAA YCAOBHH KBaHTOBaHHsA: CBSA3aH-
Has C DAEKTPOHOM BOAHA OKa3blBaeTCs PE30HAHCHOH Kak pas
Ha AAHHe ero TpaexkTopuH. VIHbIMH cAcBaMHM, BOAHA, COOTBET-
CTBYIOLIAasi CTAallMOHAPHOMY COCTOSIHHIO aTOMHOIO AEKTPOHA,
caMa CTallUOHapHa B CMbICAE TeOPHH KOoAebaHUH.

Uro6b1 0cO3HATD AEHCTBHTEABHYIO BaKHOCTb STOIO PE3YAb-
TaTa, HAallOMHUM KPaTKO, YTO TaKoe CTallMOHapHas CTOs4Yan
BoAHa. Ecan B orpannuennoii cpeae MOryT pacnpocTpaHATbCS
BOAHBI KaKOro YroZHO COPTa, TO B HeH YyCTaHaBAHBAIOTCA
CTOsiYMEe BOAHBI, T. €. TakHe KOAebaHMs, KOH(QHUIypalUs KOTO-
PBIX B MPOCTPAHCTBe He MeHseTcsa ¢ TeuenueM Bpemenn. Mopmy
3THUX KOAeGAHMH MO2KHO CPas3y ONPEeAEAUTb U3 XapaKTepa ypaB-
HEeHWs, ONHMCHIBAIOLIET0 PACHPOCTPAHEHHE BOAHbI, I€OMETPHH
FPaHHUI Cpeabl U YCAOBHH Ha 3THX rpannuax. Hanpumep, vacto
ObIBaeT, YTO YCAOBHS Ha TpaHMLUaX cpeiabl TpeGyoT, 4TOGHI
KoAe6aHMA Ha DTHX rpaHMiax obpamarnch B HyAb (kore6-
AIOLINECS CTPYHBI C 3aKPeMAeHHbBIMH KOHLAMH, paZHOAHTEHHDI,
H30AHpPOBaHHble Ha 060MX KOHLAX U T. 1.). B aToM cayuae mbl
BOAKHBI MCKATb peIIeHHS BOAHOBOTO ypaBHEHHSA, NepHOAHYe-
CKHe BO BpeMeHH M obpallaloliuecs B HYAb Ha IpaHHIaX cpe-
Abl; MX AMIAMTYZAbl BesZe JAOAXKHDBI ObITb KOHEUHbIMH, OZHO-
3HAYHO ONpeJeAeHHbBIMU M HENPEPbIBHBIMH BHYTPH CPEZADL.
Haxoxaenune storo pemenus npeacrasasier co6oit MaTeMaTHYe-
CKyI0 3aZayy O COGCTBEeHHBIX 3HaY€HHUSAX ypaBHe-
HHS B YaCTHbIX INPOM3BOAHBIX JAS ONpeJEeAEHHOH O06AacTH
NPOCTPAHCTBA H OINpPeJeAeHHBbIX T'paHH4HbIX ycAoBui. Bcem
(PU3MKaAM H3BECTHO MHOro IPOCTHIX HPHMEPOB TAaKOro poja
pemenuii. JTo, HalpHMep, yNpyrue CTOSYHe BOAHDbI, BO3SHHKa-
IoLHe B KOAEOAIOLIEHCSA CTPyHe C 3aKPENAEHHbIMH KOHILAMH,
4acTOTa KOTOPBIX KPaTHAa OCHOBHOH 4YacTOTe, HAH dAEKTpoMar-
HUTHDBIE CTOsSYHEe BOAHBI B aHTeHHe, H30AHPOBAHHOH Ha OJZHOM
KOHIje C 3a3eMAEHHbIM APYIMM; CTOSYHE BOAHBI, ZAHHbBI KOTO-
PBIX paBHbl yueTBepeHHOH JAAMHe aHTEHHbI, AEAEHHOH Ha Io-
CAeJOBAaTEAbHbIE HEUETHbIE LIEABIE UHCAA.
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[TpumeHenne ToAbkO uTO paccMoTpeHHOH TeOpuH KoAeGaHHU
K aToMy TpebyeT, uTO6bI Mbl CUHTaAH CTalHOHapHble 60pOB-
CKHe COCTOSIHHSI COOTBETCTBYIOIIMMH CTalMOHAapPHBIM BOAHaM,
CBSI3aHHBIM C ATOMHBIMH DAEKTPOHaAMH.

Hecomuenno, uTo Taxas MHTepmperanus IpPOAHBAaeT CBeT
Ha MCTHHHBIH CMBICA YCAOBMH KBAHTOBAaHHS M JeAaeT BeCbMa
BEPOSITHBIM YTOUHEHHEe OCHOBHBIX HJEH, KOTOpble Mbl 06PHCO-
BaAM Bbillle, U TOrO0 NYTH, IO KOTOPOMY OHHM IPHBEAH Hac
K B3auMocBsa3H BoAH u uacTul. OaHako AAs Aydilero HoHHMa-
HUSI MaTepHaAa NOCAeAYIOLIHX FAaB Heo6XoguMo 0co60 IOJA-
YepPKHYTb JABe TPYAHOCTH.

epBasi BO3HHKAaeT, KOTZa Mbl XOTHM y6eaHUTbCs B CTalHo-
HapHOM XapaKTepe BOAH, CBSI3aHHBIX CO CTAallHOHAapHBIM CO-
CTOSIHHEM aToOMa, M IOAb3yeMCsl IIPH 2TOM (POPMYAOH, COIO-
CTaBASIIOIIEH JABH2KEHHe YaCTHUbI PaCHpPOCTPAHEHHIO BOAHDI
B cMbIcAe reomerpHuueckoit ontuxn. Ilo cymecty, nepesoas Ha
KBaHTOBbIH SI3bIK HAE€H, XOPOIWIO H3BECTHble B aHAAHTHYECKOH
MexaHHKe, Mbl YCTaHaBAHBA€M COOTBETCTBHE MEKJY TPAEKTO-
PHUSAMH YaCTHUUbI, KAKHMH WX NpeACTaBAsieM cebe KAACCHYECKH,
U AydyaMH, 110 KOTOPBbIM paclpoCTPaHAITCA BOAHbL Mbl y:xe
OTMEYaAH, YTO reOMeTPHYECKas ONTHKA C TOUKH 3pEHHs] BOAHO-
BbIX MpeJCTaBAeHUH — AHMLIb TiepBoe NPHOAHKEHHE, CIIpaBej-
AHBOE B TOM CAydae, KOIZa BOAHBI PAacHpPOCTPAHSIOTCS CBO-
60aHO, He BCTpedyass HHKAKKX MPENATCTBHH, M KOrja, KpoMme
TOro, CKOPOCTb PAaCMPOCTPaHEHHSA He MEHSeTCA CAHMIIKOM Obi-
CTPO OT TOYKH K TOUKe. 1 eHepb y2Ke Aerko BHAETb, YTO BTOPOE
YCAOBHE ZASL BOAH, CBA3BaHHBIX C DAEKTPOHOM BHYTPH aToMa,
KOHeuHo, He BblmoAHseTcss. (CAezoBaTeAbHO, NyTb, KaKHM
Mbl NPHUIIAM K CTAalHOHAPHOMY XapaKTepy BOAHbI, OTBe-
Yalpolled CTAallHOHapHOMY COCTOSIHMIO aTOMa, HeAb3s MpH-
3HATb CTPOTHM.

Hs6exatp aTOro MO:KHO, AKIID MOAYYMB ypaBHEHHE pac-
MPOCTPaHEHHUs] BOAHBI, CBS3aHHOH C YAEKTPOHOM, M PEIIHB
3aZa4y 0 COOGCTBEHHBIX BHAaYeHHSX AAS BOAH BHYTPH aTOMa,
KOTOpas IPH 5TOM BO3HHKaeT.

Oanako Heo6x0zZMMO 0C060 IOJUEPKHYTb FAABHYIO HAEIO,
cojeprkallylocss B IpPeAbIAYLIEM pacCy:KAeHHH. JTa Bax<Has
Hjes 3aKAIOHaeTCs B CAeZylOLleM: TakK KakK reoMeTpHYecKas
ONTHKA eCTb TOAbKO IPHOAHM2eHHMe, BepHOe B OIpeJeAeHHBIX
'YCAOBHSAX, U COOTBETCTBHE YCTAaHOBAEHO MeXKJAY KAACCHYECKOA
JUHAMHKOH M PacClpOCTpaHEHHEM BOAH [0 3aKOHaM IeOMeTpPH-
4eCKOH OITHKH, TO BIIOAHE BO3MOXKHO, YTO KAaccHueckas AHHa-
MHKa TO2K€ AHMIIb NPHOAMKeHMe, UMeIOLIee TE Ke NpeJeAbl MPH-
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MeHHMOCTH, YTO H FeoMeTpHueckas ONTHKA, mepedpasupoBKOi
KOTOPOH OHa, B H3BECTHOM CMBICAE, ABAAETCA.

Bo Bcex cayuasx, korza BoAHa, cBsAi3aHHaa C YacTHLeH,
pPACIPOCTPaHAETCS He II0 3aKOHAM TeOMEeTPHYECKOH OINTHKH
(a Mbl yiKe BUAEAH, YTO 3TO ObiBaeT KaK pa3s B CAydae BOAH,
CBA3aHHBIX C DAeKTPOHAMH B KBAaHTOBAaHHbIX aTOMHBIX CHCTe-
Max), AMHAMH4YeCKOe TOBeleHHe JacCTHIbl HeAb3S OIHCBIBATb,
HCXOAs M3 MOHATHH M 3aKOHOB KAACCHYeCcKOH MexaHuku. Vmen-
Ho noaToMmy Mexanuky HproTona u gaxe mexanumky DHHImTelHA
Hy:KHO BIpeJb Ha3blBaTh CTAapPOH MeXaHHUKOH, H He-
06X0ZHMO CO3ZaTb HOByIO, B paMKaX KOTOPOH dTa crapas 6y-
ZeT IepBbIM NPUOAWKEHHeM, CIIPaBEJAHBBIM B OIpeZeAeHHBIX
ycaosuax. Kopoue roeops, nosuukra Heo6Xx0ZHMOCTDb, KaK Mbi
NHCAaAH B Te FOJbl, CO3/1aTh HOBYK MEXaHKKY BOAHOBOro xapak-
Tepa, KoTopas 6ygeT OTHOCHTbCSI K CTapoi MexaHiKe, Kak
BOAHORAs ONTHKA K reoMeTpHYeCKOH omTHKe. | Oo4HO M TIla-
TeAbHO 3Ta Hjesi 6blaa ocyllecTBAeHa B 6eccMepTHOM paboTe
Ilpegunrepa.

B uem xe saxarouaerca BTopas TpyaHoctb? Ilpemxzae uewm
MepeHTH K CYLUeCTBY ZeAa, PacCMOTPHM B KadecTBe IIPOCTOrO
npuMepa CHUCTEMYy, B KOTOPOH BO3HHKAIOT CTallMOHAapHbIE BOA-
Hbl,— CTPYHy C B3aKpelNAeHHbIMH KOHUamu. B Takoit crpyHe
MoxseT B036y:KAaTbcsi 6ecKOHeuHoe yHcAO cTosuux BoAH. Cay-
yaH, KOrza CTpyHa HeceT TOAbKO OJHO CTalHMOHapHoe KoAaeba-
HHe, T. €. KOTJZa OHa JBU2KETCH CTPOTrO MO CHHYCOHJZE, HCKAIO~
unreAbHbi. O6bIYHO CTPpyHa NMOCAe HECKOABKHX HagaAbHBIX
KoAe6aHHH HAauMHAET JABHUraTbCS II0 OYEHb CAOKHOMY 3BaKOHY
3a HMCKAIOYEHHEM ee KOHLIOB, KOTOpble, eCTeCTBEHHO, He JBH-
rajorcsi  poob6me. Oamnako MaTeMaTHuecass Teopus PAJOB
Mypbe raacur, uTo ABMMEHHE CTPYHBI, KaKUM 6bl CAOKHBIM
OHO HH 6bIAO, MO2KET OBITb NpeACTaBAeHO B BHZEe CYMMBbI CTa-
HOHapHBbIX KoAe6amuil. MaTeMaTHueckH 3TOT pesyAbTaT Bbl-
paxalT cAeAylolIUM o6pasoM: CHHYCOMZAaAbHble QYHKIHH,
ONHCHIBAIOLIHe OTJAEeAbHble CTallHOHapHble BOAHBI, 06pasyor-
HOAHYIO CHCTeMY OPTOTOHAaAbHBIX (PYyHKUHH. DTOT pPe3yAbTAT
MO2KHO 0606IUUTHP Ha CAy4aH cCHCTeM O6OAee CAOXKHBIX, YeM
CTpyHa ¢ 3aKkpenAeHHbIMH KoHuamu. MozxkHo mokasarb, 4TO
eCAH B KaKoH-AH60 06AaCTH NPOCTPAHCTBA BO3BHHUKAKIOT CTALHO-
HapHble KoAebaHMs, TO, KakoBa 6bI HH 6blna HX (opma, ee
MO:KHO IPEACTAaBUTb B BHJe CYNMePIO3HIHH HEKOTOPOro YHCAA
(KoHeuHOro HMAM 6eCKOHEYHOro) CTallHOHAPHBIX KOAeGaHHU.

[Mpumenenue aTux o6IKX MAEH K KBAaHTOBAaHHbIM aTOMHbBIM
CHCTeMaM cpasy 25e NMPHBOZMT K ymomsHyTo#t TpysHoctu. Ilo
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NepBOHAYaAbBHBIM  INpeAcTaBAeHHsM Dopa  artom Bceraa
HAXOAMTCH B TOM MAH HMHOM CTalHMOHapHoM cocrosnmu. [lpu
3TOM IpeANOAaraeTcsi AHUCKPETHOCTb, KaK pas M O3HadawoLlas
KBaHTOBaHHe. | akoH B3rAfiA HH B YeM He IPOTHBOPEUHT KAacC-
cHueckoil kapTuHe cocTosHus aToMa. OfgHAKO eCAH NpPeAnoAO-
*KHTb, YTO CTAllHOHAPHOE COCTOSIHHE COOTBETCTBYeT CTallHOHAap-
HbIM KoAeGaHMAM, TO 061Uasi Teopus, KOTOPYH MbI TOAbKO YTO
6erao omucaAM, IPHBOAHUT K TAaKOMY BbIBOJY: COCTOSHHE aTOMa
B ZaHHbIH MOMeHT BPEMEHH MOKeT CBECTHCb K eZHHCTBEHHOMY
CTAallHOHAPHOMY COCTOSIHHIO TOAbBKO B HCKAIOUHTEABHBIX CAY-
yasx. B obmem e cAyyae OHO IpeiCTaBAsieT cOGOH Haroxse-
HYe ONlpeZeAeHHOTO YHCAA CTalHOHapHbiX cocTosiuuil. Mozno
CKa3aTbh, YTO C TOYKH B3PEHHS KAACCHUECKHX MpeACcTaBAeHHH
TaKoe yTBep:JeHHe AHILEHO BCAKOIO CMbIcAa, H60 HEBO3MOZKHO
cebe MpeacTaBUTb, YTO ATOM MOX2KeT B OZHH H TOT 2Ke MOMEHT
BpeMeHH HAaXOJAMTbCH B HECKOAbKHX COCTOSHUAX. JTa TPYZA-
HOCTb IIOKa3biBaeT, YTO pa3BUTHe HOBOH MEXaHHKH IpeTEHAYET
Ha TAYGOKyIO IepecTPOHKy OCHOBHDBIX NMOHATHH KAACCHYECKOH
(U3BHKH, NepecTPOiKy, HeOGXOZHMOCTb KOTOPOH, KaK Mbl y2e
FOBOPHAH, B 3apOAbILIe COZEPKUTCSA VKe B CAaMOM CyIIeCTBO-
BaHHM KBaHTa JefictBus. M Toabko BeposTHOCTHas HHTepHpe-
TalMsl HOBOH MEXaHHKH IO3BOAHT HaM CKOpPO NpPHJAATb cylep-
MOSHIHH HeCKOAbKHX COCTOSIHUH (PUBHYECKHH CMBICA.

3. Pa6orm1 Hlpegunrepa

dpsuny lllpesunrepy B €ro BeAHKOAeNHO#H CTaTbe, yBHAEB-
me# ceer B 1926 r., Brimara uecTh MepBOMY HamHcCaTb B SIBHOM
BHJle BOAHOBOE ypaBHeHHe BOAHOBOH MeXaHHKH W BBLIBECTH M3
Hero CTPOTMH MeToJ pellleHHS! KBAaHTOBBbIX 3azad. UTo6bl MOAY-
YHTb ypaBHeHHe JAAS BOAH, CBA3AaHHBIX C YacCTHLeH, MOMHO
HCXOJHTb M3 HJEH O TOM, UTO C TOUKH 3PEHHS HOBOH TeOPHH
CTapasi MeXaHMKa SKBHBAAGHTHa NPHUOAMMKEHHIO TIeOMeTpHYe-
ckoit ontuku. B Teopun flkobu Tpaekropuu wactuy paccmar-
PUBAIOTCS KaK CBeTOBble AY4H, KOTOPble COOTBETCTBYIOT IO-
BEPXHOCTH, ONpeieAseMOli IOAHbBIM HHTE[PAAOM YPaBHEHHA
MepBOro MOPSZKAa BTOPOHl CTeNeHH B HaCTHBIX IPOM3BOJHDIX,
Ha3BaHHOro ypaBHenueM S1ko6u. Mbr yxe ormeuarn (cm. ra. Il
m. 2), uto ypasHenne fIko6u no gopme coBepleHHO aHAAOTHY-
HO OCHOBHOMY YPaBHEHHIO FeOMeTPHYeCKOH ONTHKH H YTO HMeH-
HO 3TO O6CTOATEABCTBO — NMPUYMHA aHAAOTHH MekKJy TeopHeH
fAkobu u Teopmel pacmpocTpaHeHHs BOAH B ee TreoMeTpHUe-
ckoM npubauzxennu. [losToMy BoAHOBoe ypaBHeHHe BOAHOBOM
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MeXaHHKH HY:KHO 3allHCaTb TaKHM 06pa30M, uTO6bI COOTBET-
CTByIOIlee ypaBHeHHe T'eOMETPHYECKOH ONTHKH, CIpaBeJAHBOE
B YCAOBHSAX, KOTOpPble Mbl Y€ yTOYHHAH, COBINAJaAO C ypaBHe-
uueM flko6u. Urob6pr noAyunth ypaBHeHHe pachpocTpaHeHHs,
yZAOBAeTBopsolee aToMy ycaosumo, Lllpeaunrep npozeran cae-
Aylolllee: Ipe:Je BCErO OH YCTAHOBHA COOTHOIIEHHE, KOTOPOE
ZASL ZAaHHOH 3ajaud B KAACCHYECKOH MeXaHHKe JaBaAo O6bl
9HEPrHI0 KaK (QYHKUMIO KOOPAUHAT YAaCTHULBI H KOMIIOHEHT ee
umnyabca. Jlaree B 3TOM Bblpas<eHHH, KOTOPOe HOCHT B MeXa-
HHKe Ha3BaHHe FaMHUAbTOHHaHA, KaxKZas KOMIOHEHTa HMIIyAbca
B ZeKapTOBOH CHCTeMe KOOPAHHAT 3aMEHAAACb CHMBOAOM IIPO-
H3BOJHOH 0 COOTBETCTBYIOIEH KOOPJAHWHATe, YMHOXKEHHOH Ha
KOHCTaHTYy, NPONOPUHOHaAbHYI0 nocrosnHuoi [Inanka. Takum
06pa3oM, raMMAbTOHHAH ObIA IpeBpallieH B HeKHil ollepaTop,
onepatop 'amuabTona. Tenepp zocTaTouHo 6bIAO NMPHUMEHHTD
3TOT oNlepaTop K BOAHOBOH PyHKUWH cHcTeMbl (koTopas 06bru-
HO o6o3HauaeTcs rpeueckoit 6yksoit V) u mpupaBHATb MOAV-
YeHHBbIH Pe3yAbTAaT IPOM3BOAHOH BOAHOBOH ()yHKUHWH 1O Bpe-
MeHH, YMHO2KeHHOH Ha YHNOMSHYTYI KOHCTaHTY.

IToryuennoe Taxum o6pasoM ypaBHeHHe MOKHO HPHHATb
B KayeCTBe BOAHOBOTO ypaBHeHHs dYacTHLbl, H60 B npubAHzKe-
HHU TeOMeTPHYECKOH ONTHKHM OHO CBOJAMTCA K ypaBHeHHIo flko-
6H1, KOTOpoe MO:KHO HalucaTb AAS paccCMaTpHBAaeMOH 3aZadH
B KAACCHYECKOH MeXaHHKe.

3aecp cAeayeT caeAaTb HECKOAbKO 3aMedaHMil IO MOBOLY
MOAYUYeHHOTO TaKKM CcIlocob6oM ypaBHeHHS pacHpPOCTPaHeHHA
CBsI3aHHBIX C yacTHlell BoAH. Bo-mepBbixX, 3T0 ypaBHeHHe onpe-
JeAsieT BOAHOBYIO (PYHKLIHIO KaK (QYHKLIHIO CKaAspHYIO, a He
BEKTOPHYI0. DTO MPHUBOJAHT K CYLIeCTBEHHOMY Pa3sAHYHIO MeikK-
Ay BOAHOH, CBSAI3aHHOH ¢ wacTuIllel, u cBeToBoiH BoAHoH. Ilpas-
Ja, HW3BECTHO, YTO BOAHOBas TeOpHs CBeTa TaK:Ke BHaudaAe
HCXOZHMAQ M3 TOro, YTO CBeTOBble KOAeGaHHS OIHCHIBAIOTCA
ckarspHoil @yukuueit. Takas Touka 3peHHS M CErofHA MOXKeT
O6bSACHUTD MHOTHe SBAEHHS JUPPAKUHM H HHTepdepeH-
nuu. Yl ToAbko AMIID NpH PacCMOTPEHHH MOASPH3AUMH HYH-
HO YYMTBIBaTb BEKTOPHBIH XapaKTep BOAHOBOH (YHKIIHH.
Hrak, MoxHO mpeanoAOXHTb, UTO B OAMH NpPEKPaCHbIH AeHD
CKaAsipHasi BOAHOBasi (YHKUHs 6GyJeT 3aMeHeHa BOAHOBOH
(DYHKLIMeHd HECKOADPKMX KOMIIOHEHT TIIPH COOTBETCTBYIOILEM'
0606mwennn Teopun. Huzke mbl nokazkeM, 4To 9TO NpesCcKasaHue
NOATBEPAMAOCH poOMJeHHeM Teopuu arekTpona Jupaka. Kax
Mbl YBHJIHM, 3Ta TEOPUs He OAHHAKOBA JAA CAy4YaeB dIAEKTPOHA
H QoToHa.
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CheayeT caeraTb ellle OZHO 3aMeuaHHe MO MOBOAY ypaBHe-
HHUS paclpoCcTpaHeHHS BOAH. Jlero B ToM, 4TO OHO KOMILAEKCHO,
T. €. ero KO3()(PULHEHTbl He SBATIOTCSA JeHCTBUTEAbHBIMH YHC-

AaMH, B HUX (PUIypHPYeT BEAHUYHHA V —1. Do obcTosTeADb-
CTBO, Ha IePBbIH B3TrAAJ COBEPLIEHHO CAyYallHOe, [IOKa3bIBaeT,
HAaCKOAbBKO TPYAHO MPUAATb ¥-BOAHe BOAHOBOH MeXaHHKH Ta-
KOH 2Ke (PU3HYECKHUH CMBICA, KAKOH MPUNMCHIBaeT BOAHAM KAac-
cHYecRas (H3HKa. JeiicTBuTeAbHO, B KAaccHueckoil (H3HKe
pacnpocTpaHeHHe BOAHBI CBSI3aHO C IIEPEHOCOM CBOHCTB KO-
Ae6AIOIIEHCS CcpeAbl, CYLIeCTBOBaHHe KOTOPOH AH60 coBep-
IIeHHO oOYeBHJHO, AM60 Mpeamnoraraerca (mocAeiHee TOABKO
B CAyyae KAaccHuecKoli Teopuu cBeta). Ouu onucbiBaloT Aei-
CTBHTeAbHbIe MPOLECCHl M JAOAKHDBI 6bIThb BblparkeHbl ZeHCTBH-
TeAbHBIMHM (PYHKIMAMH. EcAM ke, Kak 9TO yacCTo JZeAalOT NpW
ONHCAaHMM ONTHUYECKHX SBAeHHH, HHOTJZa IIOAE3HO 3aMEHHTb
yKasaHHble JAeHCTBUTeAbHble (PYHKUHH KOMIIAeKCHBIMH BEAMYH-
HaMH, ZeHCTBUTEAbHOH YaCTblO KOTOPBIX OHH ABASAIOTCS, TO 3TO
TOAbBKO BBIYMCAUTEAbHBIH IpHeM, 6€3 KOTOPOro BCErga MOKHO
060HTHCD.

B BoanoBO#M MexaHHKe Bce Hao60poT. M3-3a MHHMBIX K09(-
(MLIHEHTOB B CaMOM BOAHOBOM ypaBHEHHH KOMIIAGKCHBIH Xa-
paktep Y-pyHkuuu, mo-BUAMMOMY, SABASETCS CYILeCTBEHHDBIM.
On npuBOZUT K TOMY, YTO BCe IOMbITKH PacCMaTPHBATb BOAHDI
BOAHOBOH MeXaHHKH KaK (H3HYECKYI0 peaAbHOCTb, COOTBET-
CTBYIOIIYI0 KOAe6aHHMAM KaKOH-TO cpejbl, OKa3bIBAIOTCS HECO-
CTOATeAbHbIMH. B Xoze pasBHTHS BOAHOBOH MeXaHMKH (yHK-~
uuio ¥ craam paccmaTpuBaTb Kak HeKYVIO BCIIOMOTaTEAbHYIO
BEAHYMHY, 3HaueHHe KOTOPOH IMO3BOASIET BBIYHCAHTb JPYTYIO
BEAHUHHY. OTa MOCAeJHAA yxKe JeHCTBHTeAbHAa, OHa HMeEeET
(PU3BHYECKHH CMBICA, NPHYEM, KaK IMPaBHAO, CTATHCTHYECKOTO
xapakTepa. Mpbl eme ZoAXKHBI 6yZeM BepHYTbCA K STOMY
NYHKTY. -3JeCb e YMECTHO 6BbIAO IIPOCTO OTMETHTDb, MOYEMY
BOAHOBOE ypaBHeHHe BOAHOBOH MeXaHHKH y:Ke [0 CBoeH (opMe
BbIHY2KZaeT HAaC OTKa3aTbCs OT HAEH JAaTb STHM BOAHAM HeIO-
cpeiCTBeHHOe (PU3HYECKOE TOAKOBAHHE.

bl 06bsacunAn, kak Lllpeaunrep ao6unacs ycnexa B BbI-
BOoZe AASL caMoro o6llero cAydyasi ypaBHEHHS paclipoCTpaHeHHA
cBasaHHo# ¢ uactuueir Y-poannl. Ogmako NpH HamHCaHHH
3TOro ypaBHeHHS OH HCXOZHA U3 (OPMyA HbIOTOHOBOH MeXa-
uuku. [loaToMy ero ypasuenue pacnpocTpaHenus He yZOBAET-
BOpsieT Tpe6OBaHHSAM TEOPHH OTHOCHTEAbHOCTH H €CTECTBEHHO
02(HAATb, YTO OHO CIIPaBeJAHBO AHLIb JAAS 4acTul, obArajalo-
IIUX O4eHb MaAOH CKOPOCTDIO, T. €. AASl BOAH He OueHb 60AbLIOH
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4acTOTHl. |enepb BCTaA BOMPOC O TOM, uTO6bI HaHTH ypaBHe-
HHe PAclpOCTPaHeHHs, MMelolllee PEASTHUBUCTCKHH XapakTep H
cozepmxamee ypapHenue [llpeaunrepa xak meppoe npubanxenne
ZASl HH3KHX 4acToT. Y paBHeHHe TaKOro THIa, KOTOPOe Ka3a-
AOCb eCTeCTBEHHbIM C TOYKH 3PeHHs 3JPaBOro CMbICAA, GBIAO
[iPeZIAOKEHO MOYTH OJHOBPEMEHHO HeCKOAbKHMH yuenbiMu. Oz-
HaKO 3TO PEeAATHBHCTCKOe ypaBHeHHe, OyAydun ypaBHeHHeM
BTOPOTO MOPsiZKa [0 BPEMEHH, IPHBOZUAO K PAAY TPYZHOCTEH.
[TpaBurbuoe peasTuBucTCKOEe 0606menue ypapHenus Lllpeaun-
repa 6bia0 moAyueHo Jupakom coBceM ApyrHM IIyTeM.

Illpeaunrep mpearoxuA Takzke BOAHOBOe ypaBHeHHe (He-
PEASTHBHCTCKOE), KOTOPOe ONMHCHIBAAO CHCTEMY, aHCAaM6Ab B3a-
UMOZeHCTByIOWUX Meakay coboit wactun. OaHako IOCKOABKY
Mbl BBEAH HOBble IOHATHsA, TpebyloUlHe clelHaAbHOro pas-
60pa, OTAO2KHM H3AOXKeHHe BOAHOBOH MeXaHHKH CHCTEM 4Ya-
ctuy o raassl XII.

Boopyxusmuch cBoum BoAHOBHIM ypaeHenueM, [Ilpeaunrep
NMPHCTYIHA K CTPOTOMY pellieHHIO 3aJauy onpedereHHs CTallHO-
HapHBIX COCTOSIHHH KBaHTOBOH CHCTEMbI, IPEATOAOKHB B COOT-
BETCTBHH C NPUOAMKEHHOH TeOpHeH, YTO 3TH CTallHOHAapPHbIe
COCTOSIHHSI COOTBETCTBYIOT CBSI3aHHBIM C YacTHLAMH CTalHoO-
HapubIM BoAHaM. PaccMOTpuM B KauecTBe KBAaHTOBOH CHCTEMBI
aTom Bogopoza. Vbl 3HaeM ypaBHeHHe paclpOCTpPaHeHHs] BOAH,
COOTBETCTBYIOIUUX 3TOH cHcTeMe. E.cTeCTBEeHHO MPeANOAOMHTD,
4YTO, TaK KaK CHCTeMa orpaHHyYyeHa HEKOTOPOH O6AACTbIO IPO-
crpancTBa, ¥-QyHKUHA NpH yZareHHM OT LEHTpa CHCTEMBI
6bicTpO CTpeMHTCH K HyAI0. EicAm Mbr Takie IpeANOAOXKHM,
Kak 3TO OObIYHO JAeAalOT B MaTeMaTHYeCKOH (H3HKe, UTO
W.pynkuus zorxna 6bITb Be3de OZHO3HAYHA M HellpepPbIBHA,
TO HaXOMKJeHHe CTALHMOHAPHBIX COCTOSHHH CBOAUTCSA K OTBICKA-
HUIO MOHOXPOMATHYECKHX peHIeHHH ypaBHEHHs paclpoCTpaHe-
HHS, KOHeYHbIX W OJHO3HAYHBIX BO BCEM NPOCTpaHCTBe H obpa-
IWanIIUXcsA B HyAb Ha 6eckoneunoctu. Illpeaumnrep, ucrmoan-
30BaB M3BECTHble METOAbI aHaAH3a, OAecTsAllle PelIMA 3Ty 3a-
Aavyy AAS HeCKOAbKHX THNOB KBaHTOBbix cucteM. OH o6Ha-
PY2&HA, UYTO MOHOXPOMAaTHYECKHe pelleHHS, YZOBAETBOPAIOIIHE
HAaAOKEHHBIM YCAOBHSM, CYLIeCTBYIOT AHLIb ZAS HEKOTOPBIX
onpeZeAeHHbIX 3HAaYeHHH YacTOTbl. JTH 3HAYEHHA SBASIOTCHA
co6cCTBEeHHbBIMHM 3HAa4YeHHAMH BOAHOBOrO YypaBHe-
HHSI B YaCTHBIX IIPOH3BOAHBIX JAaHHOH 3ajJauyM C T'PaAHHYHBIM
ycroBueMm obpamenuss ¥ B HyAb Ha 6eckoneunoctu. Coberaen-
HOH YacTOTe CHCTeMbl B COOTBETCTBHH € OGIIMM COOTHOIIEHHeM
M€Ky CBOMCTBAMH BOAHbI H XapaKTepPHCTHKaMH MacTHLbI CO-
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fioctaBAseTCsI KBAaHTOBaHHOe 3HayeHHe 3HePIruy YacTHLDbI, KO-
TOpOe MOAyuYaeTCs yMHOXeHHeM dacToTbl Ha M. Takum o6pa-
3oM, pacuerhl Lllpegunrepa mo3BOAMAM NMOAYYHTb KBaHTOBaH-
Hble 3HayeHUs DYHEPrUM H, CAeJOBAaTeAbHO, 3Ha4yeHHs CIEKT-
paAbHBIX TepMOB. B 6GOADIIHHCTBe CAy4aeB TOYHO TaKOH ke
pesyAbTaT 6bIA MOAYUeH B CTapoill KBaHTOBOH TeopuH. I[pume-
POM MOKET CAYXKHTb, CKazkeM, aTOM BOZOpPOZa, AZASl KOTOPOro
6bIAM MOAYUeHbl B TOYHOCTH 60poBckue pesyAabTaTbl. OzHako
B HEKOTOPDLIX Ba:KHBIX CAydYasiX NOAy4YeHHble HOBBIM METOJOM
pe3yAbTaTbl OTAHYAAHCH OT BBIBOZOB CTapOH KBAaHTOBOH Teo-
pUM, NPHYEM HOBbIE PEleHHS Ayullle COrAACOBaAHMCbh C IKCIIe-
puMenToM, uem cTapble. CaMbIM 3aMedyaTeAbHbIM IIpHMEPOM
9TOr0 OKa3aACA AHMHEHHbIH ocuuAAsTop. Hamomuum, uto xBaH-
TOBaHHe AMHEHHOIO OCLHAAATOPA, C KOTOPBIM CTOAKHYACS B
cBoell Teopun usAyuenus lIraHk, mocAyxuA0 oTHpaBHO# TO4-
KOH Bcero pasBuTHA KBaHTOBOH Teopun. Crapniii MeToz KBaH-
TOBaHHs IipejloAaraA, YTO KBAaHTOBaHHble 3HayeHHS DHEPTHH
AHMHEHHOrO OCUMAAATOPA SBAAIOTCS LEAbIMH KPATHbIMH DHep-
TUH KBaHTa, I[IOAYYeHHOH yMHO:KeHHeM Cco6CTBeHHOH uya-
CTOTbl MeXaHHYeCKHMX KoAeGaHMH OCLHAAAITOpa Ha IOCTOSH-
nyio [Iranka A. Ognako (usanmueckHe 3azaud, B KOTOPHIX (H-
rypHPOBaA KBaHTOBbIH ocuuaratop (Hampumep, moaocaTbli
CIeKTP JBYXaTOMHOH MOAEKYAbI), TMO-BHAHMOMY, yKa3bIBaAH,
UTO KBaHTOBaHHble 3HAUeHHS DHEPTHH OCUHAAATOPA JOAK-
Hbl 6BITh PaBHBI NMPOU3BeZEHHSM He LEAbIX 3HAYEHHH KBaH-
Ta dHEPTrHH, a MOAYLEAbIX, T. €. KBAHT HePrHH yMHOKaeTcs Ha
112, 3/2, 5/2... (2n+1)/2. Hosbiii MeToz xBaHTOBaHMS, OTAH-
yasicb B 9TOM NMyHKTe OT CTapod KBaHTOBOH TEOPHH, TOUYHO
NnpeACKasbiBaeT HMEHHO TaKOe KBaHTOBaHHe IOAYLEABIMH ZO-
asamu. HMrax, Lllpeaunrep BHOBb MoAyuHMA mpaBUAbHDBIE pe-
3yAbBTaThl CTapoil TEOPHH M YTOUHHA APYIHe pe3yAbTaTbl. Y cC-
rnex ObIA MOAHBIM.

Aw6onbitHoe coBnagenne HatoakHyro lLllpeaunrepa Ha
MbICAb, KOTOpasi NMPHBEAA €r0 K CAaMbIM 3aMeYaTEAbHBIM OTKPbI-
tuaM. Hesagoaro zo storo Ieiisen6epr cpopmyrnposar csoio
KBaHTOBYI0 MexaHMKy. Ero HoBbiii MeToz, BHemIHe coBeplLIEHHO
OTAHYHBIH OT BOAHOBOH MeXaHHMKM, JZaA TOUHO TaKHe ke pe-
3YAbTaThl ZASl KBAHTOBAaHHbIX 3HaYeHHUH DHePrHH aTOMHBIX CH-~
creM, uto u Mmetoz Lllpeaunrepa, Tem cambiM noxTBEpAMB H
YTOUHHB pe3yAbTaTbl cTapoil kBaHToBOi Teopuu. Lllpeaunrep
HHTYHTHBHO 4yBCTBOBaA, YTO 3TO COBNaZeHHe He CAydaHHO.
Emy macrtepckn ygaroch mokasaTb, uTo KBaHTOBas MeXaHHKa
[efizen6epra, mecmoTps Ha coBeplleHHO HHOH BHeWIHHH BHZ,
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fipescTaBAsieT cobol BCero AMIlb MaTeMaTHueckylo MHepedpa-
SHPOBKY BOAHOBOH MeXaHHKH.

Baxuoctp apexta 3eemMaHa M ero dAeKTPHUECKOTO aHa-
rora, adppexta Lllrapka, xopomo ussectna. Illpegunrep mno-
MbITaACS C TOMOIIbI BOAHOBOH MeXaHHKH pa3BHTb TEOPHIO
atux seaenuit. C aToll LeAblo OH paspaboTar MpeKpPacHbIH Me-
TOZ BOSMYILIeHHH, BOAHOBOH BapHaHT KAACCHYECKOTO METOAA
HebecHo#t MexaHuku. JleHCTBUTEAbHO, MarHHUTHble ¥ 3AEKTPH-
yeCKHe TOAS, KOTOPble Mbl MOX<eM CO3JaBaTb, HHUTOXKHO MaAbl
[0 CPABHEHHIO C SAEKTPOMATHHTHBIMH TOASMH, JeACTBYIOILAMH
BHYTPH aTOMHBIX cCHCTeM. UTo6bl MOAYyYHTb 3(PekT eeMaHa
uau [llrapka, Ha aToMbl BO3ZEHCTBYIOT OAHOPOAHBIM MarHHT-
HbIM HAH BAEKTPHUYECKHM TNOAEM, M 3TO IOAe MOXKHO paccMaT-
pUBATb KaK OYeHb MaAOe BO3MYyIUeHHe COGCTBEHHOTO IOAs
aToMHO#t cucrembl. EcAm HaM y»ke H3BeCTHBI KBaHTOBaHHbIE
3HaUeHHS DHEPrMH JAaHHOH CHCTEMbI B OTCYTCTBHE BHELIHETO
MOAS,, TO HeO6XOZUMO AHLIb y4eCcTb OdeHb cAaboe H3MeHEHHe
STHX BEAHYHH, KOTOPOe BbI3bIBAeTCH BO3MYIUAIOLUMM IIOAEM.

Ilpeaunrep, nmpumeHuB CBOH MeTOJ BO3MYIIEHHH, PeIIHA
BTy 3ajayy M MOAYYHA TaKHM 06pasoM JeTaAbHYIO TEOPHIO
spdextos 3eemana u Lllrapka. Uro xacaercsa appexra [llTap-
Ka, TO Pe3yAbTaTbl MOAHOCTbIO COBNAAH C MpeACKa3aHHIMH
cTapoit KBaHTOBOH TeopHH. B HeKOTOPBIX OTHOLIEHHAX TeOPH,
No-BHAHMOMY, OKasaAach 6oAee TouHoil. B cayuae addexrta
Jeemana cHOBa B COTAaCHH CO CTapoil KBAHTOBOH Teopuel mo-
Ayuyaem pesyabtaT JNopenpa. To BNOAHE yAOBAETBOPUTEABHO,
MOCKOAbKY B ZaHHOM CAyuae SIBA€HHe MPOTEKAeT B OCHOBHOM
Tax, l)cax ero npeackasar JNopenn (HopMarbHbIE addekT Jee-
MaHa).

Oanako kpoMe HopMaAbHOro s(exTa SeeMaHa, IIped-
ckasaHHOro J\opeHUOM, B HEKOTOPBIX CAydYasx o6Hapy:KHBaeT-
cs1 6oree choxHbIE aHOMaAbHbI addext. Hu xaaccuueckas,
HH cTapasi KBaHTOBasi TeEOPHH He CIIOCOGHBI GbIAH O6DBACHHTD
aTu sBArenns. B pykax Illpeannrepa soamoBas mexaHuka fAo-
6uracb B 9TOM MyHKTe He Goabuiero ycrnexa. Jlas o6bscHe-
HHS aHOMaAbHOro s(Q@exTa 3eeMaHa IOHaZO6HAOCH BBECTH
elle OJHY XapaKTePHUCTHKY — CIIHH dAEeKTPOHA.

4. Auppaxkuns srexkTpoHOB

Hrak, Mbr mokasarn, Kak HAeH aBTOpa 9TOH KHHTH O CBA3H
MexAy BOAHAMH M 4aCTHIAMH H O HeO6XOZMMOCTH CO3JaHHs
HOBOM MeXaHHKHM BOAHOBOTO XapakTepa npuobpeinm x 1926 r.
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6aarogaps mpepocxoaubim pa6oram Llpexunrepa meoGbruaii-
Hyl0 TMoAHOTYy H TouHocTb. OgHako KakuMu 6bI 3aMedaTeAb-
HbIMH HH OGbIAH PYKOBOASIIME HJAeH H OCHOBHble MeTOZbI, Ka-
KUMH 6bl TOYHBIMH HH Ka3aAHCb NOJTBepJeHHs, KOTOpbIE
6bIAK MOAYUYeHBbI 6Aarofaps NPaBHAbHBIM IIpeICKa3aHUAM aTOM-~
HbIX SIBA€HHH, IpPsAMOe B3KCIePHMEHTAAbHOe J[O0Ka3aTeAbCTBO
5THX IIpeJCTaBAEHHH BCe 5e OTCYTCTBOBaAO. |akoe ZOKasa-
teabctBo mpuHec 1927 r., xorza Jseuccon u J:mepmep or-
KPbIAH IBA€HHE ZU(PPAKIHH DAEKTPOHOB.

[Tockoabky aABHKeHHe HaCTHL HepaspPbIBHO CBA3AHO C Pac-
MPOCTpaHeHHEM BOAHBI, 6bIAO 6bI OYeHb CTPAaHHO, eCAH 6bl Ma-
TepHaAbHble YaCTHUbI, HalpHMep DAEKTPOHbI, He IPOSABAAAH
HHTep(PePEHUHOHHbIX U JAH(QPPAKUHOHHBIX CBOHCTB IOZO6HO
TOMY, KaK 3TO INPOMCXOZUT ¢ (OTOHAMH U H3ydeHHEM KOTO-
pPBIX 3aHMMaeTcsi (H3HMuecKash oNTHKa. UTo6blI BBIACHHUTD, Ka-
KHe U3 3THUX IBAEHHH MOKHO peaAbHO HaGAIOZATb, HY?KHO 6bIAO
npexJe BCero OLUEHHTb AAHHY BOAH, CBS3aHHBIX C DAEKTPO-
Hamu. MopmMyAbl BOAHOBOH MeXaHHKH HeMeJAEHHO ZAlOT OTBET
Ha 3TOT BOIPOC: AAMHA BOAHBI, CB3aHHOH C 9AeKTPOHAMH, IPH
O6GBbIYHBIX YCAOBHX BCerja OYeHb MaAa, NOPSZKA AAHHBI BOAHbBI
pentreHoBckux Ayued. [losTomMy MoxHo 6bin0 HazeaTbcs Ha-
6AIOZATD Y DAEKTPOHOB Te SBA€HHs, KOTOPble NPOMCXOZAT C
PEeHTreHOBCKHUMH AYy4YaMH.

Hspectno zanee, uTo ()yHAaMeHTaAbHOe SIBAeHHe (DHUIHKH
PEHTreHOBCKHX Aydeil — 9To audpakuus Ha KpucTaarax. He-
06bIYaliHO MaAasi AAMHA BOAHBI PEHTIEHOBCKHX AYyYeH IOYTH
HCKAIOYaeT BO3MOXKHOCTb HMCHOAb30BaHHS JAA HabGAmoze-
HUA HX ZHUPpakUIuH NMPHOOPOB, CAEAAHHBIX PYKAMH 4YeAOBEKa.
K cuacrpio, cama npupoga mosa6oturacp o ToM, uTO6bI CO-
34aTh ToJHble AAS ITHX LeAed AHPPAKUHOHHbIE PEIIETKH —
KPHCTAAABI.

JeiicTBuTeAbHO, B KPHCTAaAAAX aTOMbI M MOAEKYAbI pac-
NOAO2KeHbl B NPABHABHOM MOPsZKe H 06pa3ylOT TpPeXMepHYIO
pemwerky. Ilpuuem okasaroch, uTo paccTosHMe MexKAy HaCTH-
LaMH B KPHCTaAle Kak pa3 NOPAAKa AAMHbI BOAHBI PEHTTe-
HoBckux Ayuel. Hampasass mywox pentreHoBckux Ayued Ha
KPHCTaAA, MO2HO IIOAYYHTb AH(QPAKUHOHHYIO KapTHHY, CO-
BepllleHHO aHAAOTHYHYIO KapTHHe AM@PpPaKUHUH 06bIYHOTO CBETa
Ha TpeXMepHOH TOYeYHOH pelleTKe.

SlBrenne aupakuuu peHTreHOBCKMX Ayueil 6BIAO OTKPBITO
B 1912 r. gon Aays, Mpuzpuxom u Kuunnunrom, u tenepn
OHO CAY2(HT OCHOBOH IUHPOKOTO pAa3BUTHA pPEHTIeHOBCKOH
CITEKTPOCKOIIHH. Hcxoas ns Bcero 9TOro, MO2KHO O6BIAO 02KHAATD,
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4TO CcoBePLIeHHO aHAAOTMYHOe SIBAeHHe MOKHO HabAOJaTb AAH
SAEKTPOHOB. B3sB Ny4YoK 3A€KTPOHOB C 3aZaHHOH KHHETHYE-
CKOH 2Heprued, Mbl AOAKHBI ObiAH 6bI HaGAIOZATb SIBAEHHE
AU(pPaKUMH, TaKoe :Ke KaK AH(QPAKUHA PEHTTeHOBCKHX AYYeH.
IlockoAbky cTpykTypa KpHCTaAAOB, MPHMeHSEMbIX B DKCIIEpH-~
MeHTax TaKOro THIA, XOPOIIO M3y4YeHa PasAHYHBIMH MeTOZaMH,
rAaBHbIM 06pa30M C MOMOILIbIO PEHTIeHOBCKHX AYyueH, Mbl MOI-
AM 6bl M3 TOAYYEHHOH NMPH AMQPPAKUHH IAEKTPOHOB KapPTHHbI
BBIYMCAHTD AAMHY BOAHDI, CBS3aHHYIO C DAEKTPOHAMH, H, CAe-
Z0BaTeAbHO, NOATBEPAHTD IPAaBUABHOCTb COOTHOLIEHHS, KOTO-
poe BOAHOBAas MeXaHHKA MpearioAaraeT AAsA ABHKYIIHXCS yac-
THII M CBA3aHHbIX C HUMU BOAH.

Japuccony u xmepmepy, coTpvanukam AaGopaTopuu
«Bean-Terepon» B Hoio-HMopxke, Bbimara yecTh OTKpbITHA ZH-
(PaKIHH INEKTPOHOB Ha KPHCTaAAaX. DomM6apaHpPys KPUCTaAA
HHUKEAS TNYYKOM MOHOIHEPreTHYeCKHX DAEKTPOHOB, OHH TBepPAO
YCTaHOBHAH, 4YTO DAeKTPOHbI AHPPArHPyIOT KaKk BOAHBI,
M TOKasaAH, YTO JAAHHA 9THX BOAH B TOYHOCTH COBNAZaeT C
TOH, KaKylo ZalOT (OPMYAbI BOAHOBOH MeXaHMKH. |ak 6bIAO
YCTaHOBAEHO CYILeCTBOBaHHe 3TOTFO TOHKOTO SIBAEHHs, Tpejmo-
AO2eHHe O KOTOPOM 3a HEeCKOAbKO AeT O 3TOr0 BbI3bIBAAO
yAHBAeHHe H HeJoBepHe (DHU3HKOB.

[TosTopennoe moutu oanospemenno B Auraun Jux. I1. Tom-
conom, coiiom . Jx. Tomcona, npuMeHHUBIINM COBEPLIEHHO
HHOH MeTOJ, fABAeHHe AH(PPAKUHH SAeKTPOHOB BCKOpPe CTAAH
Hab6AI0ZaTh MOUYTH BO BCeX CTpaHax. JTO SABAEHHe B PAa3HBIX
YCAOBMAX M NPH Pa3SAHYHON IOCTaHOBKe OMbITOB H3yuyaAu [loHT
Bo Mpannuu, Pynn B Nepmanuu, Kukyun B Anonun u muorue
apyrue. Bekope craan msBecTHb Bce ero geTaad. [loctemenno
6bIA0 yCTpaHeHO GOABHUIMHCTBO MEAKMX TPyZHOCTeit 06DsicHe-
HHS DTOrO sIBAEHHH, KOTOPble BHayaAe BOBHHKAH. JTOro yja-
Aocb A06MTBCS, KOrja MPHHAAH BO BHUMaHHe, YTO BHYTPH KPH-
CTaAAa MOKAa3aTeAb MPeAOMAEHUS] BOAH, CBSA3BAaHHDIX C DAEKTPO-
HOM, OTAM4YeH OT ejuHuupl. Jupakuuio aAeKTPOHOB yZaroOCh
MOAYYHTb M Ha OObIUHOH pellleTKe, HCIOAb30BAaB MOYTH Kaca-
TeAbHoe nagzenue (Pynm), kak ato 6bin0 paHee IPOZEAaHO
¢ penrrenosckumu Ayuamu (Komnron, Tu6o). Takum myrtem
MO:KHO MPSAMO CPABHHTH AAHHY BOAHDI, CBSI3AHHOH C dAEKTPO-
HOM, C IIMPUHOH AHHHH, HaHeCeHHbIX Ha MeTaAAMYECKOH Mo-
BEPXHOCTH | MeXaHHYeCKHM CIOCO6OM.

' B 1940 r. Bépmy yaaroch MOAYYHTb AU(PPAKUHIO SAEKTPOHOB OT
Kpas 9KpaHa — ABAeHHEe, aHAAOTHYHOE TOMY, KOTOpPOe H3BECTHO AAs CBeTa
eme co Bpemen (Mpeners. (ITpumevanue caerano B 1946 r.)
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Kak sTo uwacto 6bIBaeT, siBAeHHe JHPPAKLHH IAEKTPOHOB,
KaK BHauaAe KasaAoCh, OYEHb TPYAHO HabAlozaemoe M Tpeby-
Iollee BBICOKOTO HCKYCCTBA PKCIIePQHMEHTAaTOpa, Telepb CTAAO
OTHOCHTEABHO TPOCTbIM H TOBCeAHeBHbIM. |IpH60opbl AAs Ha-
6AIOZEHHMA SIBAeHHA Ju(paKIHM CTAAM HAaCTOAbKO COBepIleH-
HBIMH, 4TO CEeroAHsS 3TO SABAEHHEe MOXHO JeMOHCTPHPOBATb CTY-~
JZeHTaM Ha AeKkuuu. HakoHel, yCAOBHs 3THX 3KCNepHMEHTOB
BapbHPOBAAMCh B TAKMX HIMPOKHUX TpeJeAax, YTO CHpPaBeAAH-
BOCTb OCHOBHOH (OPMYABI, BblpazKarolleii COOTHOIIEHHE MeXAY
CBOMCTBAMM BOAHbBI H XapaKTepHCTHKaMK 4aCTHIIbI, MO2KHO CUH-~
TaTb Tellepb JOKA3aHHOH BO BCeM MHTepBaAe dHEPTHil OT He-
CKOABKHMX IAEKTPOHBOABT A0 MHUAAMOHA IAEKTPOHBOABT. JAs
6OABIINX 3HAYeHUH IHePTHH Heo6XOZHMMO YMMTHIBATb PEASITH-
BHCTCKHe TIOTNPaBKY. |akHM 06pasoM, KOCBEHHO MOATBEP:KZAA-
JOTCA M PesYAbTaThl TEOPHH OTHOCHTEAbHOCTH.

CrnpaBeaanBocTb (POPMYABI AAS AAMHbBI BOAHBI, CBsi3aHHOM
¢ vacTuleH, CYMTAeTCHA CerOJAHS HaCTOAbKO O4YeBHJHOMH, 4TO SB-
AeHHe JHPPAKLUUHM IAEKTPOHOB HCIOAb3YETCH Ve He JAAA
NOATBEPKAEHHA DTOH (OPMYABI, a AAS H3y4eHHs CTPYKTYpPbI
HEKOTOPBIX KPHCTAAAHYECKHX HAM 4aCTHUHO OPHEeHTHPOBaHHBIX
cpea. Ognako aTo yxe Texumyeckme npumeHenusa. Orpauu-
YHMCSl 3aMeYaHHeM, YTO IKCIIEpUMEHTbl 10 AH(PPAKLHH IAEK-
TPOHOB JaAM BeAHKOAENTHOe MPAMOe TOATBepHkJeHHe Tpei-
CTaBAeHHS O CBSI3H BOAH M 4acTHI, KOTOPOe MOCAYKHAO HC~
XOAHBIM MYHKTOM JAASl CO3JaHMA HOBOH MeXaHHKH.

SakanunBas 3TOT maparpad, YMECTHO OTMeTHTb, 4TO GbiAa
MoAYYeHa AMPPAKUMA He TOAbBKO dAEKTPOHOB, HO H ZAPYTHX
yacTul. 1ak e, KaK M 3AEKTPOHbI, SBAeHHe AM(PPAKLUH HC~
NBITbIBAIOT MPOTOHBI H aToMbl. 1 l0706Hble SKCIIePHMEHTDbI OYeHb
CAOZKHBI ¥ He CTOAb MHOTOYHCAEHHDBI, 0JHAKO YCTaHOBAEHO, UTO
Zaxke 3ZeCb TMOATBEPKAAIOTCA (POPMYAbI BOAHOBOH MeXaHHKH.
ATo He ZoA:xHO Hac yAMBAATb. CBA3b Mes]y BOAHAMH M ya-
CTHIaMH — 3TO, TMO-BHAMMOMY, BEAMKHH 3aKOH NPHPOZbI, MPH-
yeM TaKo# AVaAHM3M TECHO CBABaH C CYHIIeCTBOBaHMEM M BHYT-
peHHe#l CYIIHOCTbIO KBaHTa JAeficTBuA. HeT HMKakux MPUYHH
CUHTaTb, YTO TOABKO PAEKTPOHb! 06AAJAIOT TAaKHMH CBOHCTBA-
mu. HeyauBureapHo, 4To MbI BCTpewaeMcs ¢ JyaAH3MOM BOA-
Ha — YyacTHIa ITIpH H3Y4YeHHH BCeX (PHSHYECKHX O06DEKTOB.

5. Musnueckoe 06bsicHeHHe BOAHOBOH MeXaHMKH

[TonbiTaemcst Temepb MokasaTb, 4TO MO2KHO H3BAeYb M3 3Ha~
HUsl BOAHOBOM QyHukuuu cucrembl. CTapass MexaHMKa COOTBET-
CTBYeT NPUOAH2KEHHIO TeOMeTPHUeCKOll ONTHKH, M Bce INpea-
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CTaBAeHHs] H TOHATHs, KOTOPHIMH OHA IMOAb3YETCS, AOAMKHbBI
6bITh OT6GpOLIEHDbI, KOTZA MbI BBIXOZMM 3a IpejeAbl 3TOTO MPH-
6auzennsi. [loaToMy Mbl yae He MoxeM MpUMeHATD, BO BCAKOM
cAyuyae 6e30 BCAKHMX NPeJOCTOPOMHOCTEH, MOHATHA IMOAOHE-
HHSA, CKOPOCTH M TPaeKTOpHM uyacTHUbl. bl cHOBa ZOAMHBI
PACCMOTPETDb 3TH MOHITHS U HCCAEZOBaTh, YTO MOKHO CKas3aTh,
3Has BOAHOBYI0 (PYHKIHIO, O BEAMUYHHAX, XapaKTepHU3YIOLINX
yacTuly. e MOCTyAaThl, KOTOPble Mbl CPOPMYAHPYEM, AOAMSHbI
YAOBAETBOPSITb BaKHEHIIEMY YCAOBHIO: OHM JOAKHbI BHOBb
MPHUBOZUTD K MOHITHSM H PE3yAbTaTaM CTAapOH MeXaHHKH, KaK
toabko W-BoAHA cTaHeT yZ0BAeTBOPSITH 3aKOHAM FeOMeTpHUe-
CKOH OTNTHKH.

Unrepnperanus BoAHOBOH MeXaHHKM HOCHT BepOATHOCT-
ubiii xapakrep. Kakue e mocTyraThl mnpuXoAMTCA MPHHATD
(H3HKaM, 4yTOOb! MOAb30BATbCsl YPaBHEHHSIMH BOAHOBOH Mexa-
HHMKH ?

Ipexae Bcero, nockoabky W-(yHKuMs cymecTBeHHO KOMII-
AEeKCHA, OHA HeMoCcpPeACTBEHHO He NMPHroAHa ZAS M300paeHHs
dusnueckux korebanuit. Ognako MoxsHO mombiTaTbest 06paso-
BaTb ¢ nomolubio V-QYHKUHMH AeHCTBHTeAbHble BbIpa:KeHHS,
KoTopble yike uMeroT (usuueckuit cmbicA. Ogno us Hux, KoTo-
poe B MePBYIO Ouepesb, eCTECTBEHHO, MPHUXOAHUT B FOAOBY, 3TO
KBaZpaT MOAYAS KOMIIAEKCHOH BeAMuMHB ¥, KOTOPBIH MOAY-
YaeTCsl YMHO2K€HHeM BOAHOBCH (YHKIHH Ha KOMIIAEKCHO CO-
NPSXKeHHYIO BEAHUYHHY., DTy BEAHUHHY MOMKHO PacCMaTPHBAaTb
KaK KBaZpaT aMOAHMTYZAbl W-(yHKIMH, T. e. ee HHTEHCHBHOCTD
B 06bIuHOM cMbicAe TeopuH Koreb6amuil. Uro6bl moHsTh, Kakoi
CMBICA CAeZyeT MPHUIHCATh ITOH Ba:KHOHM BeAMUYHHE, Mbl CHOBa
ZOAKHBI BEPHYTbCS K TEOPHH CBeTa, KOTOpas HaM TaK 4YacTo
CAYzKHMAA TYTeBOJHOH 3Be3J0H, H BBLIACHHTb C ee IMOMOILbIO,
YTO 03HayaeT MHTEHCHBHOCTb CBETOBBIX BOAH, €CAH HpezAro-
AOKHTD CyLIeCTBOBaHHE (POTOHOB.

PaccmoTpum KAaccuueckuit ombIT Mo AMPPAKUHAM HAH HH-
TepepeHnnn cBeta. BoanoBass Teopus ompezerser (u Mbl
3HaeM, C KaKoil OrpOMHOH TOYHOCTbIO) IIOAOKeHHe CBETABIX
H TEeMHDIX MOAOC Ha dKpaHe. DTO AEAAeTCs NMPH NMOMOILH pac-
YeTa MHTEHCHBHOCTH CBETOBDIX BOAH B Ka:XJoOH TOYKe IKpPaHa
B MPeANOAOXKEeHHH, YTO dHePrusl CBETOBBIX BOAH paclpejeAeHa
B IPOCTPAHCTBe MPOHNOPLUHOHAABHO HX HHTEHCHBHOCTH.

ATy runortesy, KOTOpas NOATBEP:KAAETCA PABAHUYHBIM 06-
pa3oM B pPa3sAHYHBIX TEOPHSAX CBeTa, YNPYTHX H dAEKTpoMar-
HHTHBIX, MO?KHO pPaccMaTPUBaTb B KauyecTBe TMOCTyAaTa —
NPUHIHITA HHTep(PepeHHH,
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Tenepor BBeseM momstTHe oTona. Ayu cBeTa MOMKHO pac-
CMAaTPHBATb KaK IIOTOK CpOTOHOB. TOl"ﬂ,a 9KCIIEpHMEHTDhI II0 HH~
TepPepeHUHH U AUPPAKIUH CBETa NPeACTABASIIOTCS KaK OMNBITH,
B KOTOPDIX (pOTOHbI nojg BOBZICFICTBHCM ﬂpH60p0B pacnpeze-
ASIFOTCSAA B NMPOCTPAaHCTBE HepPaBHOMEPHO, yXO0JA H3 TeMHbIX
MeCT M KOHIEHTPHPYsACh B cBeTAbix. [ lockoabky mpeackasanus
TEOPHUH TNOJTBEPAKIAIOTCSA OU€Hb TOYHO, MOKHO CKa3aTb, 4YTO
HHTEHCHUBHOCTb BOAH, pacCyHTaHHasa IO 3TOI':I TEOPHH B KakK-
ﬂ,oﬁ TOYKe, MNPONOopUHOHAAbHA IIAOTHOCTH q)OTOHOB.

C apyro#t cTOpoHDI, MBI y:Ke FOBOPHUAH O TaKHX yJAHBHTEAb-
HBIX DKCHEPHMEHTaX, KOTOpble OOHAPY:KMBAIOT BO3MO2KHOCTD
MOAYYeHHMS KapTHHbI HHTep(epeHLUNH C MOMOLIbI0 HeoObIYaiHO
CAabblx CBeTOBBIX MOTOKOB. B aTHX ombiTax HMHTep(depeHLHs
NMPOHCXOZUT Jazxe, KOrZa (POTOHBI NPOXOAST uyepes HHTepde-
poMetp moozuHouke. lloaTOoMy zAf 06bACHeHHA KapPTHHBI
06pIyHOlH HHTeppepeHIIUH, KOTOpask MOAYYHTCA MocAe GOAbLIOH
9KCNMO3MLIWM, HY2&KHO IMPEeJNOAOXKHTb, UYTO HHTEHCHBHOCTD
BOAHDI, CBSABaHHOH C KaXZAbIM (OTOHOM, B Ka:KJol TOuKe
HnpejacTaBAsieT co6OH BePOSATHOCTb TOro, 4YTo (POTOH Haxo-
AWTCA B OTOH TOuKke. |aKkuM 06pasoM, OT CTAaTHCTHYECKOH
TOYKH 3PeHHsI Mbl NPUXOAMM K BeposTHocTHoH. [lpunpun xxe
HHTep(epeHINH OKa3biBaeTCA NPHHIHIIOM, ONpeJeAsIOIINM Be-
POSITHOCTD AOKaAM3aUMH (QoToHOB. Ecam Temepp BepHeMcs
K TEOPHH YaCTHL, TO YBHAHMM, YTO U 37leCb Mbl ZOAXKHBI BBECTH
I0YHO TaKOH zKe NMPUHUMI, H60 ZAUPPAKIUI IAEKTPOHOB HA KPH-
CTaAAe NMPOMCXOZHT COBePILIEHHO TaKHM 2K6e 06pasoM, KaK JH-
(pakuus GOTOHOB TOH ke AAMHDI BOAHBL |aKHM 06pa3oM, u B
3TOM CAYy4Yae HHTEHCHBHOCTb BOAHbBI, CBSI3aHHOH C 9AeKTPOHAMH,
onpejeAsieT BEPOSATHOCTb HX AOKAaAM3BallUM B IPOCTPAHCTBE.
Hrax, mpl npuxogum K cAeayoolleMy yTBep:KAeHHIO: KBazpaT
moayasn V-pynkunu B KaxJ0f TOUKe M B KaxsAblii MOMEHT Bpe-
MeHH ONpejeAseT BEPOATHOCTb TOrO, YTO COOTBeTCTBYIOIIas
JacTula 6yaer Ha6AIOZaTbCcA B 3TOM TOYKe B TOT ke MOMEHT
Bpemenn. He caeayer sakpbisaTh rAasa Ha TO, CKOAbKO H3Me-
HEHHH BHOCHT MNOZOGHBIH NOCTYAQT B HalUlM NpejcTaBAEHHS.

Tak kax W-@ynkuus, Boo6uie roBops, OTAHMYHA OT HYAH
B 1IeAOH 06AACTH MPOCTPAHCTBA, TO YaCTHLY MO2KHO HAaHTH B
A1060H Touke aToM obracTH. B gamubiii MomeHT Bpemenu ua-
CTHIle HeAb3s NMPHIHCATh TOYHOEe NOAOKEHHe B IPOCTPAHCTBE.
Mo:xHo TOABKO CKa3aTb, YTO ee MO2KHO HAHTH B JaHHOH TOUKE
C TaKoH-TO BEPOATHOCTbIO. BMecTe ¢ OTpHIaHHeM NOHATHA
CTPOTO ONpejeAeHHOTO MOAOKEHHsI B NPOCTPAHCTBe HCUE3AIOT
¥ TOHATHS CKOPOCTH M TpaekTopuu. Bo BcsikoM cAyuae, onH
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CTAHOBATCA BeCbMa CMYTHbIMH. Boo6Ie Bce zoCToBepHBIE
NpeACTaBAEHHs] CTAPOH MeXaHHKHM CTAHOBATCS BePOSTHOCTHbI-
mMu. 3zech Mbl NPHOTKPBIAH 3aBeCy Haj BaKHbBIM H3MeHeHHEM
MeToZa, KOTOPbIH HayKa UCTIOAb3YeT AAS OMHCAHMS H IPeACcKa~
3aHMsl SBAEHMH NPHPOJBI, H3MEHEHHEM, 3aKAIOYAOWUM B cebe
ray6okue HAOCOPCKHE CAEACTBHS.

OcraBasisn 3a co60i MpaBo BePHYTbCS K 9THM BONPOCAM B
ZaAbHellleM, cPOPMYAHPYEM 3ZeChb BTOPOH MPHHIIHI, KOTOPbIH
(DU3HKHM BbIHY:KZeHbl NPUHATb B HX MHTEPIpeTallMH BOAHOBOH
Teopuu. Brepsbie 3TOT BTOPO# NMPHMHLHI, HACKOADKO HaM H3-
BecTHO, GbIA copMyAHpoBan DopHom, korza oH Hauar cBoe
OAecTslllee HCCAeZOBaHHE MeTOZAMHM BOAHOBOH MeEXaHHKH 3a-
AaYH O CTOAKHOBEHHSIX 4acTHL. JTOT NMPHHILKI MOXHO Ha3BaTb
HPHHLIHMIIOM CMEKTPAaAbBHOIO Pa3AOKeHHS.

Uro6b MOHATD NPHPOAY BTOrO HOBOrO TNOCTyAaTa, pac-
CMOTPHM CHavaAa MPOCTOH CAyyaH uacTHUBI, ABH:AKYLIEHCS B
OTCYTCTBHM BHeLIHero moAsi. FicAu BoAHa, cBsA3aHHas C 4acTH-
LeH, SIBASIETCS MAOCKOH MOHOXPOMaTHYeCKOH BOAHOH, TO Mbl
3HaeM, uyTO dHePrHsl YaCTHLLI CTPOro olpeZeAeHa U paBHA MPO-
M3BeZIEHHIO YacTOTbl BOAHBI Ha mocTosHHyIo Ilramka A. Oga-
HAaKO C TOYKH 3PeHHsl BOAHOBOH MexaHHKH W-BoAHa He 06s3a-
TeAbHO 6yzeT MoHoxpomaThyeckoit. Ho ee mMoxHo ¢ Takum ke
yCleXoM 3amnucaTh B BHZE CYIEPNO3HIHH MAOCKHX MOHOXPOMa-
THYECKHX BOAH, 06pasylOIluX BOAHOBOH makeT. [lpu aTom ona
Takxe OyAeT yAOBAETBOPATb AHHEHHOMY BOAHOBOMY ypaBHe-
uuto. KakoBa e 6yzer sHeprus cooTBeTCTBYyIOIIe#l uyacTHIDI
B aToM cAyuae? OTBeTHTb Ha ZaHHDIH BOMPOC 3aTPYAHHTEABHO,
60 W-BoAHa cocTOMT Temepb y:ke H3 BOAH MHOXKecTBa pas-
AHYHBIX 4acTOT.

Bopu npearoxuA paspemuThb 3Ty TpyAHOCTb, BHOBb 06pa-
TuBIIKCh k BeposTHocTH. CoraacHo Teopun Dopna wacTuua He
obragzaer omnpegerenHor sHepruedt. OHa MoxeT HMMeTb OZHY
U3 DHeprHH, COOTBETCTBYIOUIYIO OJAHOH M3 4acToT ¥-BOAHBI.
Boree Touno aTo o3HauaeT, uTO MpPM oOmpeseAeHHH IHEPTHH
YacTHLbl MOX{HO HAaHTH OZHY M3 JTHX BeAMYHH, He 3Has
a priori, kakyio umenHo. EauncTBeHHO, 4TO MO2HO cKazaTb
a priori, aTo kakoBa BePOSATHOCTb OO6HAPYMHUTb TO HAH HHOE
M3 BOBMOXKHDIX B3HaueHHH dHepruu. B sTom 3akArouaeTcs BBe-
Aennbiit BopnoM HoBBIH MpHHILHM.

CYLIHOCTH YTBep:KJEHHE, YTO BOAHA, CBA3aHHAas C ya-
CTHLeH, INpeAcTaBAseT CO60H CyNeprO3HLHI0 MAOCKHX MOHO-
XpOMaTHUYeCKHX BOAH, O3HauaeT, 4To P-QyHKUHUS MaTeMaTHue-
CKH HM300pax<aeTcsi B BHJE CyMMbl YA€HOB, Ka:KAbIH M3 KOTO-
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PbIX OMMCH/BaeT MOHOXPOMAaTH4ECKYI0 BoAHy. Kamablii H3 aTHX
YAEHOB XapaKTePH3YETCSA KOd(PPHUHEHTOM, KOTOPbIH MOKHO Ha-
3BaThb MapUHaAbHOM aMIAMTYZOH 3TOH MOHOXpPOMAaTHUYeCKOi
KOMIIOHEHTbI CIleKTpaAbHoro pasioxenus Y-poambi. Ksazpar
MOZAYAsl 3TOH aMIIAMTYZAbl 6yJeT onpeleAsiTb COOTBETCTBYIOILY O
nmapuuaAbHylO HHTeHCHBHOCTb. IlpuHpun, cdopmyAHpOBaH-
ubiit BopHOM, COCTOMT B yTBep:KJeHHH, YTO BEPOSITHOCTb TOTO,
YTO M3MepeHHe DHEPIHMH YacCTHUbI ZacT oNpeJeAeHHYI0 BEAHYH-
Hy, COOTBETCTBYIOIIYI0O OZHOM H3 MOHOXPOMAaTH4YeCKHX KOMIIO-
HeHT W-BOAHDBI, JaeTCsA COOTBETCTBYIOIeH mapUHAaAbHOH HH-
TEHCHBHOCTBIO B CIHEKTPAaAbHOM PAa3A0:KEHHMH ITOH BOAHBL
STOT NPHHLIMN CHOBAa HAXOAMTCH B MOAHOM COTAACHH C TOAO-
KEHHSIMH ONTHKH.

JeficTBHTEADHO, MPEATOAO2KHM, UTO Ha NMPH3MY HAH AH-
(QpaKkUHMOHHYIO peUIeTKY MajZaeT HeMOHOXPOMAaTHYecKas CBETO-
Basi BoAHa. [locae mpoxoxaeHus Ayuya yepes npu6OpP OKasbl-
BaeTcsl, YTO Pa3AHUYHbIe MOHOXPOMATHUEeCKHEe KOMIIOHEHTbl BOA-
HbI OTZeAsloTca Apyr oT apyra. CueBHaHO, BePOATHOCTD TOrO,
4TO (POTOH NEPBHYHOTO Aydya MOMAZEeT B TOT HAH HHOH OTKAO-
HEHHbIH Ay4, MPOMNOPUHOHAAbHA HHTEHCHBHOCTH COOTBETCTBY-
IOlle MOHOXPOMAaTHYeCKOH KOMIIOHEHTbI B CIEKTPaAbHOM pas3-
NO2{€HHH MMajZaloLleH BOAHBI.

ITOT BONPOC MO:KHO PACCMOTPeTb Tak:Ke ¢ 60Aee o6LIeH
ToukH 3peHus. |lpuMeHeHHDBIt K KBaHTOBbHIM aTOMHBIM CHCTe-
MaM, 3TOT MPHHUHMN JaeT KAIOY K Pa3pelieHHI0 TPYAHOCTH,
0 KOTOPOH yie TrOBOPHAOCh. B xBaHTOBOM aToMe cyiuecTByeT
Habop 4YacTOT, COOTBETCTBYIOIIMX CTAllHOHAPHBIM 3HaY€HHAM
kBaHTOBaHHOH aHepruu. OZHAKO AAS TaKOH CHCTEMbI, KAaK H AAS
KOAeOAIOLIeHCs] CTPYHBI, MOMXHO AErKo MPeACTaBUTDH cebe, Kak
HEKOTOPOe COCTOsIHHE 06pasyeTcs CyNeprosHIMeH CTalHOHAap-
HbIX cocrosHui. B camom zere, B3siB B kauecTBe ¥-pynkuuu
CYMMY MOAXOZALINX KOAeGAHHH, MOKHO CHOBa IIOAYYHTb pelie-
HHMe BOAHOBOIO ypaBHEHHMs, TIOCKOAbBKY oHo Aumenuo. Ilpamaa,
O COCTOSIHMH aTOMa, KOTOPOe OMHCbiBaeTcA 3TOH P-(pyHKLHEH,
y#e HeAb3s cKasaTb, uTo oHo craumonapno. OHo mpeicras-
AsleT co60H HeuTO BPOZE HECKOABKHX CTAallHOHAapPHBIX COCTOA-
HUH B OZMH M TOT :Ke MoMeHT Bpemenu. CoBeplieHHO Hemo-
HSITHO, YTO 3TO O3HAyaeT C KAACCHYECKOH TOYKH 3pEHHsI.

[lpuHnun cnexTpaAbHOro pasAOxceHHs MO3BOASIET paspe-
IIHTb 3Ty TPYZHOCTb COBEPIIEHHO HeOXKHUJAHHbIM o6pasoMm:
aTOM B pacCMaTPHBAEMOM COCTOSIHHH MO2KeT HMeTb Alo6oe K3
KBaHTOBAHHBIX 3HAa4YeHHH 3HEPrHH, KOTOPble COOTBETCTBYIOT
CIIeKTPAABHOMY Pa3AOXKEHHIO ero W-BOAHBI, C BEPOATHOCTDIO,
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MPOMOPIIHOHAABHOH HHTEHCHBHOCTH COOTBETCTBYIOIIHX CIEKT-
PaAbHBIX KOMIIOHEHT. 3Zech 3TO CHOBA O3HAYaeT, YTO dKCIEPH-
MEHT, MO3BOASIIOIIHH HAaM IIPHIHCAaTb aTOMY oOIpeZeAeHHYIO
9HePruio, AaeT ee 3HaYeHHE, COOTBETCTBYIOIIee CIIEKTPAAbHOMY
pasroxenuto. BepasTHOCTHBIN XapakTep 3TOH TPaKTOBKH MO-
3BOAAET BHOBb NOYYBCTBOBAaTb Ty COBePLIEHHO HOBYIO (PopMmy,
KOTOPYIO ZOAXHA ITf UHSATb (PH3HYECKAs] TeOpHsI.

ConocraBAeHHe TOADKO YTO YCTaHOBAEHHDbIX ABYX TPHHIH-
TOB BeJeT K COOTHOlIEHHSIM HeOoNpeJeAeHHOCTH, CBSI3aHHBIM C
umeHeM [eiisen6epra. Msyuenue atoro pammueiimero somnpoca
6yaer 60oree yMeCTHbIM B paszeAe, KOTOPbIH MOCBSILEH Bepo-
ATHOCTHOH TPAKTOBKE HOBOH MeXaHMKH,

6. Teopua I'amora

Cheayer ckasaTb HECKOAbKO CAOB 06 OZHOM 3aMeyaTeAb-
HOM TpHMeHeHHH BOAHOBOIl MeXaHHKH, KoTopoe Hauren | amos.
OTa Teopus MPeACTaBAAET HHTEepPeC He TOAbKO TOTOMY, HTO
OHa 06bsICHHAA HEKOTOPble sBAeHHA pazuoakTHBHocTH. OHa
MoKasaAa TaK:Ke, KAK BHAOH3MeHsIeTCsl MOCTAaHOBKA HEKOTOPDIX
3aZay NPH Nepexoie OT CTAPOH MEXaHHKH K HOBOH.

PaccmoTpum uacTuyly, ABHMKEHHe KOTOPOH TOPMOBHTCA He-
KOTOPBIM CHAOBbLIM ToAeM. IlycTb cHAOBOe MoAe, KOTOPOe MBI
NpeArioNaraeM CTaTHYECKMM, B  HeKOTOpPOH Touke ob6pa-
IIaeTcsi B HYAb, a 3aTeM MeHsieT 3HaK. l|lpH @TOM mOTeH-
IHaA, ONpeAeAsIOIIUH 3TO TMOAe, BHAYAAe PACTeT, 3aTeM Ipo-
XOJMT yepes MaKCHMMyM H, HakoHell, nagaeT. (Durypaapno ro-
BOpsl, Mbl HMEeM 3JeCb [eA0 C HOTeHIHaAbHbIM 6apbepoMm.
CMmoxeT AM mogHMMaOIWIasgcsa Ha 3TOT H6apbep yacTHLA IePeHTH
uepes Hero? Kiaccmueckas MexaHuKa oTBeuaeT Ha TOT BONPOC
caeaylominM ob6pasoM: Za, eCAH 3Ta dacTulla obrazaeT dHep-
rMeH, AOCTAaTOYHOH, YTOGbI JOCTHTHYTH BePIIHHDI, OHA OMYCTHT-
csl Mo APYryw CTOPOHY, INepeBaAMB, TakKHM o6pasom, uepes
6appep. OgHako eCAM dHepruu y uacTHEBl HeAOCTATOYHO,
4TOObI JOCTHIHYTb BePIIMHBI, TO OHa HHUKOrZa He INPeOZOAEeT
atorT 6apbep, u60, UCTOLIUB Becb CBOH 3alac JHEPrHH, OHA
3aCTPsAHET HA NoJbeMe M B KOHIe KOHIOB CKAaTHTCsA Hasadl.

CoBcem uHaue 06CTOMT ZeAO B BOAHOBOIl MexaHHKe. 37ech
Mbl ZOA2$HBI HarAsIZHO NPeACTaBHTb cebe, Kak PacrnpoCTpaHseT-
cs BoAHa, cBsizaHHas c wactuuedt. MozxkHo mokasaTp, 4To 4O
TexX TMop, MOKa BbICOTA MOTeHUHaAbHOro 6apbepa MeHbllle dHep-
TMHM YacCTHUBbI, AASl TAKOH BOAHBI 3TOT 6apbep ABAsIETCA aHAAO-
roM nperoMAsiomed cpeabl. Ecanm sHeprusi wactuuel GoAablie,
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YeM 3HayeHHe NMOTEHLHAAA Ha BeplllHHe, TO OHAa AErKO Mepexo-
ZMT ¢ ozHOM cToponbl Ha Apyrywo. C aToft ToukM 3peHus HeT
HHMKAKOH pa3HMIIbI MeXAY CTapoit M HoBoit Teopusamu. OgHako
€CAH dHeprus YacTHLbI HHzKe, 4eM BbICOTA IIOTEHIHaAbBHOIO
6apbepa, TO M36LITOYHAS 4acCTb BHICOTbI Gapbepa HrpaeT AAs
BOAH POAb Toraomatomeit cpeabt. Ho coraacmo BoaHOBO# Teo-
PHMH TIpH TNajeHMH Ha TMOTAOLIAIOLIYI0O CPeAy BOAHA BCe e
Yepe3 Hee MPOXOAHMT, NMpaBAa B CHABHO OCAabAeHHOM BHZE.
STo 3aTyxaHHe BOAHBI TaKOBO, YTO €CAHM TOAIIMHA MOTAOLLAIO-
me# cpeAbl JOCTATOYHO MaAa, TO HEKOTOPAsl 4YacTb BOAHBI,
B JeHCTBHTEADHOCTH OYeHb MaAas, MOMeT NPOCOUHTHCA
CKBO3b 3Ty HOTAOIIAIOWIYIO Cpeay. DTOT PaKT GecclopHO MOA-
TBepaeH B onTHKe. |lepexoas x Hameit 3azaye BOAHOBOH Me-
XaHHKHM, Mbl BHAHMM, YTO YacTHIa, SHePrHs KOTOPOil CAHIIKOM
MaAa, uTo6bI TePeBaAHTb Uepes BEPUIHHY IIOTEHILHAABHOTO
6apbepa, MOXKeT MPOHTH Yepes HEro, ECAH ero IMPHHA He CAHII-
KOM BeAMKa. loyHee TOBOPS, YaCTHIIa, OTCKaKHBAKOUas OT
NOTeHIIHaAbHOTO Gapbepa, €CAH ee BDHeprHM HeZOCTATOYHA,
yTO6bl IepeBaAHTh uepes BeplIMHY, HMeeT, OZHAKo, olpeje-
AEHHYIO BepOATHOCTb (KOHEYHO, OYyeHb MaAyI0, HO He PaBHYIO
HYAIO) TOSBHTbCSA C APYFOH CTOPOHBI Gapbepa. JTO CAeAyeT
H3 BepOATHOCTefl TPAaKTOBKH, CBA3aHHOH C wacTHLed BOAHBI,
M NPHHIHIIA HHTep(@epeHIHH. Onucannoe sBAeHHE — CcAej-
CTBHMe BOAHOBOH TPHPOJbI MaTepHH 4YacTo 06pa3HO Ha3bIBAIOT
TYHHEADHBIM 9 peKTOM.

JonyctuM Temepb, yTo uacTHLa 3aKAlOYeHa B MPOCTPAH-
CTBe, CO BCeX CTOPOH OTFPaHHYeHHOM TMOTEeHIHAaAbHBIMH 6apbe-
paMH, BBICOTA KOTOPBIX 6OAbllle ee aHepruu. KaaccHueckas
MeXaHHKAa yTBepxJaeT, YTO YacTHLA HHKOIZa He CMOHeT
BbIPBATbCsl M3 3Toif moTeHnuarbHoit sampl. CoraacHo e BOA-
HOBOH MexaHMKe 4aCTHIa, Hao60pOT, HMeeT BIOAHe OIpeje-
AEHHYIO, HeGOABLIYI0O BePOSATHOCTb TOKMHYTb sMy. BoaHoBas
MeXaHHKa MO3BOASAET BbIYHCAHTb BEPOATHOCTb BbIXOZA 33 €JH-
HHIY BpPeMeHH.

Tenepp mocmorpum, kak I'amos (M mouTH oazHOBpeMeHHO
¢ uum Kowzon u Tapuu) mpumeHHA 3Ty TeopHio kK H3y4eHHIO
3ajauH pajHOaKTHBHOro pacnaza. MssectHo, uTo 60AbILOE UHC-
A0 PaZHOAKTHBHBIX BeIleCTB pacnajaeTcsi C HCIyCKaHHeM
a-gacTrn. MoHO NMPeANoOAOXKHTDb, YTO G-4acTHUDbI ellle 4O Pac-
Maja 3aKAIOYEeHbl B A4paX pajHOAKTHBHbIX aTOMOB Kak B NOTEH-
unarbHoit sAme. ITockoabky 3zakon Kyaoma zeiicteyer BO6AM3H
AZpa BOAOTb JO CAMbIX GAMBKHX PacCTOSIHMH OT Hero, BHZ
BHEIHEro CKAOHA MOTEHIMaAbHOH ropnt Mssected. Becbma Be-
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pPOSAITHO, 4TO NMOTEHUHAaA Ha ONPeJEeAeHHOM pACCTOAHUH OT
sAZpa B KOHUIEe KOHIOB IepecTaeT GbiTb KYAOHOBCKHM: MOTeH-
[IMaA JOA:KeH MPOUTH Yepe3 MaKCHMYM M 3aTeM yHacTb, 0AHAKO
3aKOH HM3MeHEeHusi BHYTPeHHero CKAoOHa 6apbepa COBepIIEHHO
HeHsBecTeH. Beanuaiiliee yquBAeHHe BbISbIBAA § (PH3HKOB Ta-
KOH (aKT: dHeprusi 0-4aCTHI, BHIXOASIIHX U3 pacnafalollHxcs
sizep, 6biAa, MMO-BHZMMOMY, rOpa3jo HHUZKe TOH, KOTOpasi MO3BO-
AHAa Obl UM TEepPeBaAHTb 4yepes OKPYKAIOUWHH AP0 MOTEHIH-
aAbHBbIH 6apbep. JleHCTBHTEADHO, MOXHO JOCTATOYHO JAAEKO
HCCAeJ0BaTh BHEIIHHH CKAOH IMOTeHLHaAbHOro 6apbepa, 4TO6DI
06HaPYKHUTh, YTO BepIIMHA €ro 3aBejOMO IIPEBOCXOZHUT HEKOTO-
PYIO OMpeZeAeHHYIO BbICOTY. BbireTaromme e s sapa G-ya-
cTHOBl He 06AAzZalOT IHePrHeH, AOCTATOYHOH, yTO6bBI ZOCTHYD
3TOH BBICOTBI. ELCAM HCXOAMTbD M3 KAacCHYECKHX MpejCTaBAe-
HHMH, TO Mbl NONajaeM B TYNHK. A BOT TyHHeAbHbIH 3] ({eKT
cpasy Bce 06DSCHSET. JaKAIOUYeHHble B PajHOAKTHBHOM sjpe
O-4acTHUbl HAXOZAATCS B MOTEHUHAABHOH sIMeé C OYeHb BbICO-
KHMHM CTeHKaMH. leM He MeHee OHM HMeIOT OMNpeJeAeHHYIO
BEPOSITHOCTD 3a eAMHHMLY BPEMEHH BBICKOYHTb Hapy:xy. IJTa
BEPOSITHOCTDb, OYEBHAHO, PaBHAa IIOCTOSIHHOH pacnaja pajHo-
akTHBHOro BemecTBa. Mirak, BoAHOBas MexaHHKa HO3BOASET
NMPH YCAOBHH, €CAH Mbl TOYHO 3HaeM (POPMY NOTEHLHAABHOTO
6apbepa, BBIYHCAHTDb NOCTOSIHHble O-pacraza pajZHOAaKTHBHBIX
BewlecTB. CAeraB pasyMHble TIPeANOAOMEHHS O QOpPMe ITHX
6apbepoB, 'amoB mokasaA, YTO pesyAbTaTbi TEOPHH OYEHb
6AH3KH K HabAIOZaeMbIM.

Oauum us Baxuelmux ycnexoB Teopuu | amoBa siBMAOCH
o6bscuenne saxoHa I eftrepa — Herrora, coraacno xoTopomy
CKOPOCTDb BbIAETAIOIINX O-4acTHY AASl D9AEMEHTOB C MaAbIM Ie-
PHOZOM MOAypacraza GOAbLIe, YeM ZAS AOATOXHBYIIHX. JTOT
3aKOH MaTeMaTHYeCKH BbIpaxKaeTCsl COOTHOLIEHHEM MekKAy IO-
CTOSIHHOH pacraza M 3Heprueid O-yacTHl, HCNYILEeHHbIX TNPH
pacnazje, COOTHOLUeHHEM, M3 KOTOPOrO CAE€AYeT, YTO TNOCTOSH~
Hasl pacrnaja O4YeHb CHAbHO 3aBHCHT OT 3HEPIHH O.-yaCTHII.

Teopus 'amoBa ouenb xopomo 06bsacHseT aToT 3aKoH. [1pu-
YHHY TAaKOro COTAAcCHs AerKO IOHSITb: YyeM 6OAbllle IHEPIHH
HeJOCTaeT YacCTHUe, 3aKAIOYEHHOH B NOTEHUHAABHOH sIMe, YTOObI
AOCTHYb BbICOTbI Oapbepa, TeM MeHbllle BePOSITHOCTb ee BbI-
aeta. M ata BeposaTHOCTD 0uenb 6picTpo mazaeT ¢ yMeHbleHHeM
9HEepPrMH 3aKAlOueHHOH B sime wactHupl. Ho Tak kak Beposr-
HOCTb paBHA MOCTOSHHON pacrlajZa M TaK KaK 4acTHIIA, BbilleJ-
mas 6GArarojapss TyHHeAbHOMY 3(dexTy, ob6razaeT TOH xe
3Hepruel, 4YTo W A0 BBHIXOZA, Mbl HaXOAHUM, TakKMM 06pasoMm,
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COOTHOMIeHNHEe Mey MOCTOSHHOM pachiaga H ax—xepmeﬁ 0.-ud-
CTHIIbI, HCIIyLIeHHO# TpH pacnaae Azpa. Bua gopmyabl coraa-
cyeTcss ¢ dKcHepuMeHToM. |lpaBAomOZO6HBIEe THIOTE3bI OTHO-
CHTeAbHO NPOPHAS MOTeHIHaAa AZPa TO3BOASIOT AOCTHYD H
YHCAEHHOTO COOTBeTcTBHA. Komeuno, Teopus I'amosa ouenb
HeloAHa, H60 SIApPa TAXKEABIX PajHOAKTHBHBIX DAEMEHTOB TO-
paszo 60Aee CAOMKHDBI, H HX HeAb3s pacCMaTPHBaTb IPOCTO
KaK MOTeHIIHaAbHble IMbl, HATIOAHEHHble Q-YacTHLIAaMH. |eM He
MeHee ycriex Teopud | 'aMoBa B OGDbsICHEHHH HEKOTOPBIX (ak-
TOB MOKa3blBaeT 3HaUeHHe HOBBIX MOHATHII BOAHOBOH MeXaHHKH
H Heo6XO0JHMMOCTb BEpPOSITHOCTHOH TPAKTOBKM NpPH pa3pelleHHH
HEKOTOPBIX HeCOMHEHHBIX TPYZAHOCTEeH, BOBHHKAIOUIMX B 9KCIe-
pHMeHTaX.



Faasa IX
KBAHTOBAA MEXAHHKA TEN3EHBEPTA

1. OcnoBunie ugeu Ieiisen6epra

[lepan pabora I'eiizen6epra mo kBaHTOBOH MexaHHKe IIO-
asurach B 1925 r., koraa y:xe 6biAn cOPMyAHPOBaHbI NePBbIE
HJeH BOAHOBOW MEXaHHKH, HO elle He ObIAH OIy6AHKOBaHbI
crarbu Lllpegunrepa. [Ipasaa, xasarocp, uro ueanp [eiizen-
6epra CcoBepLIEHHO OTAHYAETCS OT TOH, KOTOPYIO CTaBHA cebe
Ilpeaunrep. Ocnosubie ugen [eiizenb6epra me uMern GaxTH-
4eCKH HHKaKOH BHAMMO CBA3BH C TEMH, KOTOPbIE IOAO2KHAH Ha-
YaAo ycCIeXaM BOAHOBOH MeXaHMKH, a PasBHTBIA MM QopMa-
AM3M MMeA BecbMa CleLHaAbHbIH BHA.

Paccmorpum uzen, koropbimu pykoBozcToBarcs Ieitse-
6epr. Kax mpr sHaem, I enseHb6epr mpuUHagAe:xar K «KoOIeHra-
reHCKOH LIKoAe», KoTopas copMHpoBarach Bokpyr Bopa. Ceon
HepBble LIard B HayKe OH MOCBATHUA NPUMEHEHHIO METOZA COOT-
BercTBuA. |losToMy BrmoAHe ecTecTBeHHO, UTO caM AyX 3TOroO
MeToAa, CKOAb OPUIHHAABHOIO, CTOAb K IAY60KOro, HacCKBO3D
nponuran ero Mbican. OgHa U3 CymecTBeHHBIX HAeH, BOSHHK-
IINX W3 M3y4YeHWs NPHUHLHUIA COOTBETCTBHSA, 3aKAIOHYaAachb B
caeayomem. B To BpeMs kak kAaccuueckas TeopHsi BblpaaeT
BEeAHYHHDI, OTHOCALIMECS K KBAHTOBaHHOHW cHcTeMe, B BHZE
pasroxenus B paa (Dypbe, urensl KOTOPOro COOTBETCTBYIOT
HeNpepbIBHOMY M OAHOBPEMEHHOMY HCIYCKaHHUIO PasAHYHBIX
H3AYYeHHH, KBaHTOBasl TEOPHS Pa3Aaraer Te ke BeAHUHHbl Ha
9AEMEHTbI, OTBevyaloLIHe Pa3AHYHBIM BO3MOXKHBIM Ilepexojam
aToMa, MPUYEM KaxKAbIH U3 STHX DAEMEHTOB CBA3aH C JHCKPET-
HbIMH H HHAWBHAYaAbHbBIMH aKTaMH HCIYCKaHHsS HM3AYYEHHS.
Kaxk Mbr y:xe noscusaam panbie, 1eAb 3BHaMEHHTOTO 60POBCKOTO
NPHHUKIA 3aKAIOYaAacb B YCTAHOBAGHHMH COOTBETCTBH s,
o KpaiHeH Mepe aCHMIITOTHYECKOro, Me:XAY 3THUMM JABYMs
CTOAb PasAHYHBIMH IIPEACTaBACHHAMM.
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[To-Buaumomy, I'eitzenbepr cToAkHYACH ¢ TeM 06CTOSATEAD-
CTBOM, YTO TIPH IMePexXoZe OT KAACCUYECKOH TOYKM 3peHHUs K
KBAHTOBOH HYZ{HO Pa3A0KHTbL BCe (PU3MUECKHE BeAHUHHDI
U CBECTH HX K Habopy OTAEAbHBIX DAEMEHTOB, COOTBETCTBYIO-
IDUX Pas3AHYHBIM BO3MO2KHBIM IepexojaM KBaHTOBAHHOTO aTo-
ma. Orcioza uzes, Ha NmepBbI B3rAAJ BechbMa COMHHUTEAbHAS:
MPeACTAaBAATb KaKAYyI0 (PH3HYECKYIO XapPaKTEPUCTHKY CHCTEMbI
TabAMLed 4YuceA, aHAAOTMYHON TOH, KOTOPYIO MaTeMAaTUKHU Ha-
sbiBator Mmatpuueil. [lozo6Ho aToMy B kAaccHueckoii TeopuH
paapt Mypbe npeacraBasioT coboil pasroxeHue (GUBHUECKOH
BEAHYHMHDbI Ha 6eCckoHeuHble MHO2KECTBA AUCKPETHBIX DAEMEHTOB,
NpUYeM BCSA COBOKYIHOCTb 3THX DAEMeHTOB H306parkaer pac-
cMaTpuBaeMylo BeAHuMHy. KoHeuHo, TM sAeMeHTBI ZOAKHBI
YAOBAETBOPATb HEKOTOPHIM YCAOBHSIM, a UMEHHO, AASL HOABLINX
KBAaHTOBBIX YHCEA KAACCHYECKMEe H KBAHTOBblE pPA3AOKEHUS
ZOAKHBI aCHMOTOTHYECKH coBHagaTb. Kak mokasar Bop, stum
yCTaHAaBAMBAETCA COOTBETCTBHE MeXKAY PasAHUYHBIMH Mepexoja-
MM M KOMIIOHEHTaMH KAaccuueckoro psaa Dyppe.

[eiisen6epr ypuzea elle oaHO MPEMMYIIECTBO STOTO HOBOT'O
HpeJCTaBA€HUS BeAMYHH HabOpOM MaTPHUUHBIX DAEMEHTOB: OH
HaJesiACsA, IPUMEHAS ero, UCKAIOUYHTb U3 TeOPHUH HeHabAloJae-
Mble BeAHYMHBI, KOTOPble OOPEMEHSAHM MPEKHIO KBAHTOBYIO
teoputo. [loapsyscb ZoBoAbHO rpoMoO3AKHM BbIparKeHHeM, B3~
TbIM H3 (PHAOCOPCKOIrO CAOBaps, OH 3aHAA cTporo e HO M e-
HOAOTHYECKY IO MOBHUHMIO H XOTEA HMCKAIOYHTb U3 QPHU3H-
YeCKOH TEOPHH BCe, YTO HeAb3s HAOGAIOJZATbh HEMOCPEJCTBEHHO.

3aueM HY:HO BBOZMTb B HAIH aTOMHble TEOPHM IOAOKE-
HHe, CKOPOCTb UAH TPAEKTOPHUIO ATOMHBIX SAEKTPOHOB, ECAH MbI
BCe PaBHO He MOXKeM HH H3MePSATb STH XapaKTEPUCTHKH, HH
Habalozath ux? EguncTBeHHO, uTO Ham M3BecTHO 06 aToMe —
9TO ero CTalHOHAPHble COCTOSIHMS, MePEXOAbl MeXAy HHMMH H
M3AYUeHHS, KOTOPble COMPOBOXKAAOT 3TH mepexoanl. Ilostomy
B Hall¥ pacyeTbl HY2KHO BBOJAHTb TOABKO BeAMYMHDI, CBA3aH-
Hble C 9TUMH peaAbHO HabAIOZaeMbIMH BeAMUMHAMH. |akyio 3a-
zauy nocraBun cebe I'eiisenbepr. B ero marpumax saemeHTHI
PACIIOAATAIOTCH B CTPOKHM M CTOAGLDBI, MpUYeM KarKJAbli H3 HUX
HMeeT ABa UHJEKCAa: OZUH COOTBETCTBYET HOMepy CTOAGLA, APy~
roit — HoMepy cTpoxu. JlmaroHaAbhble SAEMEHTHI, T. €. Te,
HHZEKCbl KOTOPBIX COBNAaZAalOT, ONUCHIBAIOT CTallMOHAapPHOE
cocrosnue. Heanaronaabuble sAeMeHTbI ¢ pa3sHBIMH MHAEKCAMH
ONHCHIBAIOT INEPEX0Abl MeXJy CTALUOHAPHBIMH COCTOSHHAMH,
COOTBETCTBYIOIIMMM STHM HHJeKcaM. UTo e KacaeTcsi BeAM-
YUHbBl DTUX DAEMEHTOB, TO ee HY2KHO CBA3aTh IO (PopMyAaM,
1
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HOAYYeHHBIM C MOMOILUbIO MPUHLMIIA COOTBETCTBHUS, C BEAHYH~-
HaMHM, XapaKTepU3YIOIIMMH M3AyUeHHe NPHU STHX [ePexoax.
Taxum nyrem 6yaer cosgaHa TeopHs, B KOTOPOH BCe BeAHYHHDI
6yayT onuchiBaTb HabOAIOJaeMble sIBAEHHUS.

Kouneuno, 6bino 6b1 yaueuTeAbHO, ecan 6br | eiizenbepry
ZeHCTBHTEADHO YZAAOCh HCKAIOUHTb W3 TeOPHU Bce HeHabAIO-
Zaemple Beanunnbl. Haauune B popmarusme ero kBaHTOBOH Me-
XaHUKM MaTpHl, H306pazkalolINX KOOPAHWHATBHI M HMIIYAbCHI
aTOMHBIX 3AEKTPOHOB, OCTaBASET B 3TOM CMBICAe HEKOTOpbIe
comuenns. Ognako arta mombiTka I elisen6epra, gaxe eCAH eMy
M He YZAaAOCh IMOAHOCTBIO BBIIOAHUTH CBOIO (PUAOCO(CKYIO IPO-
rpaMmy, NpUBeAa K CO3JZaHHIO HOBOH MeXaHHKM, MEXaHUKM CO-
BepuieHHo ocoboro Buja. OHa Zara 3aMeuyaTeAbHblE DPE3YAb-
TaTbl M MpPeACTaBASET CO60H 3HAUMTEABHYIO CTyNeHb B Pa3BH-
TUM HOBBIX KBaHTOBBIX TEOPUH.

2. KBanroBasa mexanmnka

Ouenp TPyaHO Aaxe COBEPIIEHHO MMOBEPXHOCTHO HU3AArare
KBaHTOBYIO ME€XaHHKY, He MOAb3YsACb MaTeMaTHYeCKMM (opma-
AM3MOM, NMOTOMY HTO MOZKHO CKa3aTb, CYLJHOCTb STOH HOBOH
MeXaHMKH 3aKAIOYaeTCi MMeHHo B ee (opMarMsMe. lem He
MeHee Mbl MOMbITaeMCS AaTh UMTATEAI0 XOTA 6bl cMyTHOe Npej-
CTaBA€HHMEe O TOM, UTO TaKoe KBaHTOBasg MeXaHHKa, Me-
XaHMKa MaTPHL, POXKJAEHHEM KOTOPOH Mbl obasaubl [ eiiseH-
Gepry, a azaapHeiimum pasBuTueM — [ elizen6epry, Bopuy u
Hopaany.

Hrak, Delizsenbepry npuHagrexHT MAes 3aMeHbl (usHye-
CKMX BEAHYMH, C KOTOPBIMH HMMEIOT ZeAO B ATOMHOH TeOpHH,
TabauuamMn uucen, maTpuuamu. Mcxozas us mpuuuuna coot-
BETCTBHSA, OH MbITaACSd BHauaAe YCTAaHOBHUTDb MPaBUAA CAOKEHHUS
¥ YMHO:KeHHMs PasAMYHBIX MATPHL, KaxKAYI0 H3 KOTOPBIX HYXKHO
paccMaTpHBaTbh Kak eAuHoe MaTeMaruyeckoe Leroe. Ou obma-
PY2HA, UTO BTH NMPABHAA CAOXKEHHS M YMHOXKEHHS B TOUHOCTH
COBMAaZaloT C MpaBHAaMH ZASl MaTPHI, KOTOPbIMM MOAb30Ba-
AMCb MaTeMaTHKM B TEOPUSAX aAre6paHuecKMX ypaBHEHMH M AM-
HelHBIX NpeobpasoBaHuil. JTOT pe3yAbraT, 4 Priorl, oTHIOAb
He OueBUZAHDbIH, OuYeHb YIPOCTHA 3ajauy, H6o CBOMCTBA
aATe6pavuecKMX MaTpHULl ObIAM y2Ke C ZaBHUX II0Op XOPOLIO
K3BECTHBI.

Heo6b1unpiM okasaroch OAHO CBOMCTBO ITHX MaTpUL —
NpoM3BeJleHHe UX HEKOMMYTATHBHO, OHO 3aBHCHT OT MOPsAAKa
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comuoxuteredl. Ilponssesenne neppoii matpuue Ha BTOPYIO
He PaBHO NPOM3BeJeHHUIO BTOPOH Ha MEPBYIO.

Takum o6pasom, [eiizenbepr mpeacrasua (Hu3HUIeCKHe Be-
AWYMHbI 4YMCAAMH, He 0OAAJAIOLIUMH CBOHCTBOM KOMMYTATHB-
HOrO yMHOXeHHs. DTOT (AaKT MOKHO pPacCMaTPUBATh KaK ca-
MYIO OCHOBY KBaHTOBOH MexaHuku, u /Jlupax B cBoeit mepBoii
paboTe oTrcTaHBaA MMeHHO 5Ty Touky spenusa. OH cuuTan, uTO
nepexoj, OT KAACCHYECKOHW (U3MKU K KBAHTOBOH 3aKAKOUAETCS
MPOCTO B MPEACTABAEHHM (PU3MUECKHX BEAHMUYMH He OOBIYHBIMU
YHCAAMH, & KBAaHTOBBIMH 4YMCAaMH, MPOU3BeAeHHE
KOTOPBIX He 06AaZlaeT CBOHCTBOM KOMMYTaTHBHOCTH.

OrpoMHoe 60ABLIMHCTBO (DPMBHKOB TOTO BPEMEHH HaXOAM-
AO, YTO NPOHU3BECTH MOJOOHYIO 3aMeHy ZaAeKo He TaK IPOCTO.

[eitzen6epr gonxen 6biA HalTH TakzKe cHOcO6 BBeAEHHS
B CBOIO TeOpHIO KBaHTa AedctBusa. M cuoBa o momea mo myTH,
KOTOPbIM MocTOAHHas N 6blra BBeJeHa B KAACCHUECKHe ypaB-
HeHHUs CTapoil KBAaHTOBOH TeOPHEH, W IOMBITAACH C MOMOILBIO
NPHHIHUNA COOTBETCTBHS TMEePEHECTH STOT CIoco6 BBeaeHHs
B CBOIO HOBYIO MEXaHHUKY.

PesyabTaT okaszaAca oOueHb TOYHBIM, XOTS Ha MepPBbIH
B3rAsII HECKOAbKO yauBHTeAbHbiM. HyxHo 6bIA0 mpezmoro-
KMTb, YTO NPH TEePEMHOEHHHM MaTPHMUbI, COOTBETCTBYIOLIEH
KOOpZAMHATe, HA MaTPHUY, COOTBETCTBYIOIIYIO KaHOHHYECKH CO-
NPsi2KeHHOW KOMIIOHEHTe HMIyAbCa, MOPSAAOK MHOXKHTeAeH He
6e3pasAnueH M UYTO PA3HOCTb Me:xAY IPOH3BeJEeHHEM 3DTHX
ABYX BeAMYHH, B3ATBIX B OAHOM MOPAAKE, U HX MPOH3BEJEHHEM
B TPOTHBOIMOAOXKHOM TNOpAJKe paBHa mocToAHHoH IlraHka,
YMHO2KeHHOH Ha HEKOTOPOEe YHUCAO.

Bce apyrume kaHoHuueckue mepeMeHHble KBaHTOBOH Mexa-
HHUKM KOMMYTHPYIOT MexKay co6oH, T. e. UX NPOH3BeJleHHe He
3aBHCHT OT MOPAAKA COMHOxkMTeAell. 1oAbKO Korga paccMar-
PUBAIOTCA MPOU3BEAEHUS ABYX BEAHYHH, KAHOHHYECKM CONPS-
s#EeHHbIX B CMbICAe aHAAMTHYECKOH MeXaHUKH, B pe3yAbTaTe HX
flepeCTaHOBKH IOAYYAaeTC BeAMYMHA, OTAMYAIOIIAACH OT HC-
XOZHOH Tak, YTO MX Pa3HOCTh NpomopuuoHaibHa A. B makpo-
CKOIMYECKMX SBAEHHAX, Tle BeAHUMHOH A MoxKHO HpeHebpeub,
BCe MeXaHHMuYeCKHe BEAMUHHBI MOXKHO CYMTATb KOMMYTHPYIO-
UMK, ¥ Mbl CHOBA, KaKk M JOA2HO 6bITb, BO3BpallaeMcs K
KAQCCHYECKOH MeXaHHKe. |aKkoH NyTb BBeZeHMA IOCTOSHHOH
[Tranka ¢ moMolIbI0 KOMMYTaIMOHHBIX COOTHOIUEHHMH, XOTSA H
ecTecTBeHHbIH, ¢ Touku 3peHus | eiiseH6epra, MozeT ITOKa-
3aTbCsl HECKOAbKO cTpaHHbiM. Huzke Mbl yBHAMM, Kak MOXKHO
€ro o6’bsICHUTb B BOAHOBOH MeXaHHKe.
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Yrounue rakum o6pasom cBOMCTBAa MaTPHI, NpPeACTABASIIO-
Wux QU3MYEeCKMe BeAMUHHDL, | efiseH6epr 70AxeH GBIA BHIBECTH
ypaBHEHUsI, ONUCHIBAIOIINE HX H3MeHeHHe CO BpeMeHEeM: HHbIMH
CAOBAMH, OH JOAXeH 6bIn Hocrpoutb auHamuky. OH caeraa
9TO, CMEAO MPEeANOAO2KHB, YTO €ro MaTpHLbi MOAYHMHAIOTCA
YPABHEHUAM, MO BHAY COBNAZAIOIWMM C yPABHEHHSAMH KAACCH-
4eCKOM MEeXaHHKH.

CoraacHo »Tofi rumoTese A MaTPHL MO2HO HamMCaTh
KaHOHMYecKHe ypaBHeHusa | aMuAbTOHA.

Ouznako sTa MAEHTHYHOCTD ZUHAMMYECKHX ypaBHEHHH CKO-
pee Kaxylmascs, yeM peaibHas, H60 B KAACCHUYECKOH MeXaHHKe
B ypaBHEHHAX (QUIYPHUPYIOT OOBIYHBIE YHMCAA, a B MeXaHHUKe
[eiizen6epra — marpuupr. B sTom kopenp Bammefimux pas-
auunit. Tem He Menee MoxHO mMOKas3aThb, YTO KAHOHHYECKHE
ypaBHEHHS KBAHTOBOM MeXaHHWKH INO3BOASIOT BHO3b IOAYYHUTb
NPUHLHI COXPaHEHWs SHEPIHM, M OHU He NpPoTHBOpedar 6o-
POBCKHM COOTHOLIEHUAM JASl 4acToT. Kpome Toro, ars aToM-
HbIX CHCTeM DTH ypPaBHEHMsl MO MPHUYHHAM, Ha KOTOPBIX MbI He
MO2K€M 3JZeCb OCTAaHABAMBATbCH, YAOBAETBOPSIOTCS AMUILIb AAS
HEKOTOPBIX ONpejeAeHHbIX 3HaueHull sHepruu. HMrax, msr cHo-
Ba MPUXOAUM K CYLIECTBOBAHHMIO CTalMOHAPHBIX COCTOSHHH C
KBAHTOBAHHOH SHEPrUeH, M y Hac eCTb MeTOJ BBIYMCAEHHS
9THX DHePrui.

Cpasy npuMeHHB CBO#l METOA K CaMbIM KAACCHYECKHM KBaH-
TOBbIM cucTeMaM, | ei3eHbepr M ero COpaTHUKM BBIYMCAHAH
KBAHTOBAaHHYIO SHEPIMI0 AMHEHHOrO OCHUHAASITOPA, aTOMa BO-
aoposa 4 T. A. HacTo mx pe3syAbTaThl OKa3bIBAAHCH B IOAHOM
COrAACHM €O CTapol KBAaHTOBOH TeOpHeH, OZHAKO MHOrJa cCo-
BepUIEHHO OT HUX OTAHYAAMCb. |akK, HampuUMep, B CAy4Yasx AH-
HeHHOro OCUMAAATOPA, OHH IOAYYHAM BMECTO 3aKOHa LeAbIX
KBaHTOB, KOTOPbIH mpeamoraran IlAaHK, 3aKOH HOAYLEABIX
KBaHTOB, O KOTOPOM Mbl y2Ke YNOMHHAAH M KOTOPBIH Ayuiie
coraacyercsi ¢ 9KCIIepHMEeHTAAbHbIMH (paKTaMH.

Booaymesaennbie oueHb HHTEPECHBIMH pe3yAbTaTaMH KBaH-
TOBOH MeXaHUKH, CTPOTOCTBIO M TOYHOCTbIO ee (PopMarH3Ma,
TOANIBI TeopeTHKOB 6pocurnch Bcaes [eifizen6epry, BHoCs B
€ro TEOPHIO BCe HOBbIe BazKHble JOMOAHEHHS.

Ipeaunrep ony6aukosar cBoio paboTy M ¢ H3yMAeHHEM
3aMeTHA, YTO MeTOJ KBAHTOBAHHS BOAHOBOH MeXaHHMKH BeJeT
K TeM e pe3yAbTaTaM, YTO H MeTOJ KBAHTOBOH MeXaHMKH,
XOTSl OHH pasAHyaioTesa mo Ayxy. OH HHTYHTHBHO NOYYBCTBO-
BaA, YTO TOT (aKT He CAydaeH, U GAecTAllle CyMeA OODACHHTD
ero.
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3. ToxaecTeo KBaHTOBOH H BOAHOBOR MeXaHHKH

B croeit pa6ore Lllpeaunrep pykoBoacTroBarcsa uzeeit, uto
C TOMOLUBIO BOAHOBOI (GYHKUHUHM BOAHOBOH MEXaHUKH MO2KHO
MOCTPOUTD BEAHYUHDI, 0OAaZAlOLIHe CBOXCTBAMM MAaTPHI KBaH-
ToBOH Mexanuku. [Ipy 3ToM KBaHTOBas MeXaHHKa OKa3bIBAETCH
MEeTOZOM, MO3BOAAIOUIMM BBIYHCASATD 3TH BEAHYHHBl W OIEPH-
poBaTb MMM, He 06palascb ABHO K BOAHOBOH (QyHKUMH. |a-
KUM 06pasoM, MOMHO JOKAa3aTh HWAEHTHUYHOCTb B3THX JABYX
(opM HOBOM MeXaHHUKH.

HMszyuas npobreMy kBaHTOBaHHS B BOAHOBOH MeXaHMKe,
HAXOJST Pa3AHUYllble CTALHOHAPHDbE BOAHBI PacCMaTPHBaEMOil
CHCTeMbl H BBIYHCASIOT COOTBETCTBYIOIIME BOAHOBble (YHKIIUH.
IJTH (QYHKUIMM Ha3bIBAIOTCH COGCTBEHHBIMH ¢ YHKIH-
AMH CHCTeMbl: OHM 06pasyiOT HeKylo, Kak OyZeM IpezloAa-
raTb, AUCKPETHYIO IOCA€AOBAaTEAbHOCTb. Bo MHOrMX BaKHBIX
CAyuasix 3To JZelcTBUTeAbHO Tak. JomycTum rtemepb, 4TO MEI
CKOMOMHMPOBAAH 3TH COOCTBEHHble (PYHKLUHH BO BCEBO3MOXK-
Hbie napbl. [loayuum, TakuMm o6pasom, gBa THNa Hap: Maphi,
HOCTPOEHHble U3 OJHUHAKOBbIX COOGCTBEHHBIX (YHKUHH, U Mmapbl
M3 pasAHuHbIX cobcTBenHbix @yHkuui. [lepebie oTHocaTcsa K
OZHOMY CTallMOHAPHOMY COCTOSIHHIO, BTOpble — K JABYM pa3-
AMYHBIM CTallHOHapHbIM cocTosHusaM. | [oaTomy MozKHO cuMTaTb,
4TO NMOCAeAHHE OIMCBIBAIOT IEePeX0k MexAy dTHUMH ABYMA CTa-
IHMOHAPHBIMY COCTOSIHUAMM.

Takum ob6pasom, U3 9THX NMapHbIX KOMOHHALMH BOAHOBBIX
(DYHKIUH MOAy4YHMM Habop DAEMEHTOB, KOTOPbIH MOKHO MOCTa-
BUTb B OJHO3HAYHOE COOTBETCTBHE C BAeMeHTaMH renseHbep-
roeckoit marpunbsl. Ho mocrkoabky, coraacmo [eiisenbepry,
KaxJoH (U3HYeCKOH BeAWYHHe OTBeYaeT CBOA MaTPHULa, TO,
CAeZOBATEAbBHO, AAS Kax{JOl BEAMUYHUHB! Mbl JOAXKHBI 06paso-
BaTh pasHble KOMOMHAIIMH COGCTBEHHBIX (PYHKIIHH.

CAezoBaTeAbHO, BOSHHUKAET CYLIECTREHHO HOBas M Ba:KHas
uzesi. OHa 3akAlOYaeTCA B TOM, UTO KaMzoOH (PUSMUECKOH Be-
AHYNHe He0OX0JZHMO NMOCTABUTb B COOTBETCTBHE HEKHH CHMBOA
olepauyu, onpejereHHbidl onepatop. JAs Toro urobbl, He 3a-
AYMbIBasicb, HanMcaThb ypaBHEHHe PACIPOCTPAHEHUS BOAHDI,
casauHoit ¢ yactuued, Llpegunrep sameHuA xoMHOHEHTBI M-
IIyAbca OIEPATOPOM, MPONOPUHOHAABHBIM IPOU3BOAHBIM IIO CO~
MNpsi2KeHHbIM KOOPAMHATAM, IIPUYEM MHOMXKHTEAb I[IPOHOPLIHO-
HAABHOCTH COZep2KaA MOCTOSHHYIO A.

EcrecTBenHO Takike NMpeAMOAOMHTh, UTO KaxKIOH KOOPAH-
HaTe COOTBETCTBYeT YyMHOMeHHEe Ha 3Ty KOOpPJH-
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#aTy Ilockoabky Bce MexanuueckMe BeAHUHHDBI, XapaKTePH3Y-
I0IIHe TOBeAeHHEe YaCTHILbI, MOKHO BBIP23HTb C IOMOIIBIO KOOpP-
AWHAT ¥ KOMIOHEHT WMNYAbca (CONpSKeHHBIX HMIYAbBCOB
Aarpanxa), To TOAbBKO YTO C(POPMYAMPOBaHHble MPaBHAA IO-
3BOAAIOT HaM HAWTH ONEPAaTOp, COOTBETCTBYIOIIHI A1060H Me-
XaHH4YeCKOH XapaKTePUCTHKe yacTulbi. Ecam obpasoBaTb ole-
paToOp SHEPTHH, TO MOAYUYHUM oNlepaTop | aMHAbTOHA, C KOTOPBIM
Mbl BCTPEYAAHCh NpPH NOCTPOEHHH BOAHOBOro ypaBHenusa. O6-
0611ast 3TOT BbIBOJ, MPUXOJAUM K MPHMHIIUIY, COTAACHO KOTOPO-
MY BCeM (PU3HYECKHM BEAHUYHHAM COMNOCTABAAIOTCHA ONEPaTOPDIL.
OTOT NPUHLUMN TOAO2EH B OCHOBY HOBOH MeXaHHKH.

Tenepr y:we moxumo momsarp, kak Lllpesunrep mocrpoua
MaTpHLbI, KOTOPble OH XOTEA OTOXKAECTBUTb C MaTPHIIAMH KBaH-~
ToBoH MexaHukH. IlycTb wuMeeTcs HekoTOpasm MeXaHUUe-
CKas BeAHYHHa, XapaKTepPU3yWIlas ABH:KeHMe 4aCTHLBI H CO-
OTBETCTBYIOLIHUIl eif omepaTop, HPAaBUAO NMOCTPOEHHUA KOTOPOIO
mbl 3HaeM. Kamaol mape co6CTBEHHBbIX QYHKUMH paccMaTpH-
BaeMOH CHCTEMbl MOXKHO, TAKUM 06Pa30M, COMOCTaBUTb BEAH-
yuHy, o6pasoBaHHYI cAeaylomuMm obpasom. Omneparop,
0 KOTOPOM HJAET peub, AEHCTBYET Ha OAHY U3 (PYHKUHH Hapbl,
pE3YAbTAT MHOXHTCA Ha KOMIIAEKCHO CONps:KeHHOoe 3Ha-
yeHHe ZPYrofl QYHKUMU M UHTErPUPYETCS MO BCeMy MPOCTPaH-
CTBY.

[Toropsa noaobuyio omepaumro co BcemMu mapamu cobct-
BEHHbIX (QYHKUUH, MOAyYaeM CHCTEMY SAEMEHTOB, OAHHU H3 KO-
TOPBIX OTHOCATCA K OZHOMY CTallHOHaPHOMY COCTOSIHHIO, APY-
rMe — K ABYM CTallHUOHAPHBIM COCTOSIHHSM, T. €. K [EePexX0ZaM.
OTH dAeMeHTHl pacHoAaraloT B TabAuLy, NMpHYEM BSAEMEHTDI
HepBOrO THIMA NMOMEILAIOT Ha aMaroHaAd (auaroHaibHbie 3Ae-
mentor). Kaxzo#t Mexanuueckod BeAHuHHe COMOCTaBASETCH,
TakuM obpasoM, MaTpuua. Bonpoc Temepb 3akAluaeTcs AHIIb
B TOM, MO:HO AM OTOXZAECTBHTb STH MaTPHULbI H MaTpPHULbI
KBaHTOBOH MEXaHUKH.

Oreer Ha sTOoT Bompoc yTBepauterbHbiil. Lllpeaunrep
npex<Jie BCero MOKa3aA, YTO MaTPUIbl, MMOCTPOeHHble TOAbKO
4YTO OMHCAHHBIM CHOCO60M, AOAXKHBI YZAOBAETBOPHATb, Kak H
matpunpl [elisen6epra, mpaBUAAM CAOKEHHS M IePEMHOKEHHT
arre6panueckux Matpuu. Kpome TOro, HeCKOAbKO CTpPaHHBII
OyTb, KOTOPHIM MocToAnHas [lAaHka NMpoHMKAa B KBAaHTOBYIO
MexaHuMKv, TMoAyyuA B konuenuuu lllpeaunrepa nemearen-
Hoe ofbAcHeHMe. llpousBeseHHe ABYX OINepaTopoB, BoobLie
roBops, He KOMMYTHPYeT: MOAY4YeHHbIH pPe3yAbTAT 3aBHCHT
OT MOPSALKA COMHOKHUTEAEH.
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Tem ue mMeHee Bo MHOTMX CcAyyasx aBsa omepaTtopa, coot-
BETCTBYIOIIHX MeXaHM4eCKHM Beauuuiiam, xommyTtupytor. Oza-
HaKO HMeeTCs MCKAIOUeHMe, KOrJZa STHMHM BeAMYMHAMH SABAA-
IOTCS KOOPAMHATA M CONPS2MEHHAs KOMIOHEHTa UMIyAbca, H60
olepaTop, OTBEYAIOWMNH MOCAEeJHEMY, NPONOPLHOHAAEH ITPOH3-~
BOZHOH IO CONMPsI2KEHHOH KOOPAMHATE, a OoNepallust «IPOHU3BOA-
Hasg MO HEKOTOPOH NepeMEHHOH» He KOMMYTHPYET, KaK AErko
BHJAETb, C ONepalMell YMHOMeHHe Ha 3Ty NepeMeH-
HY 0.

Orciona HeMeAAeHHO CAeAYIOT CcPOPMyAHpOBaHHble | eR-
3eH6eproM MpaBHAa IEPECTaHOBKU. UTO6bI 3aBEPIIUTb OTOX-
JAeCTBAeHHe pacCMaTPHBAeMbIX MAaTPHL, OCTAaeTCs AHIIb IMOKa-
3aTh, YTO MaTPHUbl BOAHOBOM MeXaHHKH MOAYMHSAIOTCSA KaHO-
HUYECKUM ypaBHeHHAM KBaHTOBOH MexaHukH. Bor kak »aToO
6bir0 caerano: Lllpegnurep mokasaa, uTo M3 KAHOHHYECKHX
yPaBHEHHH CTPOro CAeAyeT, YTO BOAHOBble (QYHKUIHH, HCIOADb-
30BaHHbIe NMPH KOHCTPYHPOBAHHM MaTpHl, 06A3aTeAbHO YJOB-
AETBOPSAIOT BOAHOBbIM VPaBHEHHAM BOAHOBOH Mexanuku. Kopo-
Ye roBOPS, KaHOHH4YECKHe YpPaBHEHMST KBAHTOBON MeXaHHMKH
PKBUBAAEHTHbI BOAHOBbIM yPABHEHHSAM BOAHOBOH MeXaHHKH.

Takxum o6pasom, okasaroch, uTo obe (POPMbI HOBOH MeXa-
HHKH CBOAATCH OZHA XK Apyroi. lemepb 60Ablue He BbI3bIBAeT
YAUBAEHHA TOT (PaKT, YTO OHM LPHBOJAT B NpobreMe KBaHTO-
BaHUS K OAMHAaKOBhIM pesyAbraTam. Meroz xpaHTOBOH Mexa-
HHMKH, ONMePUPYIOIIUHA NPSIMO C MAaTPULaMU U He UMEIOIIHH JeAa
C MPOMeXKYTOYHbIMM BEAHUHHAMH — BOAHOBBbIMH (YHKUHAMH,
6onree KOMIIaKTeH M 4YacTo ObicTpee HMPUBOAUT K 2KeAaeMbIM
pesyabrataMm. MeToa #e BOAHOBON MeXaHHKHM Ayyllle YZOBAe-
TBOPSET HHTYULUHH (PU3HKOB M Ayullle coraacyercs ¢ obpasom
ux mbicAeit. Ilostomy Ha mepBbil B3rasa on kaxercs Goree
€CTeCTBEHHBIM U yA06HBIM AAsa paboTbl. JelcTBUTEADHO, GOAD-
IIMHCTBO (PUBHKOB NMOAb3YETCS BOAHOBBIM METOZOM M HPH pac-
yeTax SBHO HCIIOAb3yeT BOAHOBble (PYHKIIHA.

4. IMpunpun cooTBeTcTBHA B HOBOH MexaHHKe

Hosas mexanmuxa mossoasier mpugath ropasiao 6oree Tou-
HYI0 (GOpPMy INPHHUUIY COOTBETCTBUA M YaCTHYHO YCTPAaHHTh
MOBOADI AAS KPUTHKH, KOTOPOIl OH MOABEPraAcs B PaMKax CTa-
poit xpauToBoii Teopuu. Mpr yxe Bugeam, xak Bop merrarcs
HCMOAb30BaTh pasroxenue B pag Dypve srexTpuueckoro mo-
MEHTa, COOTBETCTBYIOIIEr0 B KAACCHYECKOH MOJEAM HadaAbHO-
My HAM KOHEYHOMY COCTOSIHMIO KBAaHTOBOTO INepexoja, uTobbi
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NnpescKasaTb MOAMPHU3ALHI0O H MHTEHCHMBHOCTb H3AYYeHUS HPH
5ToM Hepexoze. B cayuae GOABLIMX KBAHTOBBIX YHCEA ITOT Me-
TOJ BIIOAHE YZOBAETBOPHTEAEH U CBOOOJEH OT BCAKUX HeOMpe-
JeAeHHOCTeH.

Oznako B cAyyae CPeIMMX M MaAblX KBAHTOBBIX YMCEA,
NpaKTHYeCKH Hanb6oAee Ba:xKHOM, BOBHUKAIOT TPYAHOCTH H ABY-
cmbicaesHocTH. Hao6opor, B HOBOI Mexanuke cpasy moAyuaer-
Cs BecbMa sACHBIH CMOCOG NMPHUMEHEeHUs MPUHUMIIA COOTBETCTBHA.
JeficTBuTeAbHO, B MaTpHue, OTBeyalollell KOMIIOHEHTE SAEK-
TPUYECKOTO MOMEHTA, KaKZAblH MePexoJl ONMMCBIBAETCS OAHUM H
TOABKO OZHMM 3AeMeHTOM. PaccMaTpuBas MaTpHuHbIi SAEMEHT,
COOTBETCTBYIOIINIl ONpPEZEAEHHOMY II€PEXOJAY, KaK aMIAUTYAY
ZaHHOH KOMIIOHEHTbI AMIIOAbHOTO MOMEHTA AAS JaHHOIO Iepe-
X0Ja, MOXKHC, MOAb3YSCb (POPMYAOH, aHAAOTHYHOH KAaccHue-
cKoil (popMyAe, AaTb HEOObIMaHHO TOYHOe H HeZBYCMbICAEHHOE
npelcKa3aHHe XapaKTepa HBAyYeHUs] TPH JaHHOM IePeEXoje.
Komneuno, B aToM cnocobe ocraercss HezokasaHHBIM, HACKOABKO
3aKOHHO NPHMEHATb JASA pacuyeTa yKa3aHHbIX HHTEHCHBHOCTEH
popMyabl Kraccuueckoro Tuna. Oanako 5To yTBepkJeHHe —
OAHH U3 HauboAee CyIleCTBEHHBIX MMOCTYAATOB METOLA COOTBET-
ctBus. EcAu mpuuaTh 5Ty rumortesy, To 60Ablle He OCTAHETCA
HHUKaKOro MPOM3BOAA W HECTPOrOCTH B IPHMEHEHMH IPHHLIHUIA
COOTBETCTBHUA.

B raxoit cTporoii popMe mPHHIMI COOTBETCTBHSI GbIA yCTa-
HoBAeH [eilsenbeproM npu cO3ZaHUM MaTPHUHON MeXaHHKH.
Ha s3pix BoAHOBOI Mexauuku ero «nepesea» Lllpeaunrep. dtu
BbIJAIOLINeCs (PUBHUKH Jazke LPEeAAOKHAH OJHO HArAsijHoe 00Ob-
SICHEHHe POAM MATPUUYHBIX DPAEMEHTOB B pacyeTe HU3BAYUEHMSI.
OAEKTPOH B aTOMe HeAb3sl GOAbIIe CUHTATb AOKAaAM30BaHHBIM
B Ka:xzbli MOMeHT BpemeHH. E.cTh AMIUD onpeaereHHas Bepo-
ATHOCTb HAWTH €TO B TOM MAHM HHOH TOUKe, BEPOSITHOCTb, MPO-
MOPIHOHAAbHASL COTAACHO MPHHUUINY HHTep(epeHUHH KBajpa-
Ty MOZYASl BOAHOBOH (PYHKIHH. DTO IMO3BOASET HaM CUMTATb
DAEKTPOH Kak 6bl pasMasaHHbIM BHYTPH aTOMa, a €ro SAEKTPH-
YeCKMH 3apsj — B CpPeAHEM paclpeseAeHHbIM HeNpepbIBHBIM
o6pasom. Coraacuo Llpegunrepy, MoxkHo 6biA0 661 MPUMEHHTD
HPHHLUI COOTBETCTBHSA, CKa3aB, YTO BCe MPOMCXOAHT TaKHUM
o6pasom, Kak 6yaTo dAeKTpHueckas cHcTeMa (M3MeHsOWasCs
BO BpPeMEeHH) H3AYUaeT B COOTBETCTBUM C KAACCHYECKHMU 3a-
xonamu. Ha nepsbifi B3rasig Takas ToOuka B3pPeHHS KarkeTcs
BIIOAHE YAOBAETBOPHTEAbHOH, H60 OHa MO3BOASET HaM BHOBbD
HOAY4YHTb 60poBcKUH 3axoH yacTor. OgHako, M3YUHMB ee BHH-
MaTeAbHee, Mbl BUAHMM, YTO Ha STOM MYTH BOBHHUKAIOT Cepbe3s-
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Hble TPYAHOCTH, H OT HEro IMPHUXOAUTCA OTKasaTbcsa. B zei-
CTBUTEABHOCTH TIIPOLleCC H3AYYEHHS NPH KBaHTOBBIX Ilepexo-
Aax SIBASIETCSA IO CBOEH CYIIHOCTH HACTOABKO AHCKPETHBIM, YTO
€ro HeAb3sl CTPOro NPeACTaBUTb cebe KaK M3AYUeHHEe HEKOTO-
PBIM, TyCTb (PMKTHBHBIM, paclpejeieHHeM DAEKTPHYECTBA, IPO-
KCXOAAIMM IO KAACCUYECKHM 3aKOoHaM. LlguHcTBenHas moMcTH-
He KOPPEKTHAas MHTeprpeTallus POAH MaTPHYHbIX DAEMEHTOS
3aKAIOYaeTcss B TOM, 4YTO COTAACHO HJeAM, YCTaHOBAEHHBIM B
CBsA3M C TPHUHIMIIOM COOTBETCTBHA, MaTPHYHble DAEMEHTHI IO-
3BOASIIOT BBIYHCAUTD BEPOATHOCTb TOI'O, MTO HEKOTOPOE COCTOSA-
HMe [peTepreBaeT B eJHHHLY BPeMeHH ONpeleAeHHBIH KBaHTO-
BbIH [E€PEXO0J.

[lpunuun coorsercTsus HOBOH MeXaHHUKH IO3BOASET BbI-
YHCAMTb MHTEHCHBHOCTDb M MOASPH3ALII0 CHEKTPAABHBIX AHHHI
Y, uTo 0COGEHHO BaXKHO, BHOBb MOAYYHTb NpaBuAia orbopa. Ou
MO3BOASIET TaKzKe PELIHTb OrPOMHOEe YHCAO 3aJay, KacaloIIUXCs
B3aMMOJEHCTBHSA BelleCTBA M HM3AYYeHHsA, CpelAH KOTOPBIX s
yKaxy AMIID Ha 3azayy PacCesHUs CBETa M AUcrepcHH. |enepb
MO2KHO CTporo moAyudaTb (opmyry Kpamepca—I eiisenbepra,
BbIBE/IeHHYIO paHee C MOMOIUbIO MPUGAHKeHHBIX cOO6paKeHHit
COOTBETCTBHS.

Ilpumenenne MetoZa COOTBETCTBHSI K HM3y4YEHHIO B3aMMO-
ZedCTBMA BellleCTBA W HM3BAYYeHHs JaAO BIOAHEe YZOBAETBOPH-
TeAbHbIE PE3YADTATbl H ONPEZEAEHHO COJePXKUT GOABIIYIO JOAIO
MCTHHBL. |eM He MeHee HeAb3s He 3aMeTUTb, YTO, CHCTEMATH-
4eCKM INpPHMeHAss (OPMYAbl IDAEKTPOAWHAMMKH, 3aldcaHHbIE
COOTBETCTBYIOIIMM 06pa3soM, IMOCTOSHHO YIYCKAalOT M3 BHAY
KOPIYCKyAsipHYIO MpHpPoAy cBeta. [lelicTButeabHo, paccesHue
CBETA aTOMOM MOXKHO ObIAO 6bI paccMaTpPHBATH Kak 3ajZady o
coyAapeHUH (POTOHA C aTOMOM, PACCMOTPEHHYIO MeTOZaMHU BOA-
HOBOH MexaHMKH. YTO6bI yCHemHO PeluTh NOCTaBAEHHBIH BOI-
pOC C DTOH TOYKHM 3peHHA, Heo6X0ZMMO MOMbITATHCS BBECTH
NoHATHe O (QOTOHAX B DAEKTPOMArHUTHble KoAebaHUs, HHBIMHU
CAOBaMH, NPOKBAHTOBAaTb DAEKTPOMArHHTHOE IIOAE.
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Frasa X

BEPOATHOCTHAA HHTEPNPETALIUA
HOBON MEXAHHUKH

1. O6wune naen u ocHoBHbIe MpPHHUUIDBI

[Tonstne BeposTHOCTM urparo BakHYI0O POAb B NePBBIX
(PU3HYECKHX TPaKTOBKAaX BOAHOBOH MexaHuku. UyBcTBOBanrOCb,
YTO BO3HHKAA 06Ilas TeopHs, B KOTOPOH BCe 3aKOHbl HOBOIi
MeXaHHKH HMeIOT BepOSITHOCTHbIH XapakTep. K aroli Teopuw,
BHEIlHe OYeHb HOBOH H OTBePraloledl MHOTHe KAAaCCHYECKHE
HJeH, TMOCTeNeHHO MPHKOBBIBAAOCh BHHMaHHe BCeX (HBHKOB.
MozxHo ckasaTp, uTo cerogHs ee MPUHAAM BCe, Jaxe Te, KTO
NOBEPHA B Hee BPEMEHHO, H He OCTABASIIOT HaJexKAbl B OAHMH
NpeKPacHbId JAeHb BO3BPATHTbCI K KAACCHYECKHM IpejCTaB-
AEHUAM.

Haurem ¢ BHemne noutn 6aHarbHOH HzEH O TOM, U4TO AAA
TOYHOI'O BHAHHs KAKOH-AHGO (PHU3HYECKOH BEAMYHHDBI HY2KHO ee
u3MepuTb. A AAA ee U3MepeHHA BCerza HyxkeH HeKHH Npubop,
KOTOPBbIA KaK-TO BOBJAEHCTBYET Ha DTy BEAWUHHY, B Pe3YAb-
TaTe Yero OHa CTAHOBHUTCSI H3BECTHOH C TAKOH-TO CTeNeHbIO
TouHOCTH. B KAaccuueckol (usuke @ Priori mpeamoaaraioch,
4YTO, NPHUHSB COOTBETCTBYIOUIHE MepPbl MPEZOCTOPOKHOCTH, BCe-
rZa MO2KHO TaK MPOBECTH DTH U3BMEPEHH s, YTOObI CYLLeCTBEHHO
He HapYIINTb COCTOSHHSA, KoTopoe 6biA0 1o uaMepenus. [lpu
9THX YCAOBHSAX NPOLECC U3MEPEHHs AHIIb YCTaHaBAHBaeT Cy-
IIeCTBOBAHKE HEKOTOPOTO COCTOSIHHSA, He BHOCSI HHYEro HOBOTO.

B makpockonuueckux macmwrtabax 3TOT MOCTyAaT, HeSBHO
JoTycKaeMbldl KAACCHYeCKOH (PM3MKOH, MpaBuAeH. B aTol 06-
AACTH CHocoOHbIA DKCIEPUMEHTATOP BCErja MOXKeT KOAHUe-
CTBEHHO HCCAEJOBATb SIBAEHHE, He BHOCS 3HAaYHTEAbHDbIX HCKa-
KeHHu#. JTO CAeAyeT M3 TOro, YTO BO3SMYIUEHHs, KOTOPble BO3-
HUKAIOT B IpoLiecCe H3MEPEHHsl, MOKHO BCerja YMeHbIIHTb
HaCTOAbKO, 4ToObl caeAaTb WX INpeHe(peKMMO MaAbIMH IIQ
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CpaBHEHHIO C H3MepsieMbIMM BeAWunHamH. Hamporus, korza
Mbl ¥IMeeM JeAO C MHKPOCKOMHYECKHMH BEAHYMHAMH, H3 CY-
IIeCTBOBAHHA KBaHTa JeHCTBHA CAegyeT, YTO BO3MyLIEHH,
BO3HHKAIOLIHe B NMPOLecCe H3MepeHHs, 6eCKOHEYHO yMEHbLIATb
HeAbssa. [loaToMy Kamzoe HM3MepeHHe CyLIeCTBEHHO HCKaxaeT
HCCAeZyeMoe SIBAEHHE.

ATu ugen 6yAyT OTUETAHBO CHOPMYAHPOBAHBI HECKOABKO
HM:Ke, KOrga Mbl 6yzeM TPHBOAMTb MPUMEPbI B MOAb3Y COOT-
HOLIEHUH HeoNmpeZeAeHHOCTH, JaHHble B OCHOBHOM DopoM H
[eiizen6eprom. Ilora xe gocraTouno sameTuTb, uTO HHOTKYAA
He CAelyeT, UTO oflepallusi M3MepeHHs ABAAETCA IPOCTbIM H
XOPOIIHM cHoco60M TOAYYeHUS CBeJEeHHH O CyLIlecTBOBaBILEM
20 TOTO W3MepeHMs COCTOAHHM. BroaHe Bo3MmoxHO, yTO olle-
pallMs H3MepeHHs caMa ydyacTBYeT B CO3JaHHUM HOBOTO CO-
CTOSIHUS, MBBA€KAas U3 CYLUIECTBOBABIIETO O 3TOTO COCTOSHHA
0OAHY M3 COZep:KAIUUXCA B HeM Bo3sMoxkHocTed. A Temepp Imo-
MbITaeMcs CTPOro CHOoPMYAHPOBATb POAb H3MEPEHHH € HOBOH
TOYKHM 3PeHHS.

Jrs aTol mean 6yseT MOAESHO BepHYTbCA K HEKOTOPBIM
KAQCCHUECKHM 3KcnepuMeHTaM (usuyeckoi ontuku. Chosa.
KaK M paHblie, HayaB C AyaAH3Ma (JOTOHOB M CBETOBBIX BOAH,
Mbl 6yzeM uMeTb GOAbllle BOBMOXKHOCTeH pa3obpaThcst B 9TOM
Bonipoce. [lpeacraBum cebe BHOAHe O6DBIUHBIA DKCIIEPHMEHT:
CleKTpaAbHbIR aHAaAM3 CAOMKHOTO Ayda CBeTa C NOMOLIbf)
npusmbl (uAn gudpakuuonnoi pemerxu). [Ipubop paszerser
(xak aTo 6bIA0 H3BecTHO elle co Bpemed HHblorona) pas-
AMYHBle MOHOXPOMaTHYeCKHe KOMIIOHEHTbl, coAep:Kallihecss B
nagaoutem nyuke. B XIX B. muoro o6cyxzarun Bompoc 0
TOM, pasjeAseT AM I[PU3Ma MOHOXPOMATHUeCKHe KOMIIOHEeH-
TEI, CyleCTBOBaBIUHe B NajalolleM NydKe y2ke A0 3TOrO, HAH
oHu 06pa3yroTcs nox BosgeiicTBuem mpusmbl. Ha srTor BO-
npoc He 6bIAO JZAaHO CKOAbBKO-HUOYZb  yZOBAETBOPHTEALHOTO
orBeta. B koHUe koHEOB Hau6oAee OCTOPOMHAs NMO3MLHA 3a-
KAIOYaAach B CAeZyIOIIeM: MOHOXPOMAaTHUYECKHE KOMIIOHEHTDI
CYIIeCTBYIOT B MaZjalouleM CBeTe BHPTYaAbHO, B HEKOeM Mo-
TEHUHAADHOM COCTOSHHH. JTO MHeHHe NMOJATBEPKAAETCS aHa-
AH30M KBaHTOBOH MPUPOAD! CBETa.

[To cywecTBy Mbl mombiTaemMcs BBeCTH B 06bsCHEHHe pas-
AOeHHs cBeTa npusmol uzgero oroHos. C 3Toil Touku 3pe-
HHSI MOXKHO CKa3aTb, YTO IpU3Ma pasJeAsieT OTOHbI Ha CTPO-
ro oNlpejeAeHHble IIBETOBble TPYNMNbl: OHa BblZeAieT M3 Ia-
Aalollero Myuka KpacHble, 2eATble U culide otonnl. Ho mox-
HOo cebe MPeACTAaBUTh TaKOH OKCIHEPUMEHT, Korga Iy4oK
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HacTOAbKO cAab, 4To (POTOHMI MOMAZAaIOT Ha MPU3MY [00AH-
Houke. Kaxanii (oTOH cOOTBeTCTByeT majaloileli BOAHe, KO-
TOpas COrAACHO TMPEANOAOKEHHIO He MOHOXpOMaTHYecKas.
[losTomy nazaiomemy (oTOHy HeAb3s IPHNHCATb HH OMNpeje-
AEHHOH 4YacCTOTbl, HH COTAACHO COOTHOLIEHMIO JHHITeHHA
onpegerenHoll snepruu. [lazaromuii oron ob6razaer xak 6v1
HECKOABKMMHM BO3MOKHBIMH YaCcTOTAMH, IOSABASIOLIUMHUCS B
CIEKTPAAbHOM  PAa3A0KEHHH COOTBETCTBYIOIeHl  CBETOBO
soanel. Oanako, mpoiias CKBO3b MPU3MY, NajaloWHi (HOTOH
CTAHOBHUTCSA OJHHM H3 (POTOHOB MOHOXPOMATHUECKHX IYyYKOB,
pasZeAeHHbIX BO3LeHACTBMEM TNPH3MBbL |emepb, cAeZoBaTEAb-
HO, OH 06AaZaeT BIIOAHe ONpeAeAEHIIOH YacCTOTOMH.

Takum 06pasom, npusMa OKasbiBaeTCA HHCTPYMEHTOM, MO~
3BOASIOIIMM H3MePHTb 4YacToTy (HAM 9HEpPruio) (OTOHOB: B3TOT
npubop Kak pas U H3BAEKAET M3 COCTOSIHUSA, KOTOPOe CyIle-
CTBOBAaAO JZO W3MepeHHs, OZHY H3 COMeprKaLIHXCS B HEM BO3-
MoxkHOCTeH. |enepb HeO6XOTHMO BBHIYHCAHTb BepPOATHOCTDb Ta~
KOTO JAeHCTBUS NPH3Mbl Ha MaZarolud (QOTOH, YTOObI OH HMEA
onpegenenHblil uBeT. BoAHOBas Teopus HeMeaAeHHO JaeT KOAH-
yecTBEHHbIH OTBeT Ha ATOT Bompoc. llazaomyio BOAHY MOKHO
npeacrasutbh B Buae pasioxmenus (Dypne, B xoTopom kaxkzas
MOHOXpOMAaTHYecKasi KOMMOHeHTa o0Aazaer onpegereHHoOd
amnautyzol. JlelicTeMe mpusMbl 3aKAlOuUaeTCH B pasgeAeHHH
9THX MOHOXPOMATHUYECKHUX KOMIIOHEHT 6e3 H3MeHeHHs HX aM-
NAMTYabl. JHeprus ke lajalollero Ha MPU3MYy CBeTa Ha Bbi-
Xole Pa3sleAsieTcs MeXAy PAa3sAMUHBIMH BBIXOASIIUMH MOHO-
XPOMATHUYECKUMH My4YyKaMH MPOMNOPLHOHAABHO KBaZpaTaM 3THX
aMIAMTY/J, T. €. HHTEHCHBHOCTSIM pPa3AMYHBIX  KOMIIOHEHT
Mypve. Moxuo mosToMy ckasaTb: BepPOATHOCTb, YTO (OTOH,
HpolAs uepes INpusMy, OyzeT WMeTb ONpeZeAeHHYHO dYa-
CTOTY, MPOMOPLUHOHAAbHA NMAaPUHAAbHOH HMHTEHCHBHOCTH, COOT-
BeTCTByIOIIell aToH wactore B pasio:xkenun (Dyprne nagarower
CBETOBOH BOAHBI. JTO paccy:seHue, IepeBeZeHHOe Ha S3bIX
BOAHOBOH MeXaHHKU M COOTBETCTBYHINHM ob6pazom o06061eH-
HO€, TMO3BOASIET MOHSTb NPOMCXOMJAeHHe OOIIEeH TEOPHH BePO-
SITHOCTHOH TPAKTOBKH KBaHTOBOM MEXaHHKH.

Hogas mexanuka craBuatT B COOTBETCTBHe KaKAOH MeXaHH-
4yeCKOH BeAHYMHe HEKHH OIepaTop, KOTOPbIH MOXKHO IOCTPOUTH
BO BceX cAyuasx. Bce omepaTophl, 0 KOTOPbIX HAET peyb, OT-
HOCATCHA K KAACCY AHHeHHDBIX 3pMHTOBCKHX onepaTopoB. Mate-
MaTHuecKasi TeopHsi COOCTBEHHbIX 3HAaYeHHH MO3BOAJET IOCTa-
BUTb B COOTBETCTBHEe DTHM OlNepaTopaM cOOCTBeHHble 3HaueHHs
1 cobcrBennbie QyHkuuu. IlockoAbky 9TH omepaTopbl 3PMH-
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TOBCKHE, cobcTBeHHDble 3HAYEHHs HX 6yﬂ,yT ﬂeﬁCTBHTeAbeIM!'l
YHUCAAMH, oépasyror.gumx HeNnpepblIBHYO, ZUCKPETHYIO HAH CMe~
HIaHHYIO IMTOCA€JO0BaTEABHOCTD, KOoTOopas Ha3bIBaeTCs
CIIEKTPOM 3TOro omnepartopa.

Co6cTBennble GyHkuuH 06pasyIoT, Mo KpaiiHel mepe B 06-
IIeM cAydae, NMOAHbIA Ha60p OPTOrOHAAbHBIX (YHKUHH, T. e.
KakoH 6bl HU 6bira Ax0Gast HellpepbiBHAs (pyHKLHS, ee MO2KHO
PaBAOMHUTDb B pAA HO 3TuM cobcTBenubiM pyHkuuam. C atumu
CBOHCTBAMM COGCTBEHHDIX ()YHKUHH M COBCTBEHHbIX 3HauyeHHI
Mbl y:e BCTped4aAMCb, KOrZa TOBOPHAM O COGCTBEHbIX 3Haue-
HHAX H COGCTBEHHbIX (QYHKUMAX oNepaTopa | aMuAbTOHa B
HMIpeIMHIePOBCKOM MeToJe XBaHToBaHH#A. B aTom meroge mpea-
MOAAraAOCh, YTO AMIIb HEKOTOPble 3HA4YeHHMs dHEPTHH KBAHTO-
BaHHON CHCTEeMbl ABASIOTCS COOCTBEHHBIMM 3HaueHHSMH oOlle-
patopa [ aMuAbTOHa, KOTOPbIA COOTBETCTBYeT ee BHEPTHH.
O6061mas aty uzewo, obuias BepOATHOCTHAS TeOPHA BOAHOBO(
MeXaHHKH BbIZBUraeT CAEJYIOLIHH MePBbI OCHOBHOH MOCTY-
AAT, KOTOPBIH MO:HO Ha3BaTb MPUHIIMIIOM KBaHTOBaHH:
TOYHOEe H3MepeHHe KaKoM-Au(0 MeXAHWYECKOH BeAHUHHBI MO-
KeT ZaTb B KauecTBe BHAYCHHES 5TOM BEAMUYMHBI AHHLIb OJHO H3
CO6CTBEHHDbIX 3HAUEHHH COOTEBETCTRYIOLEETO ONMEPATOPA.

B xaxzom cAydae 3TOT NMOCTyAaT (PUKCHPYET BO3MOKHBIE’
SHaueHHsA MexaHHdeckoi BeAuunHbl. OueBHAHO, ero HyKHO ZO-
MOAHHTb BTOPbIM IMOCTYAAaTOM, FOBOPSLIHM O TOM, KaKOBBI Be-
QOSAATHOCTH H3MepPEHHs PAa3BAHYHBIX 3HaueHWH HEKOTOPDBIX
BeAHMUMH JAsi 4YacTHLbl, HayaAbHOe COCTOsSIHHE KOTOPOH JO
H3MepeHHs H3BECTHO, T. €. KAKOBA BEPOSTHOCTb MOAYYHTb BO3-
MO2(Hble 3HAYEeHHUS DTUX BEAHYHH B pe3yAbTaTe H3MepeHHUS.
B BoAHOBOl MexaHHke HauaAbHOe COCTOSTHHe YacTHLbI, H3BECT-
HOe X0 H3MepeHHMs, H306pa:kaeTcs ompegeAeHHOH BOAHOBOH
¢ynxuueit. ATo u ectp ¥-BoAH2, KOTOpas BO3MYLIAeTCS H3Me-
puTeAbHBIM NpubopoM. AHaAorMs ¢ pasAoKeHHeM CIIEKTpa
NMPU3MOH IMOJCKA3bIBAET, KAKUM JOA2keH ObITb BTOPOH NOCTY-
arat. Jedicreureabno, W-BoAmy MoikHO pasrokUTD B psj IO
Co6CTBeHHbIM (DYHKLHAM, COOTBETCTBYIOIIHM H3MepseMoH (u-
suueckod BeanunHe. CoBepllleHHO eCTECTBEHHO MPEAMOAONKHTD,
4YTO KBaZpaThl AMIAKTYJ, KOMIIOHEHT 9TOr0 CIEKTPaAbHOTO pas-
AOKEHHS CAYKAT MEPOH OTHOCHTEAbHbIX BEPOATHOCTEH pasAHy~
HbIX JONMycTHMbIX 3Hauenuii. MTak, MoxkHO copMyAHpOBaTbH
BTOPO# (PyHZaMeHTaAbHDLI MOCTyAaT, 0606LIEHHDbIH IPHHIIMII
CNIEKTPAAbBHOTO Pa3AOKEHHsS: BEPOATHOCTH PASAMYHBIX BO3-
MOZKHBIX 3HAYEHHH HEKOTOPOH MEXaHM4YeCKOH BeAHUMHBI, Xa-
pakTepusyoweii uacTany, BoAHas V-pynxuma koropoii mus-
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BeCTHA, NPONOPIMOHAABHDI KBAZPAaTaM | aMIOAMTYZ COOTBETCT-
BYIOIIMX KOMHOHEHT CHEKTPAAbHOrO PasAO:KeHMA ¥ -hyHKIUM
no co6CcTBeHHDIM (PYHKHHAM PACCMATPHBAEMON BeAHYHHDI.

CoBepuieHHO OuUEBHAHO, YTO METOA CIHEKTPAABHOrO PAa3AO-
xeHus DopHa, KoTopblil MpuMeHAeTcs K KBaHTOBAHHIO CIELH-
aAbPHOM MeXaHHYECKOH BEAHYMHBl — DHEPTHH — eCTb YacCTHbIH
CAy4YaH 3TOro BTOPOro NMPUHLHIIA.

[opasao menee oueBHAHO, YTO yike yHOMHHABIIMHACS IPHH~
LU HHTeP(depeHITHN—TOo2e YaCTHbIH CAy4al 3TOTO MPHHIUIA
Ogznako paccy:zaenus, KoTopble HeAb3s 3/1eChb MPHBOAUTD, 1O~
Ka3blBalOT, YTO, NMPHUMeHsAst 0606IeHHbIH MPHUHLKI CIIEKTPaAb-
HOTO pasAOKeHHs K APYroH CHeUHAaAbHOM MeXaHUYECKOH BEAH-
YHHe — KOOPAHHAaTe YaCTULIbl, — MbI MOAYYHM IPHHLHUI HHTEP-
(Qepenunn. Takum o6pasom, o6a NPUHLHNA, KOTOPble Mbl
BBEAH B OJHOH M3 IPEABIAYLWIHX FAAB AAS TOTo, 4yTO6bI MPH-~
CTYNUTb K (PMBHYECKOH HHTepPNpeTallHN BOAHOBOH MeXaHHKH,
OKa3bIBAIOTCA YACTHBIMH CAYYasiMH BTOPOTO (yHAAaMeHTaAb-
HOTO NMoCTyAaTa o61eH TeOpUH.

JBa aTux mocTyAaTa, BBezeHHble B HACTOALIEM Pa3AEAE,
NPeACTaBASIOT, CA€L0BATEAbBHO, ZOCTATOYHYIO OCHOBY ZAS MOA-
HOH M sICHOH BEPOSITHOCTHOH MHTEPHPETALlMM HOBOH MeXaHHKH.
BosuukaroT, oueBugHO, elle MeAKre JOMOAHUTEAbHbIE BOMPOCDI:
4YTOObI TOAYYHTb 3HauyeHHs BepOATHOCTeH B aGCOAIOTHOH Mepe,
Heo6X0ZUMO HOPMHPOBAaTb cobOCTBeHHble (QYHKUHH H
W.pyHkuuo; uTobbl yuecTb BbIPOXJEHHblE CAydYaH, KOTZA
HMEIOTCSI MHOFOKpaTHble CcOGCTBEHHBIE 3HaueHHs, Heo6X0ZHUMO
PacIIUPHTb POPMYAHPOBKY BToporo nputuuna u 1. 4. Oznako
ato gerain. OcHoBbl e TeOpHH CHPOPMYAHPOBAHBI B AOTHYeE-
CKH YAOBAETBOPHTEABHOH (POPME.

Terepb Mbl XOTHM MPELYNPEJHTb BO3pa:keHHe, KOTOPOe
MOXKET BOBHHUKHYTb y MHOTHX UYHTAaTeAeH INpPHU UTEHHH 3ITOTO
pasjera: He OKa3blBaeTCs AY DTa BEPOSITHOCTHAas HHTepIIpeTa-
UK HOBOH MEeXaHMKH, XOTsl M OyeHb KpacHBas W O4YeHb sICHAs,
HEeCKOAbBKO TIPOH3BOAbHOH? 3aueM Hy:KHbl INOHSATHS, CTOAb
CAO:KHbBIE M CTOAb NPOTHBOPEYalllie MPUBbHIYHBIM MpejcTaBAe-
HUAM KAaccuueckoil mexanuku? OxaspiBaeTcs, 4TO BepoOsATHO-
CTHas HHTepIpeTalusi 3TO eJHHCTBeHHas BO3MOXKHas Ha ce-
roAHAWHKE ZeHb. DTO O3HAYaeT, YTO CErOAHs OHA OJZHA IMO3BO-
AsieT 0ObACHHTD B paMKaX BOAHOBOH MeXaHHKH BCe KBaHTOBbIE
ABAEHHS, KOTopble HabAIOnalOTCA dKciepumeHTarbHo. Hu ozna
U3 MOMDbITOK, CAEAAHHBIX B AIOOBIX APYTMX HanpaBAeHHAX, He

! Tousee xkBazpaTaM MOAYAS
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npuBera K ycrexy. ABTOpY ZaHHOH KHMIHM 3TO H3BECTHO AyY-
nre, ueM KoMy-AH60 Zpyromy, 6o OH caMm INpezNpHHUMAA IO~
MbITKH TaKoOro poja, KOTOpble eMy B KOHLe KOHLOB HMPHIIAOCD
OCTaBHUTb HM3-3a BO3BHHUKLIMX HENPEOJZOAUMDBIX TPYZAHOCTEH.

Hrak, momxHo ckaszaTb, uTo BBelZeHHble Bhbillle (PyHAaMeH-
TaAbHble IIOCTYAAQTbl ONPaBJaHbl TEM, UTO Ha UX OCHOBe MOXKHO
MOCTPOUTb MOCAEZOBATEABHYIO TEOPHIO, COTAACYIOLIYIOCA CO
BCEMH 3KCIIePUMEHTAAbHBIMH  (aKTaMH, U HeBO3MOKHO IIO-
CTPOHTb HHKAKOH JPYrod TeopHH, obrajaroiled TaKHMH 2xKe
cBoilcTBaMH. 1aKOBO MOAOMEHHE CO BCeMH (DPHIHUECKHMH TEO-
pUAMH, H60 B OCHOBe AIOGOH (PH3HYECKOH TEOPHH AexKaT IPO-
H3BOAbHDbIE TOCTYAATbl, U YCIIeX HX B TOM HMEHHO H B3aKAK-
yaeTcs, YTO HX NPHMeHeHHe NPaBHAbHO ONIichiBaeT Habarogae-
Mble SIBAEHMSI.

Huzxe mbr cTporo ycranosuwm ravGokoe pasAHude MexAY
BepPOSATHOCTHOU HHTepPIpeTaylell HOBOW MEXaHMKH W KAaccHue-
CKHMH TEOpPHAMH. 3Jecb ke OTpaHHUUYUMCA yKa3aHHEM, 4UTO
H3yUeHHble B HACTOALUEM paszeAe MPUHUHILI B 6oree abeTpak-
HOU M Jaxe 6oree 06Iel (opMe MoJ UMeHeM TeopHH mpeobpa-
30BaHHH AerAH B ocHoBy pabor Jupaxa u Mopaana.

2. CoorHomenne HeompexeaeHHOCTeH

(Ousuueckas HHTepHpeTalus HOBOH MeXaHUKH BeJeT K
O4YeHb MHTEPECHDIM M BazKHbIM CAEJCTBHSM, Ha KOTOpble DRep-
Bble 06paTuA BHUMaHHe | eiizenGepr. MaTemaTHuecku onu Bbl-
paxaloTCcsl HepaBEeHCTBAMH, H3BECTHbIMH CEroZHs MoJ Hassa-
HHEM COOTHOLIEHHH HeonpeaeAeHHOCTH. [efizen6epr BbiBeA
5T¥ HepaBeHCTBa W3 HEKOMMYTATHBHOCTH BEAMYMH B CBOCil
HOBOH KBaHTOBOH MexaHHKe. YTO6bl MOACHHUTb HX CMbICA, 6y-
A€M YICXOZHUTb U3 IPeICTAaBAEHHS, KOTOPOe JAeT HAM BOAHO-
Basi Mexanuka. [loxaxeM, uTo >TH cooTHoweHus — menadexi-
HOe CAeJCTBHe ONHMCAaHHOH (PWBHYECKOH HHTEPHpeTallMH BOA-
HOBOH MEXaHHUKH, €CAH HPEAINOAOKHTb, 4YTO CCCTOAHHE Ha-
cTulpl Bcerga usobpazxkaerca Y-soanoil.

[Ipexsae Bcero paccMoTpuM MAOCKYI0O MOHOXPOMATHHECKYIO
BOAHy, omucbiBaloulylo cBoboaHyio uactuuy. Mpbi sHaeM, 4To
TOH BOAHE COOTBETCTBYET BIIOAHE OIpeZeAelllioe COCTOsHHE
ABH2KEHHs, B JAHHOM CAyuae ONpejeAeHHOe 3HauyeHHe BeK-
Topa umnyaoca. Mmenno 1o mur umeem B EHAY, KOrZa roBo-
PHUM, YTO paccMaTPHBAEMoOe COCTOsIHHe eCTh COGCTBEHHOe CO-
CTOsIHHe ONepaTopa MMIYAbCA, HAM UHCTOe COCTOsHHe JBHie-
HHSl C ONpejeAeHHbIM HMIYAbCOM M, BHAYMT, TaKe dHeprHeH.
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Ho naockas monoxpomatHueckas BoAHa BCIOZY HMeeT MOCTOSH
Hyto amnautyay. [losTomy us npunpuna mnTepepenunn cae-
AyeT, 4TO IOAOMeHHe YaCTHLbI COBEPHIEHHO HeoNpeJeAeHHO,
T. e. HaHTH YacTHLY B AIOGOH TOuUKe MPOCTPAHCTBA MOKHO C
ozHHaKoBoH BeposTHocTbio. MTak, Mpl yTBepazaeM, uto moa-
Hasil OMpPejeAeHHOCTb COCTOMAHHUSA JABHUMKEHUS UaCTH-
Ibl 03HAayaeT COTAACHO MPHHUMNAM HOBOH MeXaHHKH CO-
BepIIEHHYIO HeollpeJeAeHHOCTb €€ MNOAO2EeHHsA B I po-
ctpanctBe. Koneuno, cayuait, koraa co cBoboaHoii ua-
cTHLeH CBsAi3aHa [AOCKasi M MOHOXpOMaTHyeckas W -BOAHa.
coBepuieHHO ocobpiii. B o6wem cayuae W-poaubr 6yayt obpa-
30BBIBATD  BOAHOBOH IaKeT — CyNEePHO3HUHIO HEKOTOPOI"
YHCAQ NAOCKMX MOHOXPOMATHYECKHX BOAH. ODTOT BOAHOBOM
MaKeT MOMHO AOKaAH30BaTb B OrpaHUYEHHOH o6AACTH TPO-
cTpaHcTBa. lakum 06pas3oM, MOAO:eHHe YacTHUbI 6yzeT oIl
pejeneHO Aydiue, oHa o6s3aTeAbHO OyzeT HaXoAHTbcsA B oOAa-
CTH, 3aHATOH BOAHOBBIM TNaKeTOM, eJHHCTBeHHOH o06AacTH,
rZe aMIAMTYZa OTAMYHA OT HYASA.

Ilpu aTOM MbI CTOAKHEMCS C HHTepeCcHbIM CBOHCTBOM MaTe-
MaTH4eCKOTO MpeACTaBAeHHsI BOAHOBOTO TaKeTa B BHJIe HHTe-
rpara Myppoe. Ono 3akrlouaeTCa B TOM, UTO yeM MeHblle pas-
Mepbl BOAHOBOfO TlaKeTa, TeM ILIMpe CIEeKTPaAbHbIH HHTEpBaA,
KOTOPBIH 3aHMMalOT KoMnoHeHTh! pasioxkenus MDypre. Kpatxo
STOT BbBIBOJ MOKHO C(OPMYAUPOBATb TaK: YeM MeHbIle Pa3-
Mepbl BOAHOBOTO MaKeTa, TeM ZaAbllle OH OT MOHOXPOMAaTHY-
HocTH. |akuM o06pasoM, eCAH 06paTUTbCA K MNPUHLHIAM
MHTeppEePeHUUH U CIIeKTPAADHOTO pPa3AOMEHHs, CTaHOBHTCA
OYeBHIHbIM, YTO COCTOsIHHE JBH:KEHHS 4YacCTHLbl TeM O6oAee
HeollpeZleAeHHO, YeM Ayullle ONpeJeAeHO ee MOAO:KEHHe B MPO-
crpanctBe. CKoAbKO Mbl TpHO6peTaeM B OZHOM, CTOABKO Te-
psiem B gpyrom. Hakonen, o6patumcsa k apyromy npeaerbHoMy
CAy4alo, TPOTHBOMOAOZKHOMY TAOCKOH MOHOXPOMAaTHYECKOH
BoAHe. Jlas  aToro mpeacraBum cebe BOAHOBOH makeT
Y.pyukuuu 6eckoneuHo Maroro pasmepa. [loroxenue wacTuier
MPU DTOM H3BECTHO TOYHO: Mbl HMeeM 3JeCb eAO C UYHCTbIM
cocTosiHHeM c ompeaereHHOil koopzunatoil. Ho B sTom mpe-
ZeAbHOM CAyuyae BOAHOBOH MaKeT MO:KHO IPEJCTABHTD TOABKO
unrerparoMm Dypve Mo BceBO3MOKHBIM TMAOCKHM MOHOXpPOMa-~
THYECKHM BOAHAM, M, MCXOAs M3 HAlIMX (PyHAAMEHTAAbHDIX
HPHUHLIHMIOB, Mbl JOAXHbI CKa3aTb, YTO COCTOSIHHe JBHKEHH
COBepIIeHHO HeolpeaeAeHHO.

Takum 06pasoM, TouHoe 3HaHHe MOAOMKEHHSI O3HAUAET IOA-
Hoe HesHaHHe cocrosuus apuamenusi. O6WIHEA BBIBOA BaKAlO-
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JaeTcs B TOM, 4TO (yHAAMeHTAaAbHble IPUHILHIIBI, IOAOKEHHDIE
B OCHOBY (QU3HYECKOH HHTePNpeTalMH BOAHOBOH MeXaHHKH,
BMeCTe C METOAOM IpejCTaBAeHHsi BOAHOBOro IlakeTa B BHJE
CyNeprno3HIHH MOHOXPOMATAYECKMX BOAH O03HA4YalOT HeBO3-
MO2KHOCTb CTPOTO B OJZHH WU TOT Ke MOMEHT BpPeMeHH ollpe-
ZEAHTb MOAOXKEHHe U COCTOSHHe JBH:KEHHS YacCTHUbI.

Toabko uTo Mbl onmcaAM, MpaBja, cKopee B KauecTBEHHOH
(opMe, MyTb, KOTOPBIH MO3BOASIET Aerde MOHATb IPUYHHDL,
npusegmue | efisen6epra K COOTHOLIEHHSAM HeOMpejeAeHHO-
ctu. B 6oaee cTporoii gopme 3TH e paccyxkAeHHs MO3BOAS-
10T CQOPMYAHPOBATDb CACAYIOWHH Pe3YAbTAT: NPOH3BEJeHHe He-
ONpeJeAEHHOCTH B 3HayeHHH KOOPJHMHATHI HAa HeompejeAeH~
HOCTb B 3HAYeHMH COOTBETCTBYIOIeH KOMHOHEHTbI HMHYAbCA
BCErjla He MeHbIlle, MeM BeAMUHHa mopaaka mocrosauHoii IIaan-
ka h. Takum o6pasom, MOAYualOTCS HEKOTOpble HEPaBEHCTBA.
Onu nokasbiBaloT, YTO KOOPAMHATBI YaCTHIbI H COOTBETCTBYIO-
Ilefl KOMIOHEHTbl MMIYAbCa He MOTYT ObITb TOYHO H3BECTHBI
B OZWH U TOT K€ MOMEHT BpPEMEHH, H UTO, ECAH HeollpeZeAeH-
HOCTb OJHOM H3 JBYX COIPSKEHHbIX BEAHYHH OuYeHb MaAa,
TO HelMpPeMeHHO HeoNpeJeAeHHOCTb JAPYyroi — oueHb BeAHKa.

Eme pas noguepkseM, YTO COOTHOIIEHHS HeolpeeAeH-
HOCTH — Heus6exHOe CAeJCTBHE, C OJHOH CTOPOHDBI, BO3MONK-~
HOCTH CONOCTAaBUTb 4YaCTHLEe HEKOTOPYIO BOAHY, C APYrod —-
06IIHX TPUHLHIOB BepOATHOCTHOH uHTepnperauuu. OzHako
BMeCTe C TeM Heo6X0ZWMO yKasaTb, YTO HH OJHO H3MepeHHE
HUKOTZa He MOKET ZaTh 3Ha4YeHHH MOAO:KEHHS W HMIyAbca Ha-
cTULDb! ¢ 6OAbIIEd TOYHOCTbIO, YEM 3TO MO3BOASIOT COOTHOIIE-
nus Heonpegenrennoctu. He 6yab atoro, 6viao 661 HEBOBMOKHO
(u 3To MoxkHO JOKa3aTb) BCerja COMOCTaBHTb YACTHLE OIpe-
aereHHyI0 BoAHY. |eilisen6epr u bop nposeau crporuii u ray-
60KHH aHaAM3 IpolLecca H3MepeHHs K NOKAa3aAM, YTO HH OJHO
H3MepeHHe He MOXKeT JaTh pPe3yAbTaTOB, MPOTHBOpPeyalllHX
cooTHolleHusAM HeonpeaeAennoctH. M aTo, kak Mbl BugUM, 06y-
CAOBAEHO ABYMs TNPHYMHAMH, OYEBHAHO, CBsBAHHbIMH MeXKZAY
cobol: cyliecTBOBaHHEM KBaHTa JAEACTB¥sA, C OZHOH CTOPOHBI,
H ZHUCKPETHOH NPHPOZOH BewleCTBa M H3AYYEHHs, C APYroH.

Yt06b1 MOHATD, MOUEMy 3KRCIIEPHMEHT He MO:KeT AaTb GOADb-
IIeH TOYHOCTH, YeM IO3BOASIIOT COOTHOLIEHHSA HeolpeJeAeH-
HOCTH, TPEeJNOAOXKHM, UTO Mbl MbITaeMCsi TOYHO OIPeJeAHTb
nmoAo:keHHe yacTHUIbI B mpoctpaHcTse. Camblit ToHKHH crocob
HcCAeZOoBaTb IMPOCTPAHCTBO B IpejeAax OyeHb MaAbIX pasMe-
POB, KOTOPDbIH HMeeTCs B HallleM Paclops:KeHHH, dTO KOPOTKO-
BOAHOBOE M3AYUEHHeE.

177



AroT MeToa, Topaszo 6oree TOuHbIH, ueM AO6OH MexaH-
YeCKHH MeTOJ, MO3BOAfIeT PAa3AHYHTb B IMPOCTPAHCTBe [Be
TOYKH, PAcCTOAHHE MexJy KOTOPbIMH MOPSiAKa AAHHbI BOAHbBI.
YUro6bl TOuHee oMpeseAMTb KOOPAMHATY UYACTHIbI, HAM HYHHO
B3fTb JAHHY BOAHbI M3BAYYEHHS TeM KOPOUE, 4yeM C 6OAbIIeH
TOYHOCTbIO Heo6X0AHMMO 3HaTb KoopaunaTy. Ho zzecp B BHZS
KBaHTa H3AYYEHHsS MPOABASETCSA CYLIECTBOBaHHe KBaHTa JeH-
crBus. Uem 60Abllle Mbl ymeHbHIaeM JAAMHY BOAHBI HAlLEro
HW3Ay4YeHHs, TeM OOAblle YBeAHMUHMBAaeM €ro 4acTOTY, a CAEJO-
BaTeAbHO, DHEPTHI0 €ro (POTOHOB. Y BeAMUYHMBAETCS IPH ITOM
H HUMIIyAbC, KOTOPbIH 3TH (JOTOHBI MOTYT MepeaaTb HCCAezye-
moit uactuue. Miamepureabnprit e npubop, mpucnoco6AeHHbIH
AAsl TOYHOTO OlNpejeAeHHs] KOOPAWHAThl 4YAaCTHLbI, OCTABASET
Hac B IIOAHOM HeBeJeHHH OTHOCUTEAbHO 3HAuyeHHS ee HM-
IyAbca B Mpolecce H3MepeHHS.

Takum o6pasom, koHEUHOE COCTOSIHHE JABMEHMS YaCTHIIbI,
TMOAy4YeHHOe MoCcAe H3MepeHHUs, 6yzeT TeM 6oaee HeollpeZereH-
HbIM, yeM 6oAee TOUHO H3MePEHO ee MOAOKeHHe B MPOCTPaH-
crBe. Broipakas koauuecTBeHHO TpoBeZeHHOE pacCy:KaeHHe, Mbl
CHOBa TOAYYHM COOTHOUleHHe HeollpeaereHHocTH. C zgpyroi
CTOPOHDBI, MpejcTaBUM cebe DKCIEPUMEHT, HMEIOLHH LEeAbiO
TOYHOE OlNpejeAeHHe COCTOSAHHUS JBHKEHHS: HallpHUMep, H3Me-
peHHe CKOPOCTH 3AEKTPOHA MO2KHO NPOBECTH, H3yuas d(PPeKT
Jonnaepa npu pacceanum ceera. Mol onaTp npugeM K 3aKAIO-
YeHHIO, YTO YeM TOYHee NMPHGOP oNpeleArsieT COCTOSIHHE JBH2e-
HHUA yacTHUbI, TeM 6onee HeollpeleAreHHbIM OyzeT ee MOAO:Ke-
nue. CooTHoLIeHHsI HeONMpegeAeHHOCTH OKa3bIBAIOTCHA MaTeMa-
THYECKHM BblpakeHHeM 3Toro obcrosTerbcTBa. Mbl He MoxeM
NPHBOAUTb 3Jecb NMoAPOOGHO MHOTOYHCAEHHble NpHMepbl, AaH-
uble Bopowm, [efizenGeprom u zpyrumu, nbo aAas aToro morpe-
60oBaAKCD 6bl rpadUKU U POPMYABL. JTH IpHMepbl BIIOAHE y6e-
AHTEeAbHDbI, H cerojHs OGOABLIMHCTBO (PU3BHKOB, IO-BHIHUMOMY,
COTAACHO JONYCKaTb, YTO HEBO3MOXKHO ITOCTPOUTb H3MepPH-
TeAbHbIH NPH60p, KOTOPbIH MO3BOAHA Obl HapyUIUTb OrpPaHH-
UeHHs, HaKAaJblBaeMble HepaBeHcTBaMu | efisen6epra.

[lpexsae uem mepeiiTu Kk M3yueHHIO HEKOTOPBIX (HAOCOP-
CKHX aCMeKTOB PEe3yAbTATOB, MOAYYEHHBIX B IMOCAeJHHX ABYX
pasjenrax. Ham Obl XOTEAOCbh MOKa3aTb, MOYEMY COOTHOIUEHHS
HeollpeZleAeHHOCTH M BooOlie o6IilKe MPUHLHUNBI BePOATHOCT-
HOH MHTepHpeTaliuy, IpUBejeHHble Bblllle, He  IPOTHBOPeE-
YaT TBePAO YCTaHOBAEGHHbIM BbIBOJZaM CTapod MeXaHWKH, a,
Hao60poOT, MO3BOASIOT pacCMaTPHBATh MX KaK NepBhle NMPUOAH-
KeHHs.
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%) 1
3. ComocTaBAende co cTapoli MeXaHHKOH

Yixe na sape pasBuTHs KBaHTOBOH TeopHH 6bIAO OUEBHUAHO;
4TO KAACCUYeCKast MeXaHHKa He MOxeT 6bITb CTPOro MPaBHAb-
Hoii. [1puuunoii aToro 6piro camo cymecTBOBaHMe KBaHTa e~
creus. MapMu croBamu. ecam 6b1 mocrosuuas [Iramka 6bina
paBHa HYAIO, KAaCCHUecKas MeXaHHKa 6biaa 6bl crporoit. [lo-
BCIOZY B CTapoH KBAaHTOBOH TEOPHH, OT NMAAHKOBCKOH TEOPHH
H3AYUYeHHs YepHOTO TeAa A0 MOCAeAHHX paspaborok ugeit Bopa
u Sommepderbsa, Mbl o6HapyaHMBaeM, 4TO KBaHTOBble (op-
MyAbl TepPeXOAAT B KAACCHYECKHE, eCAH BeAHYHHy [l ycTpe-
MHTb K HYAO.

OTa @yHIaMeHTaAbHas HJes CHOBa MOATBEPMAAETCA B HO-
Boi mexanuke. C ToukM 3peHHs KBaHTOBOH MeXaHHKH Bce pas3-
AMYHS MeXKJAYy CTapOH M HOBOH MeXaHHKOH BO3HHUKAIOT U3 He-
KOMMYTATHBHOCTH MAaTpPML, COOTBETCTBYIOIUHX Ka:KJOH H3
KOOPAMHAT, C MaTPHLUAaMH, OTBEYAIOLIUMH COMPSKEHHbIM IO
AarpaH:y uMnyabcam, npHdeM PasHOCTb MepPecTaBAEHHbIX PO~
M3BeJeHUH 3THX MaTpHL, NpPoNopUHOHAaAbHasA H, ucyesaer, ec-
AM BeAMuHHY F MoroHTb paBHOH HyAto. Ecam mbr mpegmou-
TeM TOYKY 3pEHHs] BOAHOBOH MEXaHHMKH, TO 3aMEeTHM, 4TO
aruna Y-poannl, nponopuuonarbHas H, obpamaerca B HYAb,
korga h wucuesaer. Ho nmpu sTom Bcerga oxasbiBaercs crpa-
BeAAHBOH reoMeTpHYecKasi ONTHKa, H60 Aerko BUJAETb, YTO Me-
TOAbl TEOMETPHYECKOH ONTHKH MOXKHO MPHUMEHATb BO BCeX
CAydasix, KOTZa AAHHa BOAHBI 6eckoHeyHo MaAa. [loaTomy, xor-
za b cTpemurca k uyalo, ypaBHeHue pacnpocTpaHeHus V-poa-
Hbl BCerjga MO:KHO 3aMEHHTb YpaBHEHHEM reOMeTPHUYECKOH Oll-
THKH, T. €. ypaBHeHHeM SIko6mH. Taxum o6pasoM, HOBasg H CTa-
pasi MexaHHKa aCUMIITOTHYECKH COBMAaJaloT.

Nerko ToHATb, MoYeMy KAaccHYeckass MeXaHHMKa MPAaKTH-
YeCKM BCerja oCTaeTcsl ClipaBeJAHMBOH, KOTZa Mbl HMEEM JAEAO
C MaKpPOCKOMHYeCKHMH siBAeHHAMH. [lo cymecTBy aTH sBAeHUS
OMNHUCBHIBAIOTCHA CTOAb GOADLIUMH 3HAYEHHSIMH (DH3HYECKHX Be-
AHYHH, YTO KBAaHTOM JEHCTBYS MOXKHO INPH 3TOM COBePIIEHHO
npeHe6peub, U €ro BAHSIHHe IOAHOCTbIO MaCKUPYETCS HeH3~-
6exKHbIM HeJOCTaTKOM TOUHOCTH (PUBHYECKHX H3MepeHHH. JTO
AErKO YSACHHUTb Ha YHCAEHHDbIX NPHMepax M MOKa3aTb, CKazkeM,
4TO ZAs TOro, uTO6bI MOATBEPAUTH HepaBeHCTBo | eilizenbepra
A MapHKa BeCOM B OJHY JeCATYI0 MHAAHTpaMma (upesBbl-
4aiHO 6AaTONMPUATHbIH CAyual BBHAY HeOOGbIYaHHOH AETKOCTH
mapuKa), 6bIA0 6bI HEO6XOAHMMO, Jaxie eCAH CKOPOCTh H3BECT-
Ha C TOYHOCTbBIO JO OZHOrO MHUAAHMETpPA B CEKYHAY, U3MEPHTD
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flonoZeHHe ero LeHTpa TAxeCTH ¢ TOYHOCTbIO, He MeHblueid
uyem 1072 cantumerpa! Utobbr elme Aydie moHATh Kak AOCTH-
Faercs COOTBETCTBHE MeXNAy CTapOH M HOBOH MeXaHHUKOH,
paccMOTPUM 6Oree NOAPOOHO OAMH HaCTHBIH cAydail.

[Tpeanoroxsum, uto Mbl usyuaeM KpynHoMacmTabGHOe JBM-
’KeHHe dYacTHLbl, HalPHMep JBH:KeHHe DAEKTPOHA B MATHHUT-
HoM more. Mpr 3HaemM, u4TO Takoe JBHM<eHHe MOXSHO
TOYHO ONHCaTb, UCXOAS U3 MPeACTABAEHMH KAACCHYECKOH
mexaHuku. Kak 3To coraacyercs c¢ coorTHomeHuaMH Heom-
peserenHoctu? Jlaa orTBera Ha 3TOT BONIpOC mMpemze BCEro
3aMeTHM, YTO B YCAOBHMAX 9TOTO MAaKPOCKOINHMYECKOTO DKCIIEPH-
MeHTa caMble MaAeHbKHe PAaCCTOSAHMA, KOTOPble Mbl MO2eM
HU3MePATb MPAMBIM CNOCcO60M, BO MHOrO pas 6oAblle JAAHHDI
BOAHDBI, COOTBETCTBYylOlleidl Hccreayemoi wuactume. Chrezosa-
TEAbHO, MO2eT CyIIeCTBOBAaTb BOAHOBOH IaKeT, pa3Mepbl KO-
TOPOTO MeHbllle TeX, YTO Mbl MO2eM MPSMO HU3MEPHTb, H KOTO-
pblii TeM He MeHee OyzerT 06pa30BaH BOAHAMH HOYTH OZHHA-
KOBOH JAHHBI.

Takum o6pasom, Toublii M XOPOWIO NPOBeJEHHbIH SKCIIE-
PUMEHT MO2KeT NO3BOAHUTDb, He BCTYNas B IPOTHBOPEYHE C COOT-
Homenusmu | eiisenbepra, 1pesCTaBHTb COCTOSAHHE YaCTHIIbI
MocAe W3MepeHHsI B BHJAEe HEKOEro BOAHOBOro MHakKeTa.
ITockoabky aTOT makeT NpakTH4YECKM AOKAAH30BAH B TOYKe
U NPaKTHYeCKH AASi HaC MOHOXPOMAaTHYeH, Mbl MOKEM B Ipe-
JeraX TOYHOCTH MaKPOCKONMYECKOr0 HSMePEHHs IOAYYHTD
CTPOTro oONpezeAeHHbIe MOAOMEHHe M ckopocTb yacTHubl. Kpo-
Me TOro, pyHZaMeHTaAbHDBIl Pe3YAbTAT, OAYUEHHDIH Ha CaMOH
3ape pPasBUTHA BOAHOBOH MeXaHHMKM, TAAQCHT, YTO TPyMHa
W.BoAH mepeMeliaeTcs CO CKOPOCTBIO, KOTOPYIO KAacCHYecKas
MeXaH¥Ka, MPHMHUCHIBAET COOTBETCTBYIOWIEH wacTHUe. | aKHM
o6pasoM, Hall KBA3UTOYEYHLIH BOAHOBOH IIaKeT [ BHFaeTCs B
TOYHOCTH KaK KAaCCHYeCKas YacTHLA H, TaK KaK COrAACHO MPHH-
LUy MHTeppepeHUHH pPeaibHass dYacTHLaA [OAKHA BCerjaa Ha-
XOAHUTbCA BHYTPH BOAHOBOTO IaKeTa, BCe IIPOMCXOJAHUT TaK,
6yATO pearbHas 4acTHLA NMOAYHHIETCS 3aKOHAM KAaCCHYECKOM
mexanuku. Kak BHgHO M3 3TOTO mpHMepa. AHLIb HEZOCTATOYHAT
TOYHOCTb HALIMX MAaKPOCKOUHYECKHX H3MePeHHH MacKHUpYyeT
KBaHTOByl0 HeompezerenHoctp. Flrak, oxasbiBaeTcss, Her
HMKaKUX Cepbe3HbIX TPYJZHOCTEH B COTAACOBaAaHMH HOBOH MeXa-
HUKH co cTapoii. K ToMy :ke kBaHTOBas (PU3HKA IOCTPOEHA
TaK, 4TO BKAIOYaeT KAACCHUECKyI0O (jU3BHKY B CBOM Goiee LIH-
poxue pamky. CHoBa, Kak BO BCeH HCTOPHH HayKH, IIporpecc
HUAeT TMyTeM TOCAeZOBATEAbHDLIX MPHOAMMEHUII K HCTHHe.
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4. Unaerepmunusm B HOBOil MexaHHKe

YpaBuenus kraccuueckodft MeXaHUKH IIeAHKOM H HOAHO-
CTbIO OlPeJeAAIOT JBHUKEHHE CHCTEMbl, eCAH B HauyaAbHbIH
MOMEHT BPeMeHH H3BECTHbl IIOAOKEHUA M COCTOSHHUA JBH-
AMeHUs KamKJAoH U3 ee dacTedl. |akuM 06pasoM, MOKHO IOA-
HOCTBIO TpPejCKasaTb KAACCHYECKOe JBHU2KEHHMe YacTHIIbI, eCAH
HU3BECTHBI ee NOAONEHHe H CKROPOCTb B HEKOTOPbIH HadyaAbHbIH
MOMEHT BpeMeHH. JTa BO3MOMKHOCTb CaMbIM HEYMOAHMbIM 06-
pasoM mpejckasaTb Oyzylilee MeXaHHUYECKOH CHCTEMbl, KOTZAa
HMEIOTCS JaHHble O ee COCTOSHHH B HEKOTOPbI MOMEHT Bpe-
MeHH, ompeJeArsieT JeTePMHHH3M KAACCHYECKOH MeXaHMKH.

[TopasureabHble ycrexu, AOCTHIHYTble 3TOH MeXaHHKOH,
0co6eHHO B 06AACTH MaTEMaTHYECKOH aCTPOHOMHHM, MPUBEAU
K TOMYy, 4TO BCe (DH3HMKH NBITAAMCb CO3JaBaTbh TEOPHH, KOTO-
pble Gbl Bcerza yZOBAETBOPSIAH YCAOBHA geTepMuHusma. Ma-
KPOCKONHYeCKHe SBAGHHA, H3yvyaBIIMeCHd HMH TOrJa, ObIAH
NOZYHHEHbl 3TOMY TPeGOBaHHIO, U BCA KAacCHYeCKas TeCPeTH-
yeckad (U3HMKA NOKOHTCS Ha AU(PQPepeHUHaAbHbIX ypaBHeHUAX
B TIOAHBIX HAH YacCTHBIX NPOM3BeJEHHSX, KOTOPble MO3BOAAIOT
CTPOTrO BBIYHCAHTb IBOAIOIHIO AIOGOH HPOM3BOAbHOH (H3HYE-
CKOH CHCTeMbI, HCXOJA5 U3 ONpeJeAeHHDbIX ZaHHbIX O ee HadaAb-
HoM coctoanuu. Jaxe B Tex obracTax (pu3UKH, IJe ObIAK BBe-
JeHbl BbIYHCAEHHS BEPOSTHOCTEH, BCerga IpPeAINOAAraAH, 4To
3AeMeHTapHble MPOIECChl CTPOTO JeTepMHHHUPOBAHbI H YTO
TOABKO OYeHb GOAbINOE YHCAO M 6eCNopPALOYHOCTb dAEMEHTap-
HbIX MPOLIECCOB, U3 KOTOPHIX COCTOAT HabAIOJZaeMble sIBAeHHS,
NMO3BOASIIOT 06PaTUTbCA K CTaTUCTHYECKHMM MeTOJaM W HOHsA-
THIO BepOATHOCTH. Doree MAM MeHee cO3HAaTeAbHO BHYTpPEH-
HUU AeTepMHHHU3M SBAEHHH NPUPOADbI, TPebyIoWUHi, YTOObl UX
MO2KHO 6BIAO TOAHOCTBIO IIpeJCKa3aTb, MO KpaHHeH Mepe B
NPUHLIMIE, CTaA 4eM-TO BpoJe HayuHo#i gormbi. Passurtve Ho-
BbIX KBAHTOBBIX TEOPHH a6GCOAIOTHO H3MEHUAO 3Ty CHTyaLHIoO.

MozxHo oTzaTh cebe OTueT B pasAHYHM, KOTOPOEe BO3HH-
KaeT B TOM CMbICAe, MexJy cTapoll M HOBoH MexaHuKoH. JlAs
3TOr0 3aMeTHM, 4TO DAEMEHTbl, OJHOBpeMeHHOe 3HaHHe KOTO-
PbIX B HayaAbHbIH MOMEHT BpeMeHH Heo6XOZHMO B KAacchdye-
CKOH MeXaHHKe, 4YTOObI CTPOro IpejCcKas’aTb 3IBOAIOLHIO CH-
CTeMbl, — 3TO KaK pa3 Te caMble, 0OJHOBPEMEHHOE oNpejeneHHE
KOTOPbIX HEBO3MO2KHO COTAACHO COOTHOLIEHHAM HeoIllpeJeAeH-
Hoctd. Jlasi Toro 4To6bI CTPOro pemIUTh KAAcCCHYECKHe ypaB-
HeHHUsl JBHKeHHsS CHCTeMbl, HeO6XOJZHMO 3HATb PACIOAOKEHHE
H COCTOSHHE ABHKEHHs ee YacTell B HEKOTOPbIH MOMEHT Bpe-
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menu. [Tockoabky Al06yio cucreMy MoxHO ¢ TOuKH 3peHHs
COBPEMEHHOH (DM3MKH, YUHTbIBAs NpPUBeJeHHble PacCy-
AeHHsl, CBeCTH K Ha6OPy YacCTHL, TO HYXKHO 3HAaTb KOOPZHHATBI
M cKOpPocTH (MAM HMIYAbCbI) PASAMUYHDBIX YaCTHI CHCTEMbI B
OZMH M TOT 2xe MOMeHT BpeMeHH. CylIHOCTD ke COOTHOIIeHHH
HeoNpeJeAeHHOCTH 3aKAIOYAETCA B TOM, YTO TOUHOE M OZHO-
BpeMeHHOe 3HaHHe THX BEAHUYHH HeBO3MOxHO. KoHeuHo, Be-
AMYHMHA IIOCTOAHHOH M, Heo6bIUHO MaAOH HO CPaBHEHHIO C Ha-
WHMH O6bIYHBIMH MacIITab6aMH, zeAraeT KBAaHTOBYIO HeOIpeje-
AEHHOCTb (PU3HYECKHX SBA€HHH OGBIYHBIX MacIITa6oB NpeHe-
6pexMMO MaAOH H JeTepMHHHU3M, TMO-BHAUMOMY, cTporuM. Oz-
HAaKO HMPH MHKPOCKONHYECKOM H3YUeHUH (PHBHYECKHX sSBAEHHH
HeolNpejeAeHHOCTb y:Ke 3HAUMTEAbHAa M ee JOCTATOYHO, YTOGDI
CAeAaTb COBePIIEHHO HEBOBMOXSHbIM ONHCAHHe XOZa COGBITHI
COTAQCHO TPe6OBaHUAM JeTePMHHH3Ma.

Hcuesnysmmii uau, no xpaiineii mepe, cHAbHO 0cAa6AeHHDIH
AeTePMHHH3BM B KBAaHTOBOH ()M3HKe 3aMeHAETCH BepPOSTHOCT-
ubiMH sakoHamu. OgHako ob6palleHHe K BePOATHOCTH HMeEET
3/lecb COBEPIIEHHO WHOe 3HauyeHHe, 4eM, CKaKeM, B CTaTHCTH-
4eckoH MeXxaHHKe. B KAacCHuecKMX TeOPHAX, IZe MOABAAIOTCA
BePOSTHOCTH, CUMTAIOT, YTO SAEMEHTapHble IIPOIECChl MOJYH-
HeHDL! CTPOTHUM 3aKOHaM. BeposATHOCTH BBOAHAHCH TaM ZAS OIH-
CaHHs sIBAEHUH KPYMHOTro MaciiTab6a, BKAIOYAIOUIMX OrPOMHOE
YHCAO DAEMEHTAapHbIX NPOLEeccoB. B KBaHTOBO# (u3HKe, Ha-
060pOT, BEPOATHOCTH MNPAMO BBOAATCA JAAS OIMCAHHA XOJa
JAeMeHTapHbIX MpoueccoB. UTo6bl Ayulle MOHATb MOCTAaHOBKY
BOMPOCa, MBI JOAXKHbBI OTYETAMBO IOKa3aTb, KaK HOBas MeXa-
HHKa ONHCbIBAaeT XOJ 3AeMeHTapHbIX IPOLECCOB C IIOMOIIbIO
BOAH.

Jrsi aTol neau paccmoTpum oany uactuny. Hamm paccyx-
JeHNS AerKo MOXKHO 0GO6IIUTh Ha CHCTEMY YaCTHL, BOCIIOAb-
30BaBIIMCb MeTOZOM, KOTOPbIH omuchbiBaeTcs B r'A. XII

3agaua TeopeTHuecKOH (PHBHKH 3aKAIOYAeTCA B TOM, UTOGHI,
3HasA pPe3yAbTaT ONPEJEeAeHHOro YHCAA HabGAIOZEHUH HAH dKC-
MepUMEHTOB, MPeACcKa3aTb PE3YAbTAT APYTHX HaOAIOJeHHUH UAH
NpPeACTOAIMX dKCIepUMeHTOB. B KAaccHueckoli MexaHUKe mpes-
foAaraeTcs, 4TO MOXKHO OJHOBPEMEHHO M3MEPHTb KOOPAHHATY
¥ CKOPOCTb YaCTHIIbl, a 3aTeM C MOMOIIbIO ypaBHEHUIN KAACCH-~
YeCKOW JHMHAMHUKHM B MPUHLMIE CTPOTO IpejcKasaTb PE3YAb-
TaTbl HabAIOZeHHH MAU M3MepeHHH, KOTopble 6YAYT MPOBEZEHD
¢ 9TOH uwacTHUell B 6oAee moszHHe MoMeHTbl Bpemenn. Hao6o-
POT, B HOBOH MeXaHHKe MbI BbIHY:KJEeHbl MpPeANOAaraTb HeBO3-
MO26HOCTb OJHOBPEMEHHOTO0 M TOYHOIO H3MePeHHs KOOPZUHAT
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¥ umnyabca uactuupl. Jaxe MsMepenus, npoBeseHHble C HaH-
BbicLIeH BO3MOKHOH TOYHOCTDBIO, He MOTYT AaTb 06 3THX BeAH-
YMHAX CBeJeHHH, COJepP’KallNX MeHbLIYI0 HeonpeAeAeHHOCTD,
4yeM M03BOAAIOT HepaBeHcTBa | efisen6epra. CocTosiHuMe wacTH-
Ibl, 0 KOTOPOM Mbl y3HaeM B pe3yAbTaTe€ H3MepeHHsA, OyneT
OMHCBIBATbCA CBSA3AHHOHW C Hell BOAHOH, KOTOpas HHMKOrZa He
MO2¢e€T ObITb OAHOBPEMEHHO AOKAaAM30BaHHOHM W MOHOXPOMa-
7ryeckoil. OHa Bcerza o6razaeT HeKOTOPOH IPOTAMEHHOCTHIO
Au60 B MPOCTPAHCTBe, AMOO B CHEKTpPe 4acToT, a Boo6lle ro-
BOPSA, U TaM U TYT. |aK, ypaBHeHHe PaclpOCTPaHEHHs MO3BO-
AsIeT, UCXOAA U3 M3BECTHOH B HayaAbHbIi MOMEHT BOAHOBOH
W.(pyHKUMH, TOUHO BBIYHCAHUTb 3BOAIOIHIO BOAHBI 3a MEPHOJ,
KOrja He NPOU3BOAUTCSA HUKAKMX HAOAIOZEHUH UAU U3MepPEeHHH.

CaezoBaTeAbHO, OHO MO3BOAAET YCTAHOBHTb B KaKJAbli MO-
MeHT BPEMEHH BEPOSATHOCTDb MOAYYEHHs TOTO MAM HHOro 3Hadye-
HUS KaKoH-AH60 XapaKTEPUCTUKH JABHM:KEHHs YaCTHLbI, €CAH
B 3TOT MOMEHT BpPeMeHH OyJeT NpPOBEAeHO COOTBETCTBYIOLLEe
usmepenue. [lo cymecTBy kax<zoe HOBoe M3MepeHHe JaeT cBe-
IeHUsA O HOBOM COCTOSHMH 4aCTHUbL. |ellepb y2e coBeplLIEHHO
HeAb3s1 TOBOPUTb O BEPOATHOCTAX, UOO BCAKOe NOHATHE Be-
POATHOCTH TOTO WAH HMHOrO cOOBITHS HCYe3aeT, KaK TOADBKO
cBeseHHA 06 3TOM cob6biTHH NoAyuenbl. IloaTomy mocae aToro
HOBOTO H3MepeHHA HeOOGXPAMMO IOCTPOMTb HOBYIO Y.poany,
KoTopasa 6yzeT usobpaxaTb HoBoe cocTosiHue yacTuubl. CHOBa
BO3BPalllasCh K HJee, U3A0KEHHOH B Hadale T'AaBbl, MbI MO-
’KeM CKa3aTh, YTO KaxKJbId DKCIEPUMEHT 6Aarojaps CyUlecTBO-
BAHHIO KBaHTa JeHCTBUs NPUBOAUT K HEKOHTPOAHPYEMOMY
BO3MYILEHUIO COCTOSIHHS YaCTHLbI, KOTOPOe He TO3BOASET
VCTAHOBHTb CTPOryI0 MPUYHUHHYIO CBA3b MeXKAy MpPeAblAyLIUM
H MOCAEJYIOIIUM COCTOAHHUSMH.

ITo BO3MylleHHe CBA3AHO C CylleCTBOBaHHeM KBaHTa JeH-
cTBHA, H60 UMEHHO OH CTOUT Ha NMYTH HEOr pAHHYEHHOTO YMEHb-
LIeHWs HeoNpeJeAeHHOCTeH, BO3HHKAIOIIMX B Mpollecce H3Me-
peHus. DBOAIOLMA BOAHOBOH (DYHKIHM MeXkAy ABYMs [OCAEHO-
BaTeAbHbIMH H3MePEHUSMH IOAHOCTbIO OINpeJeAsieTCs ee Ha-
YaAbHbIM BHAOM M ypaBHEHHEM PaCIpPOCTPAHEHUs: ee MOBeJe~
HHe cTporo gerepmuuuporano. Ho orcroza Hukoum o6pasom
He CAeAyeT, YTO CyIIecTByeT CTPOTHH ZeTepMHHH3M JAS Ha-
6A107aeMbIX U M3MepsaeMblx Ipolecco. Kaxaoe HoBoe HabAlo-
JeHHe W HW3MepeHHe J0OAaBAsEeT HOBble AEMEHTbl H HapyllaeT
NPaBUAbHYIO 3BOAIOLHIO P -BOAHDI.

[efisen6epr npusen mpuMep MpUMeHeHHS TAKOTO POAA Pac-
cyxpenuti. OH onmucan ABa MOCAeJOBaTEAbHbIX H3MepPEHHUS MO~
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Aoxenns yacTuubl. [lepBoe M3MepeHHe MO3BOAZET AOKAAM3O-
BaTh 4acTUUy B He6oAbmOH o6ractd mpoctpancra. CooTser-
CTByIOLIasi BOAHA B Pe3yAbTaTe dTOTO NEPBOro M3aMepeHHs 6y-
JeT MPejCTaBAATb CO60U MaKeT, 3aKAIOUEeHHbIH B 3TOH 06Aa-
ctH mpoctpaHcTBa (6e3 3TOro Mbl 6bl NPUUIAKM B NpOTHBO-
pedue ¢ MPUHLHIIOM nﬂ’repq)epengnn) ITOT BOAHOBOH IaKeT,
KOTOPDbIH BOAeH-HEBOAeH AareK OT MOHOXPOMATHYHOCTH, 6y-
AeT caM co60H pacHAbIBATbCA COTAACHO ypaBHEHHIO Paclpo-
CTpPaHeHus.

Bropoe usmepenue monoxeHus, npoBeseHHOe B HEKOTOPDIH
TIOCAeAYIOIIHH MOMEHT BpeMeHH, MO3BOAMT AOKAAM30BaTb Ha-
CTUIY B HOBOM MaAOM o6beMe, KOTOpPblH 06s3aTeAbHO 6yzeT
AexaTb BHYTPH OOGAACTH, 3aHATOH K 3TOMY BpPEMEHH BOAHO-
BbIM TlaKeTOM, W KOTOPbIH 6yZeT ropaszo MeHbLIEro pasMmepa.
Uubimu croBamu, B pesyAbTaTe PAcNpOCTPAHEHUs BOAHDBI 06-
AacTb BOBMOZKHBIX IOAO2KEHHP YaCTHLbI OYeHb GBICTPO PaCTET,
¥ POAb BTOPOrO H3MepPEHUS 3aKAIOYAaeTCA B TOM, YTOObI pes-
Ko ee orpannunTb. llocre mnposesenus BTOporo usMepeHus
Heo6X0ZMMO NOCTPOUTb HOBbIA BOAHOBOH naker W, pasmepe
KOTOPOTO 3HAYHWTEAbBHO MeHbIlle Pa3MepOB IMEPBOro MaKeTa B
KOHEYHOM COCTOAHWHM. JTa HoBasA (opma W-BoaHBI 6yzer
HCXOJHOH JAAS HOBOH SBOAIOLMHM BOAHOBOH (PYyHKIIHH.

Tenepp MbI MoxeM MOHATb, KaK mNpescTaBAEHHsA HOBOH
KBaHTOBOH (DM3HKH paspylIalOT CTapble TpeOGOBAHHUA JeTEPMH-~
uusma. [lo-Bugumomy, Bce ke CyIIecTBYIOT cAydad, KOrZa pe-
3YAbTAaTbl HM3MEPEHHUS KAaKOH-AHGO XapaKTEPUCTHKH MO2KHO
npeAckasaTb C COBepUIEHHOH oOMpeAeAeHHOCTbIO. JTO 6biBaeT
TOrZa, KOrza COCTOSIHMe TepeJ H3MepeHHeM MpPeJCTaBAsSET CO-
60l YHCTOE COCTOSIHHE, COOTBETCTBYIOLlee 3TOH XapaKTe-
PHCTHKe, HAH, MHBIMH CAOBaMH, KOTZa pasioxenue V-(pyHkuuu
N0 cO6CTBEHHBIM (PYHKLHIM, COOTBETCTBYIOLIHM 3TOH BeAHYH-
He, CBOJUTCA K OZHOMY €AUHCTBEHHOMY uYAeHy. lak 6yZer B
CAydae M3MepeHHs HePrHH HAM HMIYyAbCa 4acTHIIbI, KOTOPOH
COOTBETCTBYeT MAOCKas MOHOXpoMaTuueckasa BoAHa. Oguako
STH CAyuYau ABAAIOTCA HCKAIOuHTeAbHbIMH. Moxno 6bir0 6bI
Jaxke CKasaTb, 4TO BEPOSITHOCTb TAaKHX COCTOSHHH, CTPOTro
roBops, paBHa HYAIO.

Bonpoc 06 unzeTepMHHH3MEe B HOBOH MeXaHUKe MHOTO
auckytupoBaicsa. HekoTopble (pusuku Bce ellle NPOABASIOT Be-
AWyaliliee OTBpalleHHWe K TPeGOBaHHIO OTKa3aTbCA OT JeTep-
MHHH3Ma, KOTOpOe BbIABHUTaeT COBpeMeHHas KBaHTOBas (U3H-

Onu gaxe roBopsT, 6yaTo 6bl HeAb3si cebe NMPeACTABUTD
HeJleTepMUHUCTHYECKYI0 HayKy. |akas Touka 3peHHs KaKeTcs
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HaM ABHbIM NpeyBeAHYeHHeM, H60 KBAaHTOBas (pU3HKa Bce 2Ke
CYLIEeCTBYET, a OHa HHJAETEePMHHUCTHYeCKas.

Ogzanako MOMeT CAYYHTbCA TaK, YTO B OJAHMH IPEKPACHBII
JeHb (PUBHKH BePHYTCS HAa NYTb JeTepMHHH3Ma U TOrja Hbl-
HEUIHAsA CTyNeHb HayKH OyJeT Ka3aTbCsl BPeMEHHbIM OTXOZAOM,
KOTJa HeCOBEPIIEHCTBO HAIUMX 3HAHMH 3aCTaBUAO Hac Ha
BpPeMs OTKa3aThCA OT CAeZOBAHH MO NYTH CTPOTOro JeTepMH-
HM3Ma sABAeHHMH aToMHoro macmraba. Brnoane BosMmo2kHO, uTO
HecNnoCcoGHOCTb CAEZOBATb CErOAHSA B MHUKPOMHPE ZOPOTOH MPH-
YHHHOCTH OOYCAOBAEHA TEM, YTO Mbl MOAb3YEMCs MOHATHAMH
YacTHIia, HPOCTPAHCTBO, BPEMA U T. . JTH MOHATHA Mbl IIO-
CTPOUAH, HCXOAS M3 HAUINX CBEJEHMH O MaKPOCKONMHYECKHUX
ABAEHKAX, a 3aTeM MNepeHeCAH HX Ha OMHCaHHe MHUKPOMHpA.

B To :e Bpems HHOTKYZAA He CAeAYeT, YTO OHU IOAATCA AAR
onucaHusA peaAbHbIX siBAeHH B 3Toit o6ractu. Ckopee Hao6o-
por. Tem He MeHee, XOTA, MO-BHIMMOMY, ellle He06X0ZUMbI
(pynzameHTarbHble pedPoOpPMul, 4YTOOHI cAeAaTb IOHHMaHHeE
KBAaHTOBOH (PU3HKH COBEPIIEHHO SICHBIM, AMYHO MHe Kax<eTcs
HeBepPOATHDbIM, UYTO HaM IIOAHOCTBIO YZAacTCs BOCCTAaHOBHUTDb
ZeTepMHUHMSM TPOIIAOrO. Y Zapbl, KOTOpbie HAHECAO €MY
PasBUTHE HOBOM MEXaHHUKH, MPEACTABAAMTCA HaM CAHOIKOM
rAy60KHMH, uTOOBI OT HHX MOXHO ObiAO A€rKO ONPaBHUTLCH.
Hecomuenno, camoe Myzpoe — aTo KOHCTaTHPOBATb CAeAYICLIEe
NMOAOKEHHe: B HacTosliee BpeMs (PM3H4YeCKHe Npolecchl, B KO-
TOPBIX HIPAIOT POAb KBaHTbi, He ABAAIOTCA GOAblle JeTepMHU-
HHUCTHYECKUMH .

5. JomoanruTerbHOCTD, HA€aAM3ALHA, HPOCTPAHCTBO
H BpeM:

Bop, poap xoroporo B pasBuTHM CcOBpeMeHHOH (PMBHKH
OrpoMHa, B CBOMX BCerja rAyGOKHMX W 4acTO OYE€Hb TOHKHX HC-
CAEZOBaHHUSIX MHOTO CAEAAA JAsl YsACHEHHS JOBOAbHO HeOODIY-
HOTO CMblCAa HOBOR MeXaHHKH. B uacTHocTH, UMeHHO OH BBeA
MOHATHE AOMOAHHUTEABHOCTH, TaKoe AIO6OMbITHOE ¢ (PUAOCOP-
CKOH TOYKH 3peHHs.

Bop ucxoaua M3 uzeu, uTo dAEKTPOH MOXKHO ONMHCATb C
MOMOILbIO KOPMYCKYASPHOH M BOAHOBOM KapTHHBL. Y AUBH-
TeAbHO, KakHM 06pasoM JBa CTOAb Pa3AMYHBIX  ONHCAHHUA,

' Y. ¢ou. Heiiman goxasan, uTo BeposATHOCTHble 3aKOHbI HOBOH Me-
XaHHKM HECOBMECTHMbI C CYIIGCTBOBAHMEM CKPBITOTO JeTepPMHHHM3MA
ATo yrTBepmAeHHe Je\aeT OUEHb MAAOBEPOATHbIM BJICCTAHOBAEHHE AeTEp-
MHHH3Ma B aTOMHOM (PU3HKe.
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MOXHO CKasaTh, CTOAb NPOTHBOPEYAIUMX APYr APYIY, MOKHO
UcroAb30BaTb oxHoBpeMeHHo. OH Moxa3aA, YTO 3TO MOXKHO
ceAaTb TOABKO MOTOMY, 4TO COOTHOIIEHHsA HeOlMpeJeAeHHO-
CTH—CAeJCTBHe CYIIeCTBOBAaHHUS KBaHTa JeHCTBHA—Iie MO3BO-
AAIOT BCTYNUTDb 3THM ABYM o6pasaM B NpsMOe MPOTHBOPEYHE.
Uem 60ree cTpeMATCS yTOUYHHUTD B npouecce HabAIOZeHHH OZHY
KapTHHY, TeM 60Aee CMYTHON CTAHOBHUTCA APYyTas.

Korza aauna Boanbr anexTpoHa TakoBa, YTO CyIIECTBEHHYIO
POAD MO2KET HIpaTb SIBAEHHe HHTep(epeHUHH, €ro HeAb3sA
60ADbLIE CYUTATD AOKAAHZOBAHHBIM H HCIOAb30BaTb KOPIYCKY-
AsipHble TipeacTaBaenus. Haobopor, xorza saexTpoH cTporo
AOKaAHM30BaH, €ro HHTepP(epeHIIHOHHble CBOUCTBa HCUYe3aIOT
W ero HeAb3s 6OAbIIE OMUCHIBATD C BOAHOBOM TOYKH 3PEHHS.

Boanosble M KOopmycKkyAsipHble CBOCTBA HHKOrZa He BCTY-
MalOT B KOHMAHUKT, H60 OHH HHKOTZA He CYIIeCTBYIOT OZAHO-
BpeMenHo. Mbr npe6biBaeM B NMOCTOAHHOM OMKHZAHHH 60PbODI
MeJy BOAHOH M YaCTHUEH, HO ee HHUKOrja He MPOUCXOAUT,
TaK KaK HHKOTZa 06a IMPOTHBHMKA He NMOABAAIOTCA BMecTe. Ilo-
HATHE DAEKTPOH, TaK ’ke Kak M JApyTrHe dAeMeHTapHble (PU3H-
YecKHe NOHITHS, HMeET, TaKUM 06pa30M, ABa MPOTHBOPEYUBBIK
acrekTa, K KOTOPbIM, OZHAKO, HY?KHO 06paliaTbCs M0 odYepexH,
4T06bl 06BACHUTD Bce ero csofictBa. OuM Mozo6HB! ABYM CTO-
pOHAM OJHOro MHpejMeTa, KOTOPble HHUKOTJa HEeAb3s YBHUZAETb
OZHOBPEMEHHO, HO KOTOPbIE, 0/HAKO, HY2KHO OCMOTPETD IO oYe-
pead, uTo6bl MOAHOCTBIO OMMCATb ITOT MpeAMeT. DTU ABa ac-
nekTa Dop ¥ HasBaA A ONMOAHUTEADbHBIMH, MNOHHUMAs
Nnoj 9THUM, 4TO OHM, C OAHOH CTOPOHBbI, MPOTHBOPEYAT APYT
APYTY, ¢ Apyrok — apyr apyra gomoansawor. Okasbiaercs,
YTO 3TO NOHATHE JOMNOAHHUTEAbBHOCTH MIPAeT BAa’XHYIO POAb B
YUCTO PUAOCOPCKOU JOKTPHUHE.

JetlicTBUTEADHO, COBCEM He OYeBHAHO, UTO Mbl MOXZKeM OITH-
caTb (U3HyYeCKHe ABAEHHsA C IMOMOIIBIO OJHOH eJHHCTBEHHOH
KapTHHbI UAU OJHOTO eJUHCTBEHHOrO HPeJCTaBA€HHs Halllero
vma. Hamwn xapTunel u npeacraBrenus Mol o6pasyeM, deprias
BJZOXHOBeHHMe M3 Halllero moBcezHeBHoro ombita. M3 Hero mor
HW3BAEKaeM oOIpejeAeHHble IOHATHA, a 3aTeM y:Ke, HUCXOAs U3
HUX, MPHAYMbIBaeM IMyTeM ylNpPOLIeHHWs U abCTparupoBaHUsA He-
KOTOpble MPOCTble KaPTUHbI, HEKOTOPbIE, TMO-BUJZUMOMY, SCHbIe
MOHATHUS, KOTOPble, HAKOHell, IMbITAEMCsA HMCIIOAb30OBaTb JAsl
06bACHeHHS ABAeHHH. | aKOBBI MOHATHA CTPOTO AOKAAH30BaH-
HOM YacTHIBI, CTPOro MoHOXpoMmaTuueckoil BoAHbl. Ognako
BIIOAHE BO3MO:KHO, UYTO 3Ty HJAZeaAHW3alHIO, YpesMEePHO
yIpoILleHHbIi M BecbMa rpy6blf, 1o BbipaxkeHHo Dopa, mpo-
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AYKT Hallero MO3ra, HeAb3S HHKOrZa CTPOr0 MPUMEHATD X
peaApblbiM mpoueccaM. YTo6bi onucaTb  BCIO COBOKYTHOCTD
PeaAbHOTO MHPA, BO3BMO:KHO, HEOGXOAUMO MPUMEHSTDb ITOCAEAO0~
BaTeAbHO zBe (HAM GOAbIIE) HAeaAMzalHM AASA OXHOIO eHH-
CTBEHHOTO MOHATHA. 10 oxHa, To Apyras 6yzer 6oree IMOAXO-
asmed: uxorga (B cAydae, 0 KOTOPOM Mbl FOBOPHAHM B Hpe-
AbIAYyIIEM pasfieAe) MOMKHO CUHTATb, UTO OAHA M3 ABYX TOYHO
onucbiBaer apreHue. OgHaxo 3TOT cAyuall 6yaeT peAKHM
HCKAIOYeHHeM. Boo6lle e roBopsi, Mbl He MoxeM H36exaTb
NPHBAEYEHHA JBYX UAEaAbHbIX 06pa30B.

EcAu ray6oko BHHKHYTb B OYeHb CAOXKHYIO MBICAb 3HaMe-
HHUTOTO (PM3HKA, TO STO MOHUCTHHe OJHA M3 CaMblX OPHIHHAAb-
HbIX HJeH, KoTopble BHymuAa Bopy kBanToBas gusuka. Moxno
MOMBITaTbCA PACHPOCTPAHUTb O6AACTb MPUAOMNEHHS 3THX (H-
AOCO(MCKUX MZell 3a MpezeAbl PUSHKH, HAPHMeP HCCAEZOBATD,
KaK 3TO cZeAai caM Dop, He MOKeT AW TOHATHe AOMOAHHTEAD-
HOCTH HAaHTH BaKHOe NpHUMeHeHHe B GHOAOTMH, B MOHUMaHHU
ABOHCTBEHHOCTH (DUBHKO-XHMHYECKOTO M CHNeUK(HYECKH 2HH3-
HeHHOTO acleKTa B fABAeHHsAX »xMBOH mpupoabl. Mbl morau
6bl HCCAeZOBaTb TaKxKe BOMNPOC O TOM, He OKa:KyTCs AH BCe
STH MJeaAHM3allMM TeM MeHee MPUMEHUMbBIMH K PEaAbHOM
ZeACTBHUTEABHOCTH, YeM 6Goiee oHu cosepuieHubl. He nmes
CKAOHHOCTH K MapaloKcaM, MO2KHO YTBep:KAATb, BONPEKH
Jexapry, uto Her Huyero 6oree 06MaHUMBOrO, YeM siCHafA 4
oryeranBas ugeda. OgHako pasyMHee OCTaHOBUTbCS y 9TOil
onacHoii uepThbl U BEPHYTbCA K (PU3HKE.

Hecomuenno, koHeuHo, uTO Hamu MOHSTHS MPOCTPAHCTEA
M BpeMeHH Jaxke IMOcAe HX YTFAY6AeHHA TeopHeH OTHOCHTEAb-
HOCTH HeAb3s CTPOTO MPUMEHATb K OMHMCAHHIO aTOMHBIX SBAE-
uuii. CymecTBoBaHMe KBaHTa JeHCTBHA OOGHapy»KHAO COBep-
IIeHHO HenpeABUAEHHYIO CBA3b MeXJy TreoMeTpHell M AHMHA-
MHKOH: OKa3blBaeTCsA, YTO BO3BMOMKHOCTb AOKaAM3ALUH (PUBH-
YeCKHX MPOLECCOB B FeOMeTPHYECKOM MPOCTPAHCTBEe 3aBHCHT
OT UX AHUHAMHUYECKOIo COCTOAHHUA. OGlgaH TEOPU:A OTHOCHTEAD~
HOCTH y2de HayyHAa HAC pacCMaTPUBATb AOKaAbHble CBOHCTBA
MPOCTPaHCTBa-BpeMeHH B 3aBHCHMOCTH OT paclipefeAeHHs
BemecTBa Bo Bceaennoit. Ognako cymecTBoBaHHEe KBaHTOB
TpebyeT ropaszo 6oree rAybokoro mpeobpasoBaHua U GoAblIe
He TMO3BOASET HaM TPeACTaBAATDb ABU2KeHHe (U3UUECKOTO 06D~
€KTa BJAOAb ONpPeJeAeHHOH AMHHH B MPOCTPAHCTBe-BPEMEHU
(MupoBoii Aunuu). Tenepp yike HeAb3S ONpPeZeAHTb COCTOS-
HUe JBH:KEHWUs, HUCXOXA M3 KPHUBOH, usobparxalrollleil mocie-
ZAoBaTeAbHble TOAOMKEHHs O6beKTa B MPOCTPAHCTBe C TEYEHH-
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eM BpeMeHM. |emepb HYXKHO pacCMaTPHBAaThb JHHAMHYECKOE
COCTOSIHME He KaK CA€/JCTBHe TNPOCTPAHCTBEHHO-BPEMEHHOI!
AOKaAH3alUH, & KaK HE3aBUCHMbIH W JOMOAHHUTEAPHbIH acMmeKkT
(pM3KHYECKOH PearbHOCTH.

JlelicTBHTeADHO, MOHATHA MPOCTPAHCTBA M BPEMEHH B3s-
Tbl W3 HallleT0 TOBCEJHEBHOIO OMbITa M CIIPAaBeJAHBBI AHILUD
AAA siBAeHME 6Goabmioro Macmrtaba. Hyxxno 6biao 6p1 3ame-
HYTb MX JAPYTUMH MOHATHAMH, UTPAIOUWIUMH (yHZaMeHTaAb-
HYIO POAb B MHMKPOIPOIEccax, KOTopble 6bl acHMITOTHYECKH
HepexOAUAH TPU MepPexoie OT DAEMEHTAPHBIX MPOLECCOB K Ha-
6rr0zaeMblM sIBAEHHMAM 06blgHOro Macimitaba B INpPUBBIYHbIE
MOHATHA TPOCTPaHCTBA U BpeMeHH. CTOMT AM TOBOPHUTb, 4TO
3TO OdeHb TPyAHAsA 3azaua? Dbirno 6bl VAMBUTEABHO, €CAH OBl
O0Ka3aA0Ch BO3MGCHKIIEIM KOTZa-linOyAb MCKAIOYHTb H3 (PU3H-
4eCKOH TeOPUH MOHATUS, MPeJCTAaBASIOIIMEe CAMYIO OCHOBY
Hame#l noBcegHeBHOH :xusHU. llpaBza, ucropus Hayku obHa-
py2ZUBaeT yAHBHUTEAbHYIO MAOZOTBOPHOCTb YEAOBEUECKOH MbIC-
AH M He CTOMT TepATb Hazexaol. Oxnako, moka Mbr He A0GH-
AHCb ychieXa B paclpoCTPaHEHHH HAIIUX TMpPejCTAaBAEHHH B yKa-
3aHHOM HallpaBAE€HHM, Mbl JOAXKHDBI CTAPaTbCA ¢ 6OADIIMMH HAH
MeHbIIHMH TPYAHOCTAMH BTHCHYTb MHKPOCKOIHYECKHe SBAe-
HUA B PaMKU TMOHATHH MNPOCTPAHCTBA M BPeMEeHH, XOTS Hac
Bce BpeMs OyzeT GeCIIOKOMTb UYYBCTBO, 4TO Mbl MNbITaeMcs
BTHCHYTb aAMa3s B ONpaBy, KOTOpad eMy He IOAXOJHT.

TN



Fraspa XI
CIIMH 3AEKTPOHA

1. Tonxasa cTpykTypa M MaramTEble aHOMAaAHM

Mbl M3A0KHAM NPUHLIMIIB! BOAHOBOH MEXaHHKH 3AEKTPO-
Ha. Tenepb Mbl ZOAMHDBI MOKA3aTh, OUEMY, HECMOTPA Ha ee yC~
MeXH, 3Ta MeXaHHWKa B CBOEH NepPBOHAYAAbHOH (popMe OKasarach
BCe M€ HEeCOBepLIeHHOH W JOAWKHA IpeTepleTbh elie CYIIeCT-
BeHHble u3MeHeHusa. |lpwumpa 3akarouaercs B TOM, YTO BOA-
HOBasdi MeXaHHKa dAeKTPOHAa B CBOEH MepBOHAauaAbHOH (popMe
He TO3BOAsET OOBIACHUTb HEKOTOPBIX (PAKTOB CMEKTPOCKOMHYeE-
CKHX U MarHUTHbIX M3MepPEHHH, H3BECTHbLIX yxie€ MHOTO AET, KO-
TOPBIM CTapas KBaHTOBasi MEXaHHKA He MOTAa AaTb 06bsACHEHHA.

K nepmoii kaTeropuum TpyaHo 06-ACHUMBIX (PaKTOB OTHO-
CATCA AaHHble chnekTpockonuu. Mpl 3Haem, uTo cTapas KBaH-
TOBasi TeOPHS, a BCAeJ 3a HeH M HOBasg MeXaHHKa, YCITellhov
H ¢ GOABIIOH TOYHOCTBIO IMpeJACKasaAH CyllecTBOBaHue GOAb-
IIOr0 uYKCAA CleKTpaAbHbIX AumHME. OaHaKo -TabAWEr CIEKT-
PaAbHDBIX AHHHH, HOAYYeHHble Ha OCHOBe STHX TeOPHUH, KaK Bbl-
SICHHACCH, OKa3aAHCb HecrecoSubl mepefaTh BCIO CACKHOCTD
PeaAbHBIX CHEKTPOB. VIHbIMM cAOBaMHM, B ONTHYECKHX M PEHT-
FeHOBCKHX CIIeKTpaX CyLIeCTBYIOT AHHHH, KOTOPbIE He HAXOJAT
o6bscuenns. Mbl Buaeau, uto 3omMepderbs, HCMOAb3OBAB
IZEH TEOPHH OTHOCHTEABHOCTH B paMKaX CTapoil KBAHTOBOH
TeOpHUH, JZOOHUACS ycrnexa B OGDbSICHEHHH TOHKOH CTPYKTYPBI BO-
AOPOZHOTO CIEKTPa M pPeHTreHoBckMX crekTpoB. On mnormea
NyTeM, KOTOPHI Ha MEePBBI B3rAsAA BbHIFASZHT BIOAHE YJAOB-
AeTBOPUTEABHO, OZHAKO OOAee BHHMaTeAbHOE H3yueHHe He
BIIOAHe MOJTBEPM/JAAET 3TO OAArONPHUATHOe BIEYAaTAEHHE: TeO-
pus 3oMMepderbsa TPaBHAbHO NpeicKasbiBaeT o6pa3oBaHHE
Zy6aetoB cepun DaabMepa M peHTTeHOBCKMX cepHil, 0HAKO HX
MOAOKEHHS OHa yKasblBaeT HempaBUAbHO. He caeayer aymats,
YTO KAMYLIHHACA ycllex 3oMMep(erbia 6bIA UHCTO CAYYAHHBIM,
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OZHAKO BCerja 4yBCTBOBAAOCb, YTO B €r0o TEOPHUH OTCYTCTBYET
KaKo#-To BaxHbIi 9aeMenT. CHTyauns zareko He mposcHHAACD
C cosjzaHMeM BOAHOBo# MexaHukH. [Hao6opoT, oma yxyamu-
Aach. /JleficTBUTeABHO, UTOGbI MepeBecTH NONBITKH -30MMep-
(beAbZla Ha ASBIK  BOAHOBOH MeXaHHKH, HeobxoaHMO
6bIAO BBECTH B Hee DAEMEHTbl TEOPUH OTHOCHTeAbHOCTH. Pe-
ASITHBHUCTCKOEe BOAHOBOe ypaBHeHHe Aerko 6biao maiith. Ono
npeacTaBAsAeT co60N eCTECTBEHHOe PEASTHBUCTCKOe 06061ueHne
ypasuenus Lllpegunrepa, sa uckarouenmem Toro, uto oHo BTO-
poro mopsizka no Bpemenu. Kasaroch, goctaTouHo 6bir0 6B
NPUMEHUTb K 3TOMY ypPaBHEHHIO HOBbIM MeTOJ KBaHTOBaHHUS,
T. €. HAalHTH ero co6CTBeHHDbIe 3HaUEHUs, KaK Mbl CHOBa cpasy ke
NOAYYHUM (POPMYAY BOMMepq)e}\bﬂ,a. peBy}\bTaT TaKoro BbIYHC-
A€HHUsI OKasaACs pPa30vyapoBbIBAIOIIHM: IOAYyYeHHas (QOPMyAl
¥MMeAa BHJ, aHAAOTHUHBIA 30MMep@eAbJIOBCKOH, HO TeM He Me-
Hee HECKOAbKO OTAMYHBIH, H 3Ta (OPMyAad HHCKOABKO He Ay4lle
COOTBETCTBOBaAa dKCIePUMEHTaAbHbIM (akTaM. [IpoBar 6bIA
TIOAHbIM: BOAHOBasi MéXaHHKa He BHeCAA TOI'O HOBOTO DAEMEHTA,
KOTOPBbIH 6bIA Heo6X0AMM M NPHPOAA KOTOPOro ObIAa K TOMY
BpeMeHH HM3BecTHa 6rarozaps paboram Y aenb6exa u [ oyacmu-
ta. O HUX MBI CKaXeM HECKOADBKO MO32Ke.

Ho xpome Bompocos, cBasannnix ¢ gybretamu Sommep-
(eAbsa, BOSHUKAH TaK:ke APYTHe TPYAHOCTH, KacaloulHecs TOH-
KOH CTPYKTypbl. 1aK, 3 peHTreHOBCKHX CHEKTPaX TeOopHs 30M-
MepdeAbsa OueHb XOPOLIO NPeACKa3blBaeT HEKOTOPble M3 TOH-
KHX CTPYKTyp, KOTOpble peaAbHO CYLIECTBYIOT, OJHAKO CTPOE-
HHe 5THX CepUl B 3HAYMTEADbHOH CTelmeHH 60Aee CAONKHO, YeM
creayet us gopmyr atoit teopuu. Hanpumep, B pentrencscrn
CMeKTpaX dAEMEHTOB BCerga uMeerTcs TPy L-cepuu, AMHHH KO-
TOPBIX B IIKaAe YaCTOT MEPeKpbIBAIOTCA. |eopus ke JoMMep-
(peAbJla MO3BOASAET MpeJcKasaTb JBe, U TOAbKO aBe L-cepum,
U3 Hee HHMKAK He NCAY4YaeTcsA TpeTbA. CITo6bl MOAYYHTH HeZO-
CTaloIiMe CNeKTpaAbHble AVHHH, JoMMep({eAbs BIOCAEACTBHH
BBEA HapAAYy C ABYMS KBAHTOBBIMH YHCAAMH, UMEIOILUMHCA B
ero TeOpHH, TPeTbe KBAHTOBOE 4YHCAO, KOTOPOE OH Ha3BaA
BHYTPEHHHMM KBAaHTOBBIM YHCAOM DBgegenne atoro
TPETbEro KBaHTOBOTO YHCAA GbIAO COBEPLIEHHO 3MIIHPHYECKUM.
Bcsikue monbitkm ero TeopeTHuecku o60CHOBaTb, NpeANPHHs-
Tble B TO Bpems, ObIAH OT6poLIEHBI. He yaarocp azobutbcs
60Apmero u kBaHToBoii MexaHuke. OHa oka3aracp Hecloco6-
HO# O6bACHHTb CYIIeCTBOBalUe AHIIHEH CEPUM M BHYTPEHHEro
kBaHnToBOro unucaa. CuoBa uyBCcTBOBaAach HEO6XOAUMOCTD BBE~
AeHHs] HOBOTO dAEMEHTa, 0 KOTOPOM Mbl FOBOPHAH.
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O6patumcsa Temepb KO BTOPOH KaTeropuH SBAEHHH, He Hi-
LlejINUX CBOero o6bACHEHHA B CTAPOH KBAHTOBOH TEOPHUH, —
MarsuTHbIM aHoMarusM. Ml yke oTMeuaAM cylecTBOBaHHE
aHoMaAbHOro 3agdekTa 3eemana, KOTOPbI OAMHAKOBO 6esyc-
MeNHo TbITaAuCh O6DACHHTD M NepBaf TeopHs dAeKTpoHa Jo-
peHUa, M cTapas KBAaHTOBAafg TEeOPHs, M BOAHOBas MeXaHHKA.
[lpnyuna aToii obmeit HeyZaum 3aKkAlovwaeTcs B TOM, UTO B
OCHOBY 06DbAcHeHHs apdexTa 3eeMaHa BO BCeX TPeX TEOPHSAX
6bIA TMOAOX2EH OJZMH M TOT ke TOCTyAaT. IIpeamorararoch, 4To
MarHHuTHble MOMEHTbl, KOTOPbIMH MOTYT o6AaZaTh aTOMbI, BO3-
HUKAIOT AUIIb 6Aarozaps opO6UTaAbHOMY JABHUX{€HHIO BHYTPH-
aTOMHBIX 3AeKTPOHOB. | akas TOYKa 3peHHsA MpeANOAaraiAa, 4To
NOAHBI MOMEHT KOAMYeCTBA JBHXKEHHUS aToMa 06s3aTeAbHO
JOAKEH UMeTb CTPOro (PMKCHPOBaHHOe OTHOLIEHHE K ero MoA-
HOMY MarHHMTHOMY MOMEHTY, NPHUYeM BeAMUYHHA JTOrO0 OTHOIIE-
HHUSA 3aBHCHT HCKAIOUHTEADHO OT OTHOLIEHHS 3JAEKTPHYECKOTO
3apAZa dAEKTPOHA K ero Macce. JTOT BbIBOA, OZUHAKOBBIH U B
KAAQCCHUECKOH TEOPUH DAEKTPOHA, U B CTAPOH KBAHTOBOH Teo-
PUH, U B BOAHOBOW MeXaHHKe B ee NepBOHAYaAbHOH (popMe,
NPHUBEA BO BCeX 3THX TPEX TEOPHAX K TOMY, 4YTO 3(PQeKT See-
MaHa Bcerja ZAoAx»eH ObITb HOPMAaAbHbBIM, TaKUM, KakoH ObIA
BrepBble TpesckasaH J\OPEHIIOM M OTKPLIT IKCNEPHUMEHTAAbHO
3eemaHoMm.

CywecTBoBaHue aHOMaAbHOro 3d(exTa 3eeMaHa, Tak 2Ke
KaK CyUleCTBOBaHHe CIIEKTPOCKONMHMYECKHUX JaHHbIX, O KOTOPDBIX
Mbl FOBOPHAH, YKa3blBAaAO Ha HeO6XO/MMOCTb BBeJeHUS B
TEOPHUI0 HOBOTO DAEMeHTA M MOKas3biBaAo, YTO 3TOT dAeMEHT
ZOAKEH KaK-TO BAMSITb Ha MarHHUTHble cBoiicTBa. Kpome Toro,
HeNpepbIBHO MPOAOAKAAHNCDH, HAUMHAA C MAMATHOTO OTKPBITHSI
3eemaHa, 3KCIepHUMeHTaAbHbIE HCCAEJOBAHHS aHOMaAbHOrO 3(d-
(ekTa 3eeMaHa M 3MNHPHYECKHE 3aKOHbI ero GbIAM OueHb XO-
pouro ussecTHbl. Vbl He Mo:keM 3zech 06Cy:KAATb ITH IMIHPH-
yecKHe 3aKOHbI, a AMIIb OTpaHHUYMMCA coobimeHueM, uTo J\aHze
Ao6HAcs ycnexa, 06061EUB OOAbIIOE YHCAO TAaKUX 3aKOHOB BBe-
JeHHeM B (OPMYAbI CTapOWl KBAaHTOBOW TEOPUH HeKOero (pak-
Topa, Z-paktopa JNaHze, KoppekTHoe 06DbACHEHHe KOTOPOrO
0CTaBaAOCh COMHHMTEAbHDbIM. B To ke Bpems, Ge3yCAOBHO, BCe
9TH UCCAeZOBAHHMSA aHOMaAbHOro 3(dexTa JeeMaHd MPOKAAZDI-
BaiHM JOPOTY K OKOHYaTEAbBHON TeOPHUM SIBAEHMA, TaK KaK 3a-
paHee OBIA M3BeCTeH TOYHBIH MaTeMAaTHYeCKHMH BHJ 3aKOHOS,
KOTOpble HYKHO 0O6bACHUTD.

Oanako aHOMaAbHBIH 3Q(QeKT JeeMaHa — 3TO He eZUH-
CTBeHHOe fABAeHHe B 06AACTH Mar{eTHsMa, KOTOPOe OCTaBaAOCh
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Heo6bsACHEHHBIM. DuIAu ellle rHpoMaruuTHble aHoMaAuH. M3 ru-
notesbl 0 BO3BHUKHOBEHMHM ATOMHOTO MarHeTHMaMa 6Aarozap
0p6HTaABHOMY ABW:KEHHIO IAEKTPOHOE B aTOMe CACJZOBAAO, UTO
€CAM TOZABEIIeHHDbIA KeAe3HUIH IIMAYHIP HaMarHUTHTb BAOAD
ero oCH, To OH HauHeT BpamaTbcs. ¥l maoBoporT, ecau 10T LU~
AVHAQ TNPUBECTH BO BpallleHHe BOKPYI ero ocH, To y Hero
ZOANEH BOBHHKHYTb MAarHHUTibIA MoMeHT. [lpuuem oTHowenue
MeXaHU4eCKOro MOMeHTa K MAarHHTHOMYV MOMEHTY B 060MX CAY-
YyagX ZOAXKHO ObITb PaBHO YNOMAHYTOH BbIIle KOHCTaHTE, OT-
HOIIEHMIO 3apAZla IAEKTpPoHa K ero Macce. DbiAu mpozeranbl
SKCMePHMEHThl C LEAbI0 KOAHYECTBEHHOTO MOJATBEPASJeHHUs
aToro BbiBoga-Teopun (Diinmreitn n Je-Xaas, Bepuer). Oxa-
3aA0Cb, UTO 06a 3TH SIBA€HUS CYIIECTBVIOT: HaMarHUYeHHBIH
LUAUHAP TPUXOZUT BO BpallleHMe M IIPOUCXOAHUT HaMarHAYH-
BaHHe Bpamatomeroca nuannipa. Oguaro oTHoOmeHUe MarHUT-
HOTO MOMeHTa K MeXaHMYeCKOMY OKa3aAoChb NPHMepHO BJBOE
60AbIlle MpejACKa3aHHOE BEAHYMHBI. JTOT HeOXKHJAHHBIH pe-
3YAbTAT SICHO MOKa3aA, B KAKOM HamnpaBACHHH HYKHO MPeATpHU-
HUMAaTb TNONBITKY BBeJeHUs Hoeoro siaemenra. CTaro oueBHI-
HO, YTO He Becb MarHeTH3M aTOMa BO3HHKAeT M3-3a BpalllaTeAb-
HOTO JABM:KEHUS DAEKTPOHOB ¥ UTO eCTb MarHHUTHble ¥ MeXaHH-
YyecKHe MOMEHTbI, OTHOLIEHHs! KOTOPbIX He BCerza HMeIOT NpH-
HUMaBIIYIOCA 7o Tex nop Beamuuny. HMcxoas us atoro, Y aen-
6ex u ['oyacMHUT NpHMIUAM K Ba:XHOH HZAee O CyIIeCTBOBAHHUU
CO6CTBEHHOTO BpAIlleHHsA M COGCTBEHHOro MarHeTH3Ma JAEK-
TpoHa.

2. I'unoresa Yaerb6exa u [Noyacmura

Yarenbex u Ioyacmur B 1925 r. B pabore, umeromeii or-
POMHOe 3HaueHHe, TPEJAONSHAH CUHUTATH, YTO IAEKTPOH ob6Aa-
ZaeT He TOABKO IAEKTPHUUECKHM 3apsiioM, HO Tax»e U MarHMT-
HbIM M MexaHuueckuM MoMenTamu. Ouenb Aerko AaTh KAacCH-
YeCKyI0 MOZEeAb TaKOro MarHMTHOIO BPANIAMOIIErocs SAEKTPO-
Ha: ZOCTaTOYHO ero ce6e TPeACTaBUTb B BHJAE HeSOABMIOTO
IlapuKa, B3aMOAHEHHOTO OTPHIIATEAbHBIM DAEKTPHUECTBOM H
Bpaylaloerecss BOKPYr OZHOTO M3 CBOMX JAHaMeTpPOB. Y AeH-
6ex 1 [ 0yZCMHT YyTOUHHMAH CBOIO PMIOTE3Y, NPEATIOAOHHB, UTO
OTHOIIeHHe COGCTBEHHOrO MAarHUTHOTO MOMEHTa 3JAEKTPOHA K
ero co6CTBEHHOMY MOMEHTY KOAMYECTBAa JBHIK€HHS BABOS
60AbIlle HOPMAABHOTO KAacCHueckoro sHaueHus. Ha mbicap 06
3TOM MX HaBeAM Pe3YAbTaTbl T'HPOMAarHUTHBIX B3KCIepHUMeH-
toB. Kpome Toro, ee Mo:xHO ompaBzaTh ¢ MOMOIUbIO KAACCH-
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YeCKOH MOZEAH BPALUaiCIIEHCs DAEKTOHUECKOH cepbl, 0AHAKO
Takoe MOATBeP:KJeHHe H3-3a TPYAHOCTEH, BOSHUKAKIIUX B
9TOH KAACCHYECKOW MOZEAH, C KBAHTOBOH TOUYKHM 3PEHHsT HCAb-
351 CYUMTaThb OueHb y6eAUTEAbHbHIM. |eM He MeHee, KaK Mbl
yBuauM, rumoresa Y aenbexka u [ oyacmMuTa 3aMeuaTeAbHO
MOATBePAUAACD CBOMMH CAEACTBHAMH: DAEMEHT, OTCYTCTBYIO-
WHi Bo BceX MpeAblAYLINX TeopHsX, 6bIA HakizeH!

Kaxosa e koAnuecTBeHHasi CTOPOHA 3TOH HOBOR FHUNOTEZHI?
B kBaHTOBO! TeopHM aTOMHbie DAEKTPOHBI B CBOMX KBAHTOBAaH-
HBIX COCTOSIHHAX O06AaZaloT OpSUTAABHBIM MeXaHHYECKHM MO-
MEeHTOM, BEAUYHHA KOTOPOTO BCerja KpaTHa nmocrosuHoi [Iran-
ka M, menemuoit ma 27, — 3To pesyabraT kBauTosanusa. Oun
Tak2xe 06razaroT opGUTAAbHBIM MarHUTHBIM MOMEHTOM, BeAH-
4YHHa KOTOPOTO KpaTHAa ()yHZAaMeHTaAbHOH BeAHuUHHe, HOCALIEeH
Ha3BaHHe MarHeToHa Dopa, wurpamomei poab HacTosILeE-
TO aToMa MarHeTHsMa M 3HadeHue KOTOPOH BO BCEX COBPEMEH-
HBIX O6IIMX TeOPHAX MAaCHUTHBIX ABAEHMII BeCbMa BEAHMKO. JHa-
MeHUTHIH 9KCMIEPHMEHT Liltepna u I'epraxa, nozorusmui ns-
MEPUTb MACHUTHBIA MOMEHT aToMa, COBEPIIEHHO ONPeAeAEHHO
NOATBEPZUA peaibHOe CYIleCTBOBaHHe MarHeToHa bDopa. Yacrt-
Hoe OT JeAeHNa MarHeToda Dopa Ha kBaHTOBYIO eqMHHULY MO-
MeHTa KOAMYecTBa JABHzkeHHs /27T UMeeT MOCTOsHHO: 3Haue-
HHe, O KOTOPOM Mbl yze HeOAHOKPAaTHO TOBOPHAH. Y AeH-
6ex u [ oyacMHT mpumucaim IAEKTPOHY COGCTBEHHLIHI MOMEHT
KOAHYECTBA JABM:KEHUS, PAaBHbLIN MOAOBHHE KBAHTOBOH eXHHHIDI
hl25. Takum 06pasoM, OTHOlIEHHe yKa3aHHBIX ZBYX MOMCHTOB
0K23aA0Ch KAaK pa3 pPABHBIM YABOEHHCH KAACCHYECKOd BeAH-
upne. JlAs ommcamMs coGCTBeHHOro BpalleHHMs JAEKTPOHA W
COOTBETCTBYIOLIEr0 MOMEHTA KOAMUYECTBA JBH:KEHUSA OHH BBCAU
aHTAHICKOE CAOBO «CIIHH», KOTOPOE BCKOPE CTaAo obLIenpHHA-
THIM.

K Tomy Bpemenu, koraa atu aBa TOAAAHACKHMX (PM3MKA BbI-
ABUHYAU CBOIO 3aMEYaTEAbHYIO HIEI O BBEJEHHU CIIMHA dAeK-
TPOHA, HOBasi MeXaHUKA HAXOAMAACh Ha 3ape CBOEro Pas3BUTH:I
[TosTomy BrnOAHe mousTHO, uTO 3Ta HoBas FHIIOTE3a CHauala
MOTAQ Pa3BHMBATbCSl TOABKO B pPaMKaX CTapoil KBaHTOBOH TeC-
punt. Crauara Yaenbex u 'oyacmur, a satem u apyrue du-
3UKH, cpeau KOTOPbIX Mbl cMorAH 6b1 HasBaTh 1 omaca u (Dpen-
KeAs, COpPaTHAHCh K TCOPHH TOHKOH CTPYKTYypbl U addexTa
3eemana, BBeasi B Hee HOBbIE CBOMCTBA, TOABKO YTO MPHMKIaH-
Hble 9AeKTPoHY. Pe3ayAbTaThi okasaAMCh BHOAHe yZOBAETBOPH-
TEABHBIMM M SCHO TIOKa3aAH, YTO Mbl HaXOJHUMCS Ha MPaBUAb-
HoM nytu. HekoTopble TpysHOCTH, mpaBAa. elge QCTaBaAMCb.
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Ho 6b1r0 oueBHAHO, UTO OHM HBAAIOTCA PE3YABTATOM HCHOAb-
30BaHMA METOMOB CTAPOll KBAHTOBOH MeXaMHKH M JZOAMHBI HC-
Y4e3HYTb, KAK TOAbKO CHHH 3AeKTPOHa GyzZeT BBeJeH B BOAHO-
BYIO MeXaHHKy. JTO BBeJeHHe NPOUCXOAHAO He 6Ge3 HEKOTO-
PBIX TPyAHOCTeH, HO B KOHLe KOHHOB Jlupak, BJOXHOBAEHHBIH
Ba:xkHOH pabotoit Ilayan, amobuacs ycmexa. Om BBeA cnuu
OYeHb MHTEPECHBIM MyTeM, OTKPBIBIIUM MacCy HOBBIX BO3MOK-
HocTeil.

3. Teopua IMayan

Cnun anexkTpoHa mHpeicTaBasieT co60H HEeKOTOPbIH aHaAOT
TOr0 CBOHCTBA (POTOHA, KOTOPOE HAa3BIBAIOT MOAApPU3ALUEH CBe-
ta. [To cymecTBy on onuchiBaeT onpefereHHYI0O acCHMMETPHIO
3AEKTPOHA, HEH3OTPONMHOCTb ero cpoiicTB. KoneuHo, moAHoO#H
aHAaAOTMH 3Jecb HeT, H6O CIOUH MMeeT HalpaBAeHHe M 3HaK,
B TO BpeMs KaK NOASIpU3aLMsA BCAeACTBHe KOAe6aHHH BEKTO-
pa IAEKTPHUYECKOTO IMOAS XapaKTePU3yeTCA TOAbKO Hampas-
AeHUeM. 1eM He MeHee Ka3aAOCb BEPOSITHBIM, UTO €CAH BBECTH
CIYH B BOAHOBY#0 ME€XaHHKY, TO Mbl JOA:KHBI HCXOAUTb U3
CXeMbl, B KOTOPOH B AYAaAMCTHYECKOH KOMLEMUNH CBETa MOX-
HO TOBOPHUTb O NOAAPH3AIlMH HapAAY C cyllecTBoBaHHEM (o~
ToHa, W60 3TOT HHAYKTUBHBIH MeTOJ IpeAcTaBAseT Co6oil
ecTeCTBeHHOe MPOAOANSeHHEe PacCy:KAeHUH, NPUBEZIINX HAc K
TeOPUH BOAH, CBA3aHHbIX C YacCTHUAMH, KOrZa Mbl HCXOZUAH
M3 H3BECTHOH TEOPHM CBETOBbIX BOAH. JTH coobparieHus, IMo-
BUZUMOMY, pykoBoauAau Ilayau B ero pabore o cnune.

OCMOTpPUM Tellepb, KaK CAeZyeT INbITaTbCS COrAACOBATb
MOASPUBALHUIO CBeTa C CYLIeCTBOBaHHeM (oToHa. PaccMoTpum
NYYOK ITAOCKOTIOASIPM30BAHHOTO CBeTa, NMajaloLlero Ha MPU3MY
Huxoas, uan npocto muxoan. Coraacro xraccuueckum mnpeg-
CTaBAEHHSM BOAHOBOH ONTHKH MPH 3TOM MOPHUCXOAUT CAeRY-
Iolllee: HMKOAb pa3AaraeT NaJalollyl MAOCKOMNOASPHBORAHHYIO
BOAHY Ha JBe KOMIIOHEHTDHbl, NMOASIPU30BAaHHDLlE B ABYX INepIeH-
aukyAspubix Hanpasaeunsax D u D', xoTopwie onpeaersioTcs
cTpykTypoii kpucrarra. I[lpu atom D-kommonenta npoxogur
uepes mpusmy, a D’-komnonenrta He npoxozut. Ecau Hukoan
nosepuyTh Ha 90°, To MoxHO cuuTaTh, uto ocu D u D’ ne us-
MEHMAHCH, OZIHAKO TeNeph yKe MpoxoauT Auub D’-komrnoHeHTa.

Takum o6pasom, ara Awo6oii naper oceii D u D', nepnen-
AUKYASIDHBIX HallpaBAEHHIO PACIpPOCTPaHEHUsi U PacloAOeH~
HBIX NO0Z NPSAMBIM yTAOM APYF K JAPyry, Nazamomee korebaHue
Mo2KeT 6bITb pasAroxeHo BAoAb oceil D u D', u opuentnposan-
HbIH ZOANSHBIM 06Pa30M HHKOAb OTZEAHUT OLHY KOMIOHEHTY OT
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apyroii. Touno Takas ke CHTyauus GyaeT ¥MeTb MECTO, €CAI
Mazaiolluil CBeT He MNAOCKO MOASIPU3GBaH, a UMeeT MPOU3BOAb-
HYI0 MOAApH3aluIo. | akuM 06pa30M, JaHHbIH MajaloOMIUi CBET
MO2{eT OBITh pa3AOzieH Ha KOMITOHEHTHI, MOASPU30OBaHHbie IO
ZBYM B3aUMHO MeplNeHAMKYAAPHBIM HampaBieHuaM (HopMaAb-
HBIM K HalpaBAEHHIO paclpoCTpaHeHHs ) 6eCKOHEUHBIM YHCAOM
crnocob6oB, n60 3TH ZBa HalPpaBAEHHS MOTYT ObIThb GECKOHEYHbIM
YHCAOM CNOCcO60B OPHEHTHPOBAHDBI B cBoeli mAockocTH. Kaskaoe
H3 9THX Pa3AOKEeHHU MO3BOASET C NOMOLUbIO HHKOAS pasze-
AHTDb ZBa MOASIPUBOBAHHDIX NOJ HNPSIMLIM yTAOM APYT K APYry
ny4Ka.

Tenepp nonbiTaeMcsi HCTOAKOBAaTb 3TO SABAEHHE C TOYKH
3peHus cywecTBoBanus (oroHok. [loTok oToHoB, cBsizaHHBIX
C BOAHOH H3BECTHOH NOASIDHUBAlHH, NMONAaZaeT B HUKOAb: 4YacTb
(hOTOHOB NMPOXOZHUT Uepe3 KPHCTAAA U PETHCTPUPYETCS Ha Bbl-
Xoze mpubopa Kak BOAHA, NOASipU30BaHHasA B HanpaBAaenuu D,
Zpyras :xe 4acTb poToHoB moraomaercs. CoraacHo BOAHOBOH
TeOPUH BJHepPrus MpolleJllero CBeTa H3MepseTCss KBaApPaToM
aMIAMTYZbl, HHTeHCHBHOCTbiO [-KoMmoHeHTHI mazaroLiero Ko-
AebaHMA, a DHePrHs CBeTa, NOTAOILEHHOTO TN PU3MOH, H3Me-
pAeTCS UHTEHCHBHOCTDIO NepreHAUKYAspHOi xommoHeHTbl. [lo-
9TOMY Mbl JOAKHbI NPEANOAOXKHUTb, UYTO KOAHUECTBO IIajalo-
ILNX OTOHOB, NOAAPH3ALUA KOTOPDIX MOCAE NPOXO:KAEHUS HU-
KOAsl HampaBAeHa BZOAb 1), usMepsieTcsi HMHTEHCHBHOCTbIO
D-xomnonents nazarowgero cseTosoro koiebamms. Hucro ke
(POTOHOB, NOTAOILEHHDbIX HHKOAEM, OIpezeAsieTCSs HHTeHCHB-
HOCTBIO NepPNeHAUKYASIPHON KOMIIOHEHTHI.

Oﬂ.HaKO MO2KHO INPEeJNOAOKHUTDb, UYTO 3KCIEPHUMEHT IIPOBO-
AUTCSA CO CBETOM OYeHb CAAGOU MHTEHCHBHOCTH: (POTOHbI NPH
3TOM NajaloT Ha MPHU3MY NOOvYepejHO M, KaK B CAyyae HHTep-
(pepeHIINH, MDI JOAKHDI 3aMEHUTb CTATUCTHYECKYIO TOUKY 3pe-
HUA BePOATHOCTIIOVH M CKasaTb, YTO BEPOATHOCTb TOTO, YTO
najalomui (GOTOH, MPOHAS HIIKOAb, OKaxKeTCH TMOASPU3OBaAH~
HbIM B HanpaBienunm D, usmepserca murencusHocTbio D-kom-
HCHEeHTDI Majawmero koareGauus. Mbpr Mmoxem eme ckazaTb, uTO
AASL Kaxaoil Mmapbl B3aHMHO NepneHAUKyAsApHbix ocel D u D’
HMeeTCA JBe BO3MOXHbBIX MOASPH3AlMH (POTOHA, U COOTBET-
CTByIOLIHE BepPOATHOCTH 3THUX JABYX BO3MOKHOCTEH oIlpeze-
Astotces unTeHcuBHocTaAMH D- u D’-xoMnoneHT nazaomero xo-
AeGanus. Taxum 06pazom, coBepnIeHHO OYEBHAHO, YTO MbI MPHU-
XOJHUM K NOHATHAM, aHAAOTHYHbIM TeM, KOTOPhie OBIAY ITPUHSThHI
AAsl U3MepeHUs MeXaHuHueCKHX BeAnunH. Hukoap moxuo pac-
CMaTpHUBaTb KaK YCTPOHCTBO, NMO3BOAAIOILEE ONPEAEASATh IMOAS-
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PHU3ALHIO NMAaJalOWero (POTOHA, U €CAU €r0 COCTOSIHME, CIpefe-
AsleMOe COOTBETCTBYIOLleH BOAHOH, H3BECTHO, TO Mbl, BoO6mIe
roBopsi, He MOXEM TOUHO IpejcKasaTb Pe3yAbTAT H3MEPEHHUs,
a MOXKeM TOABKO YKa3aTb BEPOSTHOCTb KasAOH M3 BO3MOK-
HOCTeH.

Ilockoabky mnMeercs 6ecuncAeHHOe KOAMUECTBO CIOCO60B
BbiGopa oceit D u D', to cymecTByer 6ecxoneuno 60AbmIOE
YHACAO BO3MO:KHBIX NOASIPH3ALUH, HOTEHIHAADHO 3aKAKUYEHHDIX
B HAYaAbHOM COCTOSIHHH (OTOHA, TOYHO TaK :Ke, Kak cyllie-
CTBYIOT pasAWYHble 3HaUeHUsl IHEPTHH, TOTEHLHAAbHO COZep-
#alluecss B COCTOSIHMM 4acCTHLbI, COOTBETCTBYIOLIas BOAHA KO-
TOPOH He MOHOXPOMAaTHYHA. KOHEYHO, B MCKAIOUHTEAbHBIX CAY-
uassX MOKHO TOYHO NPeACKa3aTb PE3YAbTAT BO3JeHCTBHS HH-
KOAsI Ha (QOTOH: 3To 6yZeT TorAa, KOrZa HauaAbHOe COCTOSIHHE
SIBASIETCS YACTBIM COCTOSIHHEM B CMbICAE HAallpaBAEHUs MOASPH-
3alUM, UHbIMH CAOBaMH, KOrja Najamoluasd BOAHAa MAOCKO MHO-
aspusoBana Baoab D u D, Bce ato 6es Tpyna nepenocutcs Ha
CAyuaHl, Korga BMeCTO MAOCKOro aHaAH3aTOpa, MOZOGHOro HHU-
KOAIO, HCHCAbBYETCS KPYFOBOH HMAM 3AAMUNTHYECKHH aHaAH-
3aTop.

ChezoBaTeAbHO, HeAb3sA CIPOCHTb O (POTOHE, CBA3AHHOM C
KaKoOH-TO CBeTOBOH BOAHOH: KaKoBa NOAApH3anuA aToro ¢o-
ToHa? DTOT BOMPOC He HMEET CMbICAA: HAa HEro He CyLIecTByer
CKOAbKO-HHOYaAL pasyMHOro oOTBeTa. LauWHCTBeHHBIH Bompoc,
KOTOPHIH MOXHO 3aJaTh, 3aKAIOYAETCA B CAEAYIOLleM: KaKOBa
BEPOATHOCTb TOTO, YTO dKCHepuMeRT (TIpojeAaHHDIH ¢ MAOCKAM
aHaAM3aTOPOM) IO3BOAHT HAM NQPHIECATb (JOTOHY NMOAAPU3A-
nu0 B gaHHom HanpaBaenun D (HopmaAbHoM K HanpaBAEHHIO
pacnpoctpanennsn)? Msl ToAbKO YTO BHAEAH, KaK BOAHOBa4
TeOpUs ZaeT HaM OTBET Ha ITOT BOIPOC, U ITOT OTBET Cylle-
CTBEHHO OMMPAeTCA Ha BO3MOXKHOCTb PAa3AOKEHHS BOAHOBOH
(@YHKUMHU Ha ABe KOMIIOHEHTHI.

[Tayau, uTo6b1 BBECTH CHMH 2AEKTPOHA B BOAHOBYIO MeXa-
HHUKY, CYHTaA Heo6X0JAMMbIM TOYHO TaK :Ke NQHUIHUCATh
W.goAHe ZBe KOMIIOHEHTBI, He Mpejnoxaras MPu 3TOM, YTO 3TH
JBe KOMIOHEHTbI 06A3aTEAbHO JOAKHBI UMETb CMBICA B3aHMHO
mepHeHAUKYASPHbIX KOMIOHEHT BEKTOPA, KAk B CAydae CBeTa.
Touno Tax e, Kak HeAb35 TOBOPUTb O MAOCKOH MOASPH3ALUH
()OTOHA, HEAb3S TOBOPHTb M O HANPABAEHHH CIIMHA JACKTPOHA.
Moz¢Ho AMmb CHPOCHTb O TOM, KakoBa BePOSITHOCTb, 4YTO
CMIUH DAEKTPOHA HMeeT 3ajaHHOe HAIPaBAEHHe.

Oganako crun nMeeT HanpaBAeHHe u 3HaK. [Ipegnoaararocn
Tak»Ke, YTO BeAMYMHA CMMHA PAaBHA JIOAOBHHE KBaHTOBOH eau-~
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HHLbI MOMCHTa KOAMYeCTBA aBumeHust, wuam h/4m. TlosTomy
[layan npeanoroxua, uto ars xamaoro manpaereuns D (ko-
TOpOe He MNePNeHAUKYASPHO HANPABAEHHIO PacIpOCTpPaHEHUs,
nockoAbky W-BOAHBI He MoOmepeuHbl) COMH MOXKET MMeTb JABa
snaueHns /47 B 3aBHCHMOCTH OT 3HaKa, KOTOPBIH OH MMeeT
B ganHom HanpasreHud. JloamHa 6bITb oNpezereHHAs Bepo-
ATHOCTb OGHAPYXKUTb Ha ONbLITE, YTO CHH PACCMATPUBAEMOTU
DAeKTpPOHA HampaBAeH BAoAb D u umeer sernuuny -+//4m;
M OlpejeAeHHas BePOSITHOCTDb, YTO 3KCNEPHMEHT JACT 3HaueHHe
cniuna — h/4s B nanpasaenuu D.

[layau no amarorun c morsipusaumeii ceeTa NMpeamOAOKHA,
UTO AAsI KamJAOro 3ajaHHOro harpaBAeHus D BoAHYy MoxHO
Pa3A0KUTb Ha ABe KOMIIOHEHTbl, HHTEHCHBHOCTH KOTOPDLIX SB-
ASIIOTCA MepOH BepOSATHOCTEH  JABYX BO3MO2KHBIX BEAHUHH
*h/4n cnuna B Hanpasrenun D. Koneuno, ecan nanpasaenue
D wmensercs, pasnromenne V-BoAHDI Ha JBe KOMNOHEHTHI MPO-
M3BOAMUTCA HHBIM CIIOCOGOM, TOYHO TaK ke, Kak JAS CBeTa
pa3sAo:eHHe Ha ABe BaUMHO TepHeHAUKYASpPHble KOMIOHEHTBI
NPOH3BOAUTCA PAa3AMYHO B 3aBHCHMOCTH OT TOTO, KaKoBa
CHCTeMa B3aHMHO NepleHAHKyAsipHbIX ocedt. Ilayam Bbimmcaa
CHCTEMY JAByX JAuU@depeHIHAADHBIX ypaBHeHHifl, KOTOPBbIM
AOAXKHBl YZOBAETBOPATb ABE KOMIOREHTbl W-BOAHBI AR
aanuoro Hanpasaenus D. On usyuuna rakmxe crnoco6 mnpeobpa-
30BaHHs 3TOH KOMIOHEHTbI, Korja HanpaBAieHne D mensercs.
Ilpu atom om samerua, uto xomnonento: W-BoAaHbl mpeo6pa-
3YIOTCA He Kak KOMIIOHeHTbl BekTopa. llepesy mamm mepBblit
npuMep NpUMeHeHUs B (U3HKe 0co6Cro MaTeMaTH4eCcKOro MO-
uatusa. Jeficrsurerpno, W-BoAHa yacTHHBI co cIMHOM He moMa-
AaeT B o6IIMA KAACC TEH30POB, YAaCTHBIM CAYy4aeM KOTOPDIX,
KaK HM3BeCTHO, SABASIIOTCH CKaAsipbl U BeKTOPbl. JTO MaTeMa-
THUeCKOe NOHATHE COBEPIUEHHO HOBOTO THIA BIOCAEJCTBHIT
6bIAO XOPOLIO H3y4YeHO M MOAYYHAO Ha3BaHHe NOAYBEKTOPA,
MAH CIIHHOPA.

Mbs1 we momeM 3zech moapo6HO omMCHIBATD (POPMAAHMBM
teopun Ilayau, k Tomy ke OH He MOAYYHA IIMPOKOTO NpHMe-
Henusi, n60 Bckope 6bIA 3amenen Teopueil Jupaxa. Kpome
Toro, teopus Ilayau ne peastusucrckas. [losTomy ee Herbsst
NPHUMEeHNTb AASA NpeAcKasaHUs TOHKOH CTPYKTYpPbl B CMBICAE,
yKkasaHHoM paHee 3omMepgerbzom. Ognako coobpaxxenna
[Tayau npeactaBasior orpomueiimuit unrepec. Oun mnokaswi-
BAlOT, KaK MOXHO BBECTH CNHMH B BOAHOBYIO MeXaHHKy, pac-
CMOTpEB BEPOSATHOCTH ABYX BO3MOKHBIX 3HAKOB CIMHA JAA
AAHHOTO HAaNpaBAEHHS W BBeAs BMECTO OZJHOKOMIIOHEHTHOH
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‘P -pynkuuin  Y-QyHKEMIO ¢ HECKOADKMMH KOMIOHEHTaMH.
M Jupaxy B ero 6rectameii paboTe yzaroch ZOBeCTH 40 KOH-
1a 3Ty MePBYIO YePHOBYIO MOMBITKY.

4. Tecpua [Anpaka

Koneuno, Jupak pykosoicrsosarca ugesmu [layam, Ho y
Hero GbIA, KPOMe TOTO, ellle OAHH PYKOBOASIUWH MPUHIIUI: CO3-
JaTh BIOAHE YAOBAETBOPHUTEABHYIO PEASITUBUCTCKYIO BOAHOBYIO
MexaHuky. JleFcTBUTeAbHO, KaK Mbl BHJEAH, C CaMOro HayaAa
Pa3sBUTHsI BOAHOBOH MeXaHHWKH MPEANOAAraAoCh, YTO PEASATH-
BHUCTCKAass BOAHOBas MeXaHUKa JOAHa 6a3supoBaTbCsd Ha BOA-
HOBOM ypaBHeHHH BTOPOro Mopsiika mo Bpemenu. Jupak noa-
BePr 3TO MPeANOAOKeHHe TILATEAbHOMY H3YUYeHHIO W IIpULIEA
K 3aKAIOYEHHIO, UYTO OHO JOAXKHO OBITb OTBEPTHYTO.

I'raBHoe Bospamenune Jupaka cocTosiro MMEHHO B TOM, UTO
ypaBHeHHMe pAaCHPOCTPaHEeHHs B PEAATHBUCTCKOH KBaHTOBOU
MeXaHHKe He MoxeT ObITb ypaBHEHHEM BTOpOTo MopsjKa IO
Bpemenu. M3 rakoro ypaBHeHHA B NPOTHBONOAOMKHOCTb BBIBO-
JaM HepeASTUBUCTCKOW BOAHOBOH MEXaHUKHU CAeAYET, YTO eCAH
3a4aHO Kakoe-AMO60 HauaAbHOE COCTOSIHHE, BbIpa:KeHHOe C MO-
moiupbio HekoTopoit W-DOAHDI, TO 3aKOH coXpaHeHHsS MOAHOH
BEPOATHOCTH He BDLIMOAHSIETCA aBTOMaTHYeckH. ABToMaTHue-
CKOe 2Ke COXpaHeHWe JIOAHOM BepPOSTHOCTH HeO6X0AMMO JASA
TOro, 4uTo6bl MOTAM cob6AOaTbCs 06LIHe MPUHIUIBI HOBOH Me-
XaHUKH.

Jupax npocreaur 3T coobpakeHUs ¢ AeAe3HOH AOTHKOH
M NPUIIEA K BbIBOAY, YTO ypaBHEHHe UAH ypaBHEHHUS PeAATH-
BHCTCKOH BOAHOBOM MeXaHHKH JOAXKHDI 06sg3aTeAbHO ObITb
VpaBHEHUS MU IepBOro NMopsijka 1O BpeMeHH U YTO, CAeJoBa-
TEADHO, B CHAY PEAATHBUCTCKOH CHUMMETPHUH MPOCTPAHCTBA H
BpeMeHH OHM PABHBIM 06pPa30M JOAKHbI OBITh ypaBHEHHAMH
MepBOro Hopsijka Mo KoopaHHAaTaM MPOCTPAHCTBA. -3aTeM C Mo-
Mollbio coobpax<eHHH, Ha KOTOPbIX Mbl He MOMEM 3JeChb OCTa-
HaBAMBAaTbCSA, OH MOKa3aA, YTO B PEASTHUBUCTCKOH BOAHOBOM
MeXaHHKe BOAHOBas (QYHKUHs JOA2HA HMeTb 4eTblpe KOMIIO-
HEHTDbI, KOTOPble MOAYMUHSAIOTCSH CHCTEMe ueTbipeX ypaBHEHWH
B YaCTHBIX NPOHU3BOAHDIX, KOTOpPble B IL[eAOM 3aMeHSIOT €JMH-
CTBeHHOE ypaBHeHHe PACIpPOCTPAHEHHs] HEPEASTHUBUCTCKOH BOA-
HOBOH MeXaHHUKH.

Hakonemn, Anpax HCCAeZOBaA BOINPOC O TOM, Kax npeo6pa—
YIOTCS YPABHEHUS PACTPOCTPAHEHHA H KOMIOHEHTBI BOAHOBOH
(DYHKIUK NpH NepeXxofe OT OAHOH CHCTEMbl KOOPAHMHAT K APY-
roii. OH Z0BOABHO KpacHBO MoKasaA, YTO 3TH ypaBHEHHs HI-
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BApHAHTHBl OTHOCHTEABHO Tpeo6pasoBanus JNopenma. ITo
Cpasy CAeAaAO ero TEOPUIO YAOBAETBOPUTEABHOU C PEASITHUBHUCT-
ckoit Touku spenms. O Hamer GopMyAbl INpeobpasoBaHuUs
AAsl 4eTbipeX KOMIIOHEHT BOAHOBOHM (PYHKIIMH, KOTOPble OKa3a-
AMCDb He TaKMMH, KaK AAS MPOCTPAaHCTBEHHO BPeMeHHOro ueTbl~
peXBeKTOpa, a OTHOCA1Cs, KaK Mbl DOKa:keM, K HOBOMY THINY
COMHOPHBIX TpeobpasoBaHuM, yixe BcTpeuaBuxca y llayam.

[Topasurerbna umenno aTa ocobennHocTh Teopuu Jlupaxa.
Y paBHeHus ero Teopuu, NOAyUYeHHble TOABKO C TIOMOLIbIO apry-
MEHTOB YHCTO PEASITUBUCTCKOW U KBAaHTOBOH MPHUPOJADI, B KOTO-
PBIX HHUrZe He MOSIBASIETCSl THIOTe3a O CNHHe, caMu mo cebe
cojep:kaT BCe CBOHCTBA MarHUTHOTO BPalUaloOLIerocsi 3AeKTPO-
Ha. [JleficTBUTeAbHO, cOrAacHO HOBBIM ypaBHEHHAM pPAacClPOCT-
paHeHUs, dAeKTPOH OyZer BecTH cebs Tak, 6yATO OH obrajaeT
co6CTBEHHBIM MarHUTHBIM MOMEHTOM, paBHbIM MarHeToHy Dopa,
M COOGCTBEHHbIM MeXaHUUECKUM MOMEHTOM, PaBHbIM NOAOBHHE
KBaHTOBOH eAMHHLIbI MoMeHTa. |losiBAeHHe CIMHOBBIX CBOHCTB
B ypaBHEHHSX, IOAYYeHHbIX 0e3 IpPUBAEYEHUs THUIOTE3bl O
CHHHe,— OJHH H3 3aMeyaTeAbHEHIINX Pe3yAbTAaTOB BCEU COBpe-
MeHHOH TEeOPeTHUYECKOH (PUBKHKH CpPeiH MHOrMX, KOTOPbIMH OHA
6orara.

[Tokaxem Tenepn, xak Teopus [upaka ceasanma ¢ Teopuei
[Tayau. Bce, kacawomeecs cnumosbix cpoiicte B Teopun /u-
paxa, Hy:xHo npusectu K popme [layrn. Mupimu crosamu, cae-
AyeT oNpeleAUTb, KaKOBAa BEPOSTHOCTb TOrO, 4TO CNHUH OyzAeT
obArazaTh TOH MAM HHON U3 JBYX BO3MO:KHBIX BEAHUHH B HEKO-
tTopom HanpasArenuu D. YTto6bl oTBeTHTH Ha 3TOT BoOmpoC, He-
06X0ZuMO TpeAe BCero BBIACHUTb, Kak pasiaraercs W-yHk-
IWsl Ha 4eTblpe KOMIOHEHTBbI, €CAH OCb 2 HamlpaBUTb BAOAb D.
BepostnocTp oamo#i u3z Beamumn +h/4n 6yzer Toraa Bbipa-
XKaThbCsA CYMMOH HHTEHCHBHOCTEH JByX YeTHbIX KOMIIOHEHT
(BTOpo# U ueTBepTOH), a BePOATHOCTb BeAMUHHBbI — [1/47 —
CYMMOH HHTEHCHBHOCTeH HeueTHbIX KommoHeHT W-pyHruun
(nepsoit u Tperveit). Jlaabmelimee uccAezoBaHMe pelleHHH
ypaBuenus [lupaka noxasbiBaeT, uTO eCAH CKOPOCTb YaCTHLbI
MaAa IO CPAaBHEHHMIO CO CKOPOCTbIO CBETa, TO NMEPBbIMU JABYMA
KOMIIOHEHTaMH BOAHOBOH (PYHKLHMHM MOKHO IpeHebpeub IO
CPaBHEHHIO C AByMsa mocAeauumu. Mupimu croBamu, ecan mMoxk-
HO mnpeHe6peub PEeAATHBUCTCKUMH 3QQeKTaMH, TO IP-cpyﬂkgmo
AOCTaTOYHO CYMTATh AByXkoMnoHeHTHo#. [Ipu aTom muTeHcHB-
HOCTb OJZHON KOMIIOHEHTBI OllpeZeAsieT BePOATHOCTb OZHOTO U3
BO3MO(HbIX 3HaueHHH CNMHHA, a HHTEHCHBHOCTb BTOPOH —
apyroro.
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Taxum 06pasoM, Mbl B TOUHOCTH TMPUXOAMM K Teopunu lla
yau. OkasbiBaeTcs, MOCAeZHsisl — NMPOCTO HePEAATHBHCTCKOE
HDIOTOHOBO Npubammenue Teopuu [Jupaxa B To xe Bpems
CTAHOBHTCs NOHATHDIM, IOYEMY BMECTO ZEYX KOMIIOHEHT B TEO-
pun [Mayru Y-pyuxuus 8 Teopun JAupaxa umeer uerbipe KoM-
MOHEHTBI: CYUIeCTBOBaHHe CMHHA MPHBOZHUT K pacUIeNAeHHIO
W.pynKuHu Ha ABe KOMIOHEHTD!; PEASTHBHCTCKHE 3¢P(PeKTs
elle pa3 NPUBOAAT K PACIIENAEHHMIO KaXAOH M3 DTHX JABYX
KOMITIOHEHT, MPUYeM 3TC BTOPOE pacLieNAeHMe HCUYE3AET B HDIO-
TOHOBOM NPHOGAHKEHHH.

Me:xzay npouuM 3aMeTHM, 4TO BCS BEPOATHOCTHAs HHTep-
NpeTalysi HOBOH MeXaHHKH O4eHb AerKO MEPeHOCHTCS B TEOPHIO
Jupaka uenoft HekoTOpPOro ycaoxkHeHusi o60o3HaueHMH. IJTa
HOBasl TOYKA 3PEHHS OKAa3bIBaeTCA 3JeCb COBEPUIEHHO NMPaBHAb-
Hoi#. 1lpexze Bcero oHa NoO3BOASIET MOHATb NPO6AEMY TOHKOH
CTPYKTYPb! H 0JHO3HAYHO 0GOCHOBATb (OPMYAbI JoMMepPPerb-
4a, OJHOBPEMEHHO BHOCS B HHX HCIIPaBAEHHS.

JeficTBUTEADHO, ecAH ¢ HOMOIIbIO ypaBHeHus Jupaka cHO-
Ba NMPOKBAaHTOBATb aTOM BOZOPOJA, TO OKasbIBaeTcs, 4To OAa-
rozapsi NMOSBAEHMIO HOBOT'O CBOHCTBA — CMHMHA — BO3HHKAIOT
HOBble, JOCEAe HelH3BeCTHble KBaHTOBble uncAa. OHM B ToU-
HOCTH COBMAZalOT C BHYTPEHHHMH KBAaHTOBbIMH UYHCAaMH, BBe-
AEHHDIMHU DMIMHPUYECKH 3a HECKOABKO AE€T ZO DTOTO NMPH KAac-
CH(pUKALHH CMIEKTPAAbHBIX TEPMOB, HaGAIOZABIIHXCS HA OMbITE.

[Toryuennas Takum nyTem gopMyAa ZAsS TOHKOH CTPYKTYpPhI
coBmazaer ¢ QopMyAolt JomMmepderbaa, B KOTOPOil cTapble
a3sMMyTaAbHble KBAaHTOBble YHMCAA 3aMeHeHbl HOBBIMH KBAaHTO-
BbIMH uHcAaMH. B pesyabraTe Takoit moBceMeCTHOH NOCAezO-
BaTeAbHOH 3aMeHbl JOCTHTAeTCs TMOAHOe COBMNAajeHHe DKCHeEPH-
MeHTaAbHO HabAIOZaeMbIX CNEKTPOB C TeopeTHueckuMu. Ana-
AOTHYHbBIE PE3YABTATHI MOAYUYAIOTCA U JAsl 60Aee TSKEADIX aTO-
MOB, €CAH, KOHEUHO, MO2KII0 JOBECTH AO KOHLIA BCe PacdeTdl,
BBeJs HEKOTOPble YHPOIIAOLIHe NPeANOAOKeHUs. |akuMm 06-
pasoM, TPYAHOCTH, CBs3aHHble C PEHTIeHOBCKHMH AYy6GAeTaMH,
ycrpanstorcsi. Mrak, paxknasa uzes 3oMmepperbla O BBede-
HHH B KBAaHTOBYIO TEOPHIO PEASITHBUCTCKHX TMOHATHH AAs 06D-
ACHEHHSI TOHKOR CTPYKTypn! okasarach BepHoi. OgHako, uTo-
‘6bl MOAYYHUTb BINOAHE YZOBAETBOPUTEADbHEIE PE3YABTATBI, IO-
HaZoGMAOCh BBeCTH Takxe cuuH. I[lepBbiii ycmex Sommep-
deAbZa He CAY4aeH, 0JHAKO B ero TeOPHH OTCYTCTBOBAA elle
OZMH BaKHbIH DAEMEHT: CITHH.

Teopun Zupaxa yzaroch Takske MOAHOCTbIO OGBACHHTH
MarHHuTHble aHOMAaAHH. 1lpu H3yuyeHHH apekTa SeeMaHa 6bIAO
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o6Hapy:KeHO CylleCTBOBaHMe AHOMAaAbHBIX 3(pPeKTOB, KOTOPbIE
BbI3BaAH GOADLIOH MHTEpec TEOPeTHKOB Toro spemenu. llpu-
YMHY TaKOro yclleXa AerKo MoHATb. UTo6b1 706HThCA 06DBsAC-
HEHHS aHOMAaAbHBIX 3((eKTOB, Hy2xHO ObIAO MpHUNHCATD OT-
HOLIEHHIO MarHHTHOIO MOMEHTA aTOMa K ero MeXaHH4eCKOMY
MOMEHTY 3HaYeHHE, OTAMYHOE OT TAaK Ha3blBa€MOT0 HOPMaAb-
#0ro. TO HOPMaAbHOE 3HAUEHHE BO3HHMKAeT M3 THIOTE3bl, YTO
MarHHTHBIH MOMEHT aTOMa—pPe3yAbTAaT HCKAIOYHTEAbHO OpPGH-
TAaABHOTO ABH:KEHHs €ro dAeKTPOHOB. IlpHmuchbiBas »e 3AeK-
TPOHY B COOTBETCTBHH C THIOTe30i ¥ AeHGeka H | oyacmuTta
CO6CTBEHHDBI MarHHUTHBLIH MOMEHT, OTHOHIEHHe KOTOPOro K ero
co6CTBEHHOMY MEXaHHYECKOMY MOMEHTY pPaBHO yJABOEHHOMY IO
CPaBHEHHIO C HOPMaAbHbIM 3HaueHHIO, Teopuu Jlupaka yaa-
AOCb BBIHTH M3 PaMOK HOPMaAbHOTO 3(dexTa 3eeMaHa U Tpes-
cKasaTb aHOMaAbHble ad@exTtol. M aTo ycmex He ToAbKO Ka-
YecTBeHHbIH, HO M KoAudecTBeHHb. JelicTBHTeAbHO, pacueThl
MO3BOASIIOT MOATBePAUTb (opMyAy JNamze u mnpeackasatb
HEeCKOADKO I MIIMPUYECKH BEAHMUYHHY Kod3(pPuuueHTa, BBEeAEH~
HOT'O HM JAs ONHCAaHHSA aHOMAaAbHBIX d(P(EeKTOB.

B aefictBuTeAbHOCTH O4eHDb KpacuBas pabora Jupaka zanra,
TakuM o6pasoM, 3aMeuaTeAbHble pe3yabratbl. OHa oxBaTHAQ
BeCb KOMIIAEKC CMEKTPOCKONHYECKHX H MAarHUTHBIX SBAEHHH,
YNOPHO He NOAZABABIIHXCS HUKAKHM IMONbITKAM OO'bsICHEHHS,
KOTOPble B KOHUEe KOHIOB C HEOOX0ZHUMOCTbIO NMPHUBEAH K MpeJ-
CTaBAEHHIO O CIMHe. BbIspiBaeT BoCXMIIeHHMe NMyTb, KOTOPBIM
6bin0 ocyllecTBAeHO 0O6bejHHEHHe KBAHTOBOH TOYKH 3PEHH:A
c runoresoii Y aenbexka m [oyzcmura. Moxuo cmpocutb,
CKOADb Aareko uzeT Teopust Jupaka B MPHMEeHEHMH M CAMSAHHH
KBAaHTOBbIX H PEASTHBHCTCKHX MNpeACTaBAeHHH, u60 mepBble
TPeOyIOT CYUIeCTBEHHOH JUCKPETHOCTH, a BTOPble MPOHH3AHDI
NpeACTaBAEHHEM O HENPepbIBHOCTH. JTO TPYAHBIH BOMPOC, KO-
TOPBIH Mbl He X0TeAu 6bl 3aech o6¢cymaaTh. Ham kaxercs, urto
CAHSIHHE PEeASTHBHCTCKHX M KBAHTOBDbIX INPEACTaBAEHHH OCYy-
wectBAeHo B Teopuu /Jlupaka He BIOAHe VZOBAETBOPHTEABHO.
Oanaxo B LeAOM 37aHHe STOH TeOPHH BOCXHTHTEADHO H TPEA-
cCTaBAsIeT cO60OH B HacTosilee BPeMs KyAbMHHAUHOHHBIM MYHKT
BOAHOBOH MEXaHHMKH DAEKTPOHA.

He ocranaBaupasch Ha usyuenun gpyrux npHAOXKeHHH Teo-
pun [Jupaxa, manpumep Ha 1pob6reMe pacCesHMS H3AYYEHHs
sewectBoM (popmyra Kaelina—Humunnr), mbr xoteru 6o no-
roBOPUTb 06 0OZHOM CTPaHHOM CAeAcTBHH ypaBHenuil Jlupaka,
KOTOPOe Ha TepPBbIH B3IAfJ COCTaBASeT cAabbld NYyHKT Teo-
PUH, a Ha CaMOM /leAe OKa3blBaeTCs ee JOCTH:KeHHEM.
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5. CocToanHs ¢ OTpUUATEAbHOH 3HeprHei.
Iloroxureannbiii arekTpon

Ypasuenus teopun Jupaka npossasioT ocobbie cBOHCTBA,
ZONycKas peIIeHUS, COOTBETCTBYIOWHe COCTOSHHSAM YaCTHILBI,
SHePrHs KOTOPOH MOKeT ObITb OTPHUATEAbHOH. DAEKTPOH B
OZHOM H3 DTHUX COCTOSHHH AOoA2xeH 06AaZaTb ZOBOABHO CTPaH-
HbIMH cBoficTBaMH. UTO6bI yBeAHUHTH €ro CKOPOCTb, Y Hero
HYKHO OTHATb dHepruio. I, Ha060poT, YTO6BI €ro OCTaHOBUTD,
HY2KHO COOGIIMTb eMy HEKOTOPYIO 3Hepruio. B skcmepumenTe
DAEKTPOH HHUKOTZa He BeA cebs Tak cTpanHo. [loaTomy BrmoAHe
3aKOHHO GBIAO CUHTATb, YTO COCTOSHUS C OTPHLATEAbBHOH HEP-
rueHl, CyluleCTBOBaHHe KOTOPbIX gonyckaer Teopus Jlupaka,
B AeHCTBHTEABHOCTH B NpHpoje He pearusyiorca. Moxuo 6bi-
A0 6Bl CKasaTbh, YTO B ITOM CMbBICAe TEOPUS JAAeT CAHIIKOM
MHOro, Mo KpaiHed Mepe Ha NepPBBIH B3rAAZ.

To, uro ypaenenns Jupaka zomyckaroT BO3MOXHOCTb CY-
LIeCTBOBAHHA COCTOSSHMH C OTPHLATEAbHOH SHeprued, 3To, He-
COMHEHHO, Pe3SyAbTaT HX peAATHBHCTCKOTO XapakTepa. Jleit-
CTBHTEADbHO, Jax<e B PEASTHBUCTCKOH JHHAaMHKe 3AEeKTPOHA,
pasBuTOH ODHHIWITEHHOM B paMKax ClelMaAbHOH TeOPHM OTHO-
CHTeABHOCTH, 06HAPYKHUBAETCS BOSMOMKHOCTb JBHUKEHHs C OT-
pugarteabHoit aneprueit. Ognako B To BpemMs B guHaMuKe DHH-
mTeiiHa TPyAHOCTb OblAa He OdYeHb Cepbe3HOH, 60 OHa, Kak
H BCe MpejblAyLIHe TEOPHH, NpeATloAarara, 4To Bce (QU3HYe-
CKHe Tpollecchl HempepbiBHBbI. A Tak kak co6cTBeHHAas Macca
SAeKTPOHA KOHeYHa, TO OH Bcerga obraZaeT KOHeUYHOH BHYT-
peHHell dHeprued B COOTBETCTBHH C PEASITHBHCTCKHM MPHHLIH-
IIOM 3KBHUBAAEHTHOCTH Macchl U sHepruu. [ lockoAbky aTa BHyT-
PeHHAS SHePrHs He MOKET MCYe3aTh, TO Mbl He MOXKeM Hellpe-
PBIBHbIM 06pa30M MepPeHTH OT COCTOSIHHA C MOAOXKHTEABHOH K
COCTOSIHHIO C OTPHLATeAbHOH 3Hepruei. | akuM o6pasoM, mpea-
NOAOKeHHe O HeNPepbIBHOCTH (PU3HYECKMX IPOLECCOB MOAHO-
CTbIO HCKAIOYAET TAKOTO POJA Mepexos.

CrezoBaTeAbHO, ZOCTATOUHO TMPEANOAOKHUTD, YTO B Ha4aAb-
HbIH MOMEHT BPEMEHH BCe DAEKTPOHbI HAXOAATCSA B COCTOSHHUSX
C TMOAOXHTEADPHON 3dHeprueH. ytoObl YBHAETb, YTO COCTOSIHHE
BCerZa OCTAeTCs TaKUM :Ke. | pyZHOCTb CTaHOBHTCA TOPa3zo
6oAee cepbesHoit B Mexanuke Jupaka, H60 9To MeXaHHKA KBaH-
TOBasg, JAONyCKalolliasg CyLIeCTBOBaHHWe AHMCKPETHBIX IepeXojo0B
B ()u3HYecKUX ABAeHHAX. MOXKHO AerKO BHAETDb, UTO MepPeXozbl
MeKJy COCTOSHHUSIMHU C MOAO2KHTEADHOH M OTPULATEABHOU dHEp-
THell He TOABKO BO3MO:KHBI, HO W JZOAKHBI TPOUCXOZUTb ZO-
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BOABHO 4YacTo. Kaefin mpuBen uHTepecHbIH MpuMep TOro, Kak
3AeKTQPOH C MOAO:KHTEAbHOH 3Heprue#, momas B ob6AacCTb, Tie
AedcTByeT 6BICTPO MeHSIOLleecss TOAe, MO2KeT MOKHHYTb 3TY
06AacTb B COCTOSHHEH ¢ oTpunaTeAbHoll sueprueli. Caegosa-
TeAbHO, TO, YTO DKCHEPHMEHTAAbHO SAEKTPOH C OTPHLATEABHOM
SHeprued HH pasy He ObIA OOHapy:KeH, OKa3bIBaAOCb OY€Hb
onacHo aAs teopuu Jupaxa.

UYto6pr oboiiti Ty TpyaHoctb, Jupak BbIABHHYA OueHb
OCTPOYMHYIO HZel. 3aMeTHR, uTo coraacHo npunuuny [layaw,
0 KOTOPOM Mbl TOrOBOPHM B CAeAyIOIleH TAaBe, B OAHOM CO-
CTOSIHUHM He MOKeT HAaXOoAUTHhCsi 6oree OZHOTO DAEKTPOHA, OM
NPeANOAOKHA, YTO B HOPMAABHOM COCTOSIHHH OKpY:KaloIlero
MHpa BCe COCTOSIHHS C OTPHIATEAbHOH DHePrHeH 3aHATHI dAEK-
tponamu. OTcioga caeayeT, UTO TAOTHOCTb DAEKTPOHOB C OT-
puuaTeAbHoil sHeprueil Besze oauHakoBa. Jlupak BBIZBHHYA
NPeANOAOKEHHE, YTO DTY OLHOPOAHYIO MAOTHOCTb HabAIOZATb
HeBO3MOkHO. B To ke BpeMsa 5AeKTPOHOB cyLlecTByeT 60OAbLIE,
4eM HeoOGXOZWMO ZAsl 3aOAHEHWS BCEX COCTOSHHH C OTPHLa-
TEAbBHOH 3HEprHeH.

AtoT U36bITOK H NPEACTaBAAIOT cO60H DAEKTPOHBI C MOAO-
’KUTEAbHOH dHeprueH, HX-TO Mbl H MoO:KeM HabAl0ZaTbh B Ha-
IIUX DKCIePUMEHTaX. B HCKAIOUMTEABHBIX CAy4asx DAEKTPOH
C OTPHLATeAbHOH 3HeprHeH MoOxeT NOJ JeHcTBHeM BHeIIHeH
CHABI NepeilTH B COCTOSIHHE C TOAOXKHTeAbHOH sHeprueid. Ilpu
9TOM MIHOBEHHO TMOSIBASIETCSH HaOGAlOZaeMblH DAEKTPOH H
B TO e BpeMsi oOpasyeTcs ZblpKa, MycToe MeCTO, B pac-
npeaereHHH 3AeKTPOHOB C OTpHUaTeAbhoii sHeprueit. Jupax
TIOKa3aA, YTO Takas JAbIpKa MO:KeT HabA0ZATbCs dKCIepHMeH-
TaAbHO M JOA2HA BecTH cebst noz06HO wacTHLe ¢ Maccoi, pas-
HOH MacCe JAEKTPOHA W PaBHLIM €My, HO NMPOTHBONOAONHBIM
no 3Haky 3sapsgoM. Mbl GyseM BoCMpHHHMATb €ro Kak aHTH-
DAEKTPOH, NMOAOKHTEABHBIH dAEKTPOH. JTa Heo:KHZAHHO obpa-
30BaBLIasgics AblpKa He MoxeT Aoaro cvigectsoBath. Ona 6y-
JAeT 3aloAHeHAa DAEKTPOHOM C TOAOKHTEAbHOH dHeprueH, Ko-
TOPBIH HCMbITAeT CHOHTAHHBIH Mepexos B MYyCTOe COCTOSHHUE
C OTPHUATEABHOH DHEPTHEH, COMPOBOM/AAIOIUHHCA H3AYUYEHHEM.
Hrak, Jupak 06bsacHuA HenabAI01aeMOCTb COCTOSHHI ¢ OTPH-
HaTeAbHOH dHEPTHeH M B TO Ke BpeMsi MpejcKa3air BO3MONK-
HOCTb, MYCTb PEeAKOTO H d(PEMEPHOr0o CyLIeCTBOBAHHS, MONOKH-
TEeAbHBIX 3AEKTPOHOB.

Hecomnuentno, runoresa Jupara 6biaa ouenb npocra, ogHako
Ha MePBbIH B3rAsfJ OHa Ka3aAOCh HECKOAbBKO HCKYCCTBEHHOH.
BosmoxHo, uto 6oabmoe uncao QusnkoB ocTaBaroch 6bl Ha-
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CTPOEHHBIMH B DTOM OTHOIIEHHH HECKOABKO CKENTHYECKH, ec-
AM 6bl DKCIIePHMEHT HeMeJZAeHHO He JOKa3aA CyLIeCTBOBAHHS
MOAOKHUTEABHBIX DAEKTPOHOB, XapaKTepHble CBOHCTBA KOTOPDIX
TOABKO uTO mpeackasar Jupax.

Jeiictruternno, 8 1932 r. cnavara ToHKHe 3KCITepHMEHTHI
Anuzepcona, a satem u Baskerra m Oxkuarunu obnapyxuAH,
UTO NPH pacfnaje aTOMOB TOJ JeHCTBHeM KOCMHYECKHX Aydued
MOSIBASIIOTCS YACTHLbI, KOTOPble BeAYT cebs B TOYHOCTH Kak
MOAOKHTEAbHDBIE 3AEKTPOHbI. XOTS aBCOAIOTHO CTPOTO ellle H
HeAb3s 6BIAO yTBep:KAaTh, UTO MacCa HOBbIX YaCTHL PAaBHA
Macce dAEKTPOHA, a HX DAEKTPUUECKHH 3apsj paBeH H MPOTH-
BOIIOAOKEH 10 3HAKy 3apsiiy DAEKTPOHa, TI0CAeZyloUlHe IKC-
MePpHMEHTBl ZeAaAH DTO COBNajeHHe Bce 60Aee BePOATHDBIM.
Janee, okasanroch, UTO MOAOMHTeAbHble SAEKTPOHBI HMEIOT
TeHAeHUHI0 6bICTPO Hcue3aThb (aHHHIHAHPOBATDb), MPHXOAA B
CONMPHKOCHOBEHHE C BeILeCTBOM, NMpHYeM aHHUTHASLHS COMPO-
BOKZaeTcsA H3Ay4YeHHeM. DKcnepuMeHTbl 1160 u Roano-Kiopu.
Ka3aAoCb, He OCTABHAH B 3TOM BONPOCe HHKAKOTO COMHEHHS.

MckrounterbHble 06CTOATEABCTBA, MPH KOTOPBIX MOSABASA-
IOTCS MOAOKHTEAbHbBlE DAEKTPOHBI MU HX CHOCOGHOCTb K aHHH-
THASIIHH, COKPALIAOIIasi BPEMs MX CYLIeCTBOBaHHs,— dTO Kak
pas U ecThb Te CBOACTBa, KorTopble mpeasuger Jupax. Takum
06pa30oM, CHUTyalHs OKasahacb o6paTHOMH: CyLIeCTBOBaHHe pe-
mwenuii ypasHenunn Jlupaka ¢ oTpHIATeAbHOH 3HePTHEH He
TOABKO He CTaBHT HX 110J COMHeHHe, HO, Hao60POT, IMOKa3bIBa-
eT, YTO ®TH ypaBHEHHS INPeACKAa3aAH CyLleCTBOBaHHe H OIHU-
CaAM CBOHCTBA NMOAOXKHTEABHBIX DAEKTPOHOB.

Tem He Menee MBI ZOAMHBI NMPH3HATb, YTO AHPAKOBCKHE
npeACTaBAeHHs O AbIpKaxX MPUBOAST K CEPbe3HBIM TPYZHOCTAM,
KacalOIHMCH DAeKTPOMACHHUTHbIX CBOHCTB BaKyyMma. DBroAHe
BeposATHO, uTo Teopus [upaka 6yzer mpeo6pasoBaHa H ycCTa-
HOBUT OOADBIIYIO CUMMETPHIO MeKAY DAEeKTPpOHaAMH 06OHX TH-
NoB, B pes3yAbTaTe 4ero HJAess O JAbIpKax BMecTe CO CBsA3aH-
HBIMH C Heit TpyaHocTamu 6yzer orbpomena. B To xe Bpems
HECOMHEeHHO, YTO 3KCMepHMEeHTaAbHOE OTKPbITHE MOAOKHUTEAD-
HBIX 9AeKTPOHOB (HblHe HOCAIIMX HaBaHHe MOBHUTPOHOB) TPeJ-
craBAsieT cob60H HOBOe M 3aMedaTeAbHOe MOATBep:KAeHHe HAeEH,
Aexamux B ocHoBe Mexanuku Jlupaka. Cummerpus mexay
060MMH THIIaMH 3AEKTPOHOB, KOTOpPas YCTaHaBAHBaeTcis B pe-
3yAbraTe 60Aee TILATEABHOTO HCCAE€ZOBAHHS HEKOTOPBIX aHa-
AMTHYeCKHX ocobeHHocTeii ypasuenuit [upaka, nmpepcraBaser
6OADIIOH HHTepPeC H HECOMHEHHO e NMPeJCTOMT ChIlpaTb Bax-
HYI0 pOAb B ZaAbHellileM pa3BUTHH (M3HYECKHX TeOPHH.
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INrara XII

BOAHOBASA MEXAHHKA CHUCTEM
H NMPUHIUIT ITAYAH

1. BoAHoBas MexamuKka CHCTeM YacTHIL

o cux mop Mbl paccMaTPHBAaAH HOBYIO MeXaHHKY TOADBKO
AAA cAydas, KOTZa B 3aJaHHOM CHAOBOM MOAe JBH2KeTCs OJHA
yactuua. Vluorga mbl mpearnoraraAM, 4To TOT HAH MHOH NPHH-
UHN ClIpaBeAAHB M AASI CHCTeMbI; a MOCKOAbKY (pH3HUKa npez-
InoAaaraeT CymeCTBEHHO ﬂHCKPETHbIﬁ XapakTep 3AeMEeHTapPHbIX
(HU3HYEeCKHX MNPEeJCTABAEHHH, OH CHPaBeZAHB H JAAA FPYIIbI
yacTuu. lenepb HeO6XOZMMO YTOYHUTb, KaK BBIFASJHT 3Ta
BOAHOBAas MeXaHHMKa CHCTeM 4aCTHL.

OTmetuM ¢ camoro HayaAa, 4TO HACTOAILYI0 CHCTEMY
06pasyOT TOAbBKO B3aUMOZAEHCTByOIIHe ZAPYr ¢ APYroM dac-
THIbI: HeB3aHMOZEHCTBYIOUIHE YaCTHIIbI MOXKHO pacCMaTPHUBATh
He3aBHCHMO JAPYT OT APYyra, H Mbl CHOBAa MPHXOZHM K CAydYalo
0ZHOH uYacTHUbl. JTO 3aMeyaHHe, KOHEYHO, CIIPaBeAAHBO KakK
B CTapOH, TaK H B HOBOW MeXaHHKe.

Hanomuum 1enepp, xak KAaccuweckast MeXaHHKa pellaeT
npobaeMy JABH:KeHHs] CHCTEeMbI B3aHMOJEHCTBYIOIUMX YacTHIL.
JAs KaxmzoH M3 9THX YACTHI BBIMHCBIBAIOTCS OCHOBHblE yPaB-
Henuss HploTona, Bbiparkaromue IPOINOPLHOHAADHOCTD MENKAY
yCKOpeHHeM MaTepHAaAbHOH TOYKM H JeHCTBYyIOIIeH Ha Hee CH-
rof. [Tockoabky mpeamoraraem, 4To MeXAy 4acTHLLAMH HMeeT-
ca B3auMoJeHcTBHe, T. €. CHAA, AeHCTBYyIOIIas Ha KaxJylo 4a-
CTHLLY, 3aBUCHT OT ITOAOKEHHS BCeX OCTaAbHbIX YacTHU, TO IO-
Ay4yeHHble TaKUM 05pa30M ypaBHeHHA 06pas3yIOT CHCTEMY AH(-
(pepeHIHAAbHBIX ypaBHeHHuil. E.cAm uX BbIMucaTbh B ABHOM BHZAE
B NPSAMOYrOAbHBIX AEeKapPTOBbIX KOOPAHMHAaTaX, TO YHCAO 3THX
ypaBHeHHH 6yjeT paBHO yTPOEHHOMY YHMCAY 4YacTHL, HOO Kazs-
Jas 4acTHIIa HMeeT TPH KOOPJZHHATDI.
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Pentenne 3Toit cHCTeMbl ypaBHeHHH, eCAH OHO BO3MOXKHO,
AaeT BbIpa:kKeHHe AAS KaxXKA0H KOOPAHMHATBI KaK (PYHKUHH Bpe-
MeHH, T. e. NMOSBOASET INPOCAeZHTb MOAO:EeHHe H JBHXKCHHE
KaxJ0H 4aCTHIIB! C TeueHHeM BpeMeHH. Kpome Toro, us Bcex
pellleHHH THX ypaBHeHHUH HYKHO B3STbh TOAbKO TO pelleHHE,
KOTOpPOE MOAHOCTbIO ONpeZeAeHO, eCAH 3aJaHbl MOAOKEHHS Il
CKOPOCTH YaCTHL B HaYyaAbHbIA MOMEHT BpeMeHH, HHBIMH CAO-
BaMH, eCAH 3aZaHO Ha4yaAbHOe MOAOKeHHe H COCTOSHHe JBHke-
HHS CHCTeMbl. |aK, OKa3blBaeTCA, YTO B KAACCHYECKOH AMHAMH-
Ke CHCTeM BDbINIOAHSETCA MeXaHMYEeCKMH JeTePMHHU3M.

He BaaBasch cammkom ray6oxo B omucaHHe KAaCCHYECKO(
MeXaHUKH CHUCTeM, Mbl TOABKO HAallOMHHM, YTO VpPaBHEHHUs ABH-
KeHUsl MOXKHO BO MHOTHX ,CAy4asX IPHUBECTH K XOPOIIO M3Be-
cTHbIM ypaBHeHuam Jarpauxa u amuaprona. Ognako 6ara-
rodapsa 6oree abcTpakTHOH (opMe yKasaHHBIX ypPaBHEHHH
ABHeHHsSI TOAE3HO PACCMOTPETb HOBOe TeOMETpPHYECKOe TMpej-
CTaBAeHHe 3TOH cucteMbl. BmecTo Toro urtobn paccMaTpHBaTb
CHUCTeMy B (PU3MYECKOM MPOCTPAHCTBE TPEX H3MePEHUH H Io-
BOPUTb O MOAO:KEeHHHM KaxKAoH ee YaCTHUD B Kax{Abli MOMEHT
BpeMeHH, Mbl MO:eM CBS3aTb KOOPAHMHATHI BCEX YacTHL H
MBICAEHHO CKOHCTPYHPOBAaTb TeM CaMbiM a6CTpaKTHOe HPOCT-
PAHCTBO, YHCAO H3MEePEHHH KOTOPOTO BTPOe TPEBbIIAET YHCAO
yacruy, (MpuueM 3TO YHMCAO M3MePEHHH MO2KHO YMEHbIIMTD,
€CAH CyUIeCTBYIOT COOTHOIIEHHS, OrpaHWUYHBaKOIHe CBO6GOAY
ABMKeHHsA uacTHL). B aToM abcTpakTHOM —MpPOCTpPAaHCTBE.
HOCSIIIeM Ha3BaHHe KOHQUIYpPaLHOHHOTO MNPOCTPAHCTBA, Kak-
Joe COCTOsIHHe CHCTeMbl NMPeACTABAEHO B BHJAe TOYKH, KOOp-
AMHATbl KOTOPOH paBHbI KOOPAMHATAM 4YaCTHIl CHCTeMbl. JBO-
AIOLHsI CHCTEMbl C TeueHHeM BpeMeHM 6yjeT, TakHM 06pasoM,
ONMHUCHIBATbCS IepeMelleHHeM BTOH u306pax<alolied TOUYKH
B KOH(HUIypallHOHHOM TpOCTpaHCTBe. Bcs 3azaua MexaHHKI
COCTOMT B TOM CAy4ae B BBIYHCAEHHH TPAEKTOPHH U CKOPOCTH
usobpaxatomeii Touxu. I pynny ypaBHeHMii KAaccHuecKOH ZH-
HaMHKH MOKHO PacCMaTPHUBaThb KaK ypaBHeHUS ABUEHHS STOH
touku. Mrak, Mbl cBeAM M3yueHue ABHM<eHHMS MHO2KeCTBa TOUYEK
B (DUSHYECKOM TPEXMePHOM NPOCTPAHCTBE K MCCAEZOBAHHIO ITO-
BeJeHHs eJUHCTBEHHOH TOYKMU B a6CTPAKTHOM KOH(HIYPALHOH-
HoM mpocrpaHcTBe. MexaHHueckHH JZeTepMHUHH3M TNpPH ITOM
MPOCTO BbIpazkaeTcsi CAOBAMH, UTO ABHKeHHe M306parkarouie
TOYKM TOAHOCTbIO OIIPeZeAeHO, eCAH HBBECTHbl ee HayaibHOE
NOAOXEeHHe M CKOPOCTb B KOH(HUIypPaLHOHHOM IIPOCTPAHCTBE.

Hcnoabsosanye koHQHrypanmHOHHOTO MPOCTPAaHCTBA CTaHO-
BHUTCA 0053aTeAbHbIM, KOrZa XOTAT NPHUMEHHTb K JHHaMHKe
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¢ucreM TeopeMy Sxobu. loBops sasbikomM ¢u3mKH, CyIIHOCTD
3TOH TeopeMbl 3aKAIOYAeTCs B PasOMeHHH BO3MOXHBIX JBHKeE-
HUI paccMaTPUBAaeMOH CHCTeMbl Ha TpyNMbl TakHM o6pasoM,
yTo6bl B KaxkZOH Tpynile COBOKYMHOCTb BCEBO3MOXKHDBIX TpaeK-
TOPHH ABHKeHHS COOTBETCTBOBaAa AydYaM PacHPOCTPaHAHWHX-~
cs Boan. OueBugHo, 9To ecAn Bce ABHKYUIHeCS YacCTHUIbI OIHU-
CbIBaTb B (PH3HYECKOM MPOCTPAHCTBE, TO TAKOTO COOTBETCTBHUSA
YCTaHOBHTb HEBO3MOMKHO IIPOCTO H3-3a 06MAMS TPAaeKTOPHH.
C apyroii cTopoHbl, ero Aerk0 yCTaHOBHTb, e€CAH paccMaTpH-
BaTb KOH(UTYpaLHMOHHOe MPOCTPAHCTBO, H60 B HeM KamzOMY
ABH2KeHHIO COOTBETCTBYeT eJHHCTBEHHas TpPaeKTOpHUs H3006pa-
xaromeii Toukn. CregoBaTeAbHO, B 3TOM cAydae Teopus Slko6u
MI03BOASIET HaM KAACCHQHULHPOBATbh BO3MOXKHbIe JBH2KEHHS CH-
CTeMbl, T. e. BO3MOX<Hble JBH2KeHHS M306parcarouled TOYKH B
KOH(QUTYpallHOHHOM MPOCTPAHCTBEe, TaKHM ob6pasoM, 4To Tpa-
eKTOpUM H306pazkalolledl TOYKHM, INPUHAZAexAalIHe OZHOMY
KAacCy, NMPeACTABAAIOT B MOCAeJHEM AYYH BOAH, PacmpocTpa-
HSIOIHXCH B CMbICAE TeOMeTPHYECKOW ONTHUKH. Y paBHeHHe
fAxobu, saBucsIllee 0T KOOPAMHAT BCEX YAaCTHL CHCTeMbI, T. €.
OT BCeX KOOPAMHAT KOH(UIypaLHOHHOro MPOCTPAHCTBa, 6yaAeT
ypaBHeHHeM TFeOMeTPHYeCKOH ONTHKH AASA PACNPOCTPAHEHHS
3TUX BOAH B PAacCMaTPHUBAEMOM MHOrOMepHOM IIPOCTPAaHCTBE.
[lpunnun nanMenbluero zelCTBUS OKa3blBaeTCs! B 9TOM CAydae
skBuBaAeHTHbIM npuununy Mepwma.

[Tockoabky Teopus flko6u m mpuunun Haumenbliero ZAeH-
CTBHS OTKPbIBAIOT CaMbld A€rKHMH MyTb AAS Nepexoja OT CTa-
POM MeXaHMKH K BOAHOBOH, MOKHO 6BIAO OKHMZAATb, YTO AAAb-
HeHllee pPasBHTHe BOAHOBOH MeXaHHKH OyJeT MPOHUCXOAUTD
¢ TIpUMeHeHHeM TMpPEeACTABAEHHS O KOH(UIypalHOHHOM IIPO-
crpanctBe. Mmenno tak ato u mpomsomnro. O606mas mnpoue-
aypy, paspaboTaHHYIO AAS ypaBHEHHS PAcMpPOCTPAHEHHS BOA-
ubl oguoft wactuupl, Lllpeaunrep cymen sanucatp B xoH@HrY-
PalMOHHOM TMPOCTPAHCTBE ypaBHEHHe PAacCHpPOCTPAHEHHSA AAA
W.pyukuuu, cBasanHo# ¢ cucTemoil. DTO ypaBHEHHe IOCTPOE-
HO TaKHUM 06pa30M, YTO eCAH BBIIOAHSETCH NMpuOAUAEHHe reo-
MeTPHYeCKOH ONTHKH, TO MOAVYaeTCs BHOBb ypaBHeHHe flko6u.

Oganaxo 3zech W-yHKLIUS 3aBUCHT He TOAbKO OT BPEMEHH,
HO U OT KOOPAMHAT BCEX YaCTHUL CHCTeMbl, U ee H3MeHeHHe
NPOMCXOAUT B KOHPUIypalHOHHOM MHPOCTpPaHCTBe. |akum 06-
pa3soM, 3jech ellle 6OAbIUe NMPOABASETCA CHMBOAMYECKHH Xa-
paktep W-BOAHDBI, YeM B cAydae ofHoi uactuubl. Morao 681
JaxKe MOKasaTbCs CTPAHHBIM, YTO ABH2KEHHe CHCTEMbl HeAb3H
paccMoTpeTb B TpeXMepHOM IpocTpaHcTBe, u60, 4TO6bI 3TO
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caeAaTb, Mbl 00s13aTeAbHO JOAXHbl HayaThb C MpPeJACTaBAEHHUSY
06 abCcTpaKTHOM KOH(QHIYPALHOHHOM IIPOCTPAaHCTBe. Beab B
KAQCCHYE€CKOH MeXaHHKe HCIIOAb30BaHWe KOHQHIYpPAILHOHHOTO
NMPOCTPAHCTBA YaCTO OKAa3bIBA€TCs NMOAE3HBIM, HO COBepLIEHHO
HeoOsA3aTEAbHBIM: BCe YaCTIIIbl CHCTEMDI BCeTZAa MO:KHO ONH-
caTh B (pU3HYECKOM NPOCTPAHCTRE.

ABTop 3TOll KHMTH B TeyeHHe JOATOrO BPeMeHH OILYINAA
HEKOTOpPOe 6eCNOKOHCTBO MO NOBOJY 06S3aTEABHOrO INpHMeHe-
HHS KOH(DUIypaUHOHHOIO MPOCTPAHCTBA B KBAHTOBOH MeXa-
HHKe: Jaxe CeroZHs OH HaZeeTcs, YTO, KOrZa Mbl CMO2KeM 3a-
MeHHTDb HalllH COBPeMeHHble MPeJCTABAEHHS O (GUBHYECKOM MPO-
CTPAHCTBE, O YaCTHLAX H T. 4. NpeACTABAEHHUSMH, Ayd4lle COOT-
BeTCTBYIOIIHMH JeHCTBUTEADHOCTH !, 3aKOHbI BOAHOBOH MeXa-
HHUKH cucTeM OyZyT BbIpa<eHbl B MeHee MCKYCCTBEHHOH (hopMe.

Tak uau unauve, B HacToslllee BpeMs BOAHOBAas MeXaHHKa
cucreM (QOPMyAHPYETCS B TepMHHAX BOAH B KOH(QHIypalHOH-
HOM NMPOCTPAHCTBE, H Mbl YBUAHUM, YTO ee METOABbl YBEHYAAHCH
ycnexom. KpanToBanue cucTembl 3akAlouaeTcs B MCCAeJOBaHHI
TOro, AAsl KaKHX 3HAYeHHI MOAHOH »Hepruu cuctemb! (paBHOIl
yactore W-BOAHDBI, yMHOZeHHOH Ha /1) CyllecTBYIOT B KOH(H-
IypaLHOHHOM MPOCTPAHCTBE CTAaHOHApHDIe W.goanns, T. €. B
MOKHCKaX COGCTBEHHBIX 3HAYEHHH ypPaBHEHHU PaCHpPOCTPAHEHHUS.
Janee, 1ag 3TMX KBaHTOBaHHBIX CHCTEM HAXOAATCHA ZHCKPETHble
CHEeKTPbl COOGCTBEHHBIX 3HAYEeHHH, KOTOPBIM COOTBETCTBYIOT
cobcTBeHHble (PYHKUHH, o6pasyloliHe NMOAHBIH Habop u T. J.
Takxum 06pasom, MPousBOAUTCA HemoCPeACTBEHHOe 0606IIeHHe
(pU3HYECKOTO 0O'bSICHEHH ST BOAHOBOM MEXaHHKH.

Unrencusnoctp W-BoAHBI zaeT B KamaoH TOuKe KOH(QHUIY-
PAaLJUOHHOTO MPOCTPAHCTBA BEPOATHOCTb TOrO, YTO DKCIEPH-
MeHT, 06HapPy2KHBAIOIINH YacTHLbl CHCTEMbl B JAHHBIX TOYKAX,
NMO3BOAUT MPHIUCATb CHUCTEMe KOHQHUIYpPAaLHIO, COOTBETCTBYIO-
Wy AaHHOH Touke. AHaAOTHYHO, TapUUaAbHAss HHTEHCHB-
HOCTb KOMITOHEHT CIIeKTPAaAbHOTO Pa3sAOKeHHS BOAHOBOH (PyHK-
UMM MO cOoOCTBeHHbIM (QYHKUHAM DHEPrHH JaeT BePOSTHOCTH
TOTO, YTO TOYHOe M3MepeHHe DHEPTHH JACT TO HAH HHOe C06-
CTBeHHOe 3HaueHMe ramuAabToHuaHa. Kopoue rosops, crozga
HeMocpeACTBEHHO MePEeHOCATCA BCe MPHHIUIMbI BepOATHOCTHOMH
untepnperanuu. CreayeT Tak:ke MOMYTHO OTMETHTb, YTO 34€Ch

' B cayyae cHcTeM, COZepAaUIHX YACTHUBI OAMHAKOBOH IPHPOAYI,
MO2KHO H36eKaTh 0653aTEAbHOI0 HCIIOAb30BaHHMsi a6CTPAKTHOrO MPOCT-
PAaHCTBA KOH(Hrypauud, MPHMEHHB MeTOJ BTOPHYHOTO KBAaHTO-
BaHuA IJTOT MeTOJ OCHOBAaH Ha TOM, 4TO NPH AIOGbIX 3BOAIOLHAX Ta-
Koil CHCTeMB! MOAHOE YHCAO YACTHL ANAMKHO OCTaBaTbCSl HEH3MEHHBIM,
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MOXHO ONpEeAEeAHTb NOHATHEe LEHTPAa THAMXKECTH II YTO HEKOTO-
pble KAAaCCHYECKHe TeOpeMbl MEXaHHKH, TaKHe, Kak TeopeMa
Kénura, uMeloT cBOM aHaAOTM B BOAHOBOH MeXaHHKe.

BoanoBas Mexaumka cuctem, passurtas B paborax [llpe-
AWHTepa, He ABASETCA PENATHBHUCTCKOH. JTo BOAHOBOe 0606~
[leHHe HbIOTOHOBOH, a He HYUHNITEHHOBOH MeXaHHKH CHCTEM
N0 TOH MPHYHHE, YTO PEASTHBUCTCKAs MeXaHHKa CHCTeM HH-
Korza He 6YZeT OKOHYAaTEAbHC CO3JaHA. JTa HECIOCOOHOCTD pe-
AATUBUCTCKOH MeXaHMRH CTPOrO ONHCATb JBHKeHHe CHCTEM
06ycAOBA€HA HECKOABKHMH MPHUYHHAMY, B YacTHOCTH TeM, 4TO
TEOPHS OTHOCHTEABHOCTH CyILECTBEHHO OTBepraeT BCe MIHO-
BeHHble BO3JeHCTBUA Ha paccTosHMH. PersaTuBlCTCKas BOAHO-
Bas MeXxaHHMKa JlMpaka MpUMeHHMMa TOAbKO K H30AHPOBAHHBIM
YyacTUllaM, NMOMeIIeHHbIM B 34JaHHOe CHAOBOe MoAe: ee 06061e-
HHe Ha CAyuyaH CHCTeM IMpejCTaBAsieT CO60M CAOKHYyH Mpob-
AeMy, JaAEKYIO ellle OT OKOHYATEAbHOrO pelleHUS.

B 1. 4 eme 6yzer uaTH peub 0 HECKOABKHX 3aMe4aTEAbHBIX
NPHAOKEHHAX BOAHOBOH Mexanukm cucrem. OgHako, npexze
4yeM CZeAaTb 3TO, Mbl ZOAKHbBI PaCCMOTPETb OJHMH BaXKHbIH CAY-
Yail, rze sIpKO MPOABASIOTCA HEKOTOPbIe chelHHYECKHe CBOH-
CTBa HOBOH MEXaHUKH: CAyYail CHCTEM, cOJepKallHX YacTHIIbI
0ZMHAKOBOH MPHPOJDI.

2. Cucrembr, cocToAIIHe M3 HAaCTHI OJAHAKOBOH NMPHPOADIL.
Hournun IMayan

Bonpoc, xoropniit Mbi cobupaemca 06¢cyaHTb, BCELEAO CBS-
3aH C BAa’XHOH H COBEPILEHHO HOBOHW HZeeH, BOSHHKAalOUled B
KBAaHTOBOH TEOPHH B CBA3U C BBeJeHMeM B CTATHCTHYECKYIO
MeXaHHKY KBaHTa JeHCTBHUA.

B atomuoi#t ¢usuke paHbule Bcerga mpearnoAaraAH, 4To ABe
4acTHIbl OZHWHAKOBOH NPHPOJDbI, HampuMep JBa 3AEKTPOHA,
toxaecTBenubl. OAHAKO 3TY TOXZECTBEHHOCTb HEAb3S CUHTATD
abCOAIOTHOH, He [MO3BOAAIOLLEH, XOTsA 6bl MBICA€HHO, Pa3AHYHTH
ABe YacTHUBI OZMHAKOBOM MPHPOAbI. |ak, HanmpHMep, MPH cTa-
TUCTHYECKHX pacyeTaXx JABa COCTOSHHA OJHOM H TOHM 2Ke CII-
CTeMbl, B KOTOPbIX AHIUDb IePeCTaBAEHBI ZB€ UaCTHUbI 0ZHHAKO-~
BOM MPHUPOADI, cunTaloTcsa pasauunbivu. CregoBaTeAbHO, ecAv
npeAcTaBUTh cebe cHCTeMy, 06pPa30BaHHYIO JAEKTPOHAMH, TO
KOAAEKTHBHOE COCTOSIHHE CHCTEMbl, B KOTOPOM IEePBbIH IAEK-
TPOH HAXOAUTCH B COCTOSHHMHW O, a BTOPOH — B cocTosHHM D,
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CUMTaeTCA OTAHYHBIM OT KOAAEKTHBHOTO COCTOSHMA CHCTEMBI,
KOTZa TIepBbIi DAEKTPOH HAaXOAUTCA B coCcToAHHM b, a BTOpOI-—
B coctosnuu 4. [Ipyu aToM HHAMBHAYaAbHbIE COCTOAHHSA OCTAAD-
HbIX DAEKTPOHOB OCTAlOTCs B OOOMX CAyyasiX OZHHAKOBBIMH.
PasBuTHe KBaHTOBOH CTATMCTHKH NMPHUBEAO K MOAHOMY OTPMIA-
HHUIO BO3MOXKHOCTH Pas3sAHYHTb JBE YaCTHIIbl OZMHAKOBOH MPH-
POABI BHYTPH OZHOH cHCTeMbl. KBaHTOBas CTaTHCTHKa CYHMTAET,
4TO JABa COCTOSIHHSA CHCTEMbl, OTAMYAlOLIHeCcss APYr OT APYTa
TOABKO TepeCTaHOBKOH JBYX 4YacCTHL OZHWHAKOBOH MPHPOJADI,
TO2KAECTBEHHbl U Hepa3AMYHMBDIL.

[lepecranoska wacTHl 0aMHAKOBOA HPHUPOALI MPHBOAHUT B
KBAaHTOBOH MeXaHUKe CHCTEM K O4YeHb Ba:KHbIM HOCAEACTBHSAM.
Paccmorpum cuctemy, COCTOAIYIO M3 HAaCTHI OJMHAKOBOH MPH-
poapl. Ilyctp W — ozna M3 BO3MOMXKHBIX BOAHOBBIX (YHKUMH
cucrembl. CoraacHo onpeseAeHMIO, 3Ta BOAHOBaA (PYHKIIMA Ha-
3bIBAETCA CHMMETPHYHON MO OTHOWEHHIO K ABYM
YacTHLAaM, eCAH NpPH IepecTaHOBKe KOOPAMHAT ABYX uac-
TUL Bbipaxenve ara V-gynkuuu e menserca. Hao6opor, ona
Ha3blBaeTCA AaHTHUCHUMMETPHMUYHOHN MO OTHOLIEHHW
K AZBYM 4acCTHI aM, eCAH NlepeCTAHOBKa KOOPAMHAT ABYX
YaCTHI MeHseT AHWb 3HaK Y-pyHkuuu. Baxmuo oTrmeTHTb, uTO
B o6meM cryuae V-QyHKuus He 6yZeT HH CHMMETPHYHOM, HM
antucummerpuunofi. OaHako B3aMMO3aMeHAEMOCTb  HaCTHL
OZMHAKOBOH MPHPOAbI MO3BOAAET HaM JOKa3aTb CAEAYIOLIYIO
BaxKHYIO TEOPEMY: €CAH CHCTeMa COCTOMT M3 4YacTML OJHHa-
KOBOH HPHPOJBI, TO BCerja CYMECTBYIOT BOAHOBBIe (YHK-
LOUH, OJHH CHMMeTPHYHBIE, APYrHe aHTHCHMMETPHYHBIE O OT-
HOWIEHYIO KO BCEM MapaM YacTHI OJAMHAKOBOH NMPHPOADI.

Byaem nasbiBaTbh cocTosHue, BOAHOBas (QYHKIIHS KOTOPOrO
CUMMeTpHYHa, CHMMETPHYHBIM COCTOSAHHEM CH-
CTeMbl, a COCTOAHHE, BOAHOBasA (PYHKLIHS KOTOPOro aHTHCHM-
MeTpUYHA, — AaHTHCHMMET pPHUHBIM COCTOAHHEM
cucTeMbl. TOT (akT, UTO MOTEHLHAA B3aHMOZEHCTBHUA CHM-
MeTpHYHO 3aBHCHT OT KOOpPAMHAT KaxZOH Mapbl 4acTHL, Mo-
3BOASIET HaM JOKa3aTb TEOPEMY, He MeHee Ba:KHYIO, UeM Iep-
Bas: HEBO3MO:KHO OCYIIECTBHTB NEPEX0]] CUCTeMbl U3 CHMMeT-
PHYHOrO COCTOSIHHS B aHTHCHMMETPHYHOe H o6paTHo.

HMubiMu croBaMu, HEBOBMOXKHDI HUKaKHe MHble KOMOHHALUA,
B cMbicAe PuTia, kpoMe Kak Me Iy COCTOSIHHAMH OZMHAKOBOM
npupoabt. OTcioza ‘cAeayeT, YTO CHMMeTPHUHble COCTOAHMS,
C OAHOH CTOPOHBI, H aHTHCHMMETPHUUHbIE, C APYroH, 06pasyroT
ABa COBEPIUEHHO OTAEAbHBIX aHCcaMbGA#, MeXKAy KOTOPbIMH He-
BO3MOZKHbBI HHKaKkue MepexoAbl. |akuM 06pa3oM, BOAHOBas
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MexaHUKa JoIMycKaeT MPHHUHII, KOToprﬁ yTBep:KJaeT, 4ro AAsd
4acTUL OINPEAEAEHHOTO COPTa CYLIECTBYIOT B NPHPOZE AHIIb
CHMMETpHUYHble HAH AHMIIb aHTHCHMMETpPHYHble COCTOSIHMS, MO-
CKOAbKY €CAH B HadaAbHbII MOMEHT BpPEMEHH CYILeCTBOBaAH
TOABKO COCTOSIHMS OZHOIO THIIA, TO OHM HaBCeria U OCTaHyTCA
TakHMH. ODTOT TPUHUUN He SBASETCA CAeJACTBUEM BOAHOBOH
MeXaHHKH, ZOMycKalolieH Alo6ble COCTOSHHS, OZHAKO OH eH
M He TIPOTHBOPEUHUT. | elepb Mbl ZOAXKHbI MOACHUTD, Kak [ layAn
ApHLIEA K TPeANOAOKEHHIO O CYLIeCTBOBAaHHM 3TOr0 MPHHIIUIA
10 KpaHHell Mepe AASI DAEKTPOHOB.

[lpu usyueunmu crpoeHuns aToma Mbl OTMEYaAM, 4TO Cyle-
CTBYeT HacbllleHHe DHePTeTHYECKHX YPOBHEH, H MOJUYEPKHBAAH
(OYHZAMEHTAAbHYIO BaXKHOCTb DTOTO SIBAEHHS, TaK Kak MMEHHO
OHO OflpezeAsieT 3BOAIOLHIO CTPYKTYpbI aTOMa B MePHOAHYECKOH
CHCTeMe IAEMEHTOB H BCe PA3AMUYHS B XHMHYECKHX, ONITHUECKHX
¥ MarHUTHBIX CBOHCTBax 3THX aAeMeHTOB. Mbl Tak:ke roBopuAH
0 TOM, 4YTO MOPAZAOK MOCAEZOBATEABHOr'O 3alOAHEHHS yPOBHeH
npu z06aBAEHHH HOBbIX DAEKTPOHOB ObIA yCTAaHOBAEH 3MITHPH-
uecku: oH 3azaercs npasuroMm CToHepa, KOTopoe BHauaAe TeO-
PETHYECKH He GbIAO IOJTBEPH AEHO.

Brarogaps npasuay Cronepa cTaro M3BeCTHO MaKCHMaAb-
HOEe YHCAO DAEKTPOHOB, KOTCPOE MOKET HaXOAZMTbCA Ha Kax-
ZOM 3HepreTHYeCKOM YpOBHe aToMa. llbiTasich O6bACHHTb 3TH
daxtel, [layan BpIZABHHYA 3aMeuaTeAbHYIO HAeI0 O pacllenAe-
HHM YPOBHeH, NMPOUCXOAsLIEM B pesyAbTaTe TOro, uYTo ABa
DAEKTPOHAa He MOTYyT HAaxOAHTbCA B CTPOTO TOKAECTBEHHBIX
KBAHTOBBIX COCTOAHMAX, T. €. ONUCHIBATbCS OZHMMH H TEMH 2Ke
KBaHTOBbIMM ukcAaMmu. MubiMu croBamu, HarMuHe dAeKTpOHA
B OJHOM KBaHTOBOM COCTOAHHHM 3allpelllaeT MOSBAEHHE B TOM
e COCTOSIHMM emle oaHoro aaektpoHa. OTcioza HasBaHHe
NPHHUHMN 3ampeTa, ZaHHOe DTOMY HOBOMY (H3HYECKOMY
nocryrary. Ha asbike BoanOBOi mexamuxu npungun [layan
BbIpakaeTCcs CAeAyHIIMM 05pasoM: IACKTPOHBI MOrYT Haxo-
AUTbCA TOABKO B aHTHCHMMETPUUYHBIX cocTosunax. Vbl Brgery,
4TO TakOe yTBep:JeHHe He MPOTHBOPEYMT MPHUHUHMIIAM HOBOH
MexaHukd. YTo6bl MoKasaTh, uTO 06e NMpHBeJeHHble (BOPMYAH-
POBKM TMPHHUMNA 3alpeTa AeHCTBUTEAbHO COBIMAZAIOT, NPeAIO-
AOHM, YTO CHCTeMa COAEPKHUT ABa DAEKTPOHA B OZHOM U TOM
e MHAMBUJAYaAbHOM cocTosHuH. Ho B coorBercTBHH cO BTO-
PONl (POPMYAHPOBKOH 3TO NPEANOAONEHHE O3HAYaeT, YTO BOA-
HOBaf (YHKUHA aHTHCHMMETPHYHA MO OTHOIIEHWIO K 3TOH mMa-
pe 3AEKTPOHOB, OHAa JOAHA, CAeZOBATEAbHO, MEHATb 3HAK MPH
NepecTaHOBKe 3THMX dAeKTpoHOB Mectamu. OaHako, Tak Kak
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HHAMBHAYaAbHblE COCTOSHHS 3DAEKTPOHOB TOMJECTBEHHBI, TO
Takas MePecTaHOBKA He JAOAZKHA MEHATb BOAHOBYIO (PYHKIIHIO.

Hrak, nockoAbky BOAHOBas (DyHKIHMA OJHOBPEMEHHO M Me-
HAET H He MeHseT 3HaK IIPH [lePECTAHOBKEe DAEKTPOHOB, TO OHa
ZoAxHa ObiTb paBHa HyAalo. Ha sisbike BOAHOBOH MexaHMKH
3TO O3HayaeT, YTO TAKOTO COCTOAHMA He CYUIECTBYeT. |akum
06pasoM, ZBa IAeKTPOHA He MOTYT HAaXOAUTbCH B OJHOM H
TOM K€ WHAMBHAYAAbHOM COCTOSHHM M Mbl BHAMM, YTO BTOpad
(POPMyAHpPOBKA NPUBOAUT Hac K mepBoi. J\erko JZokasaTb Tak-
ke U obpaTHOe.

IMpunuun ITayau mozxHo, cAezoBaTEABHO, BHIPA3HTbH B BOA-
HOBOH MeXxaHHKe aHaAHTHYECKH, 3allMCaB BOAHOBble (YHKIIHH
CHCTeM, COJePKAIUX DAEKTPOHDI, B aHTHCHMMETPUUYHOH (GopMe
II0 OTHOLIEHHIO K 3AeKTpoHHbiM mapaM. Oznako, npuMeHsx
9TOT MPUHLHI Ha ZeAe, CAeAYET MOMHHTDb, UTO DAEKTPOH 06Aa~
zaer cnuHoM. [losTomy ero MHaWBMAyaAbHOe COCTOAHHe SB-
AfleTCs (DyHKLIMEH He TOABKO ero KOOpAHHAT, HO TaK»e W 3Ha-
YeHHsI ero CNHHA. BOAHOBble (PYHKIMH, ZOMYyCKaeMmble TIPHHIIH-
nom Ilayan, anTHCHMMeTpHYHBI MO OTHOMIEHMIO KO BCeM MpO-
CTPaHCTBEHHbIM KOOPAHHATAM M CHHHY.

Orpomuas BaxuocTb npunpuna [layan sakirouaercs B TOM,
YTO OH ZaA BO3MOKHOCTb O6bACHHTb HachbileHue yposHeH. O
HO3BOAMA NPAMBIM NyTeM moAyuuTh npasuro Cronepa. Jocra-
TOYHO yYeCTb, YTO HECKOADBKO Pa3AMUHBIX COCTOSHHUH, T. e.
COCTOSIHMH, COOTBETCTBYIOILHX Pa3AMYHBIM KOMOGMHALHAM KBaH-
TOBBIX uuceA, 06AaZailOT OJHHAKOBOH dHeprHeH H, cAelOBa-
TEAbHO, OTHOCATCA K OZHOMY 9HePreTHUECKOMY ypOBHIO. | akuM
06pa30M, AOCTaTOYHO TMOACYMTATb AASl KaxKAOrO 3HepreTHue-
CKOTO YPOBHS, CKOABKO €MY COOTBETCTBYeT Pa3AHYHBIX KBaH-
TOBBIX COCTOAIHMH, U Mbl y3HaeM, corracHo npunuuny [layan,
MaKCHMaAbHOE YHCAO PAEKTPOHOB Ha 3TOM YypOBHe, 60 OHO
ZOCTUraeT MaKCMMyMa, KOrJa 3afnoOAHEeHO KaxJoe KBaHTOBOE
cocroanue. Fls atoro moacuera u Boitekaer npasuro Cronepa.
IMpunyun [Tayau umeer pyHaamMenTaAbHOE Ha3HaUeHHe MPH TIO-
CTPOEHMH BOAHOBOH MeXaHMKHM cHCTeM. B wacThHocTH, OH mpn-
Boaut k cratuctuke Mepmu—_Aupaka ara srexTpoHOoB.

JAsl 9A€KTPOHOB €ZMHCTBEHHO BO3MOMSHbIMH OKa3blBAIOTCH
aHTHCHMMETpHUHbIE COCTOAHMA. BosHMKkaeT BOmpoc, a Kak 06-
CTOMT Z€AO C JAPYTUMH DAEMEHTAPHbIMM H HE3AEMEHTaPHBIMU
yactTugamu Mukpomupa? [Tpumenum au npunpun [layau takxe
u k HuM? Han, Ha060poT, ZAA HHX BO3MOXKHBI AMLIb CHMMET-
puuHble cocToaHus? KaM, HaxkoHew, aomycTHMbL M Te W ApPY-
rue? [lo-Buaumomy, sTa mocreaHsa arbTepHaTHBa HHUKOTZa He
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peaAMsyeTcsa: B MPHPOJE OCYILECTBASAIOTCA TOAbBKO CHMMET-
pHYHbIE HAH aHTHCHMMETPHUHbIE COCTOAHHUA.

[TepBbiii cAyuait — 3T0 cAyuail AeKTPOHOB, a Takke HEKO-
TOPBIX aTOMHBIX s1Zlep: B OZHOM KBaHTOBOM COCTOSHHH He MO-
AxeT 6bITh GOAbIIE OZHOTO IAEKTPOHA, M OHH BCETJa IOAYH-
HAloTCsA, Kak Mbl Buzerw, cratuctuke Mepmu — JAupaxa.

Bropoii cayuaii oxBaThiBaeT (OTOHBI, O-uaCTHIBI H OCTaAb-
Hble aTOMHble Azgpa. [Ipy 3TOM HeT HHMKaKHMX MPENATCTBUH AAA
HaKOMAEeHHS AO6Oro YMCAAa 4acCTHL B OJZHOM KBaHTOBOM CO-
CTosiHMM, W60 CHMMeETPH4YHAs (DYHKUHMA He MeHSETCsA IPH Tie-
peMeHe MeCTaMH ABYX YaCTHI] OAHOH NMPHPOADbI: TO2TOMY B 9TOM
CAyuYae YacTHIbI MOZUHHAIOTCA CTaTHCTHKe Dose—IHHINTEHHA.
Jrs poronor ona msoSpaxaercs popmyaroit [lranka. Boobie
OKa3bIBAeTCH, 4YTO YACTHILDbI, CTIMH KOTOPbIX HEUETHbIH B eZU-
Hugax /4w, nogumnsoTca mpunuuny llayam u craTHcTHke
Mepmu—Jupara. Yactuupr 2xe. cOUH KOTOPBIX paBeH HYAO
MAM uYeTHbIH B ejuHumax A/4m, noguuusrorca cratuctuke bo-
se—iinmreiina !. D10 oueHb BaxsHoe npasuAo. Bonpocol cnuua
M CTaTHCTHUKH MrPalOT GOABINYIO POAb B MCCAEJZOBAHHH MOAOCA-
TBIX CHEKTPOB, a TaKXe B M3YUEHHH CTPOEHHS aTOMHOIo aApa.

[lpunpun Ilayau seipaxaer BecbMa crmeuudpuueckoe CBOH-
CTBO ®AEKTPOHOB M APVIUX YaCTHL, KOTOpPble eMy MOAYHHSIIOT-
cs1. JelicTBUTEADHO, Ha CETOAHAIMHMEA JeHb MOYTH HEBO3MOMKHO
TMOHATb, KaKUM 06pa30M [Be TOAECTBEHHble HaCTHIbl B3aHM-
HO 3ampelaloT APYr APYry 3aHSATb OZHO H TO 2Ke COCTOsSIHHE.
STOT THN B3aUMOJENHCTBHA COBEPIIEHHO OTAHYAETCS OT B3aUMO-
ZeHcTBHH B KAaccHueckoil (pusHke. Ero ¢usuueckas mpupoza
NOKa HaM COBePIIEHHO HeHW3BecTHa. | lo-BHAMMOMY, 9TO OZHa H3
CaMblX Ba)KHbIX 3aZad H K TOMY 2Ke CaMblX TPYZAHBIX, KOTOPYIO
NPEeACTOUT pPEeIHTb (QHUSHKAaM-TeOpeTHKaM O6yayliero, uTo6bi
BBISICHUTb (PM3MUeCKMe HCTOKM TNPHHIIMNA 3arpera.

Uro6bl mokasaTh, HACKOABKO ZAA€KO Mbl YIIAH OT CTapblx
npeACTaBAeHHH, PacCMOTPHM CAy4al rasa M3 4YaCTHL OJHHa-
KOBOH TNpHPOAbI, MOAYHHAKOmMMXCA NpuHuuny llayau, nampu-
Mep 3rekTporHHoro rasa. CoraacHo npuHUuMy sanpera, HH-
KaKHe ZBa PAEKTPOHa DTOrO rasa He MOT'YT HaXOAMTbCS B Of-
HOM M TOM iK€ COCTOSIHHMHM TPSMOAHHEHHOr0o pPaBHOMEPHOIO
ABH:KeHHs, NGO 3JeCh COCTOSIHMA TPSMOAHHEHHOTO paBHOMEp-
Horo apuxeHus kBaHToBaHbl. C kAaccHueckodl TOUKM 3peHHS
3TO 03HauaAo 6bl, YTO YaCTAla, PACMOAONEHHas B HEKOTOPOH
TOYKe COoCyJa, cozepriallero ras, 6yjier Memarb Al060H Apyrou

! O6biuH0 roBOPAT 0 UEAOM M TMOAYLeAOM B eauHuuax //27 cnuHe.
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yacTHile rasa HMeTb Takoe :Ke coctosiHHe. 9To coBeplileHHO
napajoKCaAbHO, TaK KaK COCyJA C ra3oM MO2KHO B3ATb CKOAb
yrogHo GOABIIUM H, CAEJOBAaTEADHO, PACCTOAHHE MeXJAY 4acTH-
aMH MO2KeT ObITb CKOAb YrOZHO BEAHKO. Ouanaxo sToT napa-
AOKC TECHO CBA3aH C COOTHOINEHHAMH HeOoNpeJeAeHHOCTH Ieii-
3eHbepra M ucuesaeT, eCAM NPHHATb HX BO BHHMAaHHE. Jleﬁ-
CTBHTEAbBHO, MPAMOAHHEHHOE U paBHOMEpHOe ABHKeHHe HaCTHiL
COOTBETCTBYEeT BIIOAHE OIpPeJEAEHHOW DHEPTHH 3THX YaCTHIL.

Takum o6pa3oM, COOTHOIIEHHSA HeOlpeJeAeHHOCTH 3alpe-
LIal0OT TOBOPHUTb OJAHOBPEMEHHO O TOAOXKEHHH M COCTOSAHMH
ABHKEHHUA JABYX 4YacTHL. Cam (aKT, 4TO Mbl TOBOPHM O TOM,
YTO 3dHepreTHYeCKHe COCTOAIIHA YacCTHU BIIOAHE ONpeJeAeHbI,
He MMO3BOASIET HaM O6OAblile TOBOPHTb O PACCTOAHHHM MeEXAY
HHUMH, 160 OHH ITPH DTOM HHKAK He AOKaAH30BaHbI. Sror npu-
Mep MOKa3blBaeT, UTO (PH3UUYECKYIO HHTeplpeTalHIO MPHHLHNA
3anpera HY:xHO 00s3aTeAbPHO MPOBOJHUTb LEAHKOM BHE pPaMOK
KAAQCCHYECKHX TMpesCTaBAEHHH.

3. npﬂAO?ﬂ(eHl’lﬂ BOAHOBOH MEXaHHKH CHCTEM

BoAHoBas MexaHuka cHCTeM, pa3sBHTas C y4eTOM HPMHIIUIA
[layau v cnuna, 7o6uAach MHOTOUMCAEHHBIX GAECTSAIIUX yCIe-
xoB. OzHUM u3 HHUX 6bIAO OObsAcHEHHe cMeKTpa reius. B To
BpeMsl KaK CIIEKTP HOHH30BAaHHOTO TeAMs HalleA cBoe OObsc-
HeHHe ellle B Teopun Dopa (MOHM30BaHHBIA reAHMH OTHOCHTCA
K TpocTelilllefi TPyNIe CHCTEM C OAHMM IAEKTPOHOM), CHEKTP
HeHATpaAbHOrO reAus ocraBaAca saragkoi. JelcTBuTeAbHO, AU-
HUH HeHNTPAaAbHOIO TeAlst AeAMAHCh Ha JBe OTJAeAbHble KaTe-
TOpHH, COOTBETCTBYIOLIME TePMaM, KOTOpble, M0 KpalHeH Mepe
B NepBOM MNPHOAMAKEHHH, He ObIAM B3aHMMHO CBA3aHbI.

IATH ABe cHCTEMbl COBEPINEHHO He3aBUCHMbBIX AMHHH ITOAY-
YHAM HasBaHHe CIIEKTPOB OpPTOreAMs u mapareius. Jloaroe
BPEMS CUMTAAOCh, UTO 3TH ABA PA3AHYHBIX THMA ATOMOB IeAHs
peaAbHO CYIIECTBYIOT, IPHUYEM KaXAbIH HCIYCKAaeT CBOH CIEKTP.
Ho, wnakonen, yaaroch 06HapyHTb, UTO pasAHYHUA MEXKAY
napareAMeM M OPTOTeAMEM HET: OJHH H TOT Ke aTOM TIeAHA
B 3aBHCHUMOCTH OT OGCTOATEABCTB U3AyYaeT TO OPTO-, TO Mapa-
CITEKTp.

Iefizenbepr B cpoeil 3aHamMeHHTOH paboTe gaA KAKOY K pas-
razxe 3Toro siBAeHus. lockoabky 06a 0p6HTaAbHBIX DAEKTPOHA
HeHTPaAbBHOTO aTOMa TeAMs NozuMHsAOTcA npuHuuny [layam,
TO BOAHOBasi (DYHKLMSA 9TOI'0 aTOMa JAOAX{Ha ObITb AHTHCHM-
METPHYHOH IO OTHOINEHHIO KO BCEM KOOPJAMHATaM M CIIMHaM
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o6oux arextponoB. Ho ara anTucHMMeTpus mosxker ocyimecTs-
ASITbCA ABYMSA NMYTSAMH: BOAHOBasl (DVHKUHS MOKET 6bITb CHM-
MeTPHYHA M0 OTHOLIEHHIO K KOOPAMHATaM M aHTHCHMMETPHUYHA
[0 OTHOUIEHUIO K CNHHAM HMAH HaobopoT. lakum o6pasoM,
CylIeCTBYeT ABa THUIIa BOAHOBbIX (PYHKLHHA H, CAeJOBATEAbHO,
CIeKTpaAbHBIX TepMOB. IHakoHel, MOCKOABKY CIEKTpaAbHDBIE
TEPMbl OTHOCATCS K PasSHbIM KaTeropusAM, OHHM He MOTYT ObITb
B3aHMOCBSI3aHbl, 10 KpaHHeH Mepe B IepBOM INPHOAHMKEHHH.
Tenepp aocTaTouHO OTOXKAECTBHUTD OAHY M3 KAaTErOPHH TEPMOB
C TepMaMHM OPTOTEAHsA, a /APYTyl — ¢ TepMaMu IapareAus,
4TOObI MOAYUHTb BIIOAHE YAOBAETBOPUTEAbHOE 0O6DbsICHEHHE pac-
naja CHeKTpa FeAMs Ha ABe HesaBucumble yactu. C nomouiblo
Takoil uHTepnpeTauuu | elisenbepry yzaroch o6bACHUTb HEKO-
Topble 0COGEHHOCTH CIEKTPOB OPTOTeAHMA W MapareAHs, B 4yacrT-
HOCTH: B TO BPeMs KaK AKHHM NapareAus OJHMHapHbIe, AMHHUH
opToreAus TpoiiHbie u 06pa3yioT Tpunaersl. O6bacuenue [eid-
3eH6EProM 3TOr0 HE3HAUHTEABHOrO (PaKTa TeOPHUH NPeJCTABAA-
eT camo no cebe npekpacHoe noaTBep:sAeHue npuHuuna [layan,
nbo Takoe pa3sAMYMe MeXKAY TOHKON CTPYKTYpPOH 3THX JBYX
CepuUHl BO3HMKaeT UMeHHO M3-3a HpuHuuna [layau. Des Hero
Mbl TOAYYHAHM Obl HHOH Pe3YAbTAT, MPOTHBOpPEYALIHH BDKCIIe-
PHMEHTY.

Jpyrum sameuaTeAbHbIM MPHAOXMEHHEM BOAHOBOH MeXaHH-
KH CHCTeM CTaAa TeOPHS MOAEKYAbl BOZOPOZAa HAH, B Goaee
061eM BHJE, TEOPHUSI FOMEONOAAPHON MOAekyAbl. Kaaccuueckas
TeOPHs B HEKOTOPOH CTeNleHH NMO3BOAAET HaM IOHATH IMPOHMC-
XO2K/leHHe CBsi3€eH, COeAMHSAIOLINX AaTOMbI TE€TEPONOASPHOH MO-
AEKYADBI, T. €. MOAEKYAbBI, aTOMbI KOTOPOH 06AaZai0T Pa3AHYHBIM
CPOACTBOM K dAekTpoHy. JeHAcTBHTeADHO, B 3TOM CAyuae MOK-
HO cebe MpPeACTaBUTb, YTO pPa3AMUHble aTOMbl MOAEKYABI IIpe-
BPAIAIOTCA B HOHBI, OTZAaBasg HAH NPHCOEAHHAST DAEKTPOHLI.
[loaToMy MoxHO AyMaTb, YTO CTabHABHOCTD MOAEKYASAPHOMH
CTPYKTYpbl OGYCAOBA€HA JEHCTBHEM KYAOHOBBIX CHA MeXzAYy
pasAnuHbIMH obpasoBaBmumucs uoHamu. Oaunako cayuwaii ro-
MEOTIOASIDHBIX MOAEKYA, HallpHMep, BeCbMa BaKHbli CAydai
MOAEKYA, COCTOSAIIMX M3 ABYX aTOMOB OJAWHAKOBOH INPHPOZDI,
ObIA paHbllle AAS (PUBHKOB HanboAee 3aTPYAHHTEAbHBIM, TaK
KaK He CYLeCTBOBAAO HUKAaKMX NMPUYHH, 4TOOBI aTOMDI C OAU-
HaKOBbIM CPOJACTBOM K DAEKTPOHY NPEBPAIIAAMCh B MOHbBI pa3-
AHUHBIX 3HAaKOB.

CAezoBaTeAbHO, OCTaBAaAOCh HEACHBIM, KaKOTO THIa CHABI
MOT'YT ZAeHCTBOBaTb MexJy ITHMH HEHTPaAbHBIMH aTOMaMH,
4yTO6bl 06ecreunTb MX CBA3b B MOAeKkyAe. Bce, uTo mpuxoauao
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B T'OAOBY, OKa3blBAaAOCbh AAsA 9TOH POAH CAHIIKOM cAabbIM. BOJ\-
HOBasi MeXaHHKa IO3BOASIET, M 3TO HeMaAblH ycnex, NOHATDL
NpHPoAYy TIOMEONOASIPHDBIX CBHBeﬁ, BB€AsA TIOHATHE 06MeH-
HOH dHepPprHuHu. BOT YTO O3HadaeT 3TO HECKOAbKO TaHH-
CTBEHHO€ BbIpaKeHHe: eCAH TUHIaTEeAbHO HCCAeZOBaTb C IIO-
MOILIbO BOAHOBOH MeXaHHKH NnoBeJe€HHE CHCTeMbI, coaepmalgeﬁ
TOKZECTBEHHbIE YaCTHLIDI, OKa3blBaeTCsA, YTO B BbIpa:xKEeHHH LA
DdHEPruH CHUCTEMbI HapAAy C YWA€HaMH, ONMHCbIBalOLIMMH H3BECT-
Hoe BBaHMOL[eFlCTBHe MexKAy 4YacCTHllaMH, MOABAANTCA YAEHDbI
HOBOro THIIA, CBsA3aHHble C TeM, YTO TOKJAECTBEHHbIe HaCTHILIbl
MOryT MEHATbCA MeCTaMHU.

ODTH YAeHbl U OMHMCHIBAIOT TO, YTO Mbl HasBaAM OOMEHHOH
snepruei. FIM cooTBEeTCTBYIOT CHABI COBeplIeHHO HOBOTO THIA,
KOTOpble HEBO3MOXHO MPeJACTaBUTh B KAACCHYECKOH BEKTOP-
HOH (hopMe U KOTOPble OCPOMHBI 10 BEAHUHHE. JTH HOBBIE CH-
Abl — HeH30exHOe CAeACTBHe (OpMaAH3Ma HOBOH MeXaHMKI,
0JZHAaKO, OKa3bIBAETCA, UX HEAbSS] OODACHUTh (PH3HUYECKH, B CTa-
poM cMbicAe 3TOro cAoBa. Mbl cHOBa okasaAHCh Mepes PaKTOM,
BBIXOASIIIMM 3a paMKW BCEX KAACCHYECKHX IPeACTAaBAEHHH I
MOKa3bIBAIOIIHUM, CKOAb OlHGOYeH HAIl OObIYHBIH NpPHEM AOKa-
AHM3aLUH (PU3HYECKHX BEAHWYHH B HeIPepbIBHOM IPOCTPAHCTBE
Tpex usMepenuii. BecbMa moyunTeAbHO cAeayiolee 3aMeyaHHe:
oOMeHHasi DHepPrus CYIIeCTBYeT AHIIb TOTJa, KOTAa BepOAT-
HOCTb HaHTH JABEe OZHHAKOBble YaCTHUbI B 0ZHOH obracTu mpo-
cTpaHCTBa He paBHa HyAro. MuoiMH cAoBaMu, Tak kKak 4acTHIbI
B BOAHOBOH MeXaHHKe, BOOOIle roBOps, He AOKaAH30BaHbI, TO
CYIECTBYET HEKOTOPOe paclpefereHHe NMAOTHOCTeHl BePOSITHO-
ctn. O6MeHHas 3Heprus CyUeCTBYeT B TOM U TOAbKO B TOM
CAyyae, Korga paclpejeAeHHsi INAOTHOCTH BepPOSATHOCTH JAAA
ABYX YaCTHI OJHOTO COPTa IEPEKPBIBAIOTCS. JTO 3aMeya-
HHe TIPOAHBAET CBET Ha 3aBUCHMOCTb MexAy OOMeHHOH 3Hep-
ried 4 HeBO3MOXKHOCTbIO AOKaAM30BaTh HAaCTHLY B MPOCTPaH-
CTBe.

He ocranaBamBasgch 60Ablne Ha 3THX OuYeHb HMHTEPECHBIX
CBOHCTBaX OOMEHHOH 3HePruH, Mbl XOTeAH Obl MOKasaTh, Kax
06DbACHUTD 06pasoBaHUe TOMeONOAAPHOH MoAekyAbl. I[IpocTeii-
UMK OPUMep TAaKOH MOAEKYABI JZaeT MOAeKyAa BOZJOpoOZJa, CO-
CTOAlass W3 JBYX aTOMOB, KaxZblH H3 KOTOPbIX COJEPHKHT
oauH arektpoH. Korga apa aToma Bozoposa, BHauyaAe HaXonA-
IIHecsl JAaA€Ko JAPYr OT JApyra, HauHWHAIOT COAMKATbCA, OHH
cTpeMsaTcs 06pa30BaTb MeXaWHUECKYIO CHCTeMy C ABYMs 3DAeK-
TpoHaMH. ][0o3TOMy Memay STHMH ABYMS DAEKTPOHAMH MOSAB-
AsieTcsi OOMeHHas dHeprus.
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Ty 3HEPTHI0 MOKHO BBI'IMCAUTH MeTOJAaMH BOAHOBOH MeXa-
HMKH C yueTOM NpuHUEHNa [1ayAn M cymecTBoBaHMA cluMHA. JTO
u npoaerarn [akitrep u Nongon. OHM NMOAyYMAH CAeAYIOIHH
PE3YADBTAT: €CAH CIIHHOBBIE BEKTOPbI 0OOUX DAEKTPOHOB HMEIOT
OZMHAKOBble 3HaKH, TO OOMeHHas SHePrus COOTBETCTBYET OT-
TAaAKHBAHUIO MEXJY aTOMaMH, ¥ MOAexyAa ob6pa3oBaTbCs He
moxeT. Ecan, Hao60pOT, BEKTOPHI CTHHOB HMMEIOT MPOTHBOINO-
AOMHbIE 3HAKH, OOMeHHasi 9HEPrusi COOTBETCTBYET MPHTA-
KEHHIO aTOMOB, KOrga xie aTOMbl cOAMxaroTcs eule GoAablie,
CHOBa BO3HHKAeT OTTaAKHBaHHe. JTO KaK pa3 M eCTb CAYYaH,
KOrza TMOABAAETCA TeHAEHLHA K 06pa30BaHUI0 CTaBHABHOH
MOAEKY ABL.

dta Teopus Xopomo 06bACHAeT 06pasoBaHHe M CBOHCTBA
MOAeKyAbI Bogopoza. [lo cymecTsy ee MoXkHO TpaKTOBaTb CAe-
AyomuM 06pa3oM: IAEKTPOHB! ABYX aTOMOB BOJOpOJa CIIO-
co6Hbl 06pa3oBaTh Mapy C HPOTHBOMOAOXKHO HANpaBAeHHbBIMI
BEKTOpaMM CMMHAa. JTa napa, obrazas oueHb GOAbLIOH CTa-
6HABPHOCTDBIO, MpeACTaBAsiET cOGOH CBA3ylollee 3BEHO MeXAY
ABYMS aTOMaMH M 2aCTaBAfeT X COEAHHATbCA B €JHHYIO MO-
AekyAy. B rakom Buze o6bsacHeHHe MOxHO 0606LIMTb Ha CAY-
Yyal BCeX ABYXaTOMHBIX MOAEKYA H JaxKe MOAEKyA, cozeprka-
iwux 6oAbmie xByx aTomoB. Paccmorpum, Hampumep, AHO6YIO
ABYXaTOMHYI0O MOAeKyAy. /lBa aToMa, crmocobHbix 06beHHHUTD-
Cs1 B 3TY MOAEKYAY, COZEPKAT TO MAH MHOE YHCAO DAEKTPOHOS;
onpejeAeHHOE YHCAO ITHX DACKTPOHOB 0OpasyeT BHYTPH aTOMa
napbl DAEKTPOHOB OZHHAKOBOH SHEPIHH H TMPOTHBOMOAOXHDIX
CIIHHOB, HEKOTOPbIE K€ M3 HUX TaKUX Map He 06pasyloT.

ODAEKTPOHBI, He HMEIOIIHe Mapbl, OCTPOYMHO Ha3BaHHBIC
XOAOCTBIMH dAEeKTPOHAMH, CTPeMATCSH, KaK TOAbKO
NpeJCTaBUTCA TaKas BO3MOKHOCTb, OGBEJUHUTBCS C DAEKTPO-
HaMH Jpyroro atoMa u obpasoBaTb mnapy. JlefcTBHTEADBHO,
pacyeTbl MOKa3bIBarOT, YTO B OGOABLIMHCTBe CAy4aeB COAHMKe-
HHe JABYX aTOMOB NPHBOAHUT K 06Pa30BaHHI0O MOAEKYAbI, B KO-
TOPOH 1O KpaHHeH Mepe HEKOTOPblE M3 XOAOCTHIX DAEKTPOHOB
3THX ABYX aToMoB o6pasyior mapni. O6pasoBanue Takux map
H OKa3blBaeTCHd NMPHUYHMHOH MOAEKYASIPHOH CBSI3H MeXKAY ABYMs
atromamu. QOueBHAHO, YTO 3TO 06DBACHEHMe MOMKHO 060O6UIMTD
Ha CAyYaH MOAEKYA, coiep:kalinXx 6oree ABYyX aTOMOB.

_npeACTaBJ\eHHe 0 TOM, uT0 o6pasoBaHHE MOAEKYA IPOMC-
XxoauT 6Aaroiaps (pOPMHPOBAHHIO DAEKTPOHHBIX Map C MPOTH-
BOTMIOAO2KHO HaNpaBAeHHbIMH BEKTOPaMM CIIMHOB, IO3BOASET
HaM JaTb OObsCHeHHe TOHATHIO BAAEHTHOCTH, HrpalolleMy
pyHAaMeHTaAbHYI0O pOAb B xuMmuH. Boobuwe moxHO ckasarp,
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4TO aTOM, COZEPKALIMH B OCHOBHOM COCTOSIHMHM HEKOTOPOE YHC-
AO 'l XOAOCTBIX 3AEKTPOHOB, 6YAET UMETb XHMHMYECKYIO BaAEHT-
Hoctb 7. JekicTBUTeAbHO, TaKOM aToM cnocobeH MPHCOeZUHUTD
K cebe ewle . aTOMOB BOZOPOZA, MOCKOABKY Ka:JblH M3 ero 1
CBOGOZHBIX DAEKTPOHOB MOKET 06pa30BaTh Napy C IAEKTPOHOM
aToMa BOZOPOZA.

Takum 06pa3om, BaAeHTHOCTb [JAHHOTO AaToOMa HAM IO
kpaiiHeil Mepe MaKcMMaAbHas ero BaAeHTHocTb paBHa M. Or-
CI0Za BHMJHO, YTO CYLIeCTBOBAHHME XWMHYECKOH BaAeHTHOCTH
CBABaHO C HaAHYHEM OOMEHHOH DHEPIUH MexAy dAEKTPOHAMH.
Tenepp MOHATHO, MOUYEMY MOMBITKH 06bACHUTD BAAEHTHble CHABI
C NOMOIUbIO BEKTOPHOH CXeMbl, IPHMEHHUMOH B OCTAABHBIX CAY-
4asnxX, He ZAaAH NMO-HACTOSLIEMY yZJOBAE€TBOPUTEABHOTO PE3YAb-
trata. Kpome Toro, ToT (akT, uTo ABa 3AekTpoHa, obpasys
napy, Kak 6bl HEHTPAAM3YIOTCA M He BAMAIOT GOAblle HH Ha
KaKHe MOAEKyAspHble B3aMMOJEHCTBHS, 0ODbSICHAET BaAeHTHOE
HacbpllleHHe, a6COAIOTHO HECOBMECTHMOEe C TpeACcTaBAEHUEM O
BaAEHTHOCTAX Kak o cuAax craporo thna. Orcroaa yae BUAHO,
HaCKOAbKO YJOBAeTBOpPHUTEAbHA H pa3yMHa HOBas TeOPHs Ba-
AEHTHOCTH, OCHO3aHHasg Ha BOAHOBOH MeXaHHKe.

B To Bpems kak aTO HOBOe OCHOBaHHe T€OPHHM BaA€HTHOCTH
KaxeTrcsa BIIOAHe HeCOMHEHHbIM, JAeéTaAbHOe OG'bﬂCHeHPIe pas-
AMUYHBIX (AKTOB XHMMH, CBABAHHBIX C 3TOH Teopueir (mHoro-
KpaTHass HAHW HalpaBAeHHas BaAE€HTHOCTb, CTEPEOXHMHA, CBO~
6oaHble CBABM M T. 1.), OCTaeTCs ellle TPyAHOH sazaueil. Pe-
IUeHHEM ee yxKe HayaAH 3aHUMAaTbCA CepPbe3HO, OLHAKO TaKas
MaTeMaTHYecKasi XMMMs OKa3blBaeTCA CAOMKHOH HayKOH, ¥ MHO-
roe euie TMPEJACTOMT CHEAATb, UTOObI JOBECTH ee A0 KOHLA. 3a
HCKAIOYEHHEM IPOCTOTO CAYydas MOAEKYAbl BOZOPOAA, TOUHBIH
pacyeT cOGCTBEHHbIX 3HAUCHHH M COOCTBEHHBIX (YHKUHH He-
BO3MOZKeH H NPHUXOZHUTCS OTPAHUYUBATbCA BbIYMCAEHHEM cO6-
CTBEHHbIX 3HAYEHHMH W KAAcCH(HKaUHed UX B COOTBETCTBHH CO
CBOMCTBAMH CHMMETPHM OTBEYAIOUIUX WM BOAHOBBIX (DYHKILMH.
BblpaKeHHs JASl KOTOPbIX OCTatOTcAa HemsBecTHbIMH. JAas aToro
MPUXOANTCA 06paIaThCA K SecbMa OOLIHM MeTOAaM, OCHOBaH-
HbIM Ha TeOpHH TPYyNN. JTa TeOpUs TIOKa ellie Maro H3BECTHA
(H3MKaM, HO OHAa OKa3bIBAETCSI HE3aMEHHMOH B 3TOM pasjeAe
BOAHOBOH Mexanuku. Kpome Toro, mpl c ee moMmolIbi0 OueHb
GBICTPBHIM M KPACHUBBIM IyTeM NMPUXOAMM K MpPeKpacHbIM BeCbMa
06wuM pesyabratam. OgHako, MOCKOABKY (U3BHKH-TEOPETHKH,
yMeroIliHe 06pallaTbCs C ITHM CAOXKHBIM METOZOM, 33 HeJO-
CTaTKOM BpPEMEHM He Bcerga 3aHMMAIOTCA H3yYEHHEM Jazke OC-
HOBHBIX MHOFOUHCAEHHDbIX H CAOMHDIX XHMUYECKHX (PAKTOB, AAH
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ycfiettHoro 3aBeplileHHA Yyase HavaBIleH pasBHUBaTbca TeOPHH
He06X0JMMO TeCHOe COTPYJAHNUeCTBO MexAy (PH3HKaAMH U XH-
mukaMH. YTo e KacaeTcs HBIHCIIHETO COCTOAHHUS HayKH o©
KBaHTaxX, TO BO BCAKOM CAyuYae OJZHHM H3 CAABHbIX YCileXOB
HOBOH MeXaHHMKHM CTaAO oObsiCHeHHMe HEKOTOPbIX BaHEHIIHX
3aKOHOB XMMHH.

4. KanToBaa crarucTHKa

Metoapl kAaccHueckoll cTaTHCTHKH Doabumana u ['m66ca,
yclieX KOTOPbIX B MaKpPOCKOIMHYECKOH (pU3HMKe H3BECTEH, JOAN-
Hbl GbIAM TIpeTepreTb W3MEHeHHA B CBA3HM C pa3BUTHEM HOBOH
MexaHuKkH. Mbl He Mox<eM 37€Cb BAaBaTbCsA B ZETAAM TOTO, KaK
BUJOHU3MEHHAHCh C BBeJE€HHEM KBaHTa JeHCTBHsS CaMH OCHOBDI
CTaTHCTHYeCKOH MexaHukH. PaccMoTpuM Aumb cAyuadl HZeaAb-
HOr'0 rasa C TOYKH 3PEHUS MPEJCTaBAEHHH BOAHOBOH MeXaHHKH.
B upzearbHOM rase aToMbl BCe BpeMms, He CUYHMTass MOMEHTOR
COyZapeHHH, HaXOAATCSA B COCTOSHHUH INPSIMOAMHEHHOTO PaBHO-
MepHOTO JBH2ieHHA. B KAaccMuecKOH CTaTHCTHKe 3TH COCTOA-
HHUS ABHeHHA 06pasylOT HelpepbiBHble HaGopbl, HG6O Bce 3Ha-
YeHHS M HampPaBAeHHA CKOPOCTeHd OAMHaKOBO Bo3MO:HbI. Me-
toabsl Boabimana u [u66ca cocrosaT mo cymectsy B mojcuere
BO3MOKHBIX pAClpPelEAEHUH aTOMOB rasa MexJy COCTOAHHAMH
ABUKEHHMS C JaHHOH dHepruell M HaxoxJAeHHMH Hauboree Be-
POATHOTO M3 HHUX.

XoTa KBaHT geHcTBUA 6bIA BBeJEH, KaK ¥ B BOAHOBOH Me-
XaHHKe, MPHU CONOCTABAEHHH pPACHPOCTPAHSIOLWIEHCA BOAHBI C
ABHKYIIMMCS aTOMOM, CHTyallisl 3ZeCb HECKOAbKO HMHafA, u6o
B CAydae rasa, 3aKAIOYEHHOTO B COCYJ OIpeZeAeHHOro pas- .
Mepa, (PU3MYECKH BO3MO2KHbBI TOABKO CTallMOHAapHble BOAHBI,
HaxoZAslIMecss B pe3OHaHCe C pasMepaMu cocyia (B coraacui
C TpPUHUMNAMH KBaHTOBaHHsA B HoBo#l Mexanuke). [loaTomy
CHayaAa HeoGX0AMMO MOACYHUTATb YHCAO ITHX CTALHOHAPHDBIX
COEeAWHEHMH, 3aT€M PACCUMTaTb BO3MOKHOE pacHpefeAeHHE
4TOMOB IO 9THM COCTOSIHHAM C 3aZaHHOM INOAHOH DHeprHei.

Jrs cocyna mMakpoCKONMUeCKHX pasMepOB, a 3TO €AHH-
CTBEHHO pEaAbHBIH CAy4aH, CTalHOHapHble COCTOSAHHS H3-3a
Maroi BeanuuHbl nocrosHHo# [lramka mpescrasasor coboii
IMCKPETHBIH, HO OYeHb TECHO pacroAoxseHHbli Ha6op. [TosTomy
NPaKTHYECKH MO:KHO CYHTATh, YTO 3TOT HaGop COCTOSHHMH He-
MpepbIBEH U, CA€ZOBATEADHO, ClIpaBeIAMBA CTaTHCTHYeCKas Me-
XaHHKa. DTUM M OODACHAETCA YCNeX CTapbiX CTATHCTHYECKHX
MeToZOB. 1em He MeHee MOKHO NOKa3aTh, YTO BBeJeHHe KBaH-

219



Ta AeHCTBUA B SBAEHUS MHKPOCKOMHYeCKOro Maciutaba cTaHO-
BHUTCA CYILeCTBeHHbIM. |Ipezcge Bcero aTo MO3BOAAET yCTaHO-
BHUTb TIOCTOAHHYIO SHTPOMHH.

B xaaccuueckoli cTaTHCTHUECKOH MeXaHHKe NOCTOSHHASA DH-
TponHu 6GecKOHeuHa, YTO BbIFAAAMT BecbMa CTPAaHHO M, Kak
MBI Tellepb 3HAaeM, OKA3blBAeTCA PE3YABTATOM AErKOMbICAEH-
HOro npeHe6pezKeHHS KBAHTOM JeHCTBUSA, 06A3aTEABHBIM 3Ae-
MEHTOM YCTOHUYHMBOCTH (pu3HuUeckoro MHpa. |IpaBzga, HekoTOpbIE
AYMAIOT, YTO MOKHO O60HTH 9Ty TPYAHOCTb, 3aABASA, 4TO, 110~
CKOAbKY MOCTOSIHHAs IHTPOMIIM ABASETCA B TePMOAHHAMHKE
NPOU3BOABHOH IIOCTOSHHOH, HeT HHUYEro CTPAIIHOTO B TOM,
uTo oHa 6eckoneuna! KBanromas Teopus mossoaser Ham mpH-
MHCAaTb 3HTPONMHUH KOHEYHOE 3HadYeHHe H BDbIYHCAHTD €€ Kak
¢yuxkuuio nocrosHHon Ilramxa. llpy stom Buano, uTo BeAH-
YMHA TIOCTOSIHHO# SHTPOMHM CYLIECTBEHHO BXOAHUT B pacueT
PaBHOBECHS MeKJy TMapoM H ero KOHZeHCAaTOM, a 3TO MO3BO -
AfIET HaM KOAHYeCTBEHHO IIPOBEPHTDb HPeACKa3aHHA KBaHTOBOH
TEOPHH.

UT06b1 pa3BUTh KBAHTOBYIO CTATHCTHUECKYIO MEXaHHKY, He-
06X0AMMO BBIYMCAHTD PAJ PAaclipeleAeHHH aTOMOB HAH APY-
FHX 3AeMEHTOB JaHHOH CHCTEMb! MO PA3AHYHBIM BO3MOKHBIM
KBAHTOBbIM COCTOSAHHAM M, OTBEYad Ha 3TOT BOMPOC, MbI JAOAK-
Hbl TPUHATb BO BHHMaHMe, uTo co0bpaxkeHHs, pasBUTble B
npeanocAezHeH IAaBe, HFPAIOT 3Jechb BakHYIO poAb. Mpi yixe
BH/EAH, YTO TOJECTBEHHOCTb OZHHAKOBBIX YACTHI] 3ACTABASET
HaC CYUMTaTb ABa paclipejeAeHHsi, OTAHYAIOIIHECS TOAbKO Ie-
PECTAaHOBKOH ABYX OZHMHAKOBLIX YACTHI, COBMAZAIOLIUMHU. DTOT
HOBBIH crloco6 MojcueTa paclpejereHHH JaeT pPe3yAbTaTHI,
B NPUHLUIE CHAbHO OTAMYAIOLIHECH OT Pe3yAbTaTOB CTATHCTH-
ku boabumana—Iu66ca. Ho on gaer eme 6oabiue: Hymepys
HallXu pacrnpegeAeHu, H€O6XOH,HMO y4ecTp, MOAYUHAKTCA HAH
He NMOAYMHAIOTCA HAlIM dAeMeHTH npuuuuny [layau, T. e. ecan
HX BOAHOBble (DYHKIMHM aHTHCHMMeTPHUYHbI, TO B OZHOM COCTOS~
HHM MOKET HAXOJMTbCS caMoe GOAbllee OAMH dAeMeHT. Ecaw,
Ha060pOT, OHH He MOA4MHAIOTCA npuuuuny llayam, T. e. ux
BOAHOBbIe (DYHK{IHM CHMMETPHUHBI, TO HUYTO He OTrPAaHUYHUBAET
YHCAO 3THX DACMEHTOB B Ka:KZOM BO3MOKHOM COCTOSHHH.
[MosToMy B kas<ZOM M3 STHX CAyuYaeB MOACYET CAeAyeT TPOBO-
AUTb COBepIIEHHO PasAHMUHBbIM o6pasom. B mepsom cayuae mo-
Ayuaerca cratuctuka Mepmu—Aupaka, kotopyro MoxHO ¢ Ta-
KUM :Ke ycIleXoM HasBaTb craTuctHkoit llayam, ubo oma mo-
TeHLMAaAbHO 3aKAloueHa B mounnune [layau. Bo Bropom cay-
4yae Mbl MMeeM CTAaTHCTHKY Dose—OiHWTeilHa, MOTEHLHAABHO
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coZep:allylocs B HalllMX MepPBbIX paBoTax MO BOAHOBOH Mé-
XaHUKe.

OTH ABe HOBbIe CTATHCTHKM AaCHMOTOTHYECKH MEPEXOAAT
B KAAQCCHYECKYIO CTATHCTHKY NMPH CTPEMAEHHH BeAHUHHBI A K
HYAIO, KaK M cAefoBarc a Priori oxuaars. Ecam passuth ase
TePMOAUHAMHKH, COOTBETCTBYIOLIHE STHM JBYM CTaTHCTHKaM,
TO MbI MOAYYHM JBe TEOPHH, HECKOAbBKO OTAHYHbIE APYT OT
Apyra, KOTOpble TaK:Ke MePeHAYT B KAACCHUECKYIO TePMOZAH-
HAMHKY, €CAH CYHTaTh, 4TO /I 6ecKOHeuHO MaAas BeAHUHHA.
Ecau a5 kaskaoro us 3THX cAyuyaeB BLIBECTM 3aKOHbI HZEaAb-
HOTO ra3a, TO Mbl [IOAYYHM 3aKOHbl, OTKAOHSAIOIIHECS OT KAAC-
CHYeCKHX B TMPOTHBONOAOMKHBIX HalpaBAeHUSX. |ak, HampH-
Mep, B OZHOM cAydae ras 6oAee cxkMMaeM, a B APylroM—Me-
Hee C:kMMaeM, 4eM cAejyer u3 sakona Mapuorra—I eii-Aroc-
caka. K coxanrennio, gas rasos mpu o6bIUHBIX YCAOBHSX 3TH
OTKAOHeHHsi Heob6biualiHo Maabl. llo 3Tolf mpuumne o6Hapy-
MHUTb HX COBEPLIEHHO HEBO3MOKHO, TeM 6GOAee, UTO PearbHbIe
rasbl JareKkHd OT HZEaAbHOCTH, M OTKAOHeHMA oT sakoHa Ma-
puorra — ['eli-Aloccaka, BoSHHKalolIMe H3-3a ZPYTHX MPUYUH
(B3aumoeiicTBHE MeKAY MOAEKYAaMH, KOHEUHbIH 06beM ca-
MUX MOAEKYA H T. &.), COBEpPIIEHHO MAacKHPYIOT 3(@eKThl cTa-
THCTHK. |[03TOMY HOBble CTaTHCTHKM He HaXOASNT CBOEro IM0Z4-
TBeP:KAEHHA MPH U3YUEHUH PeaAbHbIX rasoB.

Oganako, k cuacTblo, AAA KaxmAOH U3 HHX CYLIeCTBYeT BaiK-
HbIH 06bEKT, Ha KOTOPOM MOXKHO ZOKa3aTh MX CIPaBeZAHBOCTD.
s cratuctuxu Bose—iinimTeiiHa — 3T0 H3AYUeHHe YePHOTO
tera. Jas cratuctuku epmu—Aupaka — cayuait srekTpo-
HOoB B MeTaAre. (CKa:keM HECKOADKO CAOB O Ka:KAOM M3 HHX.

Mper Bugern, uto GoToHB He MoguuHAIOTCA mpuuuuny |la-
YAH, [0O9TOMY HHUYTO He MelllaeT AIO6OMY HHCAY (POTOHOB Mpe-
6biBaTh B 04HOM U ToM e cocrosnud. (DoToumbiéi ras moa-
YHHSAETCA, TAKUM 06pasoM, cratucTuke Bose—inmreitna. Ja-
Aee, PABHOBECHOE H3AyuYeHHe B H30TePMHUYECKOM 3aMKHYTOM
06beMe BIIOAHE MOXKHO paccMaTPUBaTb KaK (POTOHHBIN ras, ¢
TOH AMIIb pasHUUEH, YTO, MOCKOABKY CTEHKH COCyja MOTAOLLa-
IOT MAM HCIYCKAIOT U3AYUeHHe, YHCAO (POTOHOB He 06513aTEABHO
ocTaercsi TOCTOAHHbIM. |lpumenss cratucTHky bose—JiiH-
LITefiHa K PABHOBECHOMY M3AYUEHHIO, Mbl OUeHb AErKO MOAYYHM
MAQHKOBCKHH 3aKOH CIeKTpaAbHOro pacnpeieredus. |lockoab-
Ky dopmyra [Iranxa Hazemno moaTBepazaeTcs SKCIlepUMEH-
TaABHO, TO Mbl IOAYYaeM 34ech 3aMeyaTeAbHOe NMOATBePKAeHHe
u cratuctuku Dose—iinmreiina. M ato noareep:xaenue oueHn
y6eauTeAbHO, H60 HH KAAcCHYeCKas CTaTHCTHKA, HH CTATHCTHKA
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Mepmu—dupaka He N03BOAAIOT MOAYUHTD NPABUABHOIO CIEK-
TPAABHOTO paclpeieAeHUs (POTOHOB PABHOBECHOTO H3AYYEHHS.

Crarucruka Mepmu—Jupaka Hamra 3aMeuaTeAbHOe TMOZA-
TBepKAEHHe B DAEKTPOHHOH TeOPUH MeTaAAoB. Eme B cTapoi
arekTpoHHol Teopuu [Jpyse u Nopenn, wamam obbacHenue
pAZa CBOHCTB MeTaAAOB, HanpHMep, HX CIOCOGHOCTH IIPOBO-
AUTb TenAo u aAeKkTpudecTBo. OHM MPeANOAOKHMAM, UTO aTOMBbI
B MeTaAAe YaCTHYHO MOHM30BaHbl, MPUYEM B Pe3yAbTaTe DTOH
HOHHM3AaLWK BHYTPH MeTaAra obpasyercs ras M3 cBOBGOZHBIX
9AEKTPOHOB. |lpnMeHHB K 3TOMYy SAEKTPOHHOMY rasy METOAbI
CTATHCTHYECKOH MEXaHHKH, OHM CYMEAH YZOBAETBOPUTEABHO
06pACHUTD GOABIIKMHCTBO CBOHCTB METAAAOB.

Oaunake B 9TOH TEOPHH elle OCTABAAOCH MHOTO TPYAHOCTEH.
Camas 60Abliasi 6bIAa CBA3aHa C YAEADHOH TENAOEMXOCTBIO
METaAAOB, KOTOPash M3-3a HAAMYHMA BHYTPH MeTaAAa CBO60A-
HbIX BAEKTPOHOB JAOA:KHA 6bira GbiTh BO MHOrO0 pa3 6oAbLie,
YeM 9TO eCTb B AeHCTBHTEAbHOCTH.

Passurie HOBO# CcTaTHCTHKHM MC3BOAHAO JoMMepderbAy
Pa3pPElIUTb HEKOTOPble U3 3THX TpyAHocTel. I lockoAbky srek-
TPOHBI MOAYHHAIOTCA MPUHUUNY |layAu, OHM JOAXKHBI OMHCDI-
Batbca cratucrtukoii (Bepmu—Lupaxa. IlpocToit uucaenusiii
pacuer TMOKasbiBaeT, UTO YCAOBHSA, B KOTOPbIX HaXOAATCA DAEK-
TPOHBI BHYTPH MeTaAAa, BeCbMa OTAMHYAIOTCH OT YCAOBHH Cy-
LIeCTEOBAHUA aTOMOB o6bruHoro rasa. JAs aTux mnocAegHux
pPe3YABbTATbI, TMOAYUeHHble ¢ Tomombio craTucTHku (Depmu—
Jupaxa, He CHADHO OTAHUAIOTCA OT PE3YABTATOB, KOTOPbIE Aa-
eT KAaCCHUecKas cTaTHCTHKa. YTo e KacaeTcs 9AeKTPOHOB BHY-
TPU MeTaAAa, TO TaM, Haobopor, cratuctuka (Depmu mnpn-
BOAUT K HMHBIM pe3yAbTaTaM, 4eM cTaTHCTHKa DoAbuMaHa.

IJTo pasAMuHe — MPAMOe CAEACTBHe HeoObIYaliHO MaAOH
Macchbl 3AEXTPOHA MO CPaBHEHHIO ¢ Maccoil aToma. Ecau npea-
MIOAOKHTD, YTO ClpaBeAAllBa KBAHTOBasg CTaTHCTHKA, TO HYKHO
nepecmotperb Teopuu Jpyae u Nopenua. 1o u caerar 3om-
Mepderba. OH coxpanuA npaBHAbHbIe Pe3YAbTATbI CTAPOil TeO-
PHH, BHeCs B HHX MOMNPABKH, H PaspeliuA GOAbLIOE YHCAO BO3-
HUKWHUX B Hell Tpyauocrteil. Hanpumep, on Aerko o6bscHua,
Hcxoaa us nonoxmenuit cratuctukn Mepmu—Jupaxa, nouemy
cBO6OAHbIE SAEKTPOHBI He BHOCAT 3aMeTHOTO BKAaja B TEIMAO-
eMKOCTb MeTaAAOB M, CAeZOBATEAbHO, MIOYEMY HX TEMAOEMKOCTD
MOYTH He OTAHYAETCHA 01 TENAOEMKOCTH, HalizeHHOM Ges yuera
cBOGOZHBIX SAEKTPOHOB. | akuM 06pa30oM, yCTPaHAAOCH OCHOB-
Hoe owH60ouHOe NpejckazaHue cTapoid TeopuH. Muorue Teo-
PETHKH, cpeau KOToPbiX Mbl ynomanem Jeona Bpuarrosna, Me-
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ankca bBaoxa u [laliepaca, ncTaru ma nyTh. ykasanubit pa6o-
To# 3oMMep@eAbaa, H B SHAUHTEAbHOH CTeleHH PasBHAM I€p-
Bble Pe3yAbTaThl. JTO — CaMOCTOATeAbHAA BaxkHasA 06AACTb
(PU3BHKH, 0 KOTOPOH M3-3a OrpaHHUYeHHOTo 06beMa DTOH KHHTH
MbI, K COMaAEHHIO, He MOeM 60Ablie roBoputh. Mbl Auwb 3a-
METHM, YTO HapAAy C 2THMU OGAeCTALIMMH pe3yAbTaTaMu elle
OCTaIOTCA KOe-KaKHe HESICHOCTH.

Hs apyrux npuroxenuii KBaHTOBOH CTATHCTHKH Mbl TOAb-
ko ykaxeM (6e3 ob6cyxaenusn), uto MDepmu 6rectamwe npume-
HUA CBOIO CTaTHCTHKY K HCCAeJOBaHHIO CBOHCTB aTOMOB, pac-
CMaTpUBasi KaXKZbIH aTOM KaK ras U3 HECKOABKHX DAEKTPOHOB,
NOMeLIeHHbIH B MOAe LEHTPAABHBIX CHA sAZpA.

5. 3ameuanne 0 MPUHIHUNE TOMXKZECTBEHHOCTH

BoAHoBasi MeXxaHMKa CHCTEM, COZep:HAIIHX YaCTHUIIbI OZHHA-
KOBOM MPHPOABI, U UX KBAHTOBAasi CTAaTHCTHKa TpebByIOT, Kak
BHZHO, 4TO6bI Mbl B KaKOH-TO Mepe OTKa3aAHCb OT MPeACTaB-
AeHHS 0 pasaMuHocTH wactHU. OaHako MOAHbBIH 0TKas OT IPH-
SHAaHMA PASAHYHOCTM YaCTHMI MOT 6bl MOKA3aTbCA HECKOABKO
upesMepHbIM TpeGoBanueM. Kasaroch, UTO BO3MOKHOCTb pas-
AMYATb YaCTHLDbI CBSi3aHa C BO3MOKHOCTBIO AOKaAH30BaTb
MX B PasAHYHBIX O6AAcTAX TNpocTpaHcTBa. llocaeauss Bos-
MOMKHOCTb BCerda CYLIeCTEYeT, MO3TOMY BCerZa MOKHO pas-
AHYaTh YaCTHIbI SKCIePUMEHTAAbHO, AOKAAH3YS HX B Pa3AHY-
HbIX 06AACTAX MPOCTPAHCTBA. B TO »Ke BpeMs, KOTAa pacrpe-
ZeAeHHs] TIACTHOCTH BepOATHOCTH HECKOAbKHX uYacTHL IMepe-
KPBIBAIOTCA, T. €. KOTJAA CTAHOBATCA BO3MOMKHbIMH OGMeHHbIe
5 (@EeKThl, TO Pa3AHYMTb OTAEAbHbIe UACTHIbI y2e HEBO3MO2K-~
HO: 06 STOM Mb! y2Ke FOBOPHAH, KOTZa peub miAa 06 06MeHHOH
suepruy. Ho nmenno Takoit caywa#h pearmsyercss B 60ABIIMH-
CTBe CHCTeM, pacCMaTPHBAEMbIX KBaHTOBOIl MeXaHHKOM, B yacT-
HOCTH, B rase, rje NpPeANOAaraeTcs, YTo YaCTHUbI 06AazaioT
CTPOrO OMpeZleA€HHOH dHeprvell: sHepruell, COOTBeTCTBYHOILeil
MAOCKOH MOHOXpOMaTHYecKoil BOAHe (MAHM MOYTH TaKoil), 3a-
MOAHAIOIEH BeCb cOCyZ. |akuM o6pa3oM, IOHATHO, NMOYEMY
B KAACCHYeCKOH MeXaHHKe He BO3HMKaeT MpobAeMa HepasAMYH-
MOCTH HaCTHIl, OHa CBf3aHa C TeM, YTO JABe KBAHTOBble YaCTH-
ubl MoryT 3aHumatb (Mo KpaiiHell Mepe MOTEHLHAAbHO) OZH}
M TY e 06AaCTb MPOCTPAHCTBA. UTO XapaKTePHO AAA KBAHTO-
BOMeXaHHUYeCKHX MpPeJCTaBAeHHH.

EcAu BepHyTbCs K 3aMeuaHusaM, czeraHHbM B 1. 3 u 4, To
YBHAUM, 4TO M Hepa3sAMuMMOCTb wacTu, u mpuHuun [layaw,
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¥ ob6MeHHas dHePrus — ITO TPH BHYTPeHHe CBABAHHBIX TaHH-
CTBEHHBIX CBOHCTBA4: BCe OHH BbITEKAIOT H3 HEBO3MOMKHOCTH
TOYHO OMHCaTh (PH3HYECKHe ABAEHHS B TPeXMepPHOM HelpepblB-
HOM MpocTpancTBe UAH (B Goree 061IEM CAydyae) B ueTbIpex-
MepPHOM MPOCTPaHCTBEHHO-BpeMeHHOM KOHTHHYYMe. BosmoxHo,
4YTO Korga-Hubyzab, UCXOAA M3 APYTHUX [IPeiCTABAEHHH, Mbl CY-
MeeM TFAy6:Ke NMPOHMKHYTb B CMBICA 3THX BEAMKHX PYKOBOZS-
WHUX NpuHUUNOB HoBoit Pusuxu. Ho ceroans ouu eme cosep-
IIEeHHO HEesACHBI.

Mpbr moram 6b1 ckazaTb Tak:ke, YTO (PM3HMUYECKOe MOHSTHE
HHIUBHJYAABHOTO SIBASIETCA JOMOAHHUTEAbBHBIM K MOHSTHIO CH-
CTeMbl B TOM CMbICAe, KaKOi MpHZaBaA 3ToMy TepMHHy Dop.
JefcTBUTEADHO, YACTHLY MOXKHO PasAHYHTb AHIIb TOrZA, KOT-
Za OoHa M30AHMpoBaHa. FlcaM e oHa BCTYMaeT BO B3aHMOAeH-
CTBHE C JPYrHUMH YacTHUIIaMM, TO OHa TepsAeT CBOIO HHAUBH-
AYaAbHOCTb. XOTA B KAACCHYECKHX TEOPHAX 3TO MOAUYEPKH-
BaeTCA HeJOCTAaTOYHO, MpPeACTaBAEHHe O MOTEHUIHAAbHOH 3Hep-
THH B3aHMOJEHCTBHSI CUCTEMbl O3HAYaeT HEKOTOPYIO IOTEPIO
HHJIUBUJAYAAbDHOCTH KOMIIOHEHT cHcTeMbl 6Aarozaps o6 mbe-
JHUHEHHI 4YacTH HUX T[IOAHOH DHEPrHH B IOTEHLHAABHYIO
2HEPTHIO CHCTEMBI.

B rtex cayuasx, xoTopble paccMaTpuBaeT HOBas MeXaHWKa,
KOTrJa TOXJeCTBEeHHble YacTMLblI 33HUMAIOT, HHOTZA B TOT ke
caMblH MOMEHT BPeMeHH, OZHY 06AacTb MPOCTPAHCTBA, MHAIN-
BHUAYAAbHOCTb OTAEAbHBIX YaCTHL yMeHbIlaeTcs Ao HyAs. Ecan
MOCTeNeHHO NepPexoJUTb OT CAY4YasA U30AHPOBAHHDBIX yacTHL 6e3
B3aMMOJEHCTBUSA K TOABKO UYTO PACCMOTPEHHDLIM CAYdYasM, TO
MOHATHE HHAMBHJAYAaAbHOCTH dYacTul OyZeT CTaHOBHUTbCS BCe
6oree M 6GoAee HesCHbIM, B TO BpeMs KaK TNpejCTaBAeHHE O
cucreMe 6yaeT MPosABAATbCA Bce 60Aee YeTKO. | akuM 06pasoM.
OKa3bIBAeTCs, YTO dTH JABA NOHATHA ABASIOTCH JZOMOAHHTEAD-
HbIMH HJeaAM3aUMAMH. BrpoueM, 3TO BCero AHIb HeKas HzAesd.
Tpebyrowas 60Aee TILATEABHOTO HCCAEJOBaHUSA.



AYHU JE BPOVIAD

buoepaguueckas cnpaska

Oaun  u3 cosgaTeredl KBaHTOBOH MexaHuku JAyu e
Bpoiiab — BceMupHO HM3BeCTHBIH ydeHblli, ubk PaboTbl B 06-
AACTH TEOPETHYECKOH (PH3HMKH, a TaK:Ke BbIZAIOIHHCA AHTe-
paTypHBbIH TaAaHT FAY60KO M3MEHHUAHM COBpPEMeHHYIO (PUSHKY H
MOCTaBUAM €ro B OAHUH PSZ C CaMbIMM BbIJAIOLIUMHCSH Y4YeHbl-
MH Halero BPeMeHH.

Je Bpoiiab poaurcs B Avenne (Mpanuua) s 1892 r. B
0aHOH M3 caMbiX apucTokpaTuyeckux cemedr. OH OKOHUHA AM-
ueit B [Tapuxe u B 1909 r. noayuuar cremenp 6akaraBpa HcC-
topun B llapuzkckom yuusepcurere. Ognako, NposiBUB CKAOH-
HOCTb K TOYHBIM HayKaM, OH OTKa3aACs OT Kapbepbl HCTOPHKA
u nareontorora u B 1913 r. moayuur B Tom e [lapuckom
YHHBePCHUTETe CTeleHb 6aKaraBpPa TOYHbIX HaYK.

ITocre cay:x6b1 B apmuu B rogbi MepBoH MHPOBOH BOHHBI
oH paboTtar B AabopaTopuH, CO3ZAHHOH ero 6paToM Mopucom
ae Dpoiiaem, rae samumanca skcrepHMeHTaAbHbIM H3YueHHEM
CaMbIX BbICOKOYACTOTHBIX H3AYYEeHHH, KOTOpble TOABKO ObIAK
ZOCTYMHBI CMEKTPOCKONHUYECKOMY MCCAEJOBAHHIO U rie Hpob-
AeMa BbI6Opa MeX Ay KOPTYCKYANPHOH U BOAHOBOH TPaKTOBKOH
ONTHYECKUX sBAeHHMH cTosiaa ocoberno ocrpo. B 1924 r. Ayn
ze Bpoliab 3amuTHA CBOIO JOKTOPCKYIO AHCCEePTALMIO HAa TEMY
«HMccraegoBanusa B 06AacTH KBAaHTOBOH TEOPHH», B KOTOPOH OH
MOMBbITAACH MePe6POCHTb MOCT Me:KAYy ITHMH IPOTHBOMOAON-
ubiva teopusmu. e Bpoiiap ceszsan ¢ kamzaoit aBumylercs
wacTuled BOAHY omnpeierensodl aiuubl. OQanako B cayuae ua-
CTHI] CO 3HAYUTEABHOH MacCOH, C KOTOPbIMU HMEET ZEAO KAac-
CHYeCKasi MexaHHMKa, MOUYTH TOAHOCTbIO MpeobAajalT KOpMyc-
KyAsipHble cBoiicTBa. BoAHOBbIe ke cBoOiicTBa ABAAIOTCA OMNpe-
AEeASIOIHUMH y 4acTHL aToMHbIX pasmepoB. OTcTynue Ha mnep-
BBIX TMOPAX OT FAYHOKOIO PEBOAIOLMOHHOIO COZEP:KAHUA CBOEH
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Teopun, ge Bpoifu\b MbITAACH COXPAHUTb C NOMOLBIO Pa3AHY-
HbIX THIOTE3 TPAZHLHOHHYIO JAeTepMHHHCTHYECKYIO HHTepIpe-
Taguio KAaccuueckoit Pusuxu. OgHaKo, CTOAKHYBUIMCH C OF-
POMHBIMH MaTeMaTHYECKHMH TPYAHOCTAMH, OH BLIHYXKZEH GbIA
COTAACHTBCSl € BePOATHOCTHOH M WHAETEPMHHMCTCKOH HHTep-
nperauuedl, B KOTOPOH KAaccHuecKash MeXaHHKa CTaHOBHAACH
IPOCTO HacCTHbIM CAyuaeM 6oAee 06IIeil BOAHOBOH MeXaHHKH.

JKchepUMeHTaAbHOE TIOATBEPKAEHHE DTHX TeoPHUH 6BIAO
MOAY4EeHO 4eThbipe TOAA CNYCTS aMePUKAHCKHMH (PU3HKAaMH, CO-
TpyaHuKamMu Aabopatopuu «Dear-Tereon», 06HapyAHMBIIH-
MM, YTO aTOMHbie YACTHILDBI, TaKHe, KaK SAeKTPOHbI M MPOTOHBI,
6Aarogapsa CBA3aHHOH C HMUMH BOAHE MOTYT, MOAOGHO CBETY H
PEHTTeHOBCKUM AyYaM, MCIbITbIBaTb Jgudpakuuio. [loszHee
9TH HJeH NMOAYYMAM MpaKTHYeCKOe OCYIIeCTBAEHHe NMPH paspa-
60TKe MaTHHTHBIX AHH3, CAY2KALIMX OCHOBOH 3DAEKTPOHHOTO
MHKpOCKOTIA.

Aaypear Ho6eresckoit mpemuu B obractu pusuxu 1929 r.
Ayu ge Bpoiiab B Tom ke roay moryuma or (Dpannysckoi
Axagemun Hayx Bnepsbie yupexaennyio megarb Anpu [lyau-
kape. B 1933 r. ou 6biA us6pan AeHCTBUTEADHBIM UYAEHOM
Mpannysckoii Akagemun Hayk, a B 1942., cmenu Omuaus

MKapa, CTaA OAHHUM M3 ee MOCTOSHHBIX ceKpeTapeil.

Hakonen, ¢ 1926 r. on muoro saumaercs BonpocaMu o6pa-
30BaHHMA M HaywyHoro pykosoactsa. B 1928 r., npouuras He-
cxoabko Aekuuit M kypcoB B Cop6onne, [lapume u I'ambypr-
CKOM YHHBepCHTeTe, Ae DpPOHAb MOAyuHA Kageapy TeopeTHue-
ckoit pusuku B Mucruryre umenu Anpu Ilyankape, rae opra-
HHM30BaA MLEHTP [0 M3YUYEHHIO COBPEMEHHOH TeopeTHYeCKOH
¢usuku. B 1943 r., sanumascp pemeHueM npo6reM, BOBHHK-
IIMX H3-3a HEJOCTATOYHOH CBASH HAayKH C MPOU3BOACTBOM, OH
ocuoBar B Mucruryre umenu Ilyaukape orzen uccregosanuit
Mo NMPUKAAZHOH MeXaHHKe. JTOT HHTepPeC K MPAKTHYECKOMY
MPUAOXKEHHMIO HAayKH HallleA CBOe OTpa:KeHHe B ero IOCAEJHHX
paboTax, NOCBALIEHHbIX YCKOPHTEAAM 3apsKEHHBIX YacCTHIL,
BOAHOBOJaM, aTOMHOH 3HepruH M KubepHeETHKe.

Ayu ze Bpoiiab coBmecTHO co cBouM 6paToM OMy6AHKOBaAA
Bax<Hble HayuHble PaboTbl MO (PM3HKe ATOMHBIX YacTHIl H OIl-
THKe, TPUMbIKaIOLIHEe K er0 PAaHHUM pabOTaM, a TaKkxke, B CBA3H
¢ (QyHZaMeHTaAbHbIMM HCCAEJOBAaHHMAMH IO BOAHOBOH MeXa-
HHKe, PaBOTDI IO (PUIHKE PEHTTEHOBCKHX M Y-Ayued.

CBOMX AeKIHAX M NMOMYAAPHbIX KHHrax OH 06Cy:xzaer
(puAOCOPCKHE CTOPOHBI MPO6AEM, BOBHHKAIOIIHX B STHX HOBBIX
treopusx. Camas nocreaussa ero pabora B 9TOH ob6AacTH —
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«Hcropus passutus cospemennoii gusuku or Ilepsoro Coa-
BeeBckoro Konrpecca ¢usukos 1911 r. go nacrosmero Bpe-
MEeHH».

3a cBOIO AMTepaTypHyI0 paboTy OH GbIA yJAOCTOEH H36pa-
nusa B 1945 r. Bo Mpannyscryo Axagemuo. Ou saBrsieTcs mo-
uetHbiM mpesuzentoM Dpanuysckoit Accoumanun mucaTeaei-
yuennix 1 B 1952 r. noayuua nepsyio npemuro Karunra sa Bbi-
COKOe KayecTBO Hay4YHbIX paborT.

Koraa 5 1945 r. ¢panuysckoe npasutearbcTBO 06pasoBaro
Bricmyio Komuccuio mo atomuoii sueprun, Ayun ze Bpoiian
6bIA Ha3HaUeH ee TeXHHUYECKHM COBETHHKOM, a IIOCAE PeopraHH-
sanun Komuccun B 1951 r. on crar ureHoM ee YueHOro coBeTa.
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