Mitin V.S.
The Theoretico-physical Essay. In three parts.
Part 1. The Structures of Proton and Gravity.

In this essay in three parts, the most important and substantional issues of the
physical science are solved through its maximum possible geometrization. The
first part “The structures of proton and gravity” include: 1) the structure of
proton and attraction characteristics of its parts with a bonding factor equal to

o | 27t where ¢ is the constant of the thin structure, as well as an item about the
law of conservation of the electric charge in this case; 2) the magnitude of the
light speed with an account of the effect of “zeroing” at interferention; 3) the
expression for the square root of the Newton’s gravitational constant improving
the dimensions of this quantity through other “world constants” such as the
electron specific charge, number fragment of light speed &, and Avogadro

number.

The first part is above all an answer to the question: “Is it possible to split a
proton at collisions of particles of very large energies?” The second part gives an
answer to the question “From what, in the long run, the matter consists?” as the
name itself of the part argues: “Electron, photon, and the Number N ,”. The
third part “The Equation of the first mother, or the Golden Equation (AE)”
contains, in particular, answers to the questions: “Why the eternal uneasiness is

inherent in matter?” and “What are the neutrino (ve ), neutretto (Vﬂ ), and their

antipodes?”
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YacTtb 1. CTpyKTypa NPOTOHA U CTPYKTypa rpaBUTaLum.

B aTOM 3cce, cocTosWEem M3 TPEX YacTel, pelleHbl camble BaHble U
CYLLLECTBEHHbIE BOMPOCh! GMU3MYECKON HayKM NMOCpeaCcTBOM reomeTpusaumnmn eé B
MaKCMMaibHO BO3MOXHOW CTeneHu.

MepBas YacTb «CTPYKTYypa NPOTOHA U CTPYKTypa rpaBuUTaLmumn» BKAoYaeT: 1)
CTPYKTYpPY NPOTOHA W XaPaKTEPUCTUKM MPOTAXKEHMA ero 4vacteh c Ppaktopom
cBA3N, paBHbIM ¢/ 27T, rae o — NOCTOAHHAA TOHKOW CTPYKTYPbI, @ TaKKe NYHKT O
3aKOHEe COXPaHEHMA 3NEKTPUUYECKOro 3apAna B AAaHHOM Ciyyae; 2) NOCTOAHHYIO
MnaHKa 1 3n1eMeHTapHbIA 3N1EKTpMUYECKUn 3apaa B GpaKkTopM3oBaHHOM Buae; 3)
BE/INYMHY CKOPOCTM CBETA C YY4ETOM 3P PEKTa «3aHyNeHNA» NPU HTepdepeHLUn;
4) Bblpa*KeHMe KOPHS KBaApaTHOro U3 rpaBMTaLMOHHOM NOCTOAHHOW HblOTOHa,
YTOUHSAOLWEE PAa3MEPHOCTb 3TOro KoadpduuMeHTa NPonopUNOHANBHOCTH, Yepes
ApYyrMe «MMPOBbIE KOHCTaHTb» — YAENbHbIM 3apAd 31eKTPOoHa, 4YMCNOBOM
dbparmeHT ckopocTu ceTa & 1 uncno Asoragpo.

lMepBaa 4acTb — 3TO npe)ae BCero OTBeT Ha BOMNpoc: «MOXHO n
pacwenntb NPOTOH NpU CTONKHOBEHWUWU YaCTUL, OYEHb BbICOKUX 3Heprm71?».
BTOpaFI 4acCTb OTBeYaeT Ha BOMNpOC: «M3 yero e B KOHLE KOHLOB COCTOMUT

MmaTepua?», 0 YEM roBOPUT caMo e€ HasBaHMWe: «INeKTPOH, PoToH 1 uncno N, ».

TpeTba e YacTb «YpaBHEHWE NpamaTepun, AN 30710TOE ypaBHEHME (AE) », B
YaCTHOCTM, COAEPXUT OTBET Ha BOMpochl: «loyemy matepumn npucylie BeyHoe

6ecnokoincTBo?» u «4YT0 TaKkoe HEeWTPUHO (ve), HeWTpeTTo (vy) n ux

aHTUNOAbI?».

PesynbTaTbl, OTHOCAWLMECA W K AgepHon ¢usMKe WM K U3KKe
3/1IeMEHTAPHbIX YaCcTUL;:

CTpyKTypa npoToHa P:
2¢ (mBa dJEKTpOHA);
2v.(mBa SNEKTPOHHBIX AHTHHEHTPH HO);

Sv,, (IATh MIOOHHBIX HEWTPHUHO ).

XapaKTepuCTUKKU NPOTAXKEHMUA YyacTen NPOTOHA TaKOBbI:

[ (pazmep) = 1,125 - 10 cm;
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rae o — NOCTOAHHAsA TOHKOW CTPYKTYPbI.

TeopeTnyeckoe 3HauyeHWe BPEMEHW MU3HW npoToHa P (ecan oOH
npegocTasaeH camomy cebe) TakoBso:

) =18-(8/9)* - ¢° -10% ner.

“LMTaTbl, OT KOTOPbIX MOMHO OTTa/IKMBATbCA, OTMPABAAACL Aajiblle, KOTopble
MOXHO AefaTb TOYKaMM OMopbl Tam, rAe TaKOBble OTCYTCTBYIOT, Ha KOTOPbIX
MOXHO CTPOUTb paccy*KaeHuna. OHM Tak obneryanu geno ymy.”

. Hybep. JHEBHUKHK

(7 okTAbpa 1803 roga)

(1)

r.2. ato Watne (1706-1749)

"TeoMeTpus-3TO KoY KO Bcem geepam.”

(2)

. Mybep. OHeBHUKM (30 aekabpa 1806 roaa)

"B camom aene, Gopma ecTb TO, YTO OT/IMYAET Belllb OT BCEX NPOYUX Bellein, To,
yTOo OTAENsAET eAUHUYHOE OT BCeobLero u AaéT eMy CaMOCTOATENbHYIO KNU3Hb.”

(3)



A. MNyaHkape. O agMHamuKe aneKkTpoHa (23 utona 1905 roaa)

”"BO3MOXKHO, YTO M B Hallem Cay4yae MMEETCA HeYTo aHaNorMYyHoe; ecan 6bl Mbl
NPUHAAN  MPUHUMN  OTHOCUTENIbHOCTM, TO B 3aKOHE TArOTEHMA U B
3/IEKTPOMArHUTHbIX 3aKOHaX HalwM 6bl 06LLY0 MOCTOAHHYIO - CKOPOCTb CBeTa.
TOYHO TaK e Mbl BCTpeTuaM 6bl €€ BO BCEX APYrMX CMIaX KaKoro yroaHo
NPOUCXOXKAEHMUA, UTO MOMKHO OBBACHUTHL TONBKO C ABYX TOYEK 3PEHUA: UM BCE,
YTO CYLLECTBYET B MMUPE — 3NEKTPOMATHUTHOFO NPOMUCXOXKAEHUA, UAWN e 3TO
CBOWCTBO, ABAAIOLWLIEECS, TaK CKasaTb, 0OWMM Ans BCeX PUIMYECKUX ABNIEHUN,
€CTb He YTO MHOoe, KaK BHELWHAS BUAMMOCTb, YTO-TO CBSI3aHHOE C MeTogamu
HaWWnx nsmepeHuin.”

(4)

A. 3ommepdenba. N3 goknaga Ha nepsom CosibBeeBCKOM KoHrpecce (1911)

"He h cnepyet BbiBECTUM M3 pa3smMepoB aTOMOB, @ CaMO CyLLECTBOBaHWE aTOMOB
AsAseTca PyHKUMEN U CneacTBUEM 3/IEMEHTAPHOro KBaHTa gencrama.”

(5)

N. E. Tamm. Teopma me30TpoHa 1 aaepHble cuabl (20-26 HoAabpa 1940 roaa)

”CornacHo HoBoWl runotese gna 06bACHEHUA AAEPHbIX CU HET HEOBXOAMMOCTH
NOCTYIMPOBaTb CyllecTBOBaHME cneumdUYeckux sAepHbIX cua. Cuabl 3Tu
ABNAIOTCA CBOEOOPA3HbIM MPOSBAEHMEM OObIYHbIX 3/1EKTPOMArHUTHBIX CUJI,
cneunduyeckme e MX 0COBEHHOCTM OBBACHAITCA CBOeobpasvemM 3aKOHOB
OBWXKEHUA Me30TpOHOB. Me30TpOoHbl TaK e 06yc/l0BAMBAOT cLenseHue
NPOTOHOB B aTOMHOM fiApe, KaK 3/IeKTPOHbI 06YC/N0BANBALOT CLenNeHe aTOMOB
B Mosiekyne.”

(6)

Bcerga nm 3/IEKTPUYECKUN  3apaf  ABAAETCA  COoXpaHaweinca

du3mnyeckoi BennymnHoi? — Becerga!



T+ p—o>n+7x°
B aaHHOM ciyyae: s P+ P = 277 + 27 + %
n+p—37"+2r.

Y70 KacaeTcA Bcero cocrtaBa NPOTOHA, TO HAZO YYecTb elwé creayioLee:
H —e +vetv,
T > U +Vy,

T —>e +v, +7°.

(o] - o -
Crtano bbITb, 7T 2>V, tVunra®= {v#,vﬂ}.

(7)

Ecam  npoToH PE{Z€‘,2V6,5V#}, TO Cynepnosvumsa KBaHTOBbIX

COCTOAHMIA KOMMIEKCOB 4YacTWl, M3 cocTaBa MpoOTOHa U o6ycnosausaer
XapaKTEPUCTMKM NPOTOHA B LUEAOM, a TaKKe MoBeJeHWe ero npwu

B3aMMOAEVICTBMM C Apyrmmun 4actmuamu.

N panee: 3anNncb BEAMUYMHbI 9N1€MEHTAPHOIO 3/IEKTPUYECKOro 3apAaja B

.. 2 o
dakTopn3oBaHHOM Buae (C y4éToM COOTHOWeEHUA e° = 2— -h-c) n

T

06BbACHAET 3HaYEHWNE STON BENNUYMHBI Yepes 3/1eMeHTbl “HayanbHbIX yC1oBUIA".

(8)

A. 3ommepodenba. CNekTp PeHTreHOBCKOro M3y4eHUa Kak NpumMmep NpuMeHeHus
METOAMKM CTapoit U HOBOM MexaHUK (1932)

”...3aKOHA <<MNpou13BeAeHME UMMY/IbCA HA NPUPALLEHNE KOOPAMHATLI paBHO h>>,

KOTOPOMY BCKOpEe NPeACTOA/0 CbIrpaTh LEHTPabHYIO PO/b B KBAaHTOBOM TEOPUM
aTOMa M KOTOPbI/i BHOBb NOABWJICS CErOAHS B COOTHOLIEHMM HeonpeaeéHHOCTH
lenseHbepra.”

9)



M. Nays. O coOTHOWeHMNAX HeTouHocTel [elseHbepra B WX TEOPETUKO —
nosHaBaTe/IbHOM 3Ha4yeHun (1934).

"ITUMM CTPOKaMM XOTenocb Hbl TONIbKO NpeaocTepedb GU3MKOB OT TOTO, YTO NPU
b6nectawem maTematTMyeckom Qopmannmsme COBPEMEHHOW ATOMHOM Teopuu
nocneaHsAa CO3HATeNbHO OTKA3blBAeTCA OTBEYATb Ha ONpeaenéHHble BOMPOCHI,
Oenatb  BblBOAbl O  CYLLECTBOBAHMM  NPUHLMNWANBHO HENO3HAaBaeMOro.
OroBOpMMCA, YTO 3TM BOMPOCHI MOTYT ObITb TAKMMM, MO KPANHEN MePE YacCTb WX,
YTO HA HWUX U HEBO3MOMKHO OTBETUTb, T.. OHWM MOFYT He MMeTb GU3NYECKOro
CMbIc/a. Bo3parkaem Mbl TO/IbKO MPOTUB BbIBOAA, YTO U NPU BUAOU3IMEHEHHOWN
MOCTAHOBKE BOMPOCA Mbl HUKOTAa HE CMOMKEM MPUNATU K NONHOMY NOHMMAHUIO
du3myecknx ABneHuin. COOTHOLIEHNS HETOYHOCTEN CTaBAT npeaen — 3TO0 MOE

MHEHMEe — KOPNYCKY/IAPHON MEXaHMKe, HO He GU3NYECKOMY NMO3HAHMUIO.

Korga, cOGCTBEHHO, MPUYMHHOCTb CMOMKET CYMTATbCA  <<3IMMUPUYECKU
AOoKasaHHON>>? Toraa /M, Koraa nocnegHve nNpobsembl ecTecTBo3HaHus byayT
ncYepnbliBatoWwe pelleHbl? HO Takoro coOCTOAHWUA, BEPOATHO, HUKOrAa He byaer.
Bblno, NpaBaa, BPEMA HECKOJIbKO AECATKOB JIeT TOMY Ha3aj, Koraa Kasanocb, YTo
no KpavHen mepe B Gpu3nMKe Mbl yKe 611M3KM K 3TOMY. B TO Bpema gymanu, 4to
OTBETUTb HA BCE OTKPbITblE BOMPOCHI GUINKUN IETKO, U MOITOMY CHUTANN GU3MKY B
CYLLECTBEHHbIX YepTax 3aKOH4YeHHOW. OT 3TOro HaMBHOro ONTMMM3Ma M3MUKA
n3seynnacb B €€ ganbHenwem pa3BUTMM. 3aTo Tenepb BNafaloT B HEMEHbLUWM
HEKPUTUYECKMI NeccumMmsm: 3adava ¢u3MKM BoobLLe Hepaspewuma. ITOT
NeccuMm3m NpeacTaBaseTca MHe, HECMOTPA Ha BCe NPMBOAMMbIE B €ro MoJib3y
MHUMbIE OCHOBaHMA, TO/NbKO OT3BYKOM o0buiero raybokoro neccumusma B
06nacTu KynbTypbl. NogaaBatbcs eMy He Aeno ectecTBoucnbiTatens. Ero Hayka
CTOMT BblLLE YE/I0BEYECKUX HACTPOEHUI.”

(10)

P. 2. Nanepnc. Teopua nonsa co BpemeHn Makcsenna (1963)

”.cywectsyeT  npegen  TOYHOCTM, C  KOTOPOM  MOXHO  U3MepATb
3NeKTpoMarHuTHoe none. OAHAKO Mbl 34ecb A0/MKHbI ObiTb HECKONbKO Honee
TOYHbIMM, TaK KaK MONy4YaeTcd, 4YTO €C/IM Mbl HaMepeBaeMcA W3MEPUTb
3NEKTPOMArHUTHOE MnoJsie B MaTeMaTU4YeCKM onpenenéHHON TOUYKe NPOCTPaHCTBa,
To npoussegeHve SESH HeonpenenéHHOCTEN 3N1EKTPUYECKOrO M MarHUTHOrO
nosieit ctaHoBUTCA BeCKOHEYHO 60/bluMM. Henb3a M3MepuTb UX C Kakoi-nnbo
TOYHOCTblO! Be3ycnoBHO, HU OAWH pPa3yMHbIA SKCMEPUMEHTATOP He CcTaHeT
NbITaTbCA U3MEPATb HEMPEPbLIBHYIO BENYMHY B TOYKe. Jlydllee, HA YTO MOXKHO
HafeATbCA, - 3TO M3MEPUTb cpegHee NO Masnol obnacTu, a 3atem, genas BCé
60nbluMe N 6OMblINE NPUBAUNKEHMA, YMEHbLLATb pa3smepbl 3Toi obnactu. Ecam
nocTynatb Tak ( onyckasa pagu NpocToTbl NOAPOBGHOCTM TOro, KaK onpeaenatb
cpeaHee nan popmy obnactm ), To ana obnactM ¢ AMHEeNHbIMKU pasmepamun L
COOTHOLLEHNE HeonpeaeNEHHOCTU A5 3NEKTPOMArHUTHOrO No/A, OKasblBaeTcs,
NPUHUMaET BUS,



8ESH > ch / L*. CheposaTenbHo, Mbl obHapyKMBaem, 4To No mMepe TOoro, Kak 3Ta
obnactb CTAHOBUTCS BCE MeEHbLIE W MeHblle, OWMUOKM NpU COBMECTHOM
paccmaTpuBaHuu E n H ctaHoBaTca Bcé 6osblue 1 6onblue, noapasymeBas, 4To
OOMKHbI HaboaaTbCA cywecTBeHHble GpayKTyaumm nons.”

(11)

WUtak, h=I'm-c,
roe [ — pasmep $OTOH3;

m — mepa MHepuumn GOTOHA, MOCKOJIbKY CTPEMJIEHMIO ABMraTbca Mo
NPAMOW C MOCTOAHHOM CKOpOCTbio C conyTCTBYET Hanop.

| =(9/8)-10 " cewm;
m™" =21-(819)° - (a/27)*° -10°%2;
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B pe3synbTate noayyaem:
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V4

(12)

K.®pym, /1.9cceH. CKopocTb cBeTa 1 paanosoH (1969).

1)”K.®pym u J1.9cceH, aBTOPbl KHWIM, npeanaraemoint BHUMAHUIO
yutaTens, -sedylimMe CoBpemeHHble meTponorn. Mim npuHagnexaTt Haubonee
OOCTOBepHble pe3ynbTaTbl U3MepeHUA CKOPOCTU CBeTa, Jierime B OCHOBY
pelwleHmit MexayHapoaHOro Hay4YHoro paguocotosa u MesxkayHapoaHoro cotosa
reofesun u reoPpusmkn, pekomeHaoBaBwKUX B 1958 r. NpuHATL ANA CKOPOCTU
cBeTa B BaKyyMe Be/NUYNHY €,=299792,5 + 0,4 km/c.”

MioHb 1972 r. M. E. }aboTUHCKMN.

(N3 npeancnosus pegakTopa nepesoaa).



2)”3KcnepuMmeHTbl N0 M3MEPEHUID CKOPOCTM cBeTa 6o/blielt YacTblo
npeacTaBnsaoT cobo HeNnoCpeacTBEHHOE M3MEPEHUE BPEMEHWU MPOXOXKAEHMA
M3BECTHOFO PACCTOSHUA WMMMYAbCOM CBETA WAM  PASMOBOJIH, M Teopua
pacnpocTpaHeHna cBeTa Heobxoguma NvWb AAA YY4€Ta Pas/IMYHBIX MasbIX
nonpaBoK. B uM3MepeHWAXx C pPagMOBONHAMM  ANIMHbI  BOJH CTAHOBATCH
COM3MEPUMBIMW C pas3mepamm annapaTypbl, M B 3TUX YCAOBMAX MNOMpPABKMU
npuobpeTatoT H6osblliee 3HavyeHWe. Bo Bcex Cay4vasax BOMIHOBasA Teopwus cBeTa
obecneynBaeT NpocTenwniA NyTb pelleHns 3a4a4 1M y4éta nonpaBok.”

(Ctp.23)
3) N3mepeHua dpyma (1958 r.)

“Bblnn MccnenoBaHbl ABa BapWaHTa Takoro CUMMETPUYHOrO MHTepdepomeTpa.
MepBbIh U3 HUX — SKCMEPMMEHTAbHbIA NPOTOTMN, paboTatowmini Ha Yactote 24
[Ty, mMcnonb3oBancA ANA AEeTaNbHOrO M3ydeHUA AMPPAKLMOHHON MNOMpPaBKMU.
BTopoit uHTepdepomeTp — npmnbop BeCcbMa BbICOKOM TOYHOCTH, paboTatowmii Ha
yactote 72,006 Tu, 4TO COOTBETCTBYET A/IMHE BOAHbI U3aydeHnA 4 mm. 34ecb
6yaeT onucaH TONbKO 3TOT NPUBOP U NpUBeLEHA €ro NosiHasa Teopus.

Kak M paHee, OCHOBOM 3KCMEepPUMEHTa fABAANOCb OAHOBPEMEHHOe M3MepeHue
ONVMHbI  BOAHbI B CBOBOAHOM  MNPOCTPAHCTBE M YacTOTbl  M3/lyYeHwus,
reHepMpyemoro MMKPOBOJIHOBbIM UCTOYHUKOM.”

(Ctp.119)

4)"YKa3aHHblli MHTepdEPOMETP UCMONb30BaN MOABUMKHYIO KapeTKy, Ha
NPOTUBOMNO/IOMKHbIX KOHUAX KOTOPOW YKPEMAANUCL ABEe MPUEMHbIE anepTypbl
(Ba  nNpAmoOyronbHbIX  pynopa  pasmepamnm  8X6  CM,  CHaBXKEHHbIX
NOIMCTUPONOBbLIMWU INH3aMM). MPUEMHbIE pynopbl Pacnonaraincb CUMMETPUYHO
MeXAay napoi nepepalowmx pPynopos, K KOTOPbIM 3HEPrUMs MWUKPOBOJIHOBOMO
U3/ly4YeHna NoABOANAACh OT 06LLEero NCTOYHMKA C MOMOLLbIO BOIHOBOAOB. OcK
BCEX YETbIPEX PYynopoB OblM XOPOLIO OTbIOCTUPOBaHLI, U bblno obecneyeHo
nepemelLeHMe KapeTku napannenbHo ocu pynopos. Oba NpUHMMaeMbIX CUrHaNa
CMeLWnBainCbL Aas NoAydyeHus uHTepdepeHumn. PesynbTupylowmn curHan
NPOXOAN YePe3 MUHUMYM MPU NEPEMELLEHUM KAPETKM HA KarKable NoABOHbI.”

(Ctp.119)

5)”"MoaBuKHasa KapeTKa HOBOro MHTepdepomeTpa nepemellanacb Ha
pacctosiHMe, paBHoe 970 nosnyBosHam (~2m), C NOMOLLbIO KOHLEBbIX Mep,
NPOrpagyvMpoBaHHbIX B eAMHMLAX CBETOBOro CTaHAapTa AJ/IMHbl. 3HavyeHue
OIMHbBI BO/IHbI MMKPOBOJ/IHOBOTO MU3/Iy4eHUsA, NOJlyYeHHOEe Takum 0bpasom, 3aTem
YMHOXaNN Ha MoKasaTenb NPeaoMSIEHUs BO34YyXa M 4YacTOTy MUKPOBOJIHOBOMO
U3/ly4eHus, YTO AaBano BeAnYMHy $pa3oBOi CKOPOCTM CBETA B BaKyyme, KOTopas
Hy)XAanacb B [OMONHUTENIbHOW MOMpaBKe WM3-3a HaAnuma AUPPaKLUOHHbIX
NCKaXKeHWn. BeBeaeHue 3Tol nonpasBKM obecrneymBano MNoJyYyeHUE WMCTUHHOTO
3HayeHKnA $pa3o0BOIM CKOPOCTM cBeTa ANA CBOOOAHOrO NpocTpaHcTea.”

(Ctp.120)



6)” MWHMMaNbHasA TOYHOCTb YCTAHOBKM MONIOXKEHMA KAaPETKU COCTaBAANa
npumepHo 0,5 mKkm.”

(CTp.124)

7)”C uenbto yMeHbLIEHUA BANAHUA PA3/IMYHbIX MELLAOLWLMX GaKTOPOB Ha
n3mepeHue 4/IMHbI BOHbI 6blNa NPUHATA CAeaytolas MeTOAMKa IKCNepPUMEHTa.

1.HabnopaTtenb, noaobpas (C NOMOLLLIOD U3IMEPUTENbHbIX MNAUTOK)
OJIMHY ABYXMETPOBOM KOHLLEBOW MepbI TaK, YTOObl OHa bbla AocTaToyHO 6/1M3Ka
K 970 nonysosiHam, nepenBuraeTr NPUEMHYIO KapeTKy A0 COMPUKOCHOBEHUSA C
N3MepUTENbHbIM BbICTYNOM TFOJIOBKM “INeKTPonMmuT”, CMOHTMPOBAHHON Ha
coTOObpa3HomM cTeHe.

2.Mocne yctaHoBKkM UMN®P B NonoKeHMe MaKCMMaNbHOTO NPOMYyCKaHUA
(nosmumm A nnm b) nepemeHHbIN aTTeH0aTop U GasoBpalLaTeb HaCTPaUBAIOT 40
NoJly4YeHUsa HyJIeBOro TOKa AeTEKTOPa B NOJIOKEHNN NEPBOrO MUHUMYMA.

3.M3mepneTca TemnepaTtypa KOMBMHMPOBAHHOM KOHLEBOW MEPbI.

4.Habnopgatenb yeTbipe pas3a HacTpamMBaeTCA Ha MNepBbii MUHUMYM,
CYNTBIBAA KarKAbli pa3 NoKasaHWUs U3MEPUTENIbHON FONI0BKM “IeKTponmMnT”,

5.MpuémHasn KapeTKa nepeaBuraeTca 4o npeaena eé nepemelleHus, u
KOMBUHMPOBaHHAA KOHLEBas Mepa pacrnofaraetca  Meay TOJIOBKOM
“INeKTPONMMUT’ M ONOPHBLIM LLIAPUKOM KapEeETKMU.

6.1UM® ycTaHaBAMBAIOT B NO3ULUIO A U CHUMAIOT NMOKa3aHUA FOJIOBKU
“SnekTponMMnUT” oNA YeTblpéx HacTpoek Ha 971-1 MUHUMYM.

7.0nepaumio (6) nosTopAlT Ana no3vuun b; cpeaHee oTcuyéToB
roNIoBKM “InekTponumut” ana nosvuuit A n B npuHMMalOT 3a WUCTUMHHOE
nonoxeHune 971-ro mMmMHUMyma.

8.KoHueBas Mmepa ybupaerca, M onepauuio (4) nosTOpAKT ANA
KOoppeKLuun apenda, nocae 4ero BHOBb U3MEPAIOT TEMMNEepPaTypy KOHLEBOW Mepbl.

9.Mukpometp MWUMN® ycTaHaBAMBAOT B cleadylowee MNONOXKEHUE
NONHOTO MpOMNycKaHusA (onpegensemoe Kak cpeaHee mosuumii A' v BY), nocne
yero rofoBKy “IneKTponvmut” nepeasuraloTr B e€ onpase Ha A/4, Tak uto
nonosKeHne 1-ro MMHMMyMa CHOBa OKasblBaeTca B Npeaenax M3MepeHus
rONI0BKMU.

10.0nepauymm ot (3) mo (8) nosTOpAOT Npu nonoxeHun UMD B

nosuumsax A u 6%.”

(Ctp.125-126)

8)”B HacToslee BpemMa M3MEPEHMsA YacToTbl BO3MOXKHbI BnioTb Ao UK-
AuvanasoHa. Hambonee BbiCOKas M3MepeHHana 4YacToTa COOTBETCTBYET A/MHe
Bo/IHbI 3,39 MKM. ToO4YyHOE W3MEepeHMEe 4YacToTbl M  ANIMHbI  BOJIHbI 3TOM
CNEKTPasbHOW JIMHUKN, TEHEPUPYEMOI Fre/IMM-HEOHOBbLIM /1a3ePOM, NO3BOJIM/IO B
1972 r. yxe nocne onyb/nMKoBaHMA 3TOM KHUIM YTOMHMUTb Ha ABa NopAaKa



3HauyeHue ckopoctu ceeta (K.MBeHcoH, noknaa Ha XVII TeHepanbHoI accambee
YPCW, Bapuwasa, 1972 r.): ¢,=299792456,2+1,1 m/c. MNporpecc B 31Ol 061acTH
OTKPbIBAaeT MyTb K CO34aHUIO €AMHOr0 3TaJIOHA AJ/IMHbI U BPEMEHMU, a TaKXKe
JaNbHENLEro yTOYHeHNA 3Ha4YeHuA cy.”- Mpum.pea.

(CTp.101)

(13)

M. A. M. Aunpak. MprHLMNbl KBAHTOBOW MexaHunKK (1958).

"Kaxablt oToH UHTepdepupyeT Mnwb ¢ cammnm coboit. MHTepdepeHuma mexay
pa3nnyHbIMM GOTOHAMKM HUKOTAa He npoucxoanT.”

(14)

Crano 6bITb, KaxXaomy CbOTOHy MOXHO MOCTaBUTb B COOTBETCTBNE ABE CUCTEMbI

BOJIH.

(15)

C. Nasuoposuy. ®usnKa afnemeHTapHbIX YactumL, (1966).

”3TOT pe3ynbTaT, W3BECTHbIA KaK TOXAeCcTBO Yopga, CnpaBeasiMB BO BCEX
nopsfakax TEOPMM BO3MYLLEHMI. [JaHHOEe TOMKAECTBO YCTaHaB/AMBAET, YTO Ha
onvcaHWM  B3auMMOZEeNcTBMA ¢  (GOTOHOM  HY/NIEBOW  YacTOTbl  CTPYKTypa
3apAXKEeHHOM YacTuLbl He CKasblBaeTca.”

(16)

Mostomy nosyyaercsa, yTo NHTepdepPeHUNOHHbIV MUHUMYM
COOTBETCTBYET GOTOHAM C HY/JI€BOM YaCTOTOMN. ITO 03Ha4YaeT, uTo c=c'-k-c’,



rae ¢ eCtb UICTUHHOE 3Ha4YeHUNe CKOPOCTHN POTOHAa, a c' — 3TO 3HayeHue
€ro CKopocCTu, paCC4MTaHHOE Ha OCHOBe WTGOF)MM cBeTa.

MHokuTenb k nepes c' paBeH BbipaXKeHMIO: (1—

AZ -N"N-g\
AZ '

3aecb AZ eCTb ANIVIHA NepeMeLLEeHNA KapeTKku,
& — B/IVHA OZHOTO MHTEPPEPEHLIMOHHOTO MUHUMYMA,
N —uyncno nHTepdpepeHLMOHHbIX MUHUMYMOB Ha AJnHe AZ,

N' — HeyCcTpaHMMOE YMCNO HACTPOEK HAa MUHUMYMbI.

Ecm C = {(82/—9)} (al2r)®-10%°cu/ cex ,
T

TO

2,99.118.182.00- 10" e / cex
2,99.792.5-10"%cnm / cex

N'-N-g:(l—C/C')-AZ:(l— J-ZOOCM:

= (1-0,997.750.717.579.6)- 200cm = 0,00.224.928.242.04 - 200cm = 0,449.856.484.08cm

MocKosbKky B namepeHusax ®pyma (1958r.) & = 0,5 mKm, To npsamoi
pacyéT nokasbiBaeT, 4yto N“N- & =9-97l-0,5-10'4cm =0,436.95 cm

(17)

M3 nnucbma Mcaaka HbtoToHa K Puyapay beHtnum ot 25 dpeBpans 1693 roga.

"To, 4TO rpaBuTaUMA AOO/KHA 6blTb BHYTPEHHUMM, HEOTbEMIEMbIM W
CYWLECTBEHHbIM aTpMbYTOM MaTepuu, NO3BOMAA Tem cambim aobomy Teny
[AeNCTBOBaTb Ha Apyroe Ha PacCTosHMM 4yepes BaKyym, 6e3 Kakoro — aubo
nocpeaHuKa, C MOMOLLbIO KOTOPOro M Yepes KOTOPOro AencTBue M cuia Morau
6bl NepenaBaTbCa OT OLHOTO TeNa K APYyromy, NpeacTaBaseTcs MHe HaCTONbKO
BOMUIOLWLEN HENenocTblo, YTo, N0 MoeMy r1y6oKomy y6eKAeHUIo, HU OAMH
YesioBEeK, CKONbKO — HUBYAb WCKYWEHHbIM B GpUAOCODCKMX MaTepuax u
HaAeNEHHbIN CNOCOBHOCTLIO MbICAIUTbL, HE COMAacUTCA C Held.”

(18)



P. 2. Nanepnc. Yactuubl n cunbl (1980).

"KyMynAaTUBHbIA XapaKTep AeNCTBMA rpaBUTaLMM COXPAHAETCA Aaxe B Cay4vae
aHTUBELLeCTBa, COCTOALWEro M3 aHTM4YacTMu. B HeKoTopbiX HayyHoO —
$aHTaCTMYECKMX NPOU3BEAEHMAX MWCMONb3YeTCA WAes, COrMacHO KOTOopow
aHTUBELLECTBO MOMKET WCMbITbIBaTb FPaBUTALMOHHOE OTTA/NIKMBAHME BMECTO
nputaxeHna. O4HaKO B AEeNCTBUTENbHOCTM FPaBUTALMA AeNCTBYET OAMHAKOBO
KaK Ha BeLlecTBO, TaK M Ha aHTMBew,ecTBO. MIMEHHO 3Ta OAHO3HAYHOCTb M
KYMYAATUBHbBIM XapaKTep rpaBUTaLMOHHON CU/bl NPUBEN K TOMY, YTO 3Ta camas
cnabas 13 Bcex cun NpmMpoabl NePBON NpuBAeKNa K cebe BHMMaHUe Yenoseka.”

(19)

\/ng' mi /NA ,

e
rae GN — rpaBnTaymnoHHaA NOCTOAHHAA HblOTOHaQ;

e
—— - OTHOLLEHMe 3apsaZa 3/1eKTPOoHa K ero macce (Crc/e);
m

e
N, — HOpMMPOBOYHbII KO3 dULMEHT (Yncno ABoraapo);

& — nepexosHblit KOIGOULMEHT, PaBHbIN BbIPaXKEHUIO:

(82/—9) (a127)° 10" (6e3 pasmepHocTy).
V4

Subject: The Structure of the Proton and the Structure of the Gravity
From: Victor Mitine;Russie,Moscou
Telephone: (095)197-16-88

Date: mars.26.2005.






Yactb 2.

Tema: InekTpoH, GoToH M uncno N,. MNMyHKTbI (20) - (33).
OT: BuKkTOopa MuTunHa; Poccuns, Mocksa. TenedoH: (495) 197-16-88.

[ata: 21 ceHTAbps 2005 r.

(20)

A. B. LLy6HuKoB. "MpaBuno Amnepa n cummeTtpua mmpa". (1939).

«B. B. leparuH B YacTHoi becene, npoucxoamslueit netom 1936 r., obpatun
MOE BHMMaHMeE Ha To, 4To GPM3KK 3. Max He Mmor slorMyeckn 060CHOBATb, MoYemy
B HalWem Mupe HanpasleHWEe MArHUTHOTO MOJA, BO3HWKAIOWEro BOKPYr
NPOBOAHMKA, MO KOTOPOMY TEYET 3/IEKTPUYECKUI TOK, BbIBOAMTCA M3 NpaBuna
npaBoro, a He NeBOro GypaBuMKa, U AONYCKAA MPUHUUNNANBHYIO BO3MOMXHOCTb
CYLLECTBOBAHMA MHOIO 3ePKasibHOrO MMPA C NPaBMUIOM SieBoro BypaBymKa.

OpHako npu banKaliwem paccCMOTPEHUN CUMMETPUA OAHOPOLHOFO MarHUT-
HOro MO/ OKa3blBAaETCA COBEPLUEHHO WMHOM, YEM CUMMETPUA 3JEKTPUYECKOTO
Nnoas U CUMMETPUA NPAMOTO LMJINHAPUYECKOTO 3/1EKTPUYECKOTo TOKa. YbeauTeca
B 3TOM MOKHO Pa3/IMyHbIMK cnocobamu. Hanpumep, ecnm mbl NPonycTMm BAONb
KaHana, c.eslaHHOro Mo OCK KPYF0To MarHuTa, NnoJispu3oBaHHbIN ayy CBETA, TO
nocnefHui, Kak 3To nokasan ®apageit, "3akpyymaeTca" no 4acoBoW CTpesiKe,
€C/IN Y4 BbIXOAMUT M3 I0XKHOTO NOJ/IOCA MarHMTa HaBcTpedy HabaogaTento. Mpu
0b6paTHOM xoZe MOJIAPM30BAHHOIO Jlyya BPALLEHME MJOCKOCTM MOASPU3aLMM
NPOUCXO4MT B Ty e CTOPOHY, HO ANA Habnogatens, no HeobxoAMMOCTU
BbIHYXAEHHOTO M3yyaTb AB/JIEHME CO CTOPOHbI CEBEPHOrO NOJOCA, BpalleHue
6yaeT KasaTbCA NPOUCXOAALLMM NPOTUB YAaCOBOW CTPESIKU. ABNEHUE MarHUTHOTO
BpalLEHWs TMJIOCKOCTU MoAfpM3aLMM  CcBeTa CO BCcel ybeauTeNbHOCTbIo
[OKa3blBaeT OTCYTCTBME MNPOAO/bHbLIX MJOCKOCTEN CMMMETPUM, KOTOpble, Kak
Mbl 3HAeMm, MPUCYTCTBYIOT B LUMANMHAPUYECKOM 3NEKTPUYECKOM TOKe. ToT aKT,
O4HAKO, YTO BE/IMYMHA BpaLLEHMsA MJOCKOCTU MOASPU3aLMM HE M3MEHAeTcA oT
N3MEHEHUA HanpaBAeHUA /lyya, CAYHKUT apryMeHTOM B MO/b3y CYLW,ECTBOBaHMSA
nonepequﬁ NNIOCKOCTU CUMMETPUN, YTO HaXOANTCA TaKKe B NOJIHOM COrz1iacun m
C TeMm, YTO AN1A HabaoaaTens, nepeMeLLaloLwero CBOM rnas oT 04HOro Nostoca K
Apyromy npuv  WM3MEHEHWW HanpaBAeHWA Jyya, BpalleHWE MIOCKOCTH
NONAPU3ALLMM KAXKETCA TO NPaBbIM, TO JIeBbIM. TO, YTO MarHUTHoe nosne obnagaer
KpOMe nonepeyHoi NA0CKOCTU CUMMETPUN e OCblo CUMMETPUN BECKOHEYHOTO
nopsfka, COBNaJalolWen C OCblo KaHana B MarHWUTe, MOMKeT OblTb [AOKa3aHo
NPOM3BO/IbHBIMM MOBOPOTaMM  TMOSIAPM3aTOPaA, CAYXKAWEro AJa NoJAyYeHus
NONAPU30BAHHOIO J/lyya, Ha NbON yron okono ocu npubopa, OTYEro Hu
BE/IMYMHA BPALLEHMA MIOCKOCTU NONAPU3ALMM, HU APKOCTb /lyda HE U3MEHAIOTCA.
MoABoAsA UTOr CKasaHHOMY, Mbl C MOJTHOW



YBEPEHHOCTbIO MOXXeM yTBepXaAaTb B COOTBETCTBUU CO BCEMU U3BECTHbIMU OO0 CUX
nop (I)aKTaMVI, 4yTo Bbl6paHHbIl>lI HamMmm LI,MIIMH,D,pM‘-IECKMVI Yy4aCTOK MarHUTHOro nons,
a C/1eoBaTesibHO, M BEKTOP HANPAXEHUA NONA, UMEET CUMMETPUIO KPYroBoro

TOKa, M306PaXKEHHYI0 Ha cxeme puc. 9, U MoXeT 6biTb ONMCaH 3TOW CXemoM
KO/IMYECTBEHHO M KauyecTBEHHO: OMKHbIA MOMOC B Takom noJsie He 6osblue
OT/IMYAETCA OT CEBEPHOro, Yem npaBas pyKa OT JIeBOM.

PesynbTathl.

1. Tpasuno pna onpegeneHna HanpasAeHUA MArHUTHOro nons,
BO3HMKAIOLLEFO OKOJIO 3N1EKTPUYECKOTO TOKA, 0ObIKHOBEHHO MAMOCTPUPYETCA PUC.
11 2 1 MHEMOHWNYECKKN CBA3bIBAETCA C ABUXKEHMEM NpPaBoro bypasunkKa.

2. B 31Ol hopme 3TO NpaBUIO CBUAETENLCTBYET O AUCCUMETPUMN HaLLero mupa
M HaBOAUT Ha NPeAnoaoXKeHNe 0 NPUHLMMNMANbHON BO3MOXHOCTU CyLLLECTBOBAHUA
OPYroro 3epKasbHO-PaBHOIO MMpPa, B KOTOPOM BCE 3/IeKTPOMArHUTHbIE ABNEHUSA
NPOUCXO4AT MO 3aKOHAM HalLero MyMpa, Ho OCHOBaHHbLIM Ha NpaBWJ/ie IeBOTO, a He
npasoro bypaBuuKa.

3. 9To npeanosioXeHne MOXKET bbiTb LE/NMKOM YCTPaHEHO, ec/iM NPUHATb BO
BHUMAHUE WCTUHHYIO CUMMETPUIO MarHUTHbIX JIMHWUIA (OTCYTCTBME MPOAOJIbHbIX
N/JIOCKOCTEN CUMMETPUM U HaAuumMe NomnepeyHbIX MJAOCKOCTeN CMMMETPUMU) U
[aBHO W3BECTHbIA OKCUAAbHbIU (HO He MoasApHbIl, Kak 3TO A0 CUX MOP MHorue
CYMTAIOT) XapaKTep MarHUTHbIX BEKTOPOB.

4. MpaBW/IbHO NOHMMaeMoe NpaBuao Amnepa MOXKeT BbiTb UANOCTPUPOBAHO
puc. 4 n 5».

(21)

A. B. LLy6HMKOB. "O6 ogHOM TPaAULMOHHOM OWKNBKe U MHoroobpasnmn dopm eé
npoasnexHna". (1954).

"BOo MHOMMx CTapblXx WU COBPEMEHHbIX PYKOBOACTBaX MO KpucTannorpadum B
pa3Hbix popmax BCTpeyaeTca oA4HA M Ta e OWMOKA, 3aKN0YAIOLLAACA B HUYEM
He 060CHOBAHHOM 3aMeHe aCMMMETPUYHOM GUTYPbl UAM ACUMMETPUYHOM TOYKK
CaMoM CMMMETPUYHOMN GUFYPOI, LAPOM UM TOYKOMN, KOTOPOM MOSYAINBO NPU-
NMUCbIBAaETCA CUMMETPUS LIapa.

3Ta oWMbBKa pacnpocTpaHeHa Npu A0Ka3aTe/IbCTBE TEOPEM reOMeTPUYECKOM
KpucTannorpadum, TakMx Kak TEOPEMbI O C/IOKEHUM 3/IEMEHTOB CUMMETPUM, B pe-
3y/IbTaTe Yero M3 TeEoOPemM MOXKHO NOJIYYUTb PAL, HEMPABWU/IbHLIX CNEACTBUI, U caMu
[OKa3aTe/IbCTBa OKa3bIBAOTCA HEBEPHbIMU. YTOObI MPaBUAbHO AOKa3aTb TEOPEeMbI
O C/I0}KEeHWWN NOBOPOTOB, MEPEHOCOB M OTPAXKEHMUM, HAZO 33 UCXOLHbIN 3N1EeMEHT
6paTb He chepUYecKn CUMMETPUYHYIO TOYKY, @ aCUMMETPUYHYI0 durypy".

(22)

Ergo: B OCHOBE CyuWw,eCTBYHOLWNX Beu.l,epl nexxnt ogHo-egUMHCTBEHHOE MNepBOHa-
4a/10 U NPUTOM TaKO€ Ha4a/10, NPOCTPaHCTBEHHAA d)opma KOTOPOro aCMMMeTpUnY-
Ha.

C aTMM Havanom u GYAET CBA3aHa npunsBmnnermposaHHaa CuCTtema KoopanHar.



(23)
3.6.MoauHa, Y. N. ®pankoypT. "Ha pybexke ayx Bekos". (1974).

«B 1673r. BbiWAK M3 nevyaTu "MaaTHUKOBbIE Yacbl" — nnop, ABaguUaTUNETHUX

3KCNEePUMEHTA/IbHbIX U TeOpeTUYECKUX paboT lNolreHca.

TpeTbs YacTb "ManaTHMKOBbLIX YacoB" MocBAlLeHa M3YYEHUID KPUBLIX, @ Ye-
TBEPTAs — BOMPOCY O LEHTpe KayaHuA. MokreHc Aaét onpeaeneHne npocroro,
CNOXHOTO, M30XPOHHOIO MaATHMKOB, MJIOCKOCTU KosebaHui, LeHTpa KavyaHuint u

T.A4.

Mpwu peweHnn 3agaum onpeaeneHns LeHTpa KosiebaHuii, MoKa wia peyb o an-
HaMWKe oZHOro Tena, NpuHuunebl Manunnes 6oian goctaToyHbl. Mpu onpeaeneHnn
OBVKEHUA MHOIMX Ten Heobxoamm 6bin HOBbIM NpuHUMN. U3BecTHO, YTo Bonee
OJIMHHbIE MAasTHUKM COBepLUAtOT KonebaHme measieHHee, yem 6onee KopoTkme. Ec-
N TAXKENOE TENO MOXKET BPaLLATbCs OKONO OCU, @ LEHTP €ro TAXKECTU NEXUT BHE
OCH, TO BCIEACTBME CBA3M BCEX YACTel TeNo AOMKHO KonebaTbes ¢ onpeaenéHHom
yactoToi. lNonreHc gan HoBbIM NpUHUMN. OH COCTOUT B TOM, YTO KaK Obl HWU
U3MEHANUCH ABUMKEHMUA MACC MasTHMKA B pe3ysibTaTe UX B3aMMOAENCTBMUI, CKO-
pPOCTU, AOCTUTHYTbIE MPU ABUXKEHUN MAATHWMKA BHM3, MOTYT ObITb /INWb TaKue,
NPV KOTOPbIX LEHTP TAXECTU MAcC NoAHMMaNcA b6bl "TONbKO Tak BbICOKO, KaK OH
onycKancs BHU3"».

(24)

3HayeHne cobCTBEHHOrO MOMEHTA KOIMYECTBa ABUXEHUNA 3/N1EKTPOHA onpeae-
NNAETCA BblpaXXeHnem

I =h.s(s+1),

rae KBaHTOBOE YMC/0 MOMEHTA KOIMYECTBA ABUKEHMA S paBHoO (1/2).

flostomy ~ _ 5,./37 4spe - cex
OaHako J noauuHsaetca popmyne:

~

I=YQ,

roe Y ecTb OCeBOM MOMEHT MHepuuu, a Q- 3TO yes108aa CKOPOCTb, KOTopaa B
C/lyyae paBHOMEpPHOro BpalleHua pasHa 2nN; 3gqecb N — 4acToTa BpalleHus,
KOTOPYIO M3MEPAIOT YMCAOM 0BOPOTOB B CEKYHAY.

MycTb

Y =kmr?,

rae k — Hem3BecTHbIN KO3POULMEHT, r PaBHO (\/El [2),amwn | — 310

Be/IN4YnHbI, BXOAALWLNE B COCTaB nocTtosiHHoM MnaHKa h.

A NMOCKOJ1IbKY Qr =C, rage c paBHO CKOpPOCTM CBeTa, TO (y‘-IVITbIBa‘r'I CKa3aHHOe
BbILLIe) nony4yaem COOTHOLWEHUE!



v3/4h =kmrc.

OTclopa cnegyert, yYTo

k = I
mrc m(-v/21/2)c 2r

_ N3/4h _ \/3/4(|mC/27Z') _ 1 \/3/—2

Crano 6bis, Y = (1/27)+/3/2mr?.
(25)

B ceasn ctem, uto Q=27 N, a Qr=c, N pasHo (C/2ar);
2
N :{(82/—9)} J2(a127)%10% 060port./cek
T

(26)

A. C. CoHuH. "beceabl o Kpuctannodpmsuke". (1976).

«KoHeuyHo, u go M. Kiopn HeKoTopble yYéHble MOHMMAAU Ba*KHOCTb
pPaccCMOTPEHMA CUMMETPUU TMPU  U3YYEHUM Pa3/IMUYHBLIX PU3NYECKNX
adpdekToB. CambiMm NepBbiM, NO-BUAUMOMY, Obl1 Apxrumes, KOTopPblii BbIBEN
yC/IOBME PaBHOBECUA pblyara TOMIbKO M3 coobpaxKeHun cummeTtpumn. Mpwu
3TOM OH Mucxoaun u3 obwero npuHUMNa, KoTopbii, no caosam [. Beiins,
dopmynupyetca cneayowmm obpasom: "Ecau  ycnosus, 0OOHO3HAYHO
onpedensarwwue  Kaxkol-nubo  sggekm, ob6saadarom  HeKomopol
cummempuell, mo pesynbmam ux Oelicmeus obHapyxusaem my xce
npu4yuHy ". icxoaa n3 atoro, Apxumeq, NpuWEN K anpuopHOMY BbiBo4y,
4YTO OAMHAKOBbIE rpy3bl 6yAyT HAXOAUTLCA B PAaBHOBECUM HA PaBHOM/IEUYMUX
Becax: BCA 3Ta cCUCTeMa CMMMETPUYHA OTHOCUTE/IbHO TOYKW Onopbl
pblyaros M NO3TOMY Ma/IOBEPOATHO, YTO OA4HO M/e4Y0o NOAHANOCH, a Apyroe
OnNyCTUIOCb».



(27)

A. B. LLly6HKKoB. "O paboTax MNbepa Kiopu B 06nactn cummeTtpun”. (1956).

«Mepexoam K obWMM NPUHLMNAM CUMMETPUN, M3NoXKeHHbIM M. Kiopn B ero 3amevartesibHoOWM
paboTte "O cummeTpun B dU3MYECKUX ABAEHUAX".

JTa pa60Ta Ha4YNHaAETCA COo cnegyruwmnx eblaeNNeHHbIX KYPCUBOM CTPOK.

"XapaKmepucmuquKaﬂ 0719 mMo20 UAU UHO20 A8/AeHUSA cummempuda ecmob MAaKcumasbHaA
cummempus cpedb/, cosemecmumasn c cyuwecmeoseaHuem A8s1eHUA "

"SeneHue moxcem cyujecmsosams 8 cpede, Komopaa obaadaem aubo xapakmepucmu4veckoli
cummempueli, nubo o0Hol u3 eé nodepynn "

"MIHaue 2080ps, HeKomopeble 37eMeHmMbl CUuMMempuu cpedsl Mo2ym COoCyu,ecmsosams C
fABIeHUEeM, HO OHU He A8/Aomca obsa3amesbHbiMU. ObA3amensHbIM A8A9emca AuUWb omcymcmaue
HEeKomopbix 37ieMeHmMos8 cummempuu. 3mo oHa — QUCCUMMeMmpuUs — meopum sssaeHus "

COBOKYMHOCTb 3TUX OMCymcmayrouux 3N1eMeHTOB CMMMETPUM U cocTaBnfeT To, yto [1. Kiopwu
Ha3blBaeT ANCCUMMETPUEN.

TepMUH  AUCCUMMMETPUSA MMeeT LMPOKOEe pacnpocTpaHeHuMe B  KpUCTannorpaduyeckon,
XUMUYECKOV 1 Ppu3nYecKol nuTtepaType. Bnepsble oH bbia, No-suaumomy, BBe4EH B Hayky J1. Mactepom,
KOTOPbLIN NOJ AUCCUMMMETPUEN pasymen CBOMCTBO onpenenéHHbix GUryp He COBMELLATbCA MPOCTbIM
Ha/I0XKEHNEM CO CBOMM 3ePKasibHbIM N306parkeHnem. Mprmepom TakuUx GUIyp MOXKET CAyXKuTb durypa
PYKM 4esioBeKa: WM3BECTHO, 4TOo OUrypa NpaBoOW PyKM He MOMKeT ObiTb COBMeELLeHa MpoCTbiM
HA/IOXKEHMEM CO CBOMM 3epKaibHbIM M306parkeHnem, T. e. ¢ GUrypoi nesom pyku. B HacToswee Bpems
Mbl MOXKeM onpenennTb anccummeTputo J1. Nactepa Kak oTcyTcTBue B GUIype 3/1EMEHTOB CUMMETPUA
BTOPOro poJa; MM OTBEYaloT onepaumm CUMMETPUN, SKBUBAJIEHTHbIE HEYETHOMY YMCIY OTPaXKEHUI B
NJIOCKOCTAX (NpOoCToe oTpakeHue B OA4HOM NIOCKOCTU, MHBEPCUSA, 3EPKAJIbHbIE NOBOPOTDLI, CKOJIb3ALLEE
oTpaxeHue). MNMoHaTMe guccummetpun y M. Kiopn wwupe. MNog AUCCUMMETPUE OH pasymeeT NpPoCTo
COBOKYMHOCTb BCEX 3/1IEMEHTOB CMMMETPUM, OTCYTCTBYHOWMX B Ppurype. OyeHb BaXKHO OTMETUTb
cnefylolee CyULeCTBEHHOE pPas/iMuMe MeXay CUMMMEeTpuen (COBOKYMHOCTbIO MPUCYTCTBYHOLLMX
3N1€MEHTOB CUMMETPUN) U ANCCUMMETPUEN (COBOKYNHOCTBIO OTCYTCTBYIOLMX 31EMEHTOB CUMMETPUN).
M3BeCTHO, YTO NOJIHAA COBOKYMHOCTb Onepauuii CUMMETPWUIA, OTBEYaloLWMX BCEM MPUCYTCTBYIOLMM B
durype anemeHTam cMMmeTpuM, 0bpasyeT 2pynny B MaTEMaTUYECKOM CMbicie. 3TO O3HayaeT, yTo
npoussedeHue nobbIX ABYX OMepaumin rpynnbl 3KBMBAJIEHTHO MO Pe3y/ibTaTy Kakon-1Mbo oaHoM
onepaumm ToW e rpynnbl. B NpoTMBONOMIOXKHOCTb 3STOMY MOJIHAA COBOKYNHOCTb ONepaLmii CUMMETPUN,

OTBEYAIOLMX BCEM OTCYTCTBYIOWMM B GUIYpe 3nemMeHTaM CUMMETPUWU, He obpasyeT rpynnbl B
matematmyeckom cmbicne. Mo M. Kiopu, gna npeackasaHusa HOBbIX ABAEHUW auccummeTpua bonee
CYW,EeCTBEHHA, YeM cMmMeTpusA. MOCKObKY, OA4HAKO, 3aMeYaeT OH, YMCNO OTCYTCTBYIOLLMX 3/1EMEHTOB
cMmMmmeTpuM  Bcerga  GECKOHeYHO  Be/IMKO, Mpole  MepeyucaTb  3/1IeMEeHTbl  CUMMEeTPUn
(npucyTcTBYIOWME), YEM 3N1EMEHTBI AUCCUMMETPUN (OTCYTCTBYIOLLME 3/1IEMEHTBI CUMMETPUN).



B WMPOKMX HayUHbIX Kpyrax AMCCUMMETPUIO — UAET M pedb 0 anccummeTpum J1. Mactepa uam o
anccummeTtpum M. Klopu — yacto cMmelumnBatoT ¢ acummempuedi, T. €. NONHbIM OTCYTCTBUEM CUMMETPUMN.
ACMMMETPUA, OYEBMAHO, SABAAETCA /MWL YacTHbIM  C/ly4aem AUCCUMMETPUM. OUCCUMMETPUIO
CMELIMBAIOT MHOTr4a C aHmucummempueli — NPOTUBOMOJONKHOM CUMMETPUEN, OMUCLIBAEMON Cneum-
aNbHbIMW FPYNNamMu YeTbiPEXMEPHOW CUMMETPUMN.

Pa3BMBas CBOW OCHOBHblE MOJIOXKEHMUA, LUUTUPOBaAHHbIe Hamu Bbiwe, M. Kiopu npuxoaut K
cneayolleMy YpesBblyaiiHO BaXHOMY BbIBOAY:

"Koeda HecKosbKO pasnu4Heix aeaeHull npupoodsl Haknadsiearomcs opye Ha Opyaa, obpasys 00HY
cucmemy, ouccumMMmempuu UX CKAaosiearomcsa. B pesynabmame ocmaromcsa AuWb mMe 3/7eMeHMbl
cumMmmempuu, Komopeole A87A80McA 06WUMU 018 KaX 0020 AB8/€EHUSA, 83AM020 omOesbHO ".

370 nonoxeHue M. Kiopy ABNAETCA AaNeKo He TPMBMANbHbIM PacnpoCTpaHeHUeM Ha gusuyecKue
AB7EHUA TPWUBUANbHON ANA TeOMeTPUYEeCKMX GUryp WCTUHbLI, 3aK/Ilo4Yaloweincs B TOM, 4YTO Mpu
coeaMHEHUN ABYX (MM MHOTMX) He paBHbIX APYr APYry CUMMETPUYHBIX cocmasaaouux Guryp B ogHy
COCMABHYI0 B NOCNEAHEN OCTAlOTCA /IMLWb Te 3/IeMEHTbl CUMMETPUU, KOTOpble ABAATCA 06WUMIN ans
BCEX COCTaBAAOLWMX PUTYP rTpu 3a0aHHOM criocobe ux pasmeuw,eHus 8 NpocmpaHcmee.

B HayyHbIX Kpyrax 60/blleli WU3BECTHOCTbIO, HEXean TONbKO YTO PACCMOTPEHHbIN MIpUHYUN
cyneprosuyuu cummempud, Nonb3ytoTca (6e3 AONNKHOIo UX NOHUMAHUA) TPU NpUHLUMNA cuMmMeTpun M.
Ktopu, KOMMK yCTaHABAMBAETCA CBA3b MEXKAY CUMMETPUEN NPUUYUHBI U CNeACTBUSA.

BoT 3T\ npuHUmMnbI.

1. "Kor,a,a OI'Ipe,EI,EI'IéHHbIe NMPUYUHbI NMOPOXAAKT U3BECTHblE CNeAcCTBUA, 3/1€MEHTbl CUMMETPUN
NPUYNHbI ONTXKHbI COAEPHKATLCA B I'IOpO)KAéHHbIX Cl'le,CI,CTBVIHX".

2."Korpa N3BECTHblE cneacTams 06HapyKMBaloT N3BECTHYIO ANCCUMMETPULO,
3Ta NocneaHAn A0NKHA COAEPKATLCA U B MPUYMHAX, MOPOAMBLLMX 3TV cieacTems”.

3. "MonoxeHus, obpaTHble OBYM npeablayLwmnm, HenpaBW/bHbI, no KpaliHei
Mepe, Ha TMpaKTMKe, T. €. CAeacTsusa  MoOryT  ObiTb  CMMMETPUYHEE  BbI3bIBAOWMX  UX
npuymH "

pr,EI,HOCTb NMOHMMAHNA 3TUX NPUHUNNOB 3aK/1K04aeTCA B HEACHOCTU, YTO B

KOHKPETHbIX C/Iy4asx caeayeT NOHMMaTb Mo NPUYMHON 1 cneacTBuem u Yt cnegyeT pasymeTb Nog UX
CUMMETPUEN U OUCCUMMETPUEN.

Takum obpasom, Npu NpUMeHeHUU NPUHLMNOB M. KIopu MOXKHO M S0/KHO 33 CUMMETPUIO CBOMCTB
N ABJEHUIN MPUHUMATb CUMMETPUIO TEX BEIMYMH (TEH30POB Pa3/IMYHOrO paHra) uam Tex Guryp, Kommm
OHM (CBOWCTBA M ABJIEHWNSA) OMMUCHIBAOTCA.

M3 M3N10KeHHOro BMAHO, YTO BCe Tpu npuHumna M. Kiopu, cBA3bIBAOWLME CUMMETPUIO MPUUYMHDI U
CUMMETPUIO CNEeACTBUA, B KOHEYHOM CYETe MoryT b6biTb AEWCTBUTENbHO CBedeHbl K MM Ke
chopMyNMPOBAHHOMY MPUHLMMY CYNepno3nLUnmM CUMMETPUIA.

CBoM pasmbllineHma o cummeTpuu . Kiopu 3aBepluaet 3amevyaHMem, B KOTOPOM FrOBOPUTCA, YTO
BbIBOAbI M3 PACCMOTPEHNA CUMMETPUM MOTYT BbITb ABYX POAOB: 1) Heocnopumblie, HO OTpULATENbHbIE
BbIBOAbI, KOTOPblE OTBEYAOT MOJIOKEHUID — HET CeAcTBMi 6e3 MpuuMHbI, U 2) NONOXKUTENbHbIE
BbIBOAbI, KOTOPbIE, OAHAKO, He AalOT TOM YyBEPEHHOCTU, KaK OTpULATE/IbHble; OHWM OTBEYAlOT MOOMKe-
HWIO — HeT NpUUYMHbI 6e3 cneacTeuA.



K HeocnopmmbiMm OTpUUATENbHBIM OTHOCUTCA, HaNpuMMmep, YTBEPXKAEHMe, 4YTO B KpuCTannax,
06nap,a}ou.|,14x UEHTPOM CUMMETPUN, HEBO3MOXKHbI Mbe303/IEKTPUYHECKNE ABNEHUA. K HeyBEepPEHHbIM
NONOXUTENIbHbIM BbIBOAAM MOXHO OTHECTU 06paTHO€ NONOXEeHUE! Nbe303TIEKTPNYECTBO BO3MOXKHO
TOJZIbKO B KPUCTannax 6es UEeHTPa CMUMMETPUN,HO OHO HE ABNAETCA o0ba3aTenbHbIMY.

(28)

Ecnn ocHoBHOM npuuMHON ob6pasoBaHUA 00HO20 MonA Abo20 eeuwjecmed (cneacTsBuMe) cYUTaTb
3/IEKTPOH, TO 3/EMEHT CUMMETPUM MNPUUUHbI [Yucno obopotoB B cekyHay N (cnuH!)] ponkeH
obHapyunBaTbcA B NponsseféHHOM aelicTtsum [ducsio Asoragpo N, 1.

Ctano bbIThb,

N, \/E(a/Zﬂ')SlOA'OqaCT./Monb,

T. €. TeOpeTUYecKoe 3HadeHne ymcaa ABoragpo pasHo:

N, = 5,98.446.621.614 x 10> yacT./monb.

(29)

b. Teinop, B. MNapkep, [A. JlaHreHbepr. "®OyHoameHTasbHble KOHCTaHTbl WM KBaHTOBasA
aneKTpoamMHamuka". (1969).

1) "CuTyauma HeCKOIbKO YCIOXKHAETCA, KOrAa OKasblBaeTcA HeobXoAMMbIM BBEAEHWE HEeKOTOPbIX
nepeBoAHbIX MHOKUTENEN. Hanpumep, A, u3mepsercs B Ha
cTosAlee BPEMS B OCHOBHOM B MPOM3BOJIbHbLIX €4MHULAX AAUHbI, OBbIYHO NPUHATLIX B (U3UKe
PEHTreHOBCKMUX Ny4Yei, B TaK Ha3biBAaEMbIX PEHTFEHOBCKMX eguMHuLaX, @ He B abCONIOTHbIX eguHULax.

NHdopmauuna o nepesoLHOM MHOXHWTene
A, € nomowplo KOTOPOrO  OCYLLECTBAAETCA MNepexos OT  PEHTreHOBCKMX  eAMHUL K
MWAMIMAHTCTPEMAM,  MOXeT  6biTb  MnoaydyeHa HernocpeacTBEHHO M3 3KCMEPUMEHTOB

no Audopakuumn, U3 U3MepeHUA KOPOTKOBOJIHOBOrO (KBaAHTOBOro) mnpeaena HenpepbiBHOIO
PEHTFeHOBCKOrO CNEKTPa WAN M3 MU3MEPEHUA MapPaMeTPOB KPUCTAN/IMYECKUX PELIETOK Pas3INYHbIX
KPUCTaNN0B. ITU TPU 3KCNepUMEHTa NO3BONAIOT onpeaennTb cootsetctBeHHo A, h/e A n NyA® (N,
— yucno Asoraapo).

AHanornuHo, 3HaueHue e/h u3 adpdekta [xko3edcoHa, Tak Ke Kak u F, y, u h/eA, uawe
M3MepAeTca B 3TaJIOHMPOBaHHbIX eauHMuax (cm. n. 5.2), a He B abCOMIOTHbIX 3/EKTPUYECKUX
e4MHNLAX, YTO Bbi3blBaeT HEOOXOAMMOCTb BBEAEHUSA MHOXUTENSA, NEPEBOAALLETO 3Ta/IOHUPOBAHHbIE
3NIeKTPUYECKNEe eaAnHULbI B abCOMOTHbIE. BEIMUMHY 3TOFO MHOXKUTENS MOXKHO ONPeAEenUTb U3 NPAMbIX
9N1EKTPUYECKNX U3MEPEHUI, a TaKKe MyTEM CPaBHEHWA BEAUYMUHbLI Y, MONYYEHHON B CUJBHBIX U
cnabbix MarHUTHbIX noaax". (Ctp. 15).

2) "B HeKoTOpbIX U3MepeHUsaX, TpeboBaBLLMX 3HAaHWE AAHHbIX O PEHTTEHOBCKOM U3/lyYEHWUU, Mbl

BK/OYan B 4yncno YTO4YHAEMDbIX KOHCTaHT MHO)-KVITe.HbA,
I'IE‘pEBOLI,FILLI,MVI peHTreHoBCKMne eanHunL bl B MWUNNNAHTCTPEMDbI, OAHaKo HeKoTopan
HEeperynAapHoOCTb n CpaBHUTENBHO BblCOKaA NOrpewHoOCTb BCeX PEHTreHOBCKNX

M3MEPEHUIt He NO3BO/IAIOT UCMONb30BaTb MHOMKMUTENb /A B OKOHYATE/IbHOM YTOYHEHWUM CUCTEMbI HALLMX
NIYYLWIKX, AN PEKOMEHOYEMBIX, YMUC/IEHHbIX 3HaYeHMI QyHAAMEHTabHbIX KOHCTAHT. PekomeHayemoe
3HauyeHune A nonyueHo KOMbuHaumeln
pe3y/IbTaTOB OKOHYATE/IbHOTO YTOYHEHUS C IYYLIMMM PEHTFEHOBCKUMM namepeHuamn". (Ctp. 22).



3) «7.6. PeHTreHOBCKME IKCNEePUMEHTI.

Bonblwoe KoAMYecTBO  AaHHbIX M3 06/1aCTU  PEHTTEHOBCKUX  WM3MEPEeHWU  MMeeT  camoe
HenocpeACTBEHHOE OTHOLWEHMWe K Npobaeme pyHAAMEHTaNIbHbIX KOHCTAHT. K coxkaneHuto, MHorne u3
HUX He COrnacyloTcaA MexAy Coboi MAM Ke MMeloT CAUIWKOM 6osiblune 3KCnepumeHTaNbHble
norpewHoCcTU. B pesynbTaTte HM OAHO M3 3TUX [AHHbIX He MOXKeT O6blTb BKIOYEHO B Hally
OKOHYaTeNbHYIO NpoLeAypY YTOUHEHUA ANA NONYYEHUA cUCTEMbI GYHAAMEHTANbHBIX KOHCTAHT. Tem He
MeHee Ham XoTenocb Obl MPoaHaAM3MPOBaTb BCE PEHTFEHOBCKME 3KCMEPUMEHTbI C Tem, 4Tobbl
BbIOpaTb MHPOPMALMIO, OTHOCALLYIOCA K YCNy ABOragpo. ITO OYEHb BaK-

HO, TaK Kak nosobHaa MHdopmaLma cmorna 6bl MPOANUTL HeKoTopbli ceeT Ha pacxoxaenusa U/,
obcyaaBwmecs B npeablgywem pasgene. Mbl xoTean Obl TaKKe MOAYYUTb Jydllee, WM
pekomeHayemoe, 3HadeHue gana A, NepeBoAHOr0 MHOMWTENA OT PEHTTEHOBCKMX X-eAMHUL, K
aHrctpemam. O6cyaMm MosToMy BKpaTLe, KaKuMe pesynbTaTbl B 06/1aCTU PEHTTEHOBCKUMX M3MepeHUi
MOHO cuuTaTb Hanbonee TOYHbIMU. B OTAMYME OT Npeablaywmnx NyHKTOB 3TO obcyKaeHne He byaeT
HOCUTb CTONb KPUTUYECKUIM XapaKTep, YYWUTbIBaA OFPaHUYEHHYID MNPUMEHUMMOCTb PEHTIEHOBCKUX
AaHHbIX. Mbl byaem 34echk NpuaepKmeatocs 0630pa bupaeHa n coTpyaHMKOB NO HOBbIM AaHHbIM ANA
JOJMH BOMH W YPOBHEW SHepruii PeHTreHOBCKOro u3nydeHua.! HeoBXoAMMOCTb MpPeLM3MOHHBIX
PEHTTEHOBCKUX  M3MEPEHWA  BbI3bIBAETCA  HEKOTOPbIM  HECOBEPLUEHCTBOM B  OnpeaeneHun
byHAAMEHTaNbHOW eAUHULbI A/IMHBI A1A PEHTIEHOBCKOrO M3nyvyeHus. Takaa eguHuLa 0COBEeHHO He-
06Xx0aMMa, TaK KaK, XOT OTHOCUTE/IbHblE U3MEPEHUA AJIMH BOJH MOTYT ObiTb BbIMNOJIHEHbI C 60/1bLWIOM
TOYHOCTbIO (T. €. MOXHO TOYHO CpaBHWMBATb MeXAy COoOON [ABe A/MHbI BOJHbI), U3MepeHue
abCcoNOTHLIX 3HAYeHW B eauMHMUAX OJMH BecbMa 3aTpyaHuTenbHo. [pepasoskeHHas 3urbaHom
NPOM3BOJIbHAA eANHULA AAUHbI — X-eAUMHMLA, paBHAA NPUMEPHO 10 cm, CyLLecTByeT y»Xe 0Koso 50
net.” OHa UrpaeT Ty e pONb, YTO W STANOHHbIE SNEKTPUYECKME eAMHULbI, MOSTOMY HeobXoaum
HEKOTOPbIN NEePeBOAHON MHOXUTE/Nb, C MOMOLLbIO KOTOPOTro MOXHO 6b1/10 6bl NepeBoAUTb X-eANHULLbI
B abCOJIIOTHbIE A/IMHBI TaK e, KaK C NOMOLLbI0 K NepeBoAATCA STa/IOHHbIE 3N1EKTPUYECKUE eaNHULbI B
abconoTHble. ITOT NepeBOAHON MHOXUTENb A onpeaenserca Kak OTHOLUEHWE [JIMHbI BOJIHbI B
aHrcTpemax (107°m) K 3ToW e A/MHe BOJHbI, BblpaxeHHo B kX-eannnuax A = A ( A)/A (kX-eanHuupi).
Mbl yBnamm Huske, uto A = 1,002, T. e. kX-eguHuua npumepHo B 1,002 pasa 6osblue aHrcTpema.

Bbibop HenocpeaCTBEHHON 3KCMEpPMMEHTa/IbHOM Mpoueaypbl ANa onpeaeneHus X-eguHuubl 6bia
COMPAXKEH C PAAOM NPOTUBOPEUYUI U CNOPOB. B TeyeHMe MHOTUX NeT X-eAuHULA U3Mepsaiach yepes
"3¢pPeKTUBHYI" NOCTOAHHYIO KPUCTANNIMYECKON PELWETKM KanbuuTa, T. e. Npegnosaranocb, YTo npu
18°C ana KpUCTaNIMYecKon pelwéTkM KanbLumTa d; = 3,02904.2

HepoctaTok 3Toro onpegeneHvMa OYeBMAEH, TakK Kak Jdaxe "xopowwue" KpucTanibl He
YAOBNETBOPAIOT 3TOMY MpeanonoskeHuto. KonebaHusa XapaKTepHbIX pPasmMepoB KPUCTaAIMYecKom
pelwéTkM pasHbl 20 X 10% paxe Ana NoAo6paHHbIX KPUCTANI0B U MOTYT BbiTb TaKOrO 3Ke NOpAAKa oT
TOYKM K TOUYKE BHYTPU eAuMHMYHOro obpasua.’ BnocneacTBuMM B MpaKTUKE M3MEpEeHW B KayecTse
CTaHAapTa A/MHbl BOJIHbI ObLIM MPUHATLI cneumMduyeckme 3MUCCMOHHbIE IMHUM PEHTTEHOBCKOIo W3-
NyyeHus.

'Bearden (1967); Bearden, Burr (1967); cm. Tak»ke Cohen, Du Mond (1965).
2Siegbahn (1925).
3Sandstrom(1957).

“Bearden (19566).

Cyl,ecTBOBaAM fABa MPaKTUYECKM ISKBMBANEHTHbIX ONPeAeNeHus [AJWHbl BOJHb, OAHO —
ocHosaHHoe Ha A(MOKe,)=0,707831 kX-eannuu, sropoe — Ha A(CuKey)= 1,537400 kX-eamuuu.



5
HepasHue TOYHblE namepeHuma Empp,eHa M COTp. NOKasaau, YTo 3TN ABa onpegeneHma He ABAAIOTCA
9KBUBA/IEHTHbIMMU.

. MOYTU BO BCEX IKCMEPMMEHTAX M BO BCEN NMTepaType MCMNONb3YHTCA eanHULbI ﬂ(CuKa1)=
1,537400 kX. Mbl B fanbHelem TakKe byem UCNoNb30BaTb 3Ty NOCAEAHIO WKany eauHUL,

Bce peHTreHOBCKME M3MepeHWs MOXHO pa3buTb Ha 4eTbipe FPynnbl, B KOTOPbIX WU3MepATCA
BennumnHbl he/e, A, Nan A, , KOMNTOHOBCKasA A/MHA BOJIHbI 3N1EKTPOHA.

WNHTEpecHO OTMETUTb, YTo ecin 6bl A, MOXKHO Bbl0 M3MePATb TOUHO B aBCONOTHLIX €4MHULAX, Mbl
nmenu bbl HOBbI cNocob onpeaeneHMa NOCTOAHHOW TOHKOW CTPYKTYypbI. » (CTp. 99-101,107).

4) "Kopoue rosops, 13 NpAmbIX M3mepeHnii A moxkeT 6bITb caenaH TONbKO OAMH BbIBOA,: BeanunHa A,
BEPOATHO, NeXKuT mexay 1,00200 n 1,00210". (Ctp. 113).

(30)
3.MagenyHr. "MaTemaTnyeckuit annapat ¢pusmnku". (1957).

21. YHuBepcanbHble NOCTOAHHbIE.
Ynucno Nowmmnara
L =6,025 x 10”* monb™

(nocTosiHHan ABoragpo)

(31)

A. 3ommepodenbs. "BO3HUKHOBEHME KBAHTOBOW TEOPUU CUCTEM C HECKOJIBKMMU CTEMEeHs MU cBoboabl".
(1929).

"N. A. Bupaex B nabopatopun A. KOMNTOHa C UCK/IOYUTEIbHOW TOYHOCTbIO M3mepun anuun K u
K,,,a,/m MeAn C MOMOLLbIO MCKYCCTBEHHbIX PELIETOK M HAaWEN ANA ANMH BONH 3HAYEHUA CYLEeCTBEHHO
66nblIMe, YEeM 3TO BbITEKAET M3 M3MEPEHU Ha KPUCTANMYECKUX pelléTKax npu obuienpuHATon
Be/MYMHe 4yucna flowmunara. Heuto nogobHoe AaloT M MamepeHua beknuHa, npoBeaéHHble B nabo-
patopuu 3urbaHa. M3 HOBbIX 3HAYEHUWA ANUHbI BOAHbI NPUXOAAT K M3MEPEHHOW BE/MYMHE 4YuMCAna
Nowmmnara, umeHHo N = 5,985 x 102 .."

>Bearden (1965a, 19656); Bearden, Henins, Marzolf, Sauder, Thomsen (1964); Henins, Bearden (1964);
Cooper (1965).

(32)

2
MycTb M, — 3TO Macca oKoA 37eKmpoHa. B Takom cnydae, ecam cootHowenne M,C” =hv(hc/ A,)
NOHWMaTb B peucmu4eckom (BeLHoM) cmbicse, cnpaBeannsa popmyna:



Crano 6biTb, A, =87 x(a/27)™ x| . Toraa npueedéHHas KOMNTOHOBCKaA
AJIMHA BOJIHbI 3/1EKTPOHA A ByAeT onpeaenaTbes BbipaXKeHnem
-1
K. =(al27)" x4l.

A nokasaTb CnNpaBen/IMBOCTb BblpaxKeHua Ana K. MOxHO cregylowmm o6pasom:

( "Knaccuueckui paguyc" anektpoHa

r,=2z(al2r)k, =27 x4l = 2,827.433.388.15x10 P cm;
MepBblii GOPOBCKUM pagnyc

a, =/ 2x)al27) Rk, = (U 2x)(al27)? x4l =
=0,530.838.684.288.5x10° cm.

Ho, nockonbky m, pasro (1/27)x(I/A_ ) xm, 8 utore nonydaem:

m, = (1/87)(cr/ 277)m =9,11.733.450.221.8x10*° .

B sTom cnyyae BbiparkeHue ana Gy NpUHUMAeT BUA,:

e/m,

em® -2 cex J
> |-

yacm.” - MOJb

G, :{5 } =167r(9/8)4(a/27z)‘1xlO’lZ(

(33)

Hanee, NnpuHMMan BO BHUMaHME NYHKT (23), NPUXOAMM K BbIBOAY, YTO C 3/1€KMPOHOM CBA3AHO He
TONbKO BHYTPEHHee epawjamesbHOE, HO WU BHyTpeHHee 8UbOPAUUOHHOE COCMOsAHUe. B faHHOM
C/lyYae 3TN COCTOAHUA-KOPPENATbI NOAUNHAIOTCA CeayoWwemMy YPaBHEHUIO:

roe

W — 3Heprus epauyeHus ¢ YyrnoBoin CKopocTbio
(W=va?/2);
T — 3Heprus ocyuanayull, pasHas BbipaxeHnio Mx @’ x A%/ 2 (3pecb A —

amnAnTyaa oCUMANALMIA, @ W — 3TO Yr10Basa YacToTa);



E — 3710 3Heprua konebatenoHoro Bo3byaeHUA pomoHa (hC/ﬂ,C ).

OcCHOBbIBAACL Ha 3TOM, MOKHO 3anuMcaTb BE€/INYUHY TCﬂe,EI,YI'OLLI,MM o6pa30N\:

T=W—E = J3/2me? —i(05/27z)mc2 =i{\/6—(a/27z)} mc?.
4 8x 8

B pe3ysnbTaTe nosyyaem, Yto

_ (W an{6 — (ol 27))c?

[0

A2

Ho TakK KaK CNUH 3/1eKTpoHa — BEeJ/IMYMHA NOCTOAHHAsA, TO 8palyeHue 34ecb — amo ycmolivyusoe
sedyujee paBuxKeHune. YTo Ke Kacaetca KogebaHuli B6AM3M ycmoliyusoeo [AOABWKEHUA, TO
ycnoBuem ux ycmoliyusocmu (B JaHHOM C/yyae) aBAsieTcs cieayoliee paBeHCTBO:

nA =2ar,
rae n — Lenoe YUCNo, a r — paamyc OKPYXKHOCTU, PaBHbIN (I /\/E)

nnu: 27TNA = 2ar X 27V,
rae v — 3TO 4acToTa OCLUNNALNIA.

OfHako AXV =C,a2zv = @;TakuTo NXC=IX®.

2 27
Ho w= T rae T = —— (34ecb ¢ paBHO CKOPOCTH cBeTa).
Cc

CneposatenbHo, = (C/r), an = 1.

M Torga gna v nonyyvyaem cnegytouiee BbiparkeHue:

- {M}Zﬁ (/27)10%Tn

2 27
M HaKoHeL, HaXxo4AMM, YTO

A = (1/87) N6 — (a) 27) |12

MwtunH B. C.



Ors1aB/iIeHUE

®parmeHT pestome. 14 nrona 2010 roaa.
TpeTtba yactb. MNyHKTbI: (34)-(67)
(34)
K. A. TenbBeuni. «O yenoseke» Tom 2. (1773)
(35)
Y. T. Bparr. «Mup ceeta» (1935)
(36)
M. HbloToH. «ONTUKA, NAK TPaKTaT 06 OTparKeHUAX, TPENOMNEHUAX, U3TMBaHNAX U LiBETaxX cBETa»
(1721)
(37)
X. lNowreHc. «TpakTat o ceeTe» (1690) 20 npumeyaHue npod. B. Ppeaepukca (1935)
(38)
®. PoseHbeprep. «Mctopusa dmsmnku» Yactb Tpetbs. Boinyck |. Ctp. 149 (1887)
(39)
®. PoseHbeprep. «McTtopma dusmkmn» Yactb TpeTba. Boinyck I. Ctp. 179 (1887)
(40)
®. PoseHbeprep. «McTopma dmsmkmn» YacTtb TpeTba. Boinyck Il. Ctp. 194 (1890)
(41)
O. dpeHenb. «Memyap o anddpakumm ceeTa, yA0CTOEHHbIN Npemum Akagemmm Hayk» (1819)
(42)
3. Bepge. «Tpyabl OriocteHa ®peHena» (1866)
(43)
M.- A. ToHHena. « OCHOBbI 3/IEKTPOMArHeTM3Ma U TeEOPUN OTHOCUTENBHOCTU» (1959)
(44)
A. WycTep. «BBeaeHUe B TEOPETUYECKYIO ONTUKY» (1928)
(45)
A. B. LLy6HMKOB. « CUMMETPUA SNEKTPOMarHUTHOTo nyda» (1939)
(46)
Y. Wepknunoo. «MonspusoBaHHbIM cBeT» (1962)
(47)

P. B. Monb. «ONTUKa 1 aTomHan ¢usmka» (1963)

(48)

28
29
29
29
30
30
31

31
33
33
34
34
35
35
36
36
37
37
38
38
39
39
40
40
41
41
42
42
42
43

45



A. Malic. «HayyHan aeatenbHOCTb U *KMU3Hb AnbbepTa diiHWwTenHa» (1982)
(49)

I. ®paysHbenbaep, 3. XeHnu. «CybaTomHana dumaunka» (1974)
(50)

Y. nbcoH, b. Nonnapg.  «MpUHUMNBI CUMMETPUN B GU3NKE dN1eMEHTapPHbIX YacTuuy» (1977)

(51)
N. HbtoToH. «MaTemaTuyeckme Havana HatypanbHoi punocodumn» (1687)
(52)
K. Hybep. « AHeBHMKN» (30 aekabps 1806 r.)
(53)
NTorosble 3ameyaHuma.
(54)
B. C. KupcaHosB. «3Bontouusa NoHATMA noTeHumana y J1. dinepa» (1978)
(55)
«Uctopma matematukmn». Tom Tpetnin. «Matematumka XVIII ctonetmna»
Mopa pepakumeit A. N. lOwkeBnya (1972)
lnasa ceapmasn. «AnddepeHumanbHoe 1 UHTErpanbHoOe UcHNCneHne»
(56)
(57)
(58)
(59)
3. Kamke. «CnpaBoYHMK NO 0BbIKHOBEHHbIM AuddepeHLManbHbIM ypaBHeHUAM» (1959)
(60)
(61)
(62)
(63)
(64)

(65)

I 3. Toppuuennn. «O gBUNKEHUN eCTECTBEHHO Najatowmx U BpoLleHHbIX Ten» (1644)

45
46
46
47

48
48
48
48
49
49
50
50
51

51
52
53
58
59
59
59
59
59
60
61

62
62



VI.
VIL.
VIIL.

(66)

(67)

[x. KapaaHo. «O ToHKux matepusax» (1551)
Nykpeuyuii. «O npupoge Belwen» (I B. 4o H. 3.)
Nykpeuyuii. «O npupoae Belwen» (I B. 4o H. 3.)
Fepaknut (oK. 540-475 oo H. 3.)
M3 nepenunckn A. dnHwTelHa ¢ M. becco.
H. H. Nly3nH. CobpaHue coumHenuin, Tom Il. M., 1958, c. 472.

C. B. benntoctuH. «Knaccuyeckan anekTpoHHasa Teopusa» M., 1971

K. Mybep. «IHEBHUKN»

62
62
63
63
63
63
64
65
68
68



®dparmeHT pestome. 14 niona 2010 ropa.

B TpéX 3aK/IIOYUTEJIbHBIX TIYHKTAX TPETbeﬁ 49aCTH JAdHHOTI'0 3CCe JaHbl OTBETbI Ha BOIIPOCHI:

e Yrto Takoe 6ECKOHEYHOCTb NPOCTPAHCTBA?

o Kak cooTHOCATCS B KOJIMUECTBEHHOM OTHOIIIEHUH nyCcTo€e NPOCTPAHCTBO U
HaloJIHEHHOE MPOCTPaHCTBO?

e B uéM 3ak/ro4yaeTcs NPUYMHA KOCMOJOTUYECKOT0 KPACHOTO CMelleHus1?

e EcTb /i pazinyve Mexay GOTOMETPUUECKHUM PACCTOSTHUEM U TeOMEeTPUIYECKUM
paccTosiHUeM?

e 1, HakoHeL, CyLeCTBYET JIM OPOUTANbHBIN YIJI0BOM MOMEHT ¥ GOTOHA C HYJIEBOU
4acTOTOU?

OTBeThI Ha IepeYUrCIeHHbIe BOIPOCHI B I[€JIOM [OATBEPKAAIOT UL O CTALIMOHAPHOCTH
KocMmoca, T.e. BcesieHHO.



TpeTtba yacTtb. MyHKTbI: (34)-(67)
(34)

K. A. TenbBeuui. «O yenoseke» Tom 2. (1773)

«KT0 3HaKoMuTCA € ipeBHUMH duocopamMu, TOT yOeK/JaeTcsl B TOM, UTO BCe OHU
NPHUEPKUBAIMCH [TOYTH OZHOTO U TOI'O e B3IVIAJa U YTO pa3Inyusa MeX/y HUMH 3aKJI09a/IuCh
JIMLIb B BbIOOpE MaTepHasioB, KOTOPble OHU KJIAJIK B OCHOBY IOCTPOeHUs BcesleHHOM.

dasec BUeJ BO BCeH NPUPO/ie JIMIIb OAUH 3JIeMEHT — XKUJKOCTb, BoAy. CUMBOJIOM ero
cucteMbl 6611 [IpoTel, Mopckol 60T, TpeBpalaIOIUKCA B OTOHb, lepeBO, BOAY, YKUBOTHOE.
['epaksiuT cuuTas TeM xe [IpoTeeM TakoH 3/1eMeHT, Kak CBeT. B 3eMsie oH Bu/e/1 IMLIb
3aTBep/eBIIUH OTHEeHHbIN ap»

(Ctp. 139-140).



(35)
Y. T. Bparr. «Mup cseta» (1935)

1) «Co6CcTBEHHO rOBODS, 10/ CBETOM 0OBIYHO MOHUMAIOT KpailHe OrpaHUYeHHbIN KPyT
06GLIMPHOTO KJ1acca ABJeHUH n3ydeHHs. OHAKO 3aKOHBI ONITUKHU IPUMEHUMBI JJ11 TOpas/io
60Jee IMPOKOT0 Kpyra BONPOCOB, U pab0Tbl 0OCHOBOIOJIOXKHUKOB 3TOM HayKHU UMeJiH 6oJiee obliee
3HaueHHUe, YyeM AyMaJ/ii OHU caMU. JJIMHbI CBETOBbIX BOJIH 3aKJIIOUEHb] B 0UeHb TECHBIX IpeJeiax;
HO 3aKOHbI BOJIHOBOT'O BUKEHHUSI OTHOCATCS KaK K MeJIb4alLlIMM BOJIHAM PEHTTE€HOBCKHUX JIyuel,
TaK Y K JJINHHBIM paJiioBoIHaM. CBETOM I0JIb3YIOTCA B OTPOMHOM KOJIMYeCTBe Pa3JIMYHbIX
ucciefoBaHui. C HUM HMeIOT /leJ10 U IPU U3yYeHUH Ja/IEKUX [VIyOUH NPOCTPaHCTBA — B
aCTPOHOMHUHY, U IPY HABJIIOJeHUU MeJIbYallluX JleTajlell 06'beKTOB, CJI0KHOe CTPOeHHe KOTOPbIX
TaKXXe HeJOCTYIHO JJIl Hallero rja3a; IpU4éM U B TOM U B [IpYyTrOM CJydae BCer/a BO3HUKAeT
Macca BOIIPOCOB, UMEILUX IJIybodalllnil UHTepec. boJblie TOro, 0Kas3anoch, YTO Jy4YH, UMellue
HECOMHEHHO KOPIYCKYJIApHOe CTPOeHUe, HAalpUMep NYYKHU 3JIEKTPOHOB, IPOTOHOB WJIK aTOMOB,
JIETKO MOJIydyaeMble cefyac B J1abopaTOpPUH, IOSUMHSIOTCS B HEKOTOPbIX OTHOLIEHUSIX TEM Ke
3aKOHaM, YTO U CBeT. BOJIHBI ¥ YaCTUIbI ABJIAIOTCA CKOPee pasJMYHbIMU NPOSABJIEHUAMHA OJHOHN U
TOM e CYIHOCTH, YeM Pa3JUYHBIMHU CYLIHOCTSAMHU.

B ciioBe «cBeT» 3ak/04eHa Bcsl PU3UKa U TeEM CaMbIM BCe HAYKU»

(Ctp. 10).

2) «Eciu paccMoTpeTh, IPU Kakux ycaoBusx jiyuu CE u DG ocTaloTcsi HeM3MeHHbIMH,
OKaXKeTCsl, YTO 3TO 3aBUCUT OT TOTO0 NOJIOKEHHUS], KOTOPOe 3aHUMaeT HUKHUU KpUCTaJLI, JBOUT OH
3TH JiBa JIy4a ellé pa3 WU HeT, a TaK KaK epBOHAaYa/IbHBIN JIyd IBOUTCA BCErAa, OTCIOAA
Heu306e)XHO BhITeKaeT 3aK/I0YeHNe, YTO CBETOBbIE BOJIHBI N10CJIe TPOXOXK/eHUs [1ePBOT0O
KpHUCTaJ/lJla IPUOOpeTa0T KaKoe-TO CBOMCTBO UJIM CKJIOHHOCTD, 3aKJ/04alolieecss B TOM, YTO KOTZa
OHU BCTPEYAIOT BEIECTBO BTOPOT0 KPUCTAJLJIA, B HEKOTOPbIX MTOJIOKEHUSIX OHU MOTJIU IPUBOJUTH
B /IBU>KEHUE [IBA Pa3/JIMYHBIX BEILleCTBa, KOTOPbIM COOTBETCTBYIOT /ABa IIPeJIOMJIEHUS]; KOT/Aa XKe
OHU BCTpedYalT BTOPOH KPUCTAJLI B APYTOM I10JIOKEHHUH, OHU B COCTOSTHUU IPUBOJUTD B
JIBIPKEHHUE TOJIBKO OJIHO U3 3THX BEILLeCTB»

(Ctp. 137)

3) «3akJoueHue.

B 06006111eH1Y HaIIUX B3TJISI/I0B HA IPUPOAY Belllel 3aK/II04YEH CaMblii 3aMedaTe/bHbII
pe3y/bTaT HOBEUILIHUX HCcae0BaHUU. HUKTO He MOr pe/iBU/IeTh 3TOr0 €AUHCTBA ABJIEHUN
npupo/bl. CoOpolieHHas 3aBeca [oKa3aJia HaM CXOJCTBO U TOX/1EeCTBO OT/eJbHbIX JeTalen
KapTHUHBI, KOTOPbIe Mbl CYUTA/IU KOTZJAa-TO COBEPILEHHO pa3JIMYHbIMU. CBET BUJUMBIN U
HEeBUAUMBIH, pEHTTeHOBCKUE JIY4YH, U3JIlydeHNs paJJM0aKTUBHbBIX BelleCTB, 3JIeKTPOHbI, CAMO
BEIeCTBO — 00J1a/1al0T, KaK Mbl TENEpPb 3HAEM, OOLIMMH CBOMCTBAMHU U J,0/KHbBI ObITh 00'beJHHEHDI
KaKHM-TO, el He BIIOJIHE TOHSATHBIM, 06pa3oM. OueHb TPYJHO MOHATH T€ SIBJIEHHUS], KOTOPbIE B
HEKOTOpbIM MOMEHT J0/KHBI pacCMaTpPUBAThCS, KaK BOJIHBI, a B CJIeAYIOLMM, Kak yacTULbl. U ecaun
BCTpeYyaloTcs CMyLIAoLe Hac IPOTUBOPeYHs], UX CJlelyeT OTHECTU 3a CYET HeCcOBepLIEHCTBA TeX
TEOPUHN U MOJiesIeld, KOTOPBIMU MbI CeH4ac M0JIb3yeMCsl; HET HE0OX0AUMOCTH CTapaThCs UX
paspewinTh. PeieHre NpyuAET CBOEBPEMEHHO, KOT/A JaJIbHENIIIME UCC/IEeJ0BAHHS IO3BOJISIT HAM
JLOCTUTHYTb HOBBIX BBICOT 3HaHHS.

MpgI oB/IaZie/1v NPEeKPACHBIM NPUHIUIIOM, 00'beJUHSIOLUM BCE BU/bl U3JIyYE€HUS U BCE
¢$bopMbI MaTepuH, y HaC eCTb BCE OCHOBAHMUS CUUTATh BCEJIEHHYIO COCTOSIILEN U3 CBETA, eCJIU
nocjeJHeMy NOHATHIO IpU/AaBaTh 3HaUeHUe, 3aMedaTesIbHasA 061HOCTb KOTOPOI'0 OTKPbIBaeTCs
Tenepsb Nepej, HaMU»

(Ctp. 213-214).



(36)

U. HbroToH. «OnNTUKa, UK TpaKTaT 06 OTparKeHUAX, NPEIOMIEHUAX,
M3rnbaHuaAX u uBeTax ceeTa»
(1721)

Bonpoc 26.

He 06/1azat0T Jin J1y4d cBeTa pa3JIMYHbIMU CTOPOHAMH C pa3/IMUHBIMUA U3HAYaJIbHBIMHU
cBoiicTBamMu? 60 ec/iu IJIOCKOCTH NePIEHAUKYISPHOTO0 NMPEJOMJIEHUSI BTOPOT0 KpUCTa/LIA
HaXOoJAATCA MO/ NPSAMBIM YIJIOM K IJIOCKOCTSAIM ITepIeHAUKYJ/IAPHOTO0 IPeJIoMJIeHHs [1epBOro
KpHUCTaJIJ1a, TO JIy4H, IpesioMJisieMble 0ObIKHOBEHHBIM CIOCOO0M, IPY NIPOXOXKIEeHUU Yepes
nepBbIH KPUCTaJJ OYYT MOJHOCTbIO NPEJOMJISATHCS HEOOBIKHOBEHHBIM CIIOCO60M P
NPOXOX/AEHUU Yyepe3 BTOPOU KpUCTaJL, JIy4H XKe, IpesioMJIsIolLecss HEOObIKHOBEHHO NPU
NPOXO/AEeHNU Yepes NepBbli KPUCTAJLI, OYyT MOJHOCTBIO IPeJOMJIATHCS 0OBIKHOBEHHBIM
CIIOCOO0M IIPU MPOXOKAEHNUU Yepe3 BTOPOU KpucTa/ll. [loaToMy He cyliecTByeT IBYX COPTOB
JlydeH, OTJIMYaI0ILUXCs 110 CBOeU MpUpo/ie OAUH OT APYroro Tak, YTO OJUH INOCTOSIHHO PU BCex
M0JIOXKEHUSIX IPEJIOMJISIETCS] 0ObIKHOBEHHBIM CIIOCOG0M, APYTroH »Ke MOCTOSIHHO BO BCEX
NI0JIO’KEeHHUSX — HEOOBIKHOBEHHBIM CII0CO00M. PasHuLla Mexly copTaMHu Jiydell B OIbITe, YKa3aHHOM
B 25-M Bompoce, 6b1J1a TOJIBKO B 0JI0XKEHUAX CTOPOH JIy4eld OTHOCHUTEJIbHO IIJIOCKOCTEeN
neprneHJUKY/IPHOTO npesoMyaeHus1. U60 oJUH U TOT e Jiyd NpesoMJIsieTCs 3[4eCh MHOTAa
O0OBIKHOBEHHO, MHOT'1a HEOOBIKHOBEHHO — COOOPA3HO MOJIOXKEHHUIO er0 CTOPOH OTHOCUTEIBHO
KpucTasia. Eciu cTopoHsl 1y4ya pacnoJioxeHbl OJUHAKOBO K 000UM KpHCTa/lIaM, JIyd OJJMHAKOBO
IpeJIoMJISIeTCA B 000HUX, HO €C/IM Ta CTOPOHA JIy4a, KOTopasl HalpaBJ/leHa K Kparo
HeOOBbIKHOBEHHOTO NPeJIOMJIEHUS IEPBOr0 KPUCTAJLIA, HAXOAUTCS noJ yrjoM B 90 rpaZlycoB K
CTOpOHE TOTO Ke JIyya, HallpaBJIeHHOH K Kpalo HeOObIKHOBEHHOT0 NPeJIOMJIEHUS] BTOPOT0
KpUCTa/lJ1a [4TO MOKHO OCYIIeCTBUTB, U3MEeHSS [10JI0)KeHHEe BTOPOr'0 KPUCTa/lJla OTHOCUTE/IBHO
IIepBOr0 WJIY, CJIe/l0BaTeJIbHO, OTHOCUTEJIBHO Jydel cBeTa], TO Jiy4 OyZeT NpesIoMJIAThbCA
Pas3/IMYHBIMU CIOCOOAMHU B Pa3/IMUHBIX KpUCTaJLIax. [Jis onpeAeseHUs: TOro, 6yAyT JiM JIy4d CBETa,
naJamlye Ha BTOPOH KPUCTaJIJ NpeIoMIAThC 0ObIKHOBEHHO UJIM HEOOBIKHOBEHHO, TpebyeTcs
TOJIbKO IOBOPAYMUBATh 3TOT KPUCTAJIJ TaK, YTOObI Kpall HEOOBIKHOBEHHOTI'O IIpeJIOMJIEHHMS 3TOT0
KpHCTaJ/lJla HAXOAUJICS TO C OAHOM, TO C APYTOX CTOPOHBI Jiy4a. C/iej0BaTeIbHO, KX AbIN JIy4d
MO>KHO pacCMaTpPUBaTh KaK UMEIIIUN YeTbIpe CTOPOHBI, UJIM YETBEPTH, ABE U3 KOTOPBIX,
IPOTHUBOIIOJIO}KHBIE OJJHA JPYTOM, CKJIOHAIOT JIy4 K HEOOBIKHOBEHHOMY NIpeJIOMJIEHH IO, KaK TOJIbKO
J1I06asl MX HUX [TIOBEPHETCA K Kpalo HeOObIKHOBEHHOI'O [IPeJIOMJIEHUS B KPUCTAJLJIE; [IBE XKe ipyrue
CTOPOHBI, XOTsI ObI M MOBEPHYTHIE K KPal0 HEOOBIKHOBEHHOTO NMPEJIOMJIEHUS B KPUCTAJLIE,
CKJIOHSIIOT €ro TOJIBKO K 06bIKHOBEHHOMY NpeJIOMJIEHUIO. /IBe ITlepBble MOTYT ObITb IO3TOMY
Ha3BaHbI CIMOPOHAMU HEOObIKHOBEHHO20 npesoMaeHus. Takue pacnosoXKeHus CyleCTBOBa/IU B
Jlydax J10 UX MaZleHUs1 Ha BTOPYIO, TPETHIO U YeTBEPTYIO MOBEPXHOCTHU KPUCTAJL/IA U HE
HCIBITBIBAIM U3MEHEHHUS [HACKOJIBKO MOXKHO CYIUTh]| BO BpeMsI MIPeJIOMJIeHHUs Jydel IPU UX
IPOXOK/AEHHUU Yyepe3 3TU N0BEPXHOCTH; JIYUU NPEeIOMJIAINCDH [10 OJJHUM U TEM >Ke 3aKOHAM BO BCeX
YeThIPEX NOBepxXHOCTAX. [l03TOMY ICHO, 4YTO 3TH pacloJioKeHUs CYLLeCTBOBAJIU B JIydax
M3HA4aJIbHO, HE UCNIBIThIBAsI U3MEHEHUs NIPU [TePBOM MpPeJIOMJIeHUH; 6arogaps 3TUM
pacnoJIoKeHUSIM JYIX TPEeOMJISIJIMCh TPU UX NaZleHUH Ha IEPBYIO NOBEPXHOCTH [1EPBOT0
KpHUCTaJl/1a, HEKOTOpble 0ObIKHOBEHHO, HEKOTOpPble HEOObIKHOBEHHO, COOTBETCTBEHHO TOMY,
Ob1/1M JIM 06palleHbl UX CTOPOHBI HEOObIKHOBEHHOTI'O IIPeJIOMJIEHHS K Kpato HeOObIKHOBEHHOTO
IpeJIoMJIeHU KPUCTAJLJIA WK B CTOPOHY OT HETO.

Kaxxaplii 1y4 cBeTa UMeeT [I03TOMY JBe IPOTUBONOJIOXKHbBIE CTOPOHBI, HK3HA4Ya/IbHO
Ha/leJIEHHbIe CBOMCTBOM, OT KOTOPOTO 3aBUCUT HEOOBLIKHOBEHHOTO NIPeJIOMJIEHHE, U [IBe Apyrue
CTOPOHBI, ITUM CBOMCTBOM He HaZle/IEHHbIe.

Bonpoc 30.



He o6paiatoTcs jiv 601blIMe Tesa U CBET APYT B IPyra U He MOTYT JIM TeJia [0JIy4aTh
3HAUUTEJBbHYIO YaCTh CBOEW aKTUBHOCTH OT YACTHI] CBETA, BXOASAIUX B UX COCTAB?

[IpeBpallieHue TeJ B CBET U CBETA B TeJla COOTBETCTBYET XOAY IPUPO/bI, KOTOpPAs KaK Obl
yClIaXXaaeTcs mpeBpalleHUsIMU.

U cpeau cTosib pa3HOO6PA3HBIX U CTPAHHBIX [TPEeBPaLleHHH, TOUEeMY Ke IPUPO/Ia He MOXKET
M3MEHSTh TeJl B CBET U CBeTa B TeJsa?

Bonpoc 31.

Jlaxxe Jlyuu cBeTa, 0-BUMMOMY, TBEp/ble TeJsia, MO0 MHAYe OHU He y/iep>KUBaJIv Obl
PasJ/IMYHBIX CBONCTB 110 Pa3JIMYHbIM CTOPOHAM.



(37)

X. MNoireHc. «TpaKTaT o cBeTe» (1690)

«Ho Bo Bcex Apyrux 6ecurcieHHbIX BOSMOXHbIX [10JIOKEHHUSX, OTJIMYHBIX OT TeX, KOTOpbIe
TOJIBKO 4YTO ONpeZiesInJI, KKAbIN U3 siydel DG u CE onAaThb pas/iesgl0TCA Ha [Ba BCIe/CTBUE
IpeJIoMJIEHUs] B HXKHEM KpUCTaJlsle, TaK YTO U3 OAHOTO Jiyya AB ux o6pasyeTcst YeTblpe TO
OJMHAKOBOU SIpDKOCTH, TO OJJHU 3HAUUTEJbHO MeHblIel IPKOCTH, YeM Jpyrue, B COOTBETCTBUH C
Pas/IMUHBIMU OTHOCHUTEJIbHBIMU 0JIOKEHUSIMU KPUCTAJ/IJIOB, HO BCE OHU BMECTE, 10-BUJHMOMY, He
06J1a/1al0T 60JIbIINM KOJIMYECTBOM CBeTa, YeM OJJMH Jy4 AB.

Ecsiv 06paTUTh BHUMaHUe Ha TO, YTO TOT/Ja Kak Jiyd AB Bcerzia paszesseTcs, OT 10JI0KeHHs
HU>KHETO KyCKa 3aBUCUT pa3Zie/InTh UJIM He pa3ZieIuTh Ha ABa KaxAbIM U3 aydyeil CE u DG,
KOTOPbIE BCE BpeMsl OCTAIOTCSl HEU3MEHHBIMHU, TO, 10-BUJUMOMY, HEO6X0JMMO 3aK/JIYUTh, 4YTO
CBETOBbBIE BOJIHBI OT TOI'0, YTO OHU NPOILJIY NePBbIA KPUCTAJIJI, IPUOOPETH U3BECTHYIO GOPMY UJIU
pacrnoJiokeHHUe, 6J1aroapst KOTOPOMY, BCTpedas TKaHb BTOPOI'0 KpUCTaJljla IPU 0ZJHOM
N0JIOXKEHUU, OHU MOTYT NIPUBECTH B ABMXKeHHe 06e pa3/iniHble MaTepPUH, KOTOPbIE CJAYKaT 060UM
BHU/laM NpeJIOMJIEHUS; BCTpedas Ke 3TOT BTOPOM KPUCTAJLJI IPU JPYyTrOM ero MoJIOKeHUH, OHU
MOTYT IPUBECTH B ABH)KEHHE TOJIBKO OJIHY U3 3TUX MaTepui. Ho /19 TOro 4To661 0O’ bSACHUT,
KaKHMM 00pa3oM 3TO IPOUCXOAMUT, 5 [10 CUX NIOP He HallléJl HU4ero MeHs y/l0BJeTBOPAIOILEr0»

(Ctp. 119-120)

20 npumeyaHue npod. B. Ppepepukca

«04eBU/IHO, UTO 3/iech ['TOHTreHCOM, B CYIIIHOCTH, OTKPBITO SIBJIEHUE MOJIIpU3aLIUH, HO OH
OKa3bIBAETCs HE B COCTOSIHUU JaTh COOTBETCTBYIOLIE€e TOJKOBaHHE 3aMe4YeHHOMY SIBJIEHUIO.
[Tosnsspusanus ceeta octaércs HensBecTHoH 0 1810 r., korga Mastoc (Malus, Memoire de
physique et de chimie de la societé d’Arcueil, T. I, 1809) oTKpbLI €€ He TOJIBKO B KpHUCTaJLJIaX, HO B
OTpaXEHHBIX 110/} ONIpe/ieJIEHHBIM YIJIOM OT CTeKJIa iydax. Hy»kHo 3aMeTUTb, uTo ['tolreHc, XoTs
OH HUT/le KaTerOPHUYEeCKH 3TOT0 U He YTBEPK/aeT, 10 BCel BepPOSTHOCTH CYMTAJI CBETOBBIE BOJIHbI
B 3upe NpoJ0/bHbIMHU, KaK U BHYTPH BCAKOU JpYyroi »UJKOCTH.

KpomMe Toro, A/1s1 Hero o6bIKHOBEHHAsl U HEOObIKHOBEHHAs BOJIHBI, B CYLIIHOCTH,
pacnpoCcTpaHATCS B IBYX Pa3HbIX MaTepPHUSX, a He NPECTABJISAIT COO0 JiBe pa3Hble BOJIHbI B
OJHOM U TOU e MaTepHH, U 3TO elllé 6oJiee yAaaseT ero OT NPeAnoJioKeHHs O CYILLeCTBOBAHUHU
HoTepeyHbIX BOJIH (YTO, KOHEYHO, Cpa3y A0JKHO NIPUBECTH K MOJIIPU3aLIUU BOJIH), U IIEPEXO]
06BIKHOBEHHOT0 JIyya B HEOObIKHOBEHHbIH UM, HA060POT, IPU Ha/l/IeXallleM MO0JI0XKEHUU
KPHUCTA/IJIOB KQXKETCS eMy COBEPIIEHHO HEMOHSTHBIM»

(Ctp.171)



(38)
®. PoseHbeprep. «UActopua pusmkn» Yactb Tpetba. Boinyck I. Ctp. 149

«MaJtroc Bocrosib30BaJIcsl STUM UMEHHO SIBJIEHHEM [iJis1 olipejie/IeHUs] N0JIApU3aL Y.

«f] Ha3bIBalO 3TUM HUMeEHEM (MOJITPU30BAHHBIM ) CBETOBOM JIy4, KOTOPbIN IPU OJJUHAKOBOM
yrJle NaZleHus Ha Ipo3payvHoe TeJio 06J1ajlaeT CBOWCTBOM HJIN ObITh OTPXKEHHBIM, UJIH XKe
YKJIOHUTBCS OT OTPAXKEHHUS, 00paTUBLIMUCD K TeJIy ApYroi CBOei CTOPOHOM; 3TH CTOPOHBI UJIN
NOJIIOCBI CBETOBOTO JIy4a pacloJioKeHbl BCer/ja Mo NpsIMbIM YIJIOM APYT K Apyry.» OTpakEHHbIN
OT NPO3pavyHOX MOBEPXHOCTH MOJHOCTBHIO NOJIIPU30BaHHBIN CBETOBOU JIy4Y Ha3bIBAETCA
no/5ipU308aHHbIM NO OMHOWEHUIO (par rapport) K niockocmu nadeHus.»

[lepBoe coobuieHKe 0 NONAPU3aAL MU CBeTa NyTEM OTpakeHUsl Maslioc npeAcTaBU
@paHny3ckoi akagemuu 12 nekabpst 1808 r. B Memyape «Sur une proprieté de la lumiére réfléchie
par les corps diaphanes. (06 ofHOM CBOWCTBE CBETA, OTPAKEHHOI'O OT NMPO3PAYHBIX TEJI)»




(39)
®. PoseHbeprep. «UActopua pusmnkn» Yactb Tpetba. Boinyck I. Crp. 179

«3TuM nyTéM @peHesib U Aparo NpUILIU K CIEAYIOIUM OCHOBHBIM MOJIOKEHUSAM:

1) jBaJiy4a, MOJSIpU30BaHHbBIE B OJJHOM U TOM K€ HalpaBJeHUH, UHTEPHEPUPYIOT
MeX/ly cO60M, KaK JIydd OObIKHOBEHHOTO CBETA;

2) pABaJiy4a, HOJISIpU30BaHHBIE O MPSAMBIM YTIJIOM, He UHTEP)EPUPYIOT HU PU KAKUX
YCJIOBUSX;

3) [nBaJy4a, HoJIIpU30BAaHHBIE MO/ NPSAMBIM YIJIOM U MPOUCXOSAIIME U3 OJHOTO
HNOJISIPU30BAHHOTO JIy4ya, UHTepPEPUPYIOT APYT C APYToM, OyAydr IPUBEJIeHbI K
OJHOM U TOM e MJI0CKOCTH MOJISIpU3al1H;

4) pBaJiy4a, MOJIAPU30BaHHbIE MO/ MPSIMBIM YTJIOM, HO IPOUCXOISIINE U3
0GBIKHOBEHHOTO CBETA, He HHTEP(PEPHUPYIOT U NPH MOCJIEIHUX YCIOBUSX.

OpHako HanbGoJiee BAXKHBIM M3 3THUX YEThIPEX NMOJIOKEHUH GbLJIO BTOPOE, TAK KaK U3 HEro ¢
NOJTHOHM y6e/IUTebHOCThIO BBITEKAET, YTO B JIy4ax CBETA, MOJISPU30BAHHBIX MO, MPSMBIM YTJIOM,
KoJIeGaHUS He MOTYT MPOUCXOAUTh B OJTHOM U TOM >Ke HallpaBJIEHUH, TaK KaK B 9TOM IOCJeTHEM
cy4ae JIBUXKEHHUS TOJDKHBI ObLIH 6bl CKJIabIBATHCSI U BBIYUTATHCA, TO €CTh B3aUMHO YCUJIMBATh
WJIK 0CIA6JATh APYT Apyra. Ho, s TOro 4To6bh! IpU napasijiebHOM XO/E MOJsIPU30BaHHBIX
Jlydel HalnpaBJieHHe KoJ1e6aHUM 6b110 BCE-TAaKH pa3JIMYHO, HAlpaBJeHHe KoJiebaHui He JO/HKHO
COBNAZATh C HANPABJEHHEM CBETOBOTO JIyya UJIM C HANIpaBJeHUEM PaclpoCTPaHEeHHSs CBeTa —
KoJIeGaHUs CBeTA HU B KOeM CJIy4dae He MOTYT ObITh PO/[0JbHBIMU.

MbIC/Ib O TOTIEPEYHOCTU CBETOBBIX KOJIEOAaHUH, HEOOXOAMMO BbITEKABILIYIO U3 BTOPOTO
noJioxeHus, FOHT coo6IuI B MUCbMe Aparo ToT4ac ke 1Mo onyo6JJMKOBaHHUU MEPBBIX ONMbITOB
@peHessa, umeHHo 12 saBaps 1817 r. OqHako MHOTUM GHU3WKAM U 0COOEHHO MaTeMaTHKaM,
Jlanunacy, [lyaccoHy u pyrumM, TUNIOTe3a KoJie6aHUH B OJTHOPOJHOM cpe/ie, TPOUCXOAANIMX He B
HanpaBJIEHUH PACIPOCTPAHEHUs BOJIH, 2 B HANIPAaBJIEHUH HAKJIOHHOM WJIU JlaXe
neprneHJUKY/ISPHOM K NOC/IeJHEMY, I0Ka3aJach HEJIEMOCTbIO»



(40)
®. Po3seHbeprep. «Uctopua pusmnkun» Yactb Tpetba. Boinyck Il. Ctp. 194

«BoJsiHOBasi Teopus cBeTa HEO6XOAUMO TPeOGyeT aTOMHOTO COCTABA, KaK /1/1sl BECOMOU
MaTepHuH, TaK U AJjs adupa.

«C 1aBHUX Nop HauboJlee Ir/Iy60KHe MaTeMaTUKU U GU3MKHU IPU3HABAJIH, YTO JUCIIEepPCUs
CBeTa COBepIIeHHO He COBMECTHMA C BOJIHOBOM TeOpHUel; U 3TO ObLIO e/JUHCTBEHHOW IPUYNHOH,
1I0YeMy HeCPaBHEHHO MeHee BepOSITHOM U HbIHE 110 HEOTIPOBEPKUMbIM OCHOBAHHUAM
OKOHYaTeJIbHO MOKUHYTON TEOPUU UCTEYEHHS CTOJIb JJOJITO OT/AaBaJIOCh PEJIIOYTEHHE Epe],
BOJIHOBOM Teopuell. Ho BOT Tenepb 60Jiee HOBbIe UcciejoBaHus Koy nokasa/iy, 4To yKa3aHHas
HEeCOBMEeCTHUMOCTb UMeeT MEeCTO JIMIIb IPH YCI0BUH, €CJIU IPUHATD, YTO CBETOBAsA BOJIHA
pacnpocTpaHsieTcs B 3Qupe, Kak B HEIIpepbIBHOM CpeJie, UTO, HA060POT, 3aKOHbI AUCTIEPCUU
BMeCTe C 3aKOHaMHU NpeJIOMJIEHUS BIIOJIHE N0C/Ie10BaTE/NbHO BbITEKAIOT U3 OCHOBHBIX M0OJI0XKEHU N
BOJIHOBOM TE€OPUH, €CJIU IPUHATD, YTO YacCTULbI 3pUpa JUCKPETHBI; 60JIbliIe TOr0, B 3TOM
nocJe/lHeM cily4dae JUCIepcus NpefcTaBaseTcs CTOJIb XKe He06X0JMMOH, KaK U IpeJIOMJIEHHE.
TakuM 06pa3oM BOIpoOC, 3a U1K NPOTUB ATOMU3Ma, SIBJISIETCS] BOIIPOCOM KHU3HU [iJIsI BOJTHOBOM
TEOPUH, NOJ06HO TOMY, KaK BOIPOC 3a BOJIHOBYIO TEOPUIO UJIU IPOTHUB HEE, eCTb BONPOC )KU3HU
s dusuku». [logo6HO AUcliepcrH U NToJIsipU3anus cBeTa 06'bsICHUMA TOJIBKO Ha OCHOBE
aTOMHCTUKH; NOJIsIpU3aLus TpebyeT [1Jisl CBOero o6’bsiICHEHUS MTONepeyHbIX KoiebaHnui a¢pupa. Ho
cnop Mexxy PpeHesieM u [lyaccoHOM sICHO NIOKAa3aJ1, YTO B HENIPEPBIBHOM CpeJie BCe MollepeyHble
KoJie6aHUs 10JKHBI OUeHb GbICTPO NPEeKpalaThCs U epeX0JUTh B IPO/0JIbHBIE, TOTA KaK B
cpejie, COCTOsILEeN U3 OT/Ie/IbHBIX YACTHL, OHU MOT'YT PAacCNpOCTPAHATHCSA Aajblie»



(41)

O. ®dpeHenb. «Memyap o anddppakumm ceera,
YAOCTOEHHbIN Npemnmn AKagemMmumn HayK»
(1819)

1) Ctp. 142-143.

«B aMHCCHOHHOU cHCcTeMe, HAIPOTUB, ABMKEHUE KaXJ0M CBETOBOM YaCTULbl HE3aBUCUMO OT
JIBPKEHUS BCeX IPYTHX, @ IOTOMY YHMCJI0 Pa3JIudHbIX MOAUPHUKALMH, HA KOTOpPble OHU CIIOCOOHBI,
NpeACTaBJSAETCS UCKIIOUYUTEIbHO OrPaHUYEHHBIM. M0XXHO 106aBUTH JIBUKEHHWE BpalleHUs K
MOCTYIaTeJbHOMY JIBIXKEHUIO, HO 3TO U BCE.

Yro xe KacaeTcsl KoJiebaTebHbIX JBUKEHUH, TO OHU MOTYT CylleCTBOBAThH JIUILIb B Cpe/aX,
KOTOpbI€e MOAAEPKUBATU ObI UX IIPH TOMOILIA HEPABHOTO BO3/IeHCTBUS HAa pa3/IMuYHbIe CTOPOHBI
CBETOBBIX YACTHUII, IPe/IoJiaras, YTo 3TH CTOPOHBI 06J1aJal0T Pa3/JIMYHbIMU CBOMCTBaMU. Kak
TOJIbKO 3TO JleCTBHE NpeKpaliaeTcs, KoJaebaHus A0KHbBI TaKKe IPEKPATUTLCA WU XKe
NpeBPaTUThCS BO BpalllaTesJibHOE JBWXKeHHe. TakuM 06pa3oM, BpalaTebHOe JIBIXKEHUE U
pas3Jinyre CTOPOH OJHOU U TOU Ke CBETOBOW YaCTULbI SIBJISIIOTCS €JMUHCTBEHHBIMHU
MeXaHUYeCKMMH pecypcaMU SMUCCHUOHHOM TEOPHUH, IPU NOMOIILY KOTOPBIX 3TA TEOPUS A0JHKHA
NpeACTaBUTh BCe YCTOWYHMBbIE U3MEHEHHUS CBETa»

2) Ctp. 563

((ECJ'[I/I HpeﬂHOJIO)KI/ITb, 4YTO CBETOBbIE€ YAaCTHULbI HE C(l)epl/l‘-leI, da UMerT CTOpOHbI pa3anH0f/i
(1)0pr1 " pa3MepoB, 4YTO OHHU ABJIAIOTCA, HallpUMep, 3JIJIMIICOUAAMHU, TO C I€PBOro B3rjadaa
KaxXeTcCd, YTO TaKUM l'IYTéM MO>XHO OO'BACHUTD ABJIEHUA MoJiApHrU3alnuu; 160 eCTeCTBEHHO BLIBECTHU
U3 3TOr0 HpEAHOHO)KeHI/IH, 4yTO IL[el‘/’ICTBI/Ie TeJ1 Ha CBET UBMEHAETCA B 3aBUCHUMOCTHU OT TeX CTOpOH
CBE€TOBBIX YaCTHL, KOTOpre OGan.[eHbI K TeJiaM; HO ‘~ITO6bI O6'bHCHI/ITb HpI/I 3T0ﬁ ruiiorese
peryjadpHOCTb ABJIEHHA NNOJIAPHU3alihH, CJieJ0BaJI0 OBl npeanoyoKUTb CBEPX TOTO, YTO OHA U3
TpéX ocen BCeraa uMeeT HallpaBJIEHH e J1y4ad, Yero, OAHAKO, AOMYCTHUTb HEeJIb3A»

3) Ctp. 564

«Korza g 3aHnMaJica peJlakLiell MOero NepBoro MeMyapa, OTHOCSIILLErOCsl K LiBeTaM
KPHUCTA/IJINYECKUX IJIACTUHOK (B ceHTsA6pe 1816 r.), 1 3aMeTUJ1, YTO MOJISIpU30BaHHBIE CBETOBbIE
BOJIHBI JIEUCTBYIOT JpyT Ha Apyra Kak CUJIbIL, IepIeHJUKy/ISpHbBIE Jy4aM...»



(42)
. Bepae. «Tpyabl OriocteHa ®peHena» (1866)

«Kak usBecTHoO, jieTom 1811 r. Aparo, npoo/mkast HabJI0IeHUs IPUBE/LINE K
HeOXXHIaHHOMY pe3yJ/IbTaTy, OTKPbLJ, YTO NOJIsIpU30BaHHBIN CBET 00/1a/jaeT ClIOCOOHOCTHIO
pacLienaThCA Ha JBa Jyyad, OKpalleHHBIX B I0NIOJIHUTE/IbHbIE [[BETA, €CJIU N10C/Ie TPOX0XKeHUs
Yyepes3 TOHKYIO IBOSIKONPeJIOMJIAIOLIYIO IJIACTUHKY NIPOIYCTUTD €0 ellé U yepe3
JIBOSIKOIPeJIOMJISIIOLMH aHa/IM3aTop. Aparo cpasy MpeAJoXuJ, YTO BOSHUKHOBEHUE LIBETOB
006YyCJIOBJIEHO pa3anyreM MoJudUKaALMM, BHECEHHBIX TOHKOU MJIAaCTUHKOU B COCTOSIHUE
N0JIIpU3alY Pa3/IMYHbIX IPOCTHIX 3JIEMEHTOB 6eJI0ro CBeTa; HO JIMIb byo crieniMaibHO 3aHAICA
u3y4yeHUeM JieTajel aTuX Mogrudukanuil. [lopakéHHBIN CTO/Ib 3aMedaTeIbHbIM GaKTOM —
NepuoMYeCKUM TOBTOPEHNEM JIBYX Pa3/JIMYHbBIX NOJIAPU3ALUY, pa3ie/IEHHBIX IPOMEXYTOYHbIMHU
COCTOSIHUAIMH, B KOTOPBIX CBET IPOU3BOUJI BlledaTJIeHUEe CMeCH eCTeCTBEHHOTO U
N0JIAPU30BAaHHOI0 CBeTa, bHo AyMasl, YTO OTKPBLI [IepUOAUYEecKOoe KojlebaHHe ocel oJIspU3al i,
npeJlIecTBYIOllee MOMEHTY UX OKOHYATEJIbHOTO paclpe/ie/eHUsI Mex /1y [JIaBHbIM Ce4eHUEM
KpHUCTaJlJIa U epIeHAUKYJIAPHOH IJIOCKOCThI0. EC/IM NpHCcOeMHUTD 3TO TOHATHE O
NepUoAUYECKOM JBHKEHUHU K IPyTUM IMIIOTe3aM, KOTOpble NMOTPe60BaUCh [J1s1 06'bICHEHUS
OCTaJIbHbIX ONITUYECKHUX ABJIEHUH, TO Mbl YBUJUM, YTO CBETOBbIE YaCTHILb] JO/HKHBI ObIJIH OBbI
06J1aJ1aTh CJIelyI01 el COBOKYITHOCTbIO CBOMCTB.

1. CBeTOBBIE YaCTHULbI ABJISIOTCS MHOTOTPAaHHHUKAMHU, B KOTOPbIX HEO6X0JUMO BbIAEJIUTD
OJHOBPEMEHHO OChb NOJIIPU3ALUHY, ABISIOLIENCH 0CbI0 CHMMETPUH, U APYTYIO OCh,
neprneHJUKYJIAPHYIO IepBOH, OJUH KOHel KOTOPOU NPUTATUBaeTCAa NpeoMJISI0LIMMU
TeJlaMHU, a Ipyroy OTTaJIKUBAETCS.

2. B Jiyde ecTeCTBEHHOI'0 CBETa OCH MOJIAPU3aLUHU OC/IeL0BaTENbHBIX YaCTUL
OpHEeHTHPOBaHbl BCEBO3MOKHBIMU CIIOCOOAMU, HO BCeTia NepleH UKy IPHBI
HalnpasJIeHHUIO JIyya.

3. YacTupl 6ecipepblBHO BpalLlalOTCs BOKPYT CBOEH OCH MOJIsIpU3aLMU C TOCTOSTHHOU
CKOpOCThI0, 3aBUCSALIEN OT 11BeTa. BpalieHue Npoucxo UT Tak, YTOObI
NPUTATUBAEMbIN U OTTAJIKMBaeMbli KOHLbI MOIJIM [TI0IIEPEMEHHO 10/ BepraTbCs
BO3/IeMICTBHIO BCTpeyaeMoy npesioMdmoLei cpefbl. OTCl0/la — NPUCTYIIbI JIETKOTO
OTpa)XeHUS U JIETKOTO NpeIoMJIeHHS.

4, OTpakeHHe He OKa3bIlBaeT HUKAKOTO BJUAHUSA Ha BpallleHUe KaXJ 0N 4aCTUL bl BOKPYT
CBOEU 0CH NOJISIpU3aLUK, HO CTPEMUTCA OPUEHTHPOBATh BCE OCH NIapaJijie/IbHO
MJIOCKOCTH OTPaKeHHUH; B 3TOM NIPAaBUJIbHOM PACIOJIOXXEHUH U 3aKJII04aeTCs
COCTOSIHUE MOJIAPU3aLMH.

5. [IpesioMyieHHEe MeHsIET CKOPOCThb BpallleHHUs YacTHUL, B OTHOLIEHWH, 3aBUCALLEM OT
IpUPO/bI TPeJIOMJISIONLEN Cpe/ibl U YIJla IaJleHusl; KpoMe TOTr0, OHO CTPEMUTCS
OpPHEHTHPOBATh OCY NOJIAPU3aAL MU NEPIEHAUKYIAPHO MIJIOCKOCTH NMOJISIPU3aLUH.

6. [Ipy HaIMYMHK ABOWHOTO NMPEJTOMJIEHUS OCH MOJITPU3ALMK HAYMHAIOT KOJIe6aThCs
MeX/ly CBOMM Hauya/IbHbIM [10JIOKEHHUEM U I10JI0’KeHHEeM, CUMMeTPHUYHbIM
OTHOCHTEJIbHO [VJIABHOI'O CeYeHU; TPOAOIKUTENbHOCTb 3TUX KOJIeGaHUH JJ151 4aCTHUL],
pa3HoOro LiBeTa MPONOPLMOHaIbHBI NEPUOAY BpallleHUs BOKPYT OCel MoJIgpU3aLuu.

7. Ha HekoTOpo# r1y6HHE 3TH KOJiIe6aHUs NPEeKPAILATCs U YCTAHABIAUBAETCS
onpeJe/IéHHOe pacnpe/ie/ieHre ocel NosgpU3al iy Mexy J ByMs B3aUMHO
neprneH UKY/JAAPHBIMHU IJIOCKOCTSIMU»



(43)

M.- A. ToHHena. «OCHOBbI 31€KTPOMArHeTu3Ima 1 TeOpun OTHOCUTENIbHOCTUY
(1959)

«BakHOCTB TEOPUU 3/IEKTPOMArHUTHOTO T0JIS CBSI3aHA TAKXKe C TEM, UTO OHA BKJIIOYAET BCIO
ONTUKY. 3BecTHO, 4To B 3110Xy HbI0TOHA CBETOBBIE SIBJIEHUS OO'bSICHSJIM IPU MIOMOLIA WA
KopnyckyJsspHoH (HbioToH), uiu BotHOBoM (['folireHc) Teopuu cBeTa. [1o cyuiecTBy 3TH
00'bsSICHEHUS He ObLIY Pe3Ko pa3rpaHuveHbl. HbI0TOH, 3HaKOMbIH C IBJIEHUSIMU UHTepPEPEHIIUN U
JUOPaKIMK, 06bACHA UX TEM, UTO NPUIMUCAT CAMOU KOPIYCKYJie eEPUOIMUEeCKUE CBOMCTBA.
Haxopsick B pa3/INuHbIX COCTOSIHUSX, OHA UCTBITHIBAET, HAIPUMEDP, KITPUCTYIIbI» JIETKOTO
OTPaXKEeHUS U IIPUCTYIbI» JIETKOTO pesioMmieHus!. B To ke BpeMss HpI0TOH cyrTals, 4TO
KOPIMYCKYJISPHOU KOHIIENIUU CBETA CJEAYET NPUAEP!KUBATHCS /11 00 bSICHEHUS
NPSIMOJIMHEHHOCTH PacpoCTPaHeHUs CBeTa U 06pa30BaHUs TEHH.

Teopus 'olireHca, UcxoAUBIIAS U3 MPEATNOJJ0KEHUSA O PACTIPOCTPAHEHUH BTOPUUHBIX
cdepHryYecKUX BOJIH, BbI3BAHHbIX IVIaBHOW cheprUyeCcKON BOTHOM, MPAaBUJIbHO 06'bsICHSAJIA sIBJIEHUS
oTpakeHUs U npesiomyieHuss. OHAKO BOJIHOBAsI TEOPHUS CMOTJIA ICHO 060CHOBATH
NpSIMOJIMHEHHOCTh PAcpoCTPaHeHUs CBETA TOJIBKO MocJjie OTKpbITHH I0Hra 1 co3aanus Teopuu
OpeHens.

B 3To# Teopuu npeAosiaragaock, YTo CBET BbI3bIBAET HE MPOJ0JIbHbIEe KOJIebaHUs, KaK
CUYMTAJIOCh PaHbIIle, a IOTIEPeYHbIe, TePIeHAUKYJISPHbIE K HAIPABJEHUIO PACIPOCTPAHEHUS. JTA
0COGEHHOCTb 00'bSICHSJIA SIBJIEHUE IBOMHOTO MPeJIOMJIEHHUS], HO CAMO CyIllleCTBOBaHHE MOA00HbBIX
KoJIeGaHUH Tpe6GoBaIo HAMUYUs KOJeGIollelcs cpeibl - 3gupa. YKasaHHas cpejja uMesia
HCKJIIOYMTEJIbHO NapaJloKcajbHble CBOWCTBA: OYyud 6ECKOHEYHO YIPYTroH, OHa, OIHAKO, He
MelllaJia CBOGOJHOMY ABMKEHHUIO TeJl. K TaKOMy COCTOSTHUIO MPHIILIA ONTHKA, KOTrAa MakcBeJit
Havasl MOCTPOEHHE 3IEKTPOMAarHUTHOU Teopuu. Pa6oThl MakcBesijia MpUBEJH K 3aMeHE
MexXaHUYeCKOH TeopUuH KoJsiebJronierocs 3¢rupa Ha TEOPUIO KOJIe6aHUN 3JIEKTPOMAarHUTHOTO MOJIS.
[Ipu 3TOM NPSIMOJIMHEHHOCTb PACIPOCTPAHEHHUS CBETA MOJIy4aeTCsl KaK CIe/[CTBHE
HCKJIIOYUTEJNbHON MaJIOCTH JAJIMHbBI CBETOBOU BOJIHBI»

! B mexaHH4YecKoM TEOpHH, KaKOBOM SIBJIs1JIaCh Teopud Hbl0TOHAa, 3TN «IPUCTYIIBbI» MOTJIH,
HallpuMep, BOSHUKATDb M3-3d BPAllATEJIbHOI'O ABHUXXE€HHUA JIETALNIUX KOPITYCKYJI, UMEIO X
3JUIUIICONAAJIBHYIO (bOpMy. Takum 06p330M, INpH UX ABUXKEHHWHU OJMHAKOBbIE ITOJIOKEHHA
nepuognieCKHu NoBTOPAKTCA.



(44)
A. WycTtep. «BBegeHne B TeopeTUUYECKyto ONTUKY» (1928)

1) Ctp. 2-3

«B HacTof11lee BpeMs He CylIeCTBYeT TEOPUH ONITUUYECKHUX SIBJEHUM B TOM CMbICJIE, B KAKOM
NpH3HaBa/ach TakKOBOH 50 jieT TOMy Ha3a/, TeopHs yIpyroro TBEporo s¢pupa. Mbl 0CTaBUJIA 3Ty
TEOPHIO U YCBOWJIU MBICJIb, YTO CBETOBbIE KOJIE6AHUS CYTh 3JIeKTPOMarHUTHbIE BOJIHBI, TOJIBKO 110
pasMepaM OTJIMYAIOIHECS OT TeX BO3MYILlEHUH, KOTOPble BbI3bIBAIOTCA KOJIe6aTeTbHBIMU
3JIEKTPUYECKUMHU TOKAMH WJIM IBIKYUIMMUCS MarHuTaMu. O/JHaKo, MOKa Mbl HE YCTaHOBUJIU
XapaKTepa CMelleHUH, U3 KOTOPBIX COCTOAT BOJIHBI, Mbl HE MOYKeM NIPETEHA0BATh Ha TO, YTO
YCTaHOBHWJIM TEOPUIO ONITUYECKHUX SIBJEHUN. DTO OTpaHUYEHME HaAlllero 3HaHUS, IPeJICTaBJISOLLee
B HEKOTOPBIX OTHOLIEHUAX 1Al Ha3ak OT TOYKH 3peHHs OCHOBaTeJel BOJIHOBOW TEOPHH, He
BCerJa J0CTaTOYHO OTMeYaeTCs, a UHOTrZla CO3HATebHO UTHOpUpyeTcs. JIula, BepAlue B
BO3MO>KHOCTb MEXaHUYECKOT0 IOHMMAaHHUs BCeJIEHHOU U He XeJlalolliue 0TKa3blBaThCs OT
MEeTO/I0B, KOTOpbIE OJJHU TOJIbKO cO BpeMéH ['anuses u HpioToHa Bcerzia NpuBOJUIIM K YCIIEXY, HE
MOTYT He OTHOCUTBCS C 60JIbIIUM 6eCIIOKOMCTBOM K BO3HUKAIOILEMY HallpaBJjeHHUI0 HayYHOH
MBICJIH, JOBOJIbCTBYIOLEMYCH YPaBHEHUSMU, IPABUIBHO BOCTIPOU3BOJAILMMU YU CJIEHHbIE
COOTHOLLIEHHUS MEX/Y Pa3/IMUHbIMU SIBJIEHUSIMH, XOTS 6B CUMBOJIbI, BCTPEYaIoLHecs B
YPaBHEHMUSX, U He JIOMyCKaJIU HUKAKOUW OTYETIMBON HUHTepHpeTanuu. To 06CTOSATENBCTBO, UTO 3TO
TYMaHHOE, YCKOJIb3alolllee HanpaBJ/ieHue GpU3niecKor MbIC/IM HALLJI0 HEKOTOPYIO MO IEPXKKY B
TpyAax 'eHpuxa ['epiia, o6y aeT K elié 6oJiee CTPOroMy K HeMy OTHOILLIEHHUIO U YTOPHOMY
CONPOTUBJIEHUIO. YpaBHEHUS, COCTABJISAIOLIME COBPEMEHHYIO 3JIEKTPOMAarHUTHYI0 TEOPUIO CBETA,
COCJIY>KUJIM OTJIMYHYIO CIYKOY; HAa HUX C/Ie[lyeT CMOTPETh KaK Ha OCTOB, K KOTOPOMY J0JIKHA
TOYHO NIPUUTHCH Oyy1ias 60Jiee OJIHAsA TEOPHUs], HO CAMHU 110 cebe OHU TaKOW OKOHYATeJbHOU
TEOPUU CBETA ellé HEe COCTABJIAIOT.

H3y4yeHure pU3NKU JOKHO OCHOBBIBAThCS HA 3HAHUM MeXaHUKH, U TpobJieMa cBeTa 6yJeT
pelleHa TOJIbKO TOT/a, Korja 6yyT OTKPBIThI MexaHU4YecKre cBorcTBa 3¢upa. [loka Mbl He 3HaeM
OCHOBHBIX [IPUYMH, BbI3bIBAOIUX 3JIEKTPUYECKHE U MAarHUTHbIE HANPsDKeHUs U JepopManu,
Heo06X0JJMMO HaUMHAThb U3y4YeHUEe TEOPETUYECKON ONITHUKU C TIIATEJbHOT0 PACCMOTPEHUS BOJIH B
cpejiaX, ypyrue CBOMCTBa KOTOPBIX XOPOIIO U3BeCTHbI. [103TOMy M3ydyeHUe TeOpUU 3BYKaA U
CTapo# TEOPUH yIpPyroro TBEpAoro a¢pupa A0KHO NpeAllecTBOBATh BBEJEHHIO YpPaBHEHUU
3JIEKTPOMArHUTHOTO MOJISI»

2) Ctp. 235

«Ecnu cBeTOBOE BO3MYyIleHUE U 3JIEKTPOMarHuTHasA BOJIHA paCpOCTPaHATCA C
OJMHAKOBOM CKOPOCTBIO B OJAHOM U TOM e Cpejie, TO HEMHUHYEMO 3aK/IIUYEeHHE O TOXK/IeCTBEe 060X
siBJIeHW#. Ha 3TOM 3ak/Il0ueHUH U IOCTPOEHa TaK Ha3blBaeMasl «3/1eKMpOMAZHUMHAS Meopust
ceema» DJAEKTPOMArHWTHas TEOPHS CBeTA YCTAaHABJIUBAET ypaBHEHUS [IJis1 paClIPOCTPaHEHUS
CBETOBOI'0 BO3MYIIEHHS, KOTOPbIE B HEKOTOPBIX CJIy4asix, KaKk BbIICHUTCS B Aaj/IbHEH1IEM, 6osiee
COOTBETCTBYIOT $paKTaM, UeM NPEXHSSA TeopUs yIpyrou TBEpoH cpepl. OAHAKO He HAZ0
3a0bIBaTh, YTO OHA He JJAET OTBETA HAa BONPOC 0 NpHUpo/jie cBeTa. OHA JIMIIb BhIpaXKaeT OJHY
HEU3BECTHYIO BeJIMUUHY (CBET) uepes Jpyrue Heu3BeCTHbIe BeJIMYMHBI (MarHUTHBIE U
3JIEKTpUYEeCKHe BO3MYIeHH s ); 0/JHAKO MarHUTHBIE U 3JIEKTPUYECKHEe HAPSKEeHUs O JIMHSI0TCS
3KCIepUMEHTaJIbHOMY UCCJIeJOBAaHUIO, TOT/Ia KaK YIIPyrue CBOMCTBA Cpefibl, Yepe3 KOTOPYHo, N0
CTapoy TeopuH, pacCIpOCTPAHSJICS CBET, MOTJIU JIMIb IPUIIUCBIBATHCS 3TOU Cpe/ie 10 aHAJIOTHUHU C
yIpyruMu CBOMCTBAMM OObIYHOM MaTepud. TakuM 06pa3oM He YIUBUTEJbHO, YTO
3JIEKTPOMArHUTHbIE ypaBHEHUS 60Jiee TOUHO OMMCBHIBAIOT JeUCTBUTENbHbIE siBJeHUs. Kakue ObI
M3MeHEeHUs HU OblJIM BHECEHBI B Oy/1yleM B HAIIHU NPeCTaBJIeHHs 0 PUPO/Ie CBETA,
ocyllecTBJAEHHOE MaKCBe/IJIOM ZI0Ka3aTeJbCTBO TOXK/[€CTBA CBETOBOTO U 3JIEKTPOMarHUTHOTO
BO3MYIIEHUSI HUKOT A He GyAeT ONPOBEPTHYTO»



(45)
A. B. LLy6HMKOB. «CUMMeETPUA 3INEKTPOMArHMTHOro ny4ya» (1939)

«[lonepe4HsI JIM KOJIe6AHUA B 3/IEKTPOMAarHUTHOM Jiy4ye?

Tpembs Modeab yua.

0O6e paccMOTpeHHbIe UarpaMMbl OIS PU30BAHHOrO Jiy4ya yKa3blBalOT HA NONEPEYHOCTh
HaInpaBJIeHUH 3JIeKTPUYECKOT0 M MarHUTHOI'O N10JIEM 10 OTHOLIEHUIO K HAaNPaBJIEHHUIO JIy4a, HO
HUYero He TOBOPSAT O XapaKTepe CaMUX KoJieGaHUH, TaK KaK 0JMHAKOBbIMU CUHYCOUJAMU MOTYT
6bITb U306paXKeHbl JIYYU KaK C IPOJ0JIbHBIMH, TaK U C IONepeyHbIMU KoJiebaHusaMu. Ham
NPUXOJUTCS OCTAHABJIMBATbCA Ha 9TOM COBEpPLIEHHO ICHOM M0JIOKeHHUH [TOTOMY, YTO 3a BpeMs
roCHO/ACTBOBAHUSA 3HPHO-BOJTHOBOM TEOPHUU CBETA Y MHOTUX YUEHDIX, IPUHABIIHUX
3JIEKTPOMAarHMTHYI0 TEOPHUIO, HO CIIeLIMaJIbHO He 3aHMMaBIIMXCA €10, COXPaHUJI0Cbh MHEHHE O
nonepeyHoOM XapaKTepe KoJjie6aHUU B Jiydyax CBeTa. YKPEIJIEHUIO 3TOT0 JIO)KHOI'0 MHEHMUS,
HEeCOMHEHHO, ClIOCOOCTBOBAJIa pa3obpaHHasA HaMHU AuarpaMma NoJIipu30BaHHOTO J1y4a, B KOTOPOH
NOIePeYHOCTb PACIOJIOKEHUS NI0JIeH TPU IOBEPXHOCTHOM IOJAXO0/ie JIETKO MOKET ObITh IPUHATA
3a onepevyHOCThb KoJlebaHMK. Hala HoBas MoAies1b Jiy4da, O4eBU/IHO, CTPAJaeT TeM xKe
HeJ0CTaTKOM. BoT moueMy HaM KakeTcs »KeslaTeJbHbIM pa3o6paTh 3/eCh, C TOUYKH 3peHUs
CUMMETPHH, U TPETBIO, y2Ke U3BECTHYIO0, HO I0YeMy-TO MaJIo NONYJISIPHYIO MOJieJb JIy4a, KOTOPOH,
MeXJy IPOYHUM, I0JIb30BaJICA U A. JWXeHBaJIbJ, /11 UHTepIpeTalyu ABJIeHUN OTpaXXeHNUd U
npeJjioMJieHus cBeTa [2].

CorstacHO 3TO¥ MOJie/1U 3JIeKTpUYeCKHe U CUJI0Bble MarHUTHbIE INHWUH, KOHEYHO,
pacrnoJiararoTcs ToXKe NepneHAuKyJIApHO K JIy4dy, HO TyCTOTa 3TUX JIMHUU U3MeHAeTCA BJ0JIb Jy4ya
10 3aKOHY CHHYCa, TPUYEM HaubOoJIbIlEeH I'yCTOTe 3JEKTPUIECKUX IMHUM OTBeYaeT U HauboIbLIast
ryCTOTa NepneHUKYJISpHbIX UM MarHUTHBIX TMHUU. Pacniosiaras ajlekTpudeckue JIMHUM B
IJIOCKOCTH YepTerka, a MarHUTHBIEe — NIepIeHUKYJISIPHO K YePTeXy U IpUMeHss1 0ObIYHBIN CI10COD
M300paxkeHUs CUJIOBBIX JIMHUH CTPeJIKaMy, II0JIyYUM TPEThI0 U3BECTHYIO MOJeJib JIy4a,
M300paKEHHYIO Ha pHUC.5. B Hell MarHUTHBIE JIMHUY, HallpaBJeHHble OT HabJt0aTe s, TOKa3aHbl
YEPHBIMU KPYKOUKaMU; 06paTHO UAYILHE JIMHUU U3006paxKeHbl OeJIbIMU KPY>KOUKaMH. ITa MO/ie/lb
CO BCel onpeie/IEHHOCTBIO YKa3blBaeT HaM Ha TO, YTO B 3JIeKTPOMAarHUTHBIX JIy4ax KoJlebaHUs
IPOJ0JIbHBI, U BIIOJIHE 00'bACHAET OTPULATEJIbHBIN pe3yJIbTaT MOUCKOB elllé KaKHX-TO 0COOBIX
Jlydel cBeTa C POJ0JbHBIMU KOJIEOAHUSIMH, KPOMe JIy4Ye, XOPOIIO U3BECTHDIX.

Yemeépmas modesas ayya.

06./1a/1ast U3BECTHBIMU NIPEUMYILIECTBAMHU B CPAaBHEHUH C IIEPBOU MO/I€JIbI0, TPEThsl MO/ieJib B
OTHOLIEHWH CBOEW CUMMETpPHH (CM. prC.2) TOBTOPSIET BCE HEAOCTATKU [EPBOM, KaK B 3TOM JIETKO
y6eAUTbCS U3 pacCCMOTPEeHUs pUc.5. 3aMeHss B TpeTbel Mo/ie/IU NPSIMOJIMHENHbIE CTPEJIKU
MarHUTHBIX IMHUHM NPSIMBIMHU C KPYTOBBIMU CTpeJIKaMU (CM. puc.3), IPUXOJUM K UeTBEPTOH U
nocjaeHer Mo/Jiesiy, CoeJUHSIOIIEN B cebe JOCTOMHCTBA BTOPOH U TpeThel (puc.6). HoBast Mogenb
HarJsiJHO WUIIOCTPUPYET UCTUHHYIO CHMMETPHIO MOJISIPU30BAHHOTO JIy4a, ero NoJIsIPHOCTh
(3aKOHHOCTb CylllecTBOBaHUs BeKTopa [IoMHTHUHTA) U MPO/I0JIbHBIN XapaKTep KoJiebaHUH B JIyde»



(46)
Y. Wepknuoo. «MonapmusosaHHbIN ceeT» (1962)

1) Ctp. 17-18.

«[l10CKOCTh NOIApU3aALUM.

[loHsITHE N/10CKOCMb NOASIPU3AYUU, KOTOPOE UCIOJIb3yeTCs] MHOTUMU aBTOPaMH, He
SIBJISIETCS OJHO3HAYHBIM. HEKOTOpbIe aBTOPBI HA3bIBAKOT TAK IJIOCKOCTD, COAEPHKAIILYI0
HalnpaBJieHUe paclpocTpPaHeEHUeE BOJIHbI M HallpaBJIeHUe 3JIEKTPUYECKUX KoJiebaHUH, B TO BpeMs
KakK [pyrue UMerT B BUZY [IJIOCKOCTb, COZepKalllylo HallpaBJIeHUs pacpoCTPaHeHUd U
MarHUTHBIX KoJiebaHUH. HeZjocTaTKOM 3TOr0 MOHATHSA AABJISETCS U TO, YTO 3KCIIEPUMEHTATOP
MOJKET JIETKO CO3/IaTh HECKOJIBKO JIydel, KOTOpbIe UMEIOT OJIHY U TV e IJI0CKOCTD MOJIIPU3aLHH,
pasHble HallpaBJieHUs BEKTOpa 3JIeKTpUiecKux Kosiebanui (¢ur.6). [logo6HbIM ke 06pa3om
MO>KHO CO3/1aTh JIy4H, UMeIOIIHe PAa3JUYHbIe JIOCKOCTH MOJIIPU3alMU U OJJHO U TO e
HanpaBJieHHEe KoJle6aHU M.

B 3TOM KHUTE MOA06HBIE TPYAHOCTH UCKIIOYAIOTCS UCI0JIb30BaHHUEM TOJIBKO OTpe/eIeHUH,
OTIMChIBAIOUIUX 3JIEKTPUYECKUE KOJIe6aHUs. 3[AECh YIIOTPEOIAITCS BbIpaXKeHUS «/IUHEHO
NO/1pU308AHHbIU», <HANPABIEHUE KO/Ie6aHUT» Y He TPUMEHSIOTCA TaKUe BhIpaXKeHUs, KaK «n/10CKO
N0/1SIPU308AHHbIL C8EM» Y «NAOCKOCMb NOASIPU3AYUU»»

2) Ctp. 45-46.

«§5. KBaHTOBOMEXaHHYeCcKoe ONMCaHue.

BoJiblias 4acTb BOMPOCOB, BO3HUKAKIIUX TP U3yYEHUHU MOJISIPU3aTOPOB U
MOJISPU30BAHHOTO CBETA, PEIIaloTCsA 6e3 MPUBJIeYeHUsT KBAHTOBOU MexaHUKU. OTHAKO HHTepecHa
CBSI3b MEX/ly KBAHTOMEXaHUYECKUM IpPeCTaBJIeHHEM U JIPYyTUMH 60Jiee 00IeNPUHATBIMU
ONMCaHUSIMH, PACCMOTPEHHBIMU B NPebIAYIIMX Naparpadax. ITa CBA3b 00CyKAaeTcs B paboTax
[bxoxa u Popnuxa [226], @aHo [139, 140] u MakMacTepa [306].

C KBaHTOMEXaHUYECKOW TOYKH 3peHHs MYYO0K IMOJHOCTHIO MOJISIPU30BAHHOTO
MOHOXPOMATHUYECKOTO CBETA COCTOUT M3 OJIMHAKOBBIX POTOHOB, KOTOPbIE HAXOASATCS B
O0/JIMHAKOBOM COCTOSIHUU (YUCTOE COCTOSTHHUE) U UMEIOT OJJUHAKOBYI0 BOJIHOBYI0 QYHKLUIO. ITO
CrpaBeJ/INBO He TOJIbKO [IJIsl TUHEWHO MOJIIPU30BAaHHOT0 CBETA, HO U 1151 UPKYJISPHO WU
3JUTMIITAYECKH MOJIIPU30BAHHOTO CBeTa. [I[puMeHsieMblie BOJIHOBbIE GYHKI[UHM, KOHEYHO, PA3JINYHbI
JUISL KQXKJIOT0 THIIA MOJIAPU3aMu. Boo61me roBopsi, HU OJWH THUII OJIIPU3AIUHU He SBJISAETCS
NpeuMYyLIeCTBEHHBIM WUJIH 60Jiee MPOCTHIM, UeM APYTHUE, HO €CJM UMETD JIeJI0 CO CHHUHOBBIMHU
oInepaTopaMH, TO JIErde BCEro Ommpe/IeTUTh MPABO - U JIEBOIUPKYJISIPHO MOJIIPU30BaHHbIE GOTOHBI.

Jlaxke Heno1s1pu308aHHbIL (MOHOXPOMATHYECKHH ) MyYOK C KBAHTOBOMEXaHUYECKOW TOYKH
3peHUs COCTOUT U3 O/IMHAKOBbIX POTOHOB, UMEIOIUX OJHY U TY e BOJHOBYI0 GyHKIMI0, O/THAKO
3Ta BOJIHOBasi PYHKIMS COOTBETCTBYET CMEIIaHHOMY COCTOSIHUIO, TO eCTh HEKOTePEHTHOMN
KOMOHWHAIMHY, ONIMCbIBAEMON BbIpaxkeHHeM |a1|+|b |

Ecsiv 3xe Mbl paccMaTpUBaeM 06lee YUCTOE COCTOsIHUE (MpeicTaB s ee CO60M 061U
CJIy4al aJI/IMIITUYECKON NOJISIPU3alMU U SBJsIIOLIeecs] KOTEpeHTHOM KOMOWHALMel ), TO BOJIHOBas
byHK1MA uMeeT BUJA |aP1+b |

YTBepkZeHre 0 TOM, 4YTO BCe GOTOHBI HEMOJSIPHU30BAHHOIO MyYKa UJIeHTUYHbI, MOKET Ha
NepBbIN B3I/l IOKa3aThCA Mapal0KCaJbHbIM, HO OHO HAaXO/JUTCS B COTJIACHH C TEM BaYKHBIM
3KCIepUMeHTAIbHBIM (aKTOM, YTO Hallle alpUOPHOE NPEeAIN0I0KEHUE OTHOCUTEIBHO NMOBEIEHUS
Ja1060ro oHOro GoTOHA (M3 JAHHOI'0 HEMOJIIPU30BAHHOTO MyUYKa) CIpaBeJIUBO U AJ15 JII060TO
Apyroro ¢poToHa 3TOro nNy4yka. MHbIMH cJIoBaMH, OHO HAaXOIUTCS B COTJIACHH C TeM GPaKTOM, UTO
HEeNoJISIPU30BaHHBIN MYYOK He HeCET MHGOPMAIMK O CBOEH HCTOPUH, TO €CTh O TOM, BO3HHK JIK OH
B pe3yJibTaTe HEKOrepeHTHOM KOMOUHAIUU JIByX OPTOTOHAbHBIX TUHENHO MOJISAPU30BaHHbIX
¢$opM, BYX OPTOTOHATBHBIX LUPKYJISPHBIX GOPM, ABYX OPTOTOHATBHBIX 3JJIMIITUYECKUX GOopM
WJIK JPYTUM GoJiee CI0XKHBIM My TEM»

(47)



P. B. Monb. «OnTMKa u atTomHana ¢usuka» (1963)

1) Ctp. 212-213.

«Ha puc.225,6 06e ck1aibIBatolecs BOJIHbBI UMEIOT paBHbIe aMIJIUTY/bl U Pa3HOCTb UX
xoJia A paBHa HyJ10. [Ipu cj10keHUM COOTBETCTBYIOLIMX UM BEKTOPOB CHOBA N0J1y4aeTcsl TUHENHO
noJisspu3oBaHHas BoJiHa. [l/10CcKOCTh e€ KoJie6aHU HaKJIOHEHa Mo/, yTJ1oM 45° K BepTUKaIH
(puc.225,8).

Ha puc.225,r o6e cksiazbIBaroliecs BOJIHbI TaKXKe UMEIOT paBHble aMIIJIUTY/ibl, HO BOJIHA,
K0J1e6JII0111asAcsl B BEPTUKAJIbHOM IJIOCKOCTH, OllepekaeT FTOPU30HTAJIbHYIO BOJIHY Ha A/4, 4TO
COOTBeTCTBYeT pa3HocTU ¢pasz 0=90°, uu /2. CiokeHHe COOTBETCTBYIOLIMX BEKTOPOB JA€T B
3TOM CJIy4yae BOJIHY, IOJISIPU30BaHHYI0 10 Kpyry. Eciim n306pa3suTh MrHOBEHHYIO KapTHHY 3TOH
BOJIHBI, TO COBOKYITHOCTb BCEX BEKTOPOB 00pa3yeT BUHT, UJIM IOBEPXHOCTb «BUHMOBOL
JecmHuybl» (puc.225,1); HanpasJieHUe PAaCIPOCTPAHEHUS Z CAYKUT OChbI0 3TOr0 BUHTA. B KaXbIxX
JBYX TOYKax, OTCTOSIIIUX APYT OT Apyra Ha AJIMHY BOJIHBI, BEKTOPbI UMEIOT OJHO U TO Ke
HaInpasJieHHe, TO eCTb OJMH LIar BUHTA NPUXOJUTCA Ha OLHY JJIMHY BOJIHBI.

Bunmoeas nosepxHocmb omH00db He 8pawaemcst 80Kpy2 Z, KaK 80Kpy2 0CuU Npu NPOXoHcOeHUU
go/HbL. Hanpomus, caedyem npedcmasasimsb cebe, Y¥mo 6csi BUHMO8As1 NOBEPXHOCMb KUK Yes10e, He
s8pawjascw, nepeHocumcst 8001b Z €0 CKOpOCMbH, pABHOU CKOPOCMU 80/1HbI»

2) Ctp. 471-473.

«§229. llonsspusanysi CBeTa U MOMEHT KOJIMYECTBA JBUKEHUS.

Curo/1siHas JIACTUHKA «B YETBEPTh BOJIHBI» NPeBpallaeT MPOXO/SAIMi Yyepe3 Heé My40K
CBeTa C KpyroBoi noJsisipusanvell B y4oK JJMHEeHHO noJisspu3oBaHHoro ceeta (cM. §88). [Ipu aTom
MJIACTUHKA OTOUPAET Y CBETOBOTO MTyYKa HEKOTOPBIN MOMeHM Kosiuvecmad dgusceHus ([IoWHTHUHT,
1909 r.). [lns Toro 4T06b! ONpEIENUTh 3TOT MOMEHT 3KCIIEPUMEHTAJbHO, «IJIACTUHKY B YETBEPTH
BOJIHBI» N10/|BELIMBAIOT B FOPU30HTA/ILHOM I10JI0KEHUU Ha HUTH TaK, YTOOHLI OHA MOTrJIa
COBepIIaTh KoJebaHHWs; HUTh IPOXOAUT Yepe3 LeHTP TsxKkecTH maacTuHkM (bet, 1936 1.).

CorstacHO KOPIYCKYJISIPHBIM NPe/ICTaBJIeHUsIM, OT/le/IbHbINA POTOH UMEEeT MOMEHT
KOJIM4ecTBa JABKeHus h/2n (cM. HMxXe).

Ilyuok ceema c npaegoii kpy20801i hosspusayueli COAeP>X,UT TOJBKO TaKkre GOTOHBI, ¥ KOTOPBIX
BEKTOP MOMEHTA KOJIMYeCTBA JBUKEHHUs NapaJljiejieH HallpaBJeHHI0 PaCIpoCTPaHeHUsI CBETa; B
nyuke cgema c 1€801l kpy20801l noaspudayuell Bce BEKTOPbl MOMEHTA KOJIMYECTBA [ BUXKEHUS
aHTUIapaJlJIeIbHbl HAIPaBJIEHUIO pacpoCTPaHeHUs CBETaA.

B BakyyMe cBeTOBbIe BOJIHbI CTPOTO NonepevyHbl. [[03TOMy B BaKkyyMe BEKTOPbl MOMEHTOB
KOJIMYECTBa JABWXeHUs POTOHOB He MOTYT UMeThb COCTABJIAIILNX, TIEPIEeHAUKYISIPHBIX K
HalpaBJIeHUIO pacpocTpaHeHus1 GOTOHOB.

B nyuke suHetiHO ho/51pu308aHH020 ceema 91ci0 GOTOHOB, Y KOTOPBIX BEKTOP MOMEHTA
KOJIMYECTBA JABKEHUs Napasljie/ieH HallpaBJIeHUI0 PacipoCTPaHEeHHUsI CBETA, PABHO YUCIY
($OTOHOB, y KOTOPBIX OH aHTHUIapaJljieJleH 9TOMY HallpaBJeHHUIO0.

O6BbsacHeHue. CorsiacHO BOJIHOBOW KapTHUHe JII0601 y4YOK JIMHENHO N0JIIPU30BaHHOTO CBETA
MO>KHO MPEACTAaBUTh KaK PE3yJbTAT HAJ0KEHHUS [BYX MyYKOB, MOJISIPU30BAHHbBIX 110 TPABOMY U
JIEBOMY KPYTy COOTBETCTBEHHO (cM. §92).

[lyuku asnunmuyecku no/1spu308aHHO20 ceema NpejCTaBJIsSIOT COO0H caydal,
NPOMEXKYTOUHBIN MeXy KPYTOBOW U JIMHENHOU MoJisipu3anueit: y QOTOHOB B 3TUX MMy4YKax
npeo6JiajlaeT 0JlHA U3 BO3MOXKHbBIX OPUEHTAIIMKA BEKTOpPa MOMEHTA KOJIMYECTBA JBMKeHus. B
BOJIHOBOM KapTHHE UCXOAST U3 JUHENHO MOJISIPU30BAHHOTO CBETA, B KOPIYCKYJISIPHOM — U3 CBETa
C KpYyroBo# noJisipusanuen.

MexaHHYecKkoe U3MepeHre MOMEeHTa KOJIMYeCTBa ABUKEHHUS, KOTOPbIM MOXKeT COOOIIUTD
TeJly CBET C KpyTOBOH NoJIApy3anye, JaéT JULIb NOPALOK BeJIUYUHBI 3TOI0 MOMEHTA JJ14
efuHUYHOro poToHa. [IpuBeiéHHOe Bhllle 3HaYeHHe h/21 nory4eHO UHBIM IIyTEM, a UMEHHO U3
Ba)KHOT'0 CNEKMPOCKONU4ecko20 npasu1a omoéopa. B ka0 cxeMe sHepreTUYeCKUX ypaBHeHUH
(cm., HanpuMep, Puc.354) oTesbHbIE JieCEHKU YPOBHEN 0603HaueHbl 6ykBaMu S, P, D u cHabkeHbl
CIpaBa BHU3Y YHUCJI0BBIM UHJEKCOM. JTO YHCJIO U €CTb 8HYMpEHHee KBAHIMOB0E YUC/O |
onmuyecko20 31ekmpoHda. OHO BbIpaXkaeT IOJIHbIA MOMEHT KOJIMYeCTBa ABWKEeHUA IOCJeHero,
C/1ararlyics U3 CIMHOBOTO U OpOUTAIBHOIO0 MOMEHTOB, B BU/le BEJIMYUHBI, KPaTHOU



3JleMeHTapHOMY MOMeHTY h/27. [lepexo/ibl ONTHUYECKOTO0 3JIEKTPOHA MEX/Y ABYMS YPOBHSMH,
COIPOBOXK/IAMOLIMECS OTJIOIEHUEM UJIH U3JIyYeHUEM, U3MEHSIOT KBAHTOBOE YHUCJIO j, KAK
IpaBUJIO, Ha eAMHULY. COrJIacHO 3aKOHY COXpaHeHHUs] MOMeHTa KOJIMYecTBa JBHXKEHUS, ITO
CBSI3aHO C TeM, YTO KaXK/bIH NOTJIOIaeMbli MJIM UCIYCKaeMbIi KBaHT CBeTA YHOCUT WJIM IPUHOCUT
MOMEHT KOJINYeCTBa JIBM>KeHus, paBHbIX h/2m. CyliecTBYIOT UCK/II0OYEHHS U3 3TOTO NpaBUJIa:
TOr/la NepeBeLIMBalOT ApyTre 06CTOATEIbCTBA»



(48)
A. Maic. «HayuHaa geaTeNnbHOCTb U XU3Hb AnbbepTa dHWTelHa» (1982)

«[locsie OTKPBITHSA CIIMHA Y 3JIEKTPOHA IpeHdeCT Npocu INHIITENHA paccKa3aTh, «KaK
PeIITUBUCTCKH KOPPEKTHO MOXKHO CPOPMYJIMPOBATh aHAJIOTUYHYI0 TUIIOTE3Y JJIS CBETOBBIX
kopnyckyJ» [E3]. Xopolo u3BecTHO, 4YTO 3TO JOBOJIbHO JleJIMKaTHAasa Npo6JseMa, Tak Kak B JaHHOM
c/lyyae, KOHEYHO, HeT NOKOSILENCs CUCTEMBI OTCYETA, B KOTOPOM MOXKHO ObLIO OBl JaTh
onpe/eJsieHre cnivHa. bosiee Toro, kaJM6poBoYHasi MHBAPUAHTHOCTD He [103B0OJIsieT 0JHO3HAYHO
OT/IEJIUTh OPOUTATBHBIM MOMEHT OT COGCTBEHHOTO YIJIOBOTO MOMeHTa (cM., Hanpumep, [J1]).
HeyauBuTesbHO M03TOMY, YTO B 1926 . Bonpoc o ciiiHe $pOoTOHA MPeACTaBJIsAICS JUHIITEHHY
He0CTAaTOYHO sACHbIM. OH AaKe cKa3aJl, YTO ... CKIOHEH COMHEBATBCS B TOM, MOXKET JIU
BBINOJIHATBCA B KBAHTOBOM TEOPUH 3aKOH COXpaHeHHUd YIJIOBOTO MOMeHTa. Bo BCAKOM ciiydae, ero
CMBICJI TOPa3/0 MeHee IJy00K, YeM Y 3aKOHA COXpaHeHUs uMnyabca» [E4]»

(Ctp. 408-409)



(49)

. ®paysHpenbaep, 3. XeHnun. «CybatomHan pusuka» (1974)

«3/lecb BeCbMa YMECTHO C/ieJIaTh /iBa IPeJoCTePEerariiux 3aMeyaHus.

1.

OsnHOYHBbIEe GOTOHBI HE MOTYT ObITh COGCTBEHHBIMU COCTOSIHUSIMU UMIYJIbCA UJIH
MOMEHTa KOJIN4ecTBa JABMKeHUs. OJMHOUHOMY GOTOHY COOTBETCTBYET JIMHEHHAs
KOMOWHAIUs TAKUX COOGCTBEHHBIX COCTOSIHUH, HO HUKAaK He COCTOSIHHUE C BIIOJIHE
onpeje/IEHHbIM UMITYJIbCOM © MOMEHTOM KOJIMYeCTBA JIBHXKEHHSI.
Tenepb KOCHEMCSI TEPMHUHA 8eKMOP h0/51pu3ayuu. B KJiaccu4eckoi 3IeKTpoIMHAMHKe
06BIYHO 3a HalpaBJIeHHe BEKTOpa NOJISIPU3alMK OepyT HallpaBJeHHe BEKTOPa
3JIEKTPUYECKOTO noJis. Y homoHa, 0451 Komopozo cnuH Hanpas/ieH no 8eKMopy
UMNYbCa, 8KMOP 31eKMpU4ecko20 No/isl HaNpas.AeH NepneHOUKYASIPHO UMNYAbCY»
(Ctp. 118)
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Y. MbcoH, b. Nonnapa,. «MNpuHUUNbl cummeTpum B U3NKe 31IeMeHTaPHDbIX
yacTuy»
(1977)

«3.1.3. CHMHOBBII1 MOMEHT KOJINYECTBA JABUKEHHUSI.

W3 aToMHOU U siiepHOM PU3UKU U3BECTHO, UTO 3JIEKTPOH, IPOTOH U HEUTPOH KpOMe
MOMEHTa KOJINYeCTBa JIBUXKeHH s, BOSHUKAIOILEero Npy NPOCTPAHCTBEHHOM IBXKEHUH, 06/1aJa10T
ellé U BHyTPEHHUM, WM CIMHOBBIM, MOMEHTOM KOJIMYECTBa ABMKeHusl. He uMeeT cMbIca
BbIpaXaTb 3TOT CIMHOBOW MOMEHT KOJIMUeCTBa JIBUKEHUs Yepe3 BHYTPeHHUE KOOPAMHATHI, Kak
MBI JleJlaeM B C/Iy4yae MOJIeKYJI, KOT/Ja BHYTPEHHUM MOMEHT KOJIMUeCcTBa JABUKEHUsI 00y CI0BJIEH
BpallleHHeM MOJIeKYJ/Ibl BOKPYT eé 1ileHTpa Macc. Eciiv Mbl noiiéM 1o My TH CO34aHueA MOJeN
«3JIeMeHTapHbIX» YaCTHUL, IOCTPOEHHbBIX U3 TAKHUX ellé «6oJiee 3/leMeHTapHbIX» COCTABHBIX
yacTel, Kak KBapKH, TO 3TO IpeJcTaBjeHre Halo MoAubULIMpoBaThk. B HacTosi1ee BpeMs
CylL1ecTByeT 60Jiee KOHCEPBAaTUBHAs TOYKA 3peHH, 3aK/I1049al0Lasca B CleyOLeM.

A4 yacTuupl, 06/1a4a01el CIMHOM, IOCTY/IMPYeM HaJInYKe TPEX CIMHOBBIX OIIepaToOpoB Sy,

Sy, SZ, MNOAYMHAKIIUXCA KOMMYTAalJHOHHBIM COOTHOIIEHHAM:

[S,.S,]1=i1S,; [S,,S,1=17S,; [S,,S,]=iAS,,

06pa30BaHHBIM M0 AHAJIOTHH C CUCTEMOU ypaBHeHUH (3.9); Takas 3aBUCUMOCTb XapaKTepHa
MMEHHO JIJI1 OTIepaTOPOB MOMeHTa KOJIMYEeCTBA ABKeHHUs. /lajiee, Ha HUX HAJI0XKEHO YCJIOBHE

Sf + Sj + SZ2 = S-(S +1)-h2, r/ie S — CIIMH YaCTHUIIbI, BIpaXKEHHbIH B eJuHULAX /i . [l/ist MPOTOHA,

3JIEKTPOHA U HeUTpoHa s=1/2.

CnuH ¥ onepaTopbl OPOUTAIBHOTO MOMEHTA KOJIMY€eCTBA ABUKEHNUSI KOMMYTHUPYIOT.
0603Ha4YuB $=(SS5),S,), MOXKHO 3anMCaTh 3TO TakK: [S,L]=0. 3To 03HA4YaeT, YTO CIIUH U OPOUTAIbHBIN
MOMEHT KOJINYEeCTBA JIBUXKEHHUsI MO’KHO B IPUHIIMIIE U3MEPATH OJJHOBPEMEHHO, JaXKe HECMOTPS Ha
TO, YTO OHU MOTYT ObITb CBSI3aHbl B aTOMaX CIIMH-OpP6UTAJbHBIM B3aUMO/IEICTBUEM.

To, yTo MHOrHe HecTabU/IbHbIE 3JIeMeHTapHble YaCTULbl U OTKPBITbIE HEZLABHO
KOPOTKOXHBYIIIME pe30HAaHCHbIE COCTOSIHUSA 00/1a/jal0T ONpe/ieIEHHBIM CIIMHOBBIM MOMEHTOM
KOJINYEeCTBA JIBUXKEHUS, IBJISIETCS AMIIUPUYECKUM PaKTOM. YCTAaHOBJIEHO, YTO KOPOTKOXKUBYILEH
YacTHUIle, CYLIeCTBYIOIIEH B BU/le MPOMEXKYTOYHOI'O COCTOSIHUS UJIM pe30HAaHCA B KOHEYHOM
COCTOSIHUH, MOXKHO IIPUIIMCATh ONpe/ieIEHHbII MOMEHT KOJIMY€eCTBa ABMKEHHUS HE3aBUCUMO OT
crnioco6a eé poxkJieHUsl WM pacajia. ITO YaCTUYHO MO/ TBEPK/AAeT NPaBUJIbHOCTb TPAKTOBKU

TaKHUX YaCTHI] Ha PaBHBIX OCHOBAaHHAX CO CTa6I/IJ'[bHI)IMI/I».
(Ctp. 35-36)
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WN. HbloToH. «MaTtemaTuuyecKkue Havana HatypanbHou ¢punocopumn» (1687)

«[1py cuax COBOKYMHBIX TEJIO OMKCHIBAET AHAroHasb NapasijieJlorpaMMa B TO XKe caMoe
BpeMsi, KaK ero CTOPOHbBI — IPH pa3/ieJIbHbIX»

(52)
XK. Kybep. «AHeBHUKN» (30 aekabpa 1806 r.)

«B camoM piene, dopMa ecTb TO, OT/IMYAET Belllb OT BCEX IPOYHMX Belllel, TO, UTO OT/esieT
e/JUHUYHOE OT BCeoOIero 1 JaéT eMy CaMOCTOSITe/IbHYI0 )KU3Hb. U IpekpacHee Bcex Ta $popMa,
KOTOpas, HauboJiee pe3Ko OTrpaHUYMBas NpeAMeT OT BCeX IPOYUX, B HAUMEHbUIEHN CTENeHU
HapyllaeT ero rapMOHMUIO C LieJIbIM.

Wuorpa Mmecto GopMbI MOXKeT 3aHUMAaTh KauecTBO, OT/IMYalollee O4UH MaTepyas OT
Apyroro. Hanmpumep, BKkpanJieHUe 30J10Ta WU OPUJLJIMAHT BbIAEJSIOTCS CBOUM 06J1IECKOM»
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UTorosble 3ameyaHus.

1. KopnyckyJisipHbIH aCllEKT U BOJIHOBOM aCleKT MaTepUU OTHIOAb HE PABHONPABHBI,
160 «CJIOBO «IBIXKeHHE» (coryiacHO YUabsiMy OKKaMy) COCTOUT U3 ABYX AeUHUIUH:
WH/IMBU/lya/bHas Cy6CTAHIUA U MbICJE€HHbBIN 3HaK HEObITHUS IOKOS» UJIN
N0-APYyroMy: «ABIKYILeecs U ABUXKeHHe Y10BJIeTBOPUTEJNbHO He Pa3IMUUMBbI» U,
KpOMe TOTO, prius est esse quam esse tale (J1aT. «rpex/e 4eM 6bITb KAKUM-TO, HAI0
OBbITHY)

2. To,4TO JIMHEHWHO NOJISIPU30BAaHHBIN CBET fIBJSETCS OCHOBOM /IS NOJIy4YeHHUS
LMPKYJISIPHO NOJIIPU30BaHHOI0 U 3JJIMITUYECKH NOJISIPU30BAaHHOT0 CBETA, BIIOJIHE
COOTBETCTBYET 3HAMEHUTOMY NpUHIUNY Yunbsama Okkama («6putBe OKKama»):
«CYLIHOCTH He CJlelyeT YMHOXaTb CBepX HE06X0AMMOCTH (entia non sunt
multiplicanda praeter necessitatem)» B camomM Jiesie, CBeTOBasi YaCTHUIA He 00/1a/1aeT
BpaleHHeM (COHMHOM), TaKk KaK UMny/abc oTAeJbHoro doTtoHa (npu v=0) He
COZlePXKUT B KayeCcTBe CaMOCTOATeIbHOr0 GU3UYecKoro napamMmeTpa 27, a UMEHHO:

mxc=27x(8/9) x(a/27)°x10° r x 82/—; x (a1 27)° x10% cm/cex. =

=(8/9)" x(a/27)"° x10%r-cm/cex.

3. [lo npu4uHe CTaGU/JIBHOCTH Ha NPSAMOJIMHEMHOM NYTH, a TaKXKe [0 APYTUM (yxe
YHOMSIHYThIM ) IPUYKMHAM XapaKTepUCTUYECKUM TeJioM s Ph saBasieTcs
HpaBHﬂbeIﬁ reKcaszp, co;:[epmauml?l ABE INOBEPXHOCTH: [JIABHYIO TIOBEPXHOCTb U
JMaroHaJbHYI0 I0BEPXHOCTB, llepecedyeHre KOTOPbIX U 0bpasyeT ¢popmy Ph.
JlMaroHasbHOCTB e B reKcas/ipe NOsIBJIsIeTCS KaK pe3yJbTaT cyliecTBoBaHuUA y Ph
OJHOM - eANHCTBEHHOM JIGKVHbL, 0 YEM CBU/IETEJbCTBYIOT NYHKTHI (13) u (14).
CienyeT 0c060 OTMETUTD, YTO BbIpaXKeHHUE [JIaBHOM AUAroHaJu MPaBUIbHOIO
rekcas/ipa (x2+y2+z2) - 3To MHBapHUaHT NPU TPAHCJASALMY, BpaLlleHUU U UHBEPCUU
IPOCTPAHCTBEHHBIX KOOPAMHAT.

Yro kacaeTcst cdepbl, OMUCAHHOW BOKPYT IPAaBUJIBHOTO reKCcasApa, TO OHA ABJISIETCS

TEJIOM CIIEKTPa BO3MOXHbBIX HallpaBJ/ieHUH ABMKeHus Ph.

4. Tak Kak e2 cofepKUT 6e3pa3MepHyto BeJuduny {a/2z}, To y Ph ects u fpyras
XapaKTepUCTHUKa NpoTsHKeHUs (MoMUMO pa3Mepa /), a MMeHHO - ToawuHa lp=(o/2 n)l.

5. Hpennocnennee. Tak kak oTHouenue (lo/l)=(a/2 1)<<1, ToO 1pOU3BO/IHbIE
nepeMenieHU BHyTpU Ph Masibl 1o cpaBHEHMUIO € eJUHULIEH.

6. Hnocnennee. Ph npucyimu npojiosibHble KoJsiebaHWd (B/0/1b HallpaBieHUs
JIBM>KEHUS); HOITOMY Amin=2lo, Ti€ Amin — MUHUMaJIbHAS JJIMHA BOJIHBI IPOJOJbHBIX
KOoJIeGaHUM.




(54)
B. C. KupcaHos. «3Boatouus NOHATUA NoTeHuuana y J1. dunepa» (1978)

«CyielyeT OTMETHUTD, UTO aHAJIOTUYHBIM siBJIsieTcs noaxo/1 Kiepo B ero pa6oTe «Teopus
durypnl 3emuiny», nosiBuBllelics B 1743 r. [5]. PaccmaTpuBas BMXKeHUE XXUJKOCTU B KaHaJIe, OH
HaXOJUT clefylollee BoIpayKeHUe A5 JaBJIeHUs:

dp=p(Xdx+Ydy+Zdz),

rJie p - laBJeHue, p — JIOTHOCTS, a X,Y,Z — COCTaBJIAIOLHE CUJIBI, AeUCTBYIOIEN Ha eJUHULLY
MacChl YKHU/IKOCTH.
a1 TOro 4TO6kI NOAYYUTh BEJIMYKMHY PAa3HOCTHU JlaBJIeHUs Ha JIIDOOM y4acTKe KaHasla,
Heob6X0JMMO MPOUHTErPUPOBATh 3TO YpPaBHEHUE, YTO O MHeHUI0 Kiiepo, BO3MOKHO JIUIIB B
cJy4ae, eciiv
= d_U, Y = d_U, 7 = d_U

dx dy dz
3. Max cuuTaeT, YTO B JAHHbIX «paccyaeHusx Kiepo ckpblBaeTcs y:ke 6€3 COMHEHHUSI OCHOBHast
MBICJIb YY€HHsI 0 CUJI0BOM QPYHKLMH UM IOTEHIMaJle, KOTOPOe BIOCTEe[CTBUU C TAKUM YCIEXOM
6b1110 pa3BuTo Jlamiacowm, Ilyacconom, 'punom, 'ayccoM v gpyrumu» [6].»

X
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«UcTtopua matrematukn». Tom Tpetun. « Matematuka XVIII cronetna»
Nop pepakuuen A. N. FOwKesuua (1972)
FnaBa ceabman. «AndPpepeHymanbHoe U UHTErpasbHOE UCHUC/IEHUEN

(Ctp. 341-342)

«3HaYUTeJbHOE pa3BUTHE MOJIYIHJIO YieHHe 0 YHKIUAX MHOTHUX llepeMeHHbIX. Takue
GYHKIIMY BCTPEYaJIUCh U paHee, HO CUCTEMaTHYECKOe MOCTPOeHHe 3TOTO OT/iesIa aHa/IM3a
HavaJiochb ToJibKO B XVIII B.

B cuMBoJIMKe €JUHCTBO JOCTUTHYTO He ObL10. JIeoHUI| B 0fHOM TUcbMe 1694 T. K

om om
JlonuTtasio npegJuoxuJ ajid 4aCTHBIX IPOU3BOAHBIX —— W —— CHUMBOJIbBI 3m u an , KOTOpPbIE

ox oy
N03/lHee He MCI0JIb30BaIUCh. Dijiep [J/1 YaCTHBIX TPOU3BOJHBIX 110 X, Y, Z YIOTPEOUII
cooTBeTCTBeHHO OYKBHI P, Q, R (1728; ony6.1. 1732), KOTOpble 3aTeM UHOT A 3aMeHsIJ Ha
CTpPOYHbIE OYKBEI P, q, I; B TOM K€ CMbICJIE OHU IPUMEHSIIOTCS U Tenepb. Kak 061t npuém
OTJIMY€EeHH s YaCTHBIX TPOU3BO/HBIX OT 0ObIKHOBEHHBIX Jiliep B «JuddepeHuaibHOM
ucuucaeHun» (1755) npuMeHuUJ 3aKJI04eHHe 06bIYHBIX CHMBOJIOB B CKOOKH, Bpoze (dP/dx) u
(dQ/dy).

Bcé >xe MHOTME MaTeMaTHKH U JI0 TOTO, U N03/AHee 0603Ha4Ya u 06a poJia IPOU3BO/HbIX C
NOMOILbI0 NPSAMBIX d; MPY 3aMMCH YaCTHBIX U MOJHBIX AU PepeHnanioB, B KOTOPOH NPOU3BOJHbIE
YMHOaloTcsd Ha JupdepeHiHaibl apryMeHTOB, 3TO HeJlopa3yMeHU I He BbI3blBas10. Hamei
COBpPEMEHHOM 3alK1ChI0 C IOMOIIbIO KPYTJIoH O Mbl 06s13aHbl Iko6u (1841). [IpaBja, Takyo
3aNuch elllé paHblie npuMeHu Jlexxanap (1786; ony6J1. 1788) co cnenpaibHOM 11e/1bI0 U36€XKaTh
cMemeHus Mexy OU/OX Kak kK03pPUIMEHTOM NPy dX B BbIpa>keHHMH NoJIHOro AuddepeHnyana
dynkiuu v, u apo6eio dv/dX; oqHaKo B AasbHENIIEM OH TaKyI0 CAMBOJIMKY He YIOTPEBIsLL.

Hapsiay c noHsaTHeM yacTHOro fuddepeHnraia eCTeCTBEHHO OSIBUJIOCH U TOHSATHE
noJiHoro AuddepeHipasa GyHKIIMA MHOTUX ITepeMeHHbIX. Heo6x0MuMoe yci0BUe, TPU KOTOPOM
BbIpaXkeHUe P(x,y)dx+Q(xy)dy ectb nonnbiii zudpdeperyuan du HekoTopoi PyHKUUH U(Xx,y), TO

oP 0Q

eCTb YCJIOBUE — = a—, OBLJI0 YCTAaHOBJIEHO B MPSIMOM CBSA3U C peAblAyllel TeopeMoil Jitjiepom
X

v Kstepo B TO/IbKO 4TO Ha3BaHHbIX paboTax. B 1740 r. Kiiepo pacnpocTpaHu UcciejoBaHUE Ha
byHKUMY TPEX MepeMeHHbIX, I0Ka3aB, YTo ecid BoipaxkeHrne PdX +Qdy + Rdz ecth nosHbli

P o06Q oP OR 0Q OR .
auddepeHuman, To — = —, — = —, — = —; OH PacCMOTpeJI ¥ CJIydyail 1 He3aBUCUMBIX

ox' oz ox oz oy

INepeMeHHbIX»
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CTaunouapﬂoe YPaBHEHHE CBETOBOM YaCTHUIIbI:

Ap=pc2{

ou ou
(xo—x>+—<yo-y)+—)<zo—z)}.

a(Xo - X) a(3/0 - Y) a(Zo —Z
rfe AP ecTb 3JIEMEHT JJaBJIeHHs], OKa3biBaeMoro Ph npu HopMasibHOM NaJeHUHU U3

Vacuum’a Ha NOJTHOCTBIO MOTJIOIIAIIYI0 TOBEPXHOCTD; P — JIOTHOCTh CBETOBOM YaCTHIbI; pCZ —
CKOPOCTHOMU HaIop.

W nockoJibKy cBeTOBast YaCTUI[A MOXKET COBEPLIATh MPO/I0JIbHbIE KOJIe6aHHS TOTbKO B
OJTHOM MPOCTPAHCTBEHHOM OKTAHTE, TO Xo=yp=Zp=I+1,ax, y u z uamensawTcsd oT 0 J10 |, To ecTb
¢dopmMa cBeTOBOM YacTUIbI 3aK/II0UEHA BHYTPHU XapaKTEPHUCTHYECKOr0 Kyba co cTopoHoU [; 31ech [
n3MepsieTcs B AenrdeMTOMeTpax, To ecTb 10-1x10-13 cm = 1 gdpm.

CkopocTh cBeTa BbipaxkaeTcss popMyJIou:

creop.=(V/10-42cm3)x(1 cm/2nl)x1 cM/cek,

rae V - 06béM cBeTOBOM yacTUlbl; 10-42 cM3 — HOpMUPOBOYHBIN K03GPUIIUEHT, YHUCI0BOE
3HaueHHe KOTOPOTO eCTh He YTO MHOE, KaK MopsAA0K pasMepa I B ky6e; (1 cm/2nl) - koadpdunueHT
npeAnoYTEHNS OJHOTO HaNlpaBJieHUs ABU:KeHUs Ph criekTpy Bcex BO3MOKHBIX HallpaBJIeHUH
JABIKEHUSI Ha oTpe3Ke yTH B 1 cM; a 1 cM/cek - 3TO ejMHKMIIA U3MePEHUs CKOPOCTH CBeTa B
cucteMme CI'C.

[Tockonbky (p/po)=(uncao Ph B Mosekynax Bogbl H,O B 1 cM3):(uucao Ph B 06béme BB), To
p= { N 4 x(Yucno Ph & odnoti monexyne Hy0)] 13

:—} X Po»

M [monapnwiii 06ém Hy 0 (6 cm3 [monw)] 1%

rje p - I0THOCTb Ph, po - mioTHoCTh BoAwl (1 r/cm3), [ - pasamep Ph, Na - uucio ABoragpo, V
- 06béM Ph.
H: 0:
(uucno Ph 6 oonoti monexyre H,0) = 2x{1+9}+{8+8x9+8x 11} = 188 Ph
M =188 Ph x {[c/(2m x L/V2)] : 2n L2} x a3 (car’ /o),

Cex.

rje {[c/(Zn X l/\/f)] : 2 2022 } - 4acToTa BpalljeHUd 3JIeKTPOHA C paZuyCcoM (I /\/E),

cex.
JleJIéHHasi HA HOPMUPOBOYHbBIN K03dPULIMEHT 27T 060pOT/CeK.; ag - IOPSAZI0K NTepBOro 60POBCKOI0
pazauyca B Ky6e, To ecTb (108 cm)3=10-24 cm3.

ByzneM uckaTh pelieHHe CTALlMOHAPHOT0 YPaBHEHHUS B CIEAYIOLEM BU/IE:

us = (X, — X)+ U, (Yo — ¥)+ Us(zo — 2).

Torzaa U3 UCX0JHOTO ypaBHEHUS CAE/YeT:

du, du 2 du
—y)—"=%—<=C,; (z,-z)——==C,; |Ap/ pc*|- (X, — X)——— = 2C,.
(% y)d(yo—y) o3 (2 Z)d(zo—z) 0 [p ] (9 X)d(xo—X) ’

WHTerpupyem u nony4yaem:

u, =G, In(yo - Y)+772, u; =C, In(zo - Z)+773: u, = (770 —2C0)|n(X0 - X)+771'

rae: 17, +1, + 1, =—1;Co— NepexoHbIN IapaMeTp;

miockoctbX=I
no=[Ap/pc2]s[(py | j/mﬂ{#}/lcex-mw;
pPC™xC

I0CcKoCThX=0

WU [%] /1cex- 1 ndm?;

an=n,xIn(l+1).



hv |_ Imc _ lpvc IV _ v )
ocixc | peixad peixA cAd (V/107*2 cad)X (1 em/2ml)X1 cufcexXA
=2m X (9/8) x 10~

14 o (9/8)x10™ M cmx10"*2cm3
1 cM/cekXA cm

To ecTb
hv . 2 _ —28 (9/8)x10™ M cmxcm® _
[PCZXC] /1 cex 1A¢M = 2m X (9/8) x10 X 1 cM/cekXA cMx 1 cekx1028 M2

28 y (9/8)x10~cMxcm
A cmx1 cm3

3
=21 X (9/8) x 10~ = 2m x (9/8) x 10728 x ({22),

A ndm
[%] /1 cek- 1adm? = 21 X (9/8) x 10728(6es pasmeprocmu).

Takum O6p330M, pemieHrneM CTalMOHAPHOTO YpABHEHHA CBeTOBOH YaCTHIbI 6y,LIET
cileaywoluiee BbIpaKeHue, onpejesidrolniee rjiaBHyr0 NIOBEPXHOCTDb Ph:

u® = (17, —2C, )xIn(l = x +1)+ C, xIn(l -y +1)+ Cy xIn(l =z +1)— 77,
rae 7, = 27r><(9/8)><10’28 ><(I /i) WJIn 27z><(9/8)><10_28 (6e3 pazamepHOCTH);

3/leCb A — 3TO JI/IMHA BOJIHBI IPO/0JIbHBIX KOJlebaHWI CBETOBOM YaCTHULbL; @ 77 =17, X In(I +1).
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Jasee cnenyeT BbIBOJ, ypaBHEeHHs1 CBOOOAHbBIX Kosie6baHui Ph.

[lycTe Ph HaxoAuTCS B IepBOM OKTaHTE, a CABUT Ph 1o mpsiMoi NPOUCXOAUT IO OCH X,
B/I0JIb KOTOPOH M CYLeCTBYIOT NIPOZ0JbHble KosebaHus Ph. Eciu aTo Tak, To Bcé octanbHoe B Ph
npezonpeseseHo.

B camowm pese, caM QakT cyliecTBOBaHUSI IPOJ0JIbHBIX KoJieGaHUN TpebyeT (U NIpUTOM B

u
nepByio ouepesib), uTo6e1 — =0, rzje Uy - 3TO KOMIIOHEHTa BHYTPEHHHUX NlepeMelleHuii Ph

ou
BJIOJIb OCH Y, @ CAMO BhIPa&XKeHHe —- — 3TO OTHOCHTeJbHasA fedopMalus.
ou ou .
U, =—,rje —— - 3TO KOMIIOHEHTa IPOU3BO/AHO [0 HANPABJIEHHUIO HOPMaJIK OT QYHKLUH
oy oy
VoV .
u =u (X, Y, Z,t), TO eCTb OT QYHKIIUH, ONpe/ieisiolleil JuaroHaJbHYy0 oBepxXHOCTh Ph.
au,
Tak kak — =0, To epexoJuM B MJIOCKOCTD (ONpe/iesiieMy0 KOOPJUHATAMU Z U X) U C
" ) ou, ou,
y4éToM HeeauMocTU Ph (4To o3HavaeT nocTosiHCTBO 06'bEMa Ph) umeem: 5 =— 3
Z X

ou, \( ou
( Z X = 0 , e 4aCTHu l'IpI/IBeLLEHHbIX Bpra)KeHI/II/I CYTb OTHOCHUTEJIbHbIE ,ELe(l)OpMaU,I/II/I,

0z OX
I'IpI/I‘{éM BO3MOXXHOCTb OI‘paHI/I‘-II/ITbCH 3TUMHU ﬂecl)OpMaU,I/IHMI/I BBITEKAET U3 TOI'O (l)aKTa, qToO

(lo/D)<<1.



U Takke no IMpHUYIHUHE CaMOTro CyleCTBOBaHHUA TPOAJOJIbHBIX KoJiebaHu# Ph oTHOCHUTE/IbHEBIE

. ou, ou, adu, .
AedopMaliui CIBUra UMEIOT CAEAYIOIIUN BU: , U , IpUYEéM noceHASA U3 3TUX

oy oz

AedbopmManuii Bcerjia OCTaéTcs paBHOM HY.JIIO.

[Ipumenss popmy.ay KnanelipoHa (¢ AonoJHUTENbHBIM K03 dunmenTom 1/2 [u3-3a
HaJIn4yus JakyHbl B Ph| ¥ coeiuHUB yri0Bble edpopManuy € IMHEHHBIMU), I0Jy4aeM BblpakeHHe
JUIS IOTeHIIMa/IbHOW 3Hepruu Aepopmanuu Ph:

oY ouY (ou)
U =(2/2)x [[[ kx (ﬁ} x (axayJ _(azay] dxdydz,

Vol

rze k - 3To MMeHOBaHHOE YHCJI0, XapaKTepu3ylollee ypyrue cBoiictsa Ph, To ecThb
XapaKTepHu3ylollee caM MaTepHasl HeJleJJMMbIX TepBOHAYaJL.

Kunetnyeckas sneprusi T mpofoJibHbIX KoJieGaHuit Ph paBHa:
T= Z)X.U,[ pxUu'? dxdydz,
Vol

rie p - 3TO IJIOTHOCTH Ph.

[IpuHUMN HauMeHbLIero JeicTBust B popMe [aMUIbTOHA 3aK/I04YAETCS B TOM, UTO U3 BCEX
BO3MOHBIX JIBU)KEHUH MaTepUaJbHOU CUCTEMBI OCYILECTBJIAETCH TO, IJI1 KOTOPOI'0 UHTEerpasl
b
S= j(T -U )dt (rme T - kuHeTH4eckad, a U - moTeHIMa/IbHAA S3HEPIrUs CUCTEMbI) IPUHUMAET
t
3HaueHHe, COOTBETCTBYIOLee apryMeHTy, AJ1s KOTOPOro lepBas Bapualysa GyHKIMOHala S paBHa
HYJI10, — CJIOBOM, CTallMOHApPHOE 3Ha4YeHHe.

U Torga (cor/siacHO BBILIEYTIOMSIHYTOMY IPUHLIMILY) YpaBHEHHE CBOOOJHbBIX KosebaHui Ph
O6yZieT COBMa/aTh C ypaBHeHHeM Jisiepa-Jlarpanxka s yHKIMoHa A S:
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ypaBHEHMs CBOOOAHBIX KoJsieb6aHui Ph:
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rae p u K - mocrosinHble (10 MpUYMHE 0JHOPOAHOCTH Ph).

A Tak KaK CKOPOCTb MPOJ0JIbHBIX KOJIE6AHUH AOIKHA ObITh COTJIACOBAHA C BHEIIHEN
ckopocThio Ph, To (k/p)=c2.

Kpowme Toro, 4To6s! Gpyaknus U’ =u" (X, Y, Z,t) ObL1a onpesiesieHa B OJHOM
MPOCTPAHCTBEHHOM OKTAHTe, Ha/I0 He3aBUCUMbIe lepeMeHHbIe co 3HaKoM auddepeHIuana (B
MOJIYYEHHOM BbIIlIe yPaBHEHUH ) TPUBECTH K UX BUIY B QYHKIMH US.



WTak, ypaBHeHHe CBOOOAHBIX KoJiebaHui Ph uMeet Bua:
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49YTO BO3MOXHO, €CJIN BbIPpa*XE€HHUA B (1)I/II‘yprIX CKOOKax PaBHBI IOPO3HBb HYJIIO. JTO 03HAYaeT,

YTO pellleHHeM YpaBHeHUsI CBOGOAHbIX KosiebaHu# Ph siBysieTcst cymMa pelieHUl ABYX

o %
M0JIy4aeMbIX ypaBHEHUH, To ecTb U° =P +Q.

Haiipém P.
I =8, tu=P=(x,— C,.
YCTb 5(XO ~ X) S, To ecThb: U (XO X)S+ 1
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llyctb —— =1, ToecTb S = (y0 - y)r+C2; win: U=P = (X0 —X)[(y0 - y)r +C2]+C1.
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llycte =R XT('[), rae T(t)— 3TO BpeMEHHOW MHOXHUTEJIb.

Pa3zesiuM 06e YacTh COOTBETCTBYIOLIETO ypaBHEHUs HA T 2(t)>< R x (X0 - X)I/I MOJYYHM:
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T'(t)+kT?(t)=0; (C/k)a(x B i
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Mycre @ = ay(z, — 2)+ @, (X, — X).

OTC}O,ZLa HMeeM IBa YPaBHEHHA:
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Pewas 3Ty o6bIKHOBeHHbIE AU depeHIIMaNibHble YPaBHEHUS, UMEEM:

o, = D(Zo _Z)+ f;

w, :%In(xo—x)—DTk(xo—xH f,,rne f +f,=f=0.

Taxum 06pasom, @ = D(z, — Z)+E In(x, — X)—D—k(xO —X)
C C

OKOHYaTeJbHO UMeeM:

D(z, —z)—%k(xo —x)+% In(xg—x)

R=e
A Tak Kak rpaHUYHbIE YCJIOBUS JI51 u', 3azaHHbIe dyHKIMEN u®, TaKoBbl,

4TO UV(O,O,O,t)=O U UV(I,I,I,t)z—n,
TO uy(0,0,0,t)=0, us(0,0,0,t)=0 u u (I, 1,1,t) = -/ 2, ug(1,1,1,t)=—n/2.

U torpa psis P 6yyT BBINOJHATHCS C/IeYIONIHE COOTHOIIEHUS:
Dk k

0= xo{yoemoCX0+CInX0 xT(t)+ C2}+C1;

Dk

-nl2= eD_T><T(t)+C2 +C,.

HTak,
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u x/(x ] =(x/1),

C2:—{((I+l)2+c/IjxeDZOXe‘[(D"/C)X"] TM)-@)e ElkxT()—[(n/z)/l]};
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Jns Q Bmecto -(Dk/c) us P onpegensiercs (Dk/c); a C_l U (_‘,_2 u3 Q copepxar (—77/ 2).

Tak kak U’ =P + Q, To umeeM

u = (1—x+1"°(1-y+1)exp D(I - z +1){exp{DTk(l —x+1)}+exp{__Dk

c

x{(l +1|)2+k/c exp Dzo(exp{%k xo}rexp[_TDk XOD T(t )—Texp D(exp[Dk}rexp[_TDkaT(t)—lz}Jr

N {w.exp D(1 + 1Yexp[(Dk/c )l +1)]+ exp[ (Dk/c)I + )T (t) -

( —x+1)}T(t)—(l i 1)x

_(I+1) -exp D(exp[Dk/ c]+exp[- Dk /c])xT (t)- n(llll)}

Dk / —Dk/
c +e c

Tak kak — 5 = Ch(Dk / C), rze ch - KocuHyc runep60JMYeCKHi, TO IeperpynnupoBan

KOMIIOHEHThI UV UMeeM:

u’ =(1—x+1)""*x(1 -y +1)xexp D(I — 2 +1)x ZCh{DTk

( —x+1)}<T(t)—(l_ijx(l RSN
( +1)}<T(t)—(x/l)xexp DxZCh{DTk}xT(t)—nx(x/I)z

(I- x+1)}xT(t)—(1—5jx(l )

xexp D(1+1)x ZCh{DTk

= 2{(I —x+1" " x(I-y+1)xexp D(1 -z +1)x ch{D—k
c

<exp DIl +1)xch{%k(| +1)}xT(t)_li(exp Dxch{DTk}xT(t)+n/2j}
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B uV umerT MecTo 6bITh Bhipaxkenust: 1+k/c u 2+k/c, rae (k/c)<1.
Ucxo/ig U3 3CTeTUYECKUX COOOpaXKeHUH HAJI0 yCTPAHUTD 3TH CYMMbI, OJJHAKO C COXpaHEHHEM
(B HeKOTOpPOM APYroM KOHTEKCTe) cTenieHel 1 U 2.

k) 1

Ecau nosnokuth (—j = —, TO UMeeM:
C

1+E:1+1_¢+1 #° . 2+5:2+1: 2(,75+1:¢5+¢+1:¢+¢52 :¢_3

T 4 c ¢ ¢ y PR

k
U Tak kak B C; u3 P umeeTcs BelpaxkeHue eXp|:D ——— |, TO 3Ta 3KCIIOHEHTa MOXKET
c

0Ka3aTbCA B CTEIIEHU eJUHUIIA, eCJIH [D — D—k} =1.Ecau (Ej = % ,To D —% =1.
C C

To ectb D = ¢°, Tak kak ¢* —%::q}z —p=¢+1-gp=1.

Torpa okoH4YaTeJIbHbIA BUJ, UV TaKOB:
u’ = 2{(| —x+1Y x(1 -y +1)xexp 2 (1 — 2 +1)x chg(l - x + 1)< T (t)— (1= x/1)x (1 + 1) x
xexp ¢ (1 +1)x chb(l +1)xT (t)— (x/1)x (exp ¢ x chpx T (t)+ 77/ 2)).

A OCKOJIBKY I'/IaBHasi IOBEPXHOCTD NepeceKaeTCs AUaroHaJlbHON IOBEPXHOCTHIO, TO 3TO U
NPHUBOJUT K yPaBHEHHIO NOBEPXHOCTH CBETOBOM YaCTHUIbI, TO eCTh: us-u'=0.

W Tak kak B HEM UMeeTCs MHOI'O ¢, eTO0 CJelyeT Ha3BaTb 30JI0TbIM YpaBHEHHEM
(cnoxkHocokpaiéxnHo: AE).

WTak, ypaBHeHUe TpaMaTepUu HailjieHo: 3To AE.
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3. KamKke. «CnpaBOYHUK NO 06bIKHOBEHHbIM
anddepeHuUanbHbIM YPpaBHEHUAM»
YACTb TPETbA (1959)

I'n1asa L. «/IludPepeHnuaibHbIEe YpaBHEHUS NEPBOTO MOPAAKA»

1.23. y'+ay2 =b; ypaBHeHMe ¢ passenaOIUMUCca IepeMEeHHbIMU. DTO YpaBHEHHE
OJJHOBPEMEHHO SIBJISIETCS YACTHBIM CJIy4aeM CIelaJbHOTO ypaBHeHUs PukkaTu. UHTerpasibHas
KpHBas, IPoxXoAsdias yepe3 TOUKY (é’ 77), JlaéTcsl ypaBHEHUSIMU

n+b(x—¢) mpua=0,
y= n

e S b=0.
1+an(x—¢) pH

(60)

Takum 06pasoMm, ecsiv pelileHUEM ypaBHEHHUS T'(t)+ sz(t) =0 aBasercs

1 A
T(t): S/ E— (rme n =1, &=0; t=—=— npuCKOPOCTH NPOJOJIbHBIX KoJebaHui Ph,
1+knt-¢&) v oC
OTJIMYHOM OoT HyJ1s1), TO T (t) = — L  _Ho k_1 Tak yto T (t) = —
yad), ey dm+k></1co¢,w- c = p ) P ot Z;hw'

[Ipy CKOPOCTH NPO/0JbHBIX KOJIEGAaHUHI U, paBHOM HYJIIO, UMeeM: A XV =0, rjie HapsaLy C
v=0u A, uv=0.
Torga npu A =0 T(t): 1c pasmepHocTbIO [AdM]], TaK KaK B JAHHOM CJly4Yae

t=A1/v=0/0 Toxe paBHsieTca Hy.I0.

(61)

HTak,

u® = (1, —2C,)- In(1 = x +1)+ C, - In(1 = y +1)+ C, - In(1 = 2 +1) — 17;

u" =2{(| —x+1) x(1—y +1)xexp ¢*(1 — 2 +1)xchg(l - x+1)x T (t)— L x/1)x (1 +1)" x

xexp (1 +1)x chg(l +1)x T (t)— (x/1)x (exp #% xchxT (t)+7/2) }.

Toects U° —U' =0 (AE), rae 7, = 27x(9/8)x10*x(1/ 1) npu A # 0 (1 - gnnna BonHbI
IPOJ0JIbHBIX KOJIEGaHUH NPU L =C ) UIU 27r><(9/8)><10_28 npu A =0;

T(t)=1/(1 adpm+ A ndm/¢p) npu A =0 (UZC)I/I

T(t)=Lupu 21=0 (v=0);u 7 pasno 77, xIn(l +1).

(62)



W3 sMnupuKo-TeOpeTUIECKUX PACYETOB CJielyeT, YTO 06'bEM CBETOBOM YaCcTHLbl paBeH

BBbIpQXXEHUIO:
\Y; :(8/9)2 X @' x(a/Zn)empir' x|3.
To ecTb

V = @19 (e 20 x(O18) 10 e ~(@18)< 10 x (] 22 x10 e
O/{HaKO (a/27z)emp"' =kx103,roe k>1;a10"% = (ZI_O‘3 )4,

Torpa, MOCKOJIbKY 41/(9/8)>< ¢ ~ Kk, nony4aercs, 4to (a/ 27Z)TEOP' = 4w/(9/8)>< 1) %1073,
Takum o6pasom, (9/8)><¢><1O’12 = (a'/27z)4.
CtaJio 6bITh, 06BEM Ph V = (a/ 27[)5 x107% cm3.

A Tak Kak 3¢ peKTUBHAs IJIOILA/b CBETOBOM YaCTHLbl, YMHOKEHHas Ha ToJuHy Ph, paBHa

4
(aj x107%n?

06bEéMy Ph, To

s V_| Vv |\ _(8/9)><(9/8)><¢><10_12xlO_BOCMS_¢X10,ZSCM2
e | (98)x10Mem 10 en -
0 — x|
2r
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[To npuumHe cyliecTBoOBaHUd JIakKyHbI (B Ph) cTaHOBUTCA BO3MOKHOM IpoLiefypa
KBaJIpYPOBAHUSA KBaJipaTa CO CTOPOHOM [/, YTO 03Ha4YaeT pa3breHue 3TOTr0 KBaipaTa Ha KOHEYHOe
YHCJIO HEPABHBIX KBaApaToB. U Tak kak I=(9/8) ndm, To pasaenuTb 9 MOKHO mpex /e Bcero Ha 3. A

IIOCKOJIbKY HETPOH N B CBOGOZHOM COCTOSIHUU PACNaaeTCsl HAa MPOTOH P, 3JIEKTPOH U

3JIEKTPOHHOE aHmUHBﬁMPUHO (V

e), TO B pe3yJ/ibTaTe KBaJ[pHpOBaHUS KBaJipaTa Co CTOPOHOH [

noJy4aeM KBaZpathl co ctopoHamu (2/3)] v (1/3)], U3 KOTOPBIX NEePBbIA OTHOCUTCS K

AHTUHEUTPUHO (ve ) a BTOPOH — K MIOOHHOMY HellmpuHo (vﬂ ): No-ApyroMy, Helimpemmo.

Y aHTUHEHTPHHO (v

e) U HEUTPETTO (Vﬂ) HUMeeTCd BpalleHue (HpOGKLlI/IH CIIMHAa Ha

HalpaBJ/IeHUe JIBI)KEeHUs] paBHA (1/ 2)- 1), 0 4éM CBU/IETEILCTBYIOT 3KCIIEPUMEHTBI; CTAJIO GbITh,

(Ve) nu (V#) HMEIOT TOT >Ke CaMbIi COGCTBEHHBIH MOMEHT HWMITYJIbCQ, YTO U 3JIEKTPOH. U tak kak

Yya/108as ckopocmb pagHomepHozo epawerus € pasHa 27N, rae N - 3To yacToTa BpalieHus, a

Qxr=c,To N';e = (C/Zm’) = (3/ 2)>< N, N"V# =3N, rze N - 3T0 yacToTa BpalleHUs 3JIeKTPoHa (B

060poT./CeK.).

U panee, ctano 6bITh, A5 (Ve) v (Vp) BepHa ¢opmyna: W-T=E (Tosibko BMecTo N [11 HUX

N' u N" coorBercTBeHHO).

A OCKOJIbKY NPO/10JIbHbIE KOJIe6aHUsl aHTUHEUTPUHO U HEUTPETTO MPOUCXOJAT B
HanpaBJIeHUH, EePIEeHJUKYIAPHOM IJIOCKOCTH, B KOTOPOH MPUCYTCTBYET BUOPALMOHHOE
cocTosiHWe (B KauecTBe KOppeJisiTa BpallleHHs1), TO ypaBHEHHEeM GaslaHCca IHEPTHi 3/1eCh SBJSAETCS
cefiyroliee ypaBHeHHe:



EM —E=E' (E".) rae EM - MakcumanbHO BO3MOXHAs 3HEPTHs IPOAOJIBHBIX

xoneGanuii Ph; E'_ (E" ) - MakcMMa/ibHO BO3MOXHAS 3HEPTHS IPO/IOJIBHBIX KOJIe6aHUH

AHTUHEUTPUHO U HEUTPETTO COOTBETCTBEHHO.
(64)

BpeMs M3HU WJIHM CylLleCTBOBaHUA NPoToHA P (ecsiu oH npepocTaB/ieH caMoMy cebe)
TakoBo: 78 = I X II X III X IV /V,
rae: IV(=V) paBHO yKciy cpejHUX COTHEYHBIX ceKyHJ, 3a 1900 roz, To ecTb paBHO
365,24.21.988x86.400=31.556.925,97.47 cek,;
[l - yucsio yacTel B cocTaBe NpoToHa (9 yactei);
[ - mosiHOe yKMcJI0 KacaHui 3a 1 ceK., UCNIBITBIBaeMbIX OJJHOM YacTHLIeH U3 cOCTaBa NPOTOHA, —
YyacTHULeH, y4acTByOLLel B €J1ab0M B3aUMOAENCTBUU ( M IPUTOM B HENIPEPBIBHOM pEXUME);
[I - moyiHOE YKC/I0 «TOYEK» KacaHUs, COAEP!,allUXCsA B KaXK/I0U U3 YacTel NPOTOHA.

I 1 xacanue X 1 cek.

TBsanMoaeFICTBMH yactul B Proton’e

h

Tgzanumon. — E
CBfI3M, NMPHUXOJSALIASCH HA OAHY COCTaBJsApLyo Proton’a

G
E,.psy = ——— , TA€ Ecensu — 9HEprus cBsAsy; Gr — KOHCTaHTa cBaA3u Pepmu; a Ve-wov, =V

Ve_,T/e,vu
(To ecTb 06BEMY Ph).
Hcxons U3 aMIUPUKO-TEOPETUYECKUX PACUETOB, @ TAKXKe 3Has 0 pa3MePHOCTHU Gr (2 UMEHHO:

Vu

SHeprus x 06bEéM) U pacnoJiarasi CBeZleHUsAMHU O HAJIMYMHU JBYX JIeACTBYIOIIMX MOJIOCOB y KaX/0M
YacTHIBI M3 cocTaBa Proton’a, uMeeM cieayromee Beipaxkenue s GpE0P:

x/§+1
X —_—
2

GIFF =2 x (el 27) " xme?xV ,

rae m=pxV =27x(8/9) x(a/ 27f x10°° r/em3x (o / 272 ) x107 cm3=
=27x(8/9) x(ar/27)° x10° .

[TosiHOE YUCJI0 «TOYeK» KacaHMs I/ OJHOM YacCTHLbI, IPUBOJslee K AUCTAPMOHUU
cocTaBHOU cucteMbl (a UMeHHO Proton’a), paBHo:
1= (Syp/13) = [(8/9)* x ¢/ (a/2m)? ]
TakuM 06pa3oM, TeopeTHIeCKoe 3HaueHHe BpeMeHH )U3HU IPOTOHA T3 TaKoBO:
2X ¢ x (a/2m) x mc? XV X 1 cex. 5
{ e 2 X7 } x [(8/9) X ¢ /(a/2m)?] x 9 (sem) =
=18 x (8/9)3 x ¢3 x 1028 zem.

o

22 ¢pespana 2007 a. (MumuH B. C.)
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. 3. Toppuuennun. «O ABUKEHUU eCTECTBEHHO
nagaowmx u 6polueHHbIX Ten» (1644)

«/lBa rpy3sa, coeJUHEHHBIX BMECTe, He MOTYT JJBUTaThCsl caMU 6e3 TOT0, YTOObI X 06U
LIeHTD TSKeCTH He omycKasics. B camoM fieste, Korza fiBa rpysa cBsi3aHbl APYT C APYTOM Tak, YTO
JIBM>KEHHE OJTHOTO BJIEYET 32 CO60H IBHXKEHHE APYToro, — 6e3pas/InyHo, 0JIy4aeTcs JIM TaKas
CBSI3b IIOCPE/ICTBOM BECOB, 6JI0KA WJIU APYTOr0 MEXaHU3M3, - 06a OYAYT BECTHU CeOs1 CJIOBHO OJIUH
I'py3, COCTOSAIMUM U3 IBYX YacTel; HO TaKOW IPy3 HUKOT/A He IPUJET B JIBU>KeHUe 6e3 TOTO0, YTOOI
ero LieHTP TsKeCTH He onyckasics. CTaso 6bITh, €CJIM IPY3 PACloJIOKeH TaK, YTO ero LieHTP
TSKeCTH HUKAK He MOXKeT OIMYCKaThCsl, OH HaBepHsKa Npe6yAeT B IOKOe B TOM I10JIOXKEHUH,
KOTOPOE OH 3aHUMaeT»

IIl.  Ox.KapgaHo. «O TOHKUX maTepuax» (1551)

«Zlf[ﬂ TOr0 YTOOhI UMEJIO MECTO BeYHOE ABHXXEHHE, HY?>KHO, YTOOBI nepeaBuraBuirecsd
TSXKEJble TeJla, AOCTUTHYB KOHIIA CBO€ro NNyTH, MOTJIKM BEPDHYTbLCA B CBOE HavyaJIbHOE M0JIOXKEHHE, a
3TO HEBO3MOXKHO 6€3 HaJTU4YHsI rnepeBeca, Kak HeBO3MOKHO, YTOOBI B Yyacax OINyCTHUBIIAACA rUpA
NnogHHWMaJIaCb CaMa»

ll. JNlykpeuuir. «O npupopge Bewen» (I B. fo H. 3.)

£ 6b1 2xes1as1, YTO6BI ThI GBI OCBEZIOMJIEH 3/1eCh TOYHO TaK XKe,
YTO, YHOCSICh B yCTOTE, B HANIPABJIEHUH K HU3Y OTBECHOM,
Co6CTBEHHBIM BECOM TeJia U3HAYaIbHbIe B HEKOE BpeMsi

B MecTe, HeBeIOMOM HaM, HAYUHAKOT CJI€TKa OTKJIOHAThCS,
Tak 4TO eZiBa ¥ HA3BaTh OTKJIOHEHUEM 3TO BO3MOXHO;

Ec/v 3k, KaK KamJiu 10/, OHW BHU3 NMPOJI0JKaAJIU Obl 113/1aTh,
He OTKJIOHASICH HUYYTb Ha MYTH B MyCTOTE HEOGBATHOH,

To HUKaKuX 6bI BCTPEY, HU TOJTYKOB y HavaJl He POXKJaJOCh,
W HUYero HUKOT/IA MOPOAUTH HE MOTJIa ObI IPUPO/A.

Ec/iv > ABU>KEHHUS BCe HellpepbIBHYIO Liellb 06pa3yoT

W BO3HMKAIOT OJHO U3 JPYTroro B U3BECTHOM IOpA/JIKe,

U KoJib He MOTYT IyTEM OTKJIOHEHUA IlepBOHavdaJIa
BrI3BaTh ABMKEHUU UHBIX, pa3pyIlIaoLUX pOKa 3aKOHBI,
YTo6bI NpUYMHA He 111J1a 32 IPUYMHOI UCIIOKOH BEKY,

Kak y co3paHui# )KMBBIX Ha 3eMJle He IO/ BJIaCTHasI POKY,
Kak #u 0TKyAa, cKaXKy, N0sIBU/IACcCh CBO6O/{HAsA BOJIs,

Y16 no3BOISAET UATH, KyAA KAOXKJOTO MAHUT KEJIaHbE,

W fonyckaeT MeHATDH HallpaBJeHbe He B MeCTe U3BECTHOM
U He B 0/10’)KeHHBIN CPOK, @ COTJIaCHO yMa No6YK/AeHbl0?

... HO YT0O6 yM He 10 BHYTPEHHEH TOJbKO

Heob6xouMocTH BCé coBepIal U YTOO BBIHYK/AEH HE ObLJ

ToJIbKO CHOCUTD U TEPIETh U Mpe/ Hell Mo6eXAEHHBINA CKIOHSIThCS,
JIErKoe CYKUT K TOMY IIEPBUYHBIX Hayasl OTKJIOHEHBE,

Ho He B MoJIOKEHHBIN CPOK W COBCEM He Ha MeCTe U3BECTHOM.



IV. Jlykpeuuir. «O npupopge sewen» (I B. g0 H. 3.)

Jasnbiie, npupoja 6y0ET, 4T06 Belllel COBOKYITHOCTD Mpe/iesa
CTaBUTb cebe He MOIJIa: MyCTOTY OHa JieJlaeT IPaHblo

Teuty, a Tes1o OHa orpaXkAaTh NyCTOTY NIPUHYKAET,
Yepej0BaHbEM TAKUM 3aCTaBJIASA ObITh BCE 6ECKOHEYHBIM.

U, ecnu 6 Jaxke 0/JHO He CIYXKUJI0 TPAHUIEH [pyromy,

Bcé ke Wb 3TO, UJIb TO CaMO 6bI IPOCTEPJIOCH GE3MEPHO.

V. Fepaknut (oK. 540-475 Ao H. 3.)

JTOT KOCMOC, OAHWH M TOT Ke AJId BCero CymecTByruero, He co3aaJji HHKaKOU 60T U HUKaKoU
4eJIOBEK, HO BCerja OH 6be[, €CTb 1 6y,£[eT BEYHO XKHBbIM OTHEM, Me€paMHU 3aroparmumMcd 1 MepaMu
MOTYXAKIIHNM.

VI. W3 nepenucku A. ditHwTenHa ¢ M. becco.

1) 3HWITEH —- Becco.
bepJsuH, 14.5.1916

B rpaBuTanMu 5 Uiy rpaHUYHbIE YCJA0BUS AJ151 6ECKOHEYHOCTH; UHTEPECHO N0Pa3MbIILISATh
0 TOM, KaK Jlaj/IeKO IPOCTHUPAETCs KOHEYHbI MUD, UHBIMU CJIOBAMH, - MUP €CTECTBEHHO
M3MepsieMbIX KOHEUHBIX pa3MepoB, B KOTOPOM [JlelCTBUTEJIBHO BC UHEPLIUOHHOCTD
OTHOCHUTEJIbHA.

2) duHIITelH - becco.
BepsuH, 26.7.1920

Jpyroil apryMeHT, IJIaHETHYIO CUCTEMY B MUHHUATIOPE, Thl caM 3aTparuBaellb. OTBJIEKHUCH OT
MOJIeKYJISIpHOU 06J1aCTH U AONYCTH, YTO BOJA UMeeT MOBCIOAY OJUHAKOBYIO IJIOTHOCTB. Toraa
MO>XHO BBOJUTb IJIOTHOCTb KaK QyHJaMeHTa/IbHYI0 BeJIMYMHY BMEeCTO MacChl:

M(macca)=D(nsoTHOCTB) - [3(A/IMHA B Ky0e).

Bosbmu 3akoH HetoToOHa:

M! ML

k o VCKOpeHue - macca = Tz

3HauyuT pazmepHoctb K = M LT 2,

CnenoBaTesibHO, 3aKOH Hbl0TOHA He MHBapUAHTEH OTHOCHUTEIbHO U3MEHEHUs MaclITaboB,
€CJIU MIPHUHSATD 3aKOH MTOCTOSIHCTBA CKOPOCTH paclpocTpaHeHUs cBeTa. YToOb! B 11060 cucTeMe
c=I/T paBHsin0Ch 6bI eguHULE, T A0KHO IPe06Pa30BbIBATHCS Kak .

3HAYUT HeJIb3s1 06PaTUTBCA HU K KAKOMY Npeo6pa3oBaHUI0 006U 6e3 U3MeHeHUs
BeJIMYHUHBI IJIOTHOCTH COOTBETCTBEHHO I'PAaBUTALMOHHOM MOCTOSSHHOMN. 3aKOH TATOTEHUS BMECTe
C IOCTOSIHCTBOM CKOPOCTH CBeTa He [I0NycKaeT HUKAKOT0 Npeo6pa3oBaHUsA MaclITaba, eciu
IJIOTHOCTB BeLeCTBA paccMaTpuBaeTcs (He3aBUCUMO OT MPEeJbICTOPUH ) KaK HEYTO MOCTOSIHHOE.

VII. H. H. ly3uH. CobpaHue counHenunii, Tom Il. M., 1958, c. 472.



MpbI He By1aJleeM Hjieel 6eCKOHEYHOIr0 MHaue, Kak 6epsi KOHEYHOE UM 3aCTaBJIsAs ero PacTH.
Bcerpa, cie1oBaTesIbHO, UMEETCS Heolpe1eJIEHHOCTh, KOTOpas ABJISIETCS UCTUHHOHN ujiee
0ECKOHEYHOCTH.

VIIl. C. B. beanntoctunH. «Knaccuyeckana anekTpoHHaa teopua» M., 1971

1) YTo6b1 cyAUTH 06 U3BMEHEHUSAX IHEPTUU MUKPOII0JIsl, PACCMOTPHUM PabOTy, KOTOPYIO
COBepLIaeT 3TO MoJie, eWCTBYs Ha 3apsipbl.

Ecau npu aTOM Haj 3aps/aMuy coBepiuaeTcs paboTa dA, Tak YTO UX MexaHUYecKasi SIHeprus
BO3pacTaeT Ha BeJIMUUHY dA, TO 3/1eKTPOMarHuTHasi 3Heprusi 1oJisi yobIBaeT Ha TaKy1o Xe
BesinuuHy. C/ieloBaTeNbHO, 1J151 3aMKHYTOM PU3UUECKON CUCTEMBI CYMMa MeXaHU4YeCKOW 3HEPTUU
3apsKeHHBIX YaCTHL U 3JIEKTPOMAarHUTHOW 3HePIUY MUKPOIIOJIA IIPU BCEX MPOLeccax 0CTAETCs
BeJIMUMHOM NOCTOSIHHOM. B Tako# ¢popMe BbIpakaeTcs 3/ieCb 3aKOH COXpaHEHHUs U IpeBpaLeHUs
3HEpPruHU.

[To Buzy BeipaxeHus (4.64) nas N v no ero ¢Us3nuecKoOMy CMBICY 3TOT BEKTOP €CTh He 4TO
MHOe, Kak BeKTop [I0MHTHHIa B MUKPOCKONINYECKOU TEOPUH.

Jlonyckas Tenepsb cyliecTBOBaHHUE 3apsiIoB B 06béMe V 1 o6pauiasch K ypaBHeHHUO (4.61),
MBI BUIUM, YTO OHO BblpakaeT TeopeMy YMoBa-I[loMHTHUHTA AJ151 3/1eKTPOMarHuTHOI0 MUKPOMOJIsL:
yObLIb 9HEPTUU B 00'b€Me V, OTHECEHHAS K e/JUHNLle BpEMEHH, paBHa cyMMe (TakKe OTHECEHHOU K
e/JMHUIle BpeMeHU) paboThl CUJI II0JIS1 U IHEPTHUH, BbIXOJA1el U3 06béMa V.

(Ctp. 138-141)

2) B Makpockonuyeckoi asiekTpoAuHaMuKke MakcBesiu u ['ep1y mpr3HaBa/iy 061Ly10
cnpaBe iuBocTh Il 3akoHa HbroTOHA U TOJIKOBa/IM COOTHOIIEHU Tuna (4.99) ciaegyrommum
o6pa3oM. B moctaTouHo MasioM 06 bEMe V1 CylLIIeCTBYET TOJIBKO 3apSKEHHOE TeJIO €1, 2 B 06bEéMe V,
KpOMe TeJia ez, HAXOJUTCS NOA06HbBIN IUIJIEKTPUKY MUPOBOX 3QUD, HA KOTOPBIN JelCTByeT
MexaHHW4YecKas CUJa, paBHas

F, = iz g [ Nav

c” dty

[Ipu 3TOM CHJIbI B3aUMOAeNHCTBUS GU3UUECKUX 00'bEKTOB, 3aK/II0YEHHBIX B 06béMax Vi u 'V, B
COOTBETCTBHUHU € popMyJ10H (4.99) paBHBI 10 BeJIMYHWHE U IPOTUBOIOJIOKHBI 110 HAllpaBJIeHUIO, TO
ectb: F12+F,=-F21.

(Ctp. 151)



(66)

U KoJ1b CKOPO CYIeCTBYET Npees AeJUMOCTH MaTepuu — Ph (c mocTosIHHBIM 00'EMOM U C
OJHOM — eIMHCTBEHHOU JIAKYHOM ), TO BOT [I0YEMY He3aMoJHEeHHOoe (IIyCTOoe) HPOCTPAHCTBO, WU
Vacuum, ecTb TakXe He4TO Cyllee:

JlaHHOE PA30M aKLUJEeHTAJIbHO U B PACCESTHHOM BU/JIE CYOCTAHLIMOHAIBHO.

U tak Kak yucyo Ph B 1 cm3 H,0 paBHo 27-1024, To BeCOBOHM K03bPUIIMEHT HAX0XKAEHHUS
oaHoro Ph B 1 cm3 paBen (1/27-1024). Ho Tak Kak HaJl0 CpaBHUTbD JIBA IPOCTPAHCTBA: HAMOJIHEHHOE
Y MyCTOe€, a KAXK/A0MY U3 HUX PUCYIIHU TPU U3MepeHus (AJIMHA, LIMPHUHA U TJIy6UHA), TO 06'bEMHBIN
k0apdunueHT HaxoxxeHus Ph (3gech yuepe3 V, 0603HaueH 06bEM poTOHA) paBeH (13/ V).

TakuM 06pa3oM, HCKOMOE COOTHOLIIeHHe (MeX/y MyCThIM MPOCTPAHCTBOM W HAallOJTHEHHBIM
IPOCTPAHCTBOM) UMEET CAeYIOIIUN BUJ;

s [P s
lew® = || =1
V b= Vy 27[10 _ 1C]l/l3 _1_ lCM3 B
' E v, E v, I°
v, ) 27 -10% v, ) 27 -10% 27-10%

A uTo KacaeTcs Mepbl HHepUHK GOTOHA C HYJIEBOM YaCTOTOM, OTHECEHHOU K 1 cM3, TO OHA
TaKOBa:

m, = (I3 /1CM3)>< M, rae ucxoaHas (/M 3aTpaBOYHasi) Mepa UHePIMU M GepéTcs us

noctossHHoM [l1aHka h, paBHOU BbIpakeHUto [-m-c.

U panee: Ph - 3To 060J104Ka € OJHON-eIMHCTBEHHOH JIaKyHOH (cM. ypaBHeHHe AE); 1, cTano
6b1Th, Ph (doToH) 06.1asaeT AByx/McTHON cTpykTypoil: (L&R). U Torga npotuBoctosinue L&R
(BKyme c UX HENMPOHUILLAEMOCTBIO), UJIM, OJJHUM CJI0BOM, aHTUTUINUSA HAZleNeT Amin 3HaUeHUEM 21y,
rje lo - aTo TonmKHa MeM6pan L u R. OTcroza crenyert, uto v, = (Cy /2IO), T/ie C, - 9TO CKOPOCTh

MPO/I0JIbHBIX KoJiebaHui Ph.

JsnieMeHTapHas 4yacThb cBeTa (Ph) c vacToTOH, OT/IMYHOMU OT Hy.JIs, — (ITO06HO JII060H
peasbHOU KoJ1e0aTe/IbHOU CHCTEME), — KOHEYHO Ke T0/IBepXKeHa TaKoMy MPOIeCCy, KaK NpoIiecc
3aTyxaHusd. A 3TO 03HaYaeT He YTO UHOE, Kak Bo3BpaT Ph k cBoeii mepBoHavYasibHOH (TO eCTh

HEeBO3MYILEHHOM) dopMe.
(V—VO)/VO B (ﬂn —/1)//1

CraJio 6bITI:>, KOHCTAaTUpYyeEM, YTO ﬂ = = —3TO OTHOCHUTEJIbHAA

lcex. 1cex.

BeJIMYMHA U, CTaJI0 OBbITh, OAMHAKOBAS JJI1 Pa3/IMYHBIX YYAaCTKOB CIIEKTPA U CliepBa OTHECEHHAs K
OJIHOM CeKyH/€; I'Zie B eCTb XapaKTepPUCTHUKA CKOPOCTH YObIBAHUS YaCTOT WJIM, TOBOPsI MHAYE,
k03¢ PuUIMeHT (MOKa3aTe b) 3aTyXaHUs. A MOCKOJIbKY CKOPOCTb MPO/10JIbHbIX KoJle6baHui Ph
paBHa BHelHe# ckopocTH Ph (To ecTb ckopocTu nepemenienus Ph B npocTpaHcTBe), TO OAHY
CeKyHAy (TO eCTb TeMIIOpa/bHbIN OTPE30K, K KOTOPOMY OTHeceHa BeJIM4MHa Av/vg) MOXXHO
npeJACcTaBUThb B BUJZe: 1 cek.=r/c, rje r - paccTosiHUe, npeosoieBaeMoe Ph 3a 1 cek., a c-3To
BHeLIHsS CKOpocTh Ph.

Av( AA r
U Torja, B ciyyae OTHECEHHsI BEJIMYUHbBI —| = — | K TeMnopaJibHOMY oTpe3ky t| =— |,
Vo
x 1
nosny4yaeMm [ = P .
1cex.
V=V, r
Ecnu t=(r/c), rae (r/c)=1 Meranapcek/c, To B=(Bx1 Meranapcek)/(1 cex..c) u —— = [, —.
Vo c
-1, .
Cam ke k03 PHULIMEHT 3aTyxaHus [ paBeH (1 oK Cﬁ;m CeK) ifﬂ.cex ,

Pey= 3

K_l',ClI/IH'CeK

ce o
rae 1 " - K03 QUIMEHT NMPOMOPIMOHANBHOCTH, BXOASAIINN B OIpeieisiolee

COOTHOLIEeHHue AJid B;



pXCy~ yeJbHOE BOJIHOBOE CONPOTHUBIIEHHE (p — MIOTHOCTD Ph, ¢, - ckopocThb
pacnpocTpaHeHHs MPOAOJIbHBIX KoJIe6aHUH).

BTopasi o BaXKHOCTH XapaKTePUCTHKA K0Jie6GaTeIbHOM CUCTEMBI — 3TO TaK Ha3blBaeMasi
no6potHocTb Q. lsia Ph mo6poTtHocTh Q paBHa 27-(W/AW), roe W - 3To 3amacéHHas SHeprus, a
AW - moTeps 3HepPrUU 3a 0J(Hy CeKyHAy, Tak uto W=hv, aAW =hv—hyv'.

JlJ1s1 KOCMOJIOTUYECKOT'0 KPaCHOT'0 CMEIl[€eHUSI TOJIbKO OTHOCUTE/IbHAs BeJIMYMHA
(Av/vo)=(AM\/L) moCcTOSTHHA, BEJIMUMHA K€ CAMOT0 CIBUTa B HA6GJII0JJaeMbIX CIIEKTPaxX OTHIOAb He
OJIMHAKOBA /IJ1s Pa3JIMYHbIX CIIEKTPa/bHbIX IMHUH.

V-V, Ao —A r (ric) t

A pa3 Tak, To = =, x—=ag X =ag x—.

Vo A c c c

t
Torga f, xt=a;x—. Ergo: a5 =/, xc,
C

I/le ds — CIEKTPaJbHBIN MapaMeTp ycKopeHus (M, KakK MOKa3bIiBaeT GpopMyJia, UMEIOIIUHI pU
O/IHOM M TOM >Ke t OJIHO U TO e 3HaYeHHUe).

MnotHocTb p =27 % (8/9) x(ar/ 27 ) x10%°r/cm3;

c=c, = M x(a/27z)5 x10%° cm/cexk.
2
2
[loatomy [ = (8/9)4 » (a/27z)10 <10 (cex1)=2,25.13.320.363.886.94x10-32 (cek1),

ecnin  (0/2m)=1,16.15.423.280.969x107,
27=6,28.31.85.307,
(9/8)4=1,60.180.664.0625.

6 . 18
3pech xe: §, = LXIMnc _ Bx10X30810 v _5 318 18.160.49.13.943x10-32x 1014 (cek1)=

1 cek.Xc 1 cek.Xc

=2,318.18.160.49.13.943x10-18(cex1).

CiiefoBaTesIbHO, YMCJIEHHOE 3HaUYeHUe [3; COBNAlaeT B OCHOBHOM C IapaMeTpoOM J/iBUHA
Xab66s1a («nocTosiHHOM» Xa66J1a).

HUTak, KocMoJsIoruyecKkoe KpacHoe cMellleHre 00yC/I0BJIeHO UHOW NPUYMHOH, Hexxesln 3 deKT
Jonmiepa - ®Puso, - 3pPeKT, KOTOPLIM HeJb351 peHebpeyb (eC/Iv OH eCTh) U KOTOPBIX AIBUTCS
OCHOBHOW NPUYMHOM CMelleHHsl CIIEKTPaJIbHbIX JIMHUI', HO TOJIBKO JIUIIb /JIs1 CAMbIX OJIU3KUX
pacCTOSTHUM.

Janee: B nyHkTe (47) - cTp. 471-473 cka3aHo:

«CorJiacHO 3aKOHY COXpaHeHUs1 MOMEHTA KOJIMYeCTBa JIBU>KEeHUsI, 3TO CBSI3aHO C TEM, UTO
KaXKZ bl MOTJIOIIAEMbIHM UJIM UCNTYCKAEMbIM KBAaHT CBETA YHOCUT WJIM IPUHOCUT MOMEHT
KOJIMYeCTBa JABWXeHUs], paBHbIA h/27m.»

®oToH ¢ v£0 He 06/1aZjlaeT COOGCTBEHHBIM yI/I0BBIM MOMEHTOM (CM. IyHKT (53)), 3aTo0 $poTOH
¢ v=0 umeer (corsiacHo NyHKTY (47)) opbUTanbHbBIA YTJI0BOH MOMEHT U NPUTOM B IBHOM BH/ie (B
otsinune oT ¢poToHa c v#0). [loaTomy cyuecTByoT Ass Ph Ba ABM>KeHUS, a UMEHHO: O/IHO
BBIHYX/JeHHoe (c v#0), a Apyroe ecTecTBeHHOE (U /15 HEro UMeeT MecTo 6bITh declinatio a via
recta).

UTtak, doTOHY C HyJIeBOHM 4YacTOTOM NpUCyLy (M IPUTOM B SIBHOM BH/I€) OPOUTAIbHBIN
yIJIOBOM MOMEHT: C IApaMeTPOM CMelleHHUs, 38 1 ceK. paBHBIM [, U C HOPMHUPOBOYHBIM
K03dPuUnMeHTOM 27, TO ecTb h/2n=Imc/2x.

Hy a spkocTb He6eCHbIX 00'bEKTOB HJIH, TOUHEE FOBOPS, OCBEIEHHOCTb, CO3/laBaeMasi UMHU B
MecTe HabJII0/ieHHs Ha e/JHHUIEe HEKOTOPOU MOBEPXHOCTH M HOCALAs CYyry60 HHTErpabHbIN
xapakTtep?

Pa6oTa, mpousBoauMasn 3apsiPKeHHOW MaTepyuel Ha 3JIeKTPOMarHuTHOH ,cpeaoi’ (c v=0) B
e/JMHUIy BpeMEeHH, eCTb He UTO MHOE, KaK MOLIHOCTb, WU 3¢ PeKT. CBeTUMOCTb HeOGeCHbBIX
00'bEKTOB YHUCJIEHHO U [10 pa3MepHOCTH COBNAJAEeT C 3TOH paboToi.



[lycTh m - 3TO BUAMMas BeJIMYMHA HeO6ECHBIX 00'bEKTOB, a M - HxX a6COJII0OTHAsA BeJTMYMHA.
Torpa 3aBucuMocts m U M oT ocBewéHHOCTeM (corsiacHo popmyite [lorcona) Takosa:

m-M :—2,5IgE.
E

0

2
E 10
CBsa3b Mexay ocBeléHHOCTSAMU E U Eg 3anuceiBaeTcs B BUje: — = —,TAe 10 -3To
0
paccrosanue B 10 napcek.

CieoBaTeNBHO,

2 2

-(v—vo)/vO

m—M =2,5.1g4 ~25-g ¢ (=22

$.10 S, 10

Yro kacaeTcsd pOoTOMETPUIECKOTO PACCTOSIHUSA, TO C Y4ETOM JOOPOTHOCTH Q OHO OyeT-
TaK{ COBNAJlaTh C TEOMETPHUUYECKUM PACCTOSTHUEM.

B nmepBo# yacTH J@HHOTO 3CCe OlpeZiesieHO BbIpaXKeHUe KOPHA KBaZpaTHOTO U3
rpaBUTAIMOHHON MOCTOSTHHON HbIOTOHA, yTOUHSAIOIEe PA3MEPHOCTh 3TOr0 Ko3dpduiiveHTa
NpPONOPLUOHAIBHOCTH, Uepe3 Apyrue «KMUPOBbIe KOHCTAHThI» — YAEJbHbIHN 3apsi/j, 3JIEKTPOH3,
41 CJI0BOU pparMeHT CKOPOCTH CBeTa & U YKo ABorajpo.

€
|G, =E&x — IN, ¢, roe

e

G, - rpaBUTaLOHHAs MOCTOsIHHAsE HbIOTOHA;

e
— - OTHOIIIeHH e 3aps/1a 3JeKTpoHa K ero macce (CI'C/r);
m

[
N , - HopMHUpOBOYHBII K03 dHUIMeHT (Ynca0 ABOTaApo);
& - nepexoAHbIN K03OUILMEHT, paBHBIM BbIPAXKEHUIO:

@ X (a/27r)5 x10'® (6e3 pasmepHoCTH).
2r
®opmysa us nyHkTa (19), ABasAsACE CTPYKTypHON GOPMYJION, YTOUHSIET U CAMYIO
pa3MepHOCTb IPaBUTALlMOHHOM NoCcTOAHHOU HbtoToHa Gy, pa3yMeeTcs, 10 IpaBUIaM,
OTHOCSIIUMCA K IOHATUIO pa3MepHOCTel. B caMoM [ieJie, MOCKOJIbKY 3aKOH TAroTeHus HbroToHa

. o m
(pu U3MepeHUH CUJIbl MHEPLIMOHHOH efinHuULe) uMeeT BUJ: F =Gy ml—zz (rze Gy -aTO
r

K03$PUIMEHT NPONOPIMOHAIBHOCTH ), a BhIpaxkeHHe mo-v-Na (r/le mo - Macca 0iHOM YaCTULbI, V —
KOJIMYECTBO BelllecTBa B MoJisiX, Na — mocTosiHHast ABOraZipo) onpegeJsisieT Maccy m Jiro6oro
KOJIMYECTBA BELECTBA, MOKHO TPOBEPUTD Pa3MEPHOCTD CUJIbI B3AUMHOTO «TSroTeHus» F B
cucreMe egunul CI'C:

[m,][m;] (e/me)? Mo, |[v1][Na]x|[mo, [[V2][N 4]
[F] = [Gy] el = (2] [0l o [roallealliameg el
cm3rcek™2 _ rXT 2

=————X-— =CM'T"CeK~
r2 cm?2

=Tr-CM"CeK 2,



(67)
X. y6ep. «AHEBHUKU»

[. Jloruka cTuisi Tpe6byeT 60JIbIleN TPSIMOTHI CYKAEHUS U UHCTUHKTA, HEXeJIU JIOTHKA,
Heob6x0/iMMasi /IJis1 TOTO, YTOObI IPUBECTHU B MOJIHOE COTJIacHe YacTH JIOOH, flaXke CaMOU CJI0KHOMU,
CUCTEMBI, U160 6eCKOHEYHO YHCJIO CJI0B, 6€CKOHEYHO YMCJI0 UX COYeTaHUH, 6ECKOHEYHBI CIOCOODI,
KOTOpBIMH 06pa3yloTcs 3TH coueTaHUs. CUCTeMa, KaK Obl BeJIMKa OHa HU OblJIa, He MOXeT 06bATh
BCE€ 3TO 6eCKOHEYHOe MHOXeCTBO JeTasiell. KpoMe TOro, MbIC/IM 3aHUMAalOT HEKOTOpOe
IPOCTPAHCTBO U, CJIe[,0BaTeJbHO, COCTOSIT U3 MHOXKeCTBA TOYEK; JOCTaTOYHO, YTOOBI OHU
COTNPUKACaJIMCh JIMIIb B OAHOHN U3 3TUX To4eK. OHAKO BCAKUU 3JIeMEHT CTUJIA CTOJIb JIETOK U
TOHOK, YTO MO>KHO CKa3aTb, U36eraeT CONPUKOCHOBeHUH. U TeM He MeHee KOHTAKT 3TOT JJ0J/KEH
OBITb NOJIHBIM, U60 MY JJaHO ObITh JINO0 aGCOIIOTHBIM, IN60 HUKAaKUM. Bo BCSIKOM cJ10Be eCcThb
JIMILb O/JHA-eJUHCTBEHHAsl TOUKa, KOTOpasi CIocoO6Ha 0TO3BAThCs B COCEJHEM CJIOBE.

[I. JlumuTe c10Ba BCSIKOU ZIBYCMBICIEHHOCTH, BCIKOH HEOIpee/IEHHOCTH; TPEBPATUTE UX,
KaK BeJISIT OHH, B OZJHO3HAUHbIe [UQPDI, — U3 PeYH YHAET UTPa, a BMECTE C HEI0 — KpaCHOpeune U
M1033Usl: BCE, YTO €CTh MNOABMKHOTO U K3MEHYHUBOTO B IPUBA3aHHOCTSX AYIIH, HE CMOXKET HAUTH
cBoero BblpaxkeHHs1. Ho 4To 51 roBopio: inmuTe... CKaxky 6oJiblie. JIMIIUTE C10Ba BCAKOH
HETOYHOCTH — U Bbl JIMIIUTECH JJAXKe aKCUOM (cM. «PaccyxaeHure 06 IHIUKIONIEAUN» [T AaMbepa).
OpHo U3 BesiMyaMux 6J1ar, CI0COOGCTBYOLMX TOYHOMY YIIOTPEGIEHUIO CJIOB, — UX
JIBYCMBICIEHHOCTb, IEPEMEHUYUBOCTD, TO €CTb THGKOCTb.

[1I. BocknvaHue «3TO MpPeKpPacHO!» U ero Bo3AelCcTBUe. ITO — caMas HeolpeJleJIéHHad U
caMasi NoHsAITHas U3 Bcex ¢ppas.

[V. BesyMHoe npucTpacTye BKJIKYATh B CBOU COYMHEHUS BCIO IPUPOAY.
CJ10BO «6eCKOHEUYHBIN» KPUYUT HaM: «OcTaHOBUTECH». MBI e IeCTBYyeM TaK, KaK eCJIU Obl

OHO Kpuyasio: «MauTte Bnepén».

20 uroHAa 2010 eo0a

NutepaTtypa
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