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 ¢/ 277, rae O — NOCTOAHHAA TOHKOW CTPYKTYPbI, @ TaKKe NYHKT O
3aKOHEe COXPaHEHMA 3NEKTPUUYECKOro 3apAna B AAaHHOM ciyyae; 2) MNOCTOAHHYIO
MnaHKa M aneMeHTapHbIM 3N1EKTPUUECKUIA 3apad B ¢paKTopM3oBaHHOM BuAe; 3)
BEJINYMHY CKOPOCTM CBETA C Y4ETOM 3ddeKTa «3aHyIeHUA» NPU HTepdepeHLUn;
4) Bblpa*KeHMe KOPHS KBaApaTHOro U3 rpaBMTaLMOHHOM NOCTOAHHOW HblOTOHa,
YyTOUHAOWEee Pa3MepHOCTb 3TOro KoadPpULMEHTA NPONOPLUMOHANBHOCTH, Yepes
OPpYyrMe «MUpOBble KOHCTaHTbI» — YAE/bHbIA 3apaf 3/1eKTPOoHa, YMUC/I0BOM
dparmeHT ckopocTu cBeTa & 1 uncno ABoraapo.

MepBas 4yacTb — 3TO MNpeXAe BCEro OTBET Ha BOMPOC: «MOMHO /i
pacwenuTb MNPOTOH MPU CTO/NIKHOBEHWM 4YacTWUL, OYEHb BbLICOKMX 3HEPTUA?».
Bropasa uyacTb oTBevaeT Ha BOMPOC: «M3 4yero »e B KOHLIe KOHLOB COCTOMUT

MaTepmA?», 0 YEM rOBOPUT CaMO e€ Ha3BaHMe: « INeKTPOH, GOTOH U YMCaIo NA ».
TpeTbAa e yYacTb «YpaBHEHWEe npamaTepun, Uin 3010Toe ypaBHEHUe (AE)», B
YaCTHOCTU, COAEPMKUT OTBET Ha BOMPOCHI: «lloyemy maTtepum npucylie Be4yHoe

6ecnokoincTBo?» U «4YTO TaKkoe HeuTpuHO (Ve), HeWTpeTTo (vﬂ) n o unx

aHTMNOAbI?».

PesynbTaTbl, OTHOCAWLMECA W K AgepHon usMKe UM K dU3KKe
3/1€MEHTaPHbIX YacTmLy;:

CTpyKTypa NPOTOHA P:
2¢ (mBa oreKTpoOHA);

2v.(nBa DIEKTPOHHBIX AHTHUHEHTPH HO);

5v  (IATh MIOOHHBIX HEHWTPHHO ).

XapaKTepVICTVIKVI NpoTAXeHUA YyacTei NPOTOHA TaKOBbI:

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

TeopeTnyeckoe 3HauyeHWe BPEMEHW KMU3HW MpoToHa P (ecan OH
npegocTasaeH camomy cebe) TakoBso:

2'3 =18-(8/9)% - ¢°-10% ner.

“UnTaTbl, OT KOTOPbIX MOXHO OTTaJIKMBATbCA, OTMPABAAACL Aajiblie, KOTopble
MOHO AefaTb TOYKamMu OMnopbl Tam, rae TaKoBble OTCYTCTBYIOT, Ha KOTOPbIX
MOXHO CTPOUTb paccyXaeHusa. OHu Tak obnerdyanun geno ymy.”

K. Kybep. IHEBHUKM

(7 okTabpa 1803 roaa)

(1)

r.3. awo Watne (1706-1749)

"TeoMeTpUA-3TO KNtoU KO Bcem asepam.”

(2)

K. Hy6ep. AHeBHMKK (30 aekabpa 1806 roaa)

"B camom aene, Gopma ecTb TO, YTO OT/IMYAET Bellb OT BCEX NPOYMX BeLlel, To,
yTOo OTAEeNsAeT eAUHUYHOE OT BCeobLLero n 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  MPUHUUN  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 CYyLLECTBYET B MUPE — 3NEKTPOMArHUTHOIO MPOUCXOMKAEHWUA, AN 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 HoBoW runotese gna 06bACHEHMA AAEPHbIX CUA HET HEOBXOAMMOCTU
NOCTYIMPOBaTb CyllecTBOBaHME cneumdUYeckux sAepHbIX cua. Cuabl 3Tu
ABNAIOTCA CBOEOOPA3HbIM MPOSBAEHMEM OObIYHbIX 3/1EKTPOMArHUTHBIX CUJI,
cneunduyeckme e MX 0COBEHHOCTM OBBACHAITCA CBOeobpasvemM 3aKOHOB
OBWXKEHUA Me30TpOoHOB. Me30TpoHbl TaK Ke 06yc/loBAMBAOT cueneHue
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—on+rx°
B gaHHOM ciyyae: s P+ P — 277 + 27 + 7%,
n+p—3z"+27 .

Y10 KacaeTcAa BCero cocraBa MNPOTOHaA, TO Hao y4ecCTb eu.l,é cneayrwoulee:
H > +vetv,,

T =W +Vy,
TT—>e +v, +7°

(o)

Crano 6bITh, 7° — V,+Vun 7°

(7)

Ecam  npoToH PE{2€_,2Ve,5V#}, TO Cynepnosvumsa KBaHTOBbIX

COCTOAHMIA KOMNJEKCOB 4YacTuML, M3 cocTaBa npoTtoHa W ob6ycnosavsaer
XapaKTEPUCTMKM MPOTOHA B LE/JOM, a TaKXe MoBeJeHMe ero npwm

B3aMMOAEVICTBMM C ApyrmmMmun 4actmuamu.

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

. a
daKTOpU30BaHHOM BMAE (C y48TOM COOTHOWEHUR e° = 2— -h-c) nu

T

06BACHAET 3HaYEHME STON BENNYMHBI Yepes 3/1IeMeHTbl “HayanbHbIX ycioBuiA”.

(8)

A. 3ommepdenba. CNekTp peHTreHOBCKOro M3/lyYeHUA Kak Npumep NpumeHeHus
METOAMKU CTapOoM U HOBOM MexaHMK (1932)

”...3aKOHa <<Mnpou13BeAeHMe UMMNY/bCa HA NPUpPALLEHNE KOOPAMHATLI paBHO h>>,

KOTOPOMY BCKOPE NPeACTOs/I0 CbIrpaTh LEHTPabHYIO PO/ib B KBAaHTOBOM TEOPUM
aToOMa M KOTOPbIA BHOBb MOABWU/ICA CEFOAHA B COOTHOLIEHMM HeonpeaeEHHOCTH
lenseHbepra.”

9)



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

"ITUMM CTPOKaMmM xoTenocb Hbl TONIbKO NpeaocTepedb GU3MKOB OT TOTO, YTO Npw
b6nectawem maTematTMyeckom Qopmannmsme COBPEMEHHOW ATOMHOM Teopuu
nocneaHsAa CO3HATeNbHO OTKA3blBAeTCA OTBEYATb Ha ONpeaenéHHble BOMPOCHI,
Oenatb  BblBOAbI O  CYLL,ECTBOBAHMM  MPUHLMNUANBHO  HEMO3HABAEMOrO.
OroBOpMMCA, YTO 3TV BOMPOCHI MOTYT ObITb TAKMMU, MO KPaMHEN Mepe YacTb KX,
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 MNOSHOMY MOHUMAHUIO
du3myecknx ABneHuin. COOTHOLIEHNS HETOYHOCTEN CTaBAT npeaen — 3TO0 MOE

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

Korga, cOGCTBEHHO, MPUYMHHOCTb CMOMKET CYMTATbCA  <<3IMMUPUYECKU
AOoKasaHHON>>? Toraa /v, Koraa nocnegHve npobsiembl ectecTBo3HaHuUs 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 PUINKKN IETKO, U MOITOMY CHUTaNN GU3UKY B
CYLLECTBEHHbIX YepTax 3aKOH4YeHHOW. OT 3TOro HaMBHOro ONTMMM3Ma M3MUKA
n3seynnacb B €€ ganbHenwem pa3BUTMM. 3aTo Tenepb BNafaloT B HEMEHbLUWM
HEKPUTUYECKMI Nneccummsm: 3adava ¢usMKM BoobLWe Hepaspewunma. ITOT
NeccuMmM3m NpeacTaBafeTca MHE, HECMOTPA Ha BCe MPMBOAMMbBIE B €ro MoJb3y
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 MaTemMaTUyecku onpeaenéHHON ToYKe NPOCTPaHCTBa,
To npoussegeHve SESH HeonpenenéHHOCTEN 3N1EKTPUYECKOrO M MarHUTHOrO
nosieit ctaHoBUTCA BeCKOHEYHO 60/bluMM. Henb3a M3MepuTb UX C Kakoi-nnbo
TOYHOCTblO! Be3ycnoBHO, HM OAMH Pa3yMHbIA 3KCMEPUMEHTATOP He CTaHeT
NbITaTbCA U3MEPATb HEMPEPbLIBHYIO BEMYMHY B TOYKe. Jlyyllee, HAa 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 pagau NpocToTbl NOAPOOHOCTM 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 CTAHOBWUTCA BCE MeHblle WM MeHblle, OWMOKM 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 ¢OTOHa;

m — mMmepa MHepummn PoToHa, NOCKOJIbKY CTPEM/IEHUIO ABUraTbCA Mo
NPAMOW C MOCTOAHHOM CKOpOCTbio C conyTCTBYET Hanop.

| =(9/8)-10™cen;
m"" =27-(819)% - (a/27)"°-10°;

Cmeor — {(82/—9)} (al27)° -10%°cm [ cex.
T

B pesynbTaTe nonyyaem:

h=(8/9)° (a/27)®-10%cu-2-cm/ cex;
2 (8/9)4 21 44 2 2
e’ = v (al27)7-10"2-cm-em” | cex”.
Vs

(12)

K.®pym, /1.9cceH. CKOpoCTb cBeTa U paanoBosiH (1969).

1)”"K.®dpym u Jl1.3cceH, aBTOpbl KHWUIM, npepgnaraemon BHUMAHWUIO
yuTaTeNs, -sedyliMe COBPEMEHHble MeTpoaorM. Mm npuHagnexar Haubonee
[OCTOBEpPHblE pPe3ynbTaTbl M3MEPEHWA CKOpPOCTM CBeTa, JiermMe B OCHOBY
peweHnii MeayHapo4HOro Hay4YHOro paguocotosa U MexKayHapoaHoro cotosa
reogesmm n reodusmMknu, PeKoMeHAoBaBWKNX B 1958 r. NPUHATbL ANA CKOPOCTM
cBeTa B BaKyyMe Be/INMUYNHY ¢,=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
npeacTaBnaoT cobo HenocpeacTBEHHOE M3MEPEHUE BPEMEHU MPOXOXKAEHWUA
M3BECTHOFO PACCTOSHUA WMMMYJAbCOM CBETAa WAM  PAgMOBOJIH, M Teopua
pacnpocTpaHeHna cBeTa Heobxoguma NvWb AAA YY4€Ta Pas/IMYHBIX MasbIX
nonpaBoK. B uM3MepeHWAXx C pPagMOBONHAMM  ANIMHbI  BOJH CTAHOBATCH
COM3MEPUMbBIMW C pa3mepamm annapaTypbl, U B 3TUX YCAOBMAX MOMPaBKK
npuobpeTtatoT H6onbllee 3HavyeHWe. Bo Bcex Cay4asax BOIHOBasA Teopwus cBeTa
obecneynBaeT NpocTenwniA NyTb pelleHns 3a4a4 1M y4éta nonpaBok.”

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

“Bblnn MccnengoBaHbl ABa BapWaHTa Takoro CMMMETPUYHOIO 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 AJIMHE BOJIHbI MU3ayyeHUAa 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
NOJIMCTUPONOBLIMWU INH3aMM). MPUEMHbIE Pynopbl PACNoNaraMcb CUMMETPUYHO
MeXAay napoi nepepalowmnx Pynopos, K KOTOPbIM 3HEPrMS MWUKPOBOJIHOBOIO
U3/ly4YeHna NoABOANAACh OT 06LLEero NCTOYHMKA C MOMOLLbIO BOIHOBOAOB. OcK
BCEX YETbIPEX PYynopoB OblM XOPOLIO OTbIOCTUPOBaHLI, U bblno obecneyeHo
nepemelLeHMe KapeTku napannenbHo ocn pynopos. O6a NPpUHMMaEMbIX 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 (~2Mm), C NMOMOLLbIO KOHLEBbIX Mep,
NPOrpagyvMpoBaHHbIX B eAMHMLAX CBETOBOro CTaHAapTa AJ/IMHbl. 3HavyeHue
OIMHbBI BO/IHbI MMKPOBOJ/IHOBOTO MU3/Iy4eHUsA, NOJlyYeHHOEe Takum 0bpasom, 3aTem
YMHOXaNN Ha MnokasaTenb NPeaoM/IeHUs BO34YyXa M YacTOTy MMKPOBOJIHOBOIO
U3/ly4eHuA, 4TO AaBano BenYMHYy $a3oBOIN CKOPOCTU 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/MHbI BOHbI Bblna NpUHATa CAeaytowan MeToAMKa SKCNepUMeHTa.

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
N3MepUTE/NIbHbIM BbICTYNOM FO/IOBKM “INEeKTPOAMMUT”, CMOHTUPOBAHHON Ha
coTOObpa3HomM cTeHe.

2.Mocne yctaHoBKkM UMN®P B NonoKeHMe MaKCMMaNbHOTO NPOMYyCKaHUA
(nosmumm A nnm b) nepemeHHbIN aTTeH0aTop U GasoBpalLaTeb HaCTPaUBAIOT 40
NoJly4YeHUA HYJ1IeBOro TOKa AETEKTOPa B NOJIOXKEHUN NEPBOro MUHUMYMA.

3.M3mepneTca TemnepaTtypa KOMBMHMPOBAHHOM KOHLEBOW MEPbI.

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

5.MpuémHan KapeTKa nepegsuraetca 4o npegena eé nepemelleHus, u
KOMBUHMPOBaHHAA KOHLEBas Mepa pacrnofaraetca  Meay TOJIOBKOM
“INeKTPONMMUT’ M ONOPHBLIM LLIAPUKOM KapEeETKMU.

6.1UM® ycTaHaBAMBAIOT B NO3ULUIO A U CHUMAIOT NMOKa3aHUA FOJIOBKU
“SnekTponMmMnUT” oNA YeTblpéx HaCcTpoekK 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 mepa ybupaerca, U onepauuio (4) noBTOpAOT 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 rofoBKYy “INeKTpoavmut” nepeasuraloTr B eé€ 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 HacToswee BpeMa U3MEPEeHMA YacToTbl BO3MOXKHbI BNaoTb Ao MK-
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/MKoBaHMA 3TON KHUIM YTOYHMUTb Ha ABa MNopAAKa



3HauyeHue ckopoctu ceeta (K.MBeHcoH, aoknaa Ha 17 MeHepanbHoOl accambnee
YPCW, Bapuwasa, 1972 r.): ¢,=299792456,2+1,1 m/c. MNporpecc B 31Ol 061acTH
OTKPbIBAaeT MyTb K CO34aHUIO €4MHOr0 3TaJIOHA AJ/IMHbI U BPEMEHU, a TaKxKe
JaNbHENLWEro 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, KaxXgomy d)OTOHy MOXHO NOCTaBUTb B COOTBETCTBUE 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
onucaHuM  B3aumoZencTena ¢  GOTOHOM  HY/EeBOM  4YacTOTbl  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~5]_
AZ '

3pecb AZ eCTb ANIMHA NepeMeLLEHNA KapeTKu,
& — ANVIHA 04HOT0 MHTePdEPEHLLMOHHOTO MUHUMYMa,
N —uyncno nHTepdpepeHLMOHHbIX MUHUMYMOB Ha AJnHe AZ,

N' — HeyCcTpaHMMOE YMCNO HACTPOEK HAa MUHUMYMbI.

Ecm C = {@} (al27)®-10%°cm | cex,
T

TO

~2,99.118.182.00-10"cn / cex
2,99.792.5-10"%cm / cex

N'-N-c":(l—C/C')-AZ:(l J'ZOOCMZ

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

MocKosbKky B MamepeHusax ®pyma (1958r.) & = 0,5 mKm, To npsamoit
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
CYLLECTBEHHbIM aTpMbYTOM MaTepuu, NO3BOAAA TeM cambiM Atobomy 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 HENenocTbio, 4TO, N0 MoeMy r1y6oKomMy yBeAEeHUI0, HU OAMWH
YesioBEeK, CKONbKO — HUBYAb WCKYWEHHbIM B GpUAOCODCKMX MaTepuax u
HaAeNEHHbIN CNOCOBHOCTLIO MbICAIUTbL, HE COMAacUTCA C Held.”

(18)



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

"KyMynaTUBHbIA XapaKTep AeNCTBMA rPaBUTALMM COXPAHAETCA garke B Cay4ae
aHTUBELLeCTBa, COCTOALWEro M3 aHTM4YacTMu. B HeKoTopbiX HayyHoO —
$aHTaCTMYECKMX NPOU3BEAEHMAX MWCMONb3YeTCA WAes, COrMacHO KOTOopow
aHTUBELLECTBO MOMKET WCMbITbIBaTb FPaBUTALMOHHOE OTTA/NIKMBAHME BMECTO
npuTaxeHna. OfHaKo B AEeNCTBUTENIbHOCTU rpaBuTaumsa 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 ’
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roe Gy — rpaBuUTaLMOHHaA NOCTOAHHAA HbIOTOHA;

e
—— - OTHOLUEHME 3apPAaa 3/1eKTpoHa K ero macce (CrC/e);
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e
Na — HOPMUPOBOYHbI KO3ddULMEHT (uncno ABoraapo);
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Yactb 2.

Tema: InekTpoH, GoToH M uncno N,. MNMyHKTbI (20) - (33).
OT: BuKkTopa 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, YTo GM3KNK I. Max He MoT 10rMYecKM 060CHOBaTb, NoYemy
B HalWem Mupe HanpasleHWEe MArHUTHOTO MOJA, BO3HWKAIOWEro BOKPYr
NPOBOAHMKA, MO KOTOPOMY TEYET 3/IEKTPUYECKUI TOK, BbIBOAMTCA M3 NpaBuna
npaBoro, a He NeBOro HypaBuMKa, M AOMNYCKAA NPUHLUNNANBbHYIO BO3SMOMKHOCTb
CYLLECTBOBAHMA MHOIO 3ePKaibHOrO MMPA C MPaBMUIOM S1eBOro bypaBymKa.

OpHako npu banKaliwem paccCMOTPEHUN CUMMETPUA OAHOPOLHOFO MarHUT-
HOro MO/ OKa3blBAaETCA COBEPLUEHHO WMHOM, YEM CUMMETPUA 3JEKTPUYECKOTO
Nnoas U CUMMETPUA MPAMOTO UMUJINHAPUYECKOTO 3EKTPUUYECKOro ToKa. YbeaunTbes
B 3TOM MOKHO Pa3/InyHbIMK 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 BbIXOAMT M3 I0XKHOTO MOJIK0CA MarHMTa HaBcTpedy HabawaaTento. 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 YaCOBOW CTPESIKU. ABNEHUE MarHUTHOTO
BpalLEHWs TMJIOCKOCTU MoAfpM3aLMM  CcBeTa CO BCcel ybeauTeNbHOCTbIo
[OKa3blBaeT OTCYTCTBME MNPOAO/bHbLIX MJOCKOCTEN CMMMETPUM, KOTOpble, Kak
Mbl 3HAeM, MPUCYTCTBYIOT B LUWANMHAPUYECKOM 3N1EKTPUYECKOM TOKe. ToT aKT,
O4HAKO, YTO BE/IMYMHA BpaLLeHMA MJOCKOCTU MOAAPU3aLMM HEe 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, NnepemeLatowero 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, COBNaJaloWei C OCblo KaHana B MarHuMTe, MOXKeT ObiTb [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.
MoABoAA UTOr CKa3aHHOMY, Mbl C MOJIHOW



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. TMpasuno pna onpegeneHnAa HanpasBieHUA  MArHUTHOro nMons,
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 HaBOAMT Ha NPeAnooMKeHNe 0 NPUHLMUMMANBHON BO3MOMKHOCTU CyLLLECTBOBAHMSA
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 npegnosioxkeHne MOXKeT ObiTb LEe/IMKOM YCTPaHEHO, ec/iM NPUHATb BO
BHUMAHUE WCTUHHYIO CUMMETPUIO MarHUTHbIX JIMHWUA (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 UANIOCTPUPOBAHO
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 oAHA M Ta Ke oWMbKa, 3aKMYatoWwanca B HAYEM
He 060CHOBAHHOM 3aMeHe aCMMMETPUYHOM GUTYPbl UAM ACUMMETPUYHOM TOYKK
CaMoM CMMMETPUYHOMN GUFYPOI, LAPOM UM TOYKOMN, KOTOPOM MOSYAINBO NPU-
NMUCbIBAaETCA CUMMETPUS LIapa.

3Ta oWMbBKa pacnpocTpaHeHa Npu L0Ka3aTe/bCTBE 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}KEeHWW NOBOPOTOB, NEPEHOCOB M OTPAXKEHMUM, HAZ0 33 UCXOLHbIN 31eMEHT
6paTb He chepUYecKn CUMMETPUYHYIO TOYKY, @ aCUMMETPUYHYI0 durypy".

(22)

Ergo: B OCHOBE CyuWw,eCTBYHOLWNX Beu.l,epl nexxnt ogHo-egUMHCTBEHHOE MNepBOHa-
4as10 U NPUTOM TaKO€ Ha4as0, NPOCTPaAHCTBEHHAA 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

3KCNEePUMEHTAJIbHbIX U TeOpeTUYEeCKUX paboT lMNolreHca.

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 3a4aum onpeaeneHmns LeHTpa KonebaHuit, MoKa wWia 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, Yyem bosiee 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 ABUMKEHUA MACC MasTHMKa B pesynbTaTe UX B3aUMOLENCTBUIM, 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).

Mostomy ~ _ N3l 4ope - cex
3

OpHako 3 noguuHsetca popmyne:
3I=40Q,

roe # ecTb OCEeBOM MOMEHT MHepuuu, a Q- 3TO y27108aA CKOPOCTb, KOTOpas B
C/lyyae paBHOMEpPHOro BpalleHua pasHa 2nN; 3gqecb N — 4acToTa BpalleHus,
KOTOPYIO U3MEPAIOT YUCAOM 060POTOB B CEKYHAY.

MycTb
7= kmr?,

roe k — Hen3BecTHbIN KO3PPULMEHT, r paBHO (\/EI [2),amwn | —310

Be/IN4YnHbI, BXOAALWLNE B COCTaB nocTtosiHHoM MnaHkKa h.

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



V3/4h =kmrc.

OTclopa cnegyert, yYTo

k

_ N3/l4h v3/4(Imc/2r) :i\/m
mrc m(/21/2)c 27

Crano 6bitb, = (1/27) 3/2mr?.
(25)

B ceasu ctem,uto Q=27 N,a Qr =c, N pasHo (C/2ar);
2
N :{@} \/E(a/27r)51040 o6opoT./cek
V4

(26)

A. C. CoHuH. "Bbeceapl o kKpuctannodusunke". (1976).

«KoHeuHo, 1 po M. Kiopu HeKkoTopble y4YéHble MOHMMANIU BAXKHOCTb
PacCMOTPEHUA CUMMETPUM NPU  U3YYEHUU PasAUYHbIX OUBNYECKUX
apdeKkToB. CambiMm NepsBbIM, NO-BUAMMOMY, Bbln ApxrMmeq, KOTOPbIA BbiBEN
yCNOoBME pPaBHOBECUA pblyara TONbKO M3 coobparkeHuit cummeTpuun. Mpu
3TOM OH MCxoauna M3 obuwero nNpuHUMNA, KoTopbli, No cnosam [. Belins,
dopmynupyetca cneaywowmm obpasom: "Ecau ycnosus, OOHO3HAYHO
onpedenswwue  Kaxkol-nubo  aggeKkm, obaadarom  HeKomopoli
cummempueli, mo pesynomam ux Oelicmeus obHapyrusaem my xce
npu4yuHy ". icxoaAa u3 atoro, Apxumeq, NpuWEN K anpuopHOMY BbiBo4y,
4YTO OAMHAKOBbIE rpy3bl 6yAyT HAXO4UTLCA B PAaBHOBECUM HA PaBHOM/IEUMUX
Becax: BCSA 3Ta CUCTEMA CUMMMETPUYHA OTHOCUTE/IBHO TOYKWM OMopbl
pblyaroB U NO3TOMY MaJIoBEPOATHO, YTO OL4HO MJe4Yo NOAHANOCH, A Apyroe
ONyCTUJIOCb».



(27)

A. B. LLly6HKKoB. "O paboTax MNbepa Kiopu B o6nactn cummetpun”. (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 cummempua ecmob MaKcumasbHaA
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 CuMMempuu cpedsl Mo2ym COCyu,ecmeosams C
fABIeHUEeM, HO OHU He A8/Aomca obsa3amesbHbiMU. ObA3amensHbIM A8A9emca AuUWb omcymcmaue
HEeKomopbix 37ieMeHmMos8 cummempuu. 3mo oHa — QUCCUMMeMmpuUs — meopum sssaeHus "

COBOKYMHOCTb 3TUX OMCYymcmayrouwux 3N1eMeHTOB CUMMETPUU U cocTasafeT To, yto [. Kiopu
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 GuUryp He COBMELLATbLCA 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 3epKasibHbIM M306parkeHnem, T. e. ¢ GUrypoi nesoit pyku. B HacTosAwee 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
NIOCKOCTAX (NpOoCToe oTpakeHue B OA4HOM NIOCKOCTU, MHBEPCUSA, 3EPKAJIbHbIE MOBOPOTLI, CKO/b3ALLEE
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 CUMMMeTpueirn (COBOKYMHOCTbIO MPUCYTCTBYHOLLMX
3N1€MEHTOB CUMMETPUN) U ANCCUMMETPUEN (COBOKYNHOCTBIO OTCYTCTBYIOLMX 31EMEHTOB CUMMETPUN).
M3BeCTHO, YTO NOJIHAA COBOKYMHOCTb Onepauuii CUMMETPWUIA, OTBEYaloLWMX BCEM MPUCYTCTBYIOLMM B
durype anemeHTam cMMmeTpuM, obpasyeT 2pynny B MaTeEMaTUYECKOM 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,

OTBEYAIOLWMX BCEM OTCYTCTBYIOWMM B Urype 3/1emeHTaM CUMMETPUW, 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
cMmMmMmeTpuM  Bcerga  GECKOHeYHO  Be/IMKO, Mpole  MepeyuciaTb  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 CBOWM OCHOBHblE MOJIOKEHUA, LUUTUPOBAHHble Hamu Bbiwe, M. Kiopu npuxoaut K
cneayolleMy YpesBblyaiiHO BaXHOMY BbIBOAY:

"Koeda HecKosbKO pasnu4Heix aeaeHull npupoodsl Haknadsiearomcs opye Ha Opyaa, obpasys 00HY
cucmemy, ouccummempuu UX CKaaoslearomca. B pesyabmame ocmaromcsa AuWb me 3/71emMeHmbl
cumMmmempuu, Komopeole A87A80McA 06WUMU 018 KaX 0020 AB8/€EHUSA, 83AM020 omOesbHO ".

370 nonoxeHue M. Kiopy ABNAETCA AaNeKo He TPMBMANbHbIM PacnpoCTpaHeHUeM Ha gusuyecKue
AB7EHUA TPWUBUANbHON AONA TeOMeTPUYEeCKMX GUryp WCTUHbI, 3aK/Ilo4Yalowencs B TOM, 4YTO Mpu
coeaMHEHUN ABYX (MM MHOTMX) He paBHbIX APYr APYry CUMMETPUYHBIX cocmasaaouux ¢uryp 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 HayyHbIXx Kpyrax 60/blleli WU3BECTHOCTbIO, HEXeAM TONbKO YTO PACCMOTPEHHbIN MApUHYUN
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 onpep,enéHHble NMPUYUHbLI NMOPOXAAKT U3BECTHblE CNeAcCTBUA, 31€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 3TU creacTema”.

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 cneacTeuem m Yt caegyeT pasymeTb Nog UX
CUMMETPUEN U OUCCUMMETPUEN.

Takum obpasom, Npu NpUMeHeHUU NPUHLMNOB M. KIopu MOXKHO M S0/KHO 33 CUMMETPUIO CBOMCTB
W ABJEHUIN MPUHUMATb CUMMETPUIO TEX BEIMYMH (TEH30POB Pa3/IMYHOrO pPaHra) uam Tex Gpuryp, 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 MPUHLMUMY CYyNepnos3nLmMm CUMMETPUN.

CBoM pasmbllineHma o cummeTpuu . Kiopu 3aBepluaet 3amevyaHMem, B KOTOPOM FrOBOPUTCA, YTO
BbIBOAbI M3 PACCMOTPEHNA CUMMETPUM MOTYT BbITb ABYX POAOB: 1) Heocnopumblie, HO OTpULATENbHbIE
BbIBOAbI, KOTOPblIE OTBEYAOT MOJIOKEHUID — HET C1eAcTBMi 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
06Hapyu1BaTbCA B NpousseEHHOM aelicTeun [Yucao Asoragpo N, |.

Ctano bbIThb,

N, \/E(d/Zﬂ)5104OH3CT./MOﬂb,

T. €. TeOpeTUYEeCcKoe 3HaveHne ymcaa ABoragpo pasHo:

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

(29)

Bb. Telnop, B. MNapkep, [A. JlaHreHbepr. "®dyHoameHTanbHble KOHCTaHTbl W KBaHTOBasA
aneKTpoamMHamuka". (1969).

1) "CuTyauma HeCKONbKO YCNOMKHAETCA, KOrAa OKasblBaeTcA HeobxoAuMbiM BBeAeHME HEKOTOPbIX
nepeBoAHbIX MHOXUTENeun. Hanpumep, A, u3mepsetcs B Ha
cToAllee Bpemsa B OCHOBHOM B MPOW3BOJIbHbIX €AMHULAX OJAUHbI, OBbIYHO MPUHATLIX B GU3MKe
PEHTTEHOBCKUX /ly4Yeit, B TaK Ha3blBaeMbIX PEHTIEHOBCKUX eAuHMLAX, @ He B abCOMIOTHbIX eANHULAX.

NHdopmauuna o nepesoLHOM MHOXHWTene
A, C nomowWbil KOTOPOro  OCYWeCTBAAETCA MNepexos OT  PEHTTeHOBCKUX  eauHuL K
MWAMIMAHTCTPEMAM,  MOXeT  6biTb  MnoaydyeHa HernocpeacTBeEHHO M3 3KCNEPUMEHTOB

no AauvédpakumMM, U3 M3MepeHUs KOPOTKOBOJIHOBOTO (KBAHTOBOro) mnpegena HenpepbiBHOIO
PEHTTEHOBCKOrO CMEKTPa WAM U3 U3MEpPEHWA MNapaMeTpoB KPUCTA/IMYECKUX PELETOK PasNNYHbIX
KPUCTaNNoB. 3TN TPW IKCMePUMEHTa NO3BONAIOT onpeaennTb cootsetcteenHo A, h/e A n NoA® (N,
— yucno Asoraapo).

AHanornyHo, 3HauveHue e/h u3 sdpdekta [o3edcoHa, Tak ke Kak U F, y, u h/e A, vawe
M3MepAeTca B 3TaJIOHMPOBAHHbIX eauHMuax (cm. n. 5.2), a He B abCOMIOTHbIX 3/1EKTPUYECKUX
eAuHULAX, YTO Bbi3biBaeT HEOOXOAMMOCTb BBEAEHUSA MHOXUTENSA, NepeBoAALEero 3TaloOHNPOBaHHbIEe
3NeKTpMYecKMe eauHULbl B abCoNtoTHbIe. BeNUUYMHY 3TOr0 MHOXKUTENA MOMKHO ONpeaennTb U3 NPAMbIX
3/IEKTPUYECKMUX M3MEPEHU, a TaKKe MyTEM CPaBHEHWA BE/IMYUHbLI Y, MOJYYEHHON B CWUJIbHbBIX U
cnabbix MarHUTHbIX noaax". (Ctp. 15).

2) "B HEKOTOPbIX U3MepPEeHUAX, Tp66OBaBLLIVIX 3HaHUWE OaHHbIX O PEHTIEHOBCKOM U3NTy4EHUU, Mbl

BK/1KO4an B 4Yynucno YTOYHAEMDbIX KOHCTAHT MHOXUTENTb A,
I'IEPEBOAFILLI,VIf;I PEHTreHOBCKMe eaunHnL bl B MWUNNTUAHTCTPEMDbI; OA4HaKo HEKOoTOopa“
HEeperynAapHoOCTb n CpaBHUTENBHO BblCOKaA NOrpewHoOCTb BCeX PEHTreHOBCKNX

M3MepPEeHUn He MO3BOAIT UCMONb30BaTb MHOMMUTE/b /A B OKOHYATE/IbHOM YTOYHEHUWU CUCTEMbI HaLIMUX
NYYLWIKX, AN PEKOMEHOYEMBIX, YNCIEHHbIX 3HAaYeHUIN yHAAMEHTaIbHbIX KOHCTAHT. PekomeHayemoe
3HayeHune A nonyyeHo KOMbuHaumeln
pe3y/IbTaTOB OKOHYATE/IbHOTO YTOYHEHUS C IYYLIMMM PEHTFEHOBCKUMM namepeHuamn". (Ctp. 22).



3) «7.6. PeHTreHOBCKME IKCNEePUMEHTI.

Bonbwoe KoOAMYECTBO  AaHHbIX M3 06/1aCTU  PEHTTEHOBCKUX  M3MEPEeHWi  MmeeT  camoe
HenocpeACTBEHHOE OTHOLWEHMWe K Npobaeme pyHAAMEHTaNIbHbIX KOHCTAHT. K coxkaneHuto, MHorne u3
HUX He COrnacyloTcaA MexAy Coboi MAM Ke MMeloT CAUIWKOM 6osiblune 3KCnepumeHTaNbHble
norpewHocTn. B pesynbTaTte HM OAHO M3 3TUX [AAHHbIX HEe MOXKeT ObiTb BKAOYEHO B HaLy
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 YMCNy ABOragpo. ITO OYEHb BaK-

HO, TaK Kak nofobHaa MHdOPMaLMa cmMorna 6bl MPOAUTL HeKoTopblii ceeT Ha pacxoxaenusa U/,
obcyaaBwmecs B npeablgywem pasgene. Mbl xoTean Obl TaKKe MOAYYUTb Jydllee, WM
pekomeHayemoe, 3HadeHue ANA A, nepeBoAHOr0 MHOMMWTENA OT PEHTFeHOBCKUX X-eAuHuL, 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 OFPaHUYEHHYIO MNPUMEHUMOCTb PEHTIEHOBCKMX
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  OnpesesneHuu
byHAAMEHTAaNbHOW 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 CpaBHMBATb MeXAy CobON [ABe A/MHLI BOJHbI), U3MepeHue
abCcoNOTHLIX 3HAYeHW B eAuMHMUAX OJMH BecbMa 3aTpyaHuTenbHo. [pepanoskeHHas 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, MO3TOMY HEeo6XoauMm
HEKOTOPbIN NEePeBOLHON MHOXUTE/Nb, C MOMOLLbIO KOTOPOro MOXHO 6b1/10 6bl NepeBoAUTb X-eANHMLLbI
B abCOJIIOTHbIE A/IMHBI TaK e, KaK C NOMOLLbI0 K NepeBoAATCA STa/IOHHbIE 3N1EKTPUYECKUE eaNHULbI B
abcontoTHble. 3TOT NepeBOAHON MHOXWTeNb A onpefenserca Kak OTHOLWEHWe [JIMHbI BONHbI B
aHrcTpemax (107°m) K 3TOW e A/MHe BOJHbI, BbipaxeHHow B kX-eannnuax A = A ( A)/A (kX-epnHnupi).
Mbl yBuamum Huxe, yuto A = 1,002, 1. e. kX-eguHnua npumepHo 8 1,002 pasa 6onblue aHrcTpema.

Bbibop HenocpeACTBEHHON 3KCNEPUMEHTA/IbHOM Npoueaypbl Ans onpegeneHns X-eguHuubl 6bia
COMPAXKEH C PAAOM NPOTUBOPEUYUI U CNOPOB. B TeyeHMe MHOTUX NeT X-eAuHULA U3Mepsaiach yepes
"3¢pPeKTUBHYI" NOCTOAHHYIO KPUCTANNIMYECKON PELETKM KanbuuTa, T. €. Npesnonarasaocb, Yto npu
18°C 418 KPUCTANIMYECKOM PeLEéTKM KanbumTa d; = 3,02904.°

HepoctaTok 3Toro onpegeneHvMa OYeBMAEH, TakK Kak Jdaxe "xopowwue" KpucTanibl He
YAOBNETBOPAIOT 3TOMY MpeanonoskeHuto. KonebaHusa XapaKTepHbIX pPasmMepoB KPUCTaAIMYecKom
pelwéTkM paBHbl 20 X 10% paxe Ana NoAo6paHHbIX KPUCTANN0B U MOTYT 6biTb TaKOrO Ke 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,ecTBOBasM [fBa NPAaKTUYECKM ISKBMUBANIEHTHbIX OMpeAeneHUA [AJMHbl BOJIHb, OAHO —
ocHosaHHoe Ha A(MOKe,)=0,707831 kX-eauHuu, sropoe — Ha A(CuKe,)= 1,537400 kX-eanHuu.



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 l(CuKa1)=
1,537400 kX. Mbl B AanbHellem Tak»Ke byaem UCNoNb30BaTb 3Ty NOCAEAHIO WKany eauHUL,

Bce peHTreHOBCKME M3MepeHWs MOXHO pa3buTb Ha 4eTbipe FPynnbl, B KOTOPbIX WU3MepATCA
BennumnHbl he/e, A, Nan A, , KOMNTOHOBCKAA 4MHA BO/HbI 3/IEKTPOHA.

NHTEpecHO OTMETUTb, YTo ecin 6bl A, MOXKHO 6blI0 M3MePATb TOUHO B aBCONOTHLIX €4MHULAX, Mbl
nmenu bbl HOBbI cNocob onpeaeneHMa NOCTOAHHOW TOHKOW CTPYKTYypbI. » (CTp. 99-101,107).

4) "Kopoue rosops, U3 NpamMbix uamepeHmnii A moxeT 6biTb cAenaH TONbKO OAMH BbIBOA: BeanumHa 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 ™ (nocTosHHas ABoragpo)

(31)

A. 3ommepodenbs. "BoO3SHUKHOBEHME KBAHTOBOW TEOPUU CUCTEM C HECKOJIBKMMM CTEMEHs MU cBoboab!".
(1929).

"N. A. BupaeH B 1abopatopun A. KOMNTOHA C UCK/IIOYUTENBbHOW TOYHOCTbIO n3mepun andun K u
K, an19 Mean ¢ NomMoLbio UCKYCCTBEHHbIX PELIETOK U HALWEN ANA ANWH BOJIH 3HAYEHUs CYLLECTBEHHO
66nblUMe, YEM 3TO BbITEKAET M3 M3MEPEHUI Ha KPUCTaNNIMYECKMX pewéTKax npu obuwenpuHATon
Be/NMYMHe yucna flowmuara. Heuto nogobHoe gatoT U nsmepeHua beknuHa, nposenéHHble B nabo-
patopuu 3urbaHa. M3 HOBbIX 3HAYEHUW ANMHbI BOAHbI NPUXOAAT K M3MEPEHHOW BE/MYMHE 4YuMCna
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 MoKoA 37eKmpoHa. B Takom cnyuae, ecam cootHoweHne M,C° =hv(hc/ A.)
NOHUMaTb B peucmuyeckom (BELHOM) cMbicse, cnpaseainea popmyna:



Crano 6biTb, A, =87 x (a/27)™ x| . Toraa npusedérrHas KoMNTOHOBCKas
AJIMHA BOJIHbI 371EKTPOHA A ByAeT onpeaenaTbcs BbipaXkeHnem
-1
K. =(al2r)” x4l.

A nokasaTb cnpaBegiMBoCTtb BblpaxXeHnAa AOnA 7(, MOXHO cCieayrowmnm o6pa30M:

c

( "Knaccuueckui paguyc" anektpoHa
r,=2z(al2r)k, =27 x4l = 2,827.433.388.15x10 3 cm;

Mepsbii 6OPOBCKUM paanyc

\a, =/ 2x)al2x) R, =1 2x) (ol 27) 7 x4l =
=0,530.838.684.288.5x10 % cu.

Ho, nockonbky m, pasro (1/27)x (/A ) xm, B utore nonyyaem:

m, = (1/87)(a/ 27)m =9,11.733.450.221.8x10 2*r.

B sTom cnyyae BbiparkeHue ana Gy NpUHUMAET BUA,:

1 -2

e/m, em® -2 - cex J

-2
yacm. - MOJlb

G, = {5 } =167(9/8)* (o / 27)™ xlO‘lz(

A

(33)
Hanee, NnpuHMMan BO BHUMaHME NYHKT (23), NPUXOAMM K BbIBOAY, YTO C 3/1€KMPOHOM CBA3AHO He

TONIbKO BHYTPEHHEE 8pawamersibHoe, HO U BHYTPEHHEE 6U6p0L{UOHHO€ cocmosHue. B gaHHOM
CcQiydae 3T COCTOAHUA-KOPPENATbl NOAYUHAKOTCA chnegyrowemy YypaBHEHUIO!

roe

W — sHeprua epawjeHus ¢ yrnoBow CKOpPOCTbio
(W=y4 Q%/2);
T — sHeprua ocyunaAyuill, pasHas BbipaxeHnio Mx w” x A*/2 (anecb A —

amnAnTyaa oCcUMNNALMIA, @ W — 3TO YrN0Ban YacToTa);



E — 370 3Heprus konebatenbHOro Bo3byKaeHna pomoHa ( hC/ﬂ,c ).

OcHOBbIBAACL Ha 3TOM, MOXKHO 3anucaTb BETNYUHY TCﬂe,EI,YI'OLLI,MM o6pa30N\:

T =W -E =1 3/2me? —i(a/Zﬂ')mCZ ZSL{\/E—(CZ/ZE)} mc?.

4 8 7T

B pe3ysnbTaTe nosyyaem, 4To

_ (W an{6 — (el 27))c?

0

AZ

Ho TaK KaK cnuH 91EKTPOHA — BEJ/INYNHA NOCTOAHHAA, TO spaweHue 30eCb — amo ycmodwueoe
eedycqee ABuMKeHue. YTO Ke Kacaetca KonebaHuli B6AU3MN ycmoﬁqueozo ABUXeHnA, TO

ycnoBuem ux ycmodivyugocmu (B JaHHOM Cnyyae) ABNAETCA CAeAylolee PaBEeHCTBO:

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

Nnn: 2TWNA =278 x 277,
rae Vv — 3To 4acToTa OCLUMANALMIA.

OpfHako AXV=C,a2nv = @;TakuTo NXC=F X ®.

27 27
Ho o= ? roe T = —— (3pech ¢ paBHO CKOPOCTM CBeTa).
C

CneposatenbHo, w=(c/r), an = 1.

M Torga gna v noayyaem cnegyrouiee BbipaxkeHue:

- {@}zﬁ(a/zn)ﬁo“ru

2nr 27
N HaKoHeLl, HaxoANM, YTO

A = (1876 - (af 27) 1

MwtunH B. C.
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®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 BOJTHOBOMU
TEOPUH, NOJ06HO TOMY, KaK BOIPOC 3a BOJIHOBYIO TEOPUIO UJIU IPOTHUB HEE, eCTb BONPOC )KU3HU
s usuku». [lof06HO AUCIIepCcrH U NToJIspU3anus cBeTa 06'bsICHUMA TOJIbKO Ha OCHOBE
aTOMHUCTUKHY; NOJIsIpU3alus TpebyeT JJisl CBOero o6’bsICHEHUS NONepeyHbIX KosebaHui adupa. Ho
cnop Mexxy PpeHesieM u [lyaccoHOM sICHO NIOKAa3aJ1, YTO B HENIPEPBIBHOM CpeJie BCe MollepeyHble
KoJie6baHUs J0JKHBI OUeHb GbICTPO NpeKpallaThCsl U IepeX0JUTh B IPOJ0JIbHbIE, TOT/Ia KaK B
cpejie, COCTOsILEeN U3 OT/Ie/IbHBIX YACTHL, OHU MOT'YT PAacCNpOCTPAHATBCS Aablle»



(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 MOAUPHUKALUHI, HA KOTOpPble OHU CIIOCOOHBI,
NpeACTaBJSAETCS UCKIIOUYUTEIbHO OrPaHUYEHHBIM. M0XXHO 106aBUTH JIBUKEHHWE BpalleHUs K
MOCTYIaTeJbHOMY JIBIXKEHUIO, HO 3TO U BCE.

YTo e KacaeTcsl KoJiebaTebHbIX BXKEHUH, TO OHA MOTYT CYyLeCTBOBATh JIUIIb B Cpeiax,
KOTOpbI€e MOAAEPKUBATU ObI UX IIPH TOMOIIA HEPABHOI'O BO3/I€CTBUS HAa pa3IMYHbIe CTOPOHLI
CBETOBBIX YACTHUII, IPe/IoJiaras, YTo 3TH CTOPOHBI 06J1aJal0T Pa3/JIMYHbIMU CBOMCTBaMU. Kak
TOJIBKO 3TO JleICTBHE NpeKpaliaeTcs, KoJaebaHus JO/HKHbI TaKKe MPEKPATUThCS UJIH Ke
NpeBPaTUThCS BO BpalllaTesJibHOE JiBUKeHHe. TakuM 06pa3oM, BpalllaTe/ibHOe JBMXKEHUE U
pas3Jinyre CTOPOH OJHOU U TOU Ke CBETOBOW YaCTULbI SIBJISIIOTCS €JMUHCTBEHHBIMHU
MeXaHUYeCKMMH pecypcaMU SMUCCHUOHHOM TEOPHUH, IPU IOMOIIY KOTOPBIX 3Ta TEOPUS AOJHKHA
NpeACTaBUTh BCe YCTOWYHMBbIE U3MEHEHHUS CBETa»

2) Ctp. 563

((ECJ'[I/I HpeﬂHOJIO)KI/ITb, YTO CBE€TOBbI€ YaCTHLbI HE C(bepl/l‘-leI, d UMerT CTOpOHbI pa3111/1q1-101‘/'1
(1)0pr1 " pa3MepoB, 4YTO OHHU ABJIAIOTCA, HallpUMep, 3JIJIMIICOUAAMHU, TO C I€PBOro B3rjadaa
KaxXeTcCd, YTO TaKUM l'IYTéM MO>KHO OO'BACHUTD ABJIEHUA NoJIApU3aluu, U660 eCTeCTBEHHO BLIBECTU
U3 3TOr0 HpEAHOHO)KEHI/IH, 4yTO IL[el‘/’ICTBI/Ie TeJ1 Ha CBET UBMEHAETCA B 3aBUCUMOCTH OT TeX CTOpOH
CBE€TOBBIX YaCTHL, KOTOpre OGan.[eHbI K TeJiaM; HO ‘~ITO6bI O6'bHCHI/ITb HpI/I 3T0ﬁ ruiiorese
pPeryjadpHOCTb ABJIEHHA NNOJIAPHU3alhH, CJieJ0BaJI0 OBl npeanoyIoKUTb CBEPX TOTO, 4YTO O/JHA U3
TpéX ocen BCeraa uMeeT HallpaBJIEeHH e J1y4ad, 4ero, OAHAaKO, JOMYCTUTb HEJIb3A»

3) Ctp. 564

«Korza g 3aHnMaJica peJlakLiell MOero NepBoro MeMyapa, OTHOCSIILLErOCsl K LiBeTaM
KPHUCTA/ZINYECKUX IIJIACTUHOK (B ceHTsA6pe 1816 r.), s 3aMeTUJI, UTO NOJISIPU30BAHHbIE CBETOBbIE
BOJIHBI JIEUCTBYIOT JpyT Ha Apyra Kak CUJIbIL, epIeHJUKyISpHbIE JTy4aM...»



(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/laeT CIOCOOHOCThIO
pacLienaThCA Ha ABa Jydad, OKpalleHHBIX B IONOJIHUTEJbHbIE [|BETA, €CJIU N10C/Ie TIPOX0XKeHUA
Yyepes3 TOHKYIO IBOSIKONPeJIOMJIAIOLIYIO IJIACTUHKY NIPOIYCTUTD €0 ellé U yepe3
JIBOSIKOIPeJIOMJISIIOL MU aHa/IM3aTop. Aparo cpasy MpeAJoXuJ, YTO BOSHUKHOBEHUE 11BETOB
006YyCJIOBJIEHO pa3anyreM MoudUKALMM, BHECEHHBIX TOHKOM MJIACTUHKOM B COCTOSIHUE
N0JIIpU3alY Pa3/IMYHbIX IPOCTHIX 3JIEMEHTOB 6eJI0ro CBeTa; HO JIMIb byo crieniMaibHO 3aHAICA
u3y4yeHueM JieTajel aTuX Mogrudukanuil. [lopakéHHBIN CTO/Ib 3aMedaTeIbHbIM GpaKToOM —
NepuoMYeCKUM TOBTOPEHNEM JIBYX Pa3/JIMYHbBIX NOJIAPU3AL MY, pa3ie/IEHHBIX IPOMEXKYTOYHbIMU
COCTOSIHUAIMH, B KOTOPBIX CBET IPOU3BOUJI BlledaTJIeHUEe CMeCH eCTeCTBEHHOTO U
N0JIAPU30BAaHHOI0 CBeTa, bHo AyMasl, YTO OTKPBLI [IepUOAUYEecKOoe KojlebaHHe ocel oJIspU3al i,
npeJlIecTBYIOllee MOMEHTY UX OKOHYATe/IbHOTO paclpe/ie/eHUsI Mex 1y [JIaBHbIM Ce4eHUEM
KpHUCTaJlJ1a U epIeHAUKYJIAPHOHN MJIOCKOCThIO. EC/IM pHCcoeMHUTD 3TO TOHATHE O
NepUoAUYECKOM JBHKEHUHU K IPyTUM IMIIOTe3aM, KOTOpble NMOTPe60BaUCh [J1s1 06'bICHEHUS
OCTaJIbHbIX ONITUYECKHUX ABJIEHUH, TO Mbl YBUJUM, YTO CBETOBbIE YaCTHILbI [JO/KHBI ObIJIY OBI
06J1a/1aTh CJIelyI01 el COBOKYITHOCTbIO CBOMCTB.

1. CBeTOBBIE YaCTHULbI ABJISIOTCS MHOTOTPAaHHHUKAMHU, B KOTOPbIX HEO6X0JUMO BbIAEJIUTD
OJHOBPEMEHHO OChb NOJIIPU3ALUHY, ABISIOLIENCH 0CbI0 CHMMETPUH, U APYTYIO OCh,
neprneHJUKYJIAPHYIO IepBOH, OJMH KOHel KOTOPOU NPUTATUBAETCA NPeIOMJISIOLIMMU
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 MOJISIpU3aL[MU C TOCTOSTHHOU
CKOPOCTBIO, 3aBUCALIEN OT LiBeTa. BpalleHre NPOUCXOAUT TaK, YTOObI
NPUTATUBAEMbIN U OTTAJIKMBaeMbli KOHLbI MOIJIM [TI0IIEPEMEHHO 10/ BepraTbCs
BO3/IeMICTBHIO BCTpeyaeMoy npesioMdmoLei cpefbl. OTCl0/la — NPUCTYIIbI JIETKOTO
OTpaXKeHUs U JIETKOTO IpeJIoOMJIeHHs.

4, OTpakeHHe He OKa3blBaeT HUKAKOTO BJUAHUSA Ha BpallleHHe KaXX/Jj0l 4aCTUILbl BOKPYT
CBOEU 0CH NOJISIpU3aLUK, HO CTPEMUTCA OPUEHTHPOBATh BCE OCH NIapaJijie/IbHO
MJIOCKOCTH OTPaKeHHUH; B 3TOM NIPAaBUJIbHOM PACIOJIOXXEHUH U 3aKJII04aeTCs
COCTOSIHUE MOJIAPU3aL M.

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 HaTMYMHY ABOWHOTO MPEJIOMJIEHHS OCH MOJIIPU3aL UK HAYMHAIOT KOJIe6aThCs
MeX/ly CBOMM Hauya/IbHbIM I10JI0KEHHUEM U [10JIO’KeHHUEeM, CHAMMEeTPUYHbIM
OTHOCHTEJIbHO [VJIABHOI'O CeYeHU; TPOAOIKUTENbHOCTb 3TUX KOJIeGaHUH JJ151 4aCTHUL],
pa3HoOro LiBeTa MPONOPLMOHaIbHBI NEPUOAY BpallleHUs BOKPYT OCel MoJIgpU3aLuu.

7. Ha HekoTOpo#i riy6HHE 3TH KOoJieGaHUs MPEKPALLAITCS U yCTAHABIUBAETCS
onpeJe/IéHHOe pacnpe/ie/ieHre oCcel MoJgprU3al iy MeX 1y JBYyMs 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, UYTO OHA BKJIIOYAET BCIO
ONTUKY. 3BecTHO, 4TO B 3110Xy HbI0TOHA CBETOBBIE SIBJIEHUSI OO'bSICHSJIM IIPU IOMOILIH HUJIN
KopnyckyJsspHoH (HbioToH), uiu BotHOBoM (['folireHc) Teopuu cBeTa. [1o cyuiecTBy 3TH
00'bsSICHEHUS He ObLIY Pe3Ko pa3rpaHuveHbl. HbI0TOH, 3HAaKOMBIH C IBJIEHUAMHU HHTeppEPEHITUN U
IUOPaKIMK, 06bACHA UX TEM, UTO NPUIMUCAT CAMOU KOPIYCKYJie MEPUOIMYECKUE CBOMCTBA.
Haxopsick B pa3/INuHbIX COCTOSIHUSX, OHA UCTBITHIBAET, HAIPUMEDP, KITPUCTYIIbI» JIETKOTO
OTPaXKEeHUS U IIPUCTYIbI» JIETKOTO pesioMmieHus!. B To ke BpeMss HbI0TOH cunTal, 4To
KOPIYCKYJISPHOUW KOHIIENIWHU CBETA CJEAYET NPUAEPKUBATHCS /ISl 00 bsICHEHUSA
NPSIMOJIMHEHHOCTH PacpoCTPaHeHUs CBeTa U 06pa30BaHUs TEHH.

Teopus 'olireHca, UcxoAUBIIAS U3 MPEATNOJJ0KEHUSA O PACTIPOCTPAHEHUH BTOPUUHBIX
cdepHryYecKUX BOJIH, BbI3BAHHbIX IVIaBHOW cheprUYeCKOM BOJTHON, MPAaBUJIbHO 00'bsSICHSAJIA SIBJIEHHUS
OoTpakeHUs U npesioMmyieHuss. OHAKO BOJIHOBAsI TEOPHS CMOTJIA ICHO 000CHOBATH
NpSIMOJIMHEHHOCTh PAcpoCTPaHeHUs CBETA TOJIBKO MocJjie OTKpbITHH I0Hra 1 co3aanus Teopuu
OpeHens.

B 3To# Teopuu npeAosiarajaock, YTo CBET BbI3bIBAET He MPOJ0JIbHbIE KOJIebaHUs, KaK
CUMTAJIOCh PaHbIIle, a IOTIEPEYHbIe, TePIeHUKYJISIPHbIE K HAIPABJEHUIO PACPOCTPAHEHUS. DTA
0COGEHHOCTb 00'bSICHSJIA SIBJIEHUE IBOMHOTO MPeJIOMJIEHHUS], HO CAMO CyIllleCTBOBaHHE MOA00HbBIX
KoJIeGaHUH Tpe6GoBaIo HAMUYUs KOJeGIollelcs cpeibl - 3gupa. YKa3aHHas cpejja uMesia
HCKJIIOYMTEJIbHO MapaJloKcajbHble CBOWCTBA: Oy yund 6ECKOHEYHO YIPYTroH, OHa, OJHAKO, He
MelllaJia CBOGOJHOMY ABMKEHHUIO TeJl. K TaKOMy COCTOSTHUIO MPHIILIA ONTHKA, KOTrAa MakcBeJit
Havasl MOCTPOEHHE 3IeKTPOMAarHUTHOU Teopuu. Pa6oThl MakcBessia MpUBEH K 3aMeHe
MexaHUYeCKOH TeopuH KoJsiebJronierocs 3¢rpa Ha TEOPUIO KOJIe6aHUN 3JIEKTPOMArHUTHOTO MOJIA.
[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
3JUIUIICONAAJIbBHYIO Cl)OpMy. Takum O6p?:130M, INpH X ABUKEHHNHU OJMHAKOBbI€ ITIOJIOKEHHNA
nepuognieCKHu NoBTOPAKTCA.



(44)
A. WycTep. «BBegeHue B TeopeTUUYECKYHO ONTUKY» (1928)

1) Ctp. 2-3

«B HacTof11lee BpeMs He CylIeCTBYeT TEOPUH ONITUUECKHUX SIBJEHUN 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 KOJIEGAHHUS CYyTh 3JIEKTPOMArHUTHbBIE BOJIHBI, TOJIBKO 11O
pasMepaM OTJIMYAIOIHECS OT Te€X BO3MYILEHUH, KOTOPbIe BbI3bIBAKOTCH KoJiebaTelbHBIMU
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 ONTUYECKHUX SIBJEHUN. DTO OTPaHUYEHME HaAlllero 3HaHUS, IPeJCTaBJISOLee
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 XKeJlalolliue 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, JJOBOJIbCTBYIOLEMYCH YPaBHEHUAMH, IPABUJIbHO BOCIPOU3BOJALIMMH YUC/I€HHbIE
COOTHOLLIEHHUS MEX/Y Pa3/IMUHbIMU SIBJIEHUSIMU, XOTS Ob CAMBOJIbI, BCTpEYaOL1eCs B
YPaBHEHMUSX, U He JIOMyCKaJIU HUKAKOUW OTYETIMBON HUHTepHpeTanuu. To 06CTOSATENBCTBO, UTO 3TO
TYMaHHOE, YCKOJIb3allllee HanpaB/ieHUue GU3UieCcKON MbIC/U HALJI0O HEKOTOPYIO MO EPKKY B
TpyAax 'eHpuxa ['epiia, o6y /aeT K elié 60Jiee CTPOroMy K HEMY OTHOLIEHHIO U YIIOPHOMY
CONPOTUBJIEHUIO. YpaBHEHUS, COCTABJISAIOLIME COBPEMEHHYIO 3JIEKTPOMAarHUTHYI0 TEOPUIO CBETA,
COCJIY>KUJIM OTJIMYHYIO CJIY>KOY; HAa HUX CIe[yeT CMOTPETb KaK Ha OCTOB, K KOTOPOMY J0J/KHA
TOYHO NIPUUTHCH Oyy1as 60Jiee OJIHAS TEOPUs, HO CaMU 110 cebe OHU TaKOW OKOHYATeJbHON
TEOPUU CBETA ellé HEe COCTABJIAIOT.

H3y4yeHure pU3NKU JOKHO OCHOBBIBAThCS HA 3HAHUM MeXaHUKH, U TpobJieMa cBeTa 6yJeT
pelleHa TOJbKO TOT/a, KOorja 6yyT OTKPBIThI MexaHU4YecKre cBorcTBa 3¢upa. [Ioka Mbl He 3HaeM
OCHOBHBIX [IPUYMH, BbI3bIBAKOIUX 3JIEKTPUYECKHE U MAarHUTHbIE HANPsKeHUs U Jepopmanui,
Heo06X0JJMMO HaUMHAThb U3y4YeHUEe TEOPETUYECKON ONITHUKU C TIIATEJbHOT0 PACCMOTPEHUS BOJIH B
cpejiaX, yIpyrue CBOMCTBa KOTOPBIX XOPOIIO U3BEeCTHHI. [[03TOMy M3ydyeHUe TEOPUU 3BYKA U
CTapo# TEOPUH yIpPyroro TBEpAOro a¢pupa A0KHO NpeAllecCTBOBATh BBEJEHHUIO YPaBHEHUH
3JIEKTPOMArHUTHOTO MOJISI»

2) Ctp. 235

«Ecnu cBeTOBOE BO3MYyIleHUE U 3JIEKTPOMarHuTHasA BOJIHA paCpOCTPaHATCA C
OJMHAKOBOM CKOPOCTBIO B OJAHOM U TOM e Cpejie, TO HEMUHYEMO 3aK/II0UYEHHE O TOXK/IeCTBE 060UX
siBJIeHW#. Ha 3TOM 3ak/Il0ueHU U U IOCTPOEHA TaK Ha3blBaeMasi «3/1eKMpoMAZHUMHAS Meopust
ceema» DJAEKTPOMArHWTHas TEOPHS CBeTA YCTAaHABJIUBAET ypaBHEHUS [IJis1 paClIPOCTPaHEHUS
CBETOBOI'0 BO3MYIIEHHS], KOTOPbIE B HEKOTOPBIX CJy4asix, KaK BbISICHUTCS B Aa/ibHeNIeM, 6ojiee
COOTBETCTBYIOT $paKTaM, UeM NPEKHSS TeopHrs yupyrou TBEpoH cpeapl. OAHAKO He HAZ0
3a0bIBaTh, YTO OHA He JJAET OTBETA HAa BONPOC 0 NpHUpo/jie cBeTa. OHA JIMIIb BhIpaXKaeT OJHY
HEU3BECTHYIO BeJIMUUHY (CBET) uepes pyrue Heu3BeCTHbIe BeJIMYHMHbI (MAarHUTHbIE U
3JIEKTpUYEeCKHe BO3MYIeHH s ); 0/JHAKO MarHUTHbBIE U 3JIEKTPUYECKHEe HAPSKEHUS MOLIUHSIOTCS
3KCIepUMEHTaJIbHOMY UCCJIeJOBAaHUIO, TOT/Ia KaK YIIPyrue CBOMCTBA Cpefibl, Yepe3 KOTOPYHo, N0
CTapoy TeopuH, paCIpOCTPAHSJICS CBET, MOTJIU JIMIb IPUIIUCHIBATHCS 3TOU Cpejie 0 aHaJIOTHUU C
yIpyruMu CBOMCTBAMM OObIYHOM MaTepud. TakuM 06pa3oM He YUBUTEbHO, UTO
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 Z10Ka3aTelbCTBO TOX/eCTBA CBETOBOTO U 3JIEKTPOMAarHUTHOTO
BO3MYIIEHUSI HUKOT A He GyAeT ONPOBEPTHYTO»



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

«[lonepe4HsI JIM KOJIe6AHUA B 3/IEKTPOMAarHUTHOM Jiy4ye?

Tpembs Modesab 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 JIYUU KaK C IPOJ0JIbHBIMHY, TaK U C IONepeyHbIMU KoJiebaHusaMu. Ham
NPUXOJUTCS OCTAHABJIMBATbCA Ha 9TOM COBEPLIEHHO ICHOM M0JIOKeHHUH [TOTOMY, YTO 3a BpeMs
roCHO/ACTBOBAHUSA 3HPHO-BOJTHOBOM TEOPHUU CBETA Y MHOTUX YUEHDIX, IPUHABIIHUX
3JIEKTPOMAarHMTHYI0 TEOPHUIO, HO CIIeLIMaJbHO He 3aHUMAaBUIMXCA €10, COXPaHUJI0Ch MHEHUE O
NoNepeyHoM XapaKTepe KojJlebaHUH B Jlydax CBeTa. YKpPeIJIeHHUIO 3TOT0 JIOXKHOI'0 MHEHHUS,
HEeCOMHEHHO, ClIOCOOCTBOBAJIa pa3obpaHHasA HaMHU AuarpaMma NoJIipu30BaHHOTO J1y4a, B KOTOPOH
NOIepeYHOCTb PACIOJIOKEHUS NI0JIeH TPU IOBEPXHOCTHOM IOAXO0/ie JIETKO MOXeT ObITh IPUHSATA
3a onepevyHOCThb KoJlebaHMi. Hala HoBas Moziesb Jiy4ya, O4eBU/HO, CTPAZiaeT TeM XKe
HeJ0CTaTKOM. BoT moueMy HaM KakeTcs »KeslaTeJbHbIM pa3o6paTh 3/eCh, C TOUYKH 3peHUs
CUMMETPHH, U TPETHIO, y2Ke U3BECTHYIO0, HO I0YeMy-TO MaJIo NONYJISIPHYIO MOJieJb JIy4a, KOTOPOH,
MeXJy IPOYUM, I0JIb30BaJICAd U A. JWXeHBaJIbJ, /11 UHTepIpeTalMy ABJIeHUN OTPaXKeHUd U
npeJjioMJieHus cBeTa [2].

CorstacHO 3TO¥ MOJie/1U 3JIeKTpUYeCKHe U CUJI0Bble MarHUTHbIE INHWUH, KOHEYHO,
pacrnoJiaraloTcsl ToXke epneHAuKyJIIpHO K JIy4dy, HO TYCTOTA 3TUX IMHUU U3MeHAeTCA B0JIb JIy4ya
10 3aKOHY CHHYCa, TPUYEM HaubOoJIbIlEeH I'yCTOTe 3JEKTPUIECKUX IMHUM OTBeYaeT U HauboJIblIast
ryCTOTa NepneHUKYJISpHbIX UM MarHUTHBIX TMHUU. Pacniosiaras ajlekTpudeckue JIMHUM B
IJIOCKOCTH YepTerka, a MarHUTHBIEe — NIepIeHUKYJISIPHO K YePTeXy U IpUMeHsIsl 06bIYHBIN C1OCO0
M300paxkeHUs CUJIOBBIX JIMHUH CTPeJIKaMHy, I0JIyYUM TPEThI0 U3BECTHYIO MOJeJIb JIy4a,
M300paKEHHYIO Ha pHUC.5. B Hell MarHUTHBIE JIMHUY, HallpaBJeHHble OT HabJt0aTe s, TOKa3aHbl
YEPHBIMHU KPYKOUKaMU; 06paTHO UAYILIHE JIMHUU U306paKeHbl OeJIbIMU KPYKOUKaMHU. ITa MOJIesb
CO BCel onpeie/IEHHOCTBIO YKa3blBaeT HaM Ha TO, YTO B 3JIeKTPOMAarHUTHBIX JIy4ax KoJiebaHUsA
IPOJ0JIbHBI, U BIIOJIHE 00'bACHAET OTPULATEJIbHBIN pe3yJIbTaT MOUCKOB elllé KaKHX-TO 0COOBIX
Jlydel cBeTa C POJ0JbHBIMU KOJIEOAHUSIMH, KPOMe JIy4Ye, XOPOIIO U3BECTHDIX.

Yemeépmas modesas ayua.

06.1a/1ast U3BECTHBIMH IPEUMYIIECTBAMU B CPABHEHUH C IEPBOM MOJIe/IbIO, TPEThSI MO/JeJib B
OTHOLIEHWH CBOEW CUMMETpPHH (CM. prC.2) TOBTOPSIET BCE HEAOCTATKU [EPBOM, KaK B 3TOM JIETKO
y6eAUTbCs U3 PACCMOTPEHUS pUC.5. 3aMeHssl B TpeThel MOJie/I1 NPSIMOJIMHENHbIE CTPEJIKU
MarHUTHBIX IMHUHM NPSIMBIMHU C KPYTOBBIMU CTpeJIKaMU (CM. puc.3), IPUXOJUM K UeTBEPTOU U
nocjaeHer Mo/Jiesiy, CoeJUHSIOIIEN B cebe JOCTOMHCTBA BTOPOH U TpeThel (puc.6). HoBast Mogenb
HarJsiJHO WUIIOCTPUPYET UCTUHHYIO CHMMETPHIO MOJISIPU30BAHHOTO JIy4a, ero NoJIsIPHOCTh
(3aKOHHOCTb CcylllecTBOBaHUS BeKTopa [IoMHTUHra) U NPOI0JIbHBIN XapaKTep KoJleGaHU B Jiydye»



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

1) Ctp. 17-18.

«[l10CKOCTh NOIApU3aALUM.

[loHsITHE N/10CKOCMb NOASIPU3AYUU, KOTOPOE UCIOJIb3yeTCs] MHOTUMU aBTOPaMH, He
SIBJISIETCS OHO3HAYHBIM. HEKOTOpbIe aBTOPBI HAa3bIBAKOT TAK IJIOCKOCTD, COAEPKAIILYI0
HalnpaBJieHUe pacnpocTpaHeHUe BOJIHbI U HallpaBJIeHUe 3JIeKTPUYECKUX KoJlebaHUH, B TO BpeMs
KakK [pyrue UMerT B BUZY [IJIOCKOCTb, COZepKalllylo HallpaBJIeHUs pacpoCTPaHeHUd U
MarHUTHBIX KoJie6aHUN. HeZjocTaTKOM 3TOr0 MOHSATHSA SABJASETCH U TO, YTO SKCIIEPUMEHTATOP
MOJKET JIETKO CO3/IaTh HECKOJIBKO JIydel, KOTOpble 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 Ke
HanpaBJieHHEe KoJle6aHU M.

B 3TOM KHUTE MOJ06HBIE TPYAHOCTH UCKJIIOYAOTCS UCII0Jb30BAaHHUEM TOJIBKO ONpe/e/IeHUH,
OTIMChIBAIOUIUX 3JIEKTPUYECKUE KOJIe6aHUs. 3[AECh YIIOTPEOIAITCS BbIpaXKeHUS «/IUHEHO
NO/1pU308AHHbIU», <HANPABIEHUE KO/Ie6aHUT» Y He TPUMEHSIOTCA TaKHe BbIpaXKeHUs, KaK «n/10CKO
N0/1S1pU308AHHbIL C8EM» Y «NA0CKOCMb NOASIPU3AYUU»»

2) Ctp. 45-46.

«§5. KBaHTOBOMEXaHHYeCcKoe ONMCaHue.

BoJiblias 4acTb BOMPOCOB, BO3HUKAKIIUX TP U3yYEHUHU MOJISIPU3aTOPOB U
MOJISPU30BAHHOTO CBETA, PEIIAloTCsA 6€3 MpUBJIeYeHUs KBAHTOBOM MeXaHUKU. OJHAKO HHTEpeCcHa
CBSI3b MEX/ly KBAHTOMEXaHUYECKUM IpPeICTaBJIEHUEM U JPYTUMHU 60Jiee 061 eNPUHATHIMU
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
MOHOXPOMAaTHUYECKOTO CBETA COCTOUT M3 OJIMHAKOBBIX POTOHOB, KOTOPhIE HAXOASATCS B
O0/JIMHAKOBOM COCTOSIHUU (YUCTOE COCTOSTHHUE) U UMEIOT OJJUHAKOBYI0 BOJIHOBYI0 QYHKLUIO. ITO
CrpaBeJ/INBO He TOJIbKO [IJISl TUHEWHO MOJIIPU30BAaHHOT0 CBETA, HO U AJ1S1 [UPKYJASPHO WU
3JUTMIITAYECKH MOJIIPU30BAHHOTO CBeTa. [I[pruMeHsieMblie BOJIHOBbIE GYHKI[UH, KOHEYHO, PA3JINYHbI
JUISL KQXKJIOT0 THIIA MOJIAPU3aMu. Boo61me roBopsi, HU OJWH THUII OJIIPU3AIUHU He SBJISAETCS
NpeuMyLIeCTBEHHBIM WUJIH 60Jiee MPOCTHIM, UeM APYTUE, HO €CJIM UMETH JeJ10 CO CHUHOBBIMHU
oInepaTopaMH, TO JIErde BCero Ommpe/ieJIUTh MPaBO - U JIEBOIUPKYJISIPHO MOJIIPU30BaHHbIE GOTOHBI.

Jlaxke Heno1s1pu308aHHbIL (MOHOXPOMATHYECKHH ) MyYOK C KBAHTOBOMEXaHUYECKOW TOYKH
3peHUs COCTOUT U3 O/IMHAKOBbIX POTOHOB, UMEIOIUX OJIHY U TY *Ke BOJHOBYI0 QyHKI U0, O/HAKO
3Ta BOJIHOBasi PYHKI[MS COOTBETCTBYET CMELIaHHOMY COCTOSIHUIO, TO ECTh HEKOTrepeHTHOU
KOMOHWHAIMHY, ONIMCbIBAEMON BbIpaxkeHHeM |a1|+|b |

Ecsiv 3xe Mbl paccMaTpUBaeM 06lee YUCTOE COCTOsIHUE (MpeicTaB s ee CO60M 061U
CJIy4dal aJIIMIITUYECKON MOJSIPU3AIMU U SBJISIIOLeeCcs KOTEPEeHTHOM KOMOWHALMel ), To BOJIHOBas
byHK1MA uMeeT BUA |aPi+b Y|

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
3KCIepUMeEHTANbHBIM (aKTOM, YTO Hallle alpUOPHOE NPEeAN0I0KEHUE 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
HEeNoJIIPU30BaHHBIN MYYOK He HeCET MHGOPMAIIMK O CBOEW 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 JPYyTUM G0oJiee 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€ KoJie6aHUi HaKJIOHEeHa o/, yTJIoM 45° K BepTUKaIN
(puc.225,B).

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. CoKkeHHe COOTBETCTBYIOLIMX BEKTOPOB JA€T B
3TOM CJIy4yae BOJIHY, I0JIIPU30BaHHYI0 10 Kpyry. Ec/im n306pa3suTb MrHOBEHHYIO KapTHUHY 3TOH
BOJIHBI, TO COBOKYITHOCTb BCEX BEKTOPOB 00pa3yeT BUHT, UJIM IOBEPXHOCTb «BUHMOBOL
secmHuybl» (puc.225,1); HanpasJieHUe PAaCPOCTPAHEHUS Z CAYKUT OChbI0 3TOr0 BUHTA. B KaX/bIx
JBYX TOYKax, OTCTOSIIIUX APYT OT Apyra Ha AJIMHY BOJHBI, BEKTOPbI UMEIOT OJHO U TO Ke
HaInpasJieHHe, TO eCTb OJMH LIar BUHTA NPUXOJUTCA Ha OLHY JJIMHY BOJIHBI.

Bunmoeas nosepxHocmb omH00db He 8pawaemcs 80Kpye Z, KaK 80Kpy2 0Cu Npu NPOXoHcOeHUU
go/HbL. Hanpomus, caedyem npedcmasasims cebe, Ymo 8cst BUHMO8As NOBEPXHOCMb KAK Ye/10e, He
s8pawjascw, nepeHocumcst 8001b Z €0 CKOpOCMbH, pABHOU CKOPOCMU 80/1HbI»

2) Ctp. 471-473.

«§229. llonapusanysi CBETa U MOMEHT KOJIMY€ECTBA ABUKEHHUSI.

Coro/isiHas JIACTUHKA «B YETBEPTh BOJIHBI» NPeBpallaeT MPOXO/SAIIMN 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! ONpESENUTh 3TOT MOMEHT 3KCIIEPUMEHTAJbHO, «IVIACTUHKY 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.).

CorytacHO KOPIYCKYJISIPHBIM NPe/ICTaBJAEHUSIM, OT/ebHbIA POTOH UMEeT MOMEHT
KOJIM4ecTBa JABXeHus h/2n (cM. HMxe).

Ilyuok ceema c npaegoii kpy20801i hosspusayueli COAeP>X,UT TOJBKO TaKkre GOTOHBI, ¥ KOTOPBIX
BEKTOP MOMEHTAa KOJIMYECTBA ABWKEeHHUs NapaJ/ljiejieH HallpaBJIeHUI0 PacpoCTPaHeHUs] CBETa; B
nyuke cgema c 1€801l kpy20801l noaspudayuell Bce BEKTOPbl MOMEHTA KOJIMYECTBA J|BHXKEHUS
aHTUIapaJlJIeIbHbl HAIPaBJIEHUIO pacpoCTPaHeHUs CBETaA.

B BakyyMe cBeTOBbIe BOJIHbI CTPOTO NonepevyHbl. [[03TOMy B BaKkyyMe BEKTOPbl MOMEHTOB
KOJIMYeCTBa JABWXKeHUs POTOHOB He MOTYT UMeTb COCTABJAKILUX, IEPIEeHAUKYJISAPHBIX 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 aHTHUIapaJljlesleH TOMY HallpaBJeHHUIO0.

O6bsacHeHue. CorsiacHO BOJIHOBOW KapTHUHe JII0601 My4YOK JIMHENHO N0JIIPU30BaHHOI0 CBETA
MO>KHO MPEACTAaBUTh KaK PE3yJbTAT HAJ0KEHHUS [BYX MyYKOB, MOJISIPU30BAHHbBIX 110 TPABOMY U
JIEBOMY KPYTy COOTBETCTBEHHO (cM. §92).

[lyuku asnunmuyecku no/sipu308aHHO20 ceema NpejCcTaBJIsSIOT COO0H caydal,
MPOMEXKYTOUHBIN MeXy KPYTOBOW U JIMHENHOU MoJisspyu3anuen: y GOTOHOB B 3TUX MyYKax
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 U3MepeHHe MOMEeHTa KOJIMYeCTBa JABUKEHHUS, KOTOPbIM MOXKeT COOOIIUTD
TeJly CBET C KpyTOBOH NoJIApy3anye, JaéT JULIb NOPALOK BeJIUYUHBI 3TOI0 MOMEHTA JJ14
efuHUYHOro poToHa. [IpuBeiéHHOe Bhllle 3HaYeHUe h/21 nosiydeHO UHBIM IIyTEM, a UMEHHO U3
Ba)KHOT'0 CNEKMPOCKONU4ecko20 npasu.ia omeéopa. B Kaxxjoi cxeMe sHepreTUYeCKUX ypaBHEHUH
(cm., HanpuMep, Puc.354) oTesbHbIE JieCEHKU YPOBHEN 0603HaueHbl 6ykBaMu S, P, D u cHabkeHbl
crpaBa BHU3Y YHUCJIO0BBIM UHJEKCOM. JTO YHUCJIO0 U eCTb 8HYMpEHHee KBAHIMOB0E YUC/O |
onmuyecko20 31ekmpoHd. 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/IAMOLMECS OTJIOIEHUEM UJIH U3JIyYeHUEM, U3MEHSIOT KBAHTOBOE YHMCIIO j, KaK
IpaBUJIO, Ha eAMHULY. COrJIacHO 3aKOHY COXpaHeHHUs] MOMeHTa KOJIMYecTBa JBHXKEHUS, ITO
CBSI3aHO C Te€M, YTO KaXK/bI{ NOTJIOI@eMbIH UJIM UCITyCKAaeMblil KBaHT CBETA YHOCUT WJIM IPUHOCUT
MOMEHT KOJINYeCTBa JIBM>KeHus, paBHbIN h/2m. Cyl1ecTBYIOT UCK/II0OYEHHS U3 3TOTO NpaBUJIa:
TOr/la NepeBeLIMBalOT ApyTre 06CTOATEIbCTBA»



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

«[locsie OTKPBITHSA CIMHA Y 3JIEKTPOHA IpeHPeCT Npocus INHIITENHA paccKa3aTh, «KaK
PeIITUBUCTCKY KOPPEKTHO MOXKHO CPOpPMY/IMpOBAaTh aHAJOTMYHYI0 TUIOTe3Y JJ151 CBETOBBIX
kopnyckyJ» [E3]. Xopolo u3BecTHO, 4YTO 3TO JOBOJIbHO JleJIMKaTHAasa Npo6JseMa, Tak Kak B JaHHOM
c/lyyae, KOHEYHO, HeT MOKOSILENCsl CUCTEMBI OTCYETA, B KOTOPOH MOXHO OblJIO GBI JaTh
onpeJeJieHre civHa. bosiee Toro, kaJM6poBOYHAas UHBAPUAHTHOCTb He 03BOJISIET O HO3HAYHO
OT/IEJIUTh OPOUTATBHBIM MOMEHT OT COGCTBEHHOTO YIJIOBOTO MOMeHTa (cM., Hanpumep, [J1]).
HeyauBuTesbHO M03TOMY, YTO B 1926 . Bonpoc o ciiHe $pOoTOHA MPeACTaBIIAICT JUHIITEHHY
HEeI0CTAaTOYHO sACHbIM. OH AaKe cKa3aJl, YTO ... CKIOHEH COMHEBAThCS B TOM, MOXKET JIH
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 JBMKeHUs. OJMHOUHOMY GOTOHY COOTBETCTBYET JIMHEHHAs
KOMOWHAIMS TAKUX COOGCTBEHHBIX COCTOSIHUH, HO HUKAaK He COCTOSIHUE C BIIOJIHE
onpeje/IEHHbIM UMITYJIbCOM © MOMEHTOM KOJIMYeCTBA JIBHXKEHHSI.
Tenepb KOCHEMCSI TEPMHUHA 8eKMOP h0/51pu3ayuu. B KJiaccu4eckoi 3IeKTpoIMHAMHKe
06GBIYHO 3a HalpaBJIeHHe BEKTOpa MOJIsIpU3aliK 6epyT HarpaBjeHHe BeKTopa
3JIEKTPUYECKOro noJs. Y gomora, 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. «MNpuHuMnbl cummetpun B uU3nKe 3ieMeHTapPHbIX
yacTuy»
(1977)

«3.1.3. CHMHOBBII1 MOMEHT KOJINYECTBA JABUKEHHUSI.

W3 aToMHOU U silepHOM PU3UKU U3BECTHO, UTO 3JIEKTPOH, IPOTOH U HEUTPOH KpOMe
MOMEHTa KOJINYeCTBa JIBUXKeHH s, BOSHUKAIOILEero Npy NPOCTPAHCTBEHHOM IBXKEHUH, 06/1aJa10T
ellé U BHyTPEHHUM, WM CIMHOBBIM, MOMEHTOM KOJIMYEeCTBa ABWKeHUs. He uMeeT cMbIca
BbIpaXaTb 3TOT CIMHOBOW MOMEHT KOJIMUeCcTBa JIBUKEHUs yepe3 BHyTPeHHHE 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 noi1éM 110 Ty TH CO34aHUA MOJEIN
«3JIeMEeHTapHbIX» YaCTHUL, IOCTPOEHHBIX U3 TAKUX elllé «boJiee 3/leMeHTapHbIX» COCTABHBIX
yacTel, Kak KBapKH, TO 3TO IpeJcTaBjeHre Halo MoAubULIMpoBaThk. B HacTosi1ee BpeMs
CyL1ecTByeT 60Jlee KOHCEPBAaTUBHAsA TOYKA 3peHUs], 3aK/II0YAI0LIAsACA B CIeAyIOLeM.

A4 yacTuupl, 06/1a4aw01el CIMHOM, IOCTY/IMPYeM HaJInYKe TPEX CIMHOBBIX ONIepaTopoB Sy,

Sy, SZ, NOAYHNHAKIINXCA KOMMYTaL[I/IOHHbIM COOTHOIIEHHUAM:
[S,.S,1=i4S,; [S,.S,1=iS,; [S,.S,]1= %S, ,

06pa30BaHHBIM M0 AHAJIOTHH C CUCTEMOU ypaBHeHUH (3.9); Takas 3aBUCUMOCTb XapaKTepHa
HMMEHHO /IJI51 OIEpaTOPOB MOMeHTa KOJIMYEeCTBA ABWKeHH . /lajiee, HA HUX HAJIOXKEHO yCJI0BUe

SZ+ Sy2 +S2 =5-(s+1)- 1%, rjie s - CIIMH YAaCTHI[bI, BLIPAXKEHHDIH B eIMHUIAX 1. JlIs1 TPOTOHA,

3JIEKTPOHA U HEUTpOHA s=1/2.

CnvH 1 onepaTopbl 0POUTATIBHOI0 MOMEHTA KOJIMYECTBA ABWKEHHUSI KOMMYTUPYIOT.
0603Ha4YuB S=(SS),S,), MOXKHO 3anMCaTh 3TO TakK: [S,L]=0. 3To 03HA4YaeT, YTO CIIMH U OPOUTANbHBIN
MOMEHT KOJIMYeCTBa JIBU?KEHHUsI MO’KHO B IPUHIUIIE U3MEPATH OJJHOBPEMEHHO, JlaXke HECMOTPS Ha
TO, UYTO OHU MOTYT GbITh CBSI3aHbl B aTOMaX CIIMH-OP6UTAJIbHBIM B3aUMO/IEICTBUEM.

TO, YTO MHOTHe HecTabu/abHbIEe 3JIeMEeHTapHbI€ YaCTUI bl U OTKPbLITbIE€ HEJABHO
KOPOTKOXKHBYIIME Pe30HAHCHbIE COCTOSTHUSA 00J1a/1al0T OlNpe/ieIEHHBIM CHHHOBBIM MOMEHTOM
KOJIn4eCTBa ABUXEHH, ABJIAETCA SMIIUPHUIECKHUM (l)aKTOM. YCTaHOBIIEHO, 4yToO KOpOTKO)KHBymEﬁ
4acTHLe, CyleCTBYOLEN B BH/le TPOMEXYTOYHOI'0 COCTOSIHUS UJIM pe30HaHCa B KOHEYHOM
COCTOSIHUH, MOXKHO IIPUIIMCATh ONpe/ieIEHHbII MOMEHT KOJIMY€eCTBa ABMKEHHUS HE3aBUCUMO OT
croco6a eé poXxaeHUA UK pacliaaad. 3TO YaCTUYHO noATBEPXJAaeT NPAaBUJIBbHOCTb TPAKTOBKH

TaKUX YaCTHIL HA PAaBHBIX OCHOBAHUSIX CO CTAOUJIBHBIMUY.
(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 — TP pa3/ieJIbHbIX»

(52)
X. 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 IpeAMeT OT BCeX IPOYUX, B HAUMEHbIIEHN 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. KopnyckyJisipHbI aclleKT U BOJIHOBOM aCleKT MaTepUU OTHIO/b HE paBHONPABHHI,
160 «CJIOBO «IBIXKeHHE» (coryiacHO YUabsiMy OKKaMy) COCTOUT U3 ABYX AeUHUIUH:
WHAVBUJYATbHAsA CyOCTAHIMS U MBICJIEHHBIN 3HAaK HEOBITHS MOKOSI» WU
No-JPYyroMy: «IBHXKYIlleecs U IBIXKEHUE Y/I0BJIeTBOPUTEJNbHO He PA3JIUYUMbI» U,
KpOMe TOTO, prius est esse quam esse tale (s1aT. «rpex/e 4eM 6bITb KAKUM-TO, HA/I0
OBITHY)

2. To,4TO JIMHEHWHO NOJISIPU30BAaHHBIN CBET fIBJSETCS OCHOBOM /IS NOJIy4YeHHUS
[UPKYJISIPHO MOJITPU30BaHHOTO Y 3JJIUIITUYECKHU MOJIIPU30BAaHHOTO CBETA, BIIOJIHE
COOTBETCTBYET 3HAMEHUTOMY NPUHOUNY Yunbsama Okkama («6puTBe OKKaMa»):
«CYLIHOCTH He cJieJlyeT YMHOXaTb CBepX Heo6xoAuMoCTH (entia non sunt
multiplicanda praeter necessitatem)» B camomM Jiesie, CBeTOBasi YaCTHUIA He 00/1a/1aeT
BpaleHHeM (COHMHOM), TaKk KaKk UMny/bc oTAeJbHoro doTtoHa (npu v=0) He
COZleP>KUT B KayeCTBe CaMOCTOSTeJIbHOr0 GU3NYECKOro napamMeTpa 27, a UMEHHO:

mxc =27 x(8/9)’ x(a/27)° x10° r x 82/—; x (a1 270)° x10% em/cex. =

=(8/9)" x(a/27)"° x10%r-cm/cexk.

3. Ilo mpuyuHe CTAOUJIBHOCTH HA NPSIMOJIMHEHHOM MYTH, a TAKXKE 110 APYyTUM (yKe
YHOMSIHYThIM ) IPUYKMHAM XapaKTepUCTUYECKUM TeJioM s Ph sBasieTcs
NpaBUJIbHBIN reKcas/p, COZeprKaliyii Be IOBEPXHOCTH: I[JIaBHYIO TOBEPXHOCTb U
JMaroHaJbHYI0 I0BEPXHOCTB, [lepecedyeHre KOTOPbIX U 0bpasyeT ¢popmy Ph.
JuaroHajsbHOCTD e B reKcaspe MOosIBASeTCs KaK pe3y/bTaT cyliecTBoBaHuUA y Ph
OJHOH — eIUHCTBEHHOU /IGKVHbL, 0 YEM CBU/IeTeJbCTBYIOT NYHKTHI (13) u (14).
CienyeT 0c060 OTMETUTD, YTO BbIpa)KeHHe [VIAaBHOHM AMAaroHaJIU IPaBUJIbBHOIO
rekcaszpa (x2+y2+z2) - 3T0 UHBapUaHT NPU TPAHC/SALUY, BpPallleHUU U HHBEPCUU
NPOCTPAaHCTBEHHBIX KOOPAUHAT.

Yro kacaeTcs cdheprl, ONUCAaHHOK BOKPYT IPaBUJIBHOTO FeKcasApa, TO OHA ABJIAETCH

TE€JIOM CIIEKTPAa BO3MOXHbIX Hal'[pan[eHI/Iﬁ ABHUXKEHHUA Ph.

4. Tak kak e? cofepKUT 6e3pa3MepHyI0 BeJU4UHy {a/27n}, To y Ph ecTs u fpyras
XapaKTepUCTUKA NPoTsKeHUs (MoMUMo pa3Mepa [), a uMeHHO - ToawuHa ly=(o/2 7)l.

5. Hpennocnennee. Tak kak otHouenue (lo/l)=(a/2 7)<<1, To NpOU3BO/HbIE
nepeMelnleHU BHyTpU Ph MaJsibl o cpaBHEHHUIO C eUHULIEN.

6. Hnocnennee. Ph npucyiu npojiosibHble KosiebaHud (B/0/1b HallpaBieHUs
JBWKEHHUS); TO3TOMY Amin=2l, TA€ Amin — MUHUMAaJIbHas1 AJIMHA BOJIHBI IPOJOJIbHBIX
KOoJIeGaHUM.




(54)
B. C. KupcaHos. «3Bontouus NOHATUA NoTeHuuMana y J1. dinnepa» (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 cleylollee 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.
a5 TOro 4TO6kI NOAYYUTh BEJIMYKMHY PA3HOCTHU JlaBJIeHUs Ha JIIOOOM y4acTKe KaHaJla,
Heob6X0JMMO MPOUHTErPUPOBATh 3TO YpPaBHEHUE, YTO O MHeHUI0 Kiiepo, BO3MOXKHO JINIIb B
cJy4ae, eciiv
X = d—U; = d—U; Z= d—U
dx dy dz
3. Max cuuTaeT, YTO B JAHHbIX «paccyaeHusx Kiepo ckpblBaeTcs y:ke 6€3 COMHEHHUSI OCHOBHast
MBICJIb YY€HHsI O CUJI0BOM QPYHKLMHU UM IOTEHIMaJle, KOTOpPOe BIOCTAEACTBUU C TAKUM YCIIEXOM
6b1710 pa3BuTo Jlaniacowm, I[lyacconom, 'punom, 'ayccoM u gpyrumu» [6].»
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«UcTtopua matrematukn». Tom Tpetun. « Matematuka XVIII cronetna»
Nop pepakuuen A. N. FOwKesuua (1972)
FnaBa ceabmasn. «AndPpepeHuymanbHoe U UHTErpasbHOE UCHUCIEHUE»

(Ctp. 341-342)

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

B cvuMBoJIMKe eJUHCTBO JOCTUTHYTO He ObLI0. JIeOHUI] B oAHOM nucbMe 1694 r. K

om om
JlonmuTa 0 NPeaIoKUJI 11 YACTHBIX IPOU3BOJHBIX —— U —— CHMBOJIbI ON ¥ 9M, KoTOpbIE

ox oy
03/ Hee He HCII0/Ib30BaJIMCh. JJIep /sl YaCTHbIX IPOU3BOAHBIX 110 X, Y, Z YIIOTPe6HI
cooTBeTCTBEeHHO OYKBHI P, Q, R (1728; ony6.1. 1732), KOTOpble 3aTeM MHOTAA 3aMeHSI Ha
CTPOYHBIE OYKBHI P, q, I; B TOM K€ CMbICJIE OHU IPUMEHSAIOTCS U Tenepb. Kak 061l npuém
OTJINYEeHHs YaCTHBIX TPOU3BO/IHBIX OT 06BIKHOBEHHBIX Jiliep B «JuddepeHipnaibHOM
ycuyucaeHun» (1755) npuMeHuU 3aK/I04eHHe 0ObIYHBIX CUMBOJIOB B CKOOKH, Bpoe (dP/dx) u
(dQ/dy).

Bcé »xe MHOTME MaTeMaTHUKHU U JI0 TOT0, U 03Hee 0603HavYaIu 06a poJia IPpOU3BOJHbIX C
MOMOLUIbI0 NPSAMBIX d; IPH 3aIMCH YAaCTHBIX U NOJIHBIX AU depeHIMaioB, B KOTOPO NPOU3BOJHbIE
YMHOKalTcsl Ha AuddepeHLMaibl apryMEHTOB, 3TO HeJlopa3yMeHUM He Bbi3biBasio. Hamieit
COBPEMEHHOM 3aMHUChI0 C MOMOIIbIO KPYIJIoi O Mbl 06s3aHbl SIko6u (1841). [IpaBaa, Takyo
3aNKCh elné paHblne npuMeHu Jlexxanap (1786; ony61. 1788) co crieruaibHOH 1[eJIbI0 U30€KaTh
cMenieHus Mexay OU/OX Kak k03¢ dUIMEeHTOM IpH dX B BbIPaXKEHUH TOJIHOTO AuddepeHnana
dyukuum v, u apobeio dv/dX; ogqHako B JaNbHENIIEM OH TAKYH CUMBOJIMKY He yIIOTPe6IsL.

Hapsiay c nonsituem yactTHoro AuddepeHnalia eCTECTBEHHO MOSIBUJIOCH U IOHSTHE
noJiHoro AuddepeHirasa GyHKIIMA MHOTUX TepeMeHHbIX. Heo6x0MMoe yc10BUe, IPU KOTOPOM
BeIpaxkeHue P(x,y)dx+Q(x,y)dy ectb nosnbiii juddepeHunan du HEKOTOPO PyHKIUU U(X,V), TO

aQ

€CTb YCJIOBUE — = —, ObLJIO YCTAHOBJIEHO B IPSIMOM CBSI3U C IpebIAYIel TeopeMol JiisepoM

v Kitepo B To/IbKO 4TO Ha3BaHHbIX paboTax. B 1740 r. Kiiepo pacnpocTpaHu ucciieoBaHUE Ha
bYyHKIMU TPEX TepeMeHHbIX, T0Ka3aBs, 4To ecyu Beipaskenrne PAX +Qdy+ Rdz ecth mosHbrit

oP 0Q oP OR 0Q OR .
nuddepenunan, To — = —, — =——, — = — ; OH PaCCMOTpeJI ¥ C/iy4yall N He3aBUCUMBIX

ox' 6z ox er oy

InepeMeHHbIX»
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CTaunouapﬂoe YPaBHEHHE CBETOBOM YaCTHUIIbI:

9 ou ou ou
Ap = pC {m(xo - x)+ m(% -y)+ m(zo - Z)}

rge Ap €CTb 3JIEMEHT JaBJIEHHA, OKA3bIBAEMOTI'O Ph IIpr1 HOpMaJIbHOM MMaJ€HHUH U3

Vacuum'’a Ha MoJIHOCTHIO MOTJIOIAOIIYI0 TOBEPXHOCTD; P — IVIOTHOCTh CBETOBOM YaCTHIIbI; PCZ -
CKOPOCTHOM Hamnop.

U mocko/IbKy CBeTOBasi YacTHIIA MOXKET COBepILIaTh PO/A0JbHbIE KOJe6aHHS TOJBKO B
OJTHOM MPOCTPAHCTBEHHOM OKTAHTE, TO Xo=Yyo=Zp=I+1,ax, y u z uamensawTcsd oT 0 J10 |, To ecTb
¢dopMa cBeTOBOM YaCTHUIIbI 3aKJII0YeHA BHYTPU XapaKTePUCTUYECKOTO Kyba co CTOpoHOH [; 371ech |
n3MepsieTcs B AenrdeMTOMeTpax, To ecTb 10-1x10-13 cm = 1 gdpm.

CkopocTb cBeTa BblpaxkaeTcsi opMyJIo:

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

rae V - 06b€M cBeTOBOM yacTuIlbl; 10-42 cM3 — HOpMUPOBOYHBIN KO3 PUIMEHT, YHUCI0BOE
3HaueHHe KOTOPOTO eCTh He YTO MHOE, KaK MopsAA0K pasMepa I B ky6e; (1 cm/2nl) - koaddunueHT
npeJno4YTeHUs OJHOTO HallpaBJ/eHUs ABUKeHUs Ph crieKTpy Bcex BO3MOXKHBIX HallpaBJeHUH
JBIKEHUsI Ha oTpe3Ke nyTU B 1 cM; a 1 cM/cek - 3TO ejMHMLIAa U3MePEHUsI CKOPOCTU CBETa B
cucteMe CI'C.

[Tockonbky (p/po)=(uncao Ph B Mosekynax Bogabl H,O B 1 cMm3):(uucao Ph B 06béme BB), To
N 4 X (Yucno Ph & 0onoti monexyne Hy0)] = 13
p= { - = } X Po

M [monapuwiii 06vém Hy 0 (6 cm3 [monv)] v
rae p - I0THOCTh Ph, po - miaoTHOCTB BoAkl (1 r/cM3), I - pasmep Ph, Ny - uucio ABoragpo, V
- 06béM Ph.

H: 0:
(uucno Ph 6 oonoit monexyne H,0) = 2 x {1 +9} +{8+8x9+8x 11} = 188 Ph

M = 188 Ph X {[c/(Zn X I/N2)]: 27105;%} X ag (cm’ [monv),

rje {[c/(Zn X l/\/f)] : 2 200 } - 4acToTa BpallleHUd 3JIEKTPOHA C paJiuyCcoM (I /\/E),

cex.
JleJIéEHHas HA HOpPMUPOBOYHBIN K03QdULMeHT 21 060pOT/CeK.; ag - IIOPSA/L0K NTIepBOr0 GOPOBCKOI0
paauyca B Ky6e, To ecTb (108 cM)3=10-24 cMm3.

ByzneM uckaThb pellleHMe CTallMOHAPHOTI'0 ypaBHEHUS B C/IeyIOLEeM BU/e:

u® = ul(XO - X)"‘ uz(Yo - y)"‘ us(zo - Z)-

Torja U3 UCXOAHOTO YpaBHEHHUSI ClIelyeT:
% =Cy; (Zo - Z)% =GCy; [Ap/pcz]—(xo - X)
WHTerpupyem 1 nosydaem:

u, =C, In(Yo - y)+772' u; =C, In(zo - Z)+773: u, = (770 _Zco)ln(xo - X)+771'

du,

——=2C,.
d(XO—X) °

(Yo—y)

rae: i, +1, + 1, =—1;Co— NepexoHbIN NIapaMeTp;

m1ockocTbX=| h Vv
770=[Ap/p02]5[[py | j/mz}{z—}/lcex-lmwz:
pPC™%xC

mrockoctbX=0

WIN [%] /1 cex -1 ndpm?;

an=n,xIn(l+1).



hv |_ Imc _ lpvc IV _ v B
e’ xC B pcx A - PP XA el (V/10742 cr3)X(1 em/2ml) X1 emfcexXA
=21 X (9/8) x 10714 x

(9/8)x10~ M cMx10~*2cm3
1 cM/cekXA cM

To ecTb
hv ) 2 _ _og (9/8)x10™ cmxcem3 _
[PCZXC] /1 cex- 1ppm® = 21 X (9/8) x 10 X 1 cM/cekxA cMx1 cekx1028apm2

(9/8)x10™ M cmxcm®
A cmx1 cm3

=21 X (9/8) x 10728 x = 21 x (9/8) x 10728 x (lmbM)'

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

TakuM 06pasoM, pelieHMEM CTALlMOHAPHOTO ypaBHEHUSI CBETOBOM YaCTUIbI Oy AeT
clefyiolliee BhIpaXkeHUe, onpe/elsiiollee rJ1aBHY0 NoBepxHOCTh Ph:

u® =(n, —2C,)xIn(1 =x+1)+C, xIn(l -y +1)+ C, xIn(l =z +1) -7,
rae 1, = 27r><(9/8)><10_28><(| //1) WA 27z><(9/8)><10728 (6e3 pa3aMepHOCTH);

3/leCb A — 3TO JI/IMHA BOJIHBI IPO/0JIbHBIX KOJle6aHUI CBETOBOM YaCTHIIbL; @ 77 =17, X In(l +1).
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lasnee cienyeT BbIBO/I ypaBHEHHUs CBOOOHBIX KosiebaHu Ph.

[Iycte Ph HaxoauTcs B nepBOM OKTaHTe, a cABUT Ph 1o npsiMoit npoucxXoauT MO OCH X,
B/I0JIb KOTOPOM U CYLECTBYIOT NIPOJ0JibHbIe Kosieb6aHnus Ph. Eciu aTo Tak, To Bcé ocTtasibHOe B Ph
npezomnpeeseHo.

B camoM piese, caM QakT CylecTBOBaHUA IPOJO0JIbHBIX KOJIe6aHUM TpebyeT (M IPUTOM B

u
nepByio ouepesib), uTo661 — = 0, rie Uy - 3TO KOMIOHEHTa BHYTPEHHHUX NepeMelleHuii Ph

au
BJIOJIb OCH Y, @ CAMO BbIpa&XKeHHe — - 3T0 OTHOCHTeJbHas JedpopMalys.
ou ou .
U, =——,rje —— - 3TO KOMIIOHEHTA IPOU3BO/HOM I10 HANPABJIEHHUIO HOPMAJIK OT QYHKIUH
oy oy
VoV .
u =u (X, Y, Z,t), TO eCTb OT QYHKL UMY, ONlpeiesA0llel AUaroHaJlbHy10 N0BEpXHOCTh Ph.
au,
Tak kak — =0, To mepexo UM B MJIOCKOCTb (ONpeesisieMyt0 KOOPAMHATAMHU Z U X) U C
iy . ou, ou,
y4éToM HeeauMocTH Ph (4To 03HayaeT nocTosiHCTBO 06'béMa Ph) numeem: 5 = _6_
Z X

0z )\ OX

I'IpI/I‘{éM BO3MOXHOCTb OrpPaHUYIUTBCA 3TUMHU ﬂeq)OpMaU,I/IHMI/I BBITE€KaeT U3 TOro Cl)aKTa, 4qTO

(lo/)<<1.

ou, \( ou } .
( z —X | = O , TA€ 94aCTHU NPpHUBEJE€HHbIX BbIPpAX€HHUHU CYTb OTHOCHUTEJ/IbHbIE ,aed)opMauI/m,



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

ou, ou

. u .
JedbopMaluy CABUTrA UMEIOT CJIEAYIOIIUN BU; 5 X, —tu —%, npu4yéM nocaeJHsIs U3 ITUX

oy oz

JebopManui Bcerjja oCTaéTcsl paBHOU HYJIIO.

[Ipumenssa popmyay KnanekipoHa (¢ AomoJHUTebHBIM Ko3dpunmenTom 1/2 [u3-3a
Ha/n4usl JJakyHbl B Ph] v coeiuHUB yriioBble aedpopManiu ¢ JUHERHBIMH ), TOJy4aeM BbIpaXKeHUe
JIIs1 TOTEHIMabHOU 3Hepruu fedpopmanuu Ph:

oY (oY (oY
u :(1/2)><J.J. k x [yJ X (axayJ —[azay) dxdydz,

Vol

rae k - 3To uMeHOBaHHOe YU CJI0, XapaKTepH3ylolllee yrpyrue ceorcrsa Ph, To ecTb
XapaKTepu3ymwlilee caM MaTepyuas HeJleJMMbIX TEPBOHAYA.

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

rze p - 3TO IJIOTHOCTH Ph.

HpI/IHuI/IH HaWMeHbUIETO ,ZLef/'ICTBl/Iﬂ B C])OpMe 'amMuIbTOHA 3aKJ/II0OYAETCS B TOM, 4TO U3 BCEX
BO3MOXHBbIX ,ZLBI/I)KEHI/IFI MaTepI/Ia.f[bHOf;I CHUCTEMBI OCYLIECTBJIAETCA TO, AJIA KOTOPOr'O UHTErpasl
ty
S = J-(T —U)dt (rae T - kuneTnyeckas, a U - MOTeHLMANbHAs SHEPIHs! CUCTEMBI) IPHHIMAET
to
3HaueHMe, COOTBETCTBYIOLIee apryMeHTYy, /18 KOTOPOro nepBas BapHausa GyHKIMOHaMa S paBHa
HYJI10, — CJIOBOM, CTAIITUOHAPHOE 3HAYEHHUE.

U Ttorpa (corsiacHO BhILIEYIIOMSIHYTOMY IPUHIIUITY) YpaBHEHHEe CBOOOAHBIX KoaebaHuil Ph
O6yZieT cOBMa/aTh C ypaBHeHUeM Jisiepa-Jlarpanxka s yHKIMoHa A S:

2 2 2. \? 2. \? 2 2 2, \? 2 2 2, \?
0 , 0 ou ou ou 0 ou ou 0 o°u ou
—(,O'Ut)+ Sk _ + k ) . _ k . - —
ot OX OX OXoy ozoy oxoy oxoy ) | ox ozoy oLoy ) \ X

o°u o%u B o%u

Otcrona, anddepeHuupys, HaxoAUM (BOCIO/IB30BABLIKCD TeM, YTO0 —, =0, o = o
7 X
ou o’u ou, ) (éu .
X =0, [a, cTaso GbITS, =0 ] u 4To, HaKOHeL, L -l == |=0) creayrouuii Buj
0z oXoz oz OX

ypaBHEHUs CBOOOAHBIX KosiebaHui Ph:

azu_k.a“u. o°u 2_ ou Y
Po =" ot |\azay ) |\ oxey ) |

rae p u K - nocrosiHHble (110 npuduHe ofgHOpoAHOCTH Ph).

A Tak KaK CKOPOCTb MPOJ0JIbHBIX KOJIeGAaHUH I0/KHA ObITh COTJIACOBAHA C BHEIIHEN
ckopocTtbio Ph, To (k/p)=c2.

KpomMe Toro, 4To6b! pyHKIUSs u’ =u" (X, Y, Z,t) OblJ1a oNpe/iesieHa B OJJHOM
MPOCTPAHCTBEHHOM OKTAHTE, Ha/l0 He3aBHCHUMbIe llepeMeHHbIe CO 3HaKoM auddepeHIiaia (B
M0JIyYEeHHOM BbIllle YPaBHEHHH ) TPUBECTH K UX BUJY B QYHKIUH US.



WTak, ypaBHeHHe CBOOOAHBIX KoJsiebaHui Ph nuMeet Bua:

gti: = 6(x(: 43 X' 'l(a(zo B f);u(yo - y)Jz B (8(Xo - f)?(yo - y)ﬂ

o’u o'u
[lycTe ? = p?; o= q*. Torza umeem:

906 =)
pr-ctaf 'ﬂa(zo _za);u(yo - y)JZ _[6(% —Xa)?(yo ‘y)ﬂzo o
e

x{p+cq2 e S y)}:o,

49YTO BO3MOXHO, €CJIN BbIPpa*XE€HHUA B (1)I/II‘yprIX CKOOKax PaBHBI IOPO3Hb HYJIIO. JTO 03HAYaeT,

YTO pelleHHeM YpaBHeHUsI CBOGOAHbIX KosiebaHu# Ph siBysieTcst cymMa penieHUl ABYX

o \%
H0JIy4aeMbIX ypaBHeHUH, To ectb U° =P +Q.

Haiipém P.
[lycTb G(Xfu— X) =S, Toectb: U=P = (XO — X)S +C,.
Torza: o%u _ 05 . azu _ (XO _ X) 828
(% —x)f a(x—x)" azy—2)-8(y, - y) 0(z,~2)-a(y, - y)
o%u 0s ou s
= s —=(x—x)=.
o(x,—x)-aly,—y) aly,-y) ot ot
Takum ob6pasom,
L ram [(SE e e
ot alx—x) o(z,-2)o(y,—y) oy, —)
Ilyctb =I,ToecTb S = (y0 - y)r +C,;mm: u=P = (X0 — X)[(y0 —y)r +C2]+ C,.
(Yo - y)
0s or 0s or
T P—= -V)—; = —
orjaa at (yo y) at 6(x0 _ X) (yo y) 8(x0 _ X)

or or or
B pesy/ibTaTe uMeeM: (X0 - X)E = Ca(x——x) . {(Xo _ X)a(z—_z) _ I’}.
0 0

[yctb I = RxT(t), rie T(t)— 3TO BpeMeHHOU MHOXUTEIb.

Pa3zesiuM 06e YacTh COOTBETCTBYIOLIETO ypaBHEHUs HA T 2(t)>< R x (X0 — X)I/I MOJYYHM:

(1) R e

U nanee nosy4aeM /iBa ypaBHEHUS:

T'0)+kT2(t)=0; c/k) = = R R

a0 —x) %-x dlz,~2)’

R [ ®R R
T'(t) Ax,—x) | 6(z,—2) %, —x




TaKKaK(1/2)|nR:|n{(C/k) R }n(l/Z)lnR:In{ R___R }

A%, —x) %o —X 0(z,—2)
R R R
Htak, = —(C/k)x—.
Azp=2) %=X (% —x)
[lycte R =€“. OTciofa nosyvaem: o = 1 (C / k)x o
ozy-2) % —x a(% —x)

[lycte @ = a)l(zo - Z)+ a)z(x0 - X).

OTcroa uMeeM JBa ypaBHEHUS:

doy
d(zo - Z)
1

do,
(e
X, — X & )d(xo—x)

=D

=D

Peiasi 3T 06bIKHOBEHHbBIE AN PepeHInaNbHble YPABHEHUS], UMEEM:

@, =D(z,—2)+ f,;

0 = K In(x, =)= 2 (6~ X)+ Ty, mme £+ 8y = £ =0,

Taxum 06pasom, @ = D(z, — Z)+E In(x, — X)—D—k(x0 —X)
(¥ C

OkoHYaTeJbHO UMEEM:

D(zo —z)—DTk(xo—x)+%ln(x0 -x)

R=e
A Tak Kak rpaHUYHbIE YCJOBUS JI51 u¥, 3agaHHbIe byHKIMEN u®, TaKoBbI,

4o u'(0,0,0,t)=0u u'(1,1,1,t)=—-7,
TO uy(0,0,0,t)=0, u(0,0,0,t)=0u uy(1,1,1,t)=-1/2, ug(I,1,1,t)=—n/2.

U toraa asis P 6yAyT BBIMOJHATHCS CJIeIyIole COOTHOIIEHUS:

DzO—D—kxO+E In xy
O:xo{yoe c e ><T(t)+C2}+C1;

Dk

D——
~-nl2=e © xT(t)+C,+C,.
HTak,

DzO—D—kx0+E Inx,
Clz—xo[yoe ¢ e xT(t)+C2}

b Dk
xT(t)—e © xT(t)-n/2
X, —1 '

Dk k
Dzg——Xy+—1In
o Rt Xo

C2 - _ XoYo€

k

T+ PP
Tak kak X, © x y0|x0=|+1 = (I +1)"c
yo=I+1



m /(X )| =(x/1),

C,= —{((I +1)2+z / Ijx gP% x g 1(Dk/e)] ><T(t)—(1/|)eD'DTk xT(t)-[(n/2)! I]};

) Dk
. X1+f - XeDZO X @ [(Dk/c)xo]xT( ) X, XeD_T )(T(t)—xo X(77/2) _
. =
X, —1

:{((|+1)2+E/|jemoe[<Dk'°>Xo1xT(t)_('lL1je°‘Dckx 0 /z)('lﬂj}.

Juns Q Bmecto -(Dk/c) u3 P onpenensierca (Dk/c); a C_l u C_2 u3 Q comepkat (—77/2).

Tak kak U’ =P +Q, To uMeeM

U =(I—x+1""°(I-y+1)exp D(I -z +1){exp{%k(l - x+1)}+exp{_TDk(l - x+1)}}T(t)—(I —x+1)x

x{Wexp Dzo(exp{%k x0}+exp{_TDk XO:D T(t )——exp D(exp[Dk}+exp[_TDkaT(t)—lﬁ}+

+{(I+1|im.exp D(1 +1)exp[(Dk/cXI +1)]+exp[- (Dk/c NI +1))<T (t)-

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

eDk/c +e—Dk/c

Tak kak B — = Ch(Dk / C), rze ch - KocuHyc runep60JM4YeCcKUid, TO eperpynnupoBas

KOMIIOHEHTBbI UV UMeeM:

W =(-x+1"*x(I -y +1)xexp D(I - z +1)x Zch[D—k
c

(I —X+1)}<T(t)—(I_TX]x(I +1F e x
( +1)}<T(t)—(x/l)xexp DxZCh{DTk}xT(t)—nx(x/I):

(I- x+1)}xT(t)—(1—5jx(l )

xexp D(1 +1)x Zch{DTk

= 2{(I — x4+ x (I -y +1)xexp D(I — 2 +1)x ch{D—k
c

<exp DIl +1)xch{%k(| +1)}XT(t)_|i(exp Dxch{DTk}xT(t)Hy/Z)}.
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B uV umerT MecTo 6bITh BbipaxkeHus: 1+k/c u 2+k/c, rae (k/c)<1.
Ucxo/ig U3 3CTeTHUYECKUX COOOpaXKeHUH HaJ10 YCTPAHUTh 3TH CYMMbI, OZJHAKO C COXpaHEHUEM
(B HeKOTOpPOM APYroM KOHTEKCTe) cTenieHel 1 U 2.

1
Ecsiv nos10KuTh (— = —, TO UMEEM:
C

¢7T1‘¢2 4 2+5:2+%_2¢+1:¢+¢+1:¢+¢2 W

T b s o 7

1+5=1+1=
c ¢

U Tak kak B C1 u3 P umeetcs BbIpaxKeHHne eXp{D ——— |, TO 3Ta 3KCIIOHEHTA MOXeT
C

0Ka3aTbCA B CTEIIEHU eJUHUIIA, eCJIU [D — D—k} =1.Ecau [Ej = % ,To D— 2 =1.

c C

To ectb D = ¢°, Tak kak ¢ —§:¢2 ~p=g+1-p=1.

Torza OKOHYaTeJbHbIA BUJ UV TAKOB:
u’ = 2{(| —x+1)° x(1 =y +1)xexp ¢*(1 — 2 +1)x chg(l — x +D)xT (t)— (1= x/1)x (1 +1)
xexp g2 (1 +1)xch(l + 1)x T (t)— (x/1)x (exp #2 x chpx T (t)+ 17/ 2)}.

A MOCKOJIBKY I'JIaBHasi IOBEPXHOCTD NepeceKaeTCs UaroHaJbHOM NOBEPXHOCTHIO, TO 3TO U
NPHUBOJUT K yPaBHEHHIO NOBEPXHOCTH CBETOBOM YaCTHUIbI, TO eCTh: us-u'=0.

U Tak Kak B HEM UMeEeTCsl MHOTO ¢, €ro cjlelyeT Ha3BaTh 30JI0ThIM YpPaBHEHHUEM
(cnoxHocokpaiéHHo: AE).

WTak, ypaBHeHHe paMaTepuH HaigeHo: 3To AE.
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3. KamKke. «CnpaBOYHUK NO 06bIKHOBEHHbIM
anddepeHuUanbHbIM YPpaBHEHUAM»
YACTb TPETbA (1959)

I'n1asa L. «/IludpPepeHnuaibHbIe ypaBHEHUS MEPBOTO MOPAAKA»

1.23. y'+ay2 =b; ypaBHeHuMe c pa3fenaoUMMKUCs TIepeEMEHHbIMU. ITO ypaBHEHHE
OJJHOBPEMEHHO SIBJISIETCS YAaCTHBIM CJIy4aeM CIelyaJbHOTO ypaBHeHUs Pukkatu. UHTerpasibHas
KpUBas, NpoXoAsLias yepe3 TOUKY (f, 77), JaéTcs ypaBHEHUS MU

77+b(x—§) npu a =0,
y= Ui

I b=0.
lrag(x—¢) "

(60)

Takum 06pasoMm, ecsiv pelieHUEM ypaBHEHUS T'(t)+ kTZ(t) =0 saBnserca

1 4
T(t)= S/ — (rne 7=1, &£=0; t=-=— npu CcKOPOCTH NPOAOJIbHbIX KOsleGaHui Ph,
1+kn(t-¢&) v C
. 1 1 1
OTJIMYHOM OoT HyJ1s1), TO T (t) = W Ho E = 5 ,Tak4aro T(t) = W-

[Ipy CKOPOCTH NPO/0JIbHBIX KOJIeGaHUH (/, paBHOM HYJII0, UMeeM: A XV =0, I/ie HapsAay C
v=0uA,nuv=0.
Torpanpu A =0 T(t) =1c pasmepHocTbio [AdM] L, Tak KaK B JaHHOM CJIy4ae

t=A/v=0/0 Toxe paBHseTCca HyIO.

(61)

HTak,

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

u’ :2{(| —x+1) x(1 -y +1)xexp ¢° (1 — 2 +1)x chg(l - x + D)xT (t)— (1= x/1)x (1 +1)* x

xexp ¢2(1 +1)xch(l +1)x T (t)—(x/1)x (exp ¢* xchpxT (t)+7/2) }.

Toects U° —UY =0 (AE),rzae 7, =27 x(9/8)x10°x(1/ A) mpu A # 0 (A - anuHa BoHbI
IPO/IOJIbHBIX KOJIE6AHUH PU U = C ) WIH 27r><(9/8)><10_28 npu A =0;

T(t) =1/ adm + 2 ndm/¢p) mpu A #0 (UZC)I/I

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

(62)



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

BBbIpQXXEHUIO:
V =(8/9) x \/ETH x(al27)f™" xI°.
To ecTb

V =(8/9) xpx(a/27)™" x(9/8) x10*2cn® = (9/8)x ¢px1072 x (ar/ 272 )™ x10 P ens®.
OHaKo (a/Zﬁ)empir' =kx1073%,rge k>1;a10% = (1073 )4.

Torja, MOCKOJIbKY 41/(9/8)><¢ ~ k , mosnygaercs, 4to (a/ 27Z)TEOP' =4/(9/8 )><¢ x107°.
TakuM o6pasom, (9/8)><¢><10_12 = (a/27r)4.

CtaJio 6bITh, 06BEM Ph V = (a/27r)5 x107% cm3.

A Tak Kak 3¢ deKTHBHAsA IJION[a/b CBETOBOM YaCTHIbl, yMHOXKeHHas Ha ToJuMHy Ph, paBHa

4
(aj x107% e’

06bEéMy Ph, To

s V_| Vv |\ _ (8/9)x(9/8)x¢x107*2x10"*°cr’ _ 10 B ent?
ey | e | (9/8)x10™ cum 10 em
2

(63)

[To npuumnHe cyliecTBOBaHUd JlakyHbl (B Ph) cTaHOBUTCSI BO3MOKHOU Ipolieaypa
KBaJIpYPOBAHUSA KBaJipaTa cO CTOPOHOM /, YTO 03Ha4YaeT pa3breHue 3TOr0 KBaipaTa Ha KOHEYHOe
YHCJIO HepaBHbIX KBaApaToB. U Tak Kak [=(9/8) adM, To pa3aenuTb 9 MOKHO Ipex/ie Bcero Ha 3. A

ITOCKOJIbKY HeﬁTpOH n B CBO60,£[HOM COCTOAHHWH pacCliaiaeTCA Ha IPOTOH P, 3JIEKTPOH HU

3JIEKTPOHHOE AHMUHelUmpuHo (V ) TO B pe3y/ibTaTe KBaJpUpOBAaHUs KBaJjpaTa CoO CTOPOHOM [

e

noJiyyaeM KBaJipaThbl co ctopoHaMmu (2/3)] u (1/3)], u3 KOTOpbIX NePBbII OTHOCUTCSH K

aHTUHEUTPHUHO (v ), a BTOPOM — K MIOOHHOMY HEelimpuHo (vﬂ ): [0-ZpyroMy, Hellmpemmo.

e

y dHTUHEHUTPUHO (Ve) U HEUTPETTO (V”) HnMeeTCd BpallleHUue (HpOCKLU/IH CIIMHA Ha

HaIllpaBJIEHWE ABUXXEHHWA PaBHA (1/ 2) h ), 0 4YéM CBUAETEJIbCTBYIOT 3KCIIEPHUMEHTDI; CTAJIO 6bITb,

(Ve) H (Vﬂ) HMEIOT TOT 3Ke CaMbId COOCTBEHHBIM MOMEHT HMITYyJIbCa, YTO U 3JIEKTPOH. U Tak Kak

Y2/108asi CKOpocmb pagHoMepHo2o epawerus € pasHa 27N, rae N - aTo yacToTa BpaleHus, a

Qxr=c,to N, = (c/2ar)=(3/2)xN, N", =3N, rae N - 510 yacToTa BpauieHus 3/1eKTPOHa (B

060pOoT./CeK.).

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

N' u N" coorBeTcTBeHHO).

A OCKOJIbKY NPO/10JIbHbIE KOJIebaHUsl aHTUHEUTPUHO U HEUTPETTO MPOUCXOJAT B
HanpaBJIeHUH, ePIEeHJUKYIAPHOM IJIOCKOCTH, B KOTOPOH IPUCYTCTBYET BUGPAILIMOHHOE
cocTosiHue (B KauecTBe KOppeJisiTa BpallleHHs1), TO ypaBHEHHeM GaslaHCca IHEPTHi 3/1eCh SBJSAETCS
clefiyroliee ypaBHeHHe:



Ph = " Ph
EM —E=E' (E"..) rae EX - MakcumanbHO BO3MOXHAs 3HEPIHUsl IPOJIOJIbHBIX
Kosie6anuit Ph; E' (E"max) - MaKCHMaJ/IbHO BO3MOXKHasl 3Heprus NpoJ0/IbHbIX KoJle6aHUH

AHTUHEUTPUHO U HEUTPETTO COOTBETCTBEHHO.
(64)

BpeMs XH3HU WJIM CylLleCTBOBaHUA NPOoToHA P (ecsiu oH npefocTaB/ieH caMoMy cebe)
TakoBo: 78 = I X II X III X IV ]V,
rae: IV(=V) paBHO ynciy 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., UCTIBITBIBa€MbIX OJJHOM YacTHLeH U3 COCTaBa NIPOTOHA, —
YyacTHULeH, y4acTByOLel B €J1a60M B3aUMOAENCTBUU ( U IPUTOM B HENPEPBIBHOM pEXUME);
[I - moyiHOE YKC/I0 «TOYEK» KacaHUs, COAEP!,allUXCsA B KaXK/I0U U3 YacTel NPOTOHA.

I 1 xacanue X 1 cek.

TBsanMoaeFICTBHH yactul B Proton’e

h

Tgzaumon. — E
CBSI3W, TMPHUXOAALIASCS HA OJHY COCTaBJsAwLy0 Proton’a

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

Ve_,T/e,vu Vu

(To ecTb 06BEMy Ph).

VicXo/i U3 SMITMPUKO-TEOPeTHYECKUX PACUETOB, a TAKXKe 3Has 0 pa3MepHOCTH Gr (2 UMEHHO:
SHeprus x 06bEéM) U pacnoJiarasi CBeZleHUsAMHU O HAJIMYMHU JBYX JIeACTBYIOIIMX MOJIOCOB y KaX/0M
YacTHIBI M3 cocTaBa Proton’a, uMeeM cieayromee Beipaxkenue s GpE0P:

J5+1
— | X
2

G =2x (a/27)%F xme?xV,

rae m=pxV =27 x (8/ 9)3 X (a/ 27[)5 x10%° r/cm3x (05 / 27{)5 x107%° cm3=
3 10
= 27z><(8/9) x(a/27z) x10°T.
[TosiHOe YUC/I0 «TOYeK» KacaHHUA AJ1 OJAHOM YacTHULbl, IpUBOAALIee K JUCTADMOHUHU
COCTaBHOU cucTeMbl (a UMeHHO Proton’a), paBHo:

1= (S,30-/13) = [(8/9)% % §/(e/2m)? ]
q

Takum o6pa30M, TeopeTH4eCKOe 3Ha4Y€HH e BPEMEHH XXKNU3HHU IIPOTOHA Tp TAKOBO:

_ 2% ¢ x (a/2m) x mc? XV x 1 cex. B
= { (Imc/2m) XV } x [(8/9) x ¢/(a/2m)?] X 9 (rem) =

=18 x (8/9)3 x ¢3 x 1028 zem.

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

«/lBa rpy3sa, coeJUHEHHBIX BMECTe, He MOTYT JJBUTaThCsl caMU 6e3 TOT0, YTOObI X 06U
LIeHTD TS>KeCTH He omycKasicsd. B camoM fieste, Korza AiBa rpysa CBsi3aHbl pyT C APYTOM TakK, 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, COCTOSAIUM K3 IBYX YacTel; HO TaKOW IPy3 HUKOT/1a He IPUAET B IBMKeHHe 6e3 TOro, YTOObI
ero LieHTP TsHKeCTH He onyckasics. CTaso 6bITh, €CJIM IPY3 PaCloOJIOkKEH TaK, YTO €ro LieHTp
TSKeCTH HUKAK He MOXKeT OIMYCKaThCsl, OH HaBepHsKa Npe6yAeT B IOKOe B TOM I10JIOXKEHUH,
KOTOPOE OH 3aHUMaeT»

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

«Zlf[ﬂ TOr0 YTOOhI UMEJIO MECTO BeYHOE ABHXXEHHE, HY?>KHO, YTOOBI nepeaBuraBuirecd
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
NnoagHHWMaJIaCb CaMa»

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

£l 6b1 2xes1as1, YTOOBI 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 HU4Yero HUKOT/IA TOPOJUTH HE MOTJIa Gbl MPUPO/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 A BMKEHWU UHBIX, pa3pylIaloLUX pOKa 3aKOHBI,
YTo6bI NpUYMHA He 111J1a 32 IPUYMHOIO 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 HallpaBJieHbe He B MeCTe U3BECTHOM
U He B 10/10’)KeHHBIH CPOK, @ COTJIaCHO yMa NMo6Y>K/1eHbl0?

... HO YT0O6 yM He 10 BHYTPEHHEH TOJbKO

Heob6xouMocTH BCé coBepIal U YTOO BBIHYK/AEH HE ObLJ

ToJIbKO CHOCUTB U TEPHETD U Mpe Hell Mo6eXAEHHBINA CKJIOHSThCS,
JIErKoe CYKUT K TOMY IIEPBUYHBIX HayaJsl OTKJIOHEHbE,

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



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

Jasnbiie, npupoja 60T, 4TO6 Belllel COBOKYITHOCTb Mpe/iesia
CTaBUTb cebe He MOIJIa: MyCTOTY OHa JieJlaeT IPaHblo

TeJty, a Tes1o OHa orpaXkAaTh MyCTOTY NIPUHYK/AET,
Yepej0BaHbEM TAKUM 3aCTaBJIASA ObITh BCE 6ECKOHEYHBIM.

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

Bcé ke Wb 3TO, UJIb TO CaMO Obl MPOCTEPJIOCH 6E3MEPHO.

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

JTOT KOCMOC, OAHWH U TOT Ke 4JId BCero CymecTByruero, He co3aaja HUKaKOM 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. dirHwTenHa ¢ M. becco.

1) 3HWITEH —- Becco.
bepJsuH, 14.5.1916

B rpaBuTanyu 5 Uiy rpaHUYHbIE YCA0BUS 1151 6ECKOHEYHOCTH; UHTEPECHO OPa3MbIILLISATh
0 TOM, KaK Jlaj/IeKO IPOCTHUPAETCs KOHEYHbI MUD, UHBIMU CJIOBAMH, - MUP €CTECTBEHHO
M3MepsieMbIX KOHEUHBIX pa3MepoB, B KOTOPOM J1eCTBUTEJbHO BC UHEPLLIMOHHOCTD
OTHOCHUTEJIbHA.

2) duHIITelH - becco.
BepuuH, 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/IHA B Ky0e).

Bosbmu 3akoH HetoToOHa:

M ML

k 2 = YCKOopeHue - macca = 77

3uauuT pasmepHocts K =M LT 2,

CiieroBaTesIbHO, 3aKOH HpI0TOHA He MHBapUaHTEH OTHOCUTE/bHO U3MEHEHUS MacIITaboB,
€CJIY MPUHSATD 3aKOH MMOCTOSIHCTBA CKOPOCTH pacnpocTpaHeHUs cBeTa. YTOObI B 11060 cucTeMe
c=1/T paBHsi10Ch 661 eauHMLEe, T J0/KHO TPeo6pPa30BbIBATHCA KaK .

3HauyUT HEeJb3s1 06PAaTHUTHCS HU K KAKOMY Npeo6pa30BaHUIO MO00usI 6€3 U3MEeHEHHUS
BEJIMYMHBI IJIOTHOCTH COOTBETCTBEHHO I'PAaBUTALMOHHON NOCTOSIHHOM. 3aKOH TATOTEHUSI BMECTE
C IOCTOSIHCTBOM CKOPOCTH CBETA He ZI0NycKaeT HUKAKOTo peo6pa3oBaHUs MacLITaba, eciu
IJIOTHOCTB BellecTBa pacCMaTpUBaeTcsl (He3aBUCUMO OT NPeIbICTOPHHU) KaK HEYTO MOCTOSIHHOE.

VII. H. H. ly3nH. CobpaHue counHeHumn, Tom Il. M., 1958, c. 472.



MbI He Bj1aJleeM Hjleel 6eCKOHEYHOIr0 MHave, Kak 6epsi KOHEYHOEe U 3aCTaBJIsAs ero pacTH.
Bcerpa, cie1oBaTesIbHO, UMEETCS Heolpe1eJIEHHOCTh, KOTOpas ABJISIETCS UCTUHHOHN ujiee
0ECKOHEYHOCTH.

VIIl. C. B. benntoctunH. «Knaccmueckana anekTpoHHaa teopua» M., 1971

1) YTo6b1 cyAUTH 06 U3BMEHEHUSAX IHEPTUU MUKPOIO0JIsl, PACCMOTPUM 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 1oJis yobIBaeT Ha TaKy1o Xe
BesinuuHy. C/ieloBaTeNbHO, 1J11 3aMKHYTOM PpU3UUECKON CUCTEMBI CYMMa MeXaHU4YeCKOW 3HEPTUU
3apsKeHHBIX YaCTHL U 3JIEKTPOMAarHUTHOW 3HePIUY MUKPOIIOJIA IIPU BCEX MPOLeccax 0CTAETCs
BeJIMUMHOM NOCTOSIHHOM. B Tako# ¢opMe BbIpakaeTcsl 3/,eCb 3aKOH COXpaHEHHUs U IpeBpalleHUs]
3HEpPruHU.

[To Buny BeipaxeHus (4.64) gas N v no ero ¢U3nuecKOMy CMBICIY 3TOT BEKTOP €CTb He YTO
MHOe, Kak BeKTop [I0MHTHHIa B MUKPOCKONINYECKOU TEOPUH.

Jlonyckas Tenepb cyliecTBOBaHHE 3apsiIoB B 06béMe V 1 o6paniasch K ypaBHeHHUO (4.61),
MBI BUIUM, YTO OHO BblpakaeT TeopeMy YMoBa-I[loMHTHUHTA AJ151 3/1eKTPOMarHuTHOI0 MUKPOMOJIsi:
yObLIb 9HEPTUU B 00'b€Me V, OTHECEHHAS K e/JUHNLle BpEMEHH, paBHa cyMMe (TakKe OTHECEHHOU K
e/JMHUIle BpeMeHU) paboThl CUJI [I0JIS1 U IHEPTUH, BbIXOJAIeN U3 06béMa V.

(Ctp. 138-141)

2) B Makpockonuyeckoi asieKTpoAuHaMuKe MakcBesii u ['ep; npr3HaBa/iv 061L1yI0
cnpaBe iuBocTh Il 3akoHa HbroTOHA U TOJIKOBa/IM COOTHOIIEHU Tuna (4.99) ciaegyrommum
o6pa3zoM. B moctaTouHo MasioM 06 bEMe V1 CylLIIeCTBYET TOJIBKO 3apSKEHHOE TeJIO €1, 2 B 06bEéMe V,
KpOMe TeJia ez, HAXOUTCS MOA06OHbBIN JUIJIEKTPUKY MUPOBOX 3¢UD, HA KOTOPBIN AEUCTBYET
MexaHHW4YecKas CUJa, paBHas

1 d

Fo= [ Nav

\%

[Ipy 3TOM CHJIBI B3aUMOZENCTBUA QU3UIECKUX 00'bEKTOB, 3aK/JII0YEHHBIX B 00béMax Vi U V, B
COOTBETCTBUHU € popmyJ10¥ (4.99) paBHBI 10 BeJIMYUHE U IPOTHUBOIOJIOKHBI 10 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 aKLUUJEeHTaIbHO U B pacCETHHOM BU/ie CYOCTAaHIIMOHAIBHO.

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 CpPaBHUTbD JIBa IPOCTPAHCTBA: HAMlOJIHEHHOE
Y MYCTOE€, a KAXK/A0MY U3 HUX PUCYIIHU TPU U3MepeHus (AJIMHA, LIMPHUHA U IJIy6UHA), TO 06'bEMHBIN
k0apdunueHT HaxoxxeHus Ph (3gech yuepe3 V, 0603HaueH 06bEM poTOHA) paBeH (13/ V).

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

s (B[ V
e —| — || — 7
Vo= V}/ 272"1024 _ 1CM3 1= ].CM3 B
' I3 v, 12 v, 1°
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, r/ie ucxoAHas (MM 3aTpaBoOYHasi) Mepa HUHEPUUHU M GepéTcs U3

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

U panee: Ph - 3T0 060J1049Ka C OJHOM-eJUHCTBEHHOM JIaKyHOU (cM. ypaBHeHUe AE); u, cTasio
6b1Th, Ph (doToH) 06.1a1aeT AByx/MCcTHON cTpykTypoil: (L&R). U Torga npotuBoctosinue L&R
(BKyTIe ¢ UX HEMPOHUIIAEMOCTbIO ), UJIH, OJHUM CJI0BOM, aHTUTHUINHS HAAENAET Amin 3HaYEHHEM 2]y,
rje lo - aTo TosnmKHa MeMm6paH L u R. OTcroza crenyer, uto v, = (Cy / 2I0), r/ie C, - 3TO CKOPOCTb

MPO/I0JIbHBIX KoJiebaHui Ph.

JneMeHTapHas yacThb cBeTa (Ph) c yacToTol, oT/IMYHON OT HyJIs, — (MO406HO 1060
peasibHOM KoJiebaTe/IbHOU cHCTeMe), — KOHEYHO e TNI0/iBepKeHa TaKoMy IIPOLeccy, Kak npolecc
3aTyxaHHUs. A 3TO 0O3HAYaeT He YTO UHOe, Kak Bo3BpaT Ph k cBoeill mepBoHavyaibHOM (TO eCThb

HEeBO3MYILEHHOM) dopMe.
(v—vo)/vo 3 (/10—/1)//1

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

lcex. lcex.

BeJIMYMHA U, CTaJI0 ObITh, OAMHAKOBAS JJI1 Pa3/IMYHBIX YYAaCTKOB CIIEKTPA U CllepBa OTHECEHHAs K
OJHOM CeKyH/ie; Tlle 3 eCTb XapaKTEepPUCTHUKA CKOPOCTH YOBIBAHUS YACTOT UJIM, TOBOPS HHAYE,
k03¢ PuUIMeHT (MOKa3aTe b) 3aTyXaHUs. A MOCKOJIbKY CKOPOCTb MPO/10JIbHbIX KoJiebaHui Ph
paBHa BHelIHel ckopocTy Ph (To ecTh ckopocTu nepemeltieHus Ph B mpocTpaHCTBE), TO OHY
CeKyHAy (TO eCTb TeMIIOpa/bHbIN OTPE30K, K KOTOPOMY OTHeceHa BeJIM4MHa Av/vg) MOXXHO
npeACcTaBUTh B BUJZe: 1 cek.=r/c, rje r - paccTosiHue, npeososieBaeMoe Ph 3a 1 cek., ac-3To
BHeLIHsS CKOpocTh Ph.

Av( AA r
U Torja, B ciyyae OTHECEHHs BEJIMYUHbBI —| = — | K TeMnopaJibHOMY oTpe3ky t| =— |,
Vs c
xt
noJsiyyaem [, = .
A lcex.
V—v r
Ecau t=(r/c), rae (r/c)=1 Meranapcek/c, To B=(Bx1 Meranapcek) /(1 cek..c) u —2> = B, —.
Vo c

-1
CeK™ -JIMH'CeK 2T
Cam ke k03 PHUIIMEHT 3aTyxaHus [ paBeH (1 3 ) X (p - MH.CeK),
o
CEK_I'AHH'CEK o
rge 1 —a K03$PHUIIMEHT MPONOPIMOHATBHOCTH, BXOAAIUN B ONIpeesiolee

COOTHOLIEeHHue AJid B;



pXCy~ yeJbHOE BOJIHOBOE CONPOTHBIIEHHE (p — MJIOTHOCTD Ph, ¢, - ckopocThb
pacnpocTpaHeHHsl 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 3HEpPTUH 3a OJHy CeKyHAy, Tak uTo W=hv, aAW =hv —hv'.

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

v—v,| (A —4 r (ric)
A pas Tak, To = =, x—=a4Xx =ag x—.
V, A c c c

t
Torpa f xt=a,x—. Ergo: a5 =/ xc,
C

T/le ds - CIIEKTPaIbHBIN MapaMeTp ycKopeHus (U, Kak MoKa3biBaeT GopMyJia, UMEUIUNA MpU
OJTHOM M TOM 3Xe t OJTHO U TO >Ke 3HaueHUe).

[lnoTHOCTD P =27 ¥ (8/9)3 x (a / 27[)5 x10%°r/cm3;

c=cC, = @ x(a/Zﬂ)SXIOZBCM/ceK.
T

v

2
(8/9) x(ar/ 27)° x10%

[MToaTom = cek1)=2,25.13.320.363.886.94x10-32 (cek1),
y

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).

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

HUTak, KocMoJsIornyecKkoe KpacHoe cMellleHre 00yC/I0BJIeHO MUHOM NPUYMHOM, Hexesu 3 deKT
Jonmiepa - ®Puso, - 3pdeKT, KOTOPLIM HeJib3s1 IpeHebpeyb (ec/v OH eCThb) U KOTOPBIX IBUTCS
OCHOBHOW NPUYMHOM CMelleHHsl CIEKTPaJIbHbIX JIMHUHK', HO TOJIBKO JIUIIb /J151 CAMbIX OJIU3KUX
pacCTOSTHUM.

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

«CorJiacHO 3aKOHY COXpaHEeHUs] MOMEeHTA KOJIMYeCTBa JBUXKEHUSI, 3TO CBSI3AHO C TEM, YTO
KaXKZ bl MOTJIOIIAEMbIHM UJIM UCNTYCKAEMbIM KBAaHT CBETA YHOCUT UJIM MPUHOCUT MOMEHT
KOJIN4YeCTBa JIBU>KeHUs, paBHbIN h/2m.»

®oToH ¢ v£0 He 06/1aZjlaeT COOGCTBEHHBIM yI/I0BBIM MOMEHTOM (CM. IyHKT (53)), 3aT0 $pOTOH
¢ v=0 umeer (corsiacHo NyHKTY (47)) opbUTanbHbBIA yTJI0BOH MOMEHT U IPUTOM B SIBHOM BU/ie (B
otsinune oT ¢poToHa c v#0). [loaTomy cyuecTByoT Ass Ph Ba ABM>KeHHS, a UMEHHO: OJIHO
BBIHYk/JeHHoe (c v#0), a Apyroe ectecTBeHHOe (U /151 HEro UMeeT MecTo 6bITh declinatio a via
recta).

UTtak, doTOHY c HyJ1IeBOH 4acTOTOM NpUCyLy (M IPUTOM B IBHOM BH/le) OPOUTATIBbHBIN
yIJIOBOM MOMEHT: C IApaMeTPOM CMelleHHUs, 38 1 ceK. paBHBIM [, U C HOPMHUPOBOYHBIM
koapduneHToM 27, To ecTb h/2n=Imc/2m.

Hy a spkocTb He6eCHbIX 00'bEKTOB HUJIH, TOYHEE TOBOPSI, OCBEIEHHOCTb, CO3/laBaeMasi UMU B
MecTe HabJ/I10/leHHs Ha e/JMHUIe HEKOTOPOU MOBEPXHOCTH M HOCALASA CYyIy60 MHTEerpabHbIN
xapakTtep?

Pa6oTa, mpousBoauMasn 3apsiPKeHHOW MaTepyel Ha 3JIeKTPOMarHuTHOH ,cpeaoi’ (c v=0) B
e/JMHUIy BpEMEeHH, eCTb He UTO MHOE€, KaK MOLIHOCTb, WM 3¢ PeKT. CBeTUMOCTb HeOGEeCHBIX
00'bEKTOB YHUCJIEHHO U [10 pa3MepHOCTU COBNAJAET C 3TON paboToil.



[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,
2
CBs3b Mexly ocBelléHHOCTSAMH E U Eo 3anucbiBaercs B Buge: — =—-, rge 10 -arto
0
paccrosgHue B 10 napcek.

CieoBaTeNBHO,
2

2
c-(4,—A) A
=25lgs———} .
f. 10 f.10

Yrto kacaeTcss GOTOMETPUYECKOTO PACCTOSHUSA, TO C Y4ETOM AOOPOTHOCTH Q OHO GyIeT-
TaKHU COBNA/IaTh C FreOMeTPUYECKHUM PACCTOSTHUEM.

B nepBo# yacTu JaHHOT0 3CCe ONpe/ieIEHO BhIpaXKeHUEe KOPHS KBAIpaTHOTO U3
rpaBUTAIMOHHON MOCTOSTHHON HbIOTOHA, yTOUHSAIOIEe PA3MEPHOCTh 3TOr0 Ko3dpduiiveHTa
NPONOPIMOHATBHOCTH, Yepes Jpyrue «MUPOBble KOHCTAHThI» — Y/AeJIbHbIN 3aps/ 3J1eKTPOHA,
41 CJI0BOU pparMeHT CKOPOCTH CBeTa & U YKo ABorajpo.

|G, =&x mi IN, ¢, roe

e

m-M =25.1g & =ve)/ve

GN — paBUTAllMOHHAA ITOCTOAHHAA HbloTOHS;

e
—— — OTHOIIIEHME 3apsiJia 3JeKTpoHa K ero Mmacce (CI'C/r);
m

e
N , - HOpMHUPOBOYHBIN KO3pPULMeHT (Yncao ABorazapo);
& - mepexoAHbIN KO3OOULUEHT, pAaBHBIH BbIpAXKEHHIO:

@ X (a / 27[)5 x10"® (6e3 pasmepHoCTH).
2r
®opmysa us nyHkTa (19), ABasAsACE CTPYKTypHON GOPMYJION, YTOUHSIET U CAMYIO
pa3MepHOCTb IPaBUTALlMOHHOM NOoCcTOAHHON HbtoTOHa Gy, pa3yMeeTcs, 10 NpaBUIaM,
OTHOCSIIUMCA K IOHATHIO pa3MepHOCTel. B caMoM [ieJie, NOCKOJIbKY 3aKOH TAroTeHus HbroToHa

. o m
(pu U3MepeHUH CUJIbl MHEPLIMOHHOH efinHuLei) uMeeT BUJ: F =Gy m1_22 (rne Gy -aTO
r

K03 PUIMEHT NPONOPIMOHAIBHOCTH ), a BeIpaxkeHHe mo-v-Na (r/ie mo - Macca 0iHOM YaCTULbI, V —
KOJIMYECTBO BelllecTBa B M0JIsIX, Na — mocTosiHHas ABoraZipo) onpegeJssieT Maccy m Jiro6oro
KOJIMYECTBA BELECTBA, MOKHO TPOBEPUTD Pa3MEPHOCTD CUJIbI B3AUMHOTO «TSroTeHus» F B
cucteme egunun CI'C:

_ [mallma] _ 12 [(e/me)?] _ [mo,|lvilINalX[mo,][v2]INA]
cm3rcek™2 _ rXT 2

=————X-— =CM'T"CeK~
r2 cm?2

=Tr-CM"CeK 2,
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X. y6ep. «AHEBHUKU»

[. Jloruka ctuist Tpe6yeT 60JiblleN NPSIMOTHI CY>KJEHUS U UHCTUHKTA, HEXeJIU JIOTUKA,
Heob6x0/iMMasi /i1 TOTO, YTOObI IPUBECTHU B MOJIHOE COTJIacHe YacTH JIDOOH, 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 Obla, He MOXeT 00bATh
BCE€ 3TO 6eCKOHEeYHOe MHOXeCTBO JeTasiell. KpoMe Toro, MbIC/IM 3aHUMAalOT HEKOTOpOe
IPOCTPAHCTBO U, CJIe[,0BaTeJbHO, COCTOSIT U3 MHOXKeCTBA TOYEK; JOCTaTOYHO, YTOOBI OHU
CONPUKACaJIACh JINIIb B OAHOM U3 3TUX To4deK. OHAKO BCAKUU 3JIeMEHT CTUJIA CTOJIb JIETOK U
TOHOK, YTO MO>KHO CKa3aTb, U36eraeT CONPUKOCHOBEHUH. U TeM He MeHee KOHTAKT 3TOT JJOJDKEH
OBITb NOJIHBIM, U60 MY JJaHO ObITh JINO0 aGCOIIOTHBIM, IN60 HUKAaKUM. Bo BCSIKOM cJ10Be eCcThb
JIMILb O/JHAa-eJUHCTBEHHAs TOUKa, KOTOpasi CIoCOOHA 0TO3BAThCs B COCEJHEM CJIOBE.

[I. JlumnTe c10Ba BCSKOU JIBYCMBICJIEHHOCTH, BCIKOH HeonpeAeéHHOCTH; TPEBPATUTE UX,
KaK BeJISIT OHH, B OZJHO3HAUHbIe [UQPDI, — U3 PeYH YHAET UTPa, a BMECTE C HEI0 — KpaCHOpeune U
M1033Usl: BCE, YTO €CTh MOABMKHOTO U K3MEHUYHUBOTO B MPUBSA3aHHOCTSX AYIIH, HE CMOXKET HAUTH
cBoero BblpaxkeHHs1. Ho 4To 51 roBopio: inmuTe... CKaxky 60Jiblie. JIMIIUTE C10Ba BCAKOH
HETOYHOCTH — U Bbl JIMIIUTECH JJAXKe aKCUOM (cM. «PaccyxaeHure 06 IHIUKIONIEAUN» [T AaMbepa).
OpHo U3 BesiMyaMIuX 6J1ar, CI0COOGCTBYOLMX TOYHOMY YIIOTPEGJIEHUIO 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.
C10BO «6eCKOHEUYHBIN» KPUIUT HaM: «OcTaHOBUTECH». MBI XKe eHCTByeM TaK, KaK ecJid Obl

OHO Kpuyasio: «MauTte Bnepén».

20 uroHAa 2010 eo0a
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