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ABSTRACT

In the present work we suggest a non-local generalization of quantum theory which include quantum theory as a particular case. On the
basis of the idea, that Planck constant is an adiabatic invariant of free electromagnetic field, we calculate the value of Plank constant from first

principles, namely from the geometry of our Universe. The basic nature of the quantum theory is discussed. The nature of the dark energy is revealed.
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Pe3rome

B nacrosmieit pabote mpeaiokKeHO HeloKalbHOe 0000IeHne KBAHTOBOM TEOPUH, KOTOPOE
BKJIIOYAeT B ceOs OOIEM3BECTHYI0 KBAaHTOBYIO MEXAaHUKY KaK 4acTHbIA ciydail. Ha ocHoBe 3Toil
unen (uto mocrosiHHas [1naHka ecTh anquabaTHYecKuii ”HBAPHAHT CBOOOIHOTO 3JIEKTPOMArHUTHOTO
nosist B reomerpun Pumana-Kaprana) BerdmciieHa BeMMYMHA MOCTOSHHON [lmaHka W3 reomMerpuu
Bcenennoit. B pabore oOcyxnmaroTcsi OCHOBBI KBAaHTOBOM Teopuu. BrisiBieHa mnpupoaa
KOCMOJIOTUYECKOW KOHCTAHTBHI.
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BBenenne

HenaBuo ormeruBiias cBoii 100-nmetHmii roowmieir KBantoBas Teopus (KT) (uctopuyecku
3TO TEOpHsl, B OCHOBE KOTOPOU JISKUT aKCHOMa CYIIECTBOBAHUS BOJHOBOM (DYHKIIMH, WIH MOHATHE
aAMIUTUTYABI BEPOSITHOCTH), TIO3BOJIMIIA B CBOE BPEMsI MPEOJOJIETh KPU3HC, BO3HUKIINNA B aTOMHOM
¢usnke, 1aB B PYKH HCCIENOBATENSIM HEOOXOAMMBIA HHCTPYMEHT MJi pacuera aTOMHBIX U
CyOaTOMHBIX SIBIIEHUH ¢ TOYHOCTBHIO, HAXOMSIIEHCS B MOPA3UTEILHOM COTJIACHH C DKCIIEPUMEHTOM.
OpHako ¢ camMoro ee BO3HHKHOBEHHS BOT YK€ 0Oojee COTHM JeT, (U3UKH M MaTeMaTHKH He
OCTaBJISIOT MOMBITOK HOHATH YTO CTOUT 3a CTOJIb HEOOBIYHBIM H cTpaHHBIM ammaparoMm KT.

KBanroBas mexanuka (KM) ¢ camoro Hadana (a cienom u Kantosas Teopust ITosist, kak
ee mpeeMHUIA) Obla MOCTPOEHAa Ha aKCHOMATHYECKOM TMOJXOJE, YTO HE MOXKET OBbITh MPHU3HAHO
YIIOBJIETBOPUTEIBHBIM. Tak, HampuMep, MOCTYJIHUPYETCS MOHATHE BOJHOBOW (YHKIMHU UIS BCEX
OIMCBHIBAEMBIX CYHIHOCTEW (KaK JJisi KaduOpPOBOUHBIX MOJEH, TaK M JJIsl TaK HA3bIBAEMBIX «IIOJICH
MaTepUN», OMUCHIBAIOIIMX B3aUMOJICHCTBYIONINE ¢ KAIMOPOBOYHBIMH MOJSIMU YacTullbl). [Ipu aTom
OIepaTop SBOJIOLUU CHCTEMbl JIMHEEH IO BOJHOBOW (YHKIMH, B TO BpeMs Kak B pe3yjibTare
nporecca M3MEpPEeHHs TOSBISIETCS KBaapar mnocienHei. Ecnm no0aBUTh K BBIIICH3IIOKEHHOMY
HAJIMYME PACXOJUMOCTEH M HEPEHOPMHUPYEMBIX TEOPHH, CIOKHOCTH BO3ZHHKAIOIIWE IMPH TOMBITKE
o0benuHNTh KT ¢ OTO, HEeBO3MOXHOCTh MOJIYYUTh MacCy M 3aps] W3 NEepBbIX NPHHIMUIIOB,
CTaHOBUTCS O4eBUIHON He3aBepumieHHOCTh KT a, 3HaUUT BO3HMKAaEeT HEOOXOIMMOCTh MOUCKA
MIOJTHOM TEOPUH ONMUCHIBAIOIICH aTOMHBIE U SIZICPHBIE CHCTEMBI.

KT ¢ camoro Hayasia, ¢ MOMEHTa OCHOBaHHUs HE YJIOBJIETBOPsJIA €€ CO3AATENICH, MOPOKIAs
MHOT'OYMCJIEHHbIE JUCKYCCHM O MeCT€ BEpOSITHOCTH B (pU3MKe, O AyaJu3Me BOJIHA - 4acTUIa,
00CYX/IeHUSI MBICIICHHBIX SKCIEPUMEHTOB U MapajokcoB. Mbl 37ech He OyaeM pa3Ouparb BHOBb
BCIO Xopouio u3BecTHyto ucroputo KT, orceinas unrarens k monorpapuu M. Ixemmepa (1985). C
TaKOW «HEOOBITHOM» (HU3UKON MUPWIIHCH MTOYTH CTOJIETHE, U3BHHSS €€ MHOTOYHCIICHHBIE 1e(DEKTHI,
TIOCKOJIBKY OHa TI03BOJIsIIa PACYUTHIBATE (PH3UYECKH MHTEPECHBIE SBJICHUS B OTIIMYHOM COTJIACHH C
skcniepuMeHTOM. CHuTyalysi Havajga MEHSTbCA B TOcieaHue aekansl 20 Beka, KOrja KpU3uc, B
KOTOpBI monana Teoperndeckas OU3MKa CTal OYEBUIAEH MHOTHM M O MpoOjIeMax, BOSHUKAIOLIMX
npu nonsitke 00beauHUTh KT 1 OTO 3aroBopuin B noiHbii roioc. Cpeny Hanbosee cepbe3HbIX
npobaem CTaHIapTHOW MOJIEIN MOKHO Ha3BaTh CJICTYIOIIHUE!

1. IIpoGiema kosarnca BONHOBOW (yHKIMHM (OHa ke mpoOiieMa HaOMOAATeNss WIM TapajioKc
Ouinmreiina-ITomonsckoro-Po3eHa)

2. Hannuue HepeHOpMUpPYEMBIX (B OOIIEM Cilydae) pacXOoJAUMOCTEH.



3. OrpomHOe pacxoxacHHE MeXAy pacuuTbiBaeMoii Meromamu KTII wu  wHabmomaemoit
KOCMOJIOTUYECKOU KOHCTAHTOM.

4. Koudmukt KT ¢ OTO Ha ropu3onTe COOBITUN YEPHBIX ABIP

5. HenmaBuuii pe3ynbrar, TMOJy4YeHHBIH CHOyTHUKOM [ImaHK, HaKIaabIBAOIIMK CEphE3HbIC
orpaHuYeHuss Ha OONBIIMHCTBO HMHGIAIHOHHBIX cieHapueB (A. Ljjas, P.J. Steinhardt, A. Loeb
2013).

6. HeBO3MOXHOCTH pPa3yMHOTO COTJIACOBAHWSI WM OOBEAVMHEHHS CTAHIAPTHOW MOJCIU C
rpaBUTAIUECH.

7. IIpo6iieMa peTMKTOBBIX MAarHUTHBIX MOHOIOJIEH.

DTOT JaJeKO HE TMOJIHBIN CIUCOK YKa3bIBa€T Ha Cepbe3HbIC MPOOENbl B HAIlleM MOHUMAaHUHN
[Ipuponsl. bonbmias yacTe mpoOieM MOpsSMO WM KOCBEHHO CBs3aHA C HEMOHHMMAaHUEM OCHOB
KBaHTOBOIl TEOpWHU, CMBICIIa €€ OCHOBHBIX MOHATUH M akcuoMm. Hactosmas pabora mpusBaHa
3alOJIHATh YKa3aHHBIA MpoOen M yKa3aTh MyTh CBOOOJHBIN OT MEPEUMCIICHHBIX TPYAHOCTEH. MBI
HAaYHEM C IIEPECMOTPa OCHOB KBAHTOBOW TEOPHUH, MMOCKOJIBKY OHA, B €€ HBIHEITHEM BHUJIE, HE MOXKET

OBITH O0OBEIMHEHA C TPABUTAIIMCH.

KBanroBanue

KBaHToBass MexaHMKa BO3HHMKJIA W3 HEOOXOIMMOCTH OOBACHUTH 3KCHEPHUMEHTAIbHO
HAOI0/TaeMblii YePHOTEIbHBIA CIEKTP M3IYy4eHUsS U JHHEHuYaThle CIEeKTpbl aToMoB. [lmaHk Obu1
MEPBBIM, KTO TPEIOKHUI aHATUTHUECKYI0 (OpMYTy ONUCHIBAIONIYIO paclpeiielieHue SHEpPruu B
CIIEKTpEe M COTJacylImIytocs ¢ skcnepuMeHToM. OpHako, Kak ObUIO OTMEYEHO OWHIITEHHOM
(Einstein, 1906), BbiBox Ilnanka ObIT HE COBCEM KOPPEKTHBIM, XOTS W TIPHBEI K BEPHOMY
pesynbraty. [Ipobnema coctosia B ToM, uto [ImaHk BKIHOUMIT B BBIBOJ CBOEH (POPMYIIBI HE TOIBKO
caMo 3JIEKTPOMAarHUTHOE I0JIe, HO M H3Ty4alolie ero OCUUUIATOPHI, CBSI3aHHbBIE C BEIleCTBOM. B
pe3yJbTaTe B €ro ANEKTPOJMHAMUYECKONW YacTH BbIBOJA, OCHOBAHHOW Ha ypaBHEHHsIX Makcsenia,
DHEPTUs OCHHMJISATOPOB €CTh HENPEPHIBHO MEHSIOMIASCS BEIWYMHA, B TO BpeMs Kak B
CTAaTHCTUYECKOM YacCTH Ta K€ camas DSHEpPrus paccMaTpUBAeTCsl KaK BeNWYMHA JUCKpETHAas
(KBaHTOBaHHAS).

B 1905 r. Ditamreitn onmy6iaukoBan cBoro padory (Einstein, 1905), B koTopoii mokasai, 4To
nosie u3IydeHus: (O€30THOCUTENbHO CBOMCTB MaTepHH) BeaeT cebs Tak, OyaTO COCTOUT U3

OTAEJTBbHBIX KBaHTOB ((OTOHOB) Xxapaktepusyembix sHepruer hv. ITozgmee , B 1910 roxy [eGaii



(Debye, 1910) moxkazam, urto dopmyna [lnmanka BBIBOAWTCS ISl YUCTOTO TIOJS M3TyYEHUS
COBEpIIICHHO 0e3 mpuBledeHHs ((hUKcanK) KaKuX-T100 CBOWMCTB OCIMIIATOPOB BelecTBa. Takum
oOpa3om 3akoH [ImaHka ¥ Bce YTO M3 HETO CIEAYET, CBSI3aH TOJBKO C JJOKa3aHHBIM (PAaKTOM, YTO
SHEPrusi CBOOOJHO PACHPOCTPAHSIONIETOCS JJIEKTPOMATHUTHOTO TOJS JCNUTCS Ha TMOPIHH
npornopiroHaabubie V. HemaBHO 3TOT pe3ynbTaT ObUT MOATBEPIKICH SKCIHEPHUMEHTAIBHO (CM.
paboty Grangier, Roger and Aspect (1986)). M3510eHHOTO BBIIIIE yXKe JOCTATOYHO JIJISl TOTO, YTOOBI
IIOJIYYUTh NOCTOsHHYIO 1lnanka u3 reoMmerpuu BceeneHHOM, TO3TOMY YMTATENb MHTEPECYIOLUNCS
CBS3BI0 MEXKIY KOCMOJIOTHUYECKON KOHCTAaHTOW M MOCTOsIHHOW [lmaHka MOXeT cpasy mepeiTH K
pasneny «Anumabatuyeckuil MHBapuaHT». MBI K€, pacCMOTPHUM ceifuac HEKOTOpbIe CIIEJCTBUS,
IIPOMCTEKAIOLIME U3 YKa3aHHBIX CBOMCTB AIEKTPOMArHuTHOTO MOJISL, /ISl KBAHTOBOM TEOPHH.

Kak u3BectHo, Teopust bopa-3ommepdennaa (T.H. «ctapas» KBAaHTOBAsI TEOPHsi), OCHOBAHHAS
Ha aauabaTUYecKol THIoTe3e, UMEeT CBOMM (PYHIAMEHTOM [IBe KBAHTOBBIE AKCHOMBI, KOTOpBIE
Oynyuu noOaBJeHBl K aKCHOMaM KIACCHYECKOW MEXaHHKH, MO3BOJIAIOT MOCTPOUTH KBAHTOBYIO
TEOPHUI0. DTU aKCUOMBI 3alIMChIBAIOTCS B BUJE:

fﬁpdeIk = nih (1.1)
Ei—E,=hv (1.2)

OcHOBOW 1711 HAaNMCaHUS STUX COOTHOILIEHWH, TWOCTYXHWJa THUIIOTe3a, BBICKa3aHHAas
30MMeNbQENbIOM O TOM, YTO B KaKJIOM AJIEMEHTAPHOM Ipoliecce, JeHCTBUE aTOMa U3MEHSETCsl Ha
BEJIMYMHY paBHYI moctosiHHOW [lnanka h. OmHako, eciau Mbl ydTE€M pPe3yNbTaThl, MOJYYCHHBIC
OiHmreitHoM u Jlebaem, To 6e3 TpyAa MOJYyYMM 3TH MOCTYNAThl, KaK CJIEICTBHE KJIACCHUUYECKOU
MEXaHUKH, T.€. CMOXEM IMOCTPOUTH 0OOCHOBAHHYIO KJIACCUYECKYIO TEOPHUIO U3NTyUeHHUS B JIMHUSX, A
TaK e KJIACCHYECKYI0 TEOpHUIO0 aToMa 0e3 «HOBOW» KBaHTOBOM Teopuu (T.e. 0€3 NMpHUBICUCHUS
MIOHSATHUS BOJHOBOM (D)YHKIIMH U, COOTBETCTBEHHO, 0€3 BOBHUKHOBEHUS MPOOIIEM TTOPOXKIAEMBIX €10).

Takum 00pa3oM MOXKHO YTBEp)KJIaTh, YTO OCHOBOIIOJIATAIOIIAs aKCUOMa T.H. «HOBOW»
KBAHTOBOM TEOPUHU — aKCHOMa CYILECTOBAHUS BOJHOBOM (DYHKIIMM HE MOXKET ObIThb HU OObSCHEHA,
HU CBeJIeHa K KJaccuyeckoil ¢u3uke, B TO BpeMs Kak akcroMbl bopa — 3ommepdenbaa MoryT ObITh
MOJIyYEHbl HETOCPEICTBEHHO M3 KJIACUYECKOTO0 PAacCMOTPEHHs, 4YTO JaeT HaM (yHIaMEHTaJbHOEe
MOHMMAaHNE IPUPOJIbI U OCHOB KBAHTOBOM TEOPHUHU.

Jlnig  peanuzanuu  HaMEYEHHOTO, OTMETHM, YTO MMEITCS TOJBKO JBa  IOJS,
OCYIIECTBISIOIME  B3aMMOJEHCTBHA Ha  Oombmmx  paccrosuusax  (r > 10711em)  oro

SJICKTPOMAroHuTHOEC M T'PABUTAIIMOHHOC II0JIA. y‘-II/ITI)IBaSI, YTO KOHCTaHTa B321HMO)]€I>1CTBPI$I JJIsL



IPaBUTALMOHHOIO IMOJI MPEeHEOPEKUMO MaJla [0 CPAaBHEHUIO C OHOM ISl 3JIEKTPOMAarHUTHOTO IO,
MO’KEM C YBEPEHHOCTBIO YTBEPKIATh CIEAYIOLIEE:

Bce, uTO MBI BUIMIM, YYBCTBYEM, CIIBIIINM, H3MEPSEM, PETUCTPUPYEM JETEKTOPAMH - 3TO BCE
TOJIBKO 3JIEKTPOMAarHUTHOE Mojie U Hu4ero Oosee. To e€CTh MBI BOCIIPUHHMAEM DPEaJbHBI MUDP B
BUJE €ro KapTUHBI, MOCPEACTBOM PETUCTPUPYEMBIX HaMHU OJJIEKTPOMATHUTHBIX BOJH. Takum
00pa3oM »BIIEKTPOMAarHUTHOE TOJi€ BBICTYHNAeT B POJM NOCPETHHKA MEXAy HaOIomareneM u
peabHBIM (MHKPO) MUPOM, CKPBIBasi OT HAC pPeajIbHOCTh (TaK Ha3bIBacMasi ujiesd HAIMUUA "CKPBITHIX
napamerpoB B KM", koTopmie, OJHAKO, B HAIllEM CiIy4ae TEPSAIOT CBOM MHUCTHYECKUM CMBICIT
CTaHOBSICb OOBIYHBIMU KJIACCHYECKUMU MEPEMEHHBIMU - KOOPJIMHATAMH U UMIYJIbCAMH YacCTHII, HO
KOTOpBIE MOT'YT OBITh HU3MEPEHBI TOJIBKO ocpeAcTBOM DM moJis).

Taxum 00pa3oM B Ka4eCTBE OTIPABHON TOYKH MBI MOKEM B3ATH JIBA CIPABEIITUBBIX
YTBEPKACHHUS

1) OM none - eIMHCTBEHHOE TI0JIe, OCYIIECTBIIAIONIEE B3aUMOACHCTBIE MEXKAY OOBEKTOM
u Habmoarenem B KT.

2) cBoboaHOE DM T0JIe KBaHTYyeTCs 0€3 IPUBIICUCHHSI KAKUX-JIMOO TIPEITOJIOKESHUN O
CBOICTBaxX M3My4alOIIero BEIIeCTBa, TO €CTh JIJIsl HETO CIIpaBeAuBo cooTHomienue [Tnanka E=hv ,
P=/K wne3aBHCHMO OT CBOWCTB M3iryyatess (cM. padoTel Duinteitaa (1905), Jledas (1910) a tak xe
9KCIIEPUMEHT OCYIIIECTBICHHBIN TPYIIO# ACEeKTa, Ha KOTOPBIH MBI CChIIATHCH BBIIIIE).

[TocnemHee yTBEpXKJAEHHWE O3HAYAET, YTO CYIIECTBYET (M CIIEIOBATENFHO MOXKET OBITH
U3ITy4eH) TOJIbKO Lenblii (oToH, obnanaromuii nepuonoMm 2zn. MHpIMM cioBaMu HU3IydeHHE /
norjomnieHre (oToHa MOXKET MPOUCXOAUTh TOJIBKO 3a IENbIN MeproJ IBIKEHUS 3apsaaa (B cucreMe
KOOPJIMHAT, B KOTOPOIl MPOUCXOAUT U3ITydeHHE / TIOTJIOLICHHE).

PaccmoTpuM 3aMKHYTYIO CHCTEMY B KOTOPOH 3aps] JBHXKETCS pPaBHOYCKOPEHHO U
MUKIMYeCcKH. B 3TOM ciydyae ['aMHIIbTOHHAH AJIEKTpOHA HA OpOWTE HE 3aBUCHT SIBHO OT BPeMEHH L.
3anuiiem ero B BUJE:

H=K+U=E = const (1.3)
3nech K - kunetnueckast sHeprus, U - noreHmanbaas , E - monHas sHeprust CUCTEMBI.
Toraa pynkuus Jlarpanxka ects:

L=K-U=2K-E (1.4)

3anumeM JIeficTBHE JJI CBSA3aHHOI'O 9JICKTPOHA:



t t (1.5)
Sszd‘c:ZdeT—Et:SO—Et
0 0

HO
Ty T,
AS:.[_ leT—f deTZO )
0 0

rae Tq u T, ecTh EpUOABI JABMKCHHUS JJICKTPOHA B CHCTEME IO MepBOil u BTopoi opoute. Torna,

yuuThIBas ypaBHeHHe ['ammuibToHa-Ako0u, A7 ABYX pa3HbIX opOuT 1 u 2 umeem

T T;

A5=52_51=2f szT_ZJ KldT—(Esz—E1T1)=O
0

0

Onnako (cMm. yrBepxaeHus 1 u 2, cielaHHbIe HAMU BBIIIIE)
(EZTZ - E1T1) = thph =h (16)
€CTh JICHCTBUE I U3ydaeMoro ¢poroHa. Takum oOpazom
T2 L (1.7)
0 0
JIJIst IpOCTOTHI POMJLTIOCTPUPYEM CKa3aHHOE Ha MPUMEpPE 3JEKTPOHA B ICHTPATHHOM
T0JIC B HEPEISITHBUCTCKOM TIpeeie.

k=1 — (4 — (2
Nmeem: K = SPq u dt = (q ), rae p = (aq) . Torna Beipakenue (1.7) maer

ﬁpzd‘h - ?ﬁlhd‘h =h (1.8)
YTO JJISI S- COCTOSIHUS aTOMa BOAOPOJa JAET U3BECTHOE COOTHOLIEHUE
mry g, —mr{@, = h
Wnu, 9ato TO *XKe:
M,—M,=h (1.9)
I'ne M, u M, ecTb yriioBble MOMEHTHI. J{J1s 3a1IMUCH MOCIIETHETO BBIPAXKEHUSI Mbl BOCIIOJIb30BAIUCH
TeM, 4TO HOTydeHHbIE BEUUHHBI MT%@ (HOPMATLHO COBIAJAET C YITIOBBIMUA MOMEHTAMH JBUKEHUS
B 1leHTpasibHOM mosie. [Tonokum My = 0 (uto cooTBeTCTBYET 9 = 0).
Torma M, = Mo+ AM, no AM = f, Torma o4eBUIHO
M =My+h=h, My=M,+ h=2h.., M, =nh (1.10)
N3 »oTOoro BBIpaKEHHWS H TPUHIUINA MEXAaHHYECKOTO TOJO00HMS Ui IEHTPATbHBIX

INOTCHIIMAJIOB U~ T'k , HMCCM

OTtkyna nosydum:



o s (1.11)
n,=rm)™z and E, =E,(n)'*z

Torpa aj1s KilacCHuecKoro rapmMonudeckoro aciuisatopa (k=2) u3 (1.11) HeMeIIeHHO MoTydaeM:

T = rovn; E, =Emn (1.12)
A 1151 aTOMa BOJOpOAa:
r‘n — ran ’ En — % (113)

Benmnunny E; B mocienHeM BBIpaKEHHH MOXHO JIETKO MONYy4uTh u3 coorBercBus (1.6)

(E;T, — E1T,) = h . IlpussB K1accHYeCKOE 3HAUCHUE TIEPHO/Ia

T = me? |— 14
- 2|E|®
u yuntbiBas (1.13) E, = iEl HMEeM:
me* 1.15
g _me* (1.15)
2h?

Takum O6p&30M MbI IIOKa3aJii, 4YTO T.H. KBAHTOBAHUC CHUCTCMblI BO3HHUKACT COBCPHICHHO
KJIACCHYECKUM CIIOCOOOM U3 CBOMCTB OM 1O M HE MOJKET TPaKTOBATLCA KaK KBAHTOBOC CBOMCTBO

MIPOCTPAHCTBA WJIM CaMON MaTEpHUH.
OaHoMepHBI TApMOHHYECKH OCHHUJIIISITOP

Nmeetcs pacripocTpaHeHHOE 3a0yKI€HHE, YTO A00aBKa 1/2, MOSABISIONIASICS B SHEPTHHU
TapMOHHMYECKOTO OCHHIISATOPA SIBISETCS KBAHTOBBIM A(()EKTOM U CBsi3aHa C T.H. HYJIEBBIMU
KoneOaHusIMU. BBHIYy METOIWYECKOW BaXKHOCTH OTOTO IYHKTa, PAacCMOTPUM €ro HEMHOIO
noIpoOHee B HEPEISITUBUCTCKOM IpeJieNe, U MOKaKeM 4TO 3TO YUCTO KIacCUYecKuit 2P QeKT.

B cooTBeTcTBUMU C KJIACCHYECKONM MEXAHUKOW JHEPTHUsl TapMOHUYECKOTO OCHUIUIATOpPA

€CTh.

1’k
rie w= |—.
m

Torna YUYUTBIBAA 4TO JISI TAPMOHUYCCKOTO OCHUIIIATOPA CIPAaBCIJIMBO COOTHOIICHUEC T =U

m
E = 7(7-,2 + w?r?) (2.1)

, TOJIYYUM JIJI CPEAHEN 3a epUo/l SHEPTUH

E, = mn w? (2.2)



st Toro, 4ToObl OCYIIECTBUTH MEPEXO] U3 HAYaIbHOI'O COCTOSIHHMSI CUCTEMBI B KOHEUHOE
E,, = E}, MBI TOJDKHBI "'3a0paTh" SHEPTHIO M3 OCHIILIATOPA AICKTPOMArHUTHBIM ITOJIEM.
N3BecTHO, YTO H3JIyYEHUE 3JICKTPOMATHUTHOIO MOJISL JIBHXKYIIMMCS 3apsiioM OTJIMYHO OT
HYJIA TOJBKO TMpPU HHTETPUPOBAHUU 3a MOJHBIA mepuoa 7 ABUKEHUS, B IPOILIECCE KOTOPOTO
MPOUCXOIUT M3IYYCHHUE WM TOIJIOMIEHHE (3TO COOTBETCTBYET TOMY, YTO H3JIy4aeTcsl MOJHBIN
¢boTOH a He dYacTb, TO €CTh TMOJe MOPOXKIAETCS 3aMKHYTOE, YAOBJIETBOPSIOLIEE YCIOBHUIO
nepuoandHoct). Koadpduiumer mnponopruuoHaTbHOCTH MEXKAY dSHEpPrued U YacToTOM  auis
3JIEKTPOMArHUTHOTO MOJIsl €CTh A
AE = E, — E;, = hwpyy (2.3)
(Eme pa3 momguepkHeM, 4TO, KaK 3TO cieayeT u3 pabot DiHmreiiHa u Jlebas, koHCTaHTa A MMeeT
OTHOIIIEHUE TOJBKO K JIEKTPOMArHUTHOMY TIOJIIO M HUKAK HE CBsA3aHA CO CBOMCTBAMU MATEpUU HIIU
pa3MepoM U3IIYHarOIIC CUCTEMBI).
Bripaxenue (1.12) naer cOOTHOIIEHHE MEXIY YPOBHSMHU SHEPIUU, OJHAKO YUUTHIBAS

(2.3) monsATHO, YTO OCTaTOuHYyM0 3Hepruto Ey = U(r;) He m3myuuth (OTOHOM C dHEepruei hw, Tak

Kak
1 2.4
AE=E1—E0=mr12w2—§mr12w2=§E1<hw 24)
[TosTOMY Ha/10 MPOCTO YUECTh ITY NOCTOSHHYIO 100aBKy B BbIpakeHuu (1.12):
(2.5)

1 1
E, =nkE, +§E1 = hw(n +§)

Takum O6p330M, I[O6aBKa B BUIC 1/2 nosiBnsieTcsl €CTECTBEHHBIM 06pa30M N3 KI1aCCHYCCKOTO

paccMOTPCHHUSA 3a0a1H.
YT10 TaKoe KBAHTOBAasI MeXaHUKAa?

B cranmapTHBIX Kypcax KBAaHTOBOM MEXAaHMKHM PEILAIOTCA 3a7add JJIsl M30JMPOBAaHHBIX
cucteM, B ['aMWIbTOHHMAH KOTOpPBIX HE BXOOUT OJJIEKTpOMarHutHoe mnone. Hampumep 3to
TFapMOHUYECKUH OCHMIUIATOP, aTOM BOaOpoja U T.A. TakuM o0pa3oM ¢ OAHOH CTOPOHBI JIHOOOE
U3MEHEHHE B COCTOSHUU CHUCTEMbI JOJDKHO CONPOBOXAATHCS HW3IyYEHHEM / TIOTJIOIIEHHEM
JIEKTPOMAarHUTHOTO TMOJIA, & C JPYrod CTOPOHBI AJIEKTPOMAarHUTHOE II0JIE OTCYTCTBYET B
raMmIbTOHHAHE TaKUX cucTeM. Bo3HuKaeT 3aKkOHHBIA Bompoc: rae DM moje ¥ moyemMy OHO He
npuCcyTCTBYyeT B rammibToHuaHe? Kakum o6pazom OM mone y4yuThIBaeTcs NpU U3TyYEHUH /

norjoneHnr ¢GoToHa TakoW cuctemor? B mHawanme 20-ro Beka, ypaBHEHHE, OIHCHIBAIOIICE



KBAHTOBbIE CHUCTEMbl ObUIO WHTYUTHBHO YTaJaHO W TPHUHATO JJIs BBIYMCIECHUN (HECMOTpS Ha
BO3HHKAIOIINE BOIPOCHI), MMOCKOJBKY PE3YyIbTaThl BBHIUYUCICHHH OBLIM B MPEKPACHOM COTJIACHU C
sKcnepuMeHTOM. OJHAKO CMBICII BOJHOBOTIO ypPaBHEHHUS M, COOCTBEHHO, BOJHOBBIX (YHKUIHH IO
CEero BPEMEHHU He BIOJIHE siceH. B HacTosimeM paszzene Mbl OKaXeM CMbICI (hopMaan3Ma KBaHTOBOM
TEOpHH, CBe/id €€ K OCHOBaM KJIaCCHUECKON MEXaHUKHU.

PaccmoTpuM ansi mpocToThl  ogHOMepHOe ABIKeHHe. (O000meHne Ha ciaydaid Tpex
u3MepeHuii oueBuHO. [lycTh MMeeM Kilaccu4ecKre ypaBHEHUS COXPAaHEHUS SHEPTHH:

H=E (3.1)
3nece H - kjlaccM4ecKMil IaMMIBTOHMAH pacccMaTpuBaeMoil cuctembl U E - monnag
sHeprus cucreMbl. Paccmorpum vactuiy B mosie U(x). st MONMHOM SHEpruM CHCTEMBl HIMEEM JIBE
BO3MOYKHOCTH:

1) E < 0, cucrema cBsi3aHa, IMEEM MEPHOAMUYCCKOE IBIKCHHE,

2) E > 0, cucrema He CBsi3aHa, UMEEM CBOOOIHOE JBIIKCHHE.

Kak wu3BectHO, n100yt0 ¢yHKuuioo ( ¥ (YHKIUIO TaMHIBTOHA B YacCTHOCTH) MOXKHO
pasnoxuts B pan (E < 0) wm unrerpan (E > 0) @ypbe nmo nonHo# cucrteme (ynkmmid. Tax
CIIy4MJIOCh, 4YTO (POTOHBI B HEKOTOPOM MPHUOIMKEHHU (JUHEIHOe MPUOIMKEHHEe B TEOPHUH
Oiinmreitna-Kaprana-1llpéaunrepa, npuBoasdiiee K ypaBHeHUsIM MakcBesia) MOTYT ObITh OMHCaHBI
MJIOCKUMU BOJTHAMU, KOTOPBIE 00pa3yroT MOJIHYIO cucTeMy (QYHKIHM 17151 pa3iokeHus (6a3uc):

@ = exp(—ikyx* ) (3.2)
rae k, 4 X, ecTb 4 -BEeKTOPBHL.

Paccmotpum E < 0, 4TO COOTBETCTBYET IMCKPETHOMY CIEKTPY B KBAaHTOBOM MeEXaHUKE.
Cnyvaii HepephIBHOTO clieKTpa, koraa E > 0, oriuyaercs JuIIb 3aMeHONH OECKOHEYHBIX CYyMM Ha
uHTerpaisl Oypwe, MPH STOM BECh BBIBOJI YPABHEHUH JI€Ta€TCs aHAIOTUYHO.

[Tpumenum k (3.1) o6patHoe Dypbe - MpeodbpazoBaHKe MO KOOPIUHATE X!

[Hk,x)p(k,x)dx = [E@(k,x)dx (3.3)
501041
2 i i i 3.4
J f_m e FPED gy 4 [U(x)e BP* ED gy = [ F e AP*ED gy (34)
OTKyna noyry4um:
h? d? d i (3.5)
Jdx[~5——= +U() = —ih e R(PX—ED

nJIn



[ dx[(A - E)p = 0] (36)
3aMeTuM 37iech, YTO 3aMEHa JJIEKTpOHA Ha MO3UTPOH ( (QOopMalbHO MEHSET 3HaK B
MoKa3arese SKCIIOHEHThI Ha OOpaTHBII), MPUBOAMT K 3ameHe t Ha -t B ypaBHeHud (3.5).

B ypaBuennu (3.6) B CKOOKax CTOMT MHOJNHBIA omepatop IammiabroHa H, KOTOpBIit
npecTaBisieT co0oi onepatop JIMyBWILIS, T.e. UMEET MOJHBINH HAOOP OPTOrOHATBHBIX COOCTBEHHBIX
byHKINH.

Iycts ¥), (x) ecTh MONHBI HAGOP TAKUX COOCTBEHHBIX (DYHKIMIA omepaTtopa H, Torna Mel

MOXCM 3allucaThb:

o, x) = Z A (D) ¥ () (3.7)
u ypaBHeHue (3.6) mpuMeT BU:
fdxz am®@) [(H — E)¥, = 0] (3.8)

m

i ( yauTsiBas, uTo ¥, -cooctBeHHast pyHKIMs omeparopa JInyBuis q )
AY,, (x) = Ep¥(x) (3.9)
ato ypaBHeHue llIpenunrepa B koopanHaTHOM MpescTaBieHuu. O4eBUAHO, 4TO eciu B (3.3)
BMCCTO KOOPAWHATLI X HUHTCTPUPOBATH 110 UMITYIIbCY p, TO MBI TOYHO TaK K€ IMOJTYYHUM YPABHCHUC
[IIpenuHrepa, HO y’e B UMITYJIbCHOM IPECTABICHUN
ﬁl}’m(p) = En%¥n(p) (3.10)

CosepiinM Tenepb o0paTHOE peodpa3zoBaHue Belpaxkenus (3.8). Umeem:

1) dxz @ (k,x)an[H¥, — E¥y]dp =0 (3.12)
m
3ameuas, 9To
0" (kx) = ) a0 (3.12)
m
[Tonmyunm:
Jf dxdp Z Z A @y ¥y (O — E]®,(x) = 0 (3.13)
m n
WU B OOIIENTPUHSATON 3aIUCH:
fdeZamamW |[[H—E] 1 ¥,)=0 (3.14)
m n
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OTKyna HENOCPEACTBEHHO CJEAYyeT MaTpU4Has 3aluCh KBAHTOBOW MEXaHUKHU. Takum
00pa3oM MBI NOKa3alv, YTO KBAHTOBAas MEXAaHWKA 3TO BCEro JUIb (yphe - TpanchopMupoBaHHAS
KJIacCHYecKas MeXaHWKa, MpUYeM TpaHCPOpPMHpOBaHUE HIET MO (PyHKIMH OM mois, KOTopoe
MOJKET U HE BXOJUTb SBHO B OKOHYATEJbHBIC YPAaBHEHUs, OCTABAsCh 32 PAMKAMHU PAaCCMOTPEHUS U
HO3BOJISISL HaM YK€ B HYJIEBOM NPUOIMKEHUU TEOPUH BO3MYILIECHUM MOJIYy4aTh CHEKTP M BOJIHOBBIE
¢ynkuuu cuctemsl. Ilpu 3TOM Tak Ha3bpIBaeMmasl BOJHOBAs (PYHKUUS HE SABISETCA "TIIOTHOCTBHIO
BEPOSTHOCTH" a €CTh BCEro JIMIIb COOCTBEHHAs (yHKIUs omnepatopa JIMyBWILIS 1O KOTOPOW MBI
IPOM3BOJIUM PA3JIOKEHHUE H3ITy4aeMoro (MOIJoLaeMoro) JIeKTPOMarHUTHOIO HOJS 3a HEepUO/.
Takum 0Opa3oM IpUBBIYHAS HAM KBAHTOBAs MEXaHUKA SIBJISETCS] HEMOJHOMN (JIOKaJIbHON) TeOpHUeH,
MOCKOJIBKY OCHOBaHa Ha HEMOJIHOM (JIoKajgbHOM) ypaBHeHun Ilpé&nunrepa (3.9), BMecTo mosHOro
(HenokasabpHOr0) ypaBuenus (3.8) B kotopoe Bxoaut DM moiie, B BuIe KO3)DOUIIMCHTOB Pa3I0KCHUS
am(p)-

B 3axiroueHne ckaxxeM HECKOJIBKO CIIOB O MpUHIUIE HeompeneneHnoctu ApAx ~ h. Kax
MBI YK€ YIIOMHMHAIH, J1I000€ U3MEpeHHe MPOUCXOIUT NpH ydyacTuu (otoHa. [locpeactBom Takoro
¢doToHa MBI MOXXEM H3MEPHUTh KOOPAWHATY OOBEKTa ¢ TOYHOCTHIO A0 Ax = A/cos@ tnme A ectb
JulnHa BOJHBI (poToHa. OpHaKo B Ipolecce M3MEpeHUs KOOpAMHAThl (OTOH IepeAaeT yacTb
UMITYJIbCa H3MepsieMOMYy OOBEKTY, TaK 4TO Mbl MOXeM HamucaTh Ap = hkcose . KomOuHupys
nepBoe co BTOpeIM umeeM ApAx ~ h . C apyroél CTOpOHBI, IPUHUMAs BO BHUIMaHHE TO, 4TO (hasa

- 9TO HUHBAPHAHT, MOXKEM 3aKJIKOYUTH, YTO CIIPABCIIMBO TAK K€ U CUMMCTPHUYHOC BBIPAKCHHUC

AEAt ~ h.

AnuadaTuyecKuii HHBapHAaHT

W3 acTtpoHOMHUYECKMX HAOMIOJEHUH TOCTOBEPHO YCTAHOBJIEHO, YTO MBI KUBEM B
HECTalMOHAapHON BceeneHHol, Bce mapaMeTpbl KOTOPOM U3MEHSIOTCSA CO BPEMEHEM. Y UMTBIBAsL ATOT
(bakT, pacCMOTPUM MEXAHHYECKYI0 CHCTEMY, COBEpIIAIONIyI0 (MHUTHOE IBIDKEeHUE. be3 moTepu
OOIIIHOCTH MOYKHO PAcCMOTPETh TOJIBKO OAHY KOOpPJAWHATY (], XapaKTePU3YIOMIYIO JIBUKEHUE
cucremsl. [Ipeanonoxum Takke, 4TO IBUKEHHUE CUCTEMBI XapaKTEPU3YETCsl HEKUM IapaMeTpoMm I .
3aech MBI TIOA I' MOXKEM TOApa3yMeBaTb 17 = r, - paauyc BcenenHol wiM moioXWATb t+ = R

PaBHBIM CKAJSIPHOM KPUBU3HE NpOoCcTpaHCTBA. OKOHYATENIBHBIA PE3YNIBTAT OT ITOTO HE U3MEHUTCA.

[Tycth mapameTp I annabaTHUECKH U3MEHSIETCS CO BpEMEHEM, T.€.
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T < ; , (4.1)

rrae T - eCTh XapaKTepHOE BPEMsl, WIIU TIEPUOJT IBHYKEHHSI CUCTEMBI. VI3 3TOro COOTHOLIEHUS! MOKHO
HOJIYYUTh OLIEHKY COOCTBEHHOM YaCTOTHI CUCTEMBI, YIOBJICTBOPSIONICH YCIOBHIO a1na0aTHUYHOCTH:
v > 10718 [s71]
4TO0 (PAKTHMYECKH COOTBETCTBYET BCETa BBINOJIHEHHOMY TpeOOBaHMIO A, <K 7, (WIMHA BOJIHBI
¢oroHa MHOTO MeHbIIIE pa3MepoB BeeneHHoil).
[TonsTHO, YTO paccMaTpuBaeMas cucreMa (KBaHT cBOOOmHOTO DM mosis) B TakoM citydae Oosee
HEe SBIAETCA 3aMKHYTOH M U1 DHEPrHH CHCTEMbl HMMEeM JHHEHHOE COOTHOmeHHe E~7 .

FaMMI/IJII)TOHI/IaH, CHUCTEMBI B 3TOM CJIy4yac 3aBUCHUT OT ImapaMeTpa I, CJIeJOBATCIBHO

_0H _0Hor (4.2)
~at  Or ot
ycpeﬂHHH 29TO BBIpa)KeHI/Ie I10 HepI/IOI[y, HOJ'Iy‘II/IM
dp 0E dpor (4.3)
$\353c Tarar) =0

i 0003Havas aguabaTHYeCKuii nHBapuaHT Kak h umeem u3 (4.3)

7 (4.4)
ot
rac
1 (4.5)
h=—¢pd
P $ pdq
€CTb I10 CMLICJ'Iy ITIOCTOSITHHAsI HHaHKa. y‘II/ITBIBaH, qTo
oh op (4.6)
Zﬂﬁ = ¢ ﬁdq =T
MOXEM 3aIiucaTtb IJId 3HeerH (I)OTOHa

Ces3b Mexkny reomerpueii BeerenHoi u BeinunHoii nocrosinnoi Ilinanka

Panee HamMu OBLIO ITOKA3aHO KAKUM 06p330M BO3HHUKACT KBAHTOBOMEXaHNYCCKAsA KapTUHA
Oprxcanmeﬁ JEeHUCTBUTENLHOCTH. B HacTosmeM pasacsic Mbl IMOJIYYUM KOJUYCCTBCHHYHO
XAPaKTCPUCTUKY KBaHTOBOM TCOPHUU - 3HAUCHUC IMOCTOSIHHOM HJ'IaHI(a, nu3 Ha6J'IIOJIaCMOI7I TreoMEeTprun

IPOCTPAHCTBA.
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Xopomio wu3BecTHO, u4Tto OOmas Teopus OTHOCUTEIBHOCTH, (GopMylupyeMas Ha
PumanoBoM MHOTOOOpa3uu, UMeeT psia HeqocTaTkoB. Cpenu Hanboliee Cephe3HBIX MOKHO HA3BaTh
W) (13 % {01115 (<H
1. Hanuame cuHTYIISIpHOCTEH
2. HeBo3moxHOCTH y4ecTh T.H. "Oospimmme umcia" DaauHrTOHA-J{Mpaka, CBs3BIBAIONINE
KOCMOJIOTHYECKHE U KBAHTOBBIE AaTOMHBIE BEJIMUUHbI
3. Kocmonorudeckass KOHCTaHTa, HE HMEIOIIAs €CTECTBEHHOTro oObsicHeHus B pamkax OTO
MIOCTPOEHHOM Ha MCEeB0-PUMaHOBOM reoOMETpHH.

OaHuM U3 BO3MOXKHBIX U €CTECTBEHHBIX €€ pacIIMpeHuil sBiseTcs reomerpusi Pumana-
Kaprana (P-K), B kotopoili crpoutcs teopus OitHmreitHa-Kaprana-lllpéaunrepa (OKII) ¢
HECUMMETPUYHBIMU CBSA3HOCTSIMU (KpYUYEHUEM).

WmeeTcs psia npuYHH, IO KOTOPBIM TaKoi BEIOOP OMpaB/iaH:

1) Dta Teopus YAOBJIETBOPSIET MPUHIMITY OTHOCUTEILHOCTH M MPHHIMITY 3KBUBAJICHTHOCTH U HE
MIPOTUBOPEUYUT HAOFOATEIIHHBIM JAHHBIM.
2) Ona ¢ HeOOXOUMOCTBIO CIIeTyeT U3 KATHNOPOBOYHON TEOPUHU TPABUTAIUH.
3) Ona cBo6O1HA OT IPOOJIEMBI CUHTYJISIPHOCTEH.
4) B pamkax 5Toil TeOpuHM M3 TEOMETPUU OPraHUYHO BO3ZHUKAET JIIEKTPOMATHUTHOE TONE H
ypaBHeHUsT MakcBemia, Kak JHHEHHOe MpUOmKeHne 0ojiee CIOKHBIX HEJMHEWHBIX YpaBHEHUH
TOJISL.
5) OHa mpexacTaBisieT HaubOIee €CTECTBEHHYI0 BO3MOXHOCTh ISl OOBSICHEHHS] KOCMOJIOTHYECKON
MOCTOSTHHOM, Kak He-PuMaHOBOW dYacTu CKanspHOW KPUBU3HBI MPOCTPAHCTBA, OOYCIOBIEHHOM
KpY4YECHHEM.

B pamkxax reomerpuum Pumana, kak wu3BEeCTHO, TeH30p OM TONS YIOBJIETBOPSET
CJEIYIOIEMY COOTHOIIEHUIO:

A A, =A

viu — Auy v,u A,LL,V (5-1)

Opnako B OKII — Teopun ¢ HECMMMETPUYHBIMH CBSI3HOCTSMH, 3TO COOTHOLIEHHE Oojiee He

BBITIOJIHACTCH, B PE3YJIbLTATC YCTO B TCH30PC OM 1o NOSABIAIOTCS JAOIIOJIHUTCIIbHBIC YJICHEI.

Jl1st mocTpoeHus Teopur HaM MOHAA00UTHCS JIarpaHKHaH, BKIIIOYaoLuil B ce0s
€CTECTBEHHBIM 00Pa30M JIMHEHHBIN MHBAPUAHT - CKAJIIPHYIO KPUBU3HY, OJIYyYaeMyI0 IIyTeM
cBepTku TeH3opa Pumana-Kaprana. Mcxonno Oynem nonarath, 4To KpUBU3HA IPOCTPAHCTBA Malia
(4TO COOTBETCTBYET IKCIIEPUMEHTY) H, CJIEZIOBATENILHO, B MHTEPECYIOIEM HAC MPUOINKEHUN
KBaJpaTUYHBIMU MHBAapUAHTAMU B JIarpaHKHaHe MOXHO MpeHeOpeyb, 3an1caB AeHCTBUE IS
IPaBUTALIMOHHOTO MOJIA U MaTepuu B reomeTpun Pumana-Kaprana takum o6pazom:
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c (5.2)

30 1( .
R T GfR,/—ng+EfLm,/—gdn
QO

T
Q

3nech R ecTh ckanspHas KpHBM3HA U L eCTh JarpaHXKMaH MaTepUHM, 3aIlCAHHBIE 171 IPOCTPAHCTBA
Pumana-Kaprana, dQ = d*x. Bapbupys umeem:

c’ A (5.3)
0% =" 16ncf (R“/? ~5Yap R)5g“ﬁ\/—gdﬂ
Q
nu
(5.4)
QO
NI
¢ ((s 1 _ 8mG_.
161G j (Raﬂ —59ap R =3 aﬁ)dg“ﬁ,/—gdﬂ =0
Q
OKOH‘I&TCHLHO IMOJIY4YHM:
~ 1 . 816G . 5.5)

c4 Taﬁ

Rap —59ap R =
2
3neck Tpp €CTh TEH30p MIOTHOCTH SHEPIUHM - MMIYJIbCA MAaTEPHH B HPOCTPAHCTBE C FeOMeTpHei

Pumana-Kaprana. Ynpomas no najaekcam Haiaém:

WIH B IPUBBIYHON popme

G (5.6)

rae R - ckansp oOpa3oBaHHBIM U3 TeH30pa Pumana, A = (R - ﬁ) /4 u T - ectb crien Tensopa Taﬁ
sHeprun-umnyiabca OM mnons B reomerpun P-K.

B mpaBoii wactu (5.6) HaxoOuTCS BEJIWYMHA CBSI3aHHAs C OTJIMYMEM TE€OMETPUH OT
PumanoBoii (B reomerpun Prumana cien teHsopa OM mois paBeH HYIIO BCUIY CUMMETPUYHOCTH
CBSI3HOCTEH), KOTOPYIO MBI XOTUM OLIEHHTb.

TIpoGrnema B IPAMOIL OIIEHKE BETHYMHBI I COCTOMT B TOM, YTO MBI HE 3HA€M HCTUHHYIO METPHKY
IPOCTPaHCTBa B KOTOPOM KHMBEM. MBI Tak ke He 3HaeM K03()(UIMEHTOB CBA3HOCTH HAIEro
npocTtpancTa. [1o 370l npuyrHe MBI HE MOYKEM HEMOCPEICTBEHHO MOCYUTATh WHTEPECYIOIIYIO Hac

MONPaBKy K TEH30py dHEPruu-umitysibca DM mossi, 00yClIOBIEHHYIO OTKJIOHEHUEM T€OMETPUH OT
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PumanoBoil. COOTBETCTBEHHO MbI HE MOYKEM IPSIMO BBINHCATh COOTBETCTBYIOILYIO MOIPABKY K
sHepruu OM nosid. OIHAKO MBI MOYKEM OLIEHUTb 3Ty BEJIMYMHY KOCBEHHO, YUMTHIBAs 4TO JIeBas
4acTh BBIpAXKEHUS (5.6) COAEPKUT TOIBKO HAOIIOaeMble BEIIMYUHBI.
Kak cnenyet u3 pa3nena "AnnabaTudecKuii MHBapUaHT", i aericTBUS DM Mo nMeeM:
S=S8—h (5.7)
rae Sy ecth 00bIgHOE AeicTBHe it DM moist u h - aqnabaTndeckuii ”HBApHAHT, 00YCIOBICHHBIN
MEIJIEHHO M3MEHSIOIeics KpUBU3HOW IpocTpaHcTBa. Torzma, y4yuThIBas, 4TO CJ€J TEH30pa

Top mst OM noIst paBeH HyJIo B reoMeTpun PuMana, MoskeM cpasy Hanucath u3 (5.6):

c* h (5.8)
(R - 4A)% = ZA_tO = ZhVO

[ToruepKHEM 3]1€Ch, YTO B JIEBOM 4YaCTH Mbl HMEEM HAOJIOJaeMble BEJIMYMHBI, XapaKTEPU3YIOIIHe
reoMeTpui0 BceneHHOH, B TO BpeMs Kak B MpaBOd CTOMT MOCTOsiHHAs h (aamabGarmyeckuii
WHBAPHAHT), SBIISIONIASCS [0 CYTH NOCTOSTHHOM [aHKa, XapakTepu3yroias MUKpomup. BenmdnHa
At, ecThb MHHUMAIHHO BO3MOXHBII HHTEpPBAl BPEMEHH COOTBETCTBYIOIIHIA jaeiicTBUiO h. UTOOBI
HalTH €ro 3aMEeTUM, YTO SHEPTHUst CBOOOAHOr0 DM MOJIsi MOKET U3MEHSTHCS TOJBKO Ha BEIUYHHY
hv. PaccMOTpUM B KadecTBE MPHUMEPa aroM BOAOpoAa (Ui HAIIMX [eJeldl MOXHO PaccMOTPEThH
mo0yto cucteMy B HusimeM coctosiaum). [lepas BopoBckas opOuTa XapakTepu3yeTcsi BETHYHHOM
M; =m, ayVy = h. Cocrostaue ¢ M, = 0 "He goctmxkumo. [lo Mepe yMeHBIICHHS paanyca OT
o0 A, /2w , BenmunHa M; = A He MOXET U3MEHHTHCS, TOCKOJIBKY HE MOKET OBITH H3IyYeH
¢dorton. Takum o00pasom MBI MOXeM 3amucath A.c = 2mayV,, wm vy =1/Aty =c/ay =
21tVy /A. = 5.6652 X 108 [s71]. 3pmecs cnmemyer 0co060 MOAYEPKHYTH, HYTO BpeMs, Kak U
IIPOCTPAHCTBO, HEMpEpHIBHO, T.e. He KBaHTyeTca. Muteppan At, = 1.7651 X 10719 [s] ects

MUHHMAaJIbHBI MHTEPBAJl BDEMEHU COOTBETCTBYIINHU BenmmunHe h. U3 Beipaxkerus (5.8), MBI MOXeM

3amnucarh;
c3a, (5.9)
R — 4A ~h
( ) l16nG
rIe
Hg (5.10)
R = 4m? =

OneHuM TNONYYSHHYIO BeTHYMHY. V3MepeHHbIe 3HAaueHUs NOCTOSHHONW Xab0ma Obutu
npesctaBieHbl B paborax (Riess et al. 2009) H, = 74.2 + 3.6 u (Riess et al. 2011) H, = 73.8 +
2.4 . YuurtpiBas OOJBIINE TOTPENTHOCTH W3MEPEHWM, BO3bMEM JJIs HaIleld OIIEHKH CpeaHee

3HaueHne Hy = 74. KocMOJI0rn4eckyro MOCTOSHHYIO /A BO3bMEM B COOTBETCTBUH C U3MEPEHUSIMU
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Q) =0.7 ¥ NONOKMM KPHTHYECKYIO IUIOTHOCTh p, = 1.88 X 107%°[g cm™3]. Torma, wus3
BhIpaxkeHus (5.9) modyduMm oOLeHKy i nocrosHHoi Ilnanmka: h = 6.6 X 10727 [erg s], uro
COBIIAJIA€T C TOYHOCTHIO 10 BTOPOTO 3HAKA C SKCIEPHUMEHTAIbHBIM 3HAUCHUEM.

B mocnenHee BpeMsi MIMPOKO JTUCKYTHPYETCS BOIPOC O BO3MOXKHOM HM3MEHEHHH
TIOCTOSTHHOM TOHKOW CTPYKTYPBI 0. CO BPEMEHEM, IO3TOMY TIOMECTHM 3/eCh JUIS yJ00CTBA IPYTyIO

HUHTEPECHYIO 3aBUCHMOCTD, BBITEKAIOIIyI0 13 (5.9)

(R - 4A)C—4 ~ 2mmycla (5.11)
16mG

Bo3moxknbie Ha0/01aeMble 3P dexThl

[TosryueHHble B HacTosiled paboTe pe3yibTaTbl MOTYT OBITH IPOBEPEHbI HE3aBUCHUMBIMU
skcnepuMeHTamMu. OJHUM M3 KIFOUEBBIX SKCHEPUMEHTOB JOJDKHO CTaTh PAacCESHHUE AJIEKTPOHA Ha
JIBYX IIENSIX B TPEX CIIydasx: a) o0e el OTKPBITHI, 0) OJlHA M3 LIesiel 3aKphiTa 3aridylIKON U3
M30JISITOpa Ipo3padyHoro it OM mossi, HO HENpOo3payHOro AJisi 3JEKTPOHA, B) OAHA M3 IIeiel
3aKpbITa IMPOBOJAIIMM HSKPAaHOM HENpo3pauHbiM s OM mons u st anekTpoHoB. Ecin Obl
9JIEKTPOH OMUCHIBAJICS BOJTHOBOW (YHKIMEH (BOJIHBI MaTepHH), OH JOJDKEH OblLl ObI B ciaydae 0)
pacceuBaTbCs Ha OJHOM ILENM HE 3aMeuasi 3aKpbITYI0 BTOPYIO, T.€. SKCIEPUMEHTHI 0) U B) JaBalu
OBl oAMHaKOBBIE pe3ynbTaThl. OIHAKO, KaK ObLIO MOKa3aHO HaMM, BOJHOBasl (PYHKIMS HE CBSI3aHA C
IPUPOJIOH ANEKTPOHA. DNEKTPOH €CTh KOMITAKTHBIN 3apsKEHHbIH 00BEKT, B3aUMOJICHCTBYIOIINNA CO
LIEJIMUA  TOJIBKO TOCPEACTBOM OM 1ojii M NOTOMY pe3yibTaThl pacCessHUsl Uil BCEX Tpex
YIIOMSHYTBIX CIy4aeB JOJDKHBI ObITh pa3jM4HbI, YTO MPEKPACHO COIJIACyeTcs € AKCIEPUMEHTOM
HembsiHoBa (Demjanov 2010).

Jpyrum sKcriepuMETHAIIbHBIM MOATBEPKACHUEM MOXKET CTaThb U3MEPEHHE PaBHOBECHOTO
cniekTpa raza GoroHoB B aanékoil Peneii-/[»uHcoBoit obnactu crnekrpa. Kak Obuto mokasaHo HamMu
paHee, B yCIOBMSX, Korjna reomerpusi Pumana-KapraHa mMeeT OTIIMUHYIO OT HYJSI CKaJSIPHYIO
KPUBHU3HY, B BBIpKEHUH AJIs dSHepruu OM mnouns nossisTecs: 100aBOYHBIN wieH Av . B aTom ciydae
sHEprust POTOHA ECTh:

E,=E2+hv , (6.1)
I7iIe V ecTh 4acToTa pOTOHA U Majblii mapaMeTp

1 (6.2)
0 — 2 2
ES 16nf(E + H?)av
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WuTerpupoBanue 31ech MPOBOAUTCSA MO 00beMy OAHOrO (GoToHa. MIHTEHCHMBHOCTh H3ITY4YE€HUS B

9TOM CJIy4ac 3alMIICTCA KakK:

B, = (EO+h )21/2 1 (6.3)
v = Wy TV E% + hv
exp K—T -1

Bunno, uto B BuHOBckoW u B Onmskoii Peneit-J[KUHCOBOW 007acTSIX CHEKTP SBISCTCS MOYTH
I11aHKOBCKMM BCIEACTBME ManocTu no6asku E. OaHAKo ACHO, 4TO MONyYeHHAs HAMH MajleHbKas
n06aBouHas Heprus EY MOKeT NPUBECTU K OTKJIOHEHHAM CIEKTpa oT I1I1aHKOBCKOro B JaJeKoi
Peneii-/[xuHCcOBON 00MacTH ¥, BO3MOXKHO, TaKO€ OTKJIOHEHUE HKCIEPUMEHTATBHO H3MEPUMO.
Cnenyer MOTYepKHYTh, UYTO TAKOH JKCIIEPUMEHT HMMEET CaMOCTOSITEIIbHOE OTPOMHOE 3HAa4YCHUE,
IIOCKOIBKY TI03BOJIMUT JaTh OLIEHKY BelMduHE EY W NMpONUTH CBET HA TEOMETPUUECKYIO IPUPOLY

OM 1o, BeIBeIEHHYIO B pabdortax DitHiureliHa u Llpéaunrepa.
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