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NPEONCITOBUE

31y «/cTopuio omsmkm» s nucan no npurnaweHno npod. Potxakkepa ans «Actopumn Hayk»; ee
ob6bem noatomy 6bin 3apaHee orpaHnyeH. NoapobHoe nanoxeHne gaHo 3. Xonne B «Handbuch der
Physik» (1926) n B TpexToMHOM coumHeHnn ®. PoseHbeprepa (1882-1890). Ho HanncaHHas MHowm
HebonbLlasa KHUra 3aHMMaeTcst 6onbLUe COBPEMEHHOCTLIO; 0COB0e 3HaYeHne NpuaaeTcs pasBuUTUIO
d13MKN 3a nocrnegHue cTo ner.

Mow BepHbI apyr o-p ApHonba beprnivHep, ocHoBaTernb U B Te4eHWe JOoNroro BpeMeHn peaktop
XypHana «Naturwissenschaften», 3HaunTensHo cnocob6cTBOBaN MOEMY peLLEHNIO NPeANPUHSATD
TaKylo, HECKOIbKO HeOObIYHYI0 Anst MeHs, paboTy. OH YacTo HacTamBan Ha HeobxoauMOoCTH
nepepaboTtatb UCTOPUIO PU3NKM NOL COBPEMEHHBIM YIIIOM 3peHus. ATOT B3rNsa4 YenoBeka,
HaJEeNeHHOro TakMM TOHKUM U BEPHbIM YyTbEM B OTHOLLEHUM OYXOBHbIX NOTPeBHOCTEN
YyefioBeyecTBa, NOCTOAHHO PYKOBOLMI MHOIK BO BpeMs aTon paboTkl. bepnnHep B 1942 r. KOHYUN
XWN3Hb CaMOyOMNCTBOM M3-3a aHTUCEMUTCKUX NpecriegoBaHnin. MNoceswar 3Ty KHUXKY ero namsTu.

'eTTUHreH, mapt 1947.

K TPETBEMY NU3OAHNIO

Mowu nekumn no NCcTopunn C*)I/I3I/IKI/I B yHI/IBepCI/ITeTe npueenun K paay OOMNOJSTHEHUN, KOTOpbIle
OTHOCATCA NpenmyLeCTBEHHO K bonee oTAoareHHoOMy npoLusiomy. MeHee 3HauunTeNbHbIE
M3MEHEHNA Npon3BeneHbl TakXXe B ApYrnx pasagenax. [naH Bcen p860TbI ocTancd NpexHu.

M. Ilaya, NeTTnHreH, sueapb 1950.

BBEOEHUE
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|/|CTOpI/IFI MOXeT ObITb HanMcaHa ¢ pa3finvHbIX TOYEK 3pEeHUNA NMpn NOJSIHOM COXPaHEeHUU
OOCTOBEPHOCTN, OﬂpaB,D,aHHOVI aBnsieTca nodas Toyka 3peHund, ncxoaga n3 KOTOpOIZ NCTOPUK MOXET
OTKPbITb 4YTO-NNBGO NCTOPUNYECKN NHTEPECHOE. |/|CTOpI/IFI HayKn Takke gonyckaeT pa3findHble TOYKU
3peHu. 9Ta KHMra 3aHMMaeTCsl BO3HUKHOBEHMEM U N3MEHEHUEM HEKOTOPbIX naoen n 3HaHun,
BaXHbIX A5A COBpeMeHHOVI (bI/I3I/IKI/I. |-|O,£I,06HO TOMY, KaK UCTOPUA NMOJNTUTUKN HE 3aTparnBaeT
TeKyU.l,eVI NOJINTUKN, TAK XK€ N NCTOPUA HAYKN OOXOOUT TOJIbKO A0 TEX r|p06neM, KOTOpPbIE B
HacTosALlee BpeMA elle He MOryT ObITb NMPU3HaHbl peLleHHbIMN.

Mbl He Byaem Takke 3aHMMaTbCs CIIMLIKOM Aanekum npoLunbiM. KOHEYHO, yxe y LWyMepoB,
BABUSIOHSH W €rMNTSAH NO OTAENbHBbIM BONpocam n3nKku Obifn LeHHbIE 3HaHUS, KOTOPbIE, OAHAKO,
NPoOn3BOAAT BNevaTnieHne Yero-To CriydanHoro, HeCMCTeEMaTUYECKOro, HeNnpogyMaHHoro. M3 tex
obnacten 3HaHuA, KOTOPbIMU Mbl 34€Cb 3aHMMaeMCs, COOCTBEHHO TONMbKO CTaTuKa, YacTb
MEXaHWKWN, Havarna pa3BMBaTbCS €LLe B rPEKO-PUMCKON OPEBHOCTU. VI3 HEKOTOPbLIX AOLEeALnX 4O
Hac BbiCKa3biBaHWi NnatoHa (427-347 0O H. 3.) Mbl Y3HaeM O COBEPLUEHHOM NpeHebpexxeHnn Ko
BCAKOMY SMMNUPUYECKOMY MccrneaoBaHuio. JTiobble NonbITKM « OCKBEPHUTL» BO3BLILUEHHYH HAYKY -
MaTemaTuKy - NPUMEHEHNEM €€ 3a npegenamm obnact YMCTbIX MOEN BCTpeYanu peskoe
nopuuaHue. MIMeHHo ¢ 3TuM cBA3aHo To, 4To ApuctoTenb (384-322 00 H. 3.) B CBOEN
BENNYECTBEHHOWN CUCTEME Hayku Aarn B 0651acTv eCTeCTBO3HaHUSA JIOrMYECKUA N YaLle TOSbKO
COPUCTUYECKNIN aHaNN3 MOHATUIN, AOBOSIbHO HEKPUTUYECKM BbiBEAEHHbIX N3 MOBEPXHOCTHO
yCTaHOBMEHHbIX hakToB. [laxxe Takon reHnn, Kak Apxmme[, He MMen 3Ha4YUTeNbHOro BAnAHus. Mol
He 3HaeM CMCTeMaTUYeCKOro UccneaoBaHust NpMpoabl HU B APEBHOCTU, HU B CpeAHME BEKa.

[MepBbIM NPU3HAKOM HOBOMO Ayxa UccneaoBaHUs ABNAOTCA BeNUKMe nytewectsus B koHue XV
Beka. [Npexae Bcero otmetm oTkpbiTne B 1492 r. Amepukun Xpuctodopom Konymbom (1446-1506).
OTOT repou He TONbKO 3Han o6 OTKpbLITON yXKe OpaTocheHom (275-194 0o H.3.) WwapoobpasHocTH
3emnu, Ho BbIN Takke NepBbIM YENOBEKOM, TBEPAO B 9TO BEPUBLUUM; HA 3TOM OCHOBAHWUN OH U
COBEpLUMI CBOE NpeanpuaTmne, KasaBLueecs MHOrMM COBpeMEHHuKamM 6e3ymHbimM. Ho ewe B XVI
cToneTuu, korga ¢ 6onbLnMM yCcnexomMm ycBansanu nytemMm nepeBogoB U KOMMEHTapUEB HayKy
apeBHUX, Benukun noasur KonepHuka (1473-1543), BbIxoaswmi 3a npegenbl 3TON Hayku, NpuBNek
OYeHb Maro BHYMaHUS, He BbI3BaB HN COMYBCTBUS, HU KPUTUKN. Jlnwb ¢ Hadana XVII ctonetuna
pacLuMpseTca Kpyr Nogen, MHTEPeCYLNXCA eCTeCTBO3HaHNEM, HACTOSbKO, YTO MOXHO rOBOPUTL O
HenpepbIBHO Nporpeccupytoem ncecregosaHun. OHo ctano ocobeHHo 6ypHO pa3BMBaTbLCA
Gnarogapsi nosiBMBLUEMYCA TOr4a y BCeX uccnegoBaTenen ctpeMneHmnio o60CHOBbIBaTb HayKy He Ha
CNeKynsaTUBHbBIX MeToAax U Tpaauumm, a Ha HabngeHun, 6onbLue Toro - Ha NITaHOMEpPHO
NPOBOAUMBIX ONbITaX. ATO COBEPLUEHHO HOBOE HanpasfieHue nNpeacTaBnsanoch Toraa, u elle
Tenepb MHOMMM MPeACcTaBnseTCs, Pe3K1UM paspbiBOM C NpoLwibiM. Tak nn aTo 6610 B
AENCTBUTENBHOCTU? B 3anoXy aHTUYHOWN KyNnbTypbl rpedeckue gpamaTtypru nponosegosanm
NnogYnHEeHne MHANBMOAYYMa 3aKOHY BeLlen; MaTeMaTuKM BBESNM 3TOT NPUHLMM B CBOKO HayKy; HOBasd
yCTaHOBKa B €CTECTBO3HAHUN SIBUSTACb TOSbKO NIOMMYECKN nocrneaoBaTenbHbIM pacnpoCcTpaHeHnemM
3TOro NpPUHLMNa Ha Ty obnacTb, B KOTOpPYHO ApeBHME efBa Tonbko BcTynunu. B 1600 r. Bopyr
NOSIBUIMCb [IBa OCHOBHbIX CpeAcTBa HabnoaeHNa: MUKPOCKON M NoA3opHasa Tpyba, U Mbl He 3HaeM,
KTO, COBCTBEHHO, UX n306pen. Manunen, KoTopbii, B oTnnymne ot KonepHuka, nucan ans Bcex, a He
TONMbKO AN YYEHbIX («MaTeMaTUKOBY, Kak OH UX Ha3blBan), UMeNl MHOTOYUCIIEHHbIX YYEHUKOB U
nocnegosaTenen. Jlnwe B 3170 Bpems cuctema KonepHuka npoHukna B obLiee co3HaHMe 1 CO BCEN
OCTPOTOW NOAHANCSA 3HAMEHUTLIN cnop 06 ee Npu3HaHUK. DTOT CNop, MO KpanHEN Mepe Ha 3aQHEM
nnaHe, y>xe urpan posnb npu ocyxaenun xopaaHo bpyHo (1600); Beab y4eHne o 6eCKOHEYHOCTH
NPOCTPaHCTBA M MHOXECTBa MMPOB, KOTOPOE B NPUroBope 06BbABMNSANOCH OAHOM U3 €ro epecen,
Ob110, NO CyLLeCcTBY, paclumpeHmemM cuctemMbl KonepHuka. Ho HM aTa cmepTHasa KasHb, HU
OTSlyYeHue OT UepKBM, Ha KoTopoe B 1633 1. nHKBU3nuua ocyaumna Manunes n soobuye
KOMepHUKaHUEeB, He oka3danu 6onbLloro BnuaHusA. HakoHey B Havane XIX ctoneTtnsa otnyyeHve B
nobor dopme BbINo CHATO.

B XVIII n XIX cTtonetnsix nonMTuyeckme n LepkoBHbIe CUibl HE MblTanncb 6onblle coBepLuaTtb
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nogobHoe BMellaTenLcTBO B U3KKY; TO, N3-3a Yero JlaByasbe B 1794 . KOHYMN KN3Hb Ha
rMNbOTUHE, HE UMEET HMYero obLuero ¢ Haykon. 3To BMeLlaTenbCTBO BO30OHOBMMOCH NALLb BO
BpeMeHa ['MTnepa, B cdhepy BHUMaHMSA KOTOPOro nonasna npexae Bcero Teopmns OTHOCUTENbHOCTMU.
Ho n 310 mnHoBano. B ocHOBHOM (hun3unka Morna CrnokorMHO pa3BMBaTbLCS MO COBCTBEHHbLIM
3akoHam*). OHa He ocTaBanacb Npu 3TOM Yy>Xaou xn3Hu. OkasbiBasi HENOCPEeACTBEHHOE BNUSAHNE
CBOVIMU TEXHUYECKUMU MPUMEHEHUSMN, OHA HE MEHEE CUIMBbHO BNUANA Ha XU3Hb KaK OTAENbHbIX
nogen, Tak 1 HAPO40B CBOUMM MAESMU, B CUIY YEro NonmTuyeckas UCTOpus Takke He MOXeT BbiTb
noHsiTa 6e3 aTnx BnNuaHnin. OQHON 13 NOMYTHBIX LiENen HaLero n3noxeHus 6yaeT AokasaTenbCTBO
TOro, Kak rnyboko NpoHuKna MelcnutensHas paboTta U3NKOB 3a TpW NN TpU C NONOBUHOM
cToneTus B JyXoBHOe (0OPMUPOBAHNE COBPEMEHHbIX NIOAEN.

*) Camo coboit pasymeeTcsl, YTO NUYHble Cyabbbl NpeacTaBuTenen MuUsnki nepenneTanucs ¢
MONMUTUYECKUMUN COBBLITUSMM UX BPEMEHM, HO 3TO OTHOCUTCSA YXKe K APYroi CTpaHuLEe UCTOPUN.

Ecnu uepkosb B 06LlemM Bo3aepkmBanacb OT BMeELLIATENbCTBA, TO BCE Xe Ha AeATENbHOCTb
P13MKOB BCerga BAUAMM UX penurmosHble B3rnaabl, npasga, 4acTto He NOEHTUYHbIE C
oomumManbHbIM Y4EHMEM LIEePKBU, a CKopee (hunniocodckn 060CHOBaHHbIE. OTO BbIPAXEHO Y
Kennepa, dekapTa, JlenbHunuya, HetoTOHa, 9TO urpaeT porb B NPUHLUMNE HAUMEHbLUETO ENCTBUSA B
XVIII ctoneTtun. C Tex nop kak comnococust KaHTa o6bsaBunia nonHyo He3aBUCUMOCTb Hay4YHOro
NO3HAHUSA OT PENUIMMO3HON BePbI, BorbLle 00 3TOM B COYMHEHUAX MO PU3KKE, NOXKaNyn, HUYEro He
HangeTcsa. OTcoga HUKOMM 06pa3oM He crielyeT, YTO CKIMOHHOCTb K MCCNeaoBaHUI0 Y NO3Xe
XMBLUMX ecTecTBOMCHbITaTeNnen He Bbina cBa3aHa ¢ UX PeriMrmo3HoCTbi0. [onoXxeHne o Tom, 4YTo
Hay4HOe nepexuBaHne UCTUHbI ECTb B KAKOM-TO CMbICIe «BuaeHne 6oray, BblCKa3biBanochb
NCKPEHHO Aaxe Nnyywmnmmn na Hnx. CtpemsieHne K No3HaHUI0 He3aBMCUMO OT ero MPUMEHNUMOCTU, ero
Nonb3bl, ABNAETCA «OCHOBHOM YEpPTOM YerioBeka B Te4YeHMe ThiCa4YeneTnin, Npu3Hakom ero BbICLLIEro
NPOUCXOXAEHNSAY ).

*)K Jaspers, Die Idee der Universitat, Berlin, 1946.

dunsmka BCcerga Mmerna TeCHbIN KOHTAKT C COCeAHMMMN HayKamun: aCTPOHOMUEN, XUMUEN,
MUHeparnorven. 'paHnLbl Mexay 3TUMK HaykaMu onpeaensitoTC TONbKO JOBOSIbHO BHELHMMU
pasnuunaMn, npexzae Bcero pasnuymem annapara, 1 Nno3ToMy OHKM YacTo nepemetryatotcd. B XVII
CTONeTuM, a Takke nos3gHee (PmsmK, XMMNK U aCTPOHOM HepeaKo 00beaMHANMUCL B OOHOM fuLe.
PobGepT Bonnb (1627-1691) n 3am MapunoTT (1620-1684), 0 KOTOpPbIX Mbl 6yaeM roBOpuTb NO34HEE,
ObINn Npexae BCcero XMMmnkamu; 1o xe otHocutcs K NeHpu Kasenguuwy (1731 - 1810), AHTyaHy
JlopaHy JlaByasbe (1743-1794) n M'emcbpun Oasu (1778-1829). B cozpgaHmnm noHATUSA atoma usmka un
XUMUS y4acTBOBanu B paBHou mepe. B koHue XIX ctoneTtus, 6narogaps uccnegosannsam CaHTe
AppeHunyca (1859-1927), Akoba BanT-lodpda (1852-1911), Bunbrenbma OctBanbaa (1853-1932)
BanbTepa HepHcTta (1864-1941), BO3HMKIA Kak OTAeNbHaA Hayka ouamnyeckas xumus. B XX
cTonetTum oM3nkmM Nocne 4ONroro nepepbiBa HavYanm onsiTb UHTEPECOBATLCA TEOPUEN KPUCTANSOB,
KoTOopas 4o Tex nop Gbina B BEAEHUM MUHEPAOroB.

Ewe TecHee cBa3b Mmexagy puamkon n matemaTtukon. MaTtemaTtuka ctana MHTENNeKTyanbHbIM
opyavem pusnka; TofbKO OHa AaeT BO3MOXHOCTb TA4YHOIr0 Hay4YHOro BblpaXXeHUS MO3HaHHbIX
3aKOHOB NpUpoAbl U X NPUMEHEHUS K CNOXHbIM Npoueccam. Jlorapnmel, Hanpumep, KOTopble
Bckope nocne 1600 r. 6binun oTkpbIThl Mlob6cTom Bropru (1552-1632) n He3aBUcMMO OT Hero 6apoHOM
IxoHom Henepom (1550-1617) n NeHpu Bpurrcom (1556-1630), Obinn BnepBbi€ NPUMEHEHDbI B
acTpoHoMuyeckux BblumcneHnax Kennepa. MNMocnegytowme ycnexm uankm, a UMEHHO B MEXaHUKe,
Oblnn TeCcHeNLWM 06pa3oM CBA3aHbl C OAHOBPEMEHHbBIMU ycnexammn B matemaTuke (rnaea 2). U
HaobopoT, YacToO NOCTaHOBKa (hM3MYECKMX BONPOCOB 0OyCnoBnvBana nporpecc MmatemMaTuKku.
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CBoeobpasHo oTHoLeHne humsnkn k omnocodumn. B Havane paccmMoTpeHHOro 3aechb nepuoga
BpeMeHM B hM3MKe TPYAMUIUCH oAU, KOTOPblE HAM N3BECTHbLI NPEXAE BCEro Kak punnocodsbl:
[ekapT, KOTOPbIN, KOHEYHO, MPUHLMNNANBHO OTKMOHSAN ranvneeBy MeTOOMKY UCCNeLOBaHUS, UNn
JlenbHuu. KaHT Takke BbICTYNNUI Kak eCTeCTBOUCTbITaTENb; Hanbonee N3BECTHBIMU U
3HAYNTENbHbIMU €ro OCTMXKEHUSAMU B PU3UNKE ABMSIOTCH KOCMOSOrM4eckme naenm o BO3HMKHOBEHUM
nnaHeTHou cuctemel. [o3gHee npomcxoamno ckopee HaobopoT: PUNKM U XMMUKKU BbICTyNanu ¢
dunocodckmMmn coumHeHmamu, Hanpumep Nenbmronsy, Max, NyaHkape, 6onbLuen YacTbto No
BOMpoOcaM TeOpUM NO3HAHUSA, KOTOpas U3 Bcex onnocockmx aucumnnmH Hambonee 6nunska
du3nky. [la npocTuTca MHE, ecnn 9 COMHEBatoCb B TOM, YTO BCE OHWN MMENN HEOBX0ANMYHO
dunocodckyto NOAroTOBKY A4S yCnewHon paboTbl. HO BHE BCAKOro COMHEHUS ycnexm
€CTeCTBO3HaHUS OKa3blBann CUbHOE BO34ENCTBUE Ha BCeX Bblaatowmxcs dunocodos. Hanbonee
N3BECTHbIN Npumep - BnNusiHme HetoToHa Ha KaHnTa. B XIX ctonetnn Bo3HMKNa BNosHe
000CHOBaHHas onNno3numMs ectecTBoucnbiTaTenen NPoTme «dunocodum Toxgecrtea» erens,
OTKa3blBaloLLEN B NpaBe Ha CyLleCcTBOBaHME ftobOor ONbITHOM HayKe, - ONMNO3nLKs, KoTopas, K
coXareHuto, 4acTo pacnpocTpaHsnach Ha BClo omunocoduio n gaxe Ha nobyro Teoputo B
ecTtecTBo3HaHuK. Hanpumep, PobepT Manep ncnbitan ato Ha cebe n3-3a yMo3puUTENbHOMO YKIOHa B
CBOMX COMMHEHMSIX, U Jaxe NPOTUB 3HAMEHUTOro npomnsseneHus NenbmMronsbua «O coxpaHeHun
CUNbI» NoAbIManucb BHavarne nogobHble ynpeku.

AcHbIM NpefcTaBnsaeTCs OTHOLWEHME MexXAay (PM3MKON 1 TeXHUKOW. NocneaHasa senseTca 6onbLien
YacTblo NpUKNagHoON U3MKON, N ee NPOrpecc O4YeHb YacTo NAeT Nno cnegam ycnexos puamkn. Ho
OHa pa3BuMBaeT Takke COOCTBEHHbIE, BaXKHbIE A4S (PU3NKM UAEN, HanpuMep Npu YyCTPONCTBE
naposon MawuuHbl (Oxemc Yarrt, 1770) n ycraHOBNEHUN ANHAMOISIEKTPUYEOKOro NpuHLmna ans
AnHamomalunHbl (BepHep CumeHc, 1867). Npexae Bcero, oHa BO BCe BO3pacTaloLLen mepe
paclumpsieT aKcnepuMeHTanbHble BO3MOXHOCTU punaunkn. CosgaHne cCoBpeMeEHHOro pnamnyeckoro
WMHCTUTYTa ObINO 6bl COBEPLUEHHO HEBO3MOXHO BE3 LLUIMPOKON MOMOLLN TEXHUKMW.

B nctopumn nobon Haykm BoNpocCkl NpuoputeTa ABNSAKTCA COMHUTENBLHON rnason. Horaa naxe B
Halle BpeMs, Kak nokasblBaeT onbIT, ObIBaeT TPy4HO PELLMTL BONPOCHI NpUopuTeTa, XOTS B
XXypHanax onybrMKoBbIBalOTCS BCE CKOJbKO-HUOYAb AOCTOVHbIE YNOMUHAHNA NCCNeaoBaHus U
AO0BOJSIbHO XOPOLLIO OpraHn3oBaHa Hay4YHas OKymeHTaumda. Ho Hackonbko 3To 6bIno TpyaHee B Te
BpeMEHa, Koraa Ansi pacnpocTpaHeHnsa pesdynbTaToB UccnenoBaHns Obinn OTKPbIThbl TONBbKO ABa
nyTW: NMcbma 1 kHUrn! Beab HayyHbIX XXypHanoB He 6bino ao cepeanHbl XVII ctonetus.
OcHoBaHHoe B 1662 r. JloHaoHckoe Koponesckoe obuiecTtso Hayano B 1664 r. nsgaeatb
«Transactionsy»; aToMmy npumepy Yepes 6onbLUME NPOMEXYTKM BPpEMEHN NocneaoBany apyrue
Hay4yHble obLecTBa U1 MHOTOYUCHEHHbIE akagemMun, ocHoBaHHble K 1700 r. Tak nocteneHHo
nosiBunacbh onpegeneHHas cuctema B obnactu nyénukaumin. Mol He 6ygem MHOro 3aHMMaTbCs
Bonpocamu npuoputeta. C Hallen TOYKN 3peHunsi, HarnpuMmep, MeHee BaXXHO 3HaTb, YTO 3aKOH rasos,
Ha3BaHHbIN No nmeHn Pobepta bBonna n 3ame MapuoTtTta, 6bin BhiBEAEH, COGCTBEHHO, U3
namepeHnn bonns ero elle Hen3BeCTHbIM y4eHUKoM Puxapaom TayHnu, 4em 3HaTb, YTO STOT 3aKOH
cTan nsBecTteH okono 1662 r. lNpaeaa, He BceM; B 1679 r. MapnoTT gosmkeH Obin ero ewe pas
OTKPbITb HE3aBMCUMO OT bonns.

Kpome Toro, MOXXHO yCTaHOBUTb 45191 BCEX ANoX crieayrowmin pakt. Ctont onybnukosatb
KakoMy-nnbo nccnegoBartento CyLecTBeHHOe HOBOE OTKPbITUE, Kak paHO Uin NO34HO NOSBNATCA
rofoca, KoTopble 3asBNAT O CBOEM NPUOPUTETE UK O NpuopuTeTe TpeTbux nuy. MHoraa
noaobHble 3asBNEHNA UMEKOT JaXe HEKOTOpOe OCHoBaHMe. A UMeHHO, BbiBatoT criyyau, Korga
onpegeneHHoe OTKpbITUE Kak Bbl «HOCUTCS B BO3AyXe» U (pakTU4eCKu AenaeTcs HECKONbKUMU
nabMN HE3aBMCMMO OPYr OT Apyra, MOTOMY YTO pa3BUTUE HayKu NpMBOAUT K HeMy (cM. Bornb 1
MapwoTT). Mo MmHeHuo Pe3epdopaa, Nvilb B O4EHb PEAKMX CIyYasX eCTEeCTBEHHO-Hay4YHble
OTKpbITMS NOABNSAOTCSA 6€3 COOTBETCTBYIOLLEN YMCTBEHHOW MOArOTOBKN MUpa YYeHbIX®). Ho Bce xe
K NOAOGHbLIM 3asiBNIEHUSAIM HY)XKHO OTHOCUTLCS ckenTudeckn. O4eHb 4acTo KTO-HUOyAb BbiCKa3biBaeT
TOMNbKO TEMHbIE NPeayyBCTBUS, KOTOPbIE MOTOM APYron uccregoBartenb JOBOAUT 40 NOSTHOM
acHocTn. NHorga kTo-nnbo caenan HabnogeHne unm MMen MbiCrb, Ha 3HaYeHne U BaXHOCTb
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KOTOpbIX NWLLb BNOCNeACcTBMM ykasan gpyron. OgHako Bce e OTKpbITUE Hago AaTupoBaTb TEM
MOMEHTOM BPEMEHMU, KOrfa OHO BbIfI0 BbICKA3aHO C TaKOW SAICHOCTbIO N ONPeaeneHHOCTbI0, YTO
MOrf0 NOBNUATbL Ha AanbHenwee pa3suTme. Ho ecnm oHO AenNCTBUTENBHO B NogobHon hopme
NoJsly4ymno U3BECTHOCTb, TOr4a COYMHEHMNE 06 3TOM OTKPbLITUM HE cneayeT MENOYHO KPUTUKOBATD,
Tpebys, 4TOObI B HEM KaXXObli BTOPOCTENEHHbIN MYHKT 6bin B nopsagke. Hukorga He AaHo YenoBeky
COTBOPUTb COBepLLEHHOE!

*) Lord Rutherford, Background of modern Science, Cambridge, 1938, cTp. 55.

Mogo6bHO TOMy Kak UCTOpPUSt HAPOLOB U rOCyAapCTB OTMEYaEeT ToNbKO 6onee 3HaunTesbHbIe
cobbITNSA 1 BblAAKOLWMXCA NIOAEN, UICTOPUS HAYKM pacCMaTpuUBaeT NLb BEPLUWHBI UCCNea0oBaHMs U
pacckasblBaeT O TeX, KTO y4acTBOBas B UX co3gaHuu. B TeHn ocTaloTcs Thica4m nogeun,
npuweawmnx B punsnky ¢ Hadana XVIl Beka n n3 4ncto ngeanbHbix NOBY>XAeHMI NOCBATUBLUNX ceba
en nHorga 0o camonoXepTBoBaHUA. HO nx AesaTenbHOCTb He Gbina NULWHEN UM HanpacHOMW.
Tonbko coBMecTHasa pabota MHOrmMx ydeHbix obecnevmna HeobxoaumMyo NONHOTY HAGNIAEHWI 1
BbIYUCIIEHMI N HENPEPBIBHOCTL NMPOrpecca; ToNbKO pa3Hoobpa3sne MHTEPECOB N AapOBaHMUM
nomeLuano Tomy, 4Tobbl ccnegoBaHe NPoOTeEKanNo B HEMHOMMX onpeaeneHHbIX HanpaBrneHnsax; nux
AeaTenibHOCTb Oblfa 1 octaeTcs HeobxoaMMOWN NPeLNOCLINKON ANA NOSABEHNS BblAAOWMNXCA Un
Aaxe reHnanbHbIX OTKpbITUN. Pusmka, no kparHen mepe ¢ koHua XVII ctonetns, asngeTcsa ninogom
KONMEeKTUBHOM paboTbl. ATO - TaKKe NCTOPUYECKUIA (PaKT.

YacTo MOXHO ycrbiwaTb BONPoc 06 06bEKTUBHOCTU, 06 MCTUHE E€CTECTBEHHO-HAYYHOrO NO3HaHMS.
Bokpyr aToro Bonpoca nayt cnopsbl. CyLecTBoBanu n CyLEeCTBYIOT pasfinyHble
TEOPETUKO-NO3HABATENbHbIE TEYEHUS (M OHN HALLNM B HEAABHEE BPEMS LUMPOKOE
pacrnpocTpaHeHune bnarogapst NONUMTUYECKON NponaraHAae), KOTopble Ha OCHOBAHUKN CyYanHbIX
MOMEHTOB NPU BO3HUKHOBEHUWN BCSKOIO YeSI0BEYECKOro 3HaHWs, Ha OCHOBaHWUM YaCTOW CMEHbI
U3NYECKMX TEOPUIA U BO33PEHUI AeNnatloT BbiBOAbI, OYATO BCE 3HAaHUE, NOCKOSIbKY OHO 3aBUCUT OT
BCEBO3MOXHbIX (haKTOPOB Cpenbl, AYXOBHbIX UK Aaxke BUonornyecknx, BPEMEHHO N YUCTO
KOHBEHLMOHanbHO. [lencteutensHo, omsnka HMKoraa He obnagana Ha Bce BpeMeHa rotoBou,
3aKOH4YEeHHON hopMoN; OHa He ByaeT Takke obnagath et n ganbLue.

Tak Kak KOHEYHOCTU ee coepkaHusi Bcerga NpoTMBO CTOUT BECKOHEYHOCTb BO3MOXHbIX
BOCMNpUATUI. U BCe e CyLLleCcTBYeT JoKa3aTenbCTBO ee 06bEKTUBHON NCTUHHOCTU, JOKa3aTenbCTBO
Benuyanwen yéeantenbHOM CUnbl: UICTOPUS OU3NKN NOCTOSIHHO AaeT HaM BCe HOBblE NpUMepbI
TOro, KaKk [iB€ COBEPLUEHHO HE3aBUCMMblE, Pa3BUTbIE Pa3 JIMYHBIMW LLIKOSITaMW TEOPpUU, Hanpumep
onTuKa U TepMmoanHamuka (rn. 13) nnu BonHoBasi TeOpUA PEHTrEHOBCKUX NMy4en U aToOMHasi Teopus
Kpuctannos (rn. 12), HeoXxungaHHo cxoaaTcsa n cBobogHO coeanHSATCS Apyr ¢ Apyrom. KTo cmor
UCNbITaTb B TEYEHNE CBOEN XU3HN NOA0OHOE B BbICLLEN CTEMNEHW NOpa3uTeribHOe cobbIThe nnn, No
Kpan Hen Mepe, B COCTOSIHUM MbICIIEHHO €ro UCnblTaTb, TOT HE COMHEBaeTcH 6onbLue B TOM, YTO
cXosLmecsa Teopumn Co aepKaT eCnv He NMOJSTHY UCTUHY, TO BCE e 3HaYMTenbHoe S4p0
00beKkTMBHON, CBOGOOHOM OT YernoBeYyecknx npudasneHnin NcTuHol. iHaye Hago 6b110 Obl
paccmaTpmBaTb COeQMHEHNE ATUX TEOPUN, Kak vyyao. Miaeanom ansa nctopmm omsmkn OMmMKHO ObiTb
CTPEMIEHNE KaK MOXHO sicHee nokasatb Nogo6Hble COObITUSA.

MABA 1
NW3MEPEHWE BPEMEHUW
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N3mepeHne BpeMeHn ABNAETCA OQHON 13 BaXXHENLWNX 3agad Ntobor Hayku, 3aHMMatoLwencs
SIBMTEHNSIMUN B NPOCTPAHCTBE U BpeMeHn. PaccmoTpum nonoxxeHue gena B 3Ton obnacTu.

KaHT BO BcsikoM criydae 6bi1 npa., Korga OH NpeacTaBnisan BpeMs Kak 3anedaTieHHYHo
YenioBeYeckuM pasymom bopmy cosepLaHns. ITO codepLaHmne HenpepbiBHO. HO HeENpepbIBHOCTb
HUKOraa He HeceT ¢ cobon cobCTBEHHOW Mepbl; creaoBaTefibHO, YTOObl M3MEepUTb BpeMsI, Hago0
BHECTM B HEro cuctemy mep*). MoxHo, Hanpumep, NPOMU3BOSIbHO YCTAHOBUTL OTMETKN BPEMEHM,
HyMepys yaapbl, B TO BpEMS KaK KTO-NMOO CTY4YMT Kynakom rno ctony. Ecnun coeauHsT ¢ KaxabiMm
cobbITeM HOMep OAHOBPEMEHHOIO C HUM yAapa, TO TEM CaMbiM yCTaHaBNMBaETCsl BPEMEHHas
nocrnegoBaTenbHOCTb COBLITUI NOCPESCTBOM psga Ymcen.

*) Llenb umeeT cBOlO Mepy B cebe: MOXXHO HYMepPOBaTb €€ 3BEHbSA; AN TOro Xe, YToObl N3MepuTb
COBEPLUEHHO OAHOPOAHYI0 HUTb, HAAO0 NOSIOXKUTb PSAOM C HEO MaclTab 1 OTHECTU K HERN ero
AeneHuns.

KoHeuHo, Takoe namepeHne BpeMeHN HEQOCTATOYHO yXKe ANA MHOIMMX Lienen NoBCeLHEBHOM XU3HY;
npv ero NOMOLLN HeMb3s, HaNnpuMep, YCTaHOBUTL KeNe3HO4OPOXHOe pacnucaHue. NocnegHee
AOIMKHO PYKOBOACTBOBATLCS ABWKEHNMEM NMAapPOBO30B, MOAUYNHSIOLLNMCSA ONpeaeneHHbIM 3aKoHaMm
npvpoabl, a BbileyKazaHHOE onpeaenieHne BpEMEHN HE MMEET HMKAKOIO OTHOLLEHUS K 3TUM
3akoHam. Takum obpasom, Lenbio n3mMepeHnsa BpeMeHu A0oMmKHa ObiTb CBA3b C 3aKOHaMu NpUpOoAbI 1
MMEHHO Takasi CBA3b, YTOObI OHa yaoBneTBopsina TpeboBaHNAM HayKK, B KOTOPOM 3aKOHbI NpUpoabl
MoryT ObiTb hopMynmpoBaHbl Hanbonee NpocTbiM 06pasom.

3Ta MbICSlb, €CNN NPUCMOTPETHLCS, NIEXUT B OCHOBE APEBHUX MECOYHbIX U BOASHbLIX YaCOB.
YcTaHaBnuBarT, YTO TakoW NpoLEecc, Kak NPoXoXaeHue onpeaenieHHoro KonnyecTtaa necka unm
BOAbl Yepes 0TBEPCTME, MPOAOIKAeTCs BCceraa ogMHakoBoe BPEMS; HAaCKONbKO NogobHoe
yTBEPXAEHWE YOOBNETBOPSET Lenu - JOIDKEH pelnTb onbIT. Ho nogobHble Yackl OCTaHaBnMBaloTCS
nocrie NPOXoXAeHWsl BCenW Macchl necka unun BoAbl; Tpebyetca BMeLlaTenbCTBo, YTOOb! OonNATh
NyCTUTb B X0, U 9TO BMELLATENbCTBO BIIMSET Ha N3MepeHne BpeMeHU. To e OTHOCUTCS K
ynoTpebnsaswmnMcs B cpeHMe BeKka YacaM C rmpen, B KOTOPbIX A515 U3BMEPEHUS BPEMEHN CITYXUIO
3amMeanieHHoe TpeHeM BO3ayxa nageHue rmpu, a Takke K NpocToMy MasTHUKY, nepuof konebaHus
KoTtoporo Manunen caenan mepon BpemeHn. OTKkpbiTMe [Manuneem He3aBMCUMOCTM nepuoga ot
aMmnnuTyapbl konebaHui 6bino 60NbLINM AOCTUXKEHNEM, XOTS B MPOTMBOMNOSNOXHOCTb €0 BO33PEHNIO
3Ta HEe3aBUCMMOCTb SIBMISIETCA NULb NPUOAMXKEHHOW; OHa MMEeEeT MECTO TOSbKO B Criyvae MarnbIx
nepemeLLeHnn.

Pewatownn war onga cosgaHna 4acoB B COBPEMEHHOM CcMbicie caenan B 1657 r. XpuctmnaH
MonreHc (1629-1695) - TOT caMbl, KOTOPbLIN OTKPbIN KONbLo CaTypHa 1 C KOTOPbLIM Mbl B
AanbHenwem elle MHoro pas Bctpetumcs. OH BBen NpuHUUN «0BpaTHOM CBA3U»*) nocnegHum
TEPMUH Mbl 3aUMCTBYEM, NpaBaa, n3 nponssegeHHoro nuwe B 1906 r. nccnegosanus E. Pymepa™)
OTHOCUTESIbHO BO3BYXOEHMWS ANEKTPUYECKUX KonebaHun.

*) MonreHc Nonyymn NaTeHT Ha MasiTHAKOBbLIE Yackl OT ['eHepanbHbIX WTaTtoB 16 noHa 1657 r. Ero
counHeHune «Horologiumy» nosisunock B 1658 T.

**) OTKpbITUE Pymepa 0THOCUINOCH K UCKPOBbIM nepegatyukam. B 1913 r. dopecT 1 noyTu
OLHOBPEMEHHO C HUM MelcHep BBENU 06paTHYHO CBA3b AN NepeaaTymkos, paboTatrowmx Ha
3NEKTPOHHbIX NamMnax, UMeKLMX B HacTosiLee Bpems ropa3go bonbliee 3HavyeHue.

Mpwn nto6om yCTPOMCTBE Yacbl COCTOAT U3 TPEX CYLLECTBEHHbIX YacTen. Bo-nepBbix, OHN NMELOT
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NCTOYHUK KonebaHun, 6onbLuern YacTbio B BUAE MasdTHMKA UNu cnvpanu; nepuog konebaHun naet
Mepy BpeMeHu. Ho konebaHnsa HensbexXHO AOMKHbI MOCTENEHHO 3aTyxaTb BCrea CTBue
COMPOTUBNEHNA TPEHUS, ecnn He ByaeT NoaBOAUTLCA BCE BPEMSI HOBAsA dHEPrnsa ABVKEHWS.
[MoaToMy BTOPOWM CyLLECTBEHHOM COCTAaBHOM YacTblO YacoB SIBNAETCA. UCTOYHUK SHEPrUn, KOTOPbIN
HaKonnseT aHepruto NMbo B BUAE YNPYron 3HEPrnN HaNPSPKEHHOW NPYXXMHbI, MO0 B BUAE
NnoTeHUManbHOM 3HEPrun NOAHATON rMMPU; B HOBbIX KOHCTPYKLMAX NPUMEHSETCA NHorga
anekTpuyeckasn 6atapes. TpeTben 1 rMaBHON YacTblo ABNSETCA annapart, KOTOpbl AOCTaBMASET 3Ty
9HEPIn0 NCTOYHUKY KonebaHun; OH JOIMKEH 3TO caenaTth Tak, YToObl He HapyLaTb Nepuoa
kone6aHuin, N NpyM 3TOM UCTOYHMK KonebaHu cam JOSKEH onpeaensiTb MOMEHTbI BPEMEHN, Koraa
TpebyeTca AoCcTaBka aHeprun. B aTom 1 3akniodaeTcsa CywHOCTb 0bpaTHOM CBA3M, KOTopas
BrepBble nosiBunach B Yacax [tonreHca Kak ¢ MaaTHUKOM, Tak U Co crnvpansto. Ho npu Bcex
KOHCTPYKLUMAX HeOBX0AMMO BpeMsi OT BpeMEHU CHOBa NoaBoaMTb aHeprnto. OgHako aTo
BMeLlaTeNnbCTBO B NPMHUMMNE HE MELLaeT Xo4y 4YacoB. TakMm o6pa3om, MOXHO cKka3aTb, YTO
nogobHble Yacbl B OCHOBHOM M3MEPSIIOT BPEMS HEMPEPLIBHO.

KoHeuyHO, TexHMKa 4acoB BCe coBepLleHCTBOBanach. TpeboBaHst TOYHOCTUN, KOTOPbIM CErOAHS
yOOBNEeTBOPSAIOT Kaxable 6onee nnm meHee xopoLumne vacol, 66 BO BpemeHa lMonreHca
HegoCTWXMMbI. OCOBeHHO BaxHbIM ObINo M306peTeHune B. A. MappucoHom B 1929 r. kBapLEBbIX
4YacoB, YCOBEPLUEHCTBOBAHHbLIX B gansHenwem A. Lanbe n Y. Agenscbeprepom. B aTnx yacax
NCTOYHMKOM KonebaHui SBnseTca KBapLeBbI CTEPXKEHb, KOTOPbIN coBepLuaeT okono 100 000
konebaHun B CEKyHAOY 1 BCNeACTBME Mbe303NEKTPUYECKMX CBONCTB KBapLa cBA3aH obpaTHom
CBA3bIO C anekTpudeckon 6atapeen. Nx xog noctosiHeH ¢ To4HOCTLIO A0 1/1000 cekyHAbl 3a A€Hb.

UTtobbl NnpncnocobuTb namepeHne BpemMeHu K 00LLLEeCTBEHHON XXMU3HW, OO CUX NOP Yackl KannbpytoT
MO OTHOLUEHMIO K BpPaALLEHWNO 3eMnn OTHOCUTENBHO HENOABWXKHbLIX 3BE34. 3BE3AHbIV AEHb
3aKkn4aeTcsa Mexay AByMsi NPOXOXAEHUSIMU OOHOW N TOW XXe 3Be3fbl Yepe3 MepuanaH, a cpegHuin
COJMHEYHbIN OeHb, KOTOPbIN Mbl pasaensemM Ha 24 Yaca (no 60 MnHyT B Yace un 60 cekyHa B MUHYTE),
Ha 1/365 anuHHee. CTUHHBIN CONHEYHbIN AEHb, U3MEPEHHbIA MeXAY ABYMSI MPOXOXKAEHNAMU
COMHLUa Yyepes MepuanaH, USMEHSIeTCH B TeYeHue rofa; No3ToOMy BCe COMHEYHble Yachl NoKasblBatoT
OTKNOHeHWs Ao 1/4 yaca No cpaBHEHWIO C NPaBUSBHO MAYLWNMUN MEXaHNYeCcKMMn Yyacamn. dusumka,
OCHOBaHHas Ha U3MepeHUM BpeMEHN MEXaHNYECKUMN YacaMm, OOBACHAET 3TO OTKNOHEHUSAMU
TpaekTopum 3eMnu OT Kpyra 1 HakfoHOM MNIOCKOCTU SKNUNTUKN™). Puaunka, KoTopas xotena Obl B
OCHOBY M3MepEHMUS BPpEMEHU NOCTaBUTb (PaKTUYECKUI CONHEYHbIN AeHb, cTana bbl nepea
HeJOYMEHHbIM BONPOCOM, MOYEMY BCE UCKYCCTBEHHbIE Yacbkl B CBOEM Xo4e ObHapyxmBatoT
cornacytowmecs rogoBble konebaHus.

*) OTO 3HAYUT, YTO 3EMHAs OCb HE NepPneHAMKYynsipHa K NAOCKOCTU ABWXKEHNA 3eMnin, a HaknoHeHa
Ha 23° N0 OTHOLLEHMIO K HOpMaru.

PasymeeTcsi, MOXXHO paccMaTpyBaThb TOSMbKO Kak rMnoTe3y NonoXeHne o ToM, YTo nepuos
BpaLLeHunst 3eMnun roamTcs Anst KanMbpoBKM YacoB, T. €. YTO CKOPOCTb BpaLleHust 3eMNn NOCTOsIHHA
npu N3MepeHnn BpeMeHn NocpeacTBOM ApPYrnx Xopolwmx YacoB. CylecTByOT ABa MeToa
npoBepKM 3To runoTesbl. CornacyLmecst NokasaHMs XOpOoLUMX KBapLIEBbLIX YACOB yKa3blBaloT,
NOBMAMMOMY, Ha U3MEHEHUS BPEMEHW BpaLLEHWUS!, KOTOPbIE M3MEPSIOTCS ThICSYHLIMW A0NAMU
cekyHabl. Ho ropasao BepHee GyaeT cpaBHEHUE C ABUXKEHUEM JlyHbl 1 BHYTPEHHMX nnaHeT. Bpewms,
onpeneneHHoe no BpalleHnto 3emnu, B TedeHre ABYX NocrneaHux cToneTuin otnmyanock Ha 30
ceKyHA (TO B CTOPOHY OTCTaBaHMsl, TO B CTOPOHY YCKOPEHUS) OT BPEMEHMW, KOTOPbIM NOSb3YHTCS
Anst PU3NYECKOro NOHNMaHUS 3TOro ABMKEHMS. YToObl COOTBETCTBOBATL CBOEN LIENW, U3MepeHne
BpemeHu [JomKHO Npon3BoaUTLCS MO «MIaHETHbIM YacaMy» Kak Haubornee TOUYHbIM *).

*)B. M eyermann, Die Schwankungen unseres Zeitmasses. Ergebn. d. exakten
Naturwissenschaften 7, 92 (1928).
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Mpn BCEX 3TUX PaA3MBILLNIEHUSX Mbl OTBIIEKANUCL OT TOFO, YTO Mtobble N3 paccMaTPMBaAEMbIX YACOB
ABWXYTCS BMecTe ¢ 3emnein Bokpyr ComnHua, a Takke y4acTBYT B CYTOYHOM BpaLLEHMUN BOKPYT
3eMHoW ocu. Teoprsi OTHOCUTENBHOCTM YYUT, KaK BbIMUCIUTL TPEOYIOLLYIOCS B CBSI3UN C 3TUM
ABVXEHMEM 0COBY0 NoMpaBKy; HO NMPU COBPEMEHHOW TOYHOCTU M3MEPEHUI 3Ta NoMNpaBka MOXET He
YyYUTbIBATLCS.

MABA 2
MEXAHUKA

BHauane 6bina mexaHuka. Kak yxxe 661010 yNOMsiHYTO, y4eHMEe O paBHOBECUM, CTaTUKa, YXOOUT
Aaneko B ApeBHOCTb. Ee BO3HMKHOBEHME 0OYCNOBMEHO NPAKTUYECKUM 3HAYEHNEM, KOTOPOE UMEIDT
ANs NPeoaoneHus Tskenon dusnyeckon paboTbl pblyar, BUHT, HAKNMOHHAsA NNOCKOCTb M NonucnacT.
["'pekn pasBmBanu Takne NOHATUSA, Kak yaenbHbI BEC U LLEHTP TsSHKeCTu. BbelumcneHve ueHTpa
TSXKECTU y Tena 3agaHHon hopMbl BbIno nanobneHHon 3agaden rpekoB, peLleHne KOTopon ns-3a
OTCYTCTBMS UcuncrneHna 6eckoHeyHo Manbix TpeboBano 0cobor OCTPOThI MbILLSIEHWS.

OTa cTaTuka 4OCTUrNa CBOEro BbICLLEro pasBmUTUSA B 3aKOHE BO3MOXHbIX NepemeLleHnin: obpasytoT
npousBefeHns CU Ha NyTW, NPONAEHHbIE NX TOYKaMU MPUNOXEHNS B HanpaBneHuu AeNCTBUS 3TUX
Cvn; ABWXEHWE He HacTynaeT, ecnu cymma aTnx npounsseaeHui (B3siTbiX C MpaBUIibHbIMU 3HAKaMun)
Aaet B pesynbTaTe Hynb. Cunbl NI3MepAT NpM 3TOM Becamu; 34eCb, Takum o6pa3oM, NOCTOSAHHO
UMEIT 4eno C JeNCTBUAMMN TSXKECTU. HacTHbIM cryyaem SBNSETCA 3aKOH pblvara; Apyrov npumep -
npaesuno Apxumeaa, CorfnacHo KOTOPOMY Ha BCAKOE TBepaoe Tero, Norpy>KeHHoe B XNOKOCTb,
AEeNCTBYeT BbiTankmBaroLLlas cuna, paBHas BeCy BbITECHEHHOW XnakocTu. Beka notpebosanuce,
4yT10bbl NpHobpecTn k Havany XVII Beka 3Tn 3HaHus. [NocneaHuin B pagy TBOPLIOB CTaTUKM - CUMOH
CteBuH (1548-1620), n3yyas paBHoBeCHEe TeN Ha HaKIMOHHOWN NMIOCKOCTW, Bnarogapsi reHmanbHoOn
MHTYULMKN HEABHLIM 0Opa3oM OTKPbIST pa3fioXXeHne CUrbl Ha COCTaBNALWME, T. €. 3aKOH
napasnnenorpaMmma cursl.

CxonacTtuka cumMtana HenpepekaeMon UCTUHOW paccyxaeHus ApuctoTens (384-322 [o H. 3.) no
BOMpOCaM MexXaHuKK, HO Ans 3apoxaatowencs Haykm XVI ctonetns oHu 6binv Tonbko 60nbwWmMmM
npensaTcTBueM, KOTopoe Haao 6bINo NpeogoneTb, YTObLI yCreLwHo ABUraTbCa BRepea.

Manuneo MNanunen (1564-1642) obocHoBan AMHaMUKY, T. €., COOCTBEHHO, Y4EHME O ABWKEHUMN TEN;
XpuctnaH lMonreHc (1629-1695) npogomkan passuBaTtb AuHaMuKy, a Mcaak HetoToH (1643-1727)
npyuaan en onpegeneHHyo 3aKoHYEeHHY0 opMy (B YeCcTb HboTOHa 06bIYHO Ha3biBalOT AUHAMUKY
HbIOTOHOBCKOW). HabnoaeHus Manvnes Hag nageHuem Ten ¢ HaknoHHow 6alwHu B Muse Havanuch B
1589 r. B 1638 r. BbILWIO €ro rnaBHoe npounsseneHune no mexaHuke «Discorsi e Dimonstrazioni
mate-matichi intorno a duo nuove Scienze attenenti alla Mecanica e ai Movimento locali».
«Philosophiae naturalis principia mathematica» HetotoHa nossunuce B 1687 r. Nepnoa co3pganus
AVNHAMWUKM NpoaosmKarncs, Takum o6pa3om, OAHO CToneTume.

PesynbTat 3TOro BENMYeCTBEHHOIO TBOPEHUS YENOBEYECKOro AyXa COOEPXMUTCSH B ABYX 3aKOHaX.
[MepBbIN 3aKOH yTBEPXKAAET, YTO NPOU3BELEHNE MACChl MaTepmnaribHOM TOYKN Ha ee yCKopeHue
paBHO AENCTBYIOLLEN Ha Hee cune (YCKOpeHue 1 cuna aBnalTCa HanpaBieHHbIMU BENUYMHAMN,
BEKTOpaMU, 1 3aKOH yTBepXJaeT oAuHaKoBoe HanpasneHue ang obonx). BTopbiM 3akOHOM
ABNSAETCH 3aKOH paBeHCTBA AENCTBUA Y MPOTUBOAENCTBUSA: CUIbI, C KOTOPbIMWU ABE MacCbl
AENCTBYIOT OpYr Ha Apyra, paBHbl N0 BEMMYUHE N MPOTUBOMOMOXHbI MO HanpasneHuto.
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MpoaHanuanpyem oopmMynnpoBkn 060Mx 3aKOHOB. YTO Takoe YCKOPEHMNE - B OCHOBHOM YyXXe
o6bAcHUN [Manunen, korga oH NPOCTbIMU MaTeMaTUYecKUMM CpeacTBamMmu uccnegoBarsn NnoHAThe
N3MEHSILLLENCHA CKOPOCTU. HbIOTOH, KOTOPbLIN pacnonaran co3gaHHbIM UM camum 1 [FoTdpmuaom
Bunbrensmom JlenbHuuem (1646-1716) ncumcneHnem 6eckoHe4YHo Marnblx, Mor obneryntb cebe
3agadvy. YCKopeHue eCcTb U3MEHEHNE CKOPOCTU B €ANHWLY BPEMEHN, MPOM3BOLHASA CKOPOCTU NO
BpeMEHU 1, criegoBaTesibHO, BTopasi Npou3BoAHas Mo BpeMeHn paanyca-BekTopa, NpoBeLeHHOro
13 nboro Havyana KoopAMHaT K MaTepuanbHOM ToYKe. Ecnin n3BecTHbl pe3ynbTaTtbl U3MepeHus
KoopauHaT 1 BPEMEHU, TO CKOPOCTb U YCKOPEHUEe CTaHOBATCS TakKe U3BECTHbIMU. [1epBbIn 3aKOH
AaeT, cnefosatenbHO, AnddepeHumansHoe ypaBHeHE BTOPOro nopsiaka st KoopanHaT TOYKK
Kak (PyHKUUM BPEMEHW; ero MHTErpMpoBaHue onpegensieT NyTb U CKOPOCTb, C KOTOPOW 3TOT NyTb
OyneT nporaeH. Ecnu HeT HUKaKoW CUsbl, YCKOPEHUEe paBHO HYIHO; ABMXKEHUEe NPoUCXoanT
NPAMOSIMHENHO C MOCTOSIHHOM CKOPOCTLIO, Kak aTOro TpebyeT 3akoH MHepuuu.

BTopown 3akoH nokasbiBaeT, YTO Macca ecTb «MHepTHaa» Macca. Ecnun aBa tena nony4dairT
B3aMMHbIE€ YCKOPEHWs, TO NocrneaHune no BenmyunHe obpaTtHo nponopunoHansHel ux maccam. Mpu
Ha4yanbHOW CKOPOCTU, PaBHOW HYIHO, CKOPOCTU U NYTU, NPONOEHHbIE B OAMHAKOBbLIE NPOMEXYTKU
BpeMeHW, Takke 0bpaTHO NponopUMoHarnbHbl Maccam. [feomeTpudeckoe nsmepeHme nyTm
Nno3BONSEeT, TakKnm 0b6pa3om, OTHECTU KaXayk Maccy K MpoM3BOSbHO BbibpaHHOW eauHuue. Korga
YCKOPEHUSI UMEIOT MPOTUBOMOSIOXKHbBIE HanpaBneHns, CyMma 13 npousBeeHnin MacCbl Ha CKOPOCTb
OCTaeTCsl HEeM3MEHHOW; OHa paBHa HyIMI0 B YAaCTHOM criyyae, korga oba Tena cHavana 6binu B
nokoe. B cBs3uM ¢ TeM, 4TO NpomsBeeHNne Maccbl Ha CKOPOCTb Ha3bIBAETCA UMMYIbCOM, MOXHO
N3IIOXEHHbIE 3aKOHbI Bbipa3nTb B hOpMe, MPUHATON B HACTOSILLEE BPEMS:

1) cuna paBHa U3MEHEHUIO UMMYbca B €AUHULY BPEMEHU *);

2) B cucteme, He NoABEPKEHHOWN BHELLIHUM BAIMAHMAM U COCTOSILLIEN U3 ABYX UM MPOU3BOSbHO
BonbLUOro KoNMYecTBa Macc, o6LLMA UMMYSbC ABNAETCS NOCTOSTHHOW BENTMYMHON (3aKOH
COXpaHeHusi UMnynbca).

*) ¥>xe HbloTOH nonb3oBarcsa aTon (hopMynMpoBKON.

B 9Tux BbICKa3biBaHNAX B HESABHOW (hOpPME 3aKnioyaeTcst yTBEPXKAEHME, YTO CUTbl, C KOTOPbIMU ABa
Tena OenCTBYHOT APYr Ha Apyra, He HapyLatTcs TPETbUM TESNTOM U YTO Macca eCTb HEU3MEHSEMOE
CBONCTBO Tena.

[MocnegHee yTBepXaeHWE NPUHUMANOCb MEXAHUKOW C CaMOro Havana ee pa3BuUTus, Tak Kak
B3BELUMBaAHMA HUKOrAa He obHapyxusanun nameHeHnsa maccbl. OQHUM M3 BaXXHEWNLLMX OOCTUKEHUN
xumumn, ctaslen Haykon B XVIII Beke, Obino yCTaHOBNEHNE TOTO, YTO MNPU XMMUYECKNX peakLmnax
obLasa macca y4acTHUKOB peakumm ocTaeTcs NOCTOAHHOW. 3acnyra yCTaHOBNEHUSA 3TOro
nonoxeHunsa npuHaanexut A. JlaByasbe (1743-1794). No3aHee, ¢ 1895 no 1906 r., oHo 6bINo
nogTeepxaeHo ocobo ToUHbIMKU B3BeLlmBaHUsaMU [aHca JlangoneTta (1831-1910). B HacToswee
BpeMSi Mbl paccMaTpMBaeM NOCTOSIHCTBO MacChl TOSbKO Kak NpubnimKeHne, KOHEYHO, COBEPLUEHHO
A0CTaTOYHOE AN MEXAHUKU, XMMUU U MHOTMX obriacten onamnku.

B onbiTax, Ha KOTOPbIX OCHOBbLIBAETCSA AMHAMUKA, CUSbl UIBMEPSIOTCA B3BELLMBAHUEM - CNOCOOOM,
NPUMEHSAOLLMMCA UCCTapy A0 CUX MOP; eCrnn CUibl 4eNCTBOBAaNN He CTPOro BepTMKasnbHO BHU3, TO
NPUMEHANN LWHYPbI Ha pornukax. Takum obpas3om, NOHATME CUIbl BbINO AKCNepUMEHTarnbHO
060CHOBaAHO, N MOXHO ObINTIO AyMaTb, YTO OHO OCBOBOXAEHO OT BCAKOM TauHCTBEHHOCTU. Ho Tak
nocnegosaTenbHo He aymanu Hu B XVII, Hu B XVIII ctonetnsx. Camo 3HayeHune crioBa «cuna» He
ObINo BMNOMHe YCTAHOBMEHO, U HarpoMoXxaanuce 3abnyxaeHue 3a 3abnyxgeHveM. [ockonbky
KaXXaoMy CO3HaTerlbHOMY NMPUMEHEHMI0 YENOBEKOM CUIbl NpeLecTByeT BONEBOW akT, TO No3aaun
dm3nyecKkoro NOHATUSA CUMbl UCKanu HeyTo Bonee rnybokoe, MeTadun3anyeckoe, Kakoe-To npucyLlee
Tenam cTpemreHue; B criydae, Hanpumep, CUnbl TSXKECTU - CTPEeMEHNe CoeanHNTLCS ¢ cebe
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nogobHbIM. Ham Tenepb TPYAHO MOHATL 3Ty TOYKY 3peHus. Hackonbko oHa Gbina Torga
pacnpocTpaHeHa axke cpean BblAaloLWwmnXca YMOB, NOKa3biBaeT CNop MexXay KapTeanaHuamu, C
OLHOW CTOPOHbI, 1 JIenbHuLEeM ¢ ero nocrneaoBaTensamMum, ¢ Apyron CTOPOHbI, O KMEPE CUrbl,
cooTBeTcTBYlOLWEN Npupoge». OgHM cumTann Takon Mepon KONMYECTBO ABMXKEHUS, NOPOXAEHHOE
CUNOW B onpeaeneHHbIn MOMEHT BpeMEHU, ApYyrue - TO, YTO Ternepb Ha3blBalOT KUHETUYECKOMN
3HEeprnen, a paHblue Ha3blBanocChb «KMBOW CUNOM». HblOTOH HE CMOr B 3TOM BOMPOCE 3aHATb ACHOWN
nosvumn. Yxe danambep (1717-1783) oxapakrepmsoBan 6€CKOHEYHYIO OUCKYCCUIO, KOTopast
Benacb rno 3ToMy NoBoAy, Kak CNoBecHbI cnop. Ho noHATHe cunbl AN MHOMMX OCTaBanoch
MUCTUYECKUM J0 Tex nop, noka B 1874 r. . P. Kupxrod (1824-1887) He ckasan peluatoLlero criosa
B MepBOM NpeanoXxeHun cBoux «Jlekumnn no mexaHuke»: «MexaHuka ecTb Hayka O OBUXKEHUU; Mbl
cyMTaeM ee 3agaden: onmcaTb Hanbornee NOSIHO M MPOCTO NPOUCXOASLME B NPUPOAE OBMXKEHNSA».
CornacHo aTomy BEKTOp, n30bpaxkatoLmin Cuny, CHUTaT PyHKLMEN NONOXEHUST MaTepuanbHOn
TOYKMN UK BpeMeHU unmn obomnx Bmecte. CKOPOCTb MOXET BbITb Takke BKMNOYEHa B onpeaeneHune
CUnbI, KakK 3TO UMeeT MeCTO, Hanpumep, 4Nn4a cun TpeHusd. NMNoaTomy nHTerpyupoBaHmne
HbIOTOHOBCKOMO YPaBHEHUSA OBWKEHUS SBISETCA YACTO MaTeMaTMYECKOM 3aaden, paspeLlleHme
KOTOpOW AaeT oTBET Ha Ntobor 060CHOBaHHbLIM BONPOC O ABMXeHUN. bonblue dusmka HUYero He
MOXeT caenaTb U Hu4ero 6onblue 30eck Hemnb3ga OT Hee TpeboBaTb. Ecnu yMtatens nonmeT cnoBo
«OnucaHme» Kak npuymHHoe 06bsiCHEHUE, TO HaA0 eMy CKa3aTb: OObACHEHNE ABNEHUS NPUPOAbI
MOXET COCTOATb TOSbKO B TOM, Y4TOBbI MOCTaBUTb €ro B CBA3b C APYTMMU SABIIEHUAMU NPUPOabI
nocpeacTBOM M3BECTHbIX 3aKOHOB, B pe3yribTaTte Yero KOMMeKe CBA3aHHbIX SIBIIEHUI ONUCbIBAETCA
Kak Lenoe. 3TOT B3rNs4 He TOMNbKO NPOBOAUTCH B MEXAHUKE, HO SBNAETCH B Halle BpeMs
BCEOOLLUM.

B nepnoa Bpemenun ot Nanunes 4o HbloTOHa cywecTBoBana eLle BTopas BaxHasi MMHUS Pa3BUTUS.
Esanxenucta Toppuyennu (1608-1647) noa BnusiHem onbita Manunes ¢ BcacbiBaloLMM HACOCOM
n3obpen B 1643 r. pTyTHbIN 6apomeTp. bnas Mackanb (1623-1662) nobyann ceoero 3474 Nepbe
CcpaBHUTb nokasaHust 6apomeTpa Ha [MNoun ge [lom n B KnepmoHe (pasnunyuve B BbiCOTE Haf YPOBHEM
mMopsi npumepHo 1000 m). OTTo Nepuke (1602-1686) n3obpen BO3AYLUHbLIN HACOC U OO BACHUI Ha
OCHOBE MHOMMX OYeHb BHYLUMTENbHbLIX OMbITOB NPMPOAY aTMocdepHoro aasnenna™). Bo BeegeHum
y>Ke ObIfo cka3aHo, 4To B 1662 r. Obin n3BecTeH 3akoH bonna-MapnoTta OTHOCUTENBHO CBA3N
AasneHus n obbema Boagyxa. [ipyrve rasbl **) He GbInNK TOraa B pacnopsikeHnn nccnegoBartenen;
nnwb B 1766 r. N'eHpu KaBenguw (1731-1810) oTkpbin kucnopogd, a B 1772 r. Jannun Pesepdop,
(1749-1819) - asoT. CoBpeMeHHuK NMackana PobepT Nyk (1635-1703) B 1676 r. nokasan Ha NpPOCTbIX
npumMmepax NPonopLMoHanbHOCTL MeXay Aedpopmaumen 1 yrnpyrocTbto y TBepablx Ten. Tak k 1700 r.
ObIn 3anoXeH Puandecknii byHaamMeHT, Ha KOTOPOM B crieytoLme nositopa cronetms 6b11o
BO3[BUIHYTO BENIMYECTBEHHOE 34aHNE MEXaHUKN. XapakTepHasa A1 MEXaHWKM TOYHOCTb CBsi3aHa C
TEeM, YTO OHa pasBMBarnachb npeMmyLLecTBeHHo cunamm matematmnkos. B XVIII ctonetun 3gech
npeobnaganu gpaHuy3bl. [JencTBUTENBbHO, HEIOTOHOBCKME MAEWN PacnpOCTPaHUINCL Npexae BCero
BO ®paHummn, He TONbKO cpeamn CneumanmcToB, HO B 3HAYMTENbHO Boree LWNPOKMX Crosix. STomy
cnocobcTBoBan ocobeHHo BonbTep. 34ecb Mbl UMEEM XOPOLLMIA NPUMEP BIIMAHUSA (PU3MKK Ha
obLiee OyXOBHOE pa3BUTUE 1 MOITOMY TaKXKe Ha MONUTUKY.

*) «Margebyprckne nonywapusi» geMoHcTpupoBanucs B 1656 r. Ho nuwb B 1663 r. Nepuke
Hanucan pestMupytoLLee coodLeHne 0 CBOUX OnblTax, KOTopoe nosiBuiock B 1672 r. nog
Ha3BaHMeM «HoBble margebyprckme onbIThl Ha4 MNyCTbIM NPOCTPAHCTBOMY.

**) CnoBo «ra3» BcTpeyvaeTtcsa B 1640 r. y ronnaHackoro xumuka n Bpada renbmoHTa. lNosngmumomy,
B OCHOBE ero nexuTt ynotpebnexHoe Mapauenscom (1493-1541) cnoBo «xaoc» Ans «CMecu
BO34yxa».

Hanbonee Bbigaowmmmca matematukamm 6oinun: Januun bepHynnu (1700-1782) u JleoHapg,
onnep (1707-1783), KOTOpble 3aHMMANUCb CUCTEMaMM MHOTMX MaTepuanbHbIX TOYEK, TBEpAbIMU
Tenamu v rmgpoanHamukon; XXax Janambep (1717-1783) - aBTOp HAa3BaHHOrO MO €ro UMeHn
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nNpuHUMNa, 3ameHsoLwero ypaBsHeHnsa asmxkeHust; >Kosed Jlyum Jlarpanx (1736-1813), npugaswimi
3TUM andpdpepeHumanbHbiM YpaBHEHUSIM OCOBEHHO YA0BHY0 hopMy NS CrOXHbIX cnyyaes; Nbep
CumoH Jlannac (1749-1827), kotopbin onybnukosan B 1800 r. naTMTOMHY0 «HebecHyto MexaHuky»,
coaepxaluyto ropasgo 6onblue, 4em obellaeT Ha3BaHUe, MeXay NPOYMM, TEOPUIO BOJSTH B XKUOKOCTU
N TEOPUIO KanUIAspHOCTU. Tak HacTynun GnecTawmin pacuBeT aHanMTUYECKon MexaHuku. Janbiwe
Hago ynomsiHyTb Jlyun MNyaHco (1777-1859), koTopbin pa3Bui MexaHuKy TBepaoro tena; Nacnapa
MoctaBa Kopuonuca (1792-1843), nsyvaBsLuero srnvsiHue BpalleHna 3emrnm Ha nponcxogswue Ha
Hel MexaHudeckue aBneHus; OrtocteHa Jlym Koww (1789-1857), paswero B 1822 r. Hanbonee
obLLyt0 MaTeMaTnyecKyto (POPMYNMPOBKY BaXKHbIX MOHATUI AedopMaLm U YNpyroro HanpsXxXeHus;
ncxoas n3 3akoHa N'yka, oH matemaTnU4ecku pa3sBun MexaHuky gedopmupyemMblx Ten, npuaas en
3aKOH4YeHHY0 hopMy. Bunbam PoyaH MamunbToH (1805-1865) yctaHOBUIT NPUHLMN HAUMEHBbLLETO
AENCTBUS, K KOTOPOMY Mbl elle BepHemcs. Kapn 'yctaB Akob Akobu (1804-1851) Hawen meTon
nccnegoBaHns ABMXEHUS CUCTEMbI MHOTMX Ter C MOMOLLLIO AudddrepeHUnansHOro ypaBHeEHUS
MamMunbToHa-AKOBU. 3Ty 3NOXY MOXHO CYMTaATb B OCHOBHOM 3aKOHYEHHOW NOCre nccnenoBaHum
XKaHa JleoHa lMNMyasenns (1799-1869) o BHyTpeHHEM TpeHUN B XMOKOCTAX U ras3ax (1846-1847) un
yCcTaHoBMNeHus [enbMronbLeM 3aKkOHOB BUXPEBOro ABmkeHnsa. OgHako BrnoTb 4O COBPEMEHHOCTU
Hag OMHaMUKOW BA3KMX XUOKOCTEN 1 ra3oB Npogosnkanu pabotath BblAaoLWmMecs nccnegoBaren,
Hanpumep, Panen (1842-1919), OcbopH PeinHonbae (1842-1912) n J1. Mpanatne; nx uenbto 6bino
npexge Bcero cosgaHne BOAHOMO M BO3AYLIHOro TpaHcnopTa. B aTux paboTax cyLeCcTBEHHYO porb
urpaeT pasnuune Mmexay ynopsigoyYeHHbIMn («naMmuHapHbIMU» ) U HeynopsaoYeHHbIMU
(«TypbyneHTHbIMUY ) NOoTOKamMK. Ecnn B HacTosiLee BpeMs OrpaHNynMBatoTCA TONbKO
aKCcnepMMeHTamu, nHorga Tpebyrowmmm 6onbLInNX CpeacTs, TO 3TO NMPOUCXOAUT NOTOMY, YTO eLle He
paspeLLeHbl COOTBETCTBYOLLME NPOobembl, NOCTaBNEHHbIE Nepes COBPEMEHHON MaTeMaTtukon. Ho
HUKTO He oXuaarn npu 3ToM pesyrnbTaToB, KOTOpble BbIxoaunu 6bl 3a Nnpeaernbl OCHOB
HbIOTOHOBCKOW MEXaHUKH.

Mbl ocTaHOBMMCSA 340€Cb TOMbKO Ha AOBYX pe3yrnbTaTax pa3BUTUA MEXaHUKU nocrne HbloToHa.

Co BpeMeH Jinepa matemMaTuK1 YCTaHOBUIN BapuaLMOHHbIE MPUHLNMbLI, KOTOpble Bbinn
pPaBHOLEHHbI YPaBHEHNAM ABMXXEHUS, MOXXHO [aXe ckasaTb - cogepxanu nx B cebe. lMNMeep Jlyn
Mopo ne MonepTion (1698-1759) ¢ 6onbLION CTPACTHOCTBLIO NPOBO3rNnacun NO4OOHbLIM NPUHLMN,
Ha3BaHHbIN NO ero UMeHN, HO NULWbL JlarpaHx gan emy npaBuUbHOE TONKOBaHUE. M3BecTHeEe BCEro
NPUHLKXN HanMeHbLUero aencteus [ammnbToHa, koTopbin B 1886 r. 'epmaH "'enibMronbLy
pacnpocTpaHun Ha psag HeMmexaHunyecknx sieneHnin. Makc MNMnaxk (1858-1947) suaen B Hem
Hanbonee o6 3aKOH NPMPOAbl. ATOT NPUHLMN 3AKITHOYAETCHA B TOM, YTO UHTErpasn no BPEMEHM,
B3ATbI OT Pa3HOCTU KUHETUYECKOW N NOTEHUManbHOMN 3HEPTMK Mexay ABYMs orpeesieHHbIMN
MOMEHTaMN BPEMEHMU, AN AENCTBUTENBHOIO ABMXEHNS ABMSETCA MUHUMArbHbIM MO CPaBHEHUIO C
ntobbIM APYrMM MbICITUMbIM OBWXXEHUEM, KOTOPOE BESo Obl OT TOr0 Xe HayarbHOro K ToMy e
KOHe4HOMYy cocTosHMo. Korga Takoro poga npuHumnel Belasuranuce B XVIII ctonetnn, To oHK
nponssoaunu 6onbLUyo ceHcaumto. B camom gene, anddpepeHumanbHblie ypaBHEHUS ABMXKEHMS
onpenensT siBfieHne B onpeaesieHHbI MOMEHT BPEMEHU N3 HEMOCPEACTBEHHO
npeLecTBOBaBLUENO ABWKEHNS, KaK 3TO COOTBETCTBYET NPUYMHHOMY BO33pEHUIO Ha Npupoay. B
3TUX NPUHUMNAX, HaNpPoOTUB, BCE ABWXEHNE 3a KOHEYHbI MPOMEXYTOK BPEMEHU paccMmaTpuBaeTcs
Tak, Kak byaTo Byayliee onpenenseTt HacToswee. Kazanock, 4To B hn3nKy BoLLEN
TENeosiorMyecknii MOMEHT, N MeYTaTesbHble YMbl AyManu gaxe, YTO OHWM CMOTyYT y3peTb 34eCb
TBOpLA C ero MMPOBbLIM MNIAHOM, COrNacHO KOTOPOMY (huUrypupytoLmne B 3TUX NPUHLMNAX BENTUMYUHDI
AOJTKHbI UMETb MUHUMarbHOE 3Ha4veHue. Maeq JlenbHmua o «y4yem n3 Bcex BO3MOXHbIX MUPOB»
B HEKOTOPOW Mepe corfacoBanach ¢ 3Ton (paHTasmen.

Ho B ocHOBe 3gechk nexano maTtemaTnyeckoe 3abnyxaeHue. BnocneacTeum HayyHas KpuTuka
YCTaHOBMIA, YTO XOTS 3TW BENUYMHbLI AN AeNCTBUTENBHOIO ABMXEHUS UMEIT 3KCTpemarnbHoe
3Ha4eHne, OHaKo OHO He 06s13aTenbHO ABMAETCA MMHUManbHbIM. Bekope yBuaenu Takke, 4to
MOXHO MPUMEHUTb BapnaLMOHHbIE NPUHLIMMLI U K APYrMM AndddepeHLmanbHbiM ypaBHEHNAM, a He
TONbKO K YpaBHEHUAM MeXaHuKu. TeM cambiM NPUHLMUM HaMMEHbLLETo AeNCTBUS U eMy NofgobHbIe
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ObInNKn NOCTaBMNEHbI HA cooTBeTCcTBYytolee MM MeCTO O4YEHb LIEHHbLIX MaTeMaTU4eCKnxX
BCrnomMoraTtesibHbIX CpeaCTB.

BTopbiMm ropasgo 6onee BaxkHbIM MYHKTOM, KOTOPbIA Mbl XOTUM YNOMSHYTb, ABNAETCSA 3aKOH
COXpaHEeHUs1 3HepPruun, KOTOPbIN yXXe BHYTPU MEXaHUKN MMEN CBOK UCTOPUIO, Npexae Yem Bbilesn 13
ee pamok 1 6bin chopMynNMpoBaH B BUAE YHMBEPCASTbHOrO 3akoHa. Mbl OTNOXUM ero geTtanbHoe
paccMmoTpeHune o rnaebl 8.

B. P. FaMunbTOH, KOTOPLIN Nrpan BaXXHYHO POSib TaKKe B reOMeTpUYeCcKomn ONTuke, ykasan Ha
MaTeMaTU4eCKyro aHanorni Mexay aTon AUCLMUNIIMHON U MeXaHUKOW. Jlyun cBeTa n Tpaektopuu
MaTepuarnbHOW TOYKM COOTBETCTBYIOT APYr APYry HACTOSIbKO XOPOLLO, YTO BO3MOXHO 06beANHUTb
TPaeKkTopun BCeX MaTepuaribHbIX TOYEK, BbIXOAALLMX C OOMHAKOBbIMU CKOPOCTSMWN U3 OOHOW N TOW
e TOYKW, B OAHOM «(POKyCce» U TEM CaMblM MEXaHUYECKU NONYYNTb «ONTUYECKoe» n3obpaxeHue.
OT0, 0OAHAKO, OCTaBarioCb HEBbLIMOMHEHHbLIM A0 TEX NOP, Noka He Bblnn OTKPbIThI ANEKTPOHbI -
YacTuubl, Y KOTOPbIX 3NEKTPUYECKME CUNMbl 3HAYUTENBHO MPEBOCXOAAT CUNY TSXKECTMW.
CoBpeMeHHbIN 3NEKTPOHHbIN MUKPOCKOM, MO KPAaNHEN Mepe ero aNeKTpoCcTaTUYECKUA BapmaHT®),
€CTb OCyLleCTBNeHne Mbicriv [amMurbToHa.

*) CywecTByeT Takke MarHUTHbIN SNEKTPOHHbIN MUKPOCKOM, KOTOPbI OCHOBAaH Ha ApYyrux
npuHUMNax.

CosgaHHas QnHwTteriHoMm B 1905 r. Teopusa OTHOCUTENBHOCTM Masno U3MeHsIeT QUHAMUKY
MaTepuanbHOM TOYKK, Kak aTo nokasan M. MNMnaHk B 1906 r. (ocHoBononarawwasa pabota
OVHLWTEeNHa B 3TOM MyHKTE HENpaBuUIibHa).

OpaHoM 13 XxapakTepHbIX YepT 3TOW TEOPUM SBNSIETCA BBEAEHMNE YHUBEPCANbHOW KOHCTaHTHI,
CKOPOCTM CBETA, MEXaHN4Yeckoe 3Ha4YeHne KoTopown npexae 6bino HenssectHo. OcTaeTcs
nonpeXxHemy B CUIe 3aKOH, yCTaHaBNMBAOLLMIA PAaBEHCTBO CUIbl UIBMEHEHUIO UMMYIbCa B €ANHULLY
BPEMEHW, a TaKKe 3aKOH COXpaHeHUs nMnynbca 3aMKHYTOM cuctemsbl. Kak n npexge, otcioga
BblTEKAET 3aKOH COXPaHEHUSI SHEPIUU; UBMEHSIIOTCH TOMbKO CBA3M MMMYIbCa U SHEPTrMn CO
CKOPOCTb0. OTO UBMEHEHME 3aMEeTHO TaKXKe TOMbKO ANA CKOPOCTEN NOpsiika CKOPOCTU CBETa; Npu
3TOM UMNYSbC N 3HEPrnsa No Mepe NpUBNMKeHNsa K 3TUM CKOPOCTAM Bo3pacTaloT BeCKOHeYHO, Tak
YTO HMKaKOe Teno HUKOrA4a He MOXeT AOCTUTHYTb CKopocTu ceeTa. OHa - HeAOCTUXKUMAs BbICLLAS
rpaHuua ansa ckopocrten nobbix yactuu. Npu pagmoakTMBHOM pacnage U3BeCTHbl CKOPOCTU
3NeKTpPoHOB, gocTturatowme 99% cKkopocTn ceBeTa u Bonblue, HO HAKOrAa B 3KCNEPUMEHTE He Bbina
obHapyxeHa CBEpXCBETOBAs CKOPOCTb. [paBUnbHOCTb penaTUBUCTCKOM POPMYIbI 418 uMnyrnbca
A0Ka3anu MHOrOYUCIEHHbIE M3MEPEHUS CKOPOCTU BbICTPbIX 3NeKTpOoHOB B nepuog ¢ 1906 no 1910
r. [Banbtep Kaydman (1871-1947), Anbcopen NeHpux Byxepep (1863-1927), Lapnb 3xeH e
(1866-1942) n C. PaTHoBCKMI (1884-1945)].

MprHUMNManbHO eLle BaXXHee N3MEHEHNE NOHATUSE MaccCbl, K KOTOPOMY NPUBOAMUT 3Ta TEOPUS.
OnHwTenH B 1905 r. gokasarn, 4To BCAKOE YBeNMYEeHNe BHYTPEHHEN SHEPTUM AOIMKHO YBENNYNBATb
Maccy, a UMEHHO Ha BENUYMHY, KOTOpas NonyyaeTcs AeNeHMeM 3Heprum, N3MepeHHon
MEeXaHW4YeCKon Mepou, Ha KBagpaT CKOPOCTKU cBeTa. HO 3T namMeHeHns Maccbl B cuny 6onbLUon
BENUYUHbLI ckopocTn ceeTa (3 » 1010

CM/CeK ) He3HaunTeNbHbI 515 BCEX SBMIEHUN, KOTOPbIE Mbl HA3bIBaEM MEXaHUYECKNMU,
3NEKTPUYECKUMU U TEPMUYECKMMU. TOYHO TaK Ke NPY XMMUYECKUX peakumsax ¢ HambonbLwmnmm
TennoBbIMN 3P EKTaMN B3BELUMBAHME HE MOXET AOKa3aTb M3MEHEHMS 00Len Macchbl
pearvpyowmx Ten. Ho B aaepHon omsmke 3TOT 3aKOH UHEPTHOCTU SHEPIrn Nony4YyaeT OrpoOMHoe
3HadveHue (rn. 10).

UTto gaet knaccuyeckast mexaHuka? McknountenbHo MHoro. OHa gaeT OCHOBbLI 4151 BCAKON
TEXHNYECKOM KOHCTPYKUNN, NOCKOJIbKY NMOCreaHAd ABAETCA MeXaHU4YeCKON, U TEM CaMbIM FJ'Iy6OKO
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NPOHMKAET B 0ObIAEHHYIO XXM3Hb; OHA HAXOAMT NPUMEHEHNe B BUONOrMYeckmx Haykax, Hanpumep
Kak MexaHuKa OBWKeHUst Tena unn mexaHuka cnyxa. OHa coaepXxut yyeHme o gedopmMauum
yNpyrux TBEPAbIX TEM, O TEYEHUN XKUAKOCTEN, O BO3MOXHbIX BO BCEX NMOAOGHbLIX TeNnax ynpyrmx
konebaHusIX 1 BomHax, T. €. COOepXUT Takke unsndeckyto akyctuky. OHa npusena, Hanpumep, K
TEOPUU BbIHYXAEHHbIX KonebaHui, 3Ha4eHne KOTOPOW BbIXOAMT Aaneko 3a npeaerbl MeXaHUKW;
MexaHuKa SIBNSIeTCs Takke OCHOBOW 41151 MOHMMaHUS 3r1eKTpUYecknx konebaHui.

MexaHuKka onncbiBaeT B COBEPLLUEHHOM COrfiacun ¢ OMNbITOM MPOLECChl ABUXEHNS 3Be3 C Maccow
1032-1033

I U ABWXEHNE YNbTPaMUKPOCKONUYeCcKnx Yyactul ¢ maccom 10-18

I ; OHa COXpaHSAEeT CBOE 3HAYEHNe OS89 YaCTN HaLLMX OMbITOB, KACAOLLMXCA OBVKEHNSA MONEKYT,
aTOMOB U elle 6onee Menkux afieMeHTapHbIX YacTuy, (ANeKTPoH u 1.4.). [loaToMy oHa cTana
OCHOBOW KMHETUYECKOWN TEOPUM ra3oB 1 bmanyeckom ctatucTukn bonbumana-lmboca. Tak
MexaHuKa npeBpaTunach B Xxpam BENNYECTBEHHON apXUTEKTOHMKN U NOPa3UTENbHON KPacoTbl.

3ameyvatenbHOo TO, YTO I0NToe BpeMsi MexaHuka OTOXAECTBNANach CO BCell (OU3NKON; Lienb r3nkn
ycMaTpuBanu B CBeJeHUN BCex ABMEHUI K mexaHuke. M aaxe nocne Toro, kak B 1900 r. yBuaenu,
YTO 3MEeKTPOAMHAMMKA HE CBOAMTCS K MeXaHMKe, MHOMe OWMBOYHO cuYMTany MexaHuKy Haykowu,
CTOsILLeN Hag OnblITOM Nogo6HO MaTemMaTuke.

Ewe 6onee rnybokoe noTpsiceHMe mexaHunka ncnoitana, koraga ksaHrtoasi Teopusi ¢ 1900 r. Bce
SICHee onpegensana rpaHuubl ee 3Ha4MMocTn. Ho gaxke Tam, rae KBaHToBasd TeOPUSA BbITECHAET
MEXaHWKy, OHa OCTaBfIsIET HEM3MEHHbIMU Ba 3aKOHA: COXPaHEHNE IHEPTNN U NMIMYIIbCca.

[MonyTHO ynomsiHeM eLe 06 o4HOM SOCTUXEHUI, KOTOPOE, XOTS U MeeT Bonee BHELUHUI
xapakTtep, Bce Xe nmeno gns omsnkm ovyeHb BonbLuoe 3HayveHure. 2 nwoHa 1799 r. 3akoHogaTtensHoe
cobpaHue B Napwxe NPUHANO KUorpamMmm 3a eauHULYy Maccbl, a MeTp - 3a eguHuuy AnuHel. BmecTe
c bonee cTapon eanHULEN BPEMEHN, CEKYHOOMN, 3TU eAUNHNLbI ABUNUCE UCXOAHBIM NMYHKTOM As
CGS-cuctembl (cuctema CaHTUMETP - FPaMM - CEKYHAa), K KOTOPOW COBpEMEHHas hnaunka npuBoguT
BCE MEXaHM4YecKne, aNeKTpuyeckne u MarHuTHble eanHuLbI.

AkycTuka obpasyeT BeTBb MEXaHUKN, KOTOpasi, 0gHako, 0cOBeHHO cHavana, passuBanacbh
AOBOSIbHO CaMOCTOATENBHO. YXe B APEBHOCTU 3HaANN, YTO YACTbIE TOHA B NPOTUBOMONOXHOCTb
LWyMaM OCHOBaHbl Ha Nepnoanyeckmx konebaHmsx nctovHmka 3yka. Nudparop (570-496 go H. 3.)
3Har, KpomMe TOro, MOXeT ObITb U3 erMneTCKUX MCTOYHUKOB, YTO AfIMHbI CTPYH, KOTOPblE€ HAaCTPOEHDI
Ha rapMOHWYECKME MHTEpPBarnbl - OKTaBbl, KBUHTbI U T. ., NPY NPOYNX OAMHAKOBbLIX YCIOBUSX
OTHOCATCA Mexay cobon, kak 1:2, 2:3 n T. 4. 3HaveHune, KOTopoe NMdaropenLbl NpPUNUCbIBanu
yucnam B cBoen punocodmm, CBA3aHO, HECOMHEHHO, C rMy6oKMM BneYaTneHnem, KOTopoe Ha HUX
Npon3BeNo 3TO OTKPbITUE. 306peTaTenn opraHoB, LUIMPOKO pacnpoCcTpaHmBLUMXCS B IX cToneTum H.
3., 3HanNM COOTBETCTBYIOLLIEE MPABUIIO ¥ OpraHHbIX TPyO. Ho akycTuyeckasa Hayka B sBHOM oopme
elle He yyacTBoBasna B pa3BUTUM My3blKaribHOrO UCKYCCTBA B TeYEHME OBYX ThiCAYeNeTum nocne
Mudparopa. Jlnwe Manunen gan Takke v 34ecb pellatroLnin TONYoK Ansg AansHenwero. B
ynomsaHyTbIX «Discorsi» 1638 r. oH ycTaHaBNMBaEeT YacToTy Kak (PM3NYECKNA KoppenaT owyLLeHns
BbICOTbl TOHA. OH XapakTepuayeT OTHOCUTENBLHYIO BbICOTY ABYX 3BYKOB NOCPEACTBOM OTHOLLEHUS
NX YacTOT N BbIBOOUT 3aBUCUMOCTb YacTOTbl koriebaHui CTPyHbl OT ANWHBI, HANPSXKEHNA N Maccehbl.
OH Habntogan Bo3dyxaeHne konebaHui NocpeacTBOM pe3oHaHca U OO bSCHUI 3TO ABNEHUE; OH
TaKKe nokasan oCobeHHOCTb CTOSAYMX BOSTH HA NOBEPXHOCTWN BOAbLI B cOCyAax, MpoM3Boas
KonebaHus nocpencTsom TpeHus. Ewe ganbwe nowen ero 6uiBwnM y4eHnk MapeH MepceHH
(1588-1648): emy yoanocb No4Tu B TO Xe BPeEMsI, a UMeHHO B 1636 r., AaTb NnepBoe abcontoTHoe
onpegerneHue vnicna konebaHumn, namepuTb CKOPOCTb 3BYKa B BO3AyXe, @ TakkKe OTKPbITb, YTO
CTpyHa B BOMbLUMHCTBE ClyYyaeB OAHOBPEMEHHO C OCHOBHbIM TOHOM AaeT eLle rapMOoHUYecKue
o6epToHbl. Kosed Cosep (1653-1716) coenan Te e HabnogeHnsa Hag opraHHbIMK Tpybamu,
N3y4nn CyLHOCTb BMEHUN, a Takke yCTaHOBWUI Ha CTPYHaXxX MOSOXKEHME Y3N0B N My4YHOCTEN
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nocpeacTBOM elle Tenepb NPUMEHSIEMOro 6YMaXKHOro «Hae3aHuKa.

OtT1o M'epuke gokasan akcnepuMMeHTarnbHO, Y4TO 3BYK, B OTNIMYME OT CBETA, PpacrnpoOCTPaHAETCs HE B
NyCTOM MPOCTPaHCTBE. 3aBUCMMOCTb CKOPOCTU 3BYKa OT CKMMAeMOCTU U NITIOTHOCTU BO3ayXa
onpegenun HetoToH B cBomx «[puHumMnax», XoTs ero oopmyna 6bina noarBepxaeHa onbIToM NyLlb
Toraa, korga B 1826 r. Jlannac 3ameHun n3oTepmMmyeckoe cxatme agnabatnyeckmm.
MaTtemaTtnyeckasn obpaboTka mexaHukun B XVIII ctonetun 6bina nonesHa tTakke aAns akyCTUKN.
Belgatowmica akcnepumeHTatop SpHCT Ppuapux XnagHu (1756-1827) B 1802 r. npoTMBONOCTaBU
AaBHO U3BECTHbLIM MNOMNEpPEYHbIM KONebaHNsIM CTPYH U CTEPXKHEN NMPOAOSIbHbIE N KPYTUMbHbIE
konebaHusa, caenan BUAMMbBIMW B CBOMX «3BYKOBbIX oUrypax» y3noBble JIMHMK Konebnowmxcs
NacTUHOK N N3MEpPUI CKOPOCTb 3BYKa HE TOSbKO B BO3AyXe, HO U B Apyrux rasax. [poBogmMmocTtb
3BYKa XNOKOCTSIMWU LONToe BpeMsi ocnapusasnach n3-3a MHUMOW X HECKUMAEMOCTWN, HECMOTPS Ha
npsamoe HabnoageHune, caenaHHoe B 1762 r. BeHnammnHom ®panknuHom (1706-1790). Ho B 1827 .
YKan [anunanb KonnagoH (1802-1892) n Akob ®paHy LUTypm (1803-1855) nanu ybeantensHoe
AokasaTenbCTBO pacnpocTpaHeHNs 3ByKa B BOAE, ONpenennB CKOPOCTb 3BYKa B XKeHEBCKOM 03epe
n Hangsa ee pasHoun 1,435 « 105

cMm/cex .

B nanbHenwem B TeveHne XIX ctonetus omsmyeckas akyctmka Bce 6osnblue npespatllanach B
yyeHune o6 ynpyriux BonHax. N3 ontuku B Hee Oblnn BBeAEHbI naev nHTepgepeHumm, anddpakumm
n paccesiHus Ha npenaTtcTeusax. MpuHumn Jonnnepa, BO3HUKWMIK B 1842 I. kak onTuyeckas naes
(rn. 6), Hawen cBoe nepBoe NOATBEPXKAEHMNE B UBMEHEHUSAX BbICOTbI TOHOB, KOTOpbIE
BOCMPUHMMAIOTCS, HanpuMmep, B MOMEHT, Koraa CBUCTALLMIA NapoBO3, NPOMAsS MUMO, Ha4YnHaeT
yoansatbca. AHanutnyecknn metog ®ypbe (M. 7), co3gaHHbIN NepBoHaYanbHO AN peLleHns
npobnemMbl TEeNNONPOBOAHOCTU, MPUMEHSNICA C OFPOMHbLIM YCNEXOM ANSA U3yYeHUs1 3BYKOBbIX BOJH,
Tem Bonee, 4YTO pasnoxeHune Nboro nepnogmyeckoro konebaHusa Ha konebaHnsa cMHycomaanbHble
COOTBETCTBYET HEMOCPELCTBEHHOW NCUXOSIOrMYECKOM peanbHOCTU; kak yctaHoBun B 1843 r. CumoH
Om (1787-1854), yxo MOXET BOCNPUHATL 3TK konebaHusa B oTaenbHOCTU. Ecnu e 3To He yaaeTcs
n3-3a BPOXAEHHON HEQOCTATOYHOCTUN MU HEQOCTATOYHOIO YNpaXKHEHWs!, TO 3TU CUHYycoMaanbHble
konebaHuna onpegensoT TeMbp 3By4aHUS B CMECU TOHOB, Kak 3TO NOAYepKHyN [enbmronsy, B
CBOEM «Y4YeHUM O 3BYKOBbIX owyLeHnsx» (1862).

Bornblne TexHnyeckme 3agayun BCTanm nepen akyCTukon nocne Toro, kak B 1861 r. dununn Penc
(1834-1874) n B 1875 r. AnekcaHgp Npexem benn (1847-1922) nsobpenu tenedoH, a B 1878 .
Hasug K03 (1831-1900) cyiecTBeHHO ynyywmnn MUKpodoH Pelca. Nocne aTtoro Bo3HMKNA
BO3MOXXHOCTb 60nee coBepLLUEHHON Nnepeaayn YeroBe4YECKMX rofloCoB 1 My3blKarnbHbIX 3BYKOB.
Mepenaya 3ByKka anekTpu4eCKUMM BOSIHAMK, NNog MMpoBon BoNHbI 1914-1918 rr., 3Ha4nTENbHO
ycununa porsib 3TON HOBOW 0BnacT TEXHMYECKOro NPUMEHEHUS - ANEKTPOAKyCTMKN. K aTom xe
obnacTtu oTHocuTcs hoHorpad, nsobpeteHHbi B 1877 r. Tomacom Anbea BamncoHom (1847-1931).

Bo Bpems Tou xe BonHbI NMonb JlaHxeBeH (1872-1946), ncnonb3ysa NnacTMHKM Nbe3okBapua, Hawen
cnocob nony4eHus B BoAE 3BYKOBbLIX BOJTH C Yncrom kornebaHun Bbicokoro nopsigka - 100 000 B
CeKyHay, cnepoBaTenbHO, Aaneko 3a npeaenamm CrbllUMOCTU. JTOT «yNbTPa3BYK» A0SHKEH Obin
CNYXWUTb AN HAXOXAEHWS NOABOAHbLIX NOAOK NOL MOPCKOW MOBEPXHOCTLID. dun3nka NnpumMmeHuna ero
BMOCNEeACTBUMN NS U3Y4eHUs COBCTBEHHbIX KonebaHun TBepabIX Ten, ANs U3MepPEeHUst CKOPOCTU
3BYyKa B rasax M XnakocTax B 3aBMCUMOCTM OT Yncra KonebaHum n B Apyrmx cnyyasax. MIaBecTHyto
poJib OH UrpaeT Takke B Guonorun.

MABA 3
FPABUTALMA N OANBHOOENCTBUE
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WccnepoBaHue rpaButaumm 6bino TecHenwmmMm 06pas3om CBA3aHO C BO3HUKHOBEHMEM MEXaHUKN. JTa
npobrema c rnybokon ApeBHOCTU 3aHMMaET YyenoBeyecknin ym. Ecnmn octaBuTb B CTOPOHE
aTOMMUCTUMKY, TO, NOXanyn, MOXXHO CKa3daTb, YTO HN C O4HMM BONPOCOM (PM3NKN HE BbINO CBA3aHO
CTONbKO CNEKYNSALUN, CKOJTbKO C BOMPOCOM O MPUYMHAX CUMbl TSHKECTU. TeM, YTO Mbl
AEeNCTBUTENbHO 06 3TOM 3HaeM, Mbl 0683aHbl NOAAM, KOTOPbIE OrpaHNYMBanmMCb BONPOCOM: Kak
oHa gencteyeT? [lanble Bcex 3geck nowen MNanuneo MNanunen (1564-1642), KOTopbIn NPOCTO
AonycTus, 4To B6Nn3n 3eMHOn NOBEPXHOCTM Tena nony4varT NOCTOSTHHOE YCKOpeHue,
HanpasrieHHOe BePTUKanbHO BHU3. QTOro 6bI10 4OCTAaTOYHO ANS BbiBOAA €ro 3aKOHOB NafeHus.
Ctoga oTHOCUTCS Takke 3HaMeHUTOoe HbloTOHOBCKOe «Hypoteses non fingo» B kKOHLe ero
«Principia». Ho o6a npvgaBanu Benuyanilee 3Ha4yeHne ToMy, YTO BCE Tena UCMbITbIBAOT

O MHaKOBOE YCKOPEHME, 1 MPOBEPSANN 3TO HE TONbKO B Cryvyae cBOOOAHOro nageHus, HoO Takke
Torga, Korga ycraHaBnvBanu He3aBMCUMOCTb Nepuoga MasiTHUKa OT npuponbl konebnowerocs
Tena. EAMHCTBEHHO MbICIIMMOI NPOTUBOMOMOXHOCTBIO 3TOr0 ABMSETCS NpeacTaBneHme 0 TOM, YTO
cuna TSKeCTU NPonopLUMOHarnbHa «TAXernon macce», OTIIMYHOM OT MHEPTHOM Macchl. PaBeHCTBO
o6eunx macc sBnseTca 0gqHON U3 3amedaTesibHbIX YePT TEOPUM TATOTEHUS.

MbICIib O TOM, YTO TAFOTEHNE HE OrpaHMYMBaAETCS YacTblo NPOCTpPaHCTBa BONN3N 3emnu, HO
npegcraesnseT cobon BceobLiee CBONCTBO MaTepUM 1 AENCTBYET Takke Mexay HebeCHbIMU
Tenamu, AoBOSIbHO cTapa. MoXHO ykasaTb Ha Hanudmne npeayyBCTBUS 3TOro, Hanpumep, y Hukonas
KonepHuka (1473-1543) n P. N'yka. bonblumm yBaxkeHnem nonb3oBanock B TedeHne XVII ctonetns -
N gaxe y HekoTopbix nogen ao koHua XVIIl ctonetns - yyeHne Benukoro gounocoda PeHe [dekapTa
(1596-1650), koTOpLIM HE NpU3HaBan NycToro NPOCTpaHCTBa, cunTas ero «contradictio in adjectoy,
npeacrtasnan cebe mexsBesgHoOe NPOCTPaHCTBO HAMOSTHEHHbBIM XUAKOCTbIO, HAXo4sLWEeNCs B
BUXPEBOM OBWXEHMN U yBIEKatoLLEeN 3a cobon nnasatoLme B HeW nnaHeTbl. HblOTOH NOCBATUN
3HauYUTENbBHY YacTb CBOMX «MPpUHUMNOBY» rMAPOANHAMNYECKOMY ONPOBEPXKEHMIO 3TON TEOPUN.

Korga mbl cripalinBaemM o NMPOUCXOXAEHMUM 3aKOHa TArOTEHUA, Ha3BaHHOIO Mo MMeHn HbloToHa
(cvna TaroTeHus nponopuMoHansHa Maccam 1 obpaTHO NponopLuMoHanbHa KBagpaTy pacCTosHUSA
MeXay HUMM), TO Mbl MOXXEM Ha3BaTb crneayloLlyto nnesay yydeHoix: Tuxo bpare (1546-1601),
KOTOPOMY Mbl 0683aHbl TOYHBIMK, NOCefoBaTeNbLHO NMPOBEeEHHbIMU cepuaMu HabnwaeHnn Hag
nonoxeHnamu nnaHet; MoranH Kennep (1571-1630), KoTopbIn BbIBEN OTCIOA4A TPU Ha3BaHHbIX MO
ero UMeHu 3akoHa (SNNUNTUYECKUI XapakTep TPaeKkTopumn, paBeHCTBO MoLwazaen, onmcaHHbIX B
paBHble BpeMeHa paanycoM-BEKTOPOM, N «KBaapaTbl BpemMeH obpalleHns OTHOCATCA Kak Kybbl
BonbLUNX OCEN»); OH YXKe, pasyMeeTCs, Kak 1 Apyrve ero COBpeMeHHUKN, npeanonaran
YMEHbLLUEHNE CUMbl C KBagpaToM paccTosHus. HakoHel, Ncaak HbtoToH (1643-1727), KOTOpbIN
AoKasan 3ToT 3aKOH, BblMUCINB Ha €ro OCHOBE YCKOPEHWE CUMbl TSXKECTU Ha 3€MHOM NOBEPXHOCTU U
yCKOpeHue, KOTopoe UCNbITbIBaeT JlyHa; Kpome Toro, OH MatemMaTU4eCK/ BbiBeN 3akoHbl Kennepa u3s
3aKOHa TAroTeHUs 1 CBOero obLuero 3akoHa ABMXKeHWs. 3aKOH No npaBy HOCUT ero nms. HUKTo n3
ero npeaLlwecTBEHHUKOB HE MOl MaTemMaTUYeCKM BbIBECTU 3aKOHbI Kennepa n nccnegosatb
HebonbLUMEe OTKNOHEHNS, Bbi3blBaeMble B3aUMHbIMU BO3MYLLEHUAMUN NSiaHeT, 06 bACHUTE aHOManmm
ABvxxeHus JlyHbl M caenaTb NOHATHOW MX CBA3b C NpunnBaMn n otnnsamn. Bneyatnenue, kotopoe
npouseenu nccrnegoBaHnsa HetoToOHa Ha COBPEMEHHMKOB, BbINIO OFPOMHbBIM. M 3TO BNOMHE MOHATHO.
Beab paHblue NoNoXeHWs NnaHeT cYnTanmncb HenocCpeacTBEHHbIM U3bsaBreHnem 6oxben Bonu, a
3TO OTKPbITUE OOHUM YAAPOM YCTPaHMUIO CTOSMb MOYUTAEMYIO Npexae acTponoruno. H1YTo Tak He
YKPenuno yBaxkeHns K Mmonoaoun umsuke, Kak sblumcrieHme HotoToHOM nyTten nnaHeT. C Tex nop
€CTeCTBO3HaHMe CTario OrpoMHON AYXOBHOW CUITON, KOTOPYIO HUKaKasa apyrasi cuna He morna
6e3Haka3aHHO UTHOPUPOBATb.

3akoH HbloToHa o3Ha4an nomnHbIM NepeBOPOT TaKKe B MOHMMaHUM CUCTEMbl HENOABWMXHbLIX 3BE3/.
Ot ApuctoTtens go Kennepa BKouMTENBHO, 3a UCKIOYEHMEM, npaBaa, [xopaaHo bpyHo, kOTopbI
ObIn crnvwkomM haHTazepom, YToObl MOXHO ObIfNo ero cymMTaTth y4eHbIM (CM. rf. 6), 3Be34bl
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cYMTanUCb NPUKpPEnneHHbIMU K cdepe, B LLEHTpe KOTopon Haxoamnock CornHue. 3a 3TUM TOHKUM
chepuyecknm crnoem He npegnonaranocb HAYEro, gaxe npoctpaHctea. Ewe Kennep otkasanca
paccmatpmBaTtb COMHLUE Kak 0gHY U3 MHOMMX HEMNOABWXHbIX 3Be34. Tenepb CTano siCHO, YTO
cucTema 3Be3 BoobLe He ABNAeTCH YeM-TO CTaTUYHbIM, a 0bpasyeT AUHAMUYECKYHO
COBOKYMHOCTb, CKPEMNIEHHYI0 NPUTSXXEHNEM, HO MOAYNHEHHYIO BHYTPEHHEMY OBUXEHUIO, a
cnepfosaTernbHO, U3MEHEHUI0. ToTyac Xe BbICTYNUMN BONPOCHI O PasfUYHbIX PACCTOSAHUAX MexXay
3Be3gamu, 0 CO6CTBEHHOM ABWXXEHUM 3Be3[ Ha HebGecHOM cBoae. OTu BONPOChbl CMOrnn BbiThb
peLLeHbl yCneLwHo nuub B 6bonee nosgHee BpeMs, HO BCe Xe ydyeHne 0 6e3rpaHn4HOM MUPOBOM
NPOCTPAHCTBE CO MHOXECTBOM MMaHETHbIX CUCTEM U B3rNA4 Ha ConHue Kak Ha 3Be3ay 6binu
HeobXxo4MMbIMK CEACTBUSMN OTKPbITUA HblOTOHA.

3aKOH TArOTEHNSA COAEPKUT MHOXUTENMD NPONOPLNOHANTbHOCTU - MOCTOSHHYIO FpaBuUTaLnK; OHa
BblpaXxxaeT cusly, C KOTOpou ABe Macchl B 1

I NPUTATMBAIOTCS Ha paccTOsiHUK B 1

CM . ACTpOHOMMSA CMOrfa Tenepb CPaBHUTL Mexay cobon Macchl pasnnyHbIX HEGECHbIX TeM, HO OHa
He cMorna onpegennTb 3Ty KOHCTaHTy. Heobxoaumeln gnst aToro onbIT Nnpoen B 1798 r. NeHpu
KaBeHanw (1731-1810) npy noMoLmM KPYTUITbHBIX BECOB, YXKe UCNosib3oBaHHbIX B 1785 r. KyrnoHom
(rn. 5) ons anekTpuyeckux namepeHnin. 'paBnTaumMoHHasi NOCTOAHHAA uMeeT 3HadveHue 6,7 « 10-8

r-1ecm3ecek-2 . Macca 3emnu, BbluMCriEHHas oTcloaa, paBHa 6 « 1027

MonyTHO ynomsiHem o ToMm, 4To B 1777 r. B fob6aBneHue k 3akoHy TaroteHus XKosed Jlym JlarpaHx
(1736-1813) BBEN NOHATME NOTeHUMana, rpagueHT KOToporo gaet cuny TaroteHus; Jlannac
(1749-1827) B 1782 r. BbIBEN AN 3TON (PYHKLMM KOOpAUHAT aAndpepeHunansHoe ypaBHeEHNE B
YacTHbIX Npon3BoAHbIX: ?? = 0, Ha3BaHHOe ero umeHeM. CnmeoH lMyaccoH (1781-1840) B 1812 .
N3MeHUI ero, YTobbl NPUMEHUTL K U3YYEHUIO CTPOEHUSA MaTepun. ATO ObinNn BaXkHble NPeanoChINKA
ANA Teopun NoTeHumana B anektpoctatuke (rn. 5). AuddepeHumnansHoe ypaBHeEHME
Nannaca-lNyaccoHa sBnsieTcs 0600 EeHHbIM BblpaXeHUEM HbIOTOHOBCKOIO 3akoHa TaroteHus. OHo
crnegyeT U3 Hero 1 BefleT K HeMy onsaTb 0bpaTHO, Korga NPUMEHSeTCs K MmaTepmanbHbIM TOYKaM
(MK K oQHOPOAHBIM LLapam).

3aKkoH TAroteHns 060CHOBaN TEOPETUYECKYIO aCTPOHOMMIO. Ee BaxkHeNnwWwas 3agaya - BblYMCNeHne
BO3MYLLEHN TPAEKTOPUIN NiaHeT BCIEACTBME B3aUMHOIO NPUTSHKEHUS NIaHeT - ewe A0 Cux nop
3aHMMaeT BHMMaHne acTpOHOMOB U MaTemMaTukoB. MexaHunka oT4acTu passuna 3gecb CBOU
MaTemMaTtumyeckne metoabl. Bexon Ha ee nytun Gbina yxe ynomsaHyTaa «HebecHas mexaHuka»
Jlannaca (nosiBuswasgcsa 8 1800 r.). HackonbKko XOpoLLO Npy 3TOM OnpaBablBaeTCs 3aKOH
TArOTEHUs, Nopa3nTeNbHee BCEro nokasanun OTKPbITUA CaMbiX KpanHUX nnaHeT, HenTyHa n
[MnyToHa, MECTOHAXOXOEHNSA KOTOPbIX ObINN BblMMCIEHBI 40 HAbNAEHNA caMuX NaHET Nno
BO3MYLLIEHNAM B TpaekTopusix bonee 65M3kmux BHyTPEHHUX nnaHeT. HenTyH 6bin obHapyxeH B 1846
r. MoranHom Moadpugom Manne (1812-1910) no BbivmncneHnam KOpbeHa XKoseda JleBepbe
(1811-1877), MNnyTtoH - B 1930 r. no BbluncreHuam MNepcusansa Jloyanna (1855-1916) B Ha3BaHHOM
no ero - umeHn obcepeaTtopun Bo dnarctadde (ApmsoHa). Tenepb ocTaBanochb TONbKO OO6bACHUTb
O[HO He3Ha4dnTernbHOe pacxoxaeHne. Bcnencreme OTKNOHEHUNW NMyTeun NnaHeT OT SNNNTUYECKOn
dopMbl MeANEHHO BpaLlaeTcs B MAOCKOCTN OpbuTbl nepurennim, Todka KpaTyamwero paccTosaHus ot
ConHua. Teopus BO3MyLLEHMIN OOBACHAET 3TO B KONIMYECTBEHHOM COrflacum € ONbITOM 41151 BCEX
nnaHeT, 3a UCKIYeHneM camon 6nmnskom k ConHuy - Mepkypus; 3gecb octaBanoch
neobbACHEHHOW pa3HuLa B 42 yrnoBble cekyHabl B cTtoneTtne. Obwasa Teopmsi OTHOCUTENbHOCTU
OnHwTtenHa (1913 r. u no3xe) obbscHunNa ato B 1916 r. Kak cneacTemMe UCKPUBNEHUS
NpOCTPaHCTBA, KOTOPOE CBA3AHO, COrMacHO 3TOM TEOPUUN, CO BCAKUM NOSIEM TArOTEHUA, OOQHAKO
3aMeTHO TONbKO BONM3M Tena Takon 3Ha4yMTenbHON Maccol, kak ConHue. Micxoast 3 BenuymHbl
Maccbl ConHua, rpaBuTaLMOHHON NOCTOSAHHOM U paccTosHUS mexay Mepkypuem n ConHuem,
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Hen3BeXxHO nonyyann UMEHHO 42 cekyHabl. ATO ABNAETCA OAHOWN N3 TPeX AMMNUPUYECKNX ONOp 3TON
reHnanbHOW, HO eLLEe He BMNOSfHe NOATBEPXAEHHON Teopun (CM. . 6).

3akoH TaroteHnst HbtoToHa, ByKBanbHO MOHATLIN, YTBEPXKAAET HENOCPEaCTBEHHOE
panbHogencTeume. NocnegHee Bo30yXaano BoO BCe BPEMEHA, a Takke M B anoxy HbloToHa
COMHEHMUS, U OH CaM OTHIOb He BMNOJSIHE OTKa3blBasrica OT HUX. BblleynomMsiHyTble cnekynauum o
NpUYNHAX TArOTEHUSI BO3HMKANM MHOIOKPaTHO B CBA3M CO CTPEMIIEHNEM pa3biCKaTb NepeaaToYHbIn
MexaHu3M as1s TaroteHusi. HecmMoTps Ha 3To, naes AanbHO4enCTBUSA Nog OrPOMHbIM BIIUSTHUEM
HBIOTOHOBCKOIO OTKPbITUSA pacrnpocTpaHunack Ha gpyrne obnactun gusmkn. BepoaTHo, ceirpano
pOsib TaKXKe TO, YTO U3 HEE MOXXHO BbIBECTU MPOCTYIO N USSILLHYIO TEOPUIO NoTeHUMana. B To Bpems
Kak MexaHunka gedopMmpyemblx Ten nmena geno UCKMYMTEeNbHO ¢ BNn3KogencTBmeMm, nepeble
TEOPUUN 3NEKTPUYECKNX N MAarHUTHbLIX ABNEHU Bbinn TeopusMn gansHoaencTeus. Nepenom
BrnepBble npounsoLlen Bo BTopon nonoBuHe XIX ctonetus noa enusHnem Muxanna ®apages
(1791-1867) n Makceenna (1831-1879) n rnyboko NpoHUK B hn3nky nocne otkpbiTna B 1887 r.
"eHpuxom Nepuem (1857-1894) anekTpuyecknx BOSH, pacnpoCTPaHAOLLMXCS CO CKOPOCTbIO CBETa.
BmecTe ¢ Tem NoTepsino OCHOBY AanbHOAENCTBUE B rpaBuTaumnm, 0CObeHHo nocre Toro, Kak
crneumanbHasa Teopusi OTHOCUTENBHOCTM YKa3ara, YTO CKOPOCTb CBETa SABNAETCA BEPXHEN rpaHuLen
ANs CKOPOCTEeN pacnpocTpaHeHns Bcex omanyecknx genctann. CornacHo obuien teopumn
oTHocuTernbHOCTU (1913 r. 1 No3xe) pacnpocTpaHeHe TATOTEHNSA MPOMUCXOOUT TakkKe CO CKOPOCTbIO
cBeTa. JTa Teopus yTBepPXKAaeT CyLeCTBOBaHNE rpaBUTaUMOHHbIX BOSTH, HO BO3BGy>XaeHune 1x ¢
WHTEHCUBHOCTbBIO, AOCTATOMHON ANsi HABNAEHNS, HEBO3MOXHO M3-3a HENPEOAONEHHbIX
3KCNepUMeHTanbHbIX TPYAHOCTEN. 3aKOH TAroTeHMA HblOTOHa OCTaeTcs B cure Kak npubnmkeHue.

3abaBHon unnicTpaunen NoaaBnsAwoLLIEro BNUAHUSA HBIOTOHOBCKUX MOEN SBNSETCA TOT akT, 4To
Hayka XVIIl ctoneTus oTHocuna MeTeopuTbl K 0b6riactn 6aceH, XoTs B ce4on ApEBHOCTU Obinun
MHOIOYMCIIEHHbIE CBUOETENBLCTBA MX CYLLECTBOBAHNSA. XaoTMYeckoe nageHne kaMHem n XenesHbix
Macc «C Heba» kasanocb anMroHam HblTOHa HECOBMECTUMbIM C OBHapPY>KEHHbLIM yYnTESNEM
KocMmnyecknum nopsigkom. Jinwb B 1794 r. SpHeT ©pugpux XnagHu (1756-1827) kak yueHbI lopuct
KPUTUYECKN COMOCTaBUIT MHOXECTBO BbiCKa3blBaHWUI CBUAETENEN N HA OCHOBAHWWN NOJSTHOrO
cornacusi HesaBMCUMO ApPYr OT Apyra AaHHbIX MOKa3aHW NpULLIEN K BbIBOAY O pearnibHOCTU
Habnogaemblx saeneHnin. Korga 3atem B 1803 r. no6nmnsoctu ot Jlarnb (genaptameHT OpH,
®paHuma) ynano 6onbLuoe konnyectso meteopuntoB 1 XKan batuct buo (1774-1862) cmor mnx
nccneposartb, [Napmxkckan Akagemus Obina BbiHYXKOEHA 0TKa3aTbCA OT CBOEW NPeaAB3siTON TOYKM
3peHus. Ho cywectBoBano ewe ropasgo 6onblie Bewen mexagy Hebom n 3emnen, 4yem nos3sonana
cebe meuTaTb LKOSNbHAsA MyapOCTb™®).

*) «["amneT npaB B 3TOM CBOEM U3PEYEHNN; HO CYLLECTBYET TakKe B LUKOSIbHOW MyOpPOCTU MHOIO
BeLLer, cnefa KoTopblX HeMb3sa HanTu Mmexay Hebom n 3emneny». ATOT capkasMm NpUNUCbLIBaKoT
OCTPOYMHOMY reTTUHreHckoMy omsuky [r'eopry Xpuctodopy JluxteHbepry (1742-1799).

MABA 4
OMTUKA

OnTuka HEMHOrO MOJSIOXe, YeM MexaHuka. 3HaHne NPSIMOSIMHENHOrO pacnpoCTpaHeHMs cBeTa K
NOHATUE «fyYay - ApeBHEro npovcxoxaeHms. OTpaxeHue n NnpenomMsieHme Takke 6binn NnpegMeTom
pa3MbILLUIEHNS YK€ B APEBHOCTY; yXKe TOraa 3Hanm oTpaXkeHue BOrHyTbIM 3epKasrioM U JIMH3aMu.
Pomxep bakoH (1214-1294) onucan nonoxeHune okyca n obpaTtun BHAMaAHME Ha HETOYHOCTb
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coeiHeHUs ny4ven cBeTa B n306paXeHnn To4e4YHOro UCTOYHUKa ceeTa. O4ku, noBnanNMomy, 6binm
n3obpeteHbl prnopeHTUHUEM CanbBnHo Apmati B 1299 r. 3akoH, onpeaensitowmin HanpasneHme
OTPaXKeHHOro nyya, NPUHaANeXuT K ewle bonee ApeBHMM 3HAaHUAM HEU3BECTHOMO NPOUCXOXAEHUS.
YKkasblBalOT Ha ABYX aBTOPOB 3akoHa npenomnenuns: Bunnbpopa CHen, nHade CHennnyc
(1591-1626), KoTOpbIX, NO CBUAETENLCTBY [HONreHca, OTKPbIN 3TOT 3aKOH HA OCHOBE U3MEPEHUN, 1
PeHe [dekapt (1596-1650), KOTOPbLIN BbIBEN 3TOT 3aKOH M3 CBOErO KOPMNYCKYNAPHOrO BO33PEHNS.
Kennep He BnonHe cnpaBusics ¢ 3TUM; ero oopmyna nmeeT 3Ha4YeHne TOSbKO Kak NpubnmkeHne
ANS Manoro yrna nageHusi, Oo4Hako oHa 6bina 4OCTaTOYHOW ANS yCTaHOBEHUS BrOMHE
npuMmeHnmon Teopun Teneckona. C ycTaHOBNEHNEM 3aKOHOB OTPaXKEHNSA 1 NpenomsieHns 6oinm
MOSNHOCTbLIO 3ar0XeHbl PU3NYECKNE OCHOBLI FEOMETPUYECKON ONTUKKN, AaNbHENLLIEE pa3BuTmne
KOTOpon BornbLuen YacTblo ObINo AenoM pyK MaTeMaTUKOB 1 NPaKTUKOB nNpubopocTpoeHus. Takue
noan, kak MamunbToH 1 Maycc (1777-1855), npyuHnmanu yyactue B ee pa3BuUTUK, HO, HECMOTPS Ha
BCE CTapaHus 1 OCTPOyMMe, OHa 4O CUX MOpP He Nosfyymna 3aBepLUeHHOro suaa. 'paHuubl ee
NPUMEHNUMOCTM CTaBATCS BOSTHOBOW NMPUPOAOM CBETA; B MMKPOCKOME 3TN rpaHuLIbl BbipaXatoTcs B
TOM, YTO OH He JaeT YEeTKUX M300paKeHUN OBYX TOYEK, PACNONOXEHHbIX HA PACCTOSIHUN MEHbLLIEM,
yem 10-5

CM , Kak 910 nokasanu B 1874 r. OpHcT A66e (1840-1905) n NepmaH MNenbmronbl (1821-1894).
MpaBaa, aTa rpaHuLa CHXaeTca Npy NPUMEHEHMM KOPOTKOBOSTHOBOIO yNbTpadroneToBoro ceeTa,
a nNpv NOMOLLN PEHTreHOBCKMX JTy4en, Kak 3TO N3BeCTHO € 1912 r., MOXXHO ONTUYECKM BOCMPUHATD
Aaxke paccTosiHUA Mexay aToMaMu B TBepAbIX Terax, uMmeroLmne nopsagok senmymHbl 10-8

c™m (rn. 12).

BonbLuyo TpyaHOCTL NpeacTaBnsano Ans ctapon onTukM o6bacHeHne LBeToB. BTOpbIM BENMKUM
pesaHnem Mcaaka HbtoToHa 6bIno gaHHoe um B 1672 r. Aoka3aTenbCTBO TOro, Yto 6enbin cBeTt
COCTOUT U3 CBETA PasfiMyHbIX LBETOB U, CriegoBaTenbHO, UBETHOM CBET MMeeT Bonee nNpocTyro
npupoay, 4em 6enbin. HNYTO Tak SpKo He UNMCTPUPYET 3HAYEHUE ATOro OTKPbITUS, KaK CTPaCTHbIN
NPOTECT NPOTMB HEro co CTopoHbl 'ete (1791-1792 n 1810). MeTe ccbinanca Ha TOT pakT, 4YTo rnas
BOCMNpuHMMaeT 6enbi UBET Kak eQUHCTBO, B OTNMYME OT yXa, KOTOPOe rapMOHUYECKN aHanmsnpyeT
konebaHunsa. HotoTOH Bbin BbIHYXXAEH 3aHATLCA NPU3MON B CBA3M C XpomaTudeckon abeppaumen
OMNTUYECKUX NHCTPYMEHTOB, KOTOPYIO OH cunTan HemdbexHon. C aTUM cBA3aHa ero KOHCTPYKUMS
3epkanbHoro Teneckona (1672), B kotopom aTa abeppauna 6bina NOAHOCTbIO yCTpaHeHa. JTon
TOYKM 3pEeHUs NpuaepXKUBanuchb Takke ero nocriegosarteny 4o Tex nop, noka B 1753 r. [xoH
HonnoHa (1706-1761) He CKOHCTpPyupoBarn axpoMaTU4eckuin o6 beKTUB Terneckona ¢ NOMOLLbIO
cTekon pasnuyHbix copTtoB. B 1800 r. dpugpux Bunerensm Nepwens (1738-1822) ykasan, 4To
rpaHnLbl CNekTpa He coBnagatT C rpaHnuamMy BUOMMOro CBeTa M YTO 3a KpacHbIM LIBETOM
Haxo4uTCs U3ny4yeHne MeHee npernomMmnsaemoe, Ho obHapyxmBaemoe bnarogapsi TENSIOBOMY
aencteuio. CnycTs rog 3a ononeToBomn YacTbto cnektpa MoraHH Bunerensm Puttep (1776-1810), a
Takke Bunbam Mang BonnacTtoH (1766-1828) obHapyXmnn xuMmnyeckn encTByoLLEE U3IyYeHmne.

Mpobnema namepeHns KOHTMHYYMa pasfiMyHbiX BUAOB CBETOBbIX JSyYen, pasgensemMbiX Npu3Mon
coobpasHo nx npupone, npeacrasnsieT cobon npobnemy, aHanorm4yHyro N3MepPEHU0 BpeEMeEHHN (rn.
1). CnoBa «KpacHbINY, «KENTbIN» N T. 4. BHYTPU 3TOTO KOHTUHYYMa SBNAOTCS CIIULIKOM HETOYHbIMU
N Cy6beKTUBHBIMU BEXaMU, U3MEHYMBBLIMU B 3aBUCUMOCTU OT TOrO UIK APYroro BOCMPUHUMALOLLEro
nuua. NMoatomy 3HaunTenbHbIM Warom Bnepes 6oino otkpbiTne B 1814-1815 rr. Mosedom
®payHrogepom Ha3BaHHbIX MO €ro UMEHU TEMHbIX NIMHUA B CONTHEYHOM CrneKTpe (OH NPUCOEaNHNI K
npuamMe cnepeauv Konnumartop, a c3agu Teneckon). ®payHrodep ncnosib3oBas 3TN JIMHUN Kak MeTKN
N CMOT TOYHO U3MEpPUTb MNoKasaTerb NPenoMieHns, NPUNUcaB Kaxaon NMMHUN COOTBETCTBYOLLEE
3HayeHue. B HacTosee BpeMa Tak e NocTynarT ANA pasfiMyHbIX TeEXHUYeckux uenen. Ho
nocTtaBneHHasi npobnema 6bina pelweHa nuwb B 1821-1822 rr., koraa ®payHrodep nony4mn
anddpakuuto Ha peweTtke u MarHyc Weepa (1792-1871) o6bsacHUN 3TO ABNEHUEe Ha OCHOBE
BofiHoBow Teopumn (1835 r.). C aTOro BpemMeHu ctanu namepsaTb AnHY BOSHbI Noboro Buaa ceeTta
Nno U3BECTHbIM yrny auddpakumm n NOCTOSIHHOM PELLETKM C OTHOCUTENBHOW TOYHOCTLIO 40 10-7.
MMeHHO € 3TOro BpeMeHU CyLLeCcTBYET CMEKTPOCKOMNMUS C €e OrPOMHbBIM 3HaYEeHUEM 1151 HAayKn n
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TEXHUKN. Tak, Hanpumep, namepenus MNaweHom (1865-1947) onnH BONH AN NUHKIA BOgopoaa u
renvsi 1 0Co6EHHO onNMparoLLEECs Ha 3TU M3MEPEHUSA TOYHOE onpeaeneHne KoHCTaHTbl Pnagbepra
UMenu pellarLee 3HavyeHme ans atomHon mogenu bopa (rn. 14).

Apyrm anckyccmoHHbiM BonpocoM B XVII ctoneTtun 6bin BONPOC O TOM, KOHEYHA NN CKOPOCTb
ceeTa unu Het. [lekapt ee oTpuuan, Nanunen yteepxagan, o6a 6e3 onbITHOro o6ocHoBaHusA. [ns
3KCMNEPMMEHTaNbHOro peLleHnst 3Ton Nnpobnemsl He GbINoO Toraa AoctaTtouHO cpeacTs. OgHako u3a
Habn4EHMI NOBTOPSIOLWMXCA YAcTO, HO HE CTPOro NepMoanYeckn, 3aTMeHUn OAHOrO U3 CMYTHUKOB
KOnutepa Onad Pémep (1644-1710) BbiBen B 1676 r. 3HaMeHUTOE 3aKo4YeHne O TOM, YTO
CKOPOCTb CBeTa B NyCTOM npocTpaHcTee pasHa 3 « 1010

cm/cek . Habniogenna [xemca bpagnu (1693-1762) Hag abeppauunen goctasunm B 1728 .,
HECMOTpPsi HA COMHEHWSI KapTe3naHLeB, AONToXAaHHOE NOATBEPXKAEHME TOro, YTO 3Ta CKOPOCTL B
104 pa3 6onblue ckopocTu ABmKeHNa 3emnu Bokpyr ConHua. QKkCnepMMeHTanbHble M3MEPEHUS
caenaHbl 6binn Bnepsble B 1849 r. ApmaHom dun3o (1819-1896) npu nomoLum BpaLlatoLerocs
3ybuyatoro koneca n B 1862 r. JleoHom ®yko (1819-1868) nocpenCTBOM BpaLlaloLLErocs 3epkana.
OTn n3amepeHns Gbinm NOBTOPEHDI ele MHOrMMU bmusmkamm, B6onbLIEN YaCcTbio TEMMU Xe CaMbIMU
meTogamun. Hoeenwee onpegenerHve Anbbepta Abparama MankenbcoHa (1852-1931),
npounssegeHHoe B 1925-1926 rr. Ha paccToaHun 70

KM OT BepLUNHbI BunbcoHa 0o BepwnHbl AHTOHMO (KanudopHusi) u obpaTHo, Aano 3HavyeHne
2,99796 - 1010

cm/cek npu BeposiTHOM owwmnbke B 4 « 105
cM/Ccex .

[ns Teopun ceBeTa peluarLwmMmn 6bInM OTKPbLITUS MHTepdepeHunn, anddpakumm n nonspmsaumnmn.
MepBble HabnoaeHna caenaHsbl PpaHyecko Mpumanbam (1618-1663), KOTOPLIN B NOABMBLLENCA
nocmepTHo paboTe 1665 r. nogpobHo onuckiBaeT Anddpakumo Ha CTepXXHE K pelueTke. Ho aTu
HabnaeHus, NOBTOpPEHHbIE HbIOTOHOM, OCTannch 6e3 BNsiHUS Ha AanbHenwee passuTtue. To xe
OTHOCUTCA K OTKpbITUIO PoBepTom Bonnem (1627-1691) LBeTHbIX KOnew, B TOHKUX crosix (1663) -
KoneLw, KOTopble HOCAT UMsi HbIOTOHA, Tak Kak OH NepBbI UccreaoBan 3aBUCMMOCTL LiBETa Konel
OT TOMLWMHBI Crosi. HbIOTOH BbICKa3arncs 3a KOpnyCKynsipHY0 TEOPUIO NCTEYEHU CBETa, Npaeaa, C
HEKOTOPOWN CAEPXXaHHOCTbIO, Tak Kak OH SIBHO npuaasBan bonblue 3HayeHus pesynbtataMm CBOUX
ONbITOB, YeM UX 06bACHEHMIO. B npegmcnoBum k cBoen «ONTUKE» OH TakK e OTKIOHAET rmnoTessbl,
Kak B 3akntoveHun K «MpmnHunnam». Ho 3a 3Ty TEOPUIO KPEMNKO YXBATUIUCh €ro 3NUroHbl, U OHa
npogepxanacbk go XIX cronetus. Hanpumep, XXaH batuct buo (1774-1862) He cpa3sy
NPUCOEANHUICA K BONTHOBOW TEOPUM, XOTA OH Grnvkanwmnm obpa3om conpukacarncs c ee
passuTmeM. Pobko yxe Npumanban, a 6onee onpegeneHHo Pobept MNyk (1635-1703) 3aHumanuch
BoNHoBoW Teopuen. OgHako AaTMpoBaTb ee Hago NULLb CO BPEMEHU MosiBMeHna « TpakraTta o
cBeTey, npeactaBneHHoro XpuctnaHom [MonreHcom (1629-1695) B MNapwxkcekyto Akagemuio B 1678 T.
n onybnukosaHHoro B 1690 r. 13 npeacraBneHns o ABMKEHUN NPOAOSIbHBIX BOSTH OH BbIBEN
nocpeacTBOM NOCTPOEHMSA OrnbaroLLmnX NPAMONIMHENHOE pacnpoCTpaHeHNe CBeTa, a Takke 3aKOHbI
oTpaeHus n npenomnenus. lNocnegHni 3akKoH OH YCTAHOBWI HE TOSMbKO A5t U30TPOMHbIX TEN, HO
Takke 4S5 UCNaHACKOro wnarta, 4BONHOE npenioMreHne KOToporo oH 00bAcHUN 13 obpasoBaHnd
ABYX BOJH, MpUYeM OAHa 13 HUX WapoobpasHa, Kak B M30TPOMHbIX Tenax, a apyras npeacrasnsaet
cobon annuncong spaweHus. O cnekTpanbHOM pasnoXeHun ceeta paboTa ymanyusaeT. B
NPOTMBOMOSIOXKHOCTb MexaHuke, B Teopun ceeta B XVIII ctonetun 6bin HEKOTOPLIW 3aCTON.
«["eponyeckasi» anoxa BoNHoBoOW Teopun Hadvanack B 1800 r. n npogomkanack Ao 1835 r. Passutune
ee Habnganocb NpeMmyLecTBeHHO B AHMMK n ®panumn. B 1801 r. BbicTynun Tomac KOHr
(1773-1829) co ceoen nageen nHtepdepeHLnn n o0 bACHUN Ha ee OCHOBE, Kak N3BECTHO,
HbIOTOHOBCKME Kornbua. OTcloga oH NepBbIn NONy4nn NPUBAN3NTENbHbIE YNCHEHHbBIE 3HAYEHUS
ANvH BoMH ceeTa. OH Takke nokasan pasnuyve Mexay KorepeHTHbIMWU Siydamun, BOSHUKaLWUMN 13
OLHOr0 NCTOYHUKA CBETA, M HEKOrepeHTHbIMKU Nydamu. OH NPUMEHUN 3Ty UAEK K OOBACHEHMIO
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Andbdopakumm, KOTOpyo paccmMaTtpmsarn Kak MHTepEpPEHLNIO MeXJy CBETOM, MPOXOAALLUM
HenocpeacTBEeHHO Yepe3 AP dMPaKLNOHHYIO LWenb, U KpaeBbIMW BOSTHAMMU; K 3TOMY Mbl eLLe
Bo3Bpatumca. B 1809 r. 3tbeH Jlyn Mantoc (1775-1812) oTkpbin nonapusawmio, KOTOPYH cam
nccnegoBartesnb cyMTan onpoBepXXeHNeEM BOIHOBOM Teopun. [JencTBUTENbHO, OHa HECOBMECTUMA C
NpoaorbHbIMW BONTHAMW, O KOTOPbLIX TOBOPUTCA B TpakTaTe [tonreHca. B gononHeHne K aToMy B
1811 r. JomnHnk ®paHcya Aparo (1786-1853) onncan sBneHusa uBeToB, Habnogaemble B
KpucTtannax B nondpusoBaHHoMm ceeTte. B 1817 r. FOHr Bbickasancs B nosib3y nonepevyHoCcT! BOSH
cBeTa, HeCMOTPS Ha To, YTO NogobHoe NpeacTaBneHne NPoTUBOPEYNIIO 06bIYHBIM BO33peHUusM. B
1815 r. Ha4an cBoto (YBbl, CTOMb KOPOTKYIO!) HAy4YHYIO AeATenbHOCTb reHnanbHbin OriocteH XKax
®peHenb (1788-1827). bnarogaps emy duanka nony4mna, KpomMme MHOrMxX HOBbIX HabrnogeHnn Hag
UHTepdepeHunen n guddpakumen, Takke Teopuo auddpakumm B dopme nocTpoeHns 3oH (1818).
OTa Teopus cBs3biBana npuHUun ormdarowmx MorreHca ¢ ngeen nHtepdepeHunn. dpeHens n
Aparo (1819) nokasanu, 4To ny4u, NONSPU3oBaHHbIE NEPNEHANKYNAPHO APYr K ApYrY, He
NHTEPMEPUPYIOT, N OKOHYATENbHO YKPENUIN NOSOXEHNE TeopUn NonepeyHblx konebaHmin.
Kpuctannoontuka ®peHens, obbscHsoLWasn onbiTbl Aparo, CoOXxpaHuna CBoe 3HayeHne 40 Hallux
AHen. N HakoHel, B 3TOT XXe nepuos Bpemenu, B 1821-1822 rr., dpayurocep npomnssen onbiTbl N0
Anddppakumm, oTnmyarowmecs ot onbIToB peHens, TeopeTndeckn 6onee NpocTble, YEM OMbIThbI
®peHens. B 1835 r. nx B HEKOTOPOM cMbicrie 3aBepLumnn LLiBepa cBOMM pe3toMUpyoLLmm
COYNHEHMEM «HABneHus anddpakumm, aHannMTUYeCcKn pasBuTble N3 OCHOBHbIX 3aKOHOB BOSTHOBOM
Teopun».

Npea nHtepdepeHumnn, cornacHo KOTOpor Hanararwmecs BOMHbI, B MPOTUBOMOSOXHOCTb
KOPMYCKYNAPHbIM NydyaMm, He 06s13aTeNnbHO YCUNMBAKOTCS, @ MOTyT Takke 0cnabnsarbca 4O NOSIHOMo
YHUYTOXEHUS, NPUHAANEXMUT C TeX MOP K YNCNY LieHHeNWmnx Bknagos B om3nky. Korga BcTpedaeTcs
HEen3BeCTHbIN BUA N3NYYeHUs1, BCerga crapatoTcs NonyyYnTb MHTepdepeHLmIo; ecrnn 3To yaaeTcs, To
TEM CaMbIM JOKa3bIBAE€TCHA ero BOSIHOBOW XapakTep.

WTak, 6b1no ycTaHOBIEHO, YTO CBET SABNSAETCS NONepeyYHbIM BONMHOBbLIM ABMXeHneM. C TedeHnem
BPEMEHN MO Mepe COBEPLLUEHCTBOBAHUS SKCMNEPUMEHTaNIbHOro UCKYCCTBa BCE yBENNYMBAIIOCh
KONNYeCTBO MHTEePdEPEHLMOHHBIX annapaToB 1 OMNbITOB M BCE NOBbILanacbk TOYHOCTb U3MEPEHUS.
MakegoHno Mennonu (1797-1854) B 1834 r. nokasarn, 4To MHGPaKpacHoOe n3ny4yeHme B onbiTax c
oTpakeHneMm, npesioMreHnemM n nornoLleHMem Beget ceba Tak xe, kak ceeT. Kapn NepmaH
KHoGnayx (1820-1895) ¢ nomoLbio onbITOB N0 MHTepdepeHumn, auddpakumm n nonsapusaumm
nokasan B 1846 r., 4To OHO OTNINYAETCA OT CBETA TONbKO BoNbLUEN ANMMHON BONHLI. ["eHpux Mionnep
(1809-1875) npumeHun B 1856 r. HOBOE UCKYCCTBO (poTOrpadompoBaHnst K KOPOTKOBOSTHOBOMY
yNbTpadnoneToBOMy U3NYyYEHUIO.

3HaHWe crnekTpa 3Ha4ynTenbHO pacwmpurock B Hosibpe 1895 r. bnarogaps BblgaroLemycs
OTKpbITUIO Bunbrensma KoHpaga PeHTtreHa (1845-1923). HenocpeacTBeHHO BCnea 3a 3TuMm
oTKpbITMEM B 1896 r. Amunb BuxepT (1861-1928) n MNabpuans Ctoke (1819-1903) sakntoumnu n3
crnocoba BO3HMKHOBEHUSI PEHTTEHOBCKUX FTy4EN, YTO OHWN ABNSAIOTCS CBETOBLIM U3ITy4YEHNEM C OYEHDb
KOPOTKOM BOSTHOW. OTOT BbIBOA NOSHOCTLIO NOATBEPAMNM B OnbiTax no nonspusaumn Y. . bapkna u
B OMnbITax No MHTepdEpPEHLNN B aTOMHbIX MPOCTPaHCTBEHHbIX peLleTkax kpuctannos B. ®puapnx un
M. KHunnuar (1883-1935). [innHa BOMHbI PEHTFEHOBCKUX Nyyen konebnetcs mexay 10-7 n 10-9

cMm . B 1949 r. [x. [ItoMOHA C MOMOLLbIO TEX Xe MeTOA0B pacLuMpun oNTUKy A0 rammMma-ny4yen,
UMeELWNX ANNHY BOSHbI eLle 6onee KOPOTKYH, YEM PEHTTEHOBCKME NyYM.

Cpoenana ycnexu n Teopusi. lNpexage Bcero nony4duna nopasvtensHoe noarsepxaeHne naes KOHra
0 KpaeBbIX BonHax npu anddpakumm, korga B 1883 r. Neopr 'n (1854-1926) n B 1885 r. Bunbrenbm
BuH (1864-1928) yBngenun nx HenocpencTBeHHO npu guddpakumm ceeTta nog 60nbwnm yriom; oo
Tex Nop oHW Habnganuch ToNbko BONM3M rpaHuubl TeHn. Co3gaHHas dpeHenem reHnanbHas
Teopusi 30H bbina B 1883 r. 0606LweHa B matematundeckon BoniHoBon Teopun . P. Kupxroda, a B
1917 r. ero geno npogormkun A. PybnHoBn4, KOTOPbI MaTeMaTUYECKN JOKa3an, Hanpumep,
ToxaecTBo B3rnsaoB KOHra n dpeHensa Ha aBneHus guddpakumm. Ho Bo Bcex aTUX UCCnegoBaHmsX
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BbIHY>XAEHbI ObINM NONb30BaTbLCA NPUONMKeHHbIMKU cnocobamu. Jlnwb A. 3ommepdensa B 1894 r.,
MaTteMaTU4eckn CTPoro uccnenosas M dpakumo Ha NPSMONMHENHOM Kpae, fokasarn
NPaBOMEPHOCTb 3TUX NPUOMKEHUN.

KonebaHusa ceBeTa paccmaTtpuBanvcb cHavana (kak Morfno 6biTb MHa4e?) Kak ynpyrue BOSHbl,
nogobHble nonepeyvHbiM konebaHnsm B TBepAbix Tenax. Cpeay, koTopas gomkHa 6bina nepeHocuTb
NX Yyepes nycroe NpoCTpPaHCTBO, Ha3biBanu agoupom. Co BpemeHu nonyyenus E. Toppuyennu un O.
epuke (rn. 2) 6€3B034YLLHOrO NPOCTPAHCTBA CTanun AyMatb, YTO CBET, B OTNIMYME OT 3BYKA, HE
Hy>XOaeTcsa B MaTepum Anga CBoero pacnpoctpaHeHus. MNpaeaa, 6bino TpyaHO 06bACHUTE, NoYeMy B
achmpe nmeT MecTo nonepeyHble, a He NPOAOSIbHbIE BOSHbI. B XXMAKOCTAX 1 razax BO3MOXHbI
TONbKO NPOAOSbHLIE, HO HE NonepeyHble KonebaHus. Hukakasa Teopust ynpyrocTn He MOXeT
0OBACHUTL NOSIBNEHNE NornepeydHbixX BOMH B Nogo0HbIX cpeaax. NMpobnema oTpaxeHus u
npenommeHna Takke He Haxogurna NofiHoro Mmatemartmndeckoro pewwenHuns. Ho sot B 1865 r. [x. K.
Makcsenn (1831-1879) BbiBEN U3 CBOEN TEOPUN ANEKTPUYECTBA U MarHeTnama (rn. 5)
MaTeMaTuyecKkoe 3akrnyeHne 0 BO3MOXHOCTU S1EKTPOMArHUTHbIX BOJSTH, KOTOpbIE
pPacnpoCTPaHATCA CO CKOPOCTbIO CBETA, M TOTYAC Xe 3aHANCHA CBETOM Kak NPUMepOM Takux BOSTH.
OneKkTpoMarHUTHasi Teopus cBeTa ygoBneTBOpsna OnbITy fyylle, YeMm ynpyrasi, moCKOfnbKy OHa
AonyckaeT TONbKO NornepeyHble BOMHbI U CBOAUT TPYAHOCTU, CBA3AHHbIE C NPeaCTaBleHneM 0O
MexXaHN4ecKknx ceBoncTeax acmpa, k 6onee obuien npobneme MexaHM4EeCKOro 06 bACHEHUS
anekTpoanHamukn Boobuwe. OHa npuBena K NpoCTOMY, Y MHOMUX TeN SMNNPUYECKM
HabnogaweMycs OTHOLWEHMIO MexXay nokasarenem npenomMreHns u AU3aneKTpu4eckon
noctosHHon. Kpome T0Oro, oHa coaepxut B cebe, kak nokasan B 1875 r. NeHapuk AHTOH JlopeHTL
(1853-1928), nonHyto Teoputo ANs NpeasioXeHHbIX yxxe PpeHenemM oopMyn UHTEHCUBHOCTU Npu
OTPaXeHUN 1 NPeNoMIEHN; NOCNeAHNE TOMbKO SKCNEePUMEHTaNnbHO NoATBEPXAANNCH, HO He
Mornm ObiTb 06 bSACHEHBI TEOPUEN YNPYrocTU. HECMOTpst Ha ee NpenmyLLecTBa, 3TOM Teopun
NPULLNOCH CpaxkaTbCs 3a CBOE NPU3HaHWE TpU AECATUNETUS - Tak Benvka Obina cuna crapbix
Teopui, onuparLmxcs Ha obLee MexaHUcTUYeckoe MmpoBo3speHue. lNocrne Toro kak B 1888 r.
eHpux Nepu (1857-1894) oBHapyXMn aNeKTpoOMarHMTHbIE BOSHbI U MOKa3arl, YTO OHW UMEIOT BCe
CBOWCTBa CBeTa: NpefniomrneHme, oTpaxeHune, nHTepdepeHumto, anddpakumnio, Nonapmsaumo n Ty
e CKOpOCTb pacnpoCTpaHeHus, YTO U Y CBeTa, - HoBas Teopus ogepxana nobeay. Ctapbin crnop o
TOM, MPOMCXOOAT NN CBETOBbIE KonebaHusa B NAOCKOCTN nonapusaunmn, kak nonaran ®peHens, nnu
OHWU, cornacHo ®paHuy Henmany (1798-1895), nepneHankynsapHbl K HEW, Bbin peLleH Teopuen
oTpaxeHusa JlopeHTua, a Takke onbiTom OTTO NeHpuxa BuHepa (1862-1927) co cTtoaummum
CBETOBbIMW BOMTHAMM, NMOKa3aBLLMM, YTO KonebaHus 3neKkTpu4ecKoro nors coBepLiarTcs
neprneHanKyNApHO K NIOCKOCTM nonsapusauuu, a konebaHna MarHUTHOrO Nosis - B CamMOn 9TOM
NAOCKOCTN. OTO BMNOSIHE €CTECTBEHHOE COeANHEHME 0 3TOr0 COBEPLLUEHHO HE3ABMCUMbIX TEOPUN
cBeTa U 9NeKTPoAMHAMUKMN SBNSAETCH, MOXET OblITb, KPYNHENLWMM U3 TeX COBbITUIN, Ha KOTOpPbIE
yKa3blBanocb BO BBEAEHWUN, KaK Ha JOKa3aTeNbCTBO MCTUHHOCTU (PM3NYECKOrO 3HAHMS.

Teopusa MakcBenna B cBOen nepBoHa4vanbHOM (hopme XopoLlo npeacrasuna pacnpoctpaHeHme
cBeTa B MyCTOM NPOCTPaHCTBE, HO He Jarna aHanusa onTuyecknx csomcts matepun. OcobeHHo He
XBaTano o0bACHEHNSA 3aBUCMMOCTM NoKasaTend NpefioMNeHns oT ANUHbI BOSTH. ONeKTpOoHHas
Teopus [hxoseda Jlapmopa (1857-1942) n AHTOHa JlopeHTua 06bsCHUNA HE TONBbKO HOPMaribHYIo,
HO Takxke oTKpbITyto B 1871 r. ABryctom KyHaTtom (1839-1894) aHomanbHyo ancnepcuio,
CBSI3aHHYIO C 3bupaTernbHbIM NOrMoLWeHNEM, KaK SiBNEeHNe pe3oHaHca CnocobHbIX K konebaHnsm
aTOMHbIX 0Opa3oBaHuii. Bennyanwmm Tpuymdgom 3feKTPOHHOM TeOpUK BbINo OTKpbITME [uTepom
3eemaHoMm (1865-1943) B 1896 r. pacwenneHnsa cnekTparnbHbIX IMHUIA B MarHUTHOM none; B 1897 r.
JlopeHTy gan o6bAcCHEHME 3TOro Tak Ha3biBaeMoro agpgekta 3eemaHa. B TecHoM CBA3N C 3TUM
sIBNIeHMeM CTouT HangeHHoe yxe B 1845 r. ®apageem BpalleHne nnockocTy nonspusaumm nog
BNUAHMEM MarHUTHOrO MONS.

Tak passunacbk Teopusi, OxBaTbiBaBLLAsA BCe ABMEHWUS pacnpoCTpaHEeHUs CBeTa U He yCcTynasLuas B
3aBepLueHHOCTU MexaHuke. Ho yxe k 1900 rogy obHapyXmnocb, YTO OHa He B COCTOSIHUK
06BACHUTL ABNEHMS NormnoweHns n ucnyckaHuns ceeta. O6 atom 6ygeT peyb B rnasax 13 u 14.
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MABA 5
SANEKTPUYECTBO N MATHETN3M

Y4yeHune 06 anekTpnyecTse U MarHeTm3mMe ropasgo Mosioxe, YeM MexaHuka n ontuka. Kpome crnosa
«MarHUT» N HECKONbKMX 3fIEMEHTapHbIX HabnaeHU Ha HaTepTbiM SHTapeM APEBHOCTb He
octaBuna Huyero 6onbule. (B Kutae yxxe BO BTOpOM CTONETUMN H. 3. 3HANM KoMnac, Ho B EBpony oH
nonan Tonbko B XllI ctonetnn.) CpegHune Beka ganv 3HaHWe Toro, YTo Kaxaasi YacTb MarHuTa
obpasyeT onATb NOSIHbLIN MarHUT. [JOCTOMHLIM BHUMaHUSA ABNSETCH, MOXeT BbITb, CTpax, C KOTOPbIM
BocnpuHmuman Xpuctogop Konymb Bo Bpems ceoero nytewiectsns B 1492 r. nepeMeHy
cyuwiecteoBaBLlero B KOxxHon EBpone BOCTOYHOro OTKNOHEHUS KOMMaca Ha 3anagHoe. [laxe B
nepsble NoNTopa CTONETUA Pa3BUTUA COBPEMEHHON (OU3NKN UCTOPUS (PU3NYECKNX naen Mmano
Hanpasnsnack B 3Ty ob6nacTtb, HECMOTPS Ha HECOMHEHHYO 3acnyry Bunbsma NunbbepTa
(1540-1603), KOTOpbIM UCCrieaoBarn NPU NOMOLN HEBONbLLIOW MarHUTHOW CTPESKU U3MEHEHME
CWMOBbIX NMMHWI BOMM3M HaMarHMYeHHbIX CTarnbHbIX LWAPOB U YCTAHOBUIT COBEPLUEHHYIO aHANorio
X AEeNCTBUS C OeUCTBUEM 3eMin Ha KoMMac, NOKOHYMB TEM CaMbIM CO BCEMU NpefaHUs MU O
BENIMKUX MarHUTHbIX ropax Ha CeBepHOM MOSKOCE Un O cune, ncxogswen na NonspHon 3ses3abl.
OH nepBbI MPUMEHUN TEPMUH «INEKTPMUYECTBO». Hnyero He' nameHmnm tTakke nccrnegosannsa OTTo
"epuke, KOTOPbIV 3aMETUN OTTaNKMBaHWE OANHAKOBO 3apsXXEHHbIX Ten 1 NOCTPOUI Nepsyto
MaLLUMHY, NPOU3BOAALLYIO 3MEKTPUYECTBO NyTEM TPEHUS, a TaKKe OTKPbIST HAMarHU4nBaHue
KyCOYKOB >Xefe3a MarHuTHbiM nosiem 3emnu. B mexaHuke,

ONTUKE, YYEHUMN O TEMNNOTE N XUMUM Npoucxoauno rnybokoe co3HaTenbHoe uccnegoBaHne ApeBHUX
COKPOBMWLL, AOHAY4YHOrO ONbITa, KOTOPbLIN NMEN onpeaeneHHoe 3HavyeHme. Ho B obnactu
aneKkTpuyecTsa U MarHeTu3ma nvLlb NPeacToano NPONTU COOTBETCTBYIOLLYHO «AONCTOPUYECKYHO»
CTaauio, Npexae YeM MOXHO 6bino NnpuaTn K scHeiMm naeam. iccneposatenu XVII n Havana XVIII
BEKOB CTasIKMBasiMCb C TaKUMU CIIOXHbIMU SIBIIEHUSIMU, KaK 3reKTpusauuns nytem TpeHus,
obpasoBaHue NCKPbI, BIUSHME BAAXXHOCTM BO3AyXa U Ap., KOTOPble HEBO3MOXHO Oblflo 06BACHUTL
n3-3a OTCYTCTBUSA OCHOBHbIX MOHATUN 3NEKTPOCTATUKM.

Bce e B 9Ty 3anoxy BO3HUK psifi BaXHbIX Ka4eCTBEHHbIX HabnoaeHnn. PasnuyeHne npoBOgHUKOB
anekTpuyecTtsa u nsonatopos nposen B 1731 r. CtedaH Npen (1670-1736); PpaHL SnnHyc
(1724-1802) nokaszan B 1759 r., 4TO MeXAy HMMK CYLLLECTBYIOT nepexoabl Bcex ctyneHen. Oba
Habnogany Bnepeble MHAYKUMOHHbIE OENCTBUSA 3apsXKEHHbIX Ten Ha U30NMPOBaHHbIE MPOBOLHUKN.
CnyvyanHble HabntogeHus npusenu B 1745 r. 3sanbaa Neopra doH Knencrta (poanncs Bckope
nocne 1700 r., ymep B 1748 r.) B KammuHe (lNomepanus) n NMutepa MyweHbpoka (1692-1761) B
JleripeHe K OTKpbITMIO NengeHckon 6aHku - nepBoHaYanbHOM OPMbl ANEKTPUYECKOTO
KOHOeHcaTopa, Haf NMOHMMaHUEM KOTOPOW Tpyauricda, Kpome AnuHyea, Takke BeHnamuH dpaHknuH
(1706-1790). ®paHKNUH gan TePMUHbI «MONOXUTENBHOEY» N «OTpULATENBLHOEY» 3NeKTpu4ecTso. B
CBSA3M C 3TUM OTKpbITMEeM MoraHH Kapn Bunbke (1732-1796) obHapyxwun B 1758 r. nonapusauuio
AN3ANEKTPUKA - TUNUYHBLIN NPUMEP PaHO MOSIBUBLLETOCS M NO3TOMY NOTEPSHHOIO OTKPbLITUS.
OnekTpodop, M3 KOTOPOro AofmKHa bbina No3aHee pasBUTLCA MHOYKLUMOHHAA anekTpocTaTu4eckas
MaLumHa, 6bin nsobpeteH AnekcaHgpom BonbTa (1745-1827). SkcnepnmeHTansHoe
AokasaTesnibCTBO AaBHO NpeanoriaraBlLencs aneKTpuyeckon Nnpupoabl rpo3bl, gaHHoe B 1752 T.
®paHKNUHOM, Npon3seno 60nbLLY 1 OrpaBOaHHY CEHCaUMIo.
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[MOHATME «KONUYECTBO 3NeKTpUdecTBay, noeuammomy, yxe ¢ XVIl ctonetus 6o obwmnm
JOCTOsIHMEM U ¢ camMoro Ha4ana 6e3 cnevuuanbHoro o060cHoBaHuA ObIO

CBSI3@HO C NpeaCTaBNeHNEM O TOM, YTO HUYTO HE MOXET ObITb CO34aHO UMM YHUYTOXEHO. ELle He
Mor ObITb peLleHHbIM CNOop O TOM, CYLLLECTBYIOT NN [ABa 3IEKTPUYECKUX «driongar,
KOMMEHCUPYOLWMX OENCTBUA APYr ApYyra, UK TONbKO OAWH, UMEIOLLMNCS B ANEKTPUYECKN
HenTparnbHbIX TeENax B ornpeAerieHHOM «HopMarnbHOM» KonuyecTtse. Haw coBpeMeHHbIN B3rnag,
AyarnuCcTuyeH, NOCKONbKY MOMNOXUTENbHbIE U OTpULATENbHbIE 3apaabl NPUMNUCBIBAIOTCA HOCUTENSM
pasnnYHoOn NPUPoabl, U B TO XXe BPEMS YHUTApPEH, NOCKOSIbKY CyLLLeCTBEHHENLLEeN COCTaBHOM YacTblo
MaTepun ob6bABNAIOTCHA aTOMHbIE A4pa - FMaBHENLWNnE HOCUTENM NOSTOXKUTENbHOMO 3MEeKTPU4eCTBa.

B obnactu marHeTuama B cepeamHe XVIII ctonetms 6bino n3aBecTHO NuLlb OAHO, ONATb
npexgeBpeMeHHOe 1 MOTOMY HE UMEBLLIEE BITUSIHUA, OTKPbITUE ABMEHUS AMaMarHeTu3ama, Kotopoe
6b1no obHapyxeHo B 1778 r. AHToHOM BpyrmaHcom (1732-1789) npu oTTankMeBaHuv BUCMyTa
MarH1UTOM.

Y4yeHune 06 anekTpuyecTBe cTarno HayKon TOMbKO Nocre yCTaHOoBMeHus 3akoHa KynoHa, cornacHo
KOTOpPOMY cuna, AenCTByloWas Mexay ABYMS 3apsgamu, odbpaTHO nponopuuoHanbHa KBagparty
pPacCTOSHUA MeXay HUMU. ITOT 3aKOH MMeeT cBoeobpasHyto nctopumto. OHa Hayanach C
npeanonoXxeHun ob ero CyLLEeCTBOBAHUN B CBA3U C HbFOTOHOBCKUM 3aKOHOM TAroTeHus. B 1767 r.
Mpuctnn (1733-1804) BnonHe sicHO Bnaen ybeantensHoe 4OoKa3aTenbCTBO 3TOr0 3akoHa B
YCTaHOBMEHHOM UM U gpyrumun, Hanpumep MeHpn Kasenguwem (1731-1810), seneHnn: 3apsag,
NPOBOAHMKA HAXOOUTCA LIESIMKOM Ha ero NoOBEPXHOCTU, B TO BPEMS KaK BHYTPEHHOCTb MPOBOAHMKA
coBepLUEHHO cBOBOAHA OT anekTpmnyecknx genctenmn. OgHako Ha aTn HabngeHus He obpaluanu
Hukakoro BHMMaHua. B 1785 r. Ortoct KynoH (1736-1806) nponssern onbITbl C MOMOLLIHO
KpyTunbHbIX BeCoB. OH HENOCPEACTBEHHO M3MEPUIT CUIY MeXAy ABYMS MareHbKUMU 3apsXKeEHHbIMN
Lap1KkamMmm, YaCTUYHO MO CTaTUYECKOMY OTKIOHEHMIO BECOB, YaCTUYHO NO KonebaHnsm
NoABELLEHHOrO K 3TUM BECaM

wapa. B cnegytowen pabote 1786 r. KynoH, He 3Hasd 0 CBOMX NpeaLecTBEHHMKAX, coobLwmn o
3alUTHOM EeNCTBMM NPOBOAHNKOB U BUAES TakkKe B 3TOM [OKa3aTeNbCTBO 3aKOHA AMNEKTPUYECKNX
cun. OgHako aTa YyacTb ero paboTbl 6binia CoOBEPLUEHHO 3abbiTa, Tak YTO Mbl Tenepb GonbLlen
4YacTblo CBA3bIBAEM 3aLLUNTHOE OEeNCTBME NPOBOAHNKOB C MeHeM Papaes. Ha coBpeMeHHUKOoB
KynoHa npoussenu 60nbLUoe BneyaTreHme ToNbKO AENCTBUTENBbHO HarnsgHble N3MepeHns
nocpencTBOM KPYTUIbHbIX BECOB, Briarogaps KOTOpbIM 3aKOH HOCUT uMs Kynona.

KyrnoH nonoxun cuny, 4eACTBYIOLLYIO Mexay ABYMS 3apsidaMu, NPOnopLMoHaribHON KonnyecTsam
3MeKTpMYecTBa Mo aHanorum ¢ 3akoHom HotoToHa. [lokasaTenbCcTBa OH HEe MOT AaTb, Tak Kak He
“men mMepbl 4ns 3apsaoB. aeto onpeaeneHnst 3To Mephbl, U UMEHHO Ha OCHOBe 3akoHa KyrioHa,
Mbl BNepBble Haxoaum y Maycca.

KynoH npumMeHsan cBOK 3aKoH 1 K MarHeTuaMy. Ho 3aech ero onbiTbl MEHee yoeauTenbHbl, Tak Kak
HaKoMMeHne MarHUTHbIX «IIIMAO0B» Ha TOYEYHbIX NOMocax NpeacTaBnsanoch Bceraa
COMHUTENbHbLIM, XOTSl OH NbITanCa goKasaTb 3TO 3apaHee NoAroToBAeHHbIMU U3MepeHnsMn. To, 4To
Ob1510 NPaBWbHLIM B 3TOM pacnpocTpaHeHnn 3akoHa KyrnoHa Ha MarHUTHbIe SBMEHWs, HaLWno CBoe
TOYHOE BblpaXxeHue B MPUMEHUMOCTU AnddepeHumansHoro ypaBHeHus Jlannaca Kk MarHeTu3amy, Ha
yTO yKasan B 1828 r. [xopax MNpuH (1793-1841). BaxHbIM ABNSE€TCA NONy4YeHHOE Npu NOMOLLN
KPYTUNbHbIX BECOB foKa3aTenbCTBO KynoHOM TOro, 4to MarHuTHoe none 3emnu coobuiaet
MarHUTHOW CTperke BpallaTenbHbIi MOMEHT, NPONOPLMOHANbHbIA CUHYCY Yriia OTKIIOHEHUS OT
MepuaunaHa. 3To ABSETCA OCHOBOM NS NOHATUA MarHUTHOrO MOMEHTa.

Mporpecc, Bbi3BaHHbI 3akoHOM KynoHa, unnoctpupyeTtcs npumeHeHnem B 1811 r. MNyaccoHom
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(1781-1840) Teopun noTeHumana, pa3BnTon paHblue ans taroteHums (rm. 3). [lencteutensHo, B
3akoHe KyroHa unun B aKkBMBasrieHTHOM eMy anddepeHumansHoM ypaBHeHun Jlannaca - [yaccoHa,
a Takke B OnbITe, NOATBEPXKAAKOLLEM NOCTOSHCTBO NOTEHUMana Ha NpoBOAHWKE, COAEPXKUTCHA BCA
3NeKTpoCcTaThKa, NOCKOSbKY ONANEKTPUKN

He y4acTBYIOT B siBneHusX. [lanbHenwen paspaboTkon Teopun noteHumana Mol 06a3aHbl, Kpome
MpuHa, Kapny ®pugpuxy Mayccy (1777-1855), kotopbin BeicTynun B 1839 r. co cBOen 3HaMeHUTOM
paboTon. 3Ta Teopusa okasana BrvsiHMe Aarneko 3a npegenamm ee cobCcTBeHHOM obnacTtu, Tak Kak
cTana npoobpasom Ans MHOrmMx gpyrinx obnacren matremaTmyeckon ousmnKu.

["aycc gan ynomsiHyTOE onpeaenieHne KonmyecTBa anekTpuyecTsa Ha OCHOBaHMKM 3akoHa KyroHa.
EonHuuen konnyecTea anekTpuyecTBa SABSETCS, COOTBETCTBEHHO 3TOMY 3aKOHY, TO KONIMYECTBO,
KOTOpOe OTTarkmBaeT C curnon B 1 AMHY paBHOE eMy KOSIMYeCTBO, Haxodsueecsa OT Hero Ha
paccTtosHuu B 1

CM. Faycc aan nepsoe abcontTHoE namepeHmne MmarHUTHoro MOMeHTa CtaribHoro MmarHmTa 1 Ccusbl
MarHuTHoro nons 3emnu. Ero matemartudeckas Teo-

punsa 3TOro Nong ABMSeTCs HeNnoCcpeaCTBEHHbIM U 3aBepLUaloLLUM NpoaorkeHem paboTbl B.
M'MnbbepTa. Maycc ocHoBan Takke NepBy pauMOHanbHYHO ANEKTPUYECKYIO N MArHUTHYIO CUCTEMY
Mep. Ho 3akoH coxpaHeHus anekTpuyecTBa BnepBbie Obin gokasaH B 1843 r. Muxaunom dapageem
(1791-1867). B n3onMpoBaHHOM, COEANHEHHOM C KOHAYKTOPOM 3fieKTpoMeTpa «Beape Ans fnbaa»
OH nomeLlan 3apsbKeHHbI MeTanInyeckum wap, BUCALLMA Ha ONMHHOW LWENKOBOW HUTU; MEPOWN ero
3apsifa ABnAnochb pacxoXxgeHue NMcToYKoB anekTpomeTpa. ®apanen nokasarn, 4Tto 3To
pacxoXxaeHne He 3aBUCUT OT TeX NpeMEeTOB, KOTOpble elle HaXoaAaTCs B «Bedpe AN nbaay, u oT
COCTOSIHUA UX 3apaaa. MOXHO 3TOT 3apsi NepeHecTy LesIMKOM Ui YaCTUYHO Ha apyrom
NPOBOOHUK; 3TO HE OKaXXeT HMKaKOro BNMSHUSA. TONbKO KOrga BHOCST HOBblE 3apsidbl B «BeApO Ans
nbAay, OTKIIOHEHME ANIEeKTPOMETPa TaKKe U3MEHSETCS; OHO yKasbiBaeT anrebpanyeckyo cymmy
BBEeEHHbIX 3apsiA0B. ATOT OMbIT, HE YCTyNakLuMIM N0 CBOEMY 3HAYEHUIO B 3TO XXe Bpems
Nnosly4eHHbIM JOoKa3aTenbCTBaM 3aKOHa COXPaHEHUSI SHEPruu, He Hallen Takow Ke OLLEHKM TONbKO
NoTOMY, YTO NpeacTaBrieHne 0 HepaspyLlaeMblX ANEKTpUYecknx drrongax buino yxe paHbLue
YCTaHOBIEHO U HE HyXJanocb B 3aLiure.

BTopon, moxeT 6bITb eLle 6onee NNogOTBOPHLIW, LIar Hayka 06 anekTpu4ecTse coBepLunna Toraa,
koraa Anekcangp BonbTa (1745-1827) caenan oTkpbITUE HA OCHOBe HabntoaeHun Jlynopku
ManbBanHn (1737-1798) Hag naryweysen nankon, KOTopble NPOU3BENv CEHCALUIO U HALLMN MHOTO
nocnegosaTenen. Peako HoBoe HabnoaeHne ABnseTcs CToMb TPYAHbIM AN NOHUMAaHWS, Kak 3To;
3TUM OTKpbITMEM Oblna nporioxeHa Aopora B COBEPLUEHHO HendBeaaHHyto obnacTb.

MepBble crniyyanHble HabnogeHus ManbBaHW Hag B3gparnBaHMeEM NAryLweyYbmx narnox,
COeQIMHEHHbIX C MeTannmMyeckon ckobon, B6IN3N aNEKTPUYECKNX UCKPOBbLIX paspsiAoB Unu npu
NpnbNMxKeHUn rpo3sbl Bbiny hakTUYECKM NepBbIM yKa3aHNEM Ha anekTpudeckmne konebaHus;
naryuweybs nanka gencteoBarna kak «getektop». Ho nuwb 6onee yem vepes cTo net pusnkn
CMOrnn 3TO ucnonb3oBaTtb. Toraa xe (1792 r.) nccnegoBaHme M cHacTMBLIV Criydan NpuBENU
"anbBaHW K TOMY, YTO OH CMOT BbI3blBaTb B3AparnBaHUs Nanok NArywKky npyu nomMoLLm ckobsl,
CAEeNaHHOM 13 ABYX pPasfiMyHbiX MeTannoB. OTO Obif NepBbIN ranbBaHUYECKUIA ANIEMEHT; NAryLleYybs
narnka 6bi1a 0QHOBPEMEHHO €ro 3NeKTPONIMTOM U MHAMKATOPOM Toka. Ho 3To He Bbino 0co3HaHo
camum NanbBaHK. OH nonaran, MoxeT BbITb He COBCEM HEMPaBUIIbHO, YTO Nepes HUM SBNEHNS
XMBOTHOrO 3f1EKTPUYECTBA, KOTOPbIE YXKe AaBHO ObININ U3BECTHbI Y ANEKTPUYECKOro ckaTa u Apyrnx
pbl6.

BonbTta Takke 3awuwan B 1792 r. 310 BO33peHue. Ho nocne AnMHHOIO psiga onbiTOB OH Bce bonee
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1 6ornee NPOHNKaNCA MbICIbIO, YTO BMONOrNMYECKMn OBBEKT - NAryLleYbs fanka unn gaxe
4YeroBeYeCKUM A3bIK - UMEKOT TONbKO BTOPOCTENEeHHOe 3HaYyeHne. B 1796 r. OH coBCeM UCKITOUNN
3TOT MOMEHT U BbICKa3arn CyLleCTBEHHOE NPeanonoXeHne O «UMPKYNaUnn» anekTpuiecTsa B Lenm
NPOBOAHMKOB, KOr4a OHa COCTOUT U3 ABYX (Mnun Gonee) NpOBOAHNKOB «MEPBOro» Krnacca n ogHoro
npoBOAHMKa «BTOpPOrox» kracca. OH NnepBbI BBEM 3TN NOHATUS, TaK Xe Kak NOHATME CTauMOHapHOro
anekTpuyeckoro Toka. OnMpasicb Ha 3TO HOBOE 3HaHWe, OH CkoHcTpymnpoBan B 1800 r. BONbTOB
cton6, 3TOT NPOTOTUN raribBaHUYECKUX ANIEMEHTOB,

NOSIBUBLUMXCA B Nocriegyowmne roabl U 4ecATUNETUS, kak rpmbbl nocne aoxas. 3HaMeHuTbIM cTan
Takke «OCHOBHOM ONbIT BonbTay, KOTOPbIV SOMKEH Obif NokasaTb 3apsKeHne ABYX MeTarnnoB npu
conpukocHoBeHun. CoBpeMeHHas Kputunka (Omunb BapOypr) ero nogpbiBaeT: Mexay AByMS
MeTanIM4yeckumMmn nNnacTMHKkaMn MMeeTCs BCerga eLle BoasHasa npocnovika, n akTudecku To, YTo
namepsin BonbTta, ObINO HaNPsXKEHWEM Ha MOMCax OTKPLITOrO raribBaHMYECKOro anemeHTa. Ho
npaBubHbIM U OCHOBOMONarawLwmm 6610 ykasaHne BonbTa Ha TO, YTO B YNCTO METaNSINYECKOM
cpeae, CKONbKo 6bl HM BbIN0 pasnUyYHbIX METanoB, MOMEHTaNbHO obpasyeTcs aneKkTpmyeckoe
paBHOBECKE, KOTOPOE UCKNoYaeT nobon Tok. ToNbko TeMmnepaTypHble pasnnuyumst NOPOXKAAT TOK
(TepmoanekTpuyecTBo). 310 6bINno obHapyxeHo B 1821 r. Tomacom NoraHHoM 3eebekom
(1770-1831).

ONeKTponuns, B KOTOPOM Mbl TeNepb BUOUM MPUYNHY BO3HUKHOBEHWS ranibBaHN4Y4eCcKoro Toka, obin
onucaH yxe B 1797 r. oo anemeHTa Bonbta Anekcangpom N'ymbonsatom (1769-1859) (ctskaswimm
OonbLUy0 cnaBy CBOMMU SOCTUXKEHUSIMU B ONUCATENbHbBIX €CTECTBEHHbIX Haykax). OH Habnogan
3NeKTponun3 B Lienn o4HOro LMHKOBOroO M O4HOro cepebpsiHOro anekTpoaoB C NPOCOMKON BOAbI
Mexay HUMKU. FeHmnanbHbi baHTasep MoranH Bunbrenom PutTtep (1776-1810) nonyymn nytem
3NeKTponmn3a MeTannMyeckyo Meab U3 pactesopa MeaHoro kyrnopoca. OH 0BHapyxun Takxke
NOEHTUYHOCTb CTaTMYECKOrO N raribBaHNYECKOro aNeKTpuYecTBa, NpUMEHSAs Ansa anekTponmaa
paspsabl nengeHckon 6aHkM. OH NepBbI YCTAaHOBUI, YTO XMMUYECKME NPEBPALLEHNS ABMAIOTCS
NPUYNHON BO3HUKHOBEHNS TOKa B ranbBaHn4eckom anemente. B 1800 r. N'emdpum asu (1778-1829)
Ha4an cBOV 3HAMEHUTbIE ANEKTPONUTUYECKNE UCCreaoBaHnd, KoTopble ero npueenu B 1807 r. K
OTKPbITUIO raribBaHWYECKOro BblAEeNeHUs WerioYHbIX MeTannoB. brnarogapsa konuyectseHHOMY
N3MEepPEeHNIo Macchl NMPOAYKTOB 3NEKTPONnN3a OH OTKPbIN OS5 uccnefoBaHUs HanpasneHne, KoTopoe
npveeno B 1834 r. kK 3akoHy akBuBaneHTHocTn Muxauna ®apages (1791-1867), B 1853 r. k pabotam
WoraHHa Bunbrensma N'mttopdpa (1824-1914)

0 nepeaBwXeHUn MoHoB, B 1875 r. k oTkpbITU0 Ppngprxom Konbpaywem (1840-1910)
He3aBMCMMOCTWN NOABMXKHOCTM MOHOB, a B 1887 I. K Teopun aneKkTponnTuyecKkon auccoumnaumm
CsaHTte AppeHunyca (1859-1927). 3ameuaTenbHoe 3aBepLleHne Hawen 3TOT 3HaMEHUTbIN pag,
OTKPbITUI B TEOPUM INEKTPOABMXKYLLMX cun Banbtepa HepH-cTa (1864-1941).

Tem cambim Gbina 3aBeplLueHa Teopund raribBaHM4YeCKoro Toka. I'IpaB,u,a, npegcrasrieHne o0 ToOM, YTO,
Harnpumep, MOH HAaTpunA OO0JTXKEH cB06OAHO ABUraTbCs B BOAHOM pacTtBope, He pearnpyda XMuMnN4eCcKku
C Opr)Kal'OLl_l,elz CpeD,OIZ, BCTpe4dario BHa4alie 3Ha4ynTtersibHoe conpotTmnereHne; 4acto He rnpu3Hasanm
pasnnyna mexay HeIZTpaJ'IbeIM aToOMOM M MOHOM. Ho Teopud nonyydura Takme MHOIro4YncCrieHHble
noarBepXaeHund, 4To conpoTuBIieHne nocTteneHHo 3arnoxno.

OTkpbITME BonbTa NONOXMMNO Havyano pagy ewle Apyrux IMHUN pas3sutus. [anbBaHnyeckue
3NeMeHTbI JaBann TOKM COBCEM APYrov CUMbl N NPOAOIKUTESNIbHOCTU, YEM Te, KOTOPbIe NOMyYanuchb
nytem paspsiga koHgeHcatopa. B 1811 r. [lasu npu nomowum 6atapen n3 2000 anemMeHTOB Nony4ynn
BONbTOBY AYry, KOTOpasi CRyxuna anekTpu4yeckMm MCTOYHMKOM CBeTa A0 Tex nop, noka B 70-x rogax
XIX ctoneTtus oHa He Obina NOCTENEHHO BblITECHEHA N306peTeHHOM TomMacom OaUCOHOM
(1847-1931) ocBeTuTensbHon namnon. bnarogapsa anemeHTam ctanu AOCTYMNHblI UCCNEA0BaHUIO
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MarHMUTHbIE OENCTBUS TOKA.

C Havana XIX Beka cyLiecTBOBafio MHOMO pasrivyHbIX NPeanosioXeHnn o cunax, 4encTBYOLNX
MeXay 3MeKTPUYECKUMU U MarHUTHbIMU (pritonaamu; 3Tn NpeanonoXeHns NpuBenu K
nccrnegoBaHNAM B3auMOOeNCTBUS MeXay MarHUTHbIMUY MOMCaMn U OTKPbITbIMU BOSbTOBbLIMU
cton6amun. He3aBMCMMO OT TakMX NOXHbIX NyTEN K YUCTO criydamnHo MaHc XpuctmuaH OpcTeq
(1777-1851) HaTtonkHynca B 1820 r. Ha ghakT OTKITIOHEHUSI MArHUTHOW CTPESIKU SNEKTPUIECKUM
TOKOM W Hallesn nocrne 3Toro Takke COOTBETCTBYHOLLEE HarnpaBrieHne CUmbl Mariuta, 4encTByoLEN
Ha KOHTYp ¢ ToKoM. MHormne pusnkmn, ocobeHHo dpaH-

LyacKkue, cTanu uccrefoBaTb BHOBb OTKPbITYI0 061acTb, U B TeYeHne AByX neT Obinv co3aaHbl
OCHOBBbI anekTpomarHeTnama. CHavana JomuHuk ®paHcya Aparo (1786-1853) n Xosed Jlyun
en-Jtoccak (1778-1850) Habntogany HamarHM4nMBaHMeE Kycka xenesa nog BAUstHUEM TOKa,
NPOX0oAsLLEro NO NPOBOMIOKE, HAMOTAHHOM Ha ene30. OT0o 6biN NepBbIN ANeKTpoMarHuT. B Tom xe
rogy Angpe Mapu Amnep (1775-1836) yctaHOBUN CBOE 3HAMEHUTOE NpaBusio nnoBLua ans
onpeaeneHus HanpasfieHUss MarHUTHOrO CUITOBOrO MOMA MO OTHOLLEHUIO K MPOBOAHUKY TOKa U
Hallesn, 4To O4MHAKOBO HarnpasfeHHble TOKU MPUTArMBAOTCS, a NPOTMBOMNOSIOXHO HanpaBfieHHbIE -
oTTankmeatoTca. OH nokasan, YTo coneHong enCcTBYyeT Kak MarHUTHbIN cTepXXeHb. OQHOBPEMEHHO
XKaHn batuct buo (1774-1862) n ®enukc Casap (1791-1841) Ha ocHOBaHMM pe3ynbTaToB OMnbliTa
cchopmynupoBanu Ha3BaHHbIM MO NX UMEHWN 3aKOH MarHUTHOrO OENCTBUSA OTAENbHOrO 3fieMeHTa
Toka. ®apagen B 1821 r. noaBepr 4ENCTBUIO NOCTOSIHHLIX MAarHMTOB NOABMXXHbBIE YaCTu Lenu ToKa U,
HaobopOT, MarHUTLI 4encTBuUio TokoB. Nocne atoro B 1822 r. AMnep nokasan B3anMoaencTBme AByX
3NEKTPUYECKUX Liernemn Toka 1 NPUHSAN ero 3a UCXOOHbIN MYHKT Ang CBOEro OCHOBHOIO 3aKOHa
3NEKTPOANHAMUKN - TEPMUH, KOTOPbIM BNepBble NOABASETCA UMEHHO Yy Hero. OcobeHHoe 3HaveHne
nmerno, npasaa TONbKO Yepes cToneTne, ero o6bsCHeHMe MarHeTM3mMa yxxe He NocpeacTBOM ABYX
MarHuUTHbIX PIOMA0B, HO 4ENCTBUEM IMMOTETUYECKUX MONEKYNSAPHbIX TokoB (1821-1822).

N3 aTuX MarHUTHbIX 4eNCTBU ToKa Bbina nonyvyeHa mepa Ans cunbl Toka. B 1826 r. CumoH Om
(1787-1854) npu nomoLLmM ACHOrO pasgeneHnsa NOHATUN «INEeKTPOoaBUXYLLAA cunay, «ypoBHU
HanNpsHKeHUs», «CuUrna ToKkay» BbiBersT Ha3BaHHbIM NO ero UMeHW 3aKOH NMPONOPLNOHANLHOCTN MeXay
CUIOW TOKa W Pa3HOCTLIO HAMPsXXeHUN, Npu4emM Ko3arUMEHT NPONOPLMOHANbLHOCTU O3Havan
conpoTueneHune nposogHuka. OM rnokasan, 4YTo ConpoTUBIIEHNE

MPOBOJIOKM NPOMOPLMOHANBHO ANMHE U 06paTHO NPOMOPLMOHANBHO €€ CEYEHUIO, U 3a5OXMUIT ATUM
OCHOBbI NSl MOHATUSA yAENbHOW 3MNEeKTPONPOBOAHOCTM Ten. Ho 3TO TONbKO 0AHa U3 TPEX KOHCTaHT,
KOTOpble XapaKkTepuayoT NoBeAeHne Noboro BeLECTBa B OTHOLLEHWUM 3MeKTpu4ecTsa u
mMarHeTusma.

B 1847 r. P. Kupxro (1824-1887) cmor paspewmnTtb npobrnemy pa3BeTBeHUs Toka nytem
YCTaHOBMEHNA NpaBui, Ha3BaHHbIX MO €ro UMEHM.

BaxHenwwee npuMeHeHne anekTpoanHaMmuka Hawna B tenerpade. B 1833 r. Naycc n Bunbrenbem
Bebep (1804-1891) nanun npuHUmMn yHKUMOHUPOBaHUA Tenerpada no ogHon NNHUN.

Mocne 1822 r. HacTynun nepepbiB B pa3BUTUM ANIEKTPOMArHeTM3ma, XoTa 4o 31oro 6bina
nccrnegoBaHa TOMbKO MONOBUHA 3TOW rPyMbl ABMIEHUMN.

B 1831 r. ®apagen OTKpbIS, YTO AENCTBUIO TOKOB HA MarHUT COOTBETCTBYET obpaTHOe aencTeme
MarHuTa Ha Tok. OH HamaTbIBan Ha XXenes3Hoe KoSbLOo ABE KaTyLK/M U3 MPOBOSIOKN N NponycKan ToK
Yyepes NepByHo KaTYLLKY; Cpa3y e Mnocne BKIYEeHUs ToKa B NepPBON KaTyLLKe BO3HMKaN TOK BO
BTOPOW; NPW BbIKNIOYEHUN TOKa B NEPBON KaTyLLKE BO BTOPOW NOSABMAANCS TOK MPOTMBOMNOMOXHOIO
HanpasneHus. Tem cambiM Bbina OTKpbITa MHAYKUMSA, n apagen B nocneayrowme rogbl BblsCHAS
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ee pasnuyHble opmbl. B 1833 r. ero HeCKONbKO HEACHbIE YKa3aHUs O HanpaBlieHUN
MHOYUMPOBaHHbIX ABmKeHun TokoB 3. X. JleHy (1804-1865) coegmHmn B NpaBuno, Ha3aBaHHoOE Mo
ero MMeHun. Bckope nossBUNUCb MHAYKLMOHHBIE MaLUWHbI, KOTOPbIE BbipabaTbiBann anekTpnuyeckun
TOK ©6€3 NpMMEHEHMS ranbBaHUYECKNX aneMeHToB. Ho ocobeHHO 6onbLuon nogbem B 3Ton obnactum
Hadanca nocne 1867 r., korga B. CumeHc (1816-1892) sameHun ncnonb3yemble B MHOYKUMOHHbIX
MalUMHax cTarnbHbl€ MarHUTbI 3NIEKTPOMarHMTamu, KOTopble NUTanucb BolpabaTbiBAEMbIM 3TUMMU
MaLuu-

HaMn TOKOM; MMEHHO B 3TOM 3aKrio4aeTCcA ,D,VIHaMO(BJ'IeK-TpVIHeCKVIﬁ npuUHLUNAM.

OnekTpoanHamMumKka gana BO3MOXHOCTb YCTaHOBUTb BTOPYHO, HE3aBMCUMYHO OT 3akoHa KynoHa,
cucteMmy mep. MoxHo, Hanpumep, B Ka4ecTBe eAnHULbI CUIbl TOKa BbiOpaTb Takon TOK, KOTOPbLIN,
npoTtekas B AfIMHHOM NPOBOAHMKE HA PACcCTOSAHUN OAHOro CaHTUMETPa OT BTOPOro Takoro e
NPOBOJHMKA C TAKUM >Xe TOKOM, OeACTBYET Ha eANHULY OJTMHbI MOCNeAHEero ¢ CUon B O4HY OVHY.
OTa aneKkTpoMarHMTHasa eaMHULa TakoBa, YTO paBHas en cuna Toka B TEYEHUE eaUHULbI BPEMEHU
AaeT KOHAEeHCaTopy eANHNULY KONMYecTBa anekTpuyecTBa. 310 C HEOBXOANMOCTbLIO MPUBENO K
BOMpoCy 06 OTHOLUEHUM K SNEeKTPoCcTaTUYeCKon egmHuLe, onpeneneHHon sakoHoMm Kynoxa. U3
COOTBETCTBYHOLLMX POPMYI YBUOEMNN, YTO 3TO OTHOLLEHME UMEET pa3MepPHOCTb CKOPOCTU. Ero
3HadveHue namepun B 1852 r. Bunbrenosm Bebep (1804-1891) ¢ yanBuTernbHbIM pe3yrbTaTtoM: 3TO
€CTb CKOpPOCTb CBeTa, paBHasa 3 * 1010

cm/cek. hxemc Knepk Makceenn (1831-1879) nposepun aToT pe3ynbTaT B 1868-1869 rr. ¢ 6onee
BbICOKOW TOYHOCTbIO, TaK Kak 3TO MMENO OCHOBOMOMaratwLLlee 3Ha4YeHne aAns aNeKTpoMarHUTHON
Teopuun cBeTa. B ganbHenwem onpeaeneHme 3Toro OTHOLWEHUSA ObINo Tak YCOBEPLLUEHCTBOBAHO, YTO
N cenyac CYMTAEeTCst TOYHbIM N3MEPEHMEM CKOPOCTU CBETA.

[MpymeHseMble B HacTosiLLee BpeMs B TEXHUKE dreKTpuveckne eguHuLbl - amnep, oM, BONbT U Ap. -
ObInn yctaHoBneHsl B 1881 r. MIHTepHaumoHanbHbIM KOHrpeccoM B [Napwuxke. B To Bpems, B cuny
HeJOCTaTOYHOro NpeaBuaeHNS PasBUTUA TEXHUKU, HE peLlanincb NPUHATL 3MEKTPOMAarHUTHYHO
eVHNLY CUIbl TOKA Kak TEXHUYECKYIO eANHNLY, TaK KaK OHa Ka3anacb HenpakTM4HO 60sbLon, n
onpegenunu amnep kak 1/10 aTon eanHuub.

Bo BCcex ynoMsiHyTbIX 40 CUX MOP U3MEPEHUAX UMENN OeN0 C TOKaMU B MeTanfIm4yeckmx
npoBogHukax. B 1872 r. N'eHpu Poynang (1848-1901) nokasan, YTO KOHBEKLMOHHbIE TOKM
CTaTMYeCKNX 3apsaoB Ha ABMXYLLUNXCS Ternax OKa3blBaloT TOYHO TaKoe Xe MarHUTHoe OenCTBue.

OTKpbITMS 3NEKTPOANHAMMKIM MNOCTaBUNN TEOPUIO Nepes 3agavyamu, KOoTopble B OTNIMYME OT BCEX
NPEeXHMX 3agay He MOrnu ObiTb paspeLleHbl PACCMOTPEHNEM LIEHTPASTbHbIX CUST, AENCTBYIOLLNX
MeXay MaTepuaribHbIMU TOYKaMM U 3aBUCALLMX TOSbKO OT paccToaHus. AMnep n ®paHu SpHCT
Henman (1798-1895) n npexae Bcero Bunbrensm Bebep paspabotanu HoByto Teoputo. OCHOBHOM
3akoH Bebepa (1846) oxBaTun Bce, 4YTO Toraa 3Hanm ob anekTpuyecTse, 4OMYLEHNEM, YTO cuna
Mexay OBYMS 3apsgaMuy 3aBUCUT HE TOSbKO OT PacCTOSAHUS, HO Takke OT CKOPOCTU N YCKOPEHUS,
YTO TOKM ABNATCS ABMXKyLWmMMuUcs 3apsgamu. 1o 1890 r. 3akoH Bebepa urpan 6onbLiyto ponb B
Hayke. Ho Bce 3T Teopuu cTpaganu Tem HeLOCTaTKOM, YTO OHW AoMnycKanu AanbHO4ENCTBME.
Mockonbky Obinia NpU3HaHa KOHeYHast CKOPOCTb PacrpPOCTPaHEHUS ANEKTPUYECKNX OENCTBUIN, OHU
nwanuck noyvsbl. OHM CBMAETENLCTBYIOT €Lle CEerogHs 0 TOM, Kak Tsbken 6bin NyTb NO3HaHUA B
aToM obnacTu, K Kakum 60nbLIMM M3MEHEHMAM BCEX (PU3NYECKUX BO33PEHNI OH MPUBEIT.

Boxagem B paspaboTke npaBuibHOrO NOHUMaHUS ANIEKTPUYECKUX U MarHUTHbBIX ABNEeHU Obin
Mwuxaun ®apagen. B 1837 r. oH 0bHapyXun BAnsHNE OUINEKTPUKOB Ha aneKTpocTaTuyeckme
aBneHus; B 1846 n B nocneaytowme rogbl oH nokasas obLyo pacnpocTpaHEeHHOCTb AMaMarHUTHbIX
CBOWCTB B NpMpoae, B TO BPEMS Kak NapamarHeTu3m siBlgeTcs UCKnodeHnem. Torga xe y Hero
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BO3HMKIIO NpeACTaBneHne, YTO aNIeKTpUYEeCKMe U MarHUTHbIe AEVCTBUSI HE HEMOCPeACTBEHHO nayT
OT TeN K Tenam, a NepeHocsTCs Yepes nexalumin Mexxay HUMM AN3NEeKTPUK, KOTOPbIA CTAHOBUTCS
MECTOM 3J1EKTPMUYECKOrO UITN MarHUTHOTO «MOMs», - 3TO MNOHSATUE Takke BBeaeHo Papaneem.
YkasaHHOe BO33peHne pa3BmBarioch NocTerneHHo B NPOLECCe ero 3KCNepuMeHTOB.

«3ITUM 06BACHAETCA TO, YTO B oNybnunkoBaHHbIX paboTax OH BblpaXkaeT CBOU naen B opme,
ocobeHHO npucnocobneHHoON Ans BO3HUKaloLen Hayku. B camom gene, ero maHepa nucaHus
3HaAYNTENbHO OTNIMYAeTCsa OT MaHepbl TeX (PU3MKOB, KOTOopbIe, Kak AMnep, Obiny nNpu3saHbl 0bneyb
ee ngen B matemMatumyeckyro gopmy». Tak oueHnBaeT

xemc Knepk Makcsenn *) pabotbl Papages n HeCKonbKO Aanblue OH npogosrmkaeT: «MoxeT 6bITb
OIS HAYKN SBMSETCSA CYaACTNMBbLIM 06CTOATENBCTBOM TO, UTO Papagen He Obin COGCTBEHHO
MaTeMaTUKOM, XOTS1 OH Obif1 B COBEPLUEHCTBE 3HAKOM C MOHATUAMU NPOCTPaHCTBA, BPEMEHU U
cunbl. [109TOMy OH He MbiTanca yrnyonaTbCsi B UHTEPECHbIE, HO YNCTO MaTeMaTnyeckme
nccnegoBaHns, KOTopbix TpeboBanm ero oTkpbITUA. OH Obin ganek ot Toro, YTobbl 061e4Yb CBOM
pes3ynbTaTbl B MateMatmnyeckue opmyrnbl, nnbo B Te, KOTopble 0400psSNMCb COBPEMEHHBIMU EMY
mMatemaTukamu, NMbo B Te, KOTOPbIE MO AaTb OCHOBaHME HOBbLIM Ha4YMHaHUAM. bnarogaps
3TOMY OH NOJSTy4nn AOCyr, KOTopbl TpeboBancs eMy Anst paboTbl, COOTBETCTBYIOLLEN €r0
AYXOBHOMY HarnpaBieHUI0, CMOT COrflacoBaTb MAEN C OTKPbITbIMM UM bakTamMu U co34aTb ecnn He
TEXHUYECKUIN, TO ECTECTBEHHbIN A3bIK ANSA BblpaXXeHUs CBOUX pedynbTaToB». O CBOMX COOCTBEHHbIX
nccnepoaHmsix Makceenn npubaensieT cnegytouwee: «A npeanpuHan cneumnansHo 3Ty paboTy B
Hagexae, 4To MHe ygacTcs npuaaTth ero (T. e. ®apages) ngesm nu MeTogam matemaTudeckoe
BblpaXXeHune».

*) Lehrbuch der Elektrizitat und des Magnetismus, English - Cambridge, 1873; Deutsch von B.
Weinstein - Berlin, 1883, 1. Il, 216.

HencteutensHo, Makceenn B cBoeM nepBoM covnHeHun 1855-1856 rr. oopmynupyet
MaTemMaTUYeCKM NOHATME CUNOBLIX NMMHUK Papages. Tak kak OH OCOBEHHO TLATENbHO aHanManpyeT
XapakTep CUMNOBbIX JIMHUA 3NEKTPUYECKOro TOKa, eMY yAAeTCs BbIBECTM XOPOLLO M3BECTHOE HaMm
BEKTOpPHOE anddepeHumnanbHoe ypaBHEHNE sl CTauMOHapPHbIX NOSier, COOTBETCTBEHHO KOTOPOMY
Kaxkgasi MMHUSA Toka obpasyeT BUXPEBYHO NIMHUIO MarHUTHOro nond. Ho ans Bcero ganbHenwero
peLlatowmnm warom, Hambonee ceoeobpasHon pabdoton Makcsenna 6bina ero ctatbs 1862 r.**), B
KOTOPOW OH BNepBble NpnbaBnseT K TOKY NPOBOANMOCTMN TOK CMELLLEHWNS, BO3HUKAIOLLNIA B KaXX40OM
AV3NEKTPUKE NPU N3MEHEHUN HANPSXKEHHOCTU ANIEKTPUYECKOro Noss 1 BCcerga garoLwmn BMecTe ¢
TOKOM NPOBOAUMOCTM 3aMKHYTbIN 00w mMiA TOK. MakcBenn npuwen K 3ToMy NocpeacTBoM
r’MNOTETUYECKON KBasMMeXaHN4Yeckon moaenn. HMKTo He paccmaTpuBarn 3TOT BbIBOA Kak
ybeautenbHoe aokasaTtenbcTBo, n MakcBenn gaxe He NoMecTun ero B CBoemM OBLUIMPHOM yYebHUuke
1873 r. Ho oueHb nHTepecHo, 4to Makceenn MMEHHO Ha 3TOM 06X04HOM MyTW COBEPLUUIT CBOE
peLlatoLlee OTKpbITUEe. DreKTpoMarHuTHasa Teopus ceeta (rmn. 4), T. €. y4eHue o TOM, 4YTO
CYLLECTBYIOT 9f1IeKTPOMarHUTHbIE BOSHbI, pacnpOCTPaHALWMNECH CO CKOPOCTLIO CBeTa, Oblna ToSbKO
HeobxoaumbimM crnegcTeueM; Makceenn BbiBen ero B 1865 r. NepeHoc cunbl 3NeKTpoOMarHUTHbIM
nonem MakcBens cBen K HanpsKeHUsIM, KOTOpble HOCAT Tenepb ero MMs 1 KOTOpble aHanoOr4YHbI
yNpyrum HanpskeHusm, nccrnegoBaHHbiM Kowm (. 2); OHM OTAnYaroTCs OT NOCNeaHNX TONbKO TeM,
YTO He CBsA3aHbl ¢ AedhopMauunen matepun. bonee Toro, Oyay4ym Bbi3BaHbl UCKIIOYUTENBHO NOSIEM,
OHM MOTYT UMETb MECTO JaXe B MyCTOTe, B OTCYTCTBUMN BCAKON MaTtepun. B COOTBETCTBUM C 3TUM B
YUCTO INEKTPMUYECKOM UITM YUCTO MArHUTHOM MNOSie MMEETCHA HaTSXKEeHME BAOSMb KaX4on CUITOBOM
NVHUK, a NePNEeHANKYISAPHO K HEW- LaBreHNe TON XXe MHTEHCUBHOCTU. JINLWb HanpshkeHns
Makcsenna npuBenn K yTOYHEHUIO MOHATUS BNnM3Koaen-CTBUS..

**) Philosophical Magazine (4)23,12 (1862); ypaBHeHue (112).
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Tak 6bIn NONHOCTBIO 3anoXeHbl PU3NYECKNE OCHOBbI COBPEMEHHOW TEOPUM AnekTpuyecTea. B
1890 r. NeHpux Nepy (1857-1894) npuaan 3akoHy nHaykumm ®apages oopmy anddepeHumansHOro
ypaBHEHUSA, KOTOpoe ornonHAeT gaHHoe Makcsennom guddepeHunanbHoe ypaBHeHne. Tem
cambIM cuctema ypasHeHnn Makceenna, B KOTOpon Mbl BMecTe ¢ ['epuemM ycmaTpuBaeM CyLLHOCTb
Teopun Makcsernna, NpuHAa Takon 3CTETUYECKM COBEPLUEHHbIN CUMMETPUYHbIN BUA, KOTOPbIN,
NPUHUMas BO BHMMaHWe BceobbemroLlee husndeckoe cogepxaHme CMCTeMbl, NpUBeKaeT Hac
NOYTU Kak 0MeBUOHOCTb. HO BCe e 3To ObIno ToNbKo hopmanbHbiM genom. Jivwb B 1884 r.
BO3HMKNa Teopusi NoMHTMHIra 0 NOToKe aHeprum (rn. 5) n nosBunmucek oTkpblITUA . A. JlopeHTua n
AHpu MNyaHkape (1854-1912) OTHOCUTENBHO CBA3N NOTOKA ANEKTPOMAarHUTHOM 3HEPTUK C
3NEeKTPOMarHUTHbIM UMMYJTbCOM. DTO 03HA4Yano, OAHaKo, TONbKO HEKOTOPOE AOMNOMHEHNE, a He
CyLLleCTBEHHOE M3MeHeHne ocHoB Teopun Makceenna.

HecMoTps Ha CBOKO BHYTPEHHIOK 3aMKHYTOCTb M NMOMHOE COOTBETCTBME C OMbITOM, TEOPUS
MakcBenna Tonbko NOCTENEHHO Haxoauna npuaHaHue cpeaun ouankos. CrMWKOM HEOObIYHBIMU
6binn ee ngen. Jaxe nogn macwTtaba MenbMronbua n bonbumaHa MHOro neT noTpaTux Ha
OBrnafeHue €eto.

B 1879 r. bepnuHckas Akagemusi nOCTaBuiia KOHKYPCHYHO 3a4ady: aKCnepuMeHTasnbHO JOoKa3aTb
BNUSHME OAN3BNEKTPUKA Ha MarHUTHY MHAYKuuio; B 1887 r. ee paspewwun . 'epy nocpencTBOM
ObICTpbIX KonebaHnin. BaxkHbIM pe3ynbTaTtoM NOAOOHLIX pasMbILLNEHUIN SBUITOCH Takke
nccneposaHne Koupaga PeHtreHa (1845-1923) B 1888 r. OH 0B6HapyXus, 4To MarHUTHbIE OENCTBUSA
ABWXYLLLEroCs 3reKTpU4ecKy NonsipM3oBaHHOro AN3NEKTPUKa TakoBbl Xe, Kak JeNCTBUSA
3MIEKTPUYECKOro ToKa. OTO cooTBeTCTBYET naee ®Papages. Mol HasbiBaeM yCTaHOBMAEHHbIN 3deKT
TokoM PeHTreHa. OTkpbiTve B 1888 r. anekTpomMarHMTHbIX BOSH Mepuem nosioxmnno KoHew, BCEM
COMHeHusM. M3 uncna konebaHum n AnvHbl BOSIH OH HEMNOCPEACTBEHHO Onpeaenun CKoOPoCTb NX
pacnpocTpaHeHns 1 Hallern ee paBHOM CKOPOCTU CBeTA.

[Mpeguctopma aToro OTKPbITUS CBsA3aHa ¢ coumHeHneM [enbmMronbua «O coxpaHeHuu cunoi» (1847,
. 6). N3 pa3nuyHbix HabnogeHn Hag pa3psgamm nengeHcknx 6aHok n 0CobeHHo n3
HEe3aBMCMMOCTM NOPOXKAAEMOrO NMpu 3TOM JKOyreBa Tenna oT Bcex 0COOEHHOCTEN MPOBOSIOKH,
3aMblKatoLLen KOHTYP, MenbMronby, 3aknio4vmn o konebarenbHOM xapaktepe pa3psga. TOYHO Tak Xe
B CBSA3U C MPUHLMNOM coxXpaHeHnsa aHeprum Bunbam TomcoH (nopa KenesuH) gan B 1853 r.
MaTeMaTUYECKY0 TEOPUIO 3TOr0 ABNEHNSA, K KOTOPOW Mbl €4Ba N YTO-HNOYAb MOXeM NpnbaBuTb.
Bepeng Bunbrenom ®epaepceH (1832-1918) Habnogan ¢ 1858 go 1862 r. atn konebaHus B Buge

pa3psigHon NUCKpbl BO BpaLatowwemcs 3epkane. B 1870 r. ®pugpux Bunerenosm besonbg
(1837-1907) saiBHO 0BHapy»xun konebaHusa B NPOBOASALLMX NPOBOSIOKax CoO CBOBOAHLIM KOHLOM 1 B
Lenun pesoHatopa ¢ pa3oOMKHYTbIM UCKPOBbIM NpoMeXyTkoM. Ho BnepBble B pykax 'epua nogobHble
pe3oHaTopbl CTanu cpeacTBOM UcCrefoBaHNA BOSH B aTMocdepe, CpeCcTBOM JoKa3aTenbCcTBa ux
nonapusaunn, oTpaxKeHusi, NpenoMneHns, a Takke nHTepdepeHUnn; oHM anu BO3MOXHOCTb Takxke
N3MepUTb ASIMHbI BOSTH U TEM CaMbIM CKOPOCTb PacnpoOCTpaHEHUS.

BonHebl, ¢ KOTOpbIMU 3KkcnepumeHTupoBan epu, Obiny cnunbHO 3aTyxawwmmn. Ecnn mel Tenepb
MOX€EM MOBTOPUTb €ro ONbITbl C HE3aTyXalLWNMN BONIHAMK 1, crefoBaTtenbHo, ¢ 6onbLuen
TOYHOCTbIO, TO 3TUM Mbl 00513aHbl TEXHUKE. HO 9Ta TexHMKa npoLwuna TpyaHbin nyTb 4o 1913 1. u
no3xe, NoOKa Hay4YnnUCb NofyyaTb He3aTyxaroLlmMe BOSHbI HA OCHOBE MpuHLUMNa 06paTHOW CBA3N (rn.
1), 4TO GLINO Mcnonb3oBaHo ANa 6ecnpoBONOYHOro Tenerpada u Apyrux NogooHbIX Lenen.

Kak 3a HbloTOHOM nocnepgoBana anoxa MateMaTu4yeckoro opopMIeHNss MEXaHUKU, Tak OTHbIHE
HacTynuna nopa matemaTtudeckoin o6paboTku Teopun Makceenna. [ns npeactaBneHnss MarHUTHbIX
BMXPEBbIX NONel CTaUMOHapHbIX TOKOB YXXe B MPeXHNe BpemeHa Obin BBeAeH BEKTOp-MoTeHuMan.
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Tenepb eMy 1 ckanapHOMY NoTeHuunarny anekTpocTaTuky 6bin NPOTMBOMNOCTABMNEH 3ana3ablBatoLLni
noTteHuman, eBeaeHHbin B 1898 r. Anbcpeaom Mapu JlneHapom n B 1900 r. Omunem Buxeptom
(1861-1928). B aTom noTeHumane KOHeYHasi CKOPOCTb PacnpOCTPaHEHMUS ANEKTPOMArHUTHbIX BOJTH
HaxoguT cBoe Haubornee YeTkoe BblpaxeHue. NepevncneHne Bcex nccrnegoBaTenen, Kotopble
MaTeMaTUYEeCKN peLlany BaXKHble HayYHble U TeXHMYECKNEe NpobnemMbl NepeMeEHHbIX ANEKTPUYECKNX
nosieun, BbIXOOAUT daneko 3a paMku AaHHOW KHUrK. B coBpeMeHHOM n3noxeHun Teopus Makceenna
ABMSETCA 3aMeyaTenbHbiM TBOPEHNEM, PABHOLIEHHBIM MEXaHUKe.

B Hauane XX Beka yyeHne 06 anekTpu4ecTse U MarHeTu3Me Kasasnoch JOCTaTOYHO 3aBepLUEHHbIM,
Tem 6onee, 4YTO HE3aJ0Mr0 40 3TOr0 aTOMUCTUKA BHECNA NOPSAOK U AICHOCTb B MOHMMaHWE SIBIIEHUI
paspsiaa B pa3pexeHHbIx razax. OgHako MIMEHHO B CaMOW CyLLeCTBEHHOW 06nacTu 3TOro y4yeHus, B
obnacTun anekTponpoBOAHOCTU, ObifI0 OTKPbITO HOBOE HEOXMAAHHOE ABneHune. B 1835 .
namepernamm 3. X. JleHua (1804-1865) 6b1n0 nokasaHo, YTO CONPOTUBINEHNE METASNOB NMpu
oxnaxgeHun ymexbluaetca. KamepnuHr-OHHec (1853-1926) nccneposan 310 ABMAEHME Mpu
Temnepatype 10° K, gocturHyton B 1908 r. npu oxmxeHmum renus. OH Hawen, YTo y MeTannos,
HanpuMep y 30510Ta, cepebpa, Mean, MeeTcs HEKOTOPOEe KPUTUYECKOE 3HAaYEHNE CONPOTUBIIEHMS,
HMXXe KOTOporo oHo He nagaeT. Ho B 1911 r. oH oBHapyxun cHavana y pTyTu, a 3aTem y CBMHUa,
0r10Ba 1 HEKOTOPbIX APYrMX MeTarnsnoB BHe3arnHoe NcYe3HoBEHNEe CONPOTUBIEHUS SNEKTPUIECKOMY
TOKY, KaK TOfbKO Temnepartypa nagana HuKe KpUTM4eCKon TOUKM, XapakTepHON Ansa aTmux ten. Tak
Oblna yctaHoBneHa ceepxnpoBogumocTb. B 1914 r. KamepnuHr-OHHec nokasarn, 4To TOK,
LMPKYINMPYIOLLMIA B CBEPXNPOBOASLLEM KOSbLE, HE UBMEHSNCA NO BENIMYNHE B TEYEHNE HECKOSbKNX
AHen 6e3 nNpunoxeHust kKakon-nmbo anekTpoaswmkyLLen cunbl. HakoHeu, KamepnuHr-OHHec Hawen
Takke, YTO Npu NOCTOSAHHOW TeMnepaType CBEPXNPOBOAMMOCTb MOXET ObITb paspyLueHa
AeNCcTBMEM MArHUTHOrO MNosis, Nocne Yero BCTynaeT B CBOM npasa 3akoH Oma. Hanps»keHHOCTb
MarHUTHOrO MOMs, NPU KOTOPOM €eLLle COXpaHAeTCs CBepPXNPOBOANMOCTb, U3MEHSAETCS No Mepe
NMOHWXEHNS TeMnepaTypbl U Y YUCTbIX METANNOB MOXET JOCTUraTb HECKOMBbKO COT raycc.

Mocnepytowme nccnegosaTenu npnubaBmnnmn K CIMCKY CBEPXNPOBOAHNKOB eLLle HECKONBbKO YNCTbIX
MeTarnsos, a TaKkke psif CrnraBoB U XMMUYECKNX coeauHeHui. B. Maa3 n ero coTpyaHuku sameTtunu,
YTO KPUTUYECKOE 3HAYEHNEe HaNPSPKEHHOCTU NOoMs ANS CBEPXNPOBOASALLEN NPOBOSIOKM 3aBUCUT OT
HanpaBfeHUs MarHMTHOMO MOMSA MO OTHOLUEHMIO K OCY NMPOBOSIOKN. OB BbACHEHNE 3TOMY ABMEHMUIO
aan B 1932 r. M. Jlaya. Ecnu nomecTuTb CBEPXNPOBOOHUK

B OAHOPOAHOE MarHUTHOE nore, TO OH AedopMUpPYET 3TO Nose, NOTOMY YTO CUSOBbIE NINHUN
00XxoOAaT ero, Kak 3To Nokasan Ha ocHoBe Teopun Makcesenna Mabpuans Jlunn-maH (1845-1921). Ho
cxXatme CUNOoBbIX NUHUIA 0B6YCNOBNMBAET yCUeHne Nons B onpeaeneHHbIX TOYKax NoBEPXHOCTY;
CBEpPXNPOBOAUMOCTb pa3pyLlaeTcs, Kak TONbKO B KaKOM-1MBO TOUKe AOCTUraeTCs KpUTuyeckoe
3HaveHue nons. 3To NOATBEPAMNN B nNocneyowme rogbl namepeHus laasa n ero cCoTpyaHUKOB Ha
CBEpPXNPOBOAHMKAX pasfi4HON POPMBbI.

Ho BCe e cBepXnNpOBOAHWK He SIBMSETCA NPOBOAHMKOM B CMbicrie Teopun Makceenna. Henb3asa
CcKkasaTb, YTO OH OTNMYaeTCHa OT APYrMX NPOBOAHNKOB TONbKO 6eCKOHEYHO B60MbLION
NPOBOAMMOCTbLIO. Torga MarHMTHoe none, NPOHWKasa BHYTPb NPOBOAHUKA, LOIMKHO Oblno 6bl
«BMOpPaXmnBaTbCA» B HEM NMpU NageHun TeMmnepaTypbl HUXe Kputndeckon Todkn. Ho B 1933 r.
namepeHna B. MencHepa n P. OkceHdenbaa nokasanu, 4To OHO Npu 3ToM 6yaeT BbITECHEHO,
npu4yem He CyLeCTBEHHO, MPOU3BOOAT NN paHbLUEe OXNaXAEeHNe HUXE KPUTUYECKON TOYKK, a MOTOM
BO30OY)XOaloT MarHUTHoe none, unm HaobopoT. AToT acbdekT MercHepa TpebyeT AONONHEHUS
Teopun Makcsernna Ha COBepLUEHHO HOBbIX OCHOBAX.

Mo Bonpocy 06 OTHOLLEHWM 3MEeKTPOMArHMTHOIO MONS K ero 3apsiaam B3rnsabl OU3NKOB MEHSNUCh.
Moao6bHo ToMy kak HbHOTOH 1 ero nocnegoBaTeny paccMaTpyBanv rpaBUTaLMIo kKak NPUYNHHO
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00yCrnoBneHHbIN pe3ynbTaT 4eNCTBUS Mace, Tak Kaxabli oM3MK nepBoHayanbHO paccMmaTpusan
3NeKTpUYecKme Cunbl Kak pesynbTtaTt gencTeus 3apagoB. Papagen n Makcsenn BblABUHYNN Ha
nepeaHunin NnaH NOHATUE Nong, a 3apsabl OblM cBeAeHbl K CBOEro poAa CUHIYISAPHBIM TOYKaM
nons. Ho oTHOLIEHWE ONsATb NepPeBEPHYIOCH, KOraa B CBSA3W C 3fIEKTPOHHOMN TeopMen Ha nepeaHnn
nnaH BbICTYNUIIN aTOMHbIE HOCUTENWN SNEKTPUYECKUX dreMeHTapHbIX 3apaa0B. Ham kaxeTtcs, 4To
HW OQHO M3 3TUX BO33PEHUIN HE COOTBETCTBYET pakTaMm. 3a-

psiobl M NOJie HACTONbKO CBsI3aHbl APYr C APYroM, YTO O4HO HEe MOXET cyLlecTBoBaTb 6e3 Apyroro.
Mo3aToMy Hayka MOXEeT C OAMHAKOBbLIM YCNEXOM Kak NpMHUMAaThL 3apsiabl 3@ OCHOBY A1 NO3HAHUS
nons, Tak 1 3akno4vaTb 0 3apsigax U3 U3MEHEHWI NEKTPUYECKUX CUMOBBIX JIMHWUIA. DTO - NTOrnyeckme
3aKIMYEHUsT; OHM HE MMEIOT Aena C pearibHbIM OTHOLLEHMEM NPUYMHbLI U crieacTBus. To xe,
KOHEYHO, OTHOCMTCS K B3AaMMOOTHOLLEHUSAM MeXAy NoNeM TArOTEHNUS U ero Maccamu.

CBoeobpasHbl OTHOLLEHUS MEXAY YY4EHNEM 06 aNeKTpmMyecTBe N mexaHukon. Kak y>xe roBopmnocs,
Makcsenn neitancsa B 1862 r. gatb MeXaHU4YeCKyro KapTUHy MarHuTHoro nons. lNosgHee, B nepuof
NpOrpeccupyoLero NpU3HaHns ero Teopun, MHorne nbitTanucb 6onee paunmoHanbHbIM NyTEM
npeacTaBUTb MeXaHUKy acbmpa Kak OCHOBY ANS Takon KapTuHbI. V1 O M3BECTHOM CTeneHn MOXHO
NOOYNHUTL TEOPUIO NMIMHENHBIX 3aMKHYTbIX (KBa3UCTaLUMOHAPHbIX) TOKOB TEOPUN LMKIIOB,
pa3paboTaHHon ["enbM-rofibLileM Ha OCHOBE MexaHukU. Ho aTo He Bornblie, Yyem MaTeMaTuyeckas
aHanorna mexagy pasnuyHbiMn Bugamu omsmyeckmx npoueccoB. Bo BCAkoM crnyyae oHa
XapakTepHa 419 NPOHUKHOBEHNSA 3MEKTPOANHAMNYECKNX BO33PEHUI B LUMPOKME KPYIK; NnocrneaHee
UNACTPUPYETCH TEM, YTO COBPEMEHHbIN MHXEHEP Yalle 0ObsCHAET ENCTBUE MEXAHUYECKNX
MalLLWH Yepe3 COOTBETCTBYIOLLYIO ariekTpudeckyto cxemy. Ho nocteneHHo kK 1900 r. noHanu, 4To
obLLee cBeaeHME ANEKTPOANHAMMUKM K MEXaHMKE HEBO3MOXHO.

C 1880 r. nocteneHHO BbICTynana NnpoTMBOMNOSIOXHASA MbICIb: CBECTU MEXAHUKY K
anekTpoanHamuke. To, YTO ABMXYLLUNACSA HOCUTENb 3apsaa HeceT ¢ COBON CBOe aneKkTpu4eckoe
none 1 YTO OH UMEET KONUYECTBO ABMKEHUS, CBA3AHO C MAEeN aneKTpOMarHMTHOro
NMPOMCXOXAEHUS MHEPTHOW Macckl. HekoTopble nbiTanucb Nobyo Maccy paccMaTpuBaTh Kak
aneKkTpomarHuTHyt maccy. B 1902 r. aTa Bo33peHve Halo cBoe MateMaTnyeckoe oTpaxKeHue

B Teopun Makca Abparama (1875-1922) oTHOCUTENBHO MMNYyfbCa ABUXKYLLETOCS 3NIEKTPOHA,
NPeACTaBNAEMOro B BUAE 3apsHKEHHOTO Lapa; Macca norny4anacb 3aBUCSLLEN OT CKOPOCTU, U
dopmyna Abparama gonroe BpeMsi KOHKypupoBana ¢ penaTuBncTckon popmynomn (rn. 2).

Ho u ot 3Ton nagen cdusmka otowwna. OnbITbl Janu, HAaKOHeL, OOHO3HAYHOE peLUeHue B Nonb3y
PensaTMBUCTCKOM (hOPMYIbl; K TOMY e Teopus ABparama nonyyana ans nponopumMoHanbsHOCTM
MeXay 3Heprven N NoKosILLEencs Maccom apyrom KoOamULMEHT, YeEM BbICTYNatoLWnii B
SNHLUITENHOBCKOM 3aKOHE MHEPTHOCTU SHEPruuv, Hawewem rnosiHoe NoATBEPXAeHE B A0epHON
dusuke (rn. 11). OgHako B Ka4ecTBe NOArOTOBKU PENsTUBUCTCKOM AMHaMuUKkM paboTbl Abparama
nmenu 6onbLloe 3HaYeHune.

Ecnu penatuBmcTckas AMHaMMKa Takke COBEPLLUEHHO HE3aBMCKMMa OT Kakoro-nnbo npeacTaBneHus
O MpUpoAe cun u, TakuMm obpasom, Takke He3aBUCKHMA OT ANEKTPOAMHAMMKM, TO NOCIEAHSS BCE XKe
UrpaeT peLuatoLLyto porb NpU OTKPLITUM 3TOW AMHAMUKK. 3 onbITOB, KOTOpPbIE Obinu
CKOHLEHTpUpOBaHbI B AUHaMuke HbloToHa, Hemnb3s 6bIno NpuaT K TEOpUM OTHOCUTENBHOCTY
OVHWITEeNHA; OHM BbINM HEAOCTATOMHO TOYHbI. [MOCKOMBKY 3NEKTPOAMHAMMKA NpUBena K CBS3aHHOMY
c npeobpasoBaHnsiMuK JlopeHTLa NpMHLUMNY OTHOCMTENBHOCTM, OHa obycnoBuna Takke nepexon ot
HbIOTOHOBCKOW AMHAMUKUN K PENSITUBUCTCKOM. B 3TOM YNCTO MCTOPMYECKOM CMbICIiE COBPEMEHHas
AVHaMWKa OCHOBbLIBAETCS Takke Ha 3reKTpoauHaMUKe.

Hosenwune nccnegosaHuns no MarHeTnu3mMy BbIXOOAT 3a npeaernbl 4ymcTom ANEeKTpoaANHaMUKN.
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CornacHo Teopun MakcBenna HamarHM4yeHne nNponopLMoHansHO MarHUTHOMY MOS0 B
COOTBETCTBUM C OMbITaMW, OTHOCSLLMMUCS K AnamarHUTHbIM 1 cnabo napamarHUTHbIM Tenam. B
Xenese, Hukerne, kobanbTe U HEKOTOPbIX CrnaBax, B KOTOPbIX BNepBble OblfT OTKPbLIT MarHeTU3m,
npwv pacTyLlen cune nons HamarHMyeHne OOCTUraeT 3HaYEeHUS HaCbILLIEHUS!, KOTOPOE, KOHEYHO,
NEXMWT ganeko 3a npegenaMmyv HamarHU4yeHus y-

Apyrux BelecTs. [Ana TBepAblX MeTanmnos, Kak, Hanpumep, 6onbLINHCTBA COPTOB CTanu,
HamarHu4eHue BoobLLe ropasfo MeHbLUe 3aBUCUT OT CUITbI NONSA, YEM OT npeaBapuTenbHON
0bpaboTkn. B npoTMBHOM criydae He 6b1510 6bl NOCTOSAHHOrO MarHuTa. [Jna nogo6HbIX BELLECTB B
1880 r. Omunb Bapbypr (1846-1931) oGHapyxun aBneHne, KOTopoe He3aBMCUMO OT HEFO OTKPbIN B
1882 r. [xemc Anbdpen 3BuHr (1855-1935) n Ha3Ban ero rucTtepesncom: B TOM criyvae, koraa
nosne Bo3pacTtaeT OT HyNH, HaMarHMyeHne NPOUCXOAUT MHaYe, YeM npu ero ybbiBaHun oo Hyns. C
HamarHu4yeHueMm, criefoBaTesNibHO, CBsi3aHa paboTa, KoTopas B MarHMTe npespallaeTcs B TENMOTY.
Ewe nopasutenbHee 6bino oTkpbiTHe MNbepa Kiopun (1859-1906). OH Hawen B 1895 1., uTo
AnamarHeTM3m He3aBMCUM OT TemnepaTypbl, B TO BPEMS Kak NnapamarHuTHas BOCNPUMMYMBOCTD,
HaNpoTMB, C yBennyeHnemM abCconioTHON TemMnepaTypbl yMeHbLUaeTcst 06paTHO NPONOpPLMOHanbHO
en. Uto kacaeTtcs (beppomarHetTmama, TO Npu xapakTepHOW Ans BelecTsa «temnepatype Kiopu»
(ansa xenesa oHa paBHa 774° C, gns Hukena 372° C, ansa kobanbta 1149° C) oH nepexoanT B
HOpMarbHbIA NapaMarHeTuam, NOCTENEHHO YMEHbLLALWMIACA C BO3pacTaHneM TemnepaTtypbl.
TeopeTnyeckoe 06BbACHEHWE pa3NNMYHOro NOBEAEHNS Ana- U NapamMarHUTHOro BellecTsa aan B
1905 r. Monb JlanxeseH (1872-1946). B To BpemMs kak AgnamarHeTmsm OCHOBbIBAETCH Ha
WHOYKUMOHHOM AEUCTBMM MarHUTHOIO NOJISt HA 3MEKTPOHbI, Haxo4sLWmMecs B MOnekyne,
napamarHeTu3M Bbi3blBaeTCA CBOOOAHO BpaLLalOLNUMUCA 3fIEMEHTapPHbIMU MarHuTaMmm
NOCTOSAHHBIMM MOMEHTaMM; Nose 3acTaBnsieT UX NPUHATbL onNpeaerieHHoe HanpaBeHne BOMNpPeKM
BO34encTBumo TennioBoro asmxeHuns. B 1907 r. NMeep OpHcT Benc (1865-1940) pacnpocTtpaHun
CTaTUCTUYECKY0 TEPMOANHAMUYECKYIO TEOPUIO Ha beppoMarHeTmam, co3aas rmnoTesy
BHYTPEHHEro MarHUTHOrO NOSISA, HANPSHPKEHHOCTb KOTOPOro XapakTepHa Ans Tena v Ans ero
HaMarHU4YeHus U KOTopoe Hapsay C MarHMTHbIM NOfieM COAENCTBYET OpUeHTaUnn aneMeHTapHbIX
mMarHuToB. Kakon 661 Npon3BOSIbHOW HU Ka3anacb BHavane ata runortesa, Benc 6bin Ha npaBunbHOM
nytu; B 1927 r. lenn3eHbepr cmor cBecTn

BHYTPEHHEE MNoJie nocpeacTBOM TEOPUN KBAHT K «CMUHY» 3JTIEKTPOHOB. Tem caMmbiM MarHeTU3Mm
I'IO,D,O6HO ANeKTpnyecTBy Obin cBefeH K nepBoHa4alibHbIM cBoOWCTBam ANneMeHTapHbIX YaCTuL, (FJ'I.
14).

OT 37Ol TEOPUN A0 KONMYECTBEHHOMO NMOHMMAHKS CBOMCTB (hEPPOMArHeTUKOB MyTh, KOHEYHO,
Aaneknin 1 oH eLle He BMonHe npornoxeH. Cpean MHOrMX o6CTOSTENBLCTB NPY 3TOM UFpakoT Posb,
HanpumMep, KpucTanmmMyeckas CTpykTypa, ynpyrme HanpsbkeHust u npumec.

Kak nokasan [eban B 1912 r., Teopus marHeTnama JlaHxeBeHa 6e3 BCAKMX OrOBOPOK MOXET ObITb
npuMeHeHa K 06 bACHEHUIO 3aBMCUMOCTU OT TeMnepaTypbl ANIEKTPUYECKON BOCIPUNMYNBOCTHU
XNOKOCTEN N ra3oB, MOSEKYIbl KOTOPbIX 0651aaatoT NOCTOSAHHBIM 3NIEKTPUYECKMM MOMEHTOM,;
aneKkTpuyeckas BOCNpPUMMYMBOCTL TaKKe YMeHbLIaeTcss 06paTHO NponopumoHanbsHO abcontoTHON
TemnepaType.

MABA 6
CNCTEMA OTCHETA B ®U3UKE
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MNpobnema, ykazaHHas B 9TOM 3arnaBuun, yXOAUT CBOMMW KOPHAMW B rpeyeckyto ApeBHOCTb. OHa
npoLuna Tpu cTaguun pasBuTUs: reomeTpuyeckyto, npoctupasytocs Ao XVII ctonetus;
ANHaMU4eckyto, Kotopas nocne nodeabl BoriHoBow Teopumn ceeta (okono 1800 r.)
pacnpocTpaHunach Ha BCl (PM3UKy, 1, HAKOHEL,, ANOXy TEOPUN OTHOCUTENBHOCTN DVHLUTENHA,
HadaBLuytocs B 1905 .

B reomeTpunueckyto anoxy Bonpoc 0 cucteme otcyeTa Obin HeNOCpeaCTBEHHO CBSA3aH C BONPOCOM O
NonoXeHun n apmxeHumn Tena. C camoro Havyana 6bIno AcHO, YTo 0ba 3TK NoHATUA Oe3 3agaHus
4Yero-To, MO OTHOLLIEHMIO K YEMY OHM MOTYT ObITb OnpeaeneHbl, TEPSOT CMbICI. ApUCTOTENb
(384-322 po H. 3.) n BCnepg 3a HUM BCSA CXOflacTuMka OTHOCUIM NOJSIOXEHWE Tena K OKpy>XatoLLen ero
mMaTepuanbHon cybctaHumn. Len cnop o Tom, KacaeTcsa nu ata cybcTaHums Ten HeNOCpPeACTBEHHO
NN ONYCTUMbI KOHEYHbIE PacCTosAHMS. [1py TakoM TONKOBaHUM ObInn Hepa3peLLMMbl COPHbIE
BOMPOCHI, Kak, HaNnpumMep, OBWKETCA N Npu Hann4mm BeTpa kopabrb, CTOALWMIA Ha SKope,
MOCKONbKY BOAa M BO3ayX BONN3N HErO NOCTOSIHHO OBHOBNAOTCSA, UMK XKE OH NMOKOUTCS, TakK Kak C
Gepera oBuKeHne He koHcTaTupyeTtcs. bonee BaxHbIM Ans puamkn BbINO TO, YTO COrnacHo
BO33peHuam Knaegus Ntonomes (oH »xun Bo |l ctonetnn H. 3. B AnekcaHapun) cgepa
HenoABWXHbIX 3Be3[, Kak Hanbornee oTaaneHHasa oT okpyxaroLwwmx 3emnto cep, Boobule He nmeeT
NOSIOXXeHNA. 3a Hel HET HUYEro, YTO ee OKpyKarno 6bl, HEeT Jaxe

npocTpaHcTBa. HecMoTps Ha 3T0, OHa JoSMKHA Gbina, cornacHo yyeHuto NTonomes, UMeTb
ABWXEHWE, 8 UMEHHO CYTOYHOE BpallleHue BOKpYr 3emru.

JTOoM HernocnegoBaTensHOCTU He n3bexan Hukonan KonepHuk (1473-1543) npn o6ocHoBaHUM
CUCTEMBI, Ha3BaHHOW ero nmeHeM. Korga oH npunucan nokown cdepe HenoABMXKHbIX 3Be3[, a
3emne, HanNpoTMB, CYyTOYHOE BpalLleHWe BOKPYr ee OCU, TO 3TO ObIfI0 TOSLKO NOrMYeCcKuM
ynydleHmeM TpaanumoHHOro Bo3speHuns. KonepHuk elle npuaepxmsancs B3rnsaa, KoTopbii Ham
Tak TPYAHO NOHATb, YTO 3a Chepor HENOABWXKHbLIX 3Be3 HM4Yero HeT. OT 3Toro B3rnsga
ocBo60oamMnCcs NULWb CUNbHbBIM NPOTUBHUK Apuctotens - [xopaaHo bpyHo (poa. B 1548 r.), koTopbin
B 1600 r. 6611 NoABEPrHYT B PrMe CoXokeHMIo 3a y4eHne o 6eCKOHEYHOM MHOXECTBE MUPOB, 3a
cBOEe BbICTyNMneHne B nonb3y KonepHuka u T. N. «epecn». Kennep He peLlunncs NnpucoeamHUTbLCS K
3TOMY CMENIOMyY U BCe e Hens3bexxHOMy AOMONHEHMI0 cucteMbl KonepHuka.

anI AansHenwem o6ocHOBaHUU FeﬂMOLleHTqueCKOVI CUCTEMDI KOI'IepHVIK pykoBoguricd cesoero
poaa TENeonorn4yeckon To4Kom 3peHna NpoCToThbl NpUpoAabl. «I'IpMpon,a HE aenaeT HM4Yero JinwHero
U HanpacHoro», - rosopuin eLle rpekun. KOI'IepHI/IK cyuTarn, 4To npowe 0OBbACHUTL OBUXEHNEe
nraHeT Ha HebeCHOM cBoAe COBCTBEHHbIM ABMXKEHNEM 3eMnu, T. €. ABUWXKEHNEM OQHOro Tena
BOKpyT ConHua, Yem onncaHHbiMK [ToNIOMEeEM CROXHBIMA BpawaTtesibHbIMAN ABUXEHNAMU BCEX
nnaHeT. Kak Hu MMIMOHMPYET HaM 3Ta MbICIlb Tenepb, HO HEBO3MOXHO Obino gaTb NMPU4YNHHOE
obocHoBaHue npun TorgaiHemMm CoCToAHNN C*)VI3I/IKI/I.

BrnonHe noHATHO, 4YTO TpeboBaHMe NPocToThl, 6onbLue anennupytoLlee K YyBCTBY, YEM K
KpUTU4Yeckomy pasymy, He cMorno yb6eamTb MHOMMX COBPEMEHHMKOB 1 NOTOMKOB KonepHuka. Kpome
TOro, NpeAcTaBfeHne 0 TOM, YTO BCE YENOBEYECTBO HAaX0AUTCS B MOCTOSIHHOM KPYroBOpOTE, He
3ameyvasi 3Toro, BOBCe He Gblfio NPOCTbIM U K TOMY e B TO BpeMsi (hn3nyeckun He 6bino 060cHOBaHO.
Henb3s nosToMy cumMTaTh HM OTCTaNOCTbI, HA TPYCOCTLIO TO, YTO

nagartens Benukoro Tpyaa KonepHuka «De revolutioni-bus» *) HropHBeprckun yyeHbin OcmnaHgep,
HabnogaBLWMiA 3a NneYaTaHMeM KHUIM BMECTO aBTopa, OXapakTepuaoBarn B NpeanucrioBum cuctemy
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KonepHuka kak NpoCcTyl «rMnoTesy», onpaBaaHHyto Grarogapsi CBOeMy COOTBETCTBUIO C
HabnaeHNAMU, HO He SBMSAIOLLYIOCS HAa 3TOM OCHOBaHWUN UCTUHHOM.

CrtpactHaga 6opbba, KoTopas pa3BepHynacb BOKPYr 3TON CUCTEMbI, MEHbLLE BCEro CBA3aHa C
He4OCTAaTOYHOCTbIO NPUYNHHOIO on3n4eckoro 060CHOBaHUSA ee, Kak 3To Obino Bceraa B
«reomeTpuyeckyto» anoxy. Hago no6aBuTb K 3TOMy, YTO NPeaCTaBUTENN LEPKBU, Kak
KaToNIMYecKomn, Tak U NPOTECTaHTCKOW, Hanpumep Aoktop MapTuH JlioTep, He NpusHaBanu
ABmxKeHne 3eMnn Kak npotnsopevarlee 6nbnnn. OHm NOBTOPSNN NpU 3TOM, COBCTBEHHO, TOMBKO TE
00BMHEHMS, N3-3a KOTOPbIX e B Il cTonetTun o H. 3. noctpagan, kak «6e3doXHuk», Apuctapx u3
Camoca, nepBbIi 3aWUTHUK NOLOOHON cucTeMbl. O4eHb XxapakTepeH dakT, YTo oT Apuctapxa Ao
ONHWTENHa HM OAHa (hm3ndeckas Teopus He CMOorna Tak BCKOMbIXHYTb LUMPOKME KPYn
06OLLEeCTBEHHOCTH, KaK Teopus, KacaBLUasACsa NPUBbIYHbLIX B3rNS40B HA NPOCTPAHCTBO U BpeMS.
OcyxpaeHuve [Nanunes Takke OTHOCUITOCb HE K reOMeTpUYEeCKMM OCHOBaM cuctemMbl KonepHuka u He
K rannneeBCcKMM aCTPOHOMMUYECKUM OTKPbITMAM, a K «[Juanoram o AByX MaBHbIX CUCTEMAX MUpa», B
KOTOpPbIX NOAPOOHO M MHOr4a OCTPOYMHO ONpOBEpPranvcb AMHaMUYEeCKUe apryMeHTbl NpoTUB
OBWXEHNa 3eMnu.

KonepHuk cam He npuHMMan yyactus B 6opbbe Bokpyr ero cuctembl. OH Bo3gepxuBarncs o 1543 r.
oT ony6nukoBaHus HavyaTtown ewle B 1507 r. kKHurn. Tonbko Ha CMEPTHOM OApe OH yBUAEN HEKOTOpbIE
YacTu ee B neyaTun. Ho HamMHoro paHbLue, BepodaTHO B 1514 r., OH nocnan CBOUM Apy3bAM HEYTO
BpoAe npeaBapuUTENbHOrO pe3toMe COMMHEHMS, No3aHee Ha3BaHHOro «Commentariolus». Okorno
1880 r. oHO nosiBUNock B BeHckon bubnunoTeke

*) B Ha3BaHuu «De revolutionibus orbium coelestium» o6a nocnegHux crnoea sBASOTCA
JOMOoNHeHnem nsgaTtens.

nocne gonroro 3a6beenunsa. OTTyga Mol 6epem crneayowme NnpeanoxeHns ).
1) HeT ogHoro obuiero LeHTpa ansi Bcex HebecHbIX opbut unm caep.
2) LleHTp 3emnun He ecTb LLEHTP MUPA, a TONbKO LIEHTP TXKECTU N LEHTP opbuTbl JTyHbI.

3) Bce opbuTtbl okpyxatoT ConHue, kak 6yaATO OHO HAaXOAUTCS B UX LEHTPE; MO3TOMY LIEHTP Mupa
nexut B6nmsn ConHua.

OueBngHo, Anga TOro, Ytobbl N3bexaTtb BO3paxxeHwud, 4To B Te4eHUe roga oorynKeH MeHATbLCA BU,
Heba HenoaBWXXHbIX 3Be€34 BCNeacTBue BpaLleHnsa 3emnu, ganblue cnegyer.

4) OTHoweHmne pacctoaHna mexay ConHuem n 3emnen k BbicoTe Heba HeNnoaBMXKHbIX 3BE3[,
ropasgo MeHblle, YeM OTHOLLEHNE pagnyca 3emnm Kk ee pacctostHmo oT ConHua. 3To paccTosaHune
HEe3HaYNTENTbHO NO CPABHEHUIO C BLICOTON HEGA HEMOABMXHbBIX 3BE3[.

5) Bce osmxeHus, KOTOPbI€ KOHCTaTUPYHKOTCA B Hebe, He CyLeCTBYHOT pealibHO, a TOJIbKO
npeacraBndr0TCA TakoOBbIMU C 3emnu. 3emnsa c npuHagnexawwmmmn en aneMeHTamu coBepuiaet
CyTO4HOE BpalleHne BOKpYyr ee HernoABM>XHbIX MOJ1HOCOB. |_|pl/l 3TOM HEDO HENOABWXKHBIX 3BE3[, KaK
Hanbonee yaaneHHoe, oCTaeTCcA HeENOABUXHbLIM.

6) Bugumoe gemxeHue ConHua He npucyLe eMy caMmoMy, a SBMSIeTCH CrneacTBMEM BpaLleHns
3emnu no ee opbute Bokpyr ConHua, kak 3T0 CBOMCTBEHHO BCeM nnaHeTam. Utak, 3emns
noaBepXeHa MHOMMM OBUKEHUSAM.

7) To, uTO KaxeTcs y GnyxaatoLmx 38e3 ABWKEHMEM B3af U BNepes, He SBMsSieTCs Ha caMoM Jerne
TaKoBbIM, HO CBSI3aHO C ABWxeHneM 3emnu. MNMocneaHee camo no cebe ABNSeTCA AOCTATOYHbIM A5
06 BbSACHEHMSI MHOFOYMCIIEHHBIX U MHOFOOBpa3HbIX ABNEHWI, KoTopble HabnaatTes Ha Hebe.
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Bce 310 kaxeTcs HaM BMOJHe SICHbIM U HeaABYCMbICNEHHbIM. U Bce e noaobHas cuctema
npeacraensana ans

*) UntnpyeTtca no Hemeukomy nepesogy a-pa ®. PoccmaHna, Naturwissenschaften 34, 65, 1947.

KonepHuka ewle 6onblume TpyaHocTu. Kak nHaye MoXXHO 0ObACHUTb, YTO OH BNOCNEACTBUM
npunucan 3emne, KpOMe ee CyTOMHOrO M roA0BOro ABMXKEHUS, ellle TPeTbe ABWKEHNE, MPU KOTOPOM
3eMHasi OCb U3MeHSIET CBOE MOJIOXKEeHNe No OTHoLeHMo kK ConHuy B TedeHne roga, uTo gaeT
BO3MOXHOCTb 00BACHUTL M3MEHEHNE BpeMeH roga? OgHako 4OCTaTOYHO TOro, YTO OCb 3emnu
COXpaHSIET CBOE MNOJIOXKEHME NO OTHOLLEHWUIO K HEOY HeNnoaBWMXXHbLIX 3Be34 (eCnn MPUMEHSITb
TepmuHonormo KonepHuka)! 9310 3abnyxaeHne HeCKONbKO HanoOMUHaET NOAHSBLUMNCA BO BPEMEHA
HbloTOHa cnop o Tom, umeeT nNu cobcTBeHHOE BpalleHne JlyHa, NOCKONbKy Mbl BCErga BuaMm
TONbKO OAHY ee CTOPOHY. Te, KOTOpble HE MOTMM BNOSIHE 0CBOBOANUTLCA OT reOLIEHTPUYECKON TOYKN
3peHus, oTpuuanu ato BpalleHue. A 'y KonepHuka, BEPOATHO, Urpano aHanorMyHyro posib
onpeaeneHHoe npeanoyvteHne B oTHowweHnn ConHua.

Kak 66l TO HM BbIno, Mbl 06513aHbl KONEPHUKY yKazaHWeM Ha CUCTEMY OTCYeTa, Havasno KOTopomn
Haxo4MTCS B LEeHTpe TAKECTU Hallen CONMHEYHOM CUCTEMBI, @ OCU OPUEHTUPOBaHbI No Heby
HenoABWXHbIX 3Be3[. Pu3MKa OTHOCUT K 3TON CUCTEME OTCHETA KaXKA0e MECTO U Kaxaoe OBWXKEHUe,
ecnu He AaHbl AanbHenwmne yTodHeHUs. Tpy KoopAMHaThl, KOTOPbIMU OnNpeaenseTcs ToYKa,
cornacHo aHanutuyeckon reometpum ekapTta (1596-1650) ToXXe OTHOCATCA K 3TOM CUCTEME BO
BCEX Cny4yasx, Koraa HeT AOoNonHUTENbHbIX onpeaeneHnn. bes KonepHuka He Obinv Obl
yCTaHOBMeHbl 3akoHbl Kennepa n Teopusa TaroteHms. MoXXHO cornacutbCs ¢ TEM, YTO €ro
060CHOBaHWEe TEOPUN HECOBEPLLEHHO, HO HE MOXET TOSbKO YTO pOAMBLUAACS Hayka BbITb XOPOLLO
obocHoBaHHOW. M Benuune ee ocHoBaTtenen obHapy>KMBaeTCcs kak pa3 B TOM, YTO OHU UHTYUTUBHO
YNOBUIN UCTUHY.

NoraHH Kennep (1571-1630) cnocobecTBoBan ykpenneHuto cuctemMbl KonepHuka. [enctButesnsHo,
Ha NoYBe 3TOM CUCTEMBI BbIPOCIIM €r0 TPpW 3aKOHa OBWXEHUS NnaHeT, bnarogaps KOTopbiM cTanu
BO3MOXHbIMW BOnee ToOYHble aCTPOHOMUYECKUE BblYUCTIEHNSA. Bpsag nn 9T 3akOHbI CMOrnn bl
BO3HWKHYTb Ha ocHOBe cuctemsbl Mrtono-mes. Ho ansa 6onee rnybokoro 060CHOBAHNSA CUCTEMBI

KonepHuka Kennep nmen mano 3HadeHust; ero apryMeHTbl ICXOOUIM U3 TOYKM 3PEHUS NPOCTOThI U
KpacoTbl, kKoTopada He Yyxaa 6bina n KonepHuky. Kennep, noBugMmomy, He Men SCHOro
NMOHMMaHNA 3HaYEeHNA ANHAMUYECKNX OTKPLITUI CBOEro COBpeEMEHHMKa [Fanunes,
aCTPOHOMMYECKMMM OTKPbITUSIMU KOTOPOro OH Bocxuwiancs. Ho B 6opbbe KonepHuka u MNtonomes
OCHOBHOE 3Ha4YeHne UMenu MMEHHO 3TN AUHAMMUYECKNE OTKPbLITUSA. YKe Toraa NpOTUBHUKM
KonepHuka npuBoannu guHammyeckune apryMeHTbl. MOXXHO BCTPETUTL Y HUX, HAanpuMmep, Takoe
BO3paXeHue: B CUIy CYTOYHOro BpaleHus 3eMnu Bce npeameThbl, KOTOpble HE OYEHb KPEenko
CBsi3aHbl C €€ NOBEPXHOCTbLH, AOMKHbI OblTb OTOPOLLEHBI B MMPOBOE NPOCTPAHCTBO U, ABUrasChb
Bokpyr ConHua, octaBaTbcs no3aam 3emnu. Jlnwb HOBas AMHaMMKa Morfa C yCnexom
OMNpOBEPrHyTb Takoe Bo3paxeHue. YacTuyHo pelueHne obino gaHo Manuneo Nanvneem
(1564-1642), 3aTem okoH4aTenbHO Vicaakom HbtoToHOM (1643-1727).

B 6opbbe 3a cuctemy KonepHuka nepsas 3acnyra [Fanunes, aToro Hanbonee nnogoBUTOro, O4eHb
MonNynApHOro 1 B TO € BPEMS HEHABMAMMOrO y4eHoro-6opua, 3aknio4aeTcs B ero BENUKNX
aCTPOHOMMYECKUX OTKPbITUSIX, CTaBLUMX BO3MOXHbIMY Bnarogaps NpMMeHEHM0 HOBOMO
BCNoMoraTenbHOro cpeacrtea - Teneckona. B 1610 r. oH nokasan, 4to cnyTHukn KOnutepa obpasyoT
MUWHWATIOPHYIO NNaHEeTHY0 cucteMy, nogobHyto cucteme KonepHuka. B 1611 r. Ha dhasax BeHepsbl
OH HEOCMOPUMO [oKa3as, YTO 3Ta NnaHeTa coBepllaeT (NPUBIMXKEHHO) KPYroBoe ABMXEHMNE BOKPYT
ConHua, a Takke To, 4To oHa, nogobHo 3emne u JlyHe, He nsny4yaeT cobCTBEHHOrO CBETA, a TONbKO
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oTOpacbIBaeT COMHeYHbIN cBeT. lNenenbHo-cepbin CBET YacTh JlyHbl, He ocBelaemon ConHueM,
ObIN Ans Hero gokasaTtenbCTBOM TOro, YTO 3eMnsl, eCNn CMOTPETL Ha Hee U3BHE, NOAOBHO ApYyrUM
nnaHeTam KaxeTcs cBeTslencs. Bropown ero 3acnyromn 6bino SsCHOe NOHUMaHME TOro, YTO 3aKOHbI
ABWKEHUSI OTHOCATCS HE K CUCTEME OTCYeTa, CBA3aHHOM C 3eMnen, a K KONepHUKaHCKON cucteme
otcyeta. Korga Manunen roBopuT 0 nageHuun, unm, 6onee obLlo, 0 ABMXKEHUN NO HANPAaBIIEHMIO K
3emrne, TO OH YTOYHSET,

4YTO 06 3TOM MOXHO rOBOPUTL TOMBKO NPUBAMKEHHLIM 0B6Pa3oM, Tak Kak, CTPOro roBops, CBOOOAHO
najatollee Teno BcneacTane BpalleHms 3eMnun oTKNoHAeTCa OT BepTukanu. [laxxe Tenepb ele
duamka nossonset cebe npu obcyxaeHmn 60NbLINHCTBA ONbITOB TO XE camMoe NpubnmxeHne,
3Ha4YeHne KOTOpPOro BrosiHe U3BeCTHO. M B To e BpeMa Manunen He nepecTtaBan onpoBepraTb
ANHaAMU4YeCKne BO3paXKeHUs NpoTmB yyeHus KonepHuka Ha OCHOBE MOMyYeHHbIX MM HOBbIX
pesynbTaTtoB. Ho nuwb 6narogapsa pabote HbOTOHa CTano COBEPLLUEHHO SICHO, YTO ABWMXEHME
nnaHeT MOXHO NOHATb AMHAMUYECKN TOSNIbKO Ha OCHOBE CUCTEMbI oTcHeTa KonepHuka.

,El,pyrme 3adKOHbI nNpupoabl - ONTUYECKUE, SJTIEKTPUHECKNE U T. . - B 9TON CUCTEME HaxoasaT npocTyro
(bOpMyJ'II/IpOBKy; HO 3TO ABNAETCSH, KOHEYHO, AaNbHENLLINM, YACTO SAMNMpmn4eCcknmMm BbiIBOOOM.

Bonpoc o cucteme otcyeTa Obin paspelleH, Takum 06pasom, TONbKO NPaKTUYECKUN, HO He
npuHumMnuanesHo. KakoBbl hnanyeckmne oCHOBbI NpeMMyLLecTBa cMctemMbl oTcHeTa KonepHuka Hag
ApYrMMun cuctemMamm oTcyeTa, HanpuMmep Hag CUCTEMOWN, CBA3aHHOM ¢ 3emnen? HbloTOH, KOTOpbI
BMOJSIHE NOHMMaN TPYAHOCTb 3TOr0 BOMNPOCa, McKas NOMOLLM B AONYLLEHUN Hapsagy C
«abConTHLIMY BPEMEHEM Takke «abConTHOro» NPOCTPaHCTBA, KOTOPOE AaBano BEPHYHO
cucteMy otcyeta. Ho Bmecte c JltogBurom JlaHre (1863-1936) *) o6a noHATMS Hago
oXxapakTepu3oBaTb Kak He noanexalyme BOCNPUATUIO, «pU3payHbley»; HECMOTPSI Ha 3TO, OHU eLle U
Tenepb NPOAOSHKAKT CyLLLeCTBOBaTb BO MHOMMX rofioBax.

CoMHUTENBHOCTL 3TOM Naen nobyxaana K pasMbiLLNIEHNIO BCEX BENMKNX (PUITOCOCOB 3MoXm
HbtoToHa, Hanpumep JlendHnua n Kaxta. Jlwes B 1886 r. 6b1no nponsHeceHo ocBoboxaaroLlee
cnoBo JlaHre B ero pabote «McTtopuyeckoe pas3Butme NOHATUA ABmkeHUs». OH nuweT: «Pursmka
onpeensieT CBOK CUCTEMY OTCYETa COOTBETCTBEHHO TON PYHKLMKN, KOTOPYO NOCIeaHAN OOKHA
BbINOMNHATb,

*) Kpatkyto 6uorpacwmio Jltogsura Jlanre gan M. Jlaya B Naturwissenschaften 35, 193 (1948).

1, criegoBaTeribHO, UCXOAUT U3 TOM e TOYKM 3PEHUS, KOTOpas NEXUT B OCHOBE onpeaeneHns
BpeMeHu». JlaHre pestoMmpyeT pesynbTaT CBOEro paccyXaeHus B ABYX ornpeneneHnsix u aByx
Teopemax *):

OnpegeneHne |. HepuunanbHOM cucTemon HasbiBaeTcs nobasi koopanHaTHasa cuctema, no
OTHOLLUEHWIO K KOTOPOW TPAEKTOPUM TPEX MaTepuarnbHbIX TOYEK, BbIXOAALLMX U3 OAHOrO MyHKTa
NpoCTpaHCTBa U 3aTeM NpeaoCTaBNeHHbIX caMmmum cebe, NPAMONMHENHbI (TOYKM HE AOSKHbI feXaTb
Ha OgHOWN NPsSIMON).

Teopema |. NpsaAMOnMHENHON NO OTHOLLEHUIO K MHEPLMANbHON CUCTEME SIBMSETCA TaKkkKe
TpaekTopus nobon yeTBepTon, camon cebe NpeaoCTaBNEHHON TOYKN.

Onpegenexne U. MHepumnanbHOWM LIKanon BpeMeHN Ha3biBaeTcs nobas wkana BpeMeHu, no
OTHOLLIEHMIO K KOTOpOM cBOBOAHas MmaTepuarnbHas To4ka NPOXOAMT B CBOEM ABMXEHUM NO UHEPLNN
B paBHble MPOMEXYTKN BPEMEHU PaBHblE PACCTOSAHUSA.

Teopema IM. Mo OTHOLIEHMIO K MHEPLUMATbHOW LWKane BpemMeHun nobas matepuanbHas Touka,
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ABWXKYLLASICA MO MHEPLMMK, B paBHble MPOMEXYTKM BPEMEHW NPOXOAMUT paBHbIE PACCTOSHUSI.

OnpeqeneHM;l ABIIAIOTCA YerioBe4YeCKMMun cornatleHnamm, Ho Teopembl - SMMUPUHECKMMHA
npeanoXeHnamMmm; nmllb OHU coobuwatrT onpegeneHnam (bI/I3VI‘-IeCKoe 3Ha4yeHune. NICTUHHOCTb
CUCTEMDbI KOI'IepHI/IKa OCHOBaHa Ha GMHMqueCKOVI 3HA4YNMMOCTUN TEOPEM.

KoHeuHo, Henb3sa n3 HabnwaeHnsa ABMXKEHNSS MaTepuarnbHbIX TOYEK, HE NOABEPKEHHbIX 4ENCTBUIO
cwnbl, caenaTb BbIBOA O TOM, YTO cuctemMa KonepHuka aBnsieTcst MHepLManbHON CUCTEMOWN.
MonHoueHHbIM fOKa3aTENbCTBOM SBMASOTCSA BblYUCNEHNE NYTEN NNaHeT Ha OCHOBE coAepXKallen
3aKOH UHEPLIMM MEXaHUKN 1 AOCTUrHYTOE Takum nyTem corfiacue ¢ onbiTom. Mbl yxxe ynomuHanu B
rnaee 1, 4To A4ns JOCTUXKEHMSA 3TOrO0 COOTBETCTBMSA C OMNbITOM HAaA0 caenaTb HEKOTOpbIE
HebonbLIMe nonpaekn K 06bIYHO yno-

*) Mbl untupyem no pabote JlaHre B Philosophische Studien 3, 539 (1885-1886).

Tpebnsiemow Lwkane BpeMeHU, KOTOpble NEPEBOAAT €€ B MHEPLMATIbHYIO LLKany BPEMEHU.

Takum obpasom, yepes 350 net nocne KonepHuka Mbl HaxoauMm, HakoHel, y JTrogsura JlaHre
onpegeneHHoe 3aBepLleHne NIMHUK PasBUTUS, UCXOOMBLUEN U3 y4eHUs KonepHuka.

BblweykasaHHbIMK onpedenieHUs MU UCKNoYatnTCs MHOrMe Apyrne MbiCriMMble CUCTEMbI OTCHETA,
Hanpumep nbdas cuctema, KoTopas BpawaeTcsa C NOCTOSAHHOW CKOPOCTbIO MO OTHOLLEHUIO K
acTpPOHOMMYECKOM cucTeme oTcHeTa. Teno, nokosuieecs B nogobHom cucteme, byaeTt UCnbITbiBaTh,
Kak ykasan ewie HbloTOH, LEHTPOBEXHYIO CUNY, HE COAEPXaLLYOCS B YpaBHEHUSX OBUXEHUS. JTa
cuna gpakTU4ecKn ABSETCS NULb APYrMM BblpaXEHMEM CTPEMIIEHUS K NPSAMOSTIMHENHOMY
ABWXXEHMIO MO OTHOLLEHUIO K UHepuunanbHon cucteme. [ina cea3aHHOM ¢ 3emnen, cnegoBaTensbHo,
BpaLLaloLencs cucTemMbl oTcHeTa aTa UeHTpobexHasa cuna nposBnseTcs, Hanpumep, B
cnnowmnsaHun 3emnn. BpaweHme nnockoctn konebaHms MmasaTHUKa B nponssegeHHoM B 1851 r.
onbiTe Pyko (1819-1868) Takke, HECOMHEHHO, yKa3blBAeT Ha BpalleHne 3emnu, T. €. Ha
HeonpaB4aHHOCTb 3eMHOW CUCTEMbI OTCHeTa. BTOpbIM AoKa3aTeNbLCTBOM ABNSETCHA YCTaHOBKA
BpaLLlaloLLEerocsi komrnaca B CEBEPHO-H0XHOM HanpasneHun (B 1925 r. MankenbcoH gokasarn To Xe
camoe nocpeacTBOM onbiTa ¢ MHTepdepeHumen ceeTa).

Ho gnHamunka gaet BO3MOXHOCTb BbIBECTU U3

OLHOW NHepLManbHOM CUCTEMbI Apyrine. PaBHonpaBHbIMK ABNSAOTCS BCE CUCTEMbI OTCYETA,
KOTOpbIE MO OTHOLLUEHWIO K HEN NepeMeLLatoTCsl C NOCTOSIHHOM CKOPOCTbLHD. OTO ObIfo XOpOoLLOo
N3BEeCTHO HbIOTOHY; ewwe Nanunen B cBoen 3awwmte yyeHns KonepHuka npoTuUB pacnpoCTpaHEeHHbIX
BO3paKeHUI CCbinancs Ha TO, YTO B 3aKPbITOM MPOCTPAHCTBE BHYTPU ABUXYLLErocst kopabns
HUKaAKNM MEXaHUYECKMM OMNbITOM HENb3A 0BHaPYXUTb ABUXKEHME KOpabns.

KOOpﬂ,I/IHaTbI, onpepgendarowmne nornoxeHme MaTepmaanon TOuYKM B Nntobon n3 MHepumnarnbHbIX
CUCTeMm,

BbIYNCNAIOTCA NO NPOCTON hopMyre U3 KoopaMHaT JaHHOM TOYKM B OQHOWN U3 3TUX CUCTEM, MPUYEM,
KOHEYHO, BBMAY HanNn4musi OTHOCUTENbHOIO ABMXEeHNs obenx cuctem TpebyeTcs elle 3HaTb BpeMS
ANsa nepexoga oT ogHon cucteMsbl K Agpyron. OHO ocTaeTcs Henpeobpas3oBaHHbLIM U B 3TOM CMbICIE
aBnseTca «abcontoTHbIM». B nogobHbIX cuctemax, npasga, pasnmyatnTcs CKOPOCTU MaTepuarnbHbIX
TOYEK, HO YCKOPEHUS - OOHWN U Te Xe. [03TOMYy 3aKOH ABWXKEHNS UMEET 3HayYeHne B obenx cuctemax
B 0AMHaKkoBon hopme. Ecnn aaetca eguHCTBEHHAs nHepLumanbHas cuctema, TO MOXHO ee NPUHSATb
3a abCONIOTHYIO CUCTEMY OTCYETA H ABMXKEHNE OTHOCUTENBHO HEee - 3a «abConNTHOEY» OBMKEHME.
Ho Tak Kak aToro He GbIBaeT, TO rOBOPAT O MPUHLMNE OTHOCUTESNTbHOCTU HEIOTOHOBCKON MEXaHWKM.
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CornacHo aToMy NpUHUUNY MEXaHUYECKMe ONbITbl HE JOMYCKaKT HUKAKOro npenmMyLiecTsa OaHOM
MHepUnanbHON cuctemMbl nepen opyrou.

OpHako gornroe Bpemsi npeanonaranu, 4To NPeMMyLLecTBo Kakon-nnbo cuctembl 6yaeT BO3MOXKHO
YCTaHOBUTb APYrMMU SKCNEPUMEHTaMU 1 HAaBNIOAEHUSIMA, @ UMEHHO TEMU, B KOTOPbIX U3y4atoTCs
dusnyeckne encTBns, pacnpoCTpaHSALLIMECS C KOHEYHOW CKOPOCTbIO; BEb CKOPOCTU B
pasnMYHbIX MHepLUManbHbIX CUCTEMAaX pasnnYHbl. OTa MbICNb Obina BaXkHa Npexae Bcero Ans
onTukun. Jllobas Teopusi, koTopas cumTana aup HocuTenem ceBeTa (Cloga OTHOCUTCS U ANEKTPOHHas
Teopusi; . 4 n 5), gomkHa Gbina paccMaTpuBaTb CUCTEMY OTcYeTa, B KOTOPOWN 3chmp HaxoamTcs B
nokoe, Kak NpeanodTUTernbHY0 nepea Bcemn Apyrummn cucteMamu. Moatomy Takas cuctema
oTcyeTa onpeaensnachk kak abcontoTHas. Bcerga HesiBHO NpUHMMAroch, YTo 3To byaeT
WHepLMarnbHas cMcTeMa B CMbICIIE MEXaHUKMW.

B camom gene, otkpbitas B 1728 r. [bx. bpagnu (rn. 4) abeppaumns 38e3a gonyckaeT NpocToe
0O6BbACHEHMEe, 3aKnoyaloLeecs B TOM, YTO CBET B aCTPOHOMMUYECKON CUCTEME OTCHeTa
pacnpocTpaHAeTcsa No BCEM HaMpaBfeHUsM C OOHOW N TOW e CKOPOCTbIO, namepeHHon Onadom

Pémepom. CKopoCTb cBETa OTHOCUTENBbHO 3eMNN NOyYaeTCs BEKTOPHBLIM BblYMTAHUEM CKOPOCTU
3emnn. B 1818 r. O. dpeHenb npeackasan, a B 1871 r. [xopox bugen 3npn (1801 -1892)
3KCNepMeHTanbHO NOATBEPAUIT Ka3aBLUueecs npexae napagokcarbHbIM NOIoXKeHne, YTo
HanosnHeHWe Teneckona Bogown, crnegoBaTenbHO, U3BMEHEHNE CKOPOCTU CBETa BHYTPW TPyObI
Teneckona, He BnusieT Ha abeppaumto. Teopna GpeHens nepectana 6biTb CNOPHON K NpMBena K
TOYHOMY, SKCNepnMeHTarnbHO nogTeepXXaeHHoMy B 1851 r. d130 3Ha4YEHUO CKOPOCTU
pacnpocTpaHeHnsa cBeTa B ABUXYLLMXCA Tenax. Ecnu pacnpoctpaHeHne cBeTa n ABWXeHWe Tena
UMEIT OL4MHAKOBOE UMM NPOTMBOMOSIOXKHOE HaNpaBrieHnsl, TO CKOPOCTb Tena npubasnseTcs unu
Bbl4MTaAETCHA U3 CKOPOCTU CBETA He MOMHOCTbI0. EN NnpunucbiBaeTcs yMeHbLUALWMN ee BeNnYnHy
MHOXMUTENb- (PpeHENeBCKUN KOIMPUUNEHT yBneveHus. Tak Obin AaH 04eHb LiEeHHbIN NPOBHbIN
KamMeHb ONnda BCeX NocreayLmx Teopum ONTUKM ABWXKYLLMXCS Ten.

OnbIT dn3o gonroe Bpems paccMmaTpmBarncs kak nopasutenbHoe foKa3aTenbCTBO CyLeCTBOBaHMUSA
adhupa, NpoHMKaloLLero Bce Tena, Ho He NPUHUMALOLLIENO y4acTus B UX OBUWXEHUN. TONbKO Tak
MOXHO BbISTO MOHATL 3TOT KOAPPULMEHT PpeHens. Teopmsi OTHOCUTENBHOCTN ONPOBepra 3ToT
aprymeHT. OHa gokasana, 4To paccMmaTpmBaBLLeecs kak caMo cobon pasyMeroLLeecs CnoxeHue
NN BblMUTaAHWE CKOPOCTEN HEMPABOMEPHO NPU AaHHbIX YCNOBUSX. Takum o6pa3oM, UCTOpUS OnbITa
®un30 ABNAETCA NOYYMTENbHBIM NPUMEPOM TOrO, Kakyto 60MbLUYI0 pOsib B 0OGBACHEHUN KaXa0ro
OnbITa UrparoT ANEMEHTbI TEOPUM; UX HEMNB3SA Jaxe OTAEeNUTb OT Hero. W ecnun notom Teopumn
MEHSIIOTCS, TO ONbIT NPeBpaLLaeTcs U3 NopasnTeNbHOro Aoka3aTenbCcTBa Ang 04HOW Teopun B
TaKOW >Xe CUIbHbIN apryMeHT Ans npoTUBOMNOSIOXHON TEOPUN.

Ho ctapoe npencraBneHve 06 aganTMBHOCTM CKOPOCTEN CBETA U TeM, BNPOYEM, BCE Xe
coxpaHunock. Xpuctnan Jonnnep (1803-1853) Ha ocHoBaHUKU BOSTHOBOMW Teopun BbiBen B 1842 r.
3aKkn4YeHne, YTo NpUbNMXKEeHNe NCTOYHNKa CBETa K HabnogaTento ysennymaeT Habnogaemyo
4YacToTy, oTAaneHne ymeHblaeT ee. TpyaHbli Ans

6*
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noHMMaHua adppekT [lonnnepa B TeHeHne HECKOSNbKNX AEeCATUIETUIN BCTpeYan 0XXeCTOYeHHOe
COMpOTUBNEHNE, HECMOTPS Ha NOATBEPXKAEHME, KOTOPOE OH MOMy4nn B 06nactu akyctuku (rn. 2).
OTO CONpOTMBIEHME OTHACTN 0O BACHAETCA AENCTBUTENBHO CMOPHLIMU aCTPOHOMUYECKUMU
npuMeHeHnamn atoro npuHuuna Jonnnepom. U Bce xe Jonnnep 6bin No cywecTsy npas, u
acTpoHOMMS NepBas Aana aKkcnepuMeHTanbHOe NoOATBEPXAeHME 3Toro npuHumna. B 1860 r. SpHcT
Max (1838-1916) npeackasan, 4To NMMHWUM NOTMNOLLEHUS B CNeKTpax 3Be3A, CBA3aHHble C caMoWn
3Be3401, JOMKHbI 06HapyXmBaTb adpdekT [lonnnepa; HO Hapsaay C HAMKU B 3TUX CNEeKTpax
CYLLIECTBYIOT JIMHUW NOTMOLLEHNSI 3€MHOIO NPOUCXOXAEHUSA, He OBHapyxuBatoLme acpdekra
Honnnepa. NepBoe cooTBeTCTBYOLEE HabnogeHne yaanock nponssectn B 1868 r. Bunbamy
XtorrnHey (1824-1910). B HacTosLwee BpeMs TOYHOCTb Takmx HabnoaeHun npy 6naronpusiTHbIX
YCMOBUSIX Tak BeNuka, 4To MOXHO M3MepuTb fnyyeBble ckopocTn B 3 « 104

CM/CeK, B TO BpEMS KaK 3T CKOPOCTU MOTyT AOCTUraTb BeNMYnHbI o 107

cm/cek. JTabopaTopHoe aokasatenbcTBo achdekra Jonnnepa 6bino gaHo B 1905 r. MoraHHecom
LLItapkom, Nonb30BaBLUMMCS B KQ4eCTBE UCTOYHMKA CBETA KaHANoBbIMU fiydamu, T. €. CBETALLMMUCS
aToMamu, KOTOpbIE B SNEKTPUYECKMX ra30BbIX pa3psgax npunobpetatot ckopoctn ao 108

CM/ceK; B 9TUX OMblTax JONMNIIEPOBCKNE CMELLEHUS CrieKTparnbHbIX IMHUI NOMyYarTCsa ropasgo
06nbwKrMK, Yem B acTpoHOMUYecknx HabngeHusx. B 1919 r. K. ManopaHna nposepun acdekt
[donnnepa Ha NCTOYHUKAX CBETA, MEXaHUYECKN OBUXKYLLNUXCA CO CKOPOCThLIO nopsaka 2 « 104

cM/cex.

Kak Hu BaxkHbl abeppauna n adhdekt [lonnnepa, HO OHN HE OTBEYaloT Ha BONPOC, CYLLECTBYIOT N
HECKOJNbKO CUCTEM OTCYeTa, paBHOMNPABHbLIX C TOYKN 3peHns onTukn. Kak nokasbiBaeT 6onee To4HOe
paccMOTpeHne, 3TN ABNeHUst BOOOLLLE He 3aBUCAT OT CKOPOCTEN UCTOYHMKA CBETa U Habnaarens
Mo OTHOLUEHWIO K CUCTEMe OTCYeTa, a 3a-

BUCAT TOSbKO, NO KpanHen Mepe B NepBOM NPUBAMKEHNN, OT OTHOCUTENBHOM CKOPOCTU UCTOYHUKA
cBeTa n HabnogaTens No OTHOLWEHMIO Apyr K apyry. Ecnn 66l HabngeHMe cMorno obHapyXuTb
BNUAHME CKOPOCTU, ObLLEN AN BCEX yYacTBYOLWMX Ten, TO Obino Obl JOKa3aHo cyllecTBoOBaHNE
NpUBUNErMpoBaHHON cucTeMbl oTcyeTa. Ho B nogoBHOM onbiTe 9Ta CKOPOCTb BCTynaeT B
KOHKYPEHLIMIO CO CKOPOCTbIO CBETA; pe3yrbTaT 3aBUCUT OT UX OTHOLLIEHUS, KOTOPOE ABNAETCA
BCerga ManeHbknm vmcriom. [Noatomy Takme HabnogeHusa TpyaHbl yxke Torga, Korga 3aHMmarTcs
adpdekToM nepsoro nopsaka, T. €. BenuinHamu, NnponopunoHanbHbIMU 3TOMY OTHOLLEHUIO; TEM
BGonee oHM TpyAHbI B cryvae adpdbekta BTOPOro nopsigka, npyM KOTOPOM B pacCMOTPEHME BXOANUT
KBagpaT 9TOro oTHoweHuna. [1ns cnyvas apmxkeHus 3emnn Bokpyr CorHua 3TO OTHOLLEHME paBHO
10-4. Moao6HbIMK, SKCNEPUMEHTAMM MbITANIUCh YCTAHOBUTbL «3OUPHbIA BETEP» MO OTHOLUEHWUIO K
aswxyenca 3emne. MNMocne 1839 r., korga Xak babuHa (1794-1872) nccnegosan BNusiHMe
ABWKEHUS 3eMnn Ha ABNeHUs nHTepdepeHLnn, BbI10 MHOIO ApYrMx aHanorMyHbIX NonbITok. Ho
BCE OHM AaBanu oTpuuaTtesibHble pe3ynbTaTbhl. BONbLWMHCTBO ONbITOB Kacanocb 3addeKToB NepPBOro
nopsigka U He gaBano BO3MOXHOCTU PELLUMTbL BONPOC O cUCTeMe oTcyeTa, noka B 1895 . I, A.
INNopeHTy, He goka3an Ha OCHOBE ANIEKTPOHHOM TeopUU, YTO BOOOLLE HE MOXET BbITb TakuX
3NEKTPOMarHUTHbIX U ONTUYECKNX 3PdEKTOB NepBoro nopsgka. Tem bonbluee 3Ha4eHe Nosnyymnum
HEeMHorne onblIThbl, B KOTOPbIX UCCNegoBanuch addekTbl BTOPOro nopsaka. Mexay HuMu
TeopeTU4eCcKn cambiM NPOCTbIM U 3KCNEPUMEHTAsNIbHO TOYHBIM siBrisieTcs onbIT MarkenbcoHa. OH
HenocpeacTBEHHO CpaBHMBAET OTHOCUTESbHbIE CKOPOCTM CBETa MO OTHOLLEHMIO K 3eMne B
pasnU4YHbIX HanpaeneHnsax. «AupHLIN BETEP», ECNN OH CYLLLECTBYET, AOIMKEH 00YCNoBUTb
pasnuuns Mexagy HAMWU. ATy MbICI b 1 NepPBOE elle HECOBEPLLEHHOE OMNbITHOE BbINONHEHME ee A. A.
MawkenbcoH onybnukoan B 1881 r. Nocne Toro kak B 1884 r. . A. JlopeHTL OTMeTun HegocTaTku
aTon paboTbl, MankenbcoH n Mopnu B 1887 r. BbICTYNUIIM C NOBTOPHbBIM OMbITOM, KOTOPbIA UMES
yxe
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AO0CTaTO4YHYK TOYHOCTb. 3HauMTenbHO Aanbe nownu B 1904 r. Mopnu n Munnep; ol cmornm
pydaTtbces, 4To Habnogaembln acpdekT He cocTaBnan Vioo npeackazaHHOro BblMUCIEHUEM
pesynbTarta. Npasga, nocne 1920 r. kazanock, 4To Munnep Ha 6onbLWNX BbICOTaxX Hag YPOBHEM
MOPS NONYYUN NONOXUTENbHbIE pe3ynbTaTthl. OgHaKko OHW BbINN BHYTPEHHE NPOTUBOPEYMBSI U,
Kpome Toro, 6binm onpoBeprHyTbl B 1926 r. KeHHeaw, a Takke B 1926-1927 rr. MHOroYMCNeHHbIMU
NOBTOPHbLIMM OMblTaMWn, BbINONHEHHbIMU A. MNMukapom 1 3. Ctaxenem. B 1927 r. K- K. UnnnHreopT un
B 1930 r. I". Mlooc gocturnmn Takom BbICOKON TOYHOCTU, YTO «3(PUPHLIN BETEP» AO0IMKEH Obin 6bl ObITb
3amMeTHbIM npu ckopoctn oT 1 go 1,5

Km/cek, ecnu 6bl 6bina npaBunbHa TEOPUSA NPENMYLLIECTBEHHOW CUCTEMbI OTCYETA.

Mopg BnusiHMem onbitTa MarkenbcoHa u Opyrnx nogoOHbIX ONbITOB BO3HMKMA cneumanbHas Teopud
OTHOCUTEITbHOCTU, OTKPbIBLUAA HOBYIO 3MoOXy OJiA I'IpO6J'IeMbI cuctembl otcyeta. OHa yTBepxaaet
KaK 3aKOH npupoabl cyulectBoBaHune GeCKOHEYHOro MHOXecTBa MHepLunanbHbIX CUCTEM,
OBWXKYLLNXCA C NOCTOAHHBIMU CKOPOCTAMU OPYr OTHOCUTENTbHO Apyra U 3KBUBAJTEHTHbIX 0114

COBOKYMHOCTM BCEX siBNeHun npupoael. Npun nepexoge oT 04HOW CUCTEMbI K APYrOn Hemnb3as,

KOHEYHO, NocTynaTb, Kak B HblOTOHOBCKOM MexXaHuKe, B KOTOPOW BpeMsi He NpeobpasoBbiBaeTCs n
COXpaHSIET CBOK BENUYMHY O515 BCeX cucteM. [1oaToMy MexaHuka 1 Hyxganacbh B yNOMSHYTOM BO
BTOPOW rrnaee naMmeHeHuun. Ytobbl BbipasnTb TOT akT, YTO cornacHo onbliTy MankenbcoHa cBeT B

nobon nHepumansHOM CUCTEME pacnpoCcTpaHaeTcs No BCEM HanpasBreHNsiM C O4MHAKOBOM
CKOPOCTbI0, MPUMEHAETCH OAHOBPEMEHHOE Npeobpa3oBaHe KOOpPAMHAT NPOCTPaAHCTBA N BPEMEHM.
OTO «NOPEHTLEBO Npeobpa3oBaHMe» BeOET, HAaNpumep, K 3aKoHY, YTO BCAKOE Tero, KOTOpoe
OBWXKETCS MO OTHOLLEHUIO K MHEpUMarnbHOM CUCTEME, OKa3bliBaeTCs KOpoye B HanpasfieHum
ABWXXEHWSI NO CPaBHEHMIO C TEM, KaKnm OHO 6bIno 6bl, ecnu 661 nokomnock. MNpaeaa, aTo
YKOpOY€eHue B CIy-

Yyae Marow CKOpOCTM OYEHb HE3HAUYUTENbHO. ECni e ckopocTb NpUBNMKaeTcs K CKOPOCTU CBETA,
OHO [enaeTcs 3HaYnTenbHbIM. [InvHa Tena B HanpaBneHUy OBWKEHUS OOIKHA CTaHOBUTLCS
GeckoHeYHO Marou, Mo Mepe TOro Kak CKOPOCTb NPUBIKaeTCs K CKOpocTu ceeTa. [pyroe
crnencTBme 3TOW TEOPUUN: CKOPOCTb CBeTa SIBMSIeTCS BbICLUMM NPeAerioM He TONbKO ANsi CKOPOCTeW
BCEX Ten v Ans pacnpocTpaHeHusl BceX hm3nYecknx AenNCTBMIN B NPOCTPAHCTBE, HO Takxke AN BCcex
OTHOCUTENbHBLIX CKOPOCTEW MHEPLMANbHbIX CUCTEM APYr OTHOCUTENbLHO Apyra. Tem cambiM
CKOPOCTb CBETA BbICTyMNaeT U3 paMOK ONTUKM N INEKTPOAMHAMUKIN 1 NONyYaeT yHMBEpcarnbHoe
3Ha4YeHWe Ons Bcex siBNeHun npupoasbl. ictopryeckon cry4yalnHOCTbIO ABASIETCS TO, YTO
4enoBEeYECTBO BrEPBble BCTPETUIIOCH C 3TON CKOPOCTLIO MPU N3yYeHUN cBeTa.

. B 1887 r. Bonbaemap ®ourt (1850-1919) 3ameTnn B 0gHOM M3 CBOMX paboT, YTO BbilleyKka3daHHOe
npeobpasoBaHue BeAeT OT O4HOW CnpaBeniMBON NSl ONTUKM CUCTEMbI OTCYETA K APYroun,
nogobHom xe cucreme. B 1900 r. AHpu MNMyaHkape (1854-1912) NOACHMA 3TO OCTPOYMHbIM
MbICEeHHbIM onbiToM. B 1904 r. 3Ta MbICNb YKpenunach Nog BIIMSHUEM 3NEKTPOANHAMUKN
JlopeHTua, KOTOPbIN YXXe NPUMEHSN PENATUBUCTCKN M3MEHEHHYO MexaHuKy (rn. 2). Ho ncxogHbim
MYyHKTOM BCeX NpeaLlecTBEHHUKOB TEOPUM OTHOCUTENBHOCTM ObINO BCE Xe TO, YTO
3NEKTPOMarHUTHbIE U ONTUYECKME NPOLECCHI MPOTEKAIOT Tak,

Kak 6yaTo 6bl 3T0 NnpeobpasoBaHMe BeAeT ONSATb K Npuemnemon cucteme otcyeTa. JlopeHTu,
Hanpumep, yCTaHOBUI pasnuyne expressis verbis mexay cobCTBEHHbIM BpeMEHeM,
HenocpeaCTBEHHO NPUMEHSIIOLLMMCS B NPUBMIErMPOBaHHOM CUCTEME OTcYeTa, abCOMTHBIM
BPEMEHEM N «MECTHbIM BPEMEHEM», KOTOPOE BblYMCsieTCa U3 abCOMTHOro BpEMEHU U
MPOCTPaAHCTBEHHbIX KOOPAWHAT ANS APYrMX cUCTeM oTcyeTa. PeluatoLmin noBopoT, OTKas OT «Kak
6yato 6bi», coBepwnn B 1905 r. A. SnHwTenH. Ha ocHoBe rny6oKoro Bo33peHus Ha CyLLHOCTb
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NnpocCTpaHCTBa U BpeMeH OH BbiCKa3aJlt MHEHUE O

NMOSIHOM paBHOMpPaBUKN BCEX CUCTEM OTcYeTa, NOMNyYeHHbIX C MOMOLLbIO NpeobpasoBaHus JlopeHTua
13 04HOM JONYCTUMOW CUCTEMBbI, U, CriedoBaTeNbHO,

paBHOMPaBUN BCEX OTHOCALLMXCA K 3TUM CUCTEMaM U3MEPEHNI MPOCTPAHCTBA U BPEMEHN.
UpesBblYaNHO MHTEHCUBHASA NOMEMMKA NPOTUB TEOPUN OTHOCUTENBHOCTU BO3HMKANa 3a4acTyto
n3-3a HegocTaTka rnybokoro BO33peHMs y ONMOHEHTOB. HoBasi npuHUMnuanbHasa ycTaHoBKa
npvBena AMHLWITENHA K BEPLUMHE BCErO 34aHMSA TEOPUN OTHOCUTENBHOCTM - K 3aKOHY MHEPTHOCTM
3Hepruwm (rn. 2).

MaTepMaanbM HOCUTESb CBEeTa, 3(bl4p, HeCoOBMEeCTUM C TeOpMGVI oTHocuTenbHocTu. OH gan Obl,
Kak 6blno ckasaHo, npegrnoyTteHne O4HOW onpe,u,eneHHoM cucteme otcyeta. Barnsag dJapa,u,eﬂ -
MakcBenna Ha ANIEKTPOMArHMTHoOE rnosie Kak Ha uaMmeHeHne CoOCToOAHNA adwlpa CTaHOBUTCA TaKXe
HENnpmMeMIiiEMbIM. He ocTtaBanocb HMYEro MHOro, Kak YCMOTpPETb B 3JIEKTPOMArHNTHOM norne
CaMOCTOATEJIbHYHO cbvl3|/|qe0|<y+o pearibHOCTb.

[pyroe cneacTteme 13 NOPEHTLOBCKOro npeobpasoBaHus rnacuT, YTo ABUXKYLLMECS Yackl nayT
MeasieHHee nokosawmxcs. B kauecTBe «4acoB» MOXHO paccMmaTpuBaTb nepunognyeckme konebaHms
B aToOMax, nopoxgjatowime cnekrpanbHble NnHuK. MNpasga, aToT adpekT mar, BTOporo nopsagka, v
NoTOMY ero TpyAHO 0BHapyXuntb. CKOPOCTMN KaHanNoBbIX fy4yeln oKa3anucb BCe e OCTaTOYHbIMU,
4yTObbI €ro KoOHcTaTUpoBaThb. «KBagpaTnyHbIn adpdekT Jdonnnepa» nepenneTaeTcs C KNacCU4eCckum
achbpekTom [onnnepa; ero paktnyeckn Habnoganu B 1938 r. M. Amec u I'. P. Ctueen, B 1939 . I'.
OTwnHr.

CneunanbHaga Teopms OTHOCUTENBHOCTN, O KOTOPOW 34eCb MAET peyb, ABUaCb UTOroOM
NpoaOosKaBLLErocs B TeYeHne cToneTus pa3sutus. VIMeHHo NnoaToMy oHa He nocTasusia nepea
3KcnepuMeHTarnbHbIM UCcneagoBaHMeEM HOBbIX Npobriem. Bce onbiThl, NpoOM3BeAEHHbIE C TEX MNOP,
ABMANNCH TOSBKO Yy4dLIEHNEM NMPEXHNX onbiTOB. Mbl BbILLE y)Xe YNOMUHANM o NOBTOPEHUSAX OnbiTa
Mankenbco-Ha. YKaXeM eLle Ha dNeKTpoMexaHn4eckum onbiT, npeanoxeHHsii B 1903 r. ®p. T.
TpoytoHom u I". P. Hobnem, To4HOCTb KOToporo 6bina nogHata B 1926 r. P. Tomalue-komM A0 ypOBHS
TOYHOCTM onbiTa MankenbcoHa. 3apsKeHHbIN 3NIEKTPOCTAaTUYECKUI KOHAEHCATOP, NOABELLEHHbIN
Tak, YTOObl OH MOT BpaLLaTbCA, AOMMKEH Oblf, COrnacHo anek-

TPOHHOW TEOpUN, MOBOPaYMBATLCA BCNEACTBME BpalleHnst 3emnum, HO camo cobor pasymeeTcs, YTo
COrnacHO TEOPUN OTHOCUTENBLHOCTM Takoe BpalleHne He OOMMKHO OblNo NPONCXoaunThb.
BbluMCneHHbIN HA OCHOBE 3MEKTPOHHOW TEOPUM pe3ynbTaT okasasncs Marion BENMYMHON BTOPOro
nopsiaka. HecmoTtpsi Ha 37O, yNOMsIHYyTble nccrnegoBaTteny yoeaunuce, YTo BpalleHns
JENCTBUTENBHO He ObINo.

Mepen matemaTtmkammn n TeopeTmkaMmn-omsnkammn Bctana TpyaHasa 3agada. OHu JOMmKHbI Gbinu
NpPUCNocobuTb K TEOPUM OTHOCUTENTBHOCTU BCE BETBU (PU3UKN, HANPUMEP, TEOPUIO YNPYroCTy,
rmapoanHaMnky, TepMogMHaMMKy M OTHOCSLLMECS K BeLecTBY YacTn Teopumn Makceenna. M3aiwHyto
MaTemaTmnyeckyto (popMynmnpoBKy Teopun oTHocuTensHocTn gan Nepmad MuHkosckui (1864-1909),
KOTOpbIN HE3a40MNr0 4O CMEPTU BBES BPEMS KaK YeTBEpPTYH KOopaMHaTy, paBHOMNPAaBHYHO C TpeMs
NPOCTPaHCTBEHHbLIMU KOOpANHaTaMu. HO 3TO - TOSNbKO OYEHb LIEHHbBIV U UCKYCHBLIN MaTeMaTUYeCcKum
npueMm; B MPOTMBOMOSOXHOCTb CYLLECTBYIOLLEMY MHEHMIO, HUYero 6onee rnybokoro 3gechb He
ckpbiBaeTcs. B 1911 r. Makc Jlaya fan nepBoe CMHTETUYECKOE N3NOXEHNE cneumansHOn Teopun
OTHOCUTESNbHOCTN.

Ho OnHWTEnH He 0CTaHOBUICA Ha cneumanbHOM Teopum oTHocuTenbHocTU. C namepeHnem
NpocTpaHCTBa Aeno 06CTOUT Tak Xe, Kak ¢ uamepeHnem spemenu (rn. 1). Nepea Hawmm
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co3epLaHneM NeXUT KOHTUHYYM, U Mbl JOSHKHbI BHECTM Tyaa CUCTEMY Mep; HO 3Ta cucTema B CBA3U
C TPEXMEPHOCTLI0 NPOCTPaHCTBa crioxHee. B npuHumMne cywectByeT 6€CKOHEYHO MHOMO
paBHOMNPaBHbLIX METOAOB M3MepeHusi. MaTeMaTukn NCNOMb3YT 3TO MHOroobpasue, Korga oOHu
cBobOOAHO co3aatloT HEEBKNMAOBLI reoMeTpumn. Ho cpmanka gormkHa aTo MHOroobpasne orpaHnynTb
BbIGOPOM TOW reoMeTpumn, KoTopasi 4acT BO3MOXHOCTb

MPOCTOro N3rnoXxeHnqa 3aKkoHOB Npupoabl. Cwmbicn BOMNpocCa B TOM, Kakad reomeTpusd

cooTBeTcTBYeT onbiTy. Korga, Hanpumep, Maycc, ¢ Lenbio ucnbitatb 3Ha4MMOCTb €BKITMA0BOW
reoMeTpum, NyTem reofe3nyeckmx N3mepeHni

(cnepoBaTtenbHO, ONTUYECKKN) UCcneaoBan, 4eUCTBUTENBHO S CyMMa YriioB B TPeYrofibHUKe
BpokeH - MHcenbcbepr- Boicokun MareH paBHa 180°, kak yTBepXaaeT aTa reomeTpus B
NPOTUBOMNOSIOXHOCTb APYIMM, OH HESIBHO AOMNycKan AN NPOCTOThI, YTO Sly4n CBeTa cregyroT no
reofesnyecknm («HankpaT4anwmmy») NMHMaM. Ecnun ot 9Toro otkasaTbCs, TO HEBO3MOXHO byaeT
BbIBECTN reOMeTpUYECKoe 3akritodeHne U3 pesyrnbTaTa onbiTa, NOATBEPXKAatoLWero aty Cymmy
yrnos.

B 1O Bpems kak 0o cux nop cumsnka 6bina BNnosHe yaoBneTBOPEHA EBKNINOOBON reoMeTpuen, odias
Teopust OTHOCUTENBHOCTN DNHLUTENHA, KOTOpas NOCTENEHHO pa3BmBanack ¢ 1913 r., yTeepxaaer,
YTO ANSA 06 bACHEHUS TATOTEHNSA HEOOXOAUMO NOSIb30BaTbLCA HEEBKMMAOBOMW, K PUMAHOBON»
reomeTpuen. OTKNOHEHNS OT €BKNNOOBOW reOMeTpUN MUHUMAarbHbI Aaxe BONN3n Takmx 60nbLUmx
Macc, kak ConHue, n NPoSABASOTCH TONbKO B O4EHb HEMHOIMX HabnogeHuax. 9To, BO-NepBbIX, HE
OO BACHEHHbIV TEOPUEN OBUXKEHUA NNaHET OCTaToK ABMKeHuA nepurenna Mepkypus (rn. 3);
BO-BTOpbIX, OTKINOHeHne ceeTa ConHuem, KOTopoe, cornacHo HabntoaeHnsam Aptypa CteHnum
SaanHrToHa (1882-1944) Bo Bpema conHeyHoro 3atmeHus B 1919 r., TO4HO cooTBETCTBYET
npeackasaHuio ArHwTenHa. MNocnegyowme HabnoaeHns 3aTMEHUIA 4OCTaBUNW, NpaBaa,
HECKOmbKO OONbLUYI0 BENMYUHY. B-TpeTbuX, HYXXHO YCMOTPETb NOATBEPXAEHNE TEOPUN B HOBbIX
crnekTpanbHbIX HabnaeHUAX, 0COBEHHO KacaroLmMxcs NIIOTHOM 3Be3abl - cnyTHMKa Cupuyca, B
CMeKTpe KOTOPOW SIMHUM 3HAYUTENBHO CMELLEHbl B KPACHOM YaCcTW CrekTpa No OTHOLLEHMUIO K UX
NOJSIOXXEHWIO B 3€MHOM CIEKTpe.

OGLLaa Teopnsi OTHOCUTENBHOCTU ELLE HEe 3aKOHYEHa; HO 3a Hell OCTaHeTCs Ha Bce BpeMeHa crnasa
npenckasaHnsa OTKIOHEHUs cBeTa 6e3 NpuMeHeHus cneuunanbHbix ad hoc caenaHHbIX AONyLEHMI™).

*) nOCpeﬂ,CTBOM noaoOHbIX ,D,Oﬂyu.leHMVI TakKxKe npegckasbiBalsrin OTKIoOHeHMe CBeTa.

MABA 7
OCHOBbI YHEHWA O TEIMJIOTE

Yxe B OOHay4YHOM OrbITe ObINO N3BECTHO pasnnymne Mexay TenribiIMn n XornoaHbIMU TefamMmm 1
ypaBHOBeLWIMBaAHNUE, KOTOPOE HacTynasno npn CoOnpnkoCHOBEHUN pa3yfiM4HO HarpeTbIX Tesl. Bbbino
M3BECTHO Oaxe, 4YTO eCJin Tesio

A HaxoguTcs B TENNOBOM paBHOBeCUM ¢ AByMs Apyrimmn Tenamun, b n C, To B u C Takke HaxoaaTcs
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B paBHOBECUM MeXay cObon. OTO IMNUPUYECKOE 3HAHME €eLLE 0 NOSBIIEHUS COBCTBEHHO HAy4YHOrO
nccnenoBaHns NPUBENO K YCTAHOBNEHUIO «CTENEHeN TeNnoTbl» HA OQHOMEPHOW LKane, T. €. K
CO3[aH1I0 Ka4eCTBEHHOIO NOHATUS TeMnepaTypbl, NPU KOTOPOM MOXHO ObISI0 rOBOpUTL O Bornee
BbICOKOWN unu 6onee HU3KoM TemnepaType, He CBA3bIBas €€ C MEePOK M YMCIIOM.

C BO3HMKHOBEHMEM Hay4HOro MCCrefoBaHUA NosiBUNack NOTPEOGHOCTb N3MEPATL TemnepaTypy
konunyectBeHHo. Manuneo MNanunen (1564-1642), EBarmxenncta Toppu-vyennu (1608-1674), Otto
"epuke (1602-1686) 1 MHOrME UX COBPEMEHHNKN CTPEMUITUCH MOCTPOUTL TEPMOMETPbLI; B OCHOBY
OHW MOMNOXWUITM TEMNSIOBOE pacLUMPEHUE XUOKOCTEN N ra3oB, KOTOPbIM B DOMbLUMHCTBE Cyyaes
nonib3yTcsa u cendac. MNpaeaa, B 9TMX NepBbIX TepMoMeTpax He Bblnn ycTpaHeHbl MHOMne
NoBOYHbIE BNUAHUS, HANPUMEP BNUSHME AABNEeHUs BO3ayxa, U MO3TOMY OHU AaBanu fvLb YCITIOBHO
npuMeHnMble pesyrnbTaTtbl. [1pUXOANNOCH TakKe CTankMBaTbCA C TEXHUYECKUMUN TPYAHOCTAMM
corfiacoBaHud nokasaHun TEPMOMETPOB OHOM N TOM e KOHCTPYKUuK. [NepBbiM, KTO Nnpeoonern
3TN TPYOHOCTU M BCAKNE HapyLuaoLwme BUSHUA 1 TEM CaMblM CTan ocHoBaTte-

nem TepmomeTpuu, 6bin MNabpuane JaHnans ®apeHrenT (1686-1736), paboTbl KOTOPOro OTHOCATCA
K 1709 r. Ero KOHCTpYKLMS NPUMEHSETCS U Tenepb B KOMHATHbBIX TepMOMeTpax. ATo 66110 NepBbIM
LaromM Hayku o TensoTe.

OTn TepMoMETpbl faBann BO3MOXHOCTb YCTaHOBUTb MOCTOSIHHbIE METKM Ha TeMNepaTypHOW LUKane,
YTO BbISIO YEM-TO NOAOBHBLIM OTKPLITUIO NMMHUI PpayHrodepa B cnekTpe (rn. 4). 3Tn MeTkn
COMOCTaBMANMUCH C YMCNaMm, HO BCerga ocraBanachb ogHa npobnema, nmeroas cxoacTseo C
nNpobnemor n3amepeHnsi BPEMEHM, HECMOTPS Ha YMCTO SMMUPUYECKUI XapaKTep NOHATUS
Temnepatypbl. Beab B 060mx cny4yasix - Tak e, Kak 1 B criydae cnektpa - ousuka CTout nepes
OOHOMEPHBLIM KOHTMHYYMOM W OOSMKHA OXBaTUTbL €ro Mepon u ymcnom. M 3gechb BegyLmm siBnsieTcs
CTpEeMIEeHne NpMcnocobuTb 3Ty CUCTEMY MeP AN1S BO3MOXHO 6onee npocTton hopMynMpoBKM
3aKOHOB NpuUpoabI.

Ho 6onee ctapble TeMnepaTypHble WKanbl Obiniv Bce 6€3 UCKMYEeHNA NPOM3BOSTbHBIMU.
MpOn3BONbHbLIM SABAANOCH YXXe TO, YTO UMEHHO TEMNNOBOE pacLUMpeHne UCMonb30Basnoch Ans
n3mepeHuns Temnepatypbl. Beab 3Ty pornib MOrnuv BbINOMHATL U ApYrMe CBOMCTBA Ten; ANl BbICOKNX
UNN KpamHe HU3KNUX TeMNnepaTyp B HACTOsILLEE BPEMS YacTO BMECTO pacLUMpPeHUst MPUMEHSIOT
3NEKTPOABMXYLLYIO CUNY TEPMOSIEMEHTOB UMW 3NEKTPUYECKOe ConpoTMBIieHne BONOMETPUYECKOM
npoBonoku. Mpn ncnonb3oBaHUKU TENNOBOrO paclLMpeHns NPoM3BOI 3aKknyancsa u B Bolbope
TEPMOMETPUYECKOro BELLECTBA: PTYTU, CNMPTa, rasa. lNponsson ot4acTu 6bIN yCTpaHeH, Koraa
NPUMEHUNN «naearnbHble rasbl»; X TENSI0OBOE paclUMpeHme NPoOUCXoanT OQUHAKOBO, Kak nokasanm
namepenus, onyonukosaHHole B 1801 r. [xoHom JanbToHom (1766-'1844) n B 1802 r. XKosedom
Jlyn T'en-Jltoccakom (1778-1850). B 1842 r. ¢ NoOBbILLEHHOW TOYHOCTBLIO UX NoaTBEPAMN ["eHpux
N'yctaB MarHyc (1802-1870) n He3aBucumo oT Hero Anpu Buktop PeHbo (1810-1870). 3gecb nmetot
Aeno, no KpanHen mepe, Co CBOMCTBOM

He ogHoro Tena. [ins aTon npobnembl SBMSIETCS BTOPOCTENEHHbIM, MPUHUMAETCS N 3a HYNEBYHO
TOUYKY LLKanbl TeMnepaTypa onpeaeneHHoN oxnaxaatoLLen

cMecH, Kak aTo AgenaeT dapeHrenT, unm Todka 3amepsaHns Bodbl, Kak aTo genatot PeHe Peomiop
(1683-1757) n AHgepc Uenbcuin (1701-1744). Opyron (oMKCMPOBaAHHOW TOYKOWN CHNTAETCH
TemnepaTypa kundawen sogbl: 212, 80 nnun 100 rpagycos. MNpobnema 6bina peweHa nuweb B 1854 .
BTOPbIM 3aKOHOM TEPMOAMHaMMKK, O KOTOPOM ByaeT peyb B rnase 9. OH No3BONWUN BBECTU
€CTECTBEHHYI0 TeMnepaTypHYHo LWKany ANng N3MepeHnst Konn4ecTs TeNoThbl.

BTopon 6onbLuon war B y4eHun o Tennote caenan sckope nocne 1760 r. [hkosed bnak
(1728-1799), KOTOPLIN ACHO yKa3an Ha pasnuune Mexay Konmy4ecTBoM Tenna u TemnepaTypomn.
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EaovHuua konuyectBa TennoThl - kanopus - Bbina onpegeneHa Kak KonmyecTBo TennoTbl, KOTOpoe
HarpeBaeT o4uH rpaMm BoAbl Ha oauH rpagyc Llenbcusa. CornacHo aToMy onpeaeneHunto oHa
3aBUCUT OT U3MEPEHUSA TeMNepaTypbl, HO TONMbKO KaxyLmmcs obpasom. OTkpbiTe Manepom B
1842 r. akBMBaANEeHTHOCTU TENNOTbl 1 AHEPTUM Aano BO3MOXHOCTb U3MEPSTb KONMMYECTBO TENMOThI
MexaHuyeckumu eamHmuamn. Takum obpasom, nsmepeHne Temnepatypbl NPUHUUNnaNsLHO 6bino
TaKKe CBeeHO K MexaHU4eckoMy namepeHuto. Krnaccmyeckmm MHCTPYMEHTOM NS U3MepPEHUs
KonuyecTBa TennoTbl ABASEeTCS fieadaHon kanopumeTp, onucarHHbi B 1780 r. AHTyaHom JlopaHom
JlaByasbe (1743-1794) un Nbepom CnmoHom Jlannacom (1749-1827). NoHATUA yaenbHON U CKPbITOM
TEeNnoTbl NpY TassHUM U UcnapeHun GoINn BBEAEHbI HE3aBMCUMO ApYr OT Apyra bnakom n L. K.
Bunbke.

OcTaHoBUMCS HECKOMBbKO NoapobHee Ha onpeaeneHn, KOTOpoe AaeT TeMnepaType BTOPOe Havano
TepmogmHamuku. MNpu aToM paccmaTpuBaloT 0OpaTMbIN KPYroBOM NpoLEeCC, B KOTOPOM TENOo
CHayana pacLumpsieTca n3oTepMmnYeckn, nonyyas onpegeneHHoe Konm4yecTBo Tenna, a noTom
npoaosmKaeT pacwmpaTbea 6e3 nonyvyeHns nnu otTaaym Tenna, 3aTemMm nNpu otgade Tenna
N30TEPMUNYECKN CKUMAETCH N, HAKOHEL,, UCMNbITbIBAET AanbHenwee cxaTtne 6e3 tennosoro obmeHa
C OKpY>KaloLLen cpeaon Kak pa3 Takmm obpa3om, YTO BO3BpaLLL@eTCsl B Ha4YarbHOE COCTOSIHME.
CornacHo onpegeneHuto, TemnepaTypbl 060MX N30TEPMUYECKUX UBMEHEHNN COCTOSAHUSA OTHOCATCSA
Mexay cobou Kak Nony4YeHHoe KONMYECTBO Tensa K oTA4aHHOMY. 3aKOH yCTaHaBNMBAET, YTO 3TO
OTHOLLIEHWE HE 3aBUCUT OT poja Tena, KOTopoe NoaBepratoT KpYyroBoMy rnpoueccy. Temnepatypa
onpeenseTcs ¢ NOMOLLbIO KO3hULMEHTA NPONOPLNOHANBHOCTI, KOTOPLIN BbIOMPAOT Taknum
o6pa3om, 4Tobbl pa3HOCTb TemMnepaTyp Mexay TodKaMun 3amep3aHns U KUNEHNS BOA4bl paBHsNach
100 rpagycam. Tak nony4aeTtcs abconoTHaa TepMoguHamMmmyeckasa TeMmnepaTypHas wkana; ans
"epmaHuu OHa 3aKkpensneHa B kKadyecTBe ouLManbHON LWKanbl FOCyAapCTBEHHbIM 3aKOHOM OT 7
asrycta 1924 r. \amepeHunsa nokasblBatoT, YTO TOYKa 3aMep3aHns BOAbl NO 9TON LUKane
cooTBeTcTBYEeT 273 rpagycam. [ns oOblAEeHHON XXM3HW C 3TOW LLKanown JOCTaTO4YHO XOPOLUO
cornacylrTcs AaHHble PTYTHOrO 1 CNUPTOBOro TEPMOMETPOB, UMEKLWMX AeneHnsa no Lenbcuto.

O6a konuyecTBa TennoTbl, NOCPEACTBOM KOTOPbIX OnpeaenseTcs TeMmneparypa, SBfstoTCs, Kak
noKasblBaeT OnbIT, BCeraa nofioxXnTenbHbIMU BENMMYMHaMn. He cyLiecTByeT HUKaKkmnx
oTpuuaTenbHbIX abCoMOTHLIX TEMMepaTyp; TepMOANHaAMUYECKas LKana nmeeT abCconoTHYHO
HYNEBYH TOUKY. OTOro MOXHO Obifio 661 N3bexaTtb, ecrnv 3a Mepy TemnepaTtypbl NPUHATL
NPUBNMKEHHYIO OYHKLMIO 3TOW TeMnepaTtypbl, HaNpUMep ee norapudm, YTo ABMASETCH BNOSHE
BO3MOXHbIM, TaK Kak He MPOTMBOPEYMUT HUKAKOMY 3aKOHY npupoabl. Ecnv Tak He nocTynatoT, TO 3T0
NPOUCXOAUT MNOTOMY, YTO B HALLEM MOHATUN TEMNEPATYPbl UMEETCS eLle KOHBEHLNOHANbHbIN
3NeMEHT, KaK npaBunbHO ykasan IpHcT Max (1838-1916). Ecnn 6bl 310 caenanu, To wkana
yxoguna 6bl B 6€CKOHEYHOCTb B HANpaBfeHMn OTpULaTenbHON TeMNepaTypbl U MOXHO 6bIno Gbl
nsbexxaTb UNNIO3NKN, YTO HEMNb3A Aanblue oxnaxaaTb Teno nNpu AoCTUKEHUN, ckaxem, 1° K. Yxe
Tenepb AOCTUTHYTbI ropa3ao 6onee HM3kMe TemnepaTypbl. PakTnyeckm abcontoTHaa Hynesas Touka
HeJOCTMXMMA, Kak aTo nokasan B 1906 r. BanbTep HepHct (1864-1941).

Bnak n ero coBpeMeHHUKN cumuTany TennoTy HepaspyLMMbIM 1 HeCO34aBaeMbIM BELLLECTBOM, TaK
Kak, COrnacHo onbITy, NpY BblpaBHUBAHUN TeMMNepaTyp OOHO Teno NofnydyaeT TOYHO CTOSbKO Xe
TennoTbl, CKOSNbKO Apyroe otaaet. [axe B cnyyae cosgaHHoun [kemcom Yattom (1736-1819)
napoBOM MalUnHbI, coBepmnLlen B 1770 r. nepeBopoOT B 3KOHOMMKE, CHavyana HUKTO He
npusHaBsar, YTo NoABeAeHHas K NapoBOMY KOTAy TennoTa YaCTUYHO NpeBpaLlaeTcs B
MexaHn4eckyto paboTy u Kak TensnoTa, Takum obpasom, TepsieTcs. M3-3a aToro 3abnyxgeHus
reHnanbHas nHTynuma Caam KapHo (1796-1832) o Tom, yto paboTta napoBon MalUMHbI
onpegenseTca BceobLmnM 3aKOHOM nepexona Tenna oT 6onee BbICOKMX K 6onee HNU3KUM
TemnepaTtypam, CHa4ana He npuMHecna HMKakux nrnoAos. Jlvwb nocne OTKPbITUSA 9KBMBANEHTHOCTU
Tennotbl un 3Heprum Pyponbd Knayanyc (1822-1888) cmor BbiBeCcTM oTctoga BTopoe Havano (rn. 9).
Y>xe 13 aToro BUgHO, Kakor NepeBopoT B hn3nNKe COBEPLUNIT 3aKOH COXPaAHEHNSA SHEPTUN.

COBepLLIeHHO Apyrmm n coBcemM He rNnpocCTbiM BOMPOCOM ABJTAETCA BOMPOC O NPakTn4eCKom
npuMmeHeHnn TepMOD,MHaMMHeCKOIZ TeMI'IepaTypHOIZ LKanbl. lcnonb3oBaHHbIN ANs ee onpegeneHnd
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KpYyroBown NpoLiecc €CTb MbICIIEHHbIN ONbIT, KOTOPbIA HENb3S BbIMNOMHUTL HX B OQHOM Crlyvae c
nonHenwen TOYHOCTbIO. Ho BCe e pasBuTme TepMogvHaMnKn Sano cpeactasa n nyTtn ong
nepexoaa oT APYrux LwkKan K TepmogmHammyeckon. Ml He Byaem 34ecb 3aHMMaTbCA 3TUM, HO
TOSbKO YKaXXeM, YTO NMpu U3MEPEHMM BbICOKMX TeMnepaTtyp ¢ 60MbLINM YCNEXOM UCMNOSb3YOT
TEnnoBOE N3ny4yeHne, Tem bonee, YTO OHO CBA3AHO C TEMMEPATYPON UCTOYHMKA N3NYYEHUS
NPOCTbIMU N TEOPETUYECKN XOPOLLO 060CHOBAHHBIMY 3akoHamu (. 13). Taknm nytem Npuxoasat
Takke K ornpegerieHuio Temnepatyp 3Bes, 4TO UMeeT Benuyaniiee 3Ha4eHne ans acTpoHOMUM.

Crapenwmnmn cpeactesaMm NOHMKEHUSA TeMnepaTypbl Obinn oxnaxgarLwme CMecu 1 oxnaxneHme
ObICTPO ncnapsitowmxes xmnagkocten. Korga takoro poga BO3MOXHOCTM Oblnn ncyepnaHbl, X MECTO
NocTeneHHo 3aHsno oTkpbiToe B 1852 r. [Ixxemcom lNpeckotom [xoynem (1818-1889) n Bunbamom
TomcoHom (no3agHee nopa KenbBuH, 1824- 1907) 1 No X UMEHW Ha3BaHHOE ABMNEHUE.
MpenBapuTenbHO AOCTAaTOYHO OXNAXAEHHbLIV ra3 Npu BbiMyCKaHMM Yepe3 HacaaKy NnepexoanT n3s
obnacTtu 6onee BbICOKOro gaBneHus B obnactb 6onee HN3KOro AaBneHUs U NpyM 3TOM NPOUCXoauT
HeGonbwoe oxnaxaeHune. OTcioga NnocteneHHo passunack B XIX ctonetum xonogunbHas TEXHUKA,
AN NPOMBILLNIEHHOIO Pa3BUTUS KOTOpon ocobeHHo MHoro caenan Kapn Jlunge (1842-1934).
XapakTepHOW YacTbio XONOANNbHOM MaLLVHbI ABAAETCA «MPOTUBOTOK», B KOTOPOM YXKe
UCnbITaBLUNE pacLUMPEHME U OXNaXKAEHNEe YacTu ra3a OxNaXxKaatoT Te YacTu rasa, KOTopble eLle He
ncnbITbiBanu pacwmpennsa. MoxHo 3TOT npouecc NpoaomkaTtb 4O TeX nop, noka byaeT gocTurHyta
Kputndeckasa Temnepartypa 1 ra3 byget 4yacTUYHO NpeBpaLleH B Xnakoctb. Takum cnocobom B 1883
r. 3urmyHg ®nopentun Bpobnesckui (1845-1888) n Kapn CtaHucnae Onbliesckum (1846-1915)
AOCTUMMN OXMXKEHUSA B 3HAYUTENBbHbBIX KONMYECTBaX «MNOCTOSIHHbLIX» ra30B - KUCNOpoAa 1 a3oTa; B
1898 r. [xemc Obtoap (1842-1923) nponssen oxmxkeHne sogopoaa, a B 1908 r. KamepnumHr-OHHec
(1853-1926) ocywecTBun YpesaToe 6OMbLLIMMN NOCAEACTBUSMN OXMXKEHNe renus (rm. 5). Tem
cambIM 6bln NpeBpaLLeH B XXMAKOCTb NOCNEAHUN «NOCTOAHHbBINY ras.

Ecnu 3actaButh KMNeTb OA4HY M3 3TUX XXMAKOCTEN MOL, CHKEHHBIM AaBNEHNEM, TO MOXHO MOMY4YUTb
Temnepartypbl 3Ha4UNTENBbHO Boree HU3KME, YEM TeMNepaTypbl OXWKEHUS. Y BO4OpOoaA NPUXOAAT
npnbnuantensHo k 10°, y renna k 0,7° abcontoTHON TemnepaTypsbl.

Mcnonb3ysi noHsATMe TemnepaTypbl 1 NpeacTaBneHne o HepaspyLwmnMoCcTn KonuyecTea Tenna, XKaH
BaTtuct bro (1774-1862) B 1804 r. n B 6onee 3akoH4eHHON chopMme XKaH baTtuct [xosed Pypbe
(1768-1830) B 1807 n 1811 rr. ocHOBann MatemaTU4ecKyto TEOPUIO TEMSONPOBOAHOCTN.
CosgaHHble MU ANSA 9TOW Leniv MeTofbl ABMSKTCA KnacCcudeckumMm BCrnomMoratesnbHbIMU
cpeacTBaMm MatemaTuyeckon (OU3MKK; 3TO OTHOCUTCS Npexae BCero K M3obpakeHuto
NPOU3BOSIbHBIX (PYHKLUMA B BUAE PALOB UM MHTErpanoB CUHycomnaanbHblX OyHKUMIA. B Teopum
nob0oro BONTHOBOroO npotecca, byaeT Nu aTo 3BYK, BOMHbI HA NOBEPXHOCTU XUAKOCTEN UNn
3NeKTpoOMarHUTHble KonebaHus, nrpaeT BaXKHY0 porb co3gaHHoe dypbe pasnoxXeHne Ha YNCTble
CUHycomaanbHble KonebaHunsa, Tem 6onee, YTo KaXKabl aKkyCTUYECKUIA Pe30HATOP, KaXKabln
ONTUYECKUI CNeKTparibHbIA annapaT COBEPLUAOT 3TO pa3noXeHne aBToMaTUYeCckn (40 N3BECTHON
cTteneHn). B gononHeHne K 3aToMy MatemMaTturka co3gana pasfoxeHne yHKUMiA B psabl
«OPTOroHanbHbIX» MYHKUUIA, KOTOPbIE TENEpb MMEKOT OrPOMHOE 3HAYEHNE AN peLleHns YpaBHEHNS
WpeauHrepa (rn. 14).

Tpya dypbe ABRASAETCS NPMMEPOM TOro, kak TpeboBaHUs hU3NKM BbI3biBAKOT pyHAAMEHTamNbHbIV
mMaTeMaTU4ecKuii Nporpecc.

MABA 8
3AKOH COXPAHEHWA SHEPT U
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3aKOH COXpaHeHWs1 SHEPTMM UCTOPUYECKM BO3HUK B MexaHuke. Yxxe Manunen npumeHsan ero, Ho
cKkopee UHTYMTUBHO, a He Kak pe3ynbtaTt Habnogennsa. OH ykasbiBar, YTO 4OCTUITHYTas npwm
nageHnn CKOpoCTb Tena No3BossieT eMY NMOAHATLCA HA NepPBOHAYaribHYy BbICOTY, HO HE BblLLe.
MonreHc 0600LWMN 3TO NONOXEHNE ANS LEeHTpa TAKEeCTU cucTemMbl Nagatowmnx Ten. JlenbHuy
npugan atomy npuHumny B 1695 r. Takyto doopmy: NpomsBegeHne cunbl Ha NyTb JaeT yBenuyeHve
«KMBOM cunbly» (vis viva). HblOTOH He npuaaBan 3ToMy NOHATUIO 0cOB0ro 3HavYeHns. HanpoTus,
WNoraHH BepHynnu (1667-1748) 4yacTo roBopuUT 0 COXpaHEHUN XUBbIX cus (conservatio virium
vivarum) 1 nogyepKMBaeT, YTO NpPU MCYE3HOBEHWM XMBOW CUMbl HE TepSeTCs CNOCOBHOCTb paboThl,
HO OHa TONbKO nepexoauT B Apyryto dopmy. JleoHapa Annep (1707-1783) 3Han, 4TO NpuU OBMXEHUN
MaTepuanbHOW TOYKM NOA BAUSHUEM LIEHTPanbHOW CUMbl XXMBas CUna BCeraa ogHa v Ta xe, korga
TOYKa HaxoAUTCs Ha onpeaeneHHOM paccTosiHMKM OT ueHTpa TskecTn. K 1800 r. yxxe 6bino TBEpa0
YCTaAHOBIEHO, YTO B CUCTEME MaTepuarbHbIX TOYEK, MeXOy KOTOPbIMU OENCTBYIOT LieHTparbHble
CWIbl, XXMBas CMNa 3aBUCUT TOSbKO OT KOHpUIypauumn n oT HEKOTOPON OYHKLUKN CUn,
onpeaensemMon aTon KoHurypaumen. TepMnH «dHeprua» Ans Xneown cunbl npumenun B 1807 r.
Tomac KOHr (1773-1829), a noHaTne «pabota» - B 1826 r. XXaH BukTop NMoHcene (1788-1867).

3atem Oblna yctaHoBfieHa HEBO3MOXHOCTb MOCTPOUTL YNCTO MexaHuyeckn perpetuum mobile. YTo
3TO HE MOXETObITb JOCTUTHYTO TakKKe HUKaKUMKN OpyruMu cpeacteamu, 6bino B koHue XVIII
cToneTusl, noxanyun, Bceobwmnm ybexageHmem; no kpanHen mepe, ®PpaHuyackas Akagemus pelumna
B 1775 r. He npnHUMaTb BOnblLLE HA PACCMOTPEHNE MHUMbIX peLleHnin 3Ton npobnembl. Kakon
NOSTIOXUTENbHbBIN BbIMIPbILL NOMYyYMna Hayka 13 3Toro Tak oTpuuaTesibHO 3ByYaLlero BO33peHus,
nokasano, ogHako, nuib XIX ctoneTme.

[MepBbI, KTO NOCTaBWUN B CBA3b TeNNoTy ¢ paboton, 6bin Cagm KapHo, KOTOpbIA, OAHAKO, OLUIMGOYHO
cunTan, YTo TennoTa ecTb HeM3MeHHas no konuyecTBy cybctaHums (rn. 7). Jlnwes B 1878 r., korga
3aKOH coxpaHeHust aHeprm Bbin yxxe AaBHO Npu3HaH, 6bina n3gaHa 3abblTasd cTaTbs paHo
ymepLiero KapHo, B KOTOPOM OH OTKasasncs oT 3TOro owmbo4yHOro MCXoAHOro NnyHkTa u 6e3 BbiBoga
Aan BMnosHe npaBuibHO MeXaHWYeCKU 3KBUBaneHT TennoTbl. Ha xog uctopum KapHo 6onbLue
BNUAHUSA HEe umen *).

*) Cm. 06 atom Plank, Das Prinzip der Erhaltung der Ener-gie, 2. Auflage, Leipzig und Berlin, 1908,
S. 17. Pycckun nepesoa: Makc lNnaH K, NpuHumn coxpaHeHnsa aHeprum, M. - J1., 1938.

[aBHO ObINO M3BECTHO, YTO NPU TPEHUN TEN UX TeMnepaTypa nosbiwaeTcsa. Teopus,
paccmaTpuBaBLUasl TENOTY Kak cybcTaHuuio, NbiTanacb 0O0bACHUTL 3TOT PaKT BCEBO3MOXHbIMM
rmnoTesamu o TpeHun. OHM BbInM onpoBeprHyTbl BeHnamuHom Tomconom (nosgHee rpad
Pym-cbopga, 1753-1814). B 1798 r. oH foBen A0 KMNeHnsa JoBOSIbHO BOMbLLOE KONMYECTBO BOAbI,
npuBoas NpW NOMOLLM fiolwagen BO BpaLleHe Tynoe CBEpsio B KaHase CTBoMna nyLuKu;
TEeNnnoeMKOCTb MeTarna He ucneiTana nameHeHus, Tpebyemoro Teopmen cybcTaHUMOHANbHOCTH
Tennotbl. Femdpu Oasu (1778-1829) nokasan B 1799 r. To e camoe, noaseprasi nocpesCTBOM
4acoBOro MexaHu3ma TPEHMUIO ABa Kycka MeTarnna nog Bo3gyLHbIM HACOCOM.

B nepsble gecatuneTtusa nocne 1800 r. **) MOXHO YacTO BCTPETUTLCS C NOEEN, YTO CyLLEeCTBYET
«cunay», Kotopasi BbICTynaeT, CMOTPS NO YCNOBUSIM, B BUAE ABWKEHUS, XMMNYECKOro CPOACTBA,
3NeKTpMnYecTBa, cBeTa, TENNOThl, MarHeTM3mMa, npuyem nobdasi u3 aTMx Popm MOXET npeBpaLLaTbCs
B OCTanbHble. YTOObI NpeBpaTUTb 3Ty CMYTHYIO AE B ICHOE NOHATUE, Haao 6bino HanTy obLLyto
Mepy 3Ton «cunbly». LLlarn B 3ToM HanpaBneHuu NpeanpuHAnNn pasnuyHblie nccregoBaTenu, Kaxabln
B CBOEM pofe.

**) CM. Ha3BaHHOe counHeHune M. lNnaHka, cTp. 23 n 24.
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MepBbim 6611 KONMyc PobepT Mawep (1814-1878), Bpay, «yMCTBEHHbBIM HanpasfieHNEM KOTOPOro
6b1n10 ckopee unocodckoe 0606LEeHNe, YEM IMNMPUYECKOE NOCTPOEHNEN ™). B CBOE KOPOTKOM
ctaTtbe B Mae 1842 r. OH NpUMEHSIeT K «Cune nageHusi», K ABKEHUIO U TennoTe NnosioxXeHna: «Ex
nihilo nihil fit» n «Nihil fit ad nihilum». Ba)xHbiM GbI5I0 4OBONbHO TOYHOE YKa3aHWE MeXaHUYeCKOro
9KBMBaneHTa TennoTbl. Kak oH npuwen K 3ToMy, oH 06bsACHWUN, NpaBaa, Tonbko B 1845 r.; ero
BblYMCNEeHMe npeacTasnseT cobon obblYHOE ANS HAc BblYUCIEHNE U3 Pa3HOCTU 00eunx yaesibHbIX
TennoT naearnbHbIX rA30B HA OCHOBE AOMYLEHUS HE3aBUCUMOCTWN SHEPIrn rasa oT ero odobema, He
BbICKa3aHHOro sIBHO B paboTte Maiepa, HO dhakTndeckn nogreepxaeHHoro B8 1807 r. usmepeHusamm
"en-JTroccaka. Moyt TO Xe 3HaveHne nonyymn B 1843 r. Jlioasur Aesryct KonauHr (1815-1888) Ha
OCHOBaHWUWN CBOWX OMbITOB C TPEHMEM; NpaBaa, ero obocHoBaHWe obLLEero 3aKkoHa COXpaHeHUs Ham
KaxeTcs ewle 6onee cpaHTacTUYHbIM, YeM y Manepa.

B cBoem BTOpom counHeHun Manep yxxe paccmaTpuBaeT anekTpudeckne n bmonormyeckme
npouecchl; B TpeTbeM, oTHocAWweMcA K 1848 1., OH 3aHMMaeTCcsi BONPOCOM O MPUYMHE COSTHEYHOro
Tenna, o60bACHAET HakanMBaHMe METEOPOB NOTEPEN UMM KUHETUYECKOW 3HEPTnN B aTMOCepe 1
NPUMEHSET 3aKOH COXpPaHEHMS SHEPrum K npunueam n otnueam. OyeBnaHo, Marviep co3HaBan
3Ha4eHne cBOero oTkpbITMA. OAHaAKo Ha 3aKOH CHavyana He obpalyany BHUMaHUSA, 1 OH Hallen
3acny>xeHHoe npu3HaHue ropasgo nosxe.

)M naHk, ctp. 23 n 24.

Kak 6bl HM OTHOCUTBLCA K Aeaykumm Manepa, BO BCSKOM Clydae Hago Npu3HaTth: NOCKONbKY 3adadven
dU3NKM ABNSETCA HaxoXaeHne BCeobLMX 3aKOHOB NPMPOAbI, @ NOCTOSHCTBO ONpeAeneHHbIX
PU3MYECKMX BENUYNH ABNSETCH npocTenwen opmMon 3aKOHOMEPHOCTU, TO NOUCKU MOCTOSAHHbIX
KONMUYECTB ABMISAKOTCA HE TOSTbKO NPaBOMEPHbLIM, HO B BbICLLEN CTENEHW BaXXHbIM HanpasfieHUeM
nuccrnegoBaHnda. ATO HanpaBneHne NOCTOAHHO 3alumuanock B gusmke. B ocHoBHOM Briarogaps emy
Mbl y>Xe AaBHO ybeamnuck B NOCTOSAHCTBE KONMYecTBa anekTpuyecTtsa. [paBga, aatb
OKOHYaTesSlbHOe peLleHne Toro, AENCTBUTENBHO NN NOCTOSIHHA MPUHATas BENUYMHA, MOXET TONbKO
onbIT. [NogoBHO 3aKOHY COXpaHEHUs ANEKTPUYECTBA, MPUHLNM COXPaHEHUS SHEPTNN ABNSIeTCS
TakkKe OnbITHbIM 3aKOHOM. B CBOEM BbIYMCNEHUN MEXAHMYECKOrO 3KBMBaneHTa Tenna Mawnep
AENCTBUTENBbHO NoLuen No aMnupuyeckomy nyTu. B oTHoweHnn apyrux obnacrten pusmkm 3akoH
COXpaHeHus ObI ANg Hero ToNbKO NPOorpaMmon, NMPOBECTU KOTOPYHO OH NpPeaoCcTaBnan ApYyrnMm.

Ha BTopom mecTe HasoseMm [xemca lNpeckoTa [Oxoynsa (1818-1889), koTopbin Hanucan B Havane
1843 r. cTaTbio (NOABMBLUYIOCS B NevaTtu TONbKO B 1846 r.) 0 TEPMUYECKUNX Y XMMUNYECKNX
AENCTBUSX dNeKTpn4eckoro Toka. Nocpeactsom namepeHuin oOH yCTaHoOBUI TO, YTO No3gHee Mo
npasy 6bIf10 Ha3BaHO €ro MMEHeM: TeNoTa, Ppa3BMBalOLLAACA B 3aMblKaloLLEN MPOBOSIOKE
raribBAHW4YECKOro aNeMeHTa, paBHa, Kak Ternepb roBopsT, Tennosomy HanpsxeHuto (Warmetunung)
XUMUYECKOW peakLmmn, ecrnn HeT Toka™®), N aTa TennoTa yMeHbLUIAeTCsl, eCNn TOK coBepLuaeT paboTy.
Bckope nocne atoro, B 1845 r., oH coobLwmn pesynbTatbl MI3MEPEHUI MEXAHNYECKOro SKBUBANeHTa
TennoTbl, NONyYEeHHbIE NPU NPeBpaLLeHU MexaHN4eckon paboTbl B TENNOTY MHOrAa
HenocpeacTBEHHO, MHOrA4a NOCPeACTBOM 3MEKTPUYECTBA, MHOrAa NyTEM CKaTus ra3os.

*) 970, KOHEYHO, cnpaBeasIMBO NULLL TOrAa, Korga anemMeHT Npu NopoXAEHUN ToKa He UCMbITbIBAeT
TemnepaTypHOro M3MEHEHWsI U Koraa HeT TensioBoro obmeHa co cpefon.

"epmaH Menbmrosnby, (1821-1894) 66111 TEM YeNOBEKOM, YHUBEPCArbHbIA YM KOTOPOro CMor
NOJSTHOCTbIO OXBaTUTb YHMBEPCASIbHOE 3HAaYeHUe 3aKoHa coxpaHeHust aHeprum. OH npuwesn K 3Tomy
NPUHUMNY OT MeAnUUHbI, Kak n Manep, paboT KOTOpOro oH BHa4arne He 3Han u K pesynbtatam
nccnegoBaHnin KOTOPOro NpuULlEest NO3TOMy He3aBUCKMMO OT Hero. B 1845 r. B ManeHbKom cTaTbe
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"enbmronbL NpaBUbHO YCTAHOBUI OLUNMGOKY 3HameHuToro xumuka Koctyca Jlmbuxa (1803-1873),
yKasaB, YTO HeNnb3s 6e30roBOPOYHO NPUPABHATL TEMMOTY CXKUraHUSA NUTATENbHbIX BELWECTB B TEne
XXMBOTHOTIO TEMMOTaM CXUIaHUS XMMUYECKNX SNTIEMEHTOB, M3 KOTOPbIX COCTOST 3TK BELLECTBA.
OpgHoBpeMEHHO OH gan KpaTkui 0630p NocneacTBMi 3aKkOHa ANs pasnnyHbiX obnacten uUamnku.

OcobeHHO sicHOEe BbipaXkeHne 3akoHa ['enbmronby, fan B AoKnaae Ha 3acegaHnn bepnunHckoro
obwecTtBa husmkos 23 nona 1847 r. B npotmeBononoxHocTb Marvepy MenbmronbL npmM3HaBan, Kak 1
OOMNbLUMHCTBO €r0 COBPEMEHHNKOB, BO3MOXXHOCTb MEXaHNYEeCKOro 06 bACHEHUSI BCEX SBIIEHUN
npupoabl NOCPEeaCTBOM LiEeHTPasnbHbIX CUN NPUTSXKEHUS U OoTTankneaHna. OH oMBOYHO
ycMmaTpuBasn B HeM JOCTaToOvHOE 1 Heobxoanumoe ycnosue gnsa HEBO3MOXHOCTU perpetuum mobile.
Ho B cBOMX AeOyKUMAX OH HE MOSb30Barncs 3TOM MEXaHUCTUYECKOM MMNOTE30M, a BbIBOAWUI
pasnu4yHble BblpaXeHus AN 3HePruin HeNOCPeACTBEHHO U3 NPUHLMNA HEBO3MOXHOCTU perpetuum
mobile xoTs 6bl y>ke NOTOMY, YTO CBeAEHNE BCEX SABMEHUN K MEXAHUYECKMM CUaM He MOrno BbITb
AOCTUrHYTO. [103TOMY yCTaHOBMNEHHbIE UM 3aKOHbI, HE CBA3AHHbIE C 3TOW OLUMBOYHON KOHLENLMEN,
CMOINn ee NepexnTb. ['enbmronbL, BBEN B MEXAHUKY HOBOE NMOHATUE «MOTEHUNANbHOW SHEPrnny;
OH Jan TaKke BblpaXeHWs SHeprum Ang rpaBUTauMOHHbIX, CTaTUYECKUX SNEKTPUYECKNX U
MarHUTHbIX nonen. HoBbIM ABNANOCH Takke TO, YTO OH FOBOPUIT C A3HEPreTUYECKOM TOYKM 3PEHUS O
NoyYeHNnN TOKOB B raribBaHNYECKUX N TEPMUYECKUX ANIEMEHTAX, a Takke 06 anekTpoanHamuke,
BKMOYas ABneHus nHaykumm. Korga Mol Tenepb BblMUCASIEM SHEPTUIO NONA TArOTEHUS Yepes
npounssefeHnsi Macc 1 NoTeHLManoB, 3HEPIMI0 3MNEKTPUYECKOro Nons Yepes nponsseneHve 3apsios
1 NOTEeHUManoB, Mbl HENOCPEACTBEHHO onupaemcs Ha paboTy NenbmronbLa.

Mbl 3awwnu 6bl CMWKOM ganeko, ecnu 6bl 3axoTenyn BOWTU B 3TK BONPOCHI NoApobHee; Mbl He
MOXEM TaKkKe 34eCb 3aHMMaTbCA AanbHENLWMM pa3BUTMEM 3aKOHA. YNOMSAHEM TONbKO
3aknoumTensHoe 'onpenenenune, kotopoe gan B 1853 r. Bunbsm ToMcoH (no3gHee nopa KenbsuH,
1824-1907): «[Noa aHeprmuen matepuanbHON CUCTEMbI B ONpeaeneHHOM COCTOAHUN Mbl MOHUMaeM
N3MEPEHHYI0 B MEXaHUYeCKUX eanHuuax paboTbl CyMMy BCEX AENCTBUIN, KOTOPblE NPOU3BOAATCS
BHE CUCTEMbI, Korga oHa nepexoamuT 13 3Toro COCTOAHUSA NobbIM CNOco60M B NPOU3BOSTbHO
BblGpaHHOE HyneBoe COCTosIHME Y. B crioBax «tobbiM cnocobomMy 3akniyaeTcsl 3aKOH Npupoab! -
3aKOH COXpaHeHUs aHepruu.

PaccyxneHus Nenbmronsua 1847 r. He Hawnm cpady obLiero NpusHaHKs; ero ctapLline
COBpPEMEHHUKN 6OANNCL BO3pOXAEHNS daHTa3nn rereneBckon HaTypdmnocogmm, NpoTMB KOTOPOK
OHW JaBHO 6oponuck. TonbKo nmerLwmnn GonbLlume 3acnyrn B MexaHuke matematuk 'yctas Akob
Akobu (1804-1851) cpasy npusHan B paccyxaeHusx 'enbMronbLa 3akoHHOe NPoAoKeHne xoaa
mbicnen Tex matemaTtukoB XVIII ctoneTtus, kotopble NnpeobpasoBany MexaHuky. Ho korga okono
1860 r. 3aKOH CoOXxpaHeHUs aHeprnmn Hawen sceobllee NpU3HaHMe, OH CTarl, KOHEYHO, OYEeHb CKOPO
KpaeyronbHbIM KaMHEM BCEro eCTeCTBO3HaHMS.

OcobeHHO B hm3mke OTHbIHE paccMmaTpuBanu nodyto HOBYHO TEOPUIO NPEXAE BCEro C TON TOYKM
3peHuns, yOoBNeTBOPSET N OHa 3ToMy 3akoHy. B 1890 r. BooayLueBneHme 3awso y HEKOTOPbIX
y4€eHbIX, HaNnpUMep y BblgatoLerocs puanko-xmummka Bunerenoma Octeanbaa (1853-1932), Tak
Aaneko, YTo OHW caenanu NOHATUE SHEPrMu LieHTparbHbIM NMYHKTOM MUPOBO33PEHMS
(«3HepreTukn») Nnu, No KpanHen mepe, CTPEMUNUCH BbIBECTU U3 HEMO ApYyrve n3ndeckme 3akoHbl.
OHM HacTOMNBKO Aaneko 3alunm B CBOEM OTpUL@HMM BTOPOro Havyana TepMoaAvHaMmnK1, 4To
oTpuuanu pasnuune mexay obpatnmbiMm n HeobpaTUMbIMK NpoLeccammn 1, Hanpumep, nepexosn,
Tenna ot 6ornee

BbICOKOW K Bonee H13Kom TemnepaTtype CTaBuin Ha ofgHy CTyrNeHb C NageHneM Ten B Mose TSKECTU.
lMnaunk ¢ He3Ha4YMTENbHbIM YCNEXOM BO3pakan NPOTUB 3TOr0 C TOYKM 3PEHUS TEPMOANHAMMKMN.
bonee gencrteseHHo Bo3paxan Jltloasur bBonbLuMaH C TOYKM 3PEHUS aTOMHOW TEOPUN U CTATUCTUKM.
HakoHeL, «aHepreTnka» ncyeana, kak MHorne gpyrue 3abnyxgeHusi, Co CMEpPTbIO €€ 3alLUTHUKOB.
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MoHATME aHEepPrnM NPOHMKITO TakKe B TEXHUKY. Kakgas malumHa oueHMBaeTcs no ee
aHepreTnyeckomy GanaHcy, T. €. HACKONbKO BIIOXXEHHAA 3HEPrusa NpeBpaLlaeTcs B HEW B XXenaemyto
dopmy 3Heprun. B Halue BpeMsi 3TO NOHSATUE BXOAUT B YMCTBEHHbIN MHBEHTaPb KAX40ro
0bpa3oBaHHOro YeroBekKa.

Y4yeHune 06 aHeprum He 3aBepLUNOCh NPU3HaHMEM 3aKkoHa coxpaHeHusi. OHO 4O HaLero BpeMeHu
npoaosKano pa3snBaTtbCs. [[enbMronbL, BblMUCAWA, KakK ObINo cka3aHo, S3HEepPruto
3NEKTPOCTaTUYECKMX N MarHUTOCTaTUYECKMX NOMen U3 3apsaaoB 1 noteHumanos. [NpumeHeHne
dhapageeB-ckon ngeun bnuskogencTena nobyanno Makceensna nokanusoBaTb 3Ty SHEPIUIO B
NPOCTPAHCTBE U KaXAOMY aneMeHTy o6bemMa npunucatb onpeaeneHHyto ee gonto. IkoH MeHpu
MonHTHHr (1852-1914) B 1884 1. pa3Bun TEOPUIO NOTOKA IHEPTUN ANA NU3MEHSIOLLNXCH NONeNn, B
KOTOPbIX OO bEMHbIE 3NEMEHTbI HE COXPaHAT CBOEW A0NN SHEPTMUN, COBCEM TaK, Kak 6yaTo Obl
aneKkTpoMarHuTHas aHeprna asndaetca cybcraHumen. . Mu nokasan B 1898 r., 4TO MOXHO
nepeHecTn 3To NpeAcTaBneHne Ha ynpyryto 3Hepruo; HanpumMmep, Yepes nepeaaToyHbI peMeHb,
COeaHSAOLWMI NapoBYy0 MaLUMHY ¢ paboyen MalmnHOW, naeT NOTOK SHEPTMM NPOTUBOMONOXHO ero
ABWXEHUIO, U KOrga BMECTO PEMHS YCTaHaBNMBAKOT NPUBOAHON Ban, TOraa aHeprusa teyet
napannensHo ocu Bana. Cioga npucoeamHsaeTcs paclumperme MNnaxkom (1908) sSMHLWITENHOBCKOMO
3aKoHa MHEPTHOCTU 3Heprum (rn. 2 1 6): ¢ NdbiM NOTOKOM 3HEPrUK CBsI3aH MMNYNbC (B CMbICNe
MexaHuKK). MNMNoTHOCTb

uMnynbca, T. €. UMNYNbC B eAuHuLe obbema, nosydyaeTcsa geneHnem niaoTHOCTM NOTOKa HePrun Ha
KBaZpaT CKOpOCTU cBeTa. B AeCTBUTENBbHOCTM 3TO yXKe ObINo N3BECTHO U3 OnbiTa, BrepBble
nposegeHHoro B 1901 r. MNMeTpom Jlebenesbim (1866-1912), OTHOCUTENBHO AABEHMS,
OKa3blBaeMOro Ha Tefna cBeTOM Unv ApyrumMu 3NeKTpoMarHUTHbIMU BoriHaMu. IMeHHO cBeT HeceT
nmnynesc. Bnpoyem, atoT 3akoH yctaHoBunu yxe B 1900 r. AHpu NyaHkape (1854-1912), . A.
JTopeHTy, (1853-1928) n apyrme, orpaHNYNBasCb TOSTbKO 3M1EKTPOMArHUTHOM 3HEPTUEN.

B HbIOTOHOBCKOWM MexaHuKe KMHeTUYeckasa aHeprusa nrpaet ocobyto porb; OHa NPUCOeaUHAETCA K
Kakgomy Apyromy BMAy SHEPrum Kak cnencrame asmxkeHusi. CornacHo Teopum OTHOCUTENBHOCTU
aTa ocobasa popma sHeprumn otnagaet. BmecTto atoro nobon BUA 3HEPTUN YMHOXAETCH Ha
MHOXMWTESb, 3aBUCALLMIA OT CKOPOCTU. DTO CYLLLECTBEHHOE U3MEHEHNE B HALLNX BO33PEHNSAX TECHO
CBSI3aHO C 3aKOHOM MHEPTHOCTU 3HEPTUN; NOMYYNNCa Gbl MOPOYHbIN KPYr, €Cnn Gbl Mbl XOTENMU, C
OLHOWN CTOPOHbI, CBECTU KaKyto-nnbo hopmy aHEprum K Hepuun Ten n, ¢ Apyrom CTOPOHbI,
NHEePLMIO CBECTU K SHEPTUM.

Yalle npMMeHsOT 3aKOH MHEPTHOCTU 3HEpPruun B criegyrowen bopme: macca Tena paBHa ero
3Heprum (B COCTOAHNN NOKOS), pasaeneHHon Ha KBagpaTt ckopocTu ceeTa. CoobpasHo ¢ aTum
OorpaHn4YMBaeTCs 3Ha4YeHMe 3aKoHa CoXpaHeHnsa macchbl. [lonyyeHne TennoTbl Unun paboThl,
HanpvMmep Npu cxaTun Tena, yBenuumBaeT ero Maccy; otgada Tenna unu paboTbl yMeHbLUAET ee.
XvMmunyeckme peakumnm, NoCKoNbKy OHM NPOTEKaloT C BblAeNeHneM Tenna, yMeHbLuaoT obuyo maccy
Yy4aCTHMKOB peakLuumu, NpaBaa HACTOSbKO Marno, YTO 3TO YMEHbLLEHME He NoaaaeTcs Aaxe
TOYHenweMy B3BelmnBaHuio. MNMoatomy JlaHaonbT (M. 2) He Mor ero yctaHoBuTb. Ho npu
npeBpaLLeHnn aTOMHbIX S4ep 0CBOBOXAATCH KONUYECTBa 3HEPIrMK, OYEHb

GonbLune No cpaBHeHMIO ¢ Maccamn. OHM UrpatoT B y4eHUn 06 SaepHbIX NpeBpaLLEHNAX OYEHb
cywiecTtBeHHyt ponb (rn. 11).

3aKOH MHEePTHOCTM SHEPrUK 3anonHsAeT Npoben, KOTOPLIN eLle UMErCs B BbilLenpuBeaeHHOM
onpeaeneHun aHeprn. 3a HyneBY TOYKY 3HEPrM NPUHUMAETCS NPON3BOSbHO BbiGpaHHOE
cocTosiHne. Ho ecnu cBoaaT nobyo MHEPTHYIO Maccy K S3Hepruun, To U Ta, U Apyrasi onpeaensitoTcs
6e3 nogobHoro npomasora. Yto 3To cBeaeHne COOTBETCTBYET NPUPOAE, BHYLLUUTENbHO
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[AOKa3biBaeTCs TeM haKTOM, YTO SFIEKTPOH M NO3UTPOH MOTYT LIENMKOM NPEBpaLLaTbCs B IHEPTUIO
nanyyvexusa (rn. 14).

Ecnn oTBneybcsa oT aHeprum NnpunveoB 1 OTIIMBOB, TO BCA 9HEPrnd, ncnonb3yemasi Ha 3emne o
nocrnegHux neT, BO3HUKIIA, B KOHEYHOM CHeTe, U3 CONMHEYHOro nany4vyeHus. C OTKpbITUEM 3aKOHa
COXpaHEeHUs1 3Heprum NO3TOMy OCTPO BCTasl BONPOC O MPOUCXOXKAEHUN SHEPTUN, MOCTOSHHO
nanyvyaemon ConHuem n 3sesgamu. Meicrib Man ep a 0 cBejeHUN 3TON 3HEPrMm K KWNHETUYECKOMN
3HEPrnn MeTEopPUTOB, NOCTOSIHHO NafaroLlWmnX Ha 3TK BonbLune Tena, okasanacbh nNpu Grvxkanem
paccMOTpeHUn HegocTaTouHOW. [TenbM-ronbl, ykasan B 1854 r. Ha rpaBUTaLMOHHYO 3HEPTUIO TON
OOonbLUOKM LWapoBOM TYMaHHOCTU, U3 KOTOPOM, CorfiacHo KocMmoroHun KaHta-Jlannaca, obpasoBanucb
nytem ynnotHeHna ConHue v 38e3abl, - NPOLEeCC, KOTOPbI B AENCTBUTENBHOCTU LOSMKEH
npespaLlaTb 3Ty 3HEPruo B Apyrme popmbl.

Ho 1 3TOT 3anac aHeprnm Takke He4OCTaTOMEeH AN U3NyYeHUs 3Be3/, HaCUUTbIBAOLLIMX
NPOAOIMKUTENBHOCTL XU3HU B Munnvapabl net. Jlvwb dusunka atomHoro aapa (rn. 11) gana Ham
3HaHVe JOCTaTOYHO MOLLHOIo UCTOYHMKA 3Hepruu. Boicokne Temnepartypbl BHYTPY 3Be34 AenatT
BO3MOXHbIMW SepHbIE peakuuun, KoTopble Mbl Nostly4aemM 0B6bl4HO TOMBKO B nabopatopumn ¢
anekTpuyeckn yckopeHHbiMn Yactuuamun. B 1938-1939 rr. K. &. Benuysekep u . A. beTe nokasanu,
4YTO BEPOAT-

HbI MEXaHU3M MOPOXKAEHUSI 3HEPrMM B 3BE3aX COCTOUT B 06pa3oBaHuM saep renvsi nytem
coeaVHEeHNs aneMeHTapHbIX YacTul,. ATO NPOUCXOAMUT, NpaBaa, He HEMOCPEACTBEHHO, HO Yepes
psif, NPOMEXYTOYHbIX XOPOLLO U3BECTHbIX SiAEPHbIX peakumii. Tenepb YernoBe4YeCcTBO B COCTOSIHUN,
XOT$ NMOKa eLle B CKPOMHOW CTENEHM, NOMb30BaTbCH aTOMHbIMW NPEBPaLLEHUSAMUN Kak MCTOYHUKOM
3HEeprum HeNnocpeaCcTBEHHO, a HE OKOJIbHLIM NyTEM Yepes coriHevHoe uany4denue (rn. 11).

MABA9
TEPMOOMHAMWKA

Knaccuyeckas TepmoanHamMuKka, KOTOPYH paHbLUe HasbiBann MexaHU4eckon Teopuen TennoThl,
NMOKOUTCS Ha TPeX OCHOBHbIX 3akOHax. [1epBbIM SBMSETCA 3aKOH COXpaHeHUs aHeprum (rn. 8),
ocobeHHO coaepKalleecs B HEM BbiCKa3blBaHME O TOM, YTO TeNnoTa eCTb hopMa SHEPruu,
namepsiemas MexaHmyeckom mepoun. Bce ero cogepxaHue 3aknoyaeTcss B HEBO3MOXHOCTH
perpetuum mobile.

BTopon oCHOBHOWM 3aKOH 06BABNSET HEBO3MOXHbBIM OCYLLEeCTBNEeHne B npupoae perpetuum mobile
BTOPOro poaa, T. €. Nnepnoandeckn AencTByoLen MallnHbl, KOTOpasa AOSMKHA TONLKO NepeBoanTb
TENnsio B MexaHuyeckyto paboTy, He Bbi3blBas HUKaKUX Apyrnx npoueccoB. Ecnu 6bl Takas MalumHa
cyllecTBoBara, To MOXHO 6bino 6bl HenpepbIBHO, 6e3 APYrMX U3MEHEHUN y4acTBYHOLUNX Ten,
nepexoanTb OT HEKOTOPOW TeMnepaTypbl K 6oree BbICOKOW, npeBpallasn Tensio B paboty npu 6onee
HW3KOW TemnepaType, a 3aTeM npu Bonee BbICOKOW TeMnepaTtype aTa paboTa onsTb NpespaLyanacb
6bl B Tennoty. Ho yxxe KapHo noHmnman (rn. 7), 4To Takon HEKOMMEHCUPOBAaHHbLIN nepexo oT bonee
HN3KOM K Boree BbICOKOM TeMnepaTtype He MoXeT ObITb NPon3BeAeH AaXe KOCBEHHbIM MyTeM.
[MepBbIi OCHOBHOM 3aKOH NpaBUIibHO BCKPbIN OwWKnbKy KapHo, paccmaTpuBaBLUEero TEMNMOTY Kak
HeM3MeHHyo cybcTaHumio.
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Tak oTKpblnack gopora, no kotopon B 1850 r. Pygonbd Knaysnyc (1822-1888) n B 1854 r. Bunbsam
TomcoH (no3gHee noppa KenbsuH, 1824-1907) npuwinn

KO BTOPOMY 3aKOHy TepMogmHamukn. NMogobHo TOMy Kak nepBbii OCHOBHOW 3aKOH BBOAUT PYHKLMIO
COCTOSIHUS - AHEPIUID, BTOPOW 3aKOH B hopme, npuaaHHon emy Knaysmycom, BBOOUT HOBYIO
PYHKLMIO COCTOSHUSA, HA3BaHHYO UM SHTPONMEN. B TO Bpems Kak aHeprusi BNosiHe 3aMKHYTOM
CUCTEMbI OCTaeTCsi HEM3MEHHOW, €e SHTPOMNMUS, COCTOSLLAA U3 SHTPONUN ee YacTeun, NPU KaxKaom
N3MeHeHn yBenuymeaeTcs. iaeanbHbI U CTOMb BaXKHbIW OS5 TEOPUM NpefenbHbIv Criydan, koraa
OHa OCTaeTCsi HEM3MEHHOM, CTPOro roBOPS, HEOCYLLECTBMM. YMEHbLUEHNE SHTPOMNN, Kak
npoTUBOpeYalLiee 3aKOHOM NPMPOabI, 3anpeLleHo gaxe A9 MbICIIEHHOro onbITa.

Bce npoueccol pasgensoTca Ha [ABa Krnacca: K O4HOMY OTHOCATCS Te, B KOTOPbIX SHTPOMNUSA
yBenMuMBaeTcs; ecnv Obl Takne nNpoLecChbl MOXHO BbINI0 NPAMO UM KOCBEHHO 06paTuTh, TO
HTPONMSA YMeHbLIanach 6bl, YTO HEBO3MOXHO. CnegoBaTenbHO, OHM HeobpaTumbl. Ko BTopomy
Knaccy OTHOCATCSA Takue NpoLEecChl, MPU KOTOPbIX A3HTPOMNNA OCTAeTCA NOCTOAHHOMW; OHM 0BpaTUMBI.
B 1834 r. Be-Hya Nonb Amunb KnanenpoH (1799-1864) BBen B hn3n4eckyto Teopmto obpatumblii
KpyroBow npouecc, KOTopbli NpubnmManMTensHO ocyLLecTBnseTcs B naposon mawmnHe. OH cCOCTOUT 13
OTAENbHbIX 00paTUMbIX SIBIIEHUA N B HEM MMEKTCA ABe U3oTepMmnyeckne u ase agnabatmyeckme
BETBM (nocnegHne NponcxogaT 6e3 nonyyeHus unm oTHATUA tenna). lNpunbasneHHble UnNn OTHATLIE
KonuyecTBa Tenmna Ha n3oTepMmnYeCcKNX BETBAX 3aBUCAT TONbKO OT TemMnepaTtyp, Npu KOTopbIX
NPOUCXOLAT 3TN NPOoLECChl. DTOT PaKT UCMONb3YeTCH PAaCCMOTPEHHbLIM B 1. 7
TEpMOANHAMUYECKMM onpeaeneHnem TemnepaTypbl. PasHOCTb 060MX KONUYECTB TENNOThI
(nonoxutenbHasa unu oTpuuaTensHas) npn obpaTMMomM KpyroBom npouecce 3aBUCUT TOMbKO OT
obeunx Temnepatyp. KoaddpurumeHT nonesHoro AeNCTBMS Takon MalLMHbl 3aBUCUT OT YKasaHHOM
pasHocTu Temnepatyp. Npun HeobpaTUMbIX KPYroBbIX NpoLeccax KoagPUUMEHT NONE3HOro
aencteus ceteris paribus *) MeHbLLE.

*) Mpun Npounx paBHbIX YCNOBUSAX.

TakoBbl HEKOTOPbIE BeAyLUME MAEN U3 HaYan TEPMOANHAMMKN.

daKT CcoCyLLECTBOBAHUSA TaKUX ABYX HE3ABUCUMbIX APYr OT Apyra yHKLMIN COCTOSAHUS, KaK 3Heprns
N SHTPONUSA, NO3BOSISIET C NOMOLLBIO MaTEMATUYECKOrO aHanmsa caenaTb psia BbliCKa3bliBaHUI O
TepMunyeckom nosegeHun ten. Ewe 6onee BaxkHbIM OKa3blBaeTCA CrieACTBME, COrfacHO KOTOPOMY
noboe paBHOBECHE B 3aMKHYTOW CUCTEME AO0SIPKHO COOTBETCTBOBATb MaKCUMyMy 3HTponun. Ecnu
'MOXXHO 3a4aTb PYHKLUMIO SHTPONUKN NS PA3NIMYHbBIX TEN, TO MOXHO Bblpa3vuTb paBHOBECKE MeXAY
HumK. Tak, Knay-3nyc yxe gan Teopuio paBHOBECUS AN PasfMyHbIX arperaTHbiX COCTOSHUI OQHOMO
N TOrO e BelwecTBa. TepMoxmmMmyeckas Teopusi paBHOBECUSA BHECNA NOPSIAOK B MOYTU
Heobo3prMoe pas3Hoobpasne XMMUYECKMUX peakuumn nocne Toro, kak B 1873 r. ABryct XopcTmaH
(1842-1929) npumeHun ob6a OCHOBHbIX 3aKOHa K YaCTHOMY Crly4ato aToro poga. Akob MeHapuk
BaHnT-MNodhp (1852-1911), [xo3zansa Yunnapg M'vb6c (1839-1903) n M. MNnaHk oco6eHHO MHOro
caenanu B aton obnactu; B 1882 r. B 9Ty obnactb Bktounncs takxke . M'enbmronbl. Yaanoch
cBA3aTb CTapoe, Npexae HesCHOE NOHATUE XMMUYECKOro CPOACTBA C PasnnyunsaMm SHEpPrum u
HTpONuK. Npn 3TOM OBHAPYXKUITOCh, YTO XMMUYECKOE CPOACTBO 3aBUCUT HE TOMbKO OT NpUpoabl
pearnpyroLmnx BeLLEeCTB, HO Takke OT TemnepaTtypbl 1 AaBneHunsa. TepMmoaMHaMmmnka oxsaTtuna
TEOPUIO YNPYrocTn N ydeHne ob anekTpnyecTse n MarHetuame, rge B 60nbLWMHCTBE CryyaeB
COOTBETCTBYHLUNE ABMEHNS CBA3aHbI TakkKe C TennosbiMu 3dpdekTammn. Kopoye roBops, He
cyLlecTByeT, COBCTBEHHO, HU 0AHOM 06nacTy U3nKK, K KOTopon Bbl TEpMOANHAMUKA HE nMena
OTHOLWEeHMsA. Ecnn oT Hee OTBeKalTCs, TO 3TO YXKe O3HavYaeT ngeanuanpoBaHue.

Onpep,eneva QHEePrnn n SHTponmnMn BHa4vane ObInn HecOoBepPLUEHHbIMU, NOCKOJ1bKY obe (*)yHKLI,MM
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COCTOSIHWS! BbIYMCTIANCH TOMbBKO MO OTHOLLIEHMIO K MPOU3BOJIbHO BbIGPAHHOMY HavyanbHOMY
COCTOSIHUIO. 3aKOH MHEPTHOCTU 3HEp-

MK 3anosiHseT 3ToT npoben. [Jna aHTponuK 34eCb SOMOMNHUTESTbHO NOSABSETCHA TPETUN 3aKOH,
KoTopbI cdhopmynunposan dnarogapsi reHmansHon HTymumnmn B 1906 r. Banbtep HepHCT
(1864-1941). B hopmynupoBske lNnaHka aTOT 3aKOH yTBEPXAAET, YTO SHTPOMMUS XMMUYECKN YUCTOrO
Tena npu NpuénmxeHnn TemnepaTypbl K aDCOMOTHOMY HyIO Takke npubnmxkaeTcs K Hyn. HepHeT
CBsi3an 3TOT 3aKOH C HabnaeHMaMn Hag, TennoBbiMU 3dbeKTaMn XMMnYeckmx npoueccos. [JaHHoe
UM JokKasaTenbCTBO, KOTOPOE BHavane He 6e3 ocHoBaHWiN KpuTukoBanu, sce 6onee n 6onee
noaTBepXaanocb yMHOXaloWwmMncs onbitamm. CnegctBneM 3TOro 3akoHa sIBNSieTCsl MICHE3HOBEHME
yOenbHOM TennoTbl N KO3 UUMEHTA pacLLUMPEHUS C NPUBAMKEHMEM TEMNEPATYPbI K HYIHO.
OcobeHHO BaXXHO TO, YTO 3TOT 3aKOH AaeT BO3MOXHOCTb TEOPETMYECKOro Npeacka3aHunsi BO BCEX
aeTansix XMMU4eCcKoro- paBHOBECUSI HA OCHOBE YMCTO TEPMUYECKNX UBMEPEHUN, 8 UMEHHO
N3MEPEHNI yAENbHbIX TEM-NTOT. DTOW LENN NPEXAe BCEro CIYXUITM MHOTOYUCTIEHHbIE OnpeaeneHns
yAenbHbIX TEMNMAOT NPU BO3MOXHO Bornee HM3KNx TemnepaTypax cneumansHO Ang aToro
n3o06peTeHHbIMU N3MepPUTENbHLIMM MeToAamMn. HEpPHCT caMm NpoBOAUIT Takne N3MepeHns n
3acTaBnaAn gpyrux npoBoauTb ux. MNnNogoTBOpPHOCTL TEMMOBOM TeopeMbl HepHCTa elle JONro He
OGyaeT ncyepnana.

O6nacTtb knaccmnyeckon TepMmoanHammkm obpucosaHa. Ee rpaHuLbl onpeaeneHbl CywecTBEHHO
HeobpaTUMbIMM IBNEHNAMU, AANeKo OTCTOALWMMM OT COCTOSIHUSI paBHOBECHUS.

[lencTBuTENbHO, BTOPOW OCHOBHOM 3aKOH AaeT AN HUX He ypaBHEHKUE, a TOSTIbKO HEPABEHCTBO.
CoBpemeHHas hrsnka Npu BbIMUCIIEHNUN SHTPONUN NPUMEHSET pasfiyHble crneumnanbHO
BblpaboTaHHbIE METOAbI CTAaTUCTUKN, KOTopble ByayT obcyxaeHsl B rn. 10. Tonbko Tenepb
00OHapY>XMNoCb UCTUHHOE 3HAYEHNE NOHATUS SHTPOMUN. DTUM MOHATUEM NOCTOSTHHO OCOBEHHO
MHoOro 3aHnmancsa M. lNnaHk ¢ camoro Havana cBoero Hay4YHoro nyTu. B knaccudeckon

TepMOAMHaMMKe Bcerga MoXHo Obino, npu xenaHuu, n3bexaTb 3TOro NOHATUS, @ UMEHHO, MOXHO
ObINo NS KaXA0ro OTAENbHOrO crny4vasi u3obpectn co6CTBEHHbIV KPYrOoBOM NPOLECC U Taknum
o6pa3om NOBTOPUTbL ANst eAUHUYHOTO cryyvast obLee paccyxaeHve, BeayLlee K 3TOMy MOHSITULO,
KOTopoe HeoBXoaAMMO AN CTaTUCTUYECKUX METOA0B TEPMOANHAMMKN.

B npotuecce OTKPbITUA lMnaHkom 3akoHa N3ny4vYeHua nNoHATUE SHTPONMUM nrpano BaxHyr, MOXHO
BMNOJIHE CKa3aTb - peliakLlyro, POoJib.

MABA 10
ATOMUCTUNKA

[MoHATHE 1 TEPMUH «aTOM» BO3HUKITM B ApPEBHOCTU. Bonpoc o ToM, Kakyto ponb Urpano 3To NoHSATUE
B MblwneHun emokputa (460-371 0o H. 3.) 1 ero nocriegoBaTernen, ABNAeTCa ckopee
dunocodckMm, YeM eCcTeCTBEHHOHaY4YHbIM BONPOCOM. BO BCAKOM crnyyae OHU He CBA3bIBanu 3T1o
NOHATME C HabngeHnAMU. Henb3s Takke, HECMOTPSA Ha 3HAMEHUTbIe UMeHa, AaTb BnaronpuUaATHYO
OLEHKy nuTepaType, NOCBALLEHHOW aTOMUCTUKE, BbIXOAMBLUEN B TEYEHUE HECKOMbKNX CTONETUMN.
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WcknioueHnem aBnsaeTcsa Bckope 3abbitasa ctatbd *) JaHumna bepHynnu (1700-1782) o
KMHeTu4eckon Teopmm rasos (1738). To, 4TO NOSABMNOCL B 3TOM poAe B nepBor nonosunHe XIX
CTONeTus, 4O U3BECTHOW CTENEeHn onpaBabiBaeT, N0 MHEHMIO [enbMronbLa, HepacnonoXeHue Ko
BCEM TEOPUAM, KOTOPOE NPOoABNAN, N0OgOBGHO MHOrMM CBOMM COBPEMEHHUKAM, Hanpumep,
3acnyxeHHbin akcnepumeHTaTop I'. MarHyc (1802-1870).

CoBpeMeHHOe NOHATWE aToMa 1 MOMEKYIbl co3aana XMMNS; Kak - 3TO OTHOCUTCH K UCTOPUU XUMUN.
Mbl cbukcupyem 3gechb Tpu ee JOCTUXKEHUs, KoTopble omsmka okono 1850 r. morna npocTo
nepeHaTb. B paboTtax rnaeBHbIM obpasom [xoHa danbToHa (1766-1844) 6b1n0 yCTaHOBMEHO, YTO
aTOMbl OQHOrO M TOrO e XMMUYECKOro 3fIeMeHTa UMEIOT COBEPLUEHHO MAEHTUYHbIE CBONCTBA, a
TaKKe JaHo onpejeneHne aTOMHOro Beca areMeHTa Kak OTHOLLEHUS MacCbl OQHOro atoma 3Toro
anemMeHTa K macce

") B ero Benukom npousseneHnn «l mgpognHammka.

ogHoro atoma sogopoga. Ameaeo Asoragpo (1776-1856) B 1811 r. gan npasuno, Ha3BaHHOE ero
UMEeHeM, COrnacHoO KOTOPOMY MaearbHble rasbl NPU 04MHAKOBLIX TEMMNepaType 1 AaBrneHnm
cogepXxar B egmHuLe obbeMa OAMHAKoBOE KONMYEeCTBO MOMEKYI.

Ecnn otBneybcsa ot nanaraemon B rnaee 12 ngewu Jl. A. 3eebepa o cTpykTypax kpuctannos (1824
r.), To nepson hopmMon hmnan4eckomn aToOMUCTUKUN ABNSIETCH KMHETMYECKasa Teopus raso. Okono
1850 r. yxe 6bina npM3HaHa 9KBUMBANEHTHOCTb TENMOTbI M AHEPTUN; B CBA3N C 3TUM U CTanu
paccmaTpmBaTb TEMMOTY Kak MONeKynspHoe aswxeHne. C opyron CTOpOHbI, onbiThl XKoseda Jlyu
"en-Jltoccaka (1778-1850) B 1807 r., a Takke aHanornyHole namepenna [x. [xoyna B 1845 r.
noaATBEPANNN HE3ABMCUMOCTb BHYTPEHHEN SHEPTUM MAaeanbHbIX ra3oB OT NX 06BEMOB, YTO
AoKasblBano, KpoMe TOro, HUYTOXHOCTb CUS, OENCTBYIOLWMX Mexay nx monekynamu. B 1856 r.
AsrycT Kapn Kpegutuns 1857 r. Pyponbd Knayauyc (1822-1888) 6binu BbiHyXAeHbl npunucaTb
MOSeKynam rasoB NpPSMOSIMHENHbIE OBMXEHUA O MOMEHTA, KOrda OHWU CTanknearTcs Mexay cobown
UIIN CO CTEHKOM cocyaa. 3akoH coxpaHeHust uMmnynbca Tpebosan, YTobbl AaBneHue rasa 6bino
NPONoOpUMOHanbHO CpeaHeN KUHETUYECKON SHEPTNN MOSIEKYST C HEKOTOPLIM YHUBEPCAbHbIM
KoadhdpmumeHToM nponopumnoHanbHocTn. C gpyron CTopoHbl, U3 3akoHa bonna-MapuoTTa -
"en-JTroccaka BbiTEKANO, YTO 3Ta SHEpPrnsa nponopumoHansHa abcontoTHON TemnepaTtype, -
dyHOamMeHTanbHoe NnosioXXeHne, KOTopoe He orpaHMYMBaEeTCs ra3amm 1, CorriacHO COBPEMEHHON
KBaHTOBOW Teopuu, UMeeT BonbLune UCKITIYEHNS TOMBbKO NPU OYeHb HU3KUX TemnepaTypax.
OpHoBpeMeHHO ObINIo 4aHO BEPHOE BblYUCIIEHNE CKOPOCTU ABMXEHUA Monekyn. [1na monekyn
Bogopoaa npu temnepatype B 300° K oHa nony4ymnack pasHon 1,9 « 105

cmM/cek; aTa Benu4ymHa Obina HeOXMAaHHO BbICOKOW U, KaK BHa4arne Ka3anocb, HECOBMECTMMOW C
hakTOM MeaneHHON B3auMHoM andddy3nm rasoB C UX Manon TensionpoBOAHOCTLIO; NPSMOe
namepeHune 6oino npomssegeHo O. LtepHom nuwb B 1920 r. Ho B 1858 r. Knayaunyc nokasan, 4to B
3TUX SABMEHNAX UMESNN N0 He CTOSIbKO CO CKOPOCTbIO MOSEKY-,

CKOJTbKO CO cpefHMMU ANMHamMu cBoBoaAHOro npobera mexay ABYMS CTONKHOBEHUAMU. 3aTeM B
1860 r. [xemc Knepk Makcenn (1831-1879) Ha ocHOBe COBCTBEHHbLIX U3MEPEHUI BHYTPEHHETO
TPEHUA Jarn YACNOBbIE 3HAYEHUSA ATUX CPEOHUX NyTen, OO bACHUBLLME MeANEHHOCTb Anddysnn
rasoB. B Tou xxe camon paboTe oH n3baBmncsa ot NPOM3BOSIbHOM rMNOTE3bl O TOM, YTO BCE
Mornekynbl 06nagatT 0OUHAKOBOW CKOPOCTbLIO, U CHOPMYNUPOBA Ha3BaHHbIN MO €ro UMEHW 3aKOH
pacnpegeneHusa ckopocten. [lokaszaTenbCTBO 3TOr0 3akoHa 6bINo yCOBEPLUEHCTBOBAHO
BMOCNeACTBUN UM CamMUM M rnaBHbiM o6pasom JTioasurom Bonbu-maHom (1844-1906) B 1868 .
CHavana 3akoH 6bin He4OCTYNEH 3KCNePUMEHTaNbHOMY uccnegosanHuto, n nuwes B 1932 r. O.
LUTepH npeogonen Bce BO3HUKLINE 34eCb TPYAHOCTU. BCKope 3TOT 3aKOH CTan MCXOOHbIM MYyHKTOM

Page 54/128



AN MHOTMX 06006LLEHMI, CNeACTBUS KOTOPbIX, Kak Mbl 3TO YBUAUM Aanblue, NOATBEPXAANUCh
namepeHuamun. OcHoBHas 3acnyra, pasymeeTcs, npuHagnexuTt Makceenny.

B 3710 ke Bpems 6b1nn NonyyYeHbl HEKOTOPbIE LiEHHbIE pe3ynbTaTbl OTHOCUTENBHO Pa3MepOoB U
Yucna Mornekyrn ra3oB. PaccmaTpuBas Monekyrbl NpOCTeNLWNX ra3oB Kak wapsl, Mocud Jlowmnar
(1821-1895) B 1865 r. BblYMCNUN UX AnamMETP U3 cpegHuX AnuH ceobogHoro npobera n obvema
MON4 rasa B XXWUAKOM CcOCTOAHUW. OH Halwlen Ansa paguycoB MOMEKyn NpaBUsbHYHO BENUYMHY
nopsgka 10-8

CM, a Ansa vncna monekyn B mone 1023. 3To 4ncno, KoTopoe Tenepb onpeaeneHo ropasgo nydile,
Ha3Banu yucnom Jlowmunara.

HonyuweHne wapoobpasHOCTU U TBEPAOCTU MOMEKYS ABMSNOCL OCHOBOW BCEN TEOPUN ra3oB U, B
YaCTHOCTHU, JOKa3aTenbCTBa MaKCBENOBCKOro pacnpeneneHns ckopocrten. lNocrteneHHo Teopusa
cTana 3aHMMaTbCsi MOJiIEKyNlaMu C BHYTPEHHMMU CTeNeHs MK cBo6Oabl, BpalleHnem n konebaHnamm
aTOMOB Opyr oTHOcUTENbHO Agpyra. OHa ycTaHoBMNa AN 3TUX 9BneHM 0000LLEHHbIN 3aKOH
pacrnpefernieHvsi 1 BbiBera U3 Hero B Ka4eCcTBe BaXKHENLero cneacTBmst 3akOH paBHOMEPHOro
pacrnpefeneHuns: CpeaHas KUNHeTUYecKas aHeprus

nobon cteneHn ceoboabl NnponopumoHansHa abcontoTHon TemnepaTtype. KoaddunumneHT
nponopLmMoHanb-

HOCTU - YHMBepcanbHas KoHCTaHTa. BelumcneHne ygenbHon TennoTbl MHOrOaTOMHbIX ra3oB Ha
OCHOBE 3TOro 3akoHa Aano pesyrbTaTtbl, MOSTHOCTLIO COrfMacHble € OnbITOM. B npumeHeHuu Kk
TBEpOOMY Teny 3akoH, HanaeHHbIn B 1820 r. Nbepom Jlyu OdionoHrom (1785-1838) n Anekcrncom
Tepes N1 (1791-1820), rmacuT, 4TO TENNOEMKOCTb FrpamMM-aToMa NpPoCcTOro Tena MMeeT ogHO
obLee Onsa Bcex Ten 3HayeHue: 6

kan/rpag. BmecTte ¢ aTUM npuLlen oTBET Ha BOMPOC, Kak pacnpenensoTcs B NPOCTPaHCTBe
MOJEKyIbl ra3a nog BIUAHUEM BHELLHUX CUI1, HAanpumep cunbl TskecTu. Bee aTo Gbinu
byHOamMeHTanbHble 3HaHWS, KOTOpble BNOCNEACTBMUM OKa3anu BNMsHUE Ha MHOrMe Apyrve obnacTu.

OcCHOBHble 4epTbl KWNHETUYECKON TeOPUM ra3oB Obinu, Takum obpasoM, AaHbl. HUYTO HE N3MEHUIOCH
B HUX, koraa M. KHyaceH, ucnonb3ysi ycnexu BakyymMHown TexHukn, B 1909 r. uayumn ocobble
ABNEHUSA NPU pa3pexeHnmn ra3oB HaCTONbKO BbICOKOM, YTO HE NMPOUCXOASAT CTONIKHOBEHUSA Mexay
Moriekynamu rasa. [1o HacTosiLLero BpeMeHM COXpaHUnn cBoe 3Ha4eHne OCHOBHbIE YepTbl
KMHETUYEeCKON Teopumn ra3oB. BaxkHble TeopeTuyeckmne nccnegosanus . QHckoro (1911) n C.
YanmeHa (1917) no Tepmoanddysnm n nocrnegoBasLUEEe B TOM Xe rogy aKcrnepMMmeHTanbHoe
OTKpbITME 3Toro asneHunsa C. YanmeHom 1 @. B. [lytcoHom (1917); oTkpbiTne K. Knaysmnycom u J1.
BanbamaHom B 1943 r. obpaTHoro agdekra, OTHOCALLErocs K TENNOBbLIM SIBIEHNAM, CBSA3aHHbIM C
Anddysnen AByx rasos, - BCe 3T OTKPbITUS NOSTHOCTLIO COrMacyrTCsi C OCHOBaMM, 3an0XeHHbIMN
Knayaunycom, Makceennom un bonbumaHom *).

OTN OCHOBHbIE YepThbl KNHETUYECKON TEOPUN ra30B CBA3aHblI C HBIOTOHOBCKOW MexaHukon. OgHako ¢
3TON Teopuen B PU3MKY BBOAUTCSH U HEYTO COBEPLLEHHO HOBOE: TOYKa 3pEHNA BEPOATHOCTHOIO
paccMmoTpeHus. N3ydeHne

*) Tepmoanddyamto B xngroctsix Habnogan yxe B 1856 r. Kapn Jlrogsur (1816-1895) n s 1880 r.
Yapnb3 CopeT (1854-1904).

3uraaroobpasHbix NyTen oTaeNbHbIX Monekyn 6bino 6bl He ToNbKO 6e3HaaeXHbIM, HO Takke He
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UMEILLUM Hay4YHOro 3Ha4YeHus NnpeanpusatTieM. BaxHbiMn aBnsitoTcs
cpeaHun ceoboaHbIn npober,

cpegHee 4ncno yaapos, KOTOPble MOJEKyJ1a UCMNbITbIBAET B €ANHULYY BPEMEHMN. JJ,aBneHme n
TeMmneparypa ABnATCA

cpeaHnMUN 3Ha4YeHnAamMn and ©onbLioro ymucna MOIeKyIl.

3Ha4veHne 3TOM OCHOBHOWM YepTbl TEOPUM 0COBEHHO SAICHO co3HaBan M. NnaHk, KoTopbIn
KOHLIEHTPMPOBAHHO BbIpa3us ee B rmnoTe3e «MonekynapHoro 6ecnopsgkar. 34ecb Mbl BUAUM
npenmMyLlecTso metoga bonsumaHa nepeq cratmctTuyeckon mexaHukoun [hxosans Yunnapga
'mb6ca (1839-1903), XO0Ts1 OHa MHOrAa NPOLLE M MPUMEHSIETCS HE TOMbKO K ra3am, a Takke BeaeT K
3aKOHy paBHOro pacnpeaeneHus. MmeHHo bonbuMaH CMor BBECTM B TEOPUIO ra30B OCHOBHOE
pasnuyne mMexagy TEpPMUYECKUMN N YNCTO MEXAHUYECKUMN ABMEHUSAMU, KOTOPOE HEOOQHOKPATHO
ABNSANOCH apryMeHTOM NPOTMB BCAKOW KMHETUYECKOW Teopumn. MexaHnyeckne aBneHust No CBOewn
npupoae obpaTnMbl; KaXXa0e N3 HAX MOXET TaK XKe XOPOLLO NpoTekaTb B 06paTHOM HanpaBneHWu;
3HaK BPEMEHW 34eCb HE UrpaeT HMKaKom ponu. HaobopoT, Tepmuyeckne npoLecchl No npupoae
CBOEN Tak ke HeobpaTnMbl, Kak BbipaBHMBaHME ABYX pas3nuyHbix Temnepatyp (rn. 9). Ecnn teopus
rasoB, ONUPasACb Ha MEXaHWUKY, BCE e YKa3blBaeT Ha HeobpaTUMOCTb 3TUX U APYruX SBNEHUN, TO
3TO OCHOBbIBAETCA MMEHHO Ha rmnoTese MonekynsapHoro 6ecnopsigka. AHanorus ¢ NpUHLMNoOM
yBENMYEHUS SHTPONUN oYeBNaHa.

BepwwumHon gena xn3Hn bonbumaHa sisunack ¢ 1877 r. Bce 6bonee siCHO yCTaHaBnNMBaemas CBs3b
MEXAY SHTPONUEN N BEPOSTHOCTLIO - OAHA U3 rybovanLLmnx Mbicrien Bcen usnki. 3ToT NpUHLMN
BonbumMaHa yTBepxgaeT: SHTpONUA NpornopunoHarnsHa norapugmMy BeposTHOCTU COCTOAHNUSA
cucTeMbl, Npnyem KoaPUUNEHTOM MPONOPLNOHAITbHOCTU CAY>XUT HEKUA YHUBEPCarbHbIV
MHOXWTESb - TaK Ha3blBaeMas KOHCTaHTa bonbumaHa. YncnoBoe 3Ha4YeHne aTOM KOHCTaHThI gan,
npasga, nuwb B 1900 r. MNnaHk (rn. 13). YBenMyeHme aHTponNuu, KOTOPOE BblpaXaeTCcs BTOPbIM
3aKOHOM TEPMOANHAMUKK, pacCMaTpUBaETCH Kak

nepexop ko Bce 6onee BEPOSATHbIM COCTOSAHMAM. HO Tak kak COCTOSIHME MakcumarbHOW
BEPOSITHOCTM BIN3KO K COCTOSIHUIO HEMHOIO MEHbLUEWN BEPOSATHOCTU, TO Bceraa byayT BcTpeyaTbes -
N 3TO BaXKHbI HOBbIV pe3yrbTaT - HeborbLUME, MEHSIIOLMECS CO BPEMEHEM OTKIMOHEHMS OT HEro.

OTUMN TepMOANHAMUYECKNMU KorebaHnamMn obbsacHAeTCs OTKpbiToe B 1827 r. 60TaHNKOM
Pobeptom BpoyHom (1773-1858) HenpepbIBHOE ABUXEHME B3BELUEHHbIX B XXUOKOCTSX UK raszax
YyNbTPaMUKPOCKOMNYECKNX YaCTUL, UCTONIKOBAHHOE, HECMOTPSA HA MHOTME COMHEHUS, Kak pe3ynbTaT
TEennoBoro AsmxeHust monekyn. Ctatuctnyeckasa teopusa 6poyHOBCKOro ABmxeHna aaHa B 1904 .
Mapua-Hom CmonyxoBckum (1872-1917), a B bonee 3aBepLueHHON hopme A. DNHLITENHOM.
BpoyHoBckoe ABMXeHWE U MHOMMe Apyrne ABneHUst CTaTUCTUYeCcKnX (oroKTyaunm ganu Hanbonee
ybeauTenbHble Aoka3aTenbCTBa aTOMUCTUKN N NPeBpaTUIN MHOIMMX CKEMTUKOB B ee
nocnegoBaTenen.

HesaBucMMO OT Teopumn ra3aoB aTOMUCTUKA pacnpocTpaHunach Ha ydeHne o6 anekTpuyectee. B
1834 r. Muxamn ®apagewn (1791-1867) oTKpbIn aNEKTPONINTUYECKUIA 3aKOH SKBUBANEHTHOCTU. DTOT
3aKOH YyTBEepXJaeT, YTo rpaMM-MorsieKkyna 0gHOBasIEeHTHbIX MOHOB, HE3aBUCUMO OT NPUPOAbLI MOHOB,
HeceT Ha cebe onpeaeneHHbINn ANeKTPUYECKN 3apsa, a B criydae AByXBaNeHTHbIX MOHOB 3TOT
3apsag Basoe 6onblue, u T. 4. [locne 3Toro oTKpbITUA MHOTME (OU3MKN CTPEMUNCL NpUNMcaTb
KaXXOMYy MOHY OAIVH, ABa U T. A. ANEeKTPUYECKMX dneMeHTapHbIX 3apsga. Tak noctynars, Hanpuvep,
CsaHTte AppeHiyc (1859-1927) B cBoen Teopun anekTponutuyeckon anccouynaumm (1882). Banbtep
HepHcT (1864-1941) gononHun ee cBoern reHnanbHon Teopuen anddysmm B aNEKTPONNTUYECKNX
pacTBopax u y4eHnem o0 INeKTPOABMXKYLLEN CUIe raribBaHUYeCKNX dNeMeHTOB. Jlapmop n JlopeHTy,
B «3NIEKTPOHHOMN TEOPUM» MPUNMCanm TakKe HOCUTENO SNEKTPUYECKOro 3apsga B
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MaTepun aremMeHTapHbIA anekTpuyeckun 3apsag (rn. 4). TEpMUH «3NEKTPOH» AN HOCUTENS
oTpuuaTenbHOro anemMeHTapHoro 3apsga sses nuwb B 1890 r. [koHcToH CTo-Hen (1826-1911).

Oco6eHHO 60oMblLLOE 3HaYeHe aTOMUCTUKA UMena Ans NOHUMaHWS Pa3sHOO0bpPa3sHbIX ABMEHWU,
npoucxoasLmnX Npu ANEeKTPUYECKNX paspsaax B rasax.

B 1859 r. FOnnyc Mntokkep (1801-1868) oTKpbIN T€ Nyyn, KOTOPbIE Mbl HA3bIBAEM «KaTOOHLIMU»
cornacHo TepmuHy, BBegeHHomMy B 1876 r. EBreHmem lMNnonbgwtenHom (1850-1931). B 1869 r.
WoranH Bunbrenem M'mttopd (1824-1914) obHapyXmnn nx OTKNOHEHME B MarHUTHOM Mone, W,
HakoHel, B 1871 r. KpomBenb Bapnu (1828-1883) gokasan, 4To nx aNekTpuyecknin 3apsig siBnseTcs
oTpuuatenbHbiM. B 1876 r. [onbaluTenH ykasbiBan Ha MX OTKITIOHEHUS B 9NIEKTPUYECKOM Norie;
OLHaKO HW OH, HM Bapnu He cMornu gatb OCTAaTOYHO yoeamTenbHoe foka3aTenbCTBo. /b B
1895 r. XKaH lNeppeH (1870-1942) n B 1897 r. Oxo3ed DxoH TomcoH (1856-1940) pewunnu Bonpoc
B cornacum ¢ BeiBogamu Bapnu n NonegwtenHa. Mo sBnvsHuem 6nectawmx onbiToB Bunbama
Kpykca (1832-1919), npousseaeHHbIX B 1879 r., NPOYHO YCTAHOBUITOCH NpeacTaBreHne, 4to
KaTogHble Ny4n COCTOAT 13 Yactuu, xoTsa NeHpux Nepy B 1883 r. Ha OCHOBE ONbITOB, HEMPABUSbHbBIX
N3-3a HeJOCTaTOYHOM 3KCMEePUMEHTANbHOM TEXHUKKN, XOTEN YCMOTPETh B HUX NPOAOSbHbIE BOJTHbI.
B 1886 r. [lonbawTenH onncan kaHanosble Nyyu, NPOTUBOMNOMOXHbIE KaTogHbIM nyydam. B 1898 .
Bunbrenem BuH (1864-1928) onpegenvn n3 namepeHust OTKIIOHEHUI 3TUX KaHANoBbIX fyYen
OTHOLEeHne macchl K 3apsay. OH Hawen 3HayeHne, COOTBETCTBYIOLLEE NOPAAKY BEMNYMHBI,
BblYMCNEHHOM 13 (hapafeeBCKOro 3aKkoHa 3KBMBANEHTHOCTU OS5 NEKTPONUTUYECKNX MOHOB. C
1897 r. HekoTOpbIE nccnegoBaTenu, B Tom yncne BuH n k. k. ToMCoH, a Takke [pXopax
dutwkepanbg (1851-1901) n Omunb BuxepT (1861-1928), nokasanun, YTO B KaTOAHbLIX Ny4ax
OTHOLLEHMEe Macchl K 3apsiay Yactuy npubnmsntensHo B 2000 pa3

MeHblle, 4eM y aTOMa Bogopoaa. Ortcloaa, pewnTesibHO OTKIOHNB UOE Fepua, 3aKnw4uIin, 4T1o
YyacTtuubl, 06pa3yrom,|/|e NOTOKN KaHaJ10BbIX J'Iy‘-lel;l, ABMNAOTCA 0ObIYHbIMK ANEeKTpn4eCcKkun
3apAXeHHbIMKM aTOMaMi U MonekynamMum,; HanpoTune, YaCTULbl KAaTOOHbIX nyqe|7| ABINAKOTCA
«aToMaMmn» oTpuuaTesibHOro aNiekKTpn4ecKoro 3apdaaa - 3JfieKTpoHamu.

B koHue 1896 r., koraa nopeHTuoBckasa Teopus acpdekrta 3eemaHa (OTHOCALLErocs K CneKkTpanbHbIM
NMHUAM, 06yCNOBMAEHHbIM ANIEKTPOHaMM B aToMax; . 4) npmeernia K TOMy Xe 3Ha4YeHU0 OTHOLLEHUS
3apsga K macce, CyLLeCcTBOBaHWE 3NEKTPOHOB MOCre CoOpoKaneTHUX ycunun 6eino Teepao
yctaHoBneHo. OHo 6bino noaTeepxaeHo Takke B 1899 r. 3. BuxepTom, KOTOpbI NOCPEACTBOM
3ANeKTpnyecknx konedaHmm namepun NpsiMbiM NyTEM CKOPOCTb KaTOAHbIX Nyden 1 Nony4mn ons
OTHOLLIEHMSA MaccChbl K 3apagy pes3ynbTaT, NONHOCTbH COOTBETCTBYHOLLUIN 3HAYEHUAM, NOSTYYEHHbIM
13 ONbITOB C OTKNOHEHNSIMW B 3NIEKTPUYECKOM Y MAarHUTHOM MONSAX.

lMopasnTenibHbIM CBOMCTBOM 3J1IEKTPOHOB SIBIISIETCHA UX CNOCOBHOCTL NPOXOANTL Yepes
3HaynTenbHbIE CroV TBepOoro BellecTsa. ATo 3ameTusn yxe B 1892 r. NeHpux Nepy (1857-1894). B
1893 r. JleHapa nponycTun Yepes «OKHO JleHapaa» 3neKTPOHbl U3 paspsagHon TpyoKu.
MocneaytoLme nccrnenoBaHUsa Kacanucb rnaBHbIM 06pa3oM NOrMoLeHUs U pacCesHUs SNEKTPOHOB
B BewecTBe. OHU eLle 1 Tenepb He 3akoHYeHbl. OCOBEeHHO MOryLeCcTBEHHbIM BCNOMOraTenibHbIM
cpeacTBOM okasanacbh nsobpeteHHas B 1912 r. Y. T. P. BunbcoHom kamepa, KoTopas naet
BO3MOXHOCTb HEMOCPEeACTBEHHO HabnoaaTb NyTU 3apsKeHHbIX YacTul, OBUXKYLLUMXCA B rasax,
cnefoBaTenbHO M 3NEKTPOHOB. [Ans 00 bACHEHNA NPOHUKaKOLEN CNOCOBHOCTN anekTpoHoB JleHapa
yxe K 1900 r. pa3sun CBOK ANHAMUYECKYIO TEOPUIO TENM, KOTOpas UMeeT MHOro obLLero ¢ no3aHee
nosiBMBLLENCA MOAenNbio aToMa Pesepdopaa. B To e Bpems, rmaBHbIM 06pa3om nog,
pykoBoacTteom [Ix. [1)k. TOMcoHa, NONHOCTbIO BbIN0 06 BACHEHO NPOXOXAEHME ANEKTPUYECTBA
Yyepes rasbl; ero NPUYNHON ABMSOTCA MOHbI 06OMX 3HAKOB, @ Takke CBOOOAHbLIE ANIEKTPOHDI.
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HauunnHaga ¢ 1897 r., MHOrMe nccnepoBarteny ctapanncb onpeaennte abcontioTHOe 3HaYeHne 3apsaa
9NEKTPOHA, a He TOSbKO ero OTHoLEeHME K Macce. Mopsaok BENUYMHbI ObifT YCTAHOBIEH yXXe
Gnarogapsi nasectHomy ymcny Jlow-muata. C apyron CTOPOHBbI, Bbi 04eHb TOYHO U3BECTEH 3apsag
rpamm-mMOneKysnbl OAHOBANEHTHOMO 3MIEKTPONIUTUYECKOrO MOHA. HO YnCneHHble 3HaYeHnsa ans
3apsga anekTpoHa 6biv BHavane 6onblien YacTblo paBHbl NULWb 2/3 NPaBUITbHOTO 3HAYEHUS.
NHTepecHO BpocnTb peTPOCNEKTUBHbIN B3rNsi4 Ha NOCTENEHHOE MOBbILEHWE 3HAYEHUI
3N1eMeHTapHOro 3apsiga ¢ Te4eHmeM BpeMeHu. N3 npsambIX METOLOB U3MEPEHUS Mbl CHYMTAEM
Tenepb Nyydwmm Metoq, AaHHbii B 1907 r. QpeHradpTom, npuMeHeHHbIn B 1913 r. MunnmkeHoM m
ynydweHHbIn um xe B 1940 r., - MeToa napswen B aneKTpU4eCcKoM rnorne MacrsiHon Kannm,
HecyLlen oTpuuaTenbHble aneMeHTapHble 3apsabl. ATOT MeToA Aan 3HadveHue 4,796 « 10-10
anekTpocTaTnyecknx eanHul. Kpome Toro, ¢ ero nomMoLLbio NOATBEPANIIOChH, HECMOTPS Ha
MHOIOYUCIIEHHbIE COMHEHUS, YTO HE CYLLLECTBYET HUKaKUX MEHbLUNX 3apsa0B, HUKaKNX
«Cy6anekTpoHoB». [IpUMEHSAIOTCA Takke MHOrMe HenpsiMble onpeaeneHns, Tak Kak anemMeHTapHbIN
3apsag TECHO CBSA3aH, C OAHOM CTOPOHBI, C Yicrom Jlowmunara, ¢ Apyron CTOPOHbl - C KOHCTAHTOM

k BonbumaHa. MlamepeHus nocpeacTBOM UHTEpPdEPEHLINN PEHTIEHOBCKUX JTyden AaloT Ansa yicna
Jlowmunara 3HaveHuve 6,0227 « 1023 1 Tem cambiM AN aneMeHTapHoro 3apsga 4,803 « KO-10
3NEKTPOCTaTUYECKMX €ANHNLL; pasnnuyme pesynbTaTtoB 060Mx M3MepeHuIn 3apagoB He CocTaBnsaeT
aaxe 2%. C ncTtopn4eckon To4KN 3peHns nHTepecHo, 4to MNMnank B 1900 r. nony4mn Ha ocHoBe
CBOEro 3aKOHa U3NYYeHUs U U3SMEePEHUN U3NyYeHUsl, OCYLLECTBIEHHbIX B TO BpeMs, 3HayeHue 4,69 ¢
10-10, koTOpOoe 6bIN0 ropa3go Bbile APYrMx N3BECTHLIX B TO BpEMSA pe3yrbTaToB U3MEPEHUN, HO
KOTOpoe, Kak Mbl Tenepb 3HaeM, Janeko nNpeBoCXOANo UX B TOYHOCTU. Bnpoyem, cornacHo
HOBEWNLUNM U3MEPEHUAM U3NYYEHUS, 3TO 3HAYeHUe ewle nosbiwaeTcs 4o 4,76 < 10-10, Ho ero
TOYHOCTb HE MOXET ObITb, KOHEYHO, CpaBHMMA C TOYHOCTBIO ABYX APYIMX YKa3aHHbIX Yncen.

HepenumocTb, B CBA3M C KOTOPOW aTOM MOMyYun CBoe Ha3BaHue, UMeeT MeCTO B XMMUYECKUX
npeBpaLLeHnsx, a Takke Npu coygapeHusix aToMoB, O KOTOPbIX TOBOPUT KMHETUYECKas Teopus
rasoB. Ho 6onee rnybokne nccrnegosaTenm 4acTo CTaBuIn BONpPOC, HE COCTOUT i aTOM U3
MEHbLLNX YacTeMn.

B 1815 r. Bunbam lNpoyT (1785-1850) gyman, 4To MOXHO 13 LLeN0oYMCIIEHHOCTN aTOMHbIX BECOB
3aKnNYNTb, YTO BCE aTOMbl COCTOAT M3 aTOMOB BOAOpOAa Kak BceobLuen nepsomaTtepun. OgHako
ynyJdlieHme n3MepuTenbHbIX MeToAoB B TedeHne XIX Beka NpuBerio K TakMM 3HaYUTESbHbIM
OTKNMOHEHUSIM OT 3TOWN LEeNTOYNCIIEHHOCTU, YTO ero runoTesa 6bina norpebeHa. MbiCnb O BHYTPEHHEN
CBA3UN MeXay BCEMU dfileMeHTaMu nosiBunachb cHoBa, korga B 1869 r. imutpuin MiBaHoBMY
MengeneeB (1834-1907) n Jlotap Mewnep (1830-1895) He3aBMcuMO Apyr OT Apyra ynopsagoumnnm
3N1eMEHTbI, COrNacHO UX XMMUYEeCKOMY NOBELEHMIO, B Nepnoanyveckyto cuctemy. Bece Benvymne aton
reHnanbHou naen obHapyxunock nuwb Yepes 40 net. JencrteutensHo, B 1911 r. SpHCT
Pesepdopa (no3gHee nopga, 1871-1937) npeanoxun ans o6bACHEHNST paccesHns -nyyen B
BeLLeCTBe TaKyto Moernb aTomMa, B KOTOPOW MOMOXUTENbHO 3apsXXeHHOe ManeHbKoe, HO
3aknoyatolLee B cebe NoYTH BCIO Maccy atoMa S4p0 OKPYXXEHO «MAaHeTHOW CUCTEMOM»
3NeKTpoHOoB. ViccnegoBaHus oTkNoHeHW -4actuy, laHcom errepom (1881-1945) n E. MapcoeHom
n ocobeHHO nccnegoBaHe peHTreHoBCKMX cnekTpoB FeHpu Mosnu (1887-1915) n apyrumum
nokasanu, 4TO MeCTO afleMeHTa B cUcTemMe, ero aTOMHbIA HOMEp, onpeaenseTcs YNCIIOM
anemeHTapHbIX 3apagoB agpa. MNepuognyeckasa cuctema siBNSETCS NPOCTO ynopsgovmMBaHUeEM
3NEeMEHTOB COOTBETCTBEHHO YMCNaM sSiAEPHbIX 3apsaaoB. OTOT BbIBOA cAenan yxe B Havane 1913 r.
A. BaH-geH-bpyk Ha OCHOBe pa3MbllifeHnin o pagnoakTneHocTn. OgHaKo caenaHHoe UM
ponylieHve, YTo 3apsa sapa Bcerga paBeH NosioBUHE aTOMHOrO Beca, He nogreepaunock. Novemy
cyllecTByeT NepuOANYHOCTb (XOTH U HETOYHASA) XUMUYECKUX CBOMCTB? ITO OOBACHAIOT C TOYKM
3peHus Teopumn kBaHT B. Koccenb u npexae Bcero H. bop (rn. 14).
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CoBpemMeHHast uaunka cuMTaeT HegenMMbIMU TOSNTbKO HEMHOIME afieMeHTapHble YacTuubl. OgHa -
3TO 9NEKTPOH, Apyrasa - 44po aToMa Bogopona, NPOTOH, C KOTOPbLIM UccrneoBaTenn BCTpeyanucb
npexzae BCero npu anekTpudeckux paspagax B rasax, Hanpumep B KaHanosbIxX nyyax. B ogHom u
ToM e 1932 r. Kapn dasug AHOepCOH OTKPbIN B kKamepe BunbCcoHa NO3UTPOH - YacTuuy C
NONOXUTENBHBIM 3apSiA0OM YU MACCOW, NPUONN3NTENBHO PaBHOW Macce anekTpoHa, a Yaasuk B
onbiTax C pagvoakTUBHLIMU ABNEHUSAMU - HEUTPOH, HE3APSXKEHHYIO YaCcTULY, UMEIOLLLYIO MOYTU TY
e maccy, 4To 1 NpoToH. B kocmuyeckom nanyyveHuu, otkpbitom B 1910 1. B. ®. Neccom n Bckope
nogTeepxaeHHoM BepHepom Konbxepctepom (1887-1946), AHaepcoH B 1937 r. oGHapy»xun,
ONATb-TakM C NMOMOLLbIO KaMepbl BunbcoHa, Me30H, TeopeTndeckn npenckasaHHbii B 1935 r.
OkaBon. 310, NOBMANMOMY, - HYacTMLA C KOPOTKUM BPEMEHEM XU3HU, UMEIOLLAs NOSNTOXNTESbHbIN
NUnNn oTpuuaTenbHbIn 3apsd; oHa NnpudnuantensHo B 200 pa3 Taxenee, YemM 3MNeKTPOH, U,
cneposaTtensHo, B 10 pas nerye, 4em NpoToH. HO a4p0 aToMa COCTOUT U3 MPOTOHOB U HENTPOHOB
COrnacHoO MbICnn, BbickazaHHoW B 1932 r., C 0gHOM CTOPOHBLI, B. ennseHbeprom u, ¢ gpyron
cTopoHbl, . Tammom un [1. iBaHeHKO; Yncno 3apsaoB sapa gaeT KoNMYecTBO CoaepXalluxcs B
S4pe NPOTOHOB, @ YNCIIO HENTPOHOB TAKOBO, YTO Macca BCEX NPOTOHOB N HEMTPOHOB AAeT Maccy
aTtoma. B aTon Teopuun, BO3HUKLLEN U NOATBEPXKAEHHON HA OCHOBE U3YYEeHUS PaguoaKTUBHOCTH,
BHOBb BOCKpecrna crtapas runoTesa [poyra.

BoapaxeHus, cBA3aHHbIE C OTKITOHEHNEM OT LIeNOYUC-IIEHHOCTU aTOMHOIO Beca, AaBHO YXe
bonble He cywecTBytoT. OTKpbITUE N30TONUKN MHOMMX BUAoB atomoB ®p. Cogam (1910)
YCTaHOBUIO KaXyLLMIACA XapakTep 3TUX OTkNoHeHun. CHavana Coaguw npunucasn U3oTomnuIo TONbKO
paguMoaKTMBHbLIM 3fieMEeHTaM, HO NOCTEMNEHHO CTAHOBUITOChb BCE SICHEE, YTO MOYTU KaXKaoe MecTo B
nepunoanyecKon CUCTEME 3aHATO HE OOHUM, a HECKONTbKUMU BuamMn aTOMOB, KOTOPbIE, KOHEYHO,
UMEIOT OOMH M TOT Xe a4epHbIN 3apsid, NO3TOMY TakKe 0OOMHAKOBbLIN NOPSLOK pacno-

NOXEHWNS 3NEKTPOHOB B aTOME M OQMHAKOBOE BarieHTHO-XMMUYECKOe NOBeAEHNE, HO OTNIMYaloTCa
no macce. ATOMHbI BEC OTAENbHOro BMAaa atoMa Tenepb AENCTBUTENBHO OYeHb BNN30K K LieNbIM
4yucnam - «MaccoBbIM YMCIIaMy, NOCKOSbKY eQUHULIEN CYMTAKOT Tenepb He Maccy aToma Bogopoaa,
a 1/16 yactb macchl Hanbonee 4YacTo BCTpeYarLerocsa n3otona Kncnopoga. 1o USMEHEHUe - He
OYeHb 3HaYUTENbHOE, NOCKOSbKY Ternepb aTOMHbIN BEC 0ObIMHOro BOAOpOAa NonyvaeTcs paBHbIM
1,00813. HO OHO MMeEET NpMHUUNManbLHoe 3Ha4YeHne. XMMmnst NOCTOSIHHO MMEET AEeNI0 CO CMECSMMU
N30TOMNOB U NOSTly4aeT NO3TOMY TOSbKO CpeHMEe 3HAaYEeHUSI aTOMHbIX BECOB 3JIEMEHTOB; OHU
BbIYNCNAKTCA.U3 UCTUHHbBIX aTOMHbIX BECOB U OTHOCUTESIbHOM 4YacTOTbl pacnpoCcTpaHeHNs B
npupoae pasnmyHbiX N30TonoB. HebonbLline OTKIOHEHNS aTOMHbIX BECOB OT MacCOBbIX Yncen,
KOTOpbI€ eLLle OCTalTCs Nocne 3Toro, 00bACHATCS HA OCHOBE SMHLUTEMHOBCKOIO 3aKOHa
WHEePTHOCTN 3Heprumn (rn. 2) kak cnegcramne noTepu SHEPrnm Npu coeanHeHUM NPOTOHOB U
HEWTPOHOB B aTOMHOE A40.

XUMNYECKUMUN MeTOAAMMN U30TOMbI HEMb3A pa3genuTb. HO MOXHO nX pasgenuTb, noasepras,
Hanpumep, KaHano-Bble Ny4Yn 4ENCTBUIO MAarHUTHOIO N 3NIEKTPUYECKOro Nosien; Toraa n3oTonsbl
ONUCBLIBAIOT pasHble MyTU, TaK Kak OHW NPU OAMHAKOBOM 3apsifie UMEeKT pasHble Macchl. JTa
«Macc-crnekTpockonusa» Bo3Hukna B 1898 r. B CBA3U C yxxe YyNoMsiHYyTbIMUM onbliTamun BuHa no
OTKNOHEHUSIM B 3NeKTpoMarHMTHoM none. Takum nytem k. [x. TomcoH aan Bo3byausLuee
CeHcaumo JoKkasaTenbCTBO N30TOMHO-CTU ABYX BUOOB aTOMa, BO3HUKLLMX HEpPaANOaKTUBHbBIM
nyTem, a UMEHHO M30TOMNOB HEOHa ¢ MaccoBbIMK Ynucnamu 20 n 22; ¢ 1919 r. aTo gokasaTenbCTBO
ObIN0 HacTonbko ycoBeplueHcTBoBaHO . P. B. AcToHoM, 4To B 1938 r. yxxe 66110 n3sectHo 260
pasfiMyHbIX BUAOB aTOMOB (BMECTO 92 XMMUYeCKUX anemeHToB). Ha ogHom nuwb 50-m mecTe
nepmoanyeckon CUCTEMbI, 3aHMMaEeMOM LMHKOM, cToAT 10 BMOOB atoMa ¢ MaccoBbIMU YMcrnamm oT
112 po 124 (xMmuyecku onpeaeneHHbIn cpegHu aTtoMHbIn Bec paBeH 118,7). Ha nepsom mecTte
CTOUT BMecTe C 0ObI4HBIM BOAOPOAOM AenTtepuin, oTkpbiTbin B 1932 1. I'. K. Ypu,
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nmMeroLwmnn atoMHbl Bec 2,014725. C Tex nop Mbl 3HaEM «TSXKENY0 BOAY», B MOSEKyrne KOTOpown
oavH unu gaxe oba atoma Bogopoaa 3amelleHbl atToMamun gentepus. Ytobbl TOYHO YCTaHOBUTL
aTOMHble Beca W AaTb TBEPAYH OCHOBY ANA 3aKNYEHUN O NoTepe 3Heprum rnpu CcBA3biBaHUU
NPOTOHOB U HEMTPOHOB B aTOMHOE AP0, Heo6xoaMMOo ObIfNIo NpeBpaTUTb MACC-CNEKTPOCKOMNMUIO B
TOYHbIM MeToa, YTo caenanu A. k. emnctep n ocobeHHo k. MaTTayx.

Cpeau coBpeMeHHbIX (OU3NKOB MMeET BceobLee pacnpocTpaHeHue ybexaeHune, Yto He TONbKO
aTOMbI, KOTOPbIE ABASATCA Y>Ke AOBOJIbHO CITOXHbIMU 0O6pa3oBaHNAMU, HO TakkKe afieMeHTapHble
YacTUUbl UMEIOT NOSHYI0 pearibHOCTb, Kak 1 Apyrve Beln BHelHero mupa. Ho gaxe B XX Beke
ObInIM COMHeHUs B aToM. JTioasur bonbumaH, Hanpumep, 40 KOHLA CBOEW XMU3HU cTpagdan oTToro,
YTO HEKOTOPbIE YYEHbIE HE CHUTANN CO30aHHY UM KUHETUYECKYHO TEOPUIO ra30B NOSTHOLEHHbIM
dur3nyeckum MetTogomMm o6 bsACHeHUS. [TOBOPOT, KOTOPLIN NPOM3OLLEN C TEX NOpP, CBA3aH C
HEKOTOPbIMU HOBbIMWU 3HAHUSAMW. Mbl yXe ynoMuHanM o TepMOANHaAMUYECKUX (PIoKTyaumnsax, Kak
OLHOWN 13 NPUYMH 3TOro noBopoTta. Mel Mornn 6Gbl NPMBECTU eLle MHOroe Apyroe, Hanpumep To, YTO
npu NHTEpdEPEHLNN PEHTIEHOBCKUX JTy4en CHUTAIOTCH pearnbHbIMU BOSTHbI paccesiHus,
BO30Y>XAEHHbIE KaXabIM OTAENbHBIM aTOMOM, Bnarogapst YeMy MOXHO NOCTPOUTb MPaBUSTbHYIO
Teopwuio aToro asnenuns (rn. 12). Ho 6onblue Bcero 3gecb caenana kamepa BunbcoHa, kotopas
Aarna BO3MOXHOCTb BUAETb MYTN OTAENbHbIX 3apPSAXKEHHbIX 3fIEMEeHTapHbIX YacTuy, unm
NOHU30BaHHbLIX aTOMOB U TEM CaMbIM MOJSIOXKNIIa KOHEL, BCAKUM COMHeHUAM. Bo Bcsikom criydae XX
BEK MPUHeC nosHyto nobeny atToMUCTUKE.

N" Bce ke Mbl JOIMKHbI CYLLLECTBEHHO NepPeCcMOTPETb HALLKN NPeXHUe cyoCcTaHUMOHarnbHble
npeacTaBnenns 06 aneMeHTapHbIX YacTuuax. ATU NpeacTaBneHns cBsi3aHbl C naee
HepaspyLUMMOCTU 1 HECO34aBaeMOCTM, KOrAa Kaxayo arfieMeHTapHY YacTuLy paccMaTpumBatoT Kak

MHONBMAOYYM, KOTOPbIN NPU BCEX UCMbITbIBAEMbIX UM U3MEHEHUSAX BCE Xe OCTaeTcss camum cobomn m
ecnn He bakTU4eCcKn B ONbITE, TO MbICNIEHHO B 060N MOMEHT MOXET ObiTb NpM3HaH
TOXAECTBEHHbIM cebe. TO HENPUMEHMMO, MO KPanHEN Mepe, K aNeKTpoHaMm u no3ntpoHam. Kak
yctaHoBneHo B 1933-1934 rr. B ccnefoBaHusix, NPUMbIKaOLLMX K OTKPbITUIO MO3UTPOHA, Hanpumep
B paboTtax 1. C. M. bnakketa n I". I'1l. C. OKKknanuHu, 4OCTaTOMHO BOMbLLOKM Y-KBAHT NpuW nonagaHunm
B SAPO NpeBpaLlaeTcs B 3NEKTPOH M NO3UTPOH. I HA0BOPOT: NpW CTONKHOBEHMM SEKTPOHA U
NO3NTPOHA OHM B3aMMHO YHUYTOXAlOTCS, nopoxaas Aea y-kBaHTa (O1To Knemnepep, 1934). Mpun
3TOM BCS MX Macca - He TOMbKO Macca NOKOsl, HO 1 BO3POCLUas C ABMXEHMEM Macca -
npeBpaLlaeTcs B 93HEPrni0 N3NyYeHNa COOTBETCTBEHHO 3aKOHY JrHLWTEeNnHa 06 MHEPTHOCTH
3Hepruun. [NuHy BOMHbLI 3TOr0 «MU3NyYyeHUs aHHUrmnauum» namepun B 1949 r. [x. [romoHa npu
MOMOLLW KpUCTan-CnekTpoMeTpa 1 nosny4vmn B COOTBETCTBUN C NpeaBapuTeNbHbIM BbIYUCIIEHNEM
pesynbtart: 2,43 « 10-10

CM. OTOT NOSHOCTbIO I'IOﬂ,TBep)K,EI,eHHbIﬁ BO BCEX CBOUX NMOCNeaAcTBuAxX pesyrbTtaTt HOBENLLEN (*)VISVIKI/I
ABndeTcd caMbiM noTpAcalownMm U3 BCero, 41o Korga-nnbo NMPUHOCUIIO pa3BUTUE €CTECTBO3HAHUA.

MABA 11
AOEPHAA ®UN3NKA
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Ensa nu yto-nnbo apyroe Tak cnocobCcTBOBaNo U3MeHeHuo npeacraBneHms o6 atome, 0 KOTOPOM
roBopusiock B rnaee 10, kak paguoaktuBHocTb. OTKpbIn ee B peBpane 1896 r. AHpu bekkepernb
(1852-1908) B cBA3M C ony6nMkoBaHHbIM B Havane aHBaps 1896 r. OTKPbITUEM PEHTTEHOBCKMX
nyyen (rn. 4).

ST Ny4n ncxogunu, Npyu TorgaliHeM NOyYEHUM UX B CTEKMSHHBIX TPyOKax, n3 dritoopecumpyroLmx
YacTen CTEeHKM cocyaa; BO3HMKIA MbICIb, YTO UX NPUYMHOM MOTYT BbITb dhnroopecueHuUms unm
docopecueHums. lNoatomy bekkepernb ucnbiTbiBan pag ocdopecumnpyowmx Ten nog BNusHMem
NPOHMKAaKLLEro n3nyyeHns, cnocobHoro 4encTBoBaTb Ha poTorpadmyeckyto NnacTuHky. OH He
MMern HMKaKoro ycnexa, noka emy He nonanacb cosib ypaHa. Ho Toraa oH gormkeH 6bin, KOHEYHO,
BCKOpPE Npu3HaTb, YTO HAWAEHHOE N3rydeHne He CTOUT HU B KaKOW NPUYMHHOWN CBA3N C
docdopecueHumnen. To, YTo OH Habnaan, kKak Mbl TENEPb 3HAaeM, ObINO 4ENCTBMEM ObICTPbIX
3NeKTpoHOB. bekkepenb 0bHapyXun 3atemM MoHM3aLMo BO3ayxa fy4aMu, UCXOAMBLUMMU U3
YpaHOBbIX COeANHEHWI. Bce aTO OTKpbINO NyThb ANSA UCCeAoBaHMS OrPOMHON HOBOW obnacTu.
MHorue cenyac e pyHyNuCb B Hee, Tak Kak brnarogapst OTKpbITUIO PeHTreHa co3peno Bpems
OLIeHUTb MO AOCTOMHCTBY 3HAYeHUe Takux HaxXOdoK.

Cpeau Hux 6binn Takke cynpyru MNbep Kopu (1859-1906) n Mapua Kiopu (1867-1934). OHun
noaBeprim cucteMaTM4eckoMy UCcnegoBaHUIO BCE U3BECTHbIE XMMUYECKMNE 3NIEMEHTLI B
OTHOLUEHUN PaanoakTUBHOCTU (TEPMUH

«paanoakTMBHOCTbLY Brepsble Obin BBegeH Mmn). OHN HaLWNW ee Takke y Topus (BNpoYem
ofHOBpeMeHHO ¢ ['e-papaom LUmMnaTom), HO B MUINMOHBI pa3 CUibHEE OHA OKa3anacbh Yy ABYX
HOBbIX 3SIEMEHTOB: MOSMIOHNA U paans. AHaNUTUKOXMMUYECKast MeToAMKa, NPUMEHEHHas Cynpyramm
Kiopu npu nccnepoBaHmax aIeMEHTOB Ha paanoakTUBHOCTb, MPUBENa B TeYeHne ABYX CneayrLmnx
AECATUNETUIN B pyKax MHOMOYMUCIIEHHbIX UCCneaoBaTenen K OTKPbITUIO APYrMX «€CTECTBEHHbIX»
pagnoakTuBHbIX anemeHToB. OcobeHHO NononHMN nx cnucok OTTo NaH OTKpbITUEM PaanOTOPUS
(1905), mesoTopus (.1906) n, coBmecTHO ¢ Jlnzon MentHep, npoTakTuHUA (1918). Heckonbko
OTNiM4Yanucb CBOUM NOBEAEHNEM pPagMOaKTUBHbIE rasbl, SMaHaLmMmn, U3 KOTOPbIX NEPBYHO - 3MaHaLMIO
Topus - oTkpbin B 1900 r. Pesepdopa.

Yxe B 1897 r. 9TOT BENUKNI UccreaoBaTenb pasnmyan no NpoHMKatoLen cnocobHocTn aBa Buaa
pagnoakTUBHOIO U3NyYeHus: nerye nornowaemsle -nydn n 6onee npoHukatowme -nydn. B 1o Bpems
Kak nocrnegHuve bnarogaps nx ferkon OTKINOHAEMOCTU B 3NIEKTPUYECKOM Y MAarHUTHOM NONAX Obinn
BCKOpEe OTOXAECTBIEHbl C 3NeKTpoHaMu, Hag Npupoaon nepsbix Pesepdopay npywnoch
notpyautbca 6onee gonroe spems. Ho B 1903 r. oH Halen, HakoHew, NocpeaCcTBOM OMbITOB C
OTKITOHEHMEM 3TUX Ny4Yen, YTO OTHOLLUEHWE UX 3apsda K Macce o 3HaKy 1 BeNIMYNMHEe COOTBETCTBYET
ABaxabl MOHU30BaHHLIM atomam renuvs. Buneam Pam3san (1852-1916) n ®p. Copgamn ycraHoBunmu B
1904 r. nopasuntenbHOEe NOsSIBIEHNE renns B COEANHEHUSX Paans; eANHCTBEHHbIM 00 bACHEHMEM
MOrno OblTb BO3HMKHOBEHME renusa ua pagus. Pesepdopa n T. Ponac noaresepavnu B 1909 r.
NMOEHTUYHOCTb -4acTuL N MOHOB refivs, Tak Kak OHWU OBHapy>Xunn B COBpaHHbIX HENTPanmn3oBaHHbIX
-4acTULax XxapakTepPHYIO XeNTyo NIMHUIO cnekTpa renus. Tak 66110 Aoka3aHO BO3HUKHOBEHME
afieMeHTa renvs U3 apyrmx anemMeHToB. B To ke camoe BpeMs NocTeneHHO YCTaHOBUIN, YTO 3a
HeBONbLLUMMN NCKNIOYEHUSMU PaANOAKTUBHOE TeNo nockinaet nnbo -nyyn, nnbo -nyyu;

o6HapyxeHHoe B 1900 r. Naynem Bunnapgom HEOTKNO-HAEMOE -U3NyYeHne MOXET ObiTb CBS3aHO C
obonmwm.

Ho oTkpbITve Pesepdopaa He 661510 NepBbIM yKa3aHMeM Ha pagMoakTMBHOE npeBpalleHe aToMoB.
Yxe B 1903 r. IN. Kiopu n A. Jlabopa npounssenn ceHcaumio, 0GHapy>KMB, YTO KyCOK OYMLLEHHOW COMnKn
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pagusa Bcerga umeet Goree BbICOKYIO TemnepaTypy, 4eM TemnepaTtypa OKpyxatoLlen cpeabl.
MpuynHOM 3TOro ABMEHNA cYMTanm NOCTOSAHHOE MOPOXAEHWE TENSOThl, paBHoOe B TeveHne Yaca 100
MarnbIM Kanopusam Ha 1 rpamm pagus. 3TOT yanBmutenbHbin dakt nosgHee (B 1908 r.) nogTeepamnm
Pesep-topa v Nenrep. MNogcunTbiBas YMCIO -4acTuUL, Ucrnyckaemblx B 1 cekyHay, U Usmepsisi
9HEpruo OTAENbHOM YacTULbl METOLOM MArHUTHOrO OTKITOHEHWUS, OHW MOMYYUIN TO XKe KONMYeCTBO
9Heprun. ToTyac xe BO3HMK BOMpPOC: 0TKyAa 6epeTcsa aTa NOCTOAHHO ocBoboXaaloLwaaca aHeprna?
Yxe B 1903 r. Pesepdopa n Cogan Bbickaszanu B3rns, YTO BCAKUA paguoakTUBHbBIN NPoOLECC eCTb
npespaLlleHne aneMeHToB. [MoToM cTano AACHO, YTO BblAENALWAaAcs Npu OTAENTbHOM
afieMeHTapHOM npouecce SHeprna paBHa pasHOCTU 3HEPTMA HOBOIO 1 cTaporo atomos. C Tex nop
roBOPAT O pagMoakTMBHOM pacnage. [locTteneHHO BCe «eCTEeCTBEHHO» paauOaKTUBHbIE 3NIEMEHTbI
pacnpegenunu B Tpu paga pacnaga, pogoHadanbHUKamMm KOTOPbIX ABAATCS YpaH, NPOTaKTUHUIA U
Topun. Paguin n nonoHum CToAT B pagy ypaHa. YnopsgoyeHme 3aTUX 3fieMeHTOB B NepuoanyecKkom
cucteme npuseno B 1911-1913 rr. A. Peccens, K. ®asaHca n ®p. Coaaun K 3akoHamMm CMeLLeHNS,
COOTBETCTBEHHO KOTOPbIM UCMNYyCKaHWE OQHOM -HacTuLbl CHUXaeT NOpsiAKOBbIM HOMEP Ha ABa,
OLHOW -4acTuUbl - YBENUYMBAET €ro Ha eaAnHNLY. ITO HaXOAUTCS B NMOSTHOM COrfiacum ¢ hakTom
TOXOECTBEHHOCTU NOPSALAKOBOro HOMepa U1 3apsa sapa, OKOHYaTesIbHO YCTAHOBIEHHbIM B 1913 T.
nocpeacTBoM peHTreHockonun. Tak nano ctapoe BO33peHne O HepaspyLUMMOCTU U
Heco3JaBaemMoCTV aTOMOB.

- N3My4YeHne HenocpeacTBEHHO He CBA3aHO C npespalleHnemM anemMeHToB. OHO BO3HUKAET TOMbKO
Torga, korga obpasyeTcst BO30Yy)XAeHHOe, B CMbICIE KBAHTOBOW TEOPUU, SAPO, KOTOPOE NepexoanT
NOTOM, MOCIe UCMyCKaHNs

- KBaHTa, B nNepBoHayvarnbHoe coctosHune. B 1926 r. Jlnsa MenTtHep akcnepmmMeHTanbHO Jokasana,
YTO -U3ny4yeHne obHapyxmMBaeTCs TOSbKO Nocne pagnoakTUBHOMO NpeBpaLleHns.

OuyeHb CKOpPO 3aMeTUN, YTO YMEHbLUEHNE PaanOaKTMBHOCTU Npenaparta Co BpeMeHeM NPOUCXOAUT
Y pasfiMyHbIX Ten ¢ pasnnYHoOn CKOPOCTbIO. 3aKOH pagnoakTMBHOIO pacrnaga oTkpbinun B 1899 r.
FOnnyc Anbetep (1854-1920) n MNaHc Ppuapux MNentens (1855-1923): ymcno ucnyckaembix B
CEeKyHAy YacTuL, yMeHbLIaeTCs CO BpeMEHEM IKCMOHEHUManbHO. [NNOCTOAHHOM 9TOro 3akoHa
ABISIETCA XapakTepHoe 4S8 KaXK4oro arieMeHTa BpemMs nosiypacnaga, T. €. Bpemsi, B TedeHue
KOTOPOro 3TO YMCIIO YMeHbLIaeTcst HanonoBnHy. OHO KonebneTcs B O4eHb LUMPOKUX rpaHuLax - ot
1,6 < 1010 net y Topusa go 10-4 cek. y pagna n gaxe o ewe MeHbLlUMx 3HadeHnn. CornacHo
yctaHoBneHHomy B 1912 r. MaHcom Menrepom (1881-1945) n [Ix. M. HaT-Tonom npasuny, 370 YACIO
CBSI3@HO B Crnyyae -fiyden ¢ aHepruen n BcnencTeme 3TOro Takke ¢ Npoderom ncnyckaemblx YacTul,
Tak YTO ANA KaXaoro psaga paavoakTUBHOIO pacnaga aHeprusa tem bonblue, 4em MeHbLUe BpeMs
nonypacnaga. O6bscHeHne aTOro Nnpasuna Ha OCHOBE BOSIHOBOW MexaHuku gan . Nlamos B 1928 .
(rn. 14).

Bonbwwnm goctmxkeHnem 6bino gaHHoe B 1905 r. 3. LBenanepom o6 bACHEHNE SMNNPUYECKOTO
3aKOHa pacnaga: BepOosiTHOCTb pacnaja Aans Kaxaoro atoma HesaBucrMMa OT BPEMEHU U TEM
fonblle, YyeM MeHbLle BpeMsd pacnaga. Pusnka CTonkHynacb 34ecb BnepBble C NPOLECCOM,
KOTOpPbIN HE noggaeTcs NPUYMHHOMY 06bACHEHMIO. [10 ceroqHsAWHEro AHS Mbl HE 3HaeM, NovYemy
AaHHbIM pagMOakTUBHBIM aTOM pacnagaeTca MMEHHO B 3TOT, a HE B PYroi MOMEHT BPEMEHN.
HeBO3MOXHOCTb N3MEHUTL pacnag Kaknmu-nmbo pusndeckumm BNNSHUAMM Kak Obl HabpackiBaeT
3aBecy Ha s4po. NMpaBnnNbHOCTL BEPOATHOCTHOM Teopun pacnaga noareepannv B 1906-1908 rr.
HabnogeHus Konbpaywa, darapa Menepa un 3. PereHepa, a Takxe [. [errepa Hag TpebyemMbiMun
Teopuen pnIKTyaumsaMm Yncna YyacTtul, MCnyckaemMbiX B egUHULY BPEMEHM.

3HaueHue Teopun LLiBenanepa sicHo NpPosiIBUNOCH No3aHee, koraa usmka u3yymna MHorme apyrue
aTOMHbIE SIBMEeHUs!, ANS ONMCAHUS! KOTOPbIX OYEHb XOPOLLO NOAXOAUT NOHATUE BEPOSTHOCTU Npu
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HEBO3MOXXHOCTM NPUYMHHO ONPeAenuTbL MOMEHT BpeMEHM UX HacTynneHns. Ko Bcem Takum
SIBNEHNsIM NPMMEHUMbI BEPOSITHOCTHbIE paccyxaeHus LLsenanepa.

OTKpbITME pagnoakTUBHOIO pacnaga aToOMOB OXUBUITO anxXMMUYECKYIO naeko npespaLleHns 0gHoro
anemeHTa B gpyron. [lo 1930 r. B Te4yeHne gecatuneTun NpoBoaUINCb MHOITOYUCIIEHHbIE OMbIThbI
3TOro poaa, 0cobeHHO NOCPeaCTBOM BOSMbTOBOM Ayrn. HO 3T MHUMbIE NpeBpaLLeHns He yCTOANM
nepepg kputukon. NpespalieHme gocTuraeTcsl, Kak Mbl Tenepb 3HaeM, TONbKO MEeTOA0M
KOHUEHTpaumm HeobxoauMOoro KonmyecTsa Heprunm Ha oTAeNnbLHOM atome npu 6ombapanpoBKe ero
ApYyrumMun atoMamm unu -kBaHtamu. Ho n B atnx akcnepmumeHTtax sHavane (1907) 6binm owmnboyHble
pesynbTaTtbl. [lepBoe AencTBUTENBHOE NCKYCCTBEHHOE NpeBpaLlleHne atoMmoB yaanocb B 1919 .
Pesepdopay. OH obniydan a3oT -4actuuamm u nonydmn Nnpu 3ToM NPOTOHbI C 60MbLION ANTMHON
npobera. ®oTorpachun aToro siBNeHust B kamepe BunbcoHa, caenanHbie B 1925 r. 1. M. C.
BnakkeTom, ACHO Nokasanu, Hapagy ¢ ANMHHBIM CNegoM NPOTOHA, KOPOTKUI crief BO3HUKLLIETO
KpoMe Hero nsororna kucnopoga ¢ atoMmHbiM Becom 17. B nepuog ot 1921 go 1924 r. Pesepdopa n
Yaasuk cMornm gokasaTb CyLLeCTBOBaHWE 3TON peakumn - NOrNOoLWEHNS -HacTuLbl U UCNYyCKaHUA
NPOTOHA - TaKXke Y BCEX ANIEMEHTOB OT 6opa (nopsgkoBoe Yncno 5) Ao kanusa (NopsaKoBOE YMUCIIO
19), 3a ncknYeHneM yrnepoaa u kucnopoga. Kpome npotoHa B 9TUX peakumsix NOCTOSAHHO
BO3HMKAET 3MEMEHT, Crie4yoLmii No Nopaaky B NepuoanNYeckon cucteme.

BaxxHbiM rogom ans passutus aton obnactm 6bin 1930 r. MNpexae Bcero Bote n bekkep
Habngany npoHuKatoLLee -n3nyyeHne npm obcTpene nerkux anemMeH-T1oB, ocobeHHo bepunnus,
-yactuuamu. Kak nokasan B 1935 r. K. LlLHeunep, aToMHOe 94p0 NpU CTOSIKHOBEHUU

C -4acTvuamMm NpmxoauT B BO3OY>XAEHHOE COCTOSAHNE, a NOCNe UCMYCKaHWs -KBaHTa BO3BpaLLaeTcs
B NepBOHaYanbHOE COCTOSAHMNE. DTO ABMNEHNE NPOUCXOANT TOSBLKO NMPU YCITIOBUM, YTO HUKHUI
npenen aHeprum -yactuubl paseH 2,3 « 106 anekTpoH-BonbT. U. Kiopu n @. XKonuo noarsepannu
OCHOBHble HabnogeHusa bote n bekkepa, HO NPULNW NPV NOMOLLM N3MEHEHHOW annapaTypbl K
APpYyrum pesyrnbTaTtaM OTHOCUTENbHO NOMMOLEHNS BO3HUKatOLWEro nanyyeHuns. OHn nokasanu ¢
MOMOLLIbIO KaMmepbl BunbcoHa, 4To 3T0 nsnyyeHne npmBoguT Bonee nerkMe atoMbl B Takoe BbicTpoe
ABWXEHME, KOTOPOE HEBO3MOXHO, COrfTacCHO TEOPUN CTONKHOBEHWIA, MPUNUCaTb JENCTBUIO -Ny4YeN.
OTtctoga notom YagBuk 3akmouunsi, YTO 34eCb BO3HUKAET, KpOME -ITyYen, Kopnyckyna, koTopas
UMeeT HyNeBOoWn 3apsaa U NOYTK Ty XXe Camyto Maccy, YTO MU NPOTOH, T. €. HEUTPOH, CyLLIECTBOBaHNE
KOTOpOro gaBHo npeanonaranocb Pesep-gopaom. [lenctButensHo, Kak Aokasan nosgHee
LLHeunep, npu Bo3byxXaeHUn saep 6epnnnusa MOXeT NPOUCXoanTb ynaBnmBaHMe MMM YacTuLbl C
nocrneayoLmm BolaeNneHnemM HEMTPOHA NPU YCITOBUK, YTO SHEPIUS ~4aCTULbl paBHa No KpanHen
mMepe 4,76 + 106 anekTpoH-BonbT. OcTalolleecs a4p0 sSBAsSeTCa a4p0M yriepoaa.

OTO NpeacTaBneHne BNocneacTBUM NOMHOCTbIO NOATBEPANIIOCE; ObINIO OTKPBITO MHOXECTBO
A0EPHbIX peakuuin, B KOTOPbIX 3axBaT a-4acTULbl UK enTepus Ben K UCMYCKaHUIO HENTPOHA.
OcobeHHO 0BUNBbHBIN UCTOYHUK HEUTPOHOB BbIN NONYyYEH NPU CTONIKHOBEHUN BbICTPbIX 4ENTPOHOB
apyr ¢ gpyrom M. J1. E. OnudpbanTom, IN. Maptekom n Pe-3epdopaom B 1934 r., yto gano
BO3MOXHOCTb MPOBOAUTb MHOMOYUCIIEHHbIE OMbITbl C HENTPOHAMM.

B 1934 r. . Kiopy n ®@. XKonnmo HaTOMKHYNUCb B 3TUX OMbITax Ha S4epHble peakunn, Npu KOTopbIX
BHOBb BO3HMKLLIEE AP0 OKa3blBaeTCsl HECTabUbHbBIM; NPU OTLLENIEHUN OQHOIO NO3UTPOHA OHO
nogBepraeTca ganbHenweMy pagnoakTMBHoMy pacnagy. B crnyyae aTux «MCKyCCTBEHHO»
pagnoakTUBHbBIX aTOMOB COXPaHSAETCS TakKe 3akoH pacnaga Leengnepa. No3gHee ctanu
N3BECTHbI Cyyan, B KOTOPbIX BMECTO NO3UTPOHA MOSABNAETCA SMEKTPOH, a Takxe, Mnpu
onpeferieHHbIX 06cToATeNbCTBaxX, HapPAQy C HAM

n -nsnyyvexme. C 1934 r. 3. Pepmun cTan NPUMEHATb HEUTPOHbI AN 6Gombapanposku atomos. C Tex

Page 63/128



nop KONMYECTBO YCTOMYMBBIX UM PAgNOAKTUBHBIX S4EP, MOJTyYEHHbIX NyTEM UCKYCCTBEHHOIO
npeBpaLLeHns, BO3POCIO A0 MHOMMX COTEH, M MOYTM BCE MECTa NepMoanN4eCcKon CUCTEMbI
3anonHunuck nsotonamu (rn. 10).

ATOMbI, BO3HUMKaKOLLME BO BCEX ITUX SAEPHbIX peakumsix, 3aHUManu B nepuoanyeckon cucteme 1o
e MecTo, YTo 1 GombapampoBaHHbIA aToOM, U cocegHne mecTa. MoaTomy nNpom3seno GonbLUYo
ceHcaumto gokasartenbctBo laHom u LUTpaccmaHom B 1938 r. Toro, 4Tto npu o6cTpene HeUTpoHaMm
nocriegHero afieMeHTa NepuoanyecKkon CUCTEMbI - ypaHa - NPOMCXOANT pacnaj Ha SNeMeHThl,
KOTOpblE CTOAT B CPEHUX YacTaX Nepuoanyeckon cuctemMol. 34echb BbICTYNaT pasfnnyHble BUAbI
pacnaga. BosHukatowme atombl B 60MbLIMHCTBE CBOEM HEYCTOMYMBLI U TOTYAC Xe pacnagaroTcs
Aanblule; y HEKOTOPbIX BpeMs nonypacnaga naMepseTcs CeKyHgamMm, Tak 4to [FaH JosmKeH bbin
NPUMEHNTb aHanuTuyecknin meto Kopu ana npoaneHns tTakoro 6eicTporo npouecca. BaxHo
OTMETUTb, YTO CTOSALUMNE Nepes ypaHOM 3NeMEHTbI, MPOTaKTUHUIA N TOPUIA, TaKke 0BHapyXmnsatoT
nogobHbIN pacnag nod AencTBueM HEMTPOHOB, XOTH ANSA Toro, 4Tobbl pacnag Havancs, TpebyeTcs
Oonee BbICOKas AHEPrNA HENTPOHOB, YEM B crnyyae ypaHa. Hapsagy c atum B 1940 r. . H. ®nepoB u
K. A. lMNeTpxak obHapyXunm CnoHTaHHOE pacLLenfneHne ypaHoBOro sapa ¢ cambiM 6onbLIvm n3
N3BECTHbIX 40 TeX Nop nepuoaom nosnypacnazga: okono 2 « 1015 net; 9T70T pakT CTaHOBUTCS SBHbIM
Gnarogapsi ocBOOOXAAOLLMMCSA NPY 3TOM HEUTPOHaM. Tak siBUnacbk BO3MOXHOCTb MOHSATb, NoYeMy
«eCTeCTBEHHasi» nepunognyeckas cucteMa 3akaH4ymMBaeTCcs TpeMs Ha3BaHHbIMU ANIeMEHTaMM.
Tenepb cTanu n3BeCTHbl TPAHCYPaHOBbIE ANIEMEHTbI, HO OHWM HAaCTONBbKO HEYCTOMYMBBI, YTO BbICTPO
pacnagaroTcs.

PacwenneHnune ypaHa nocpeacTBOM HEMTPOHOB AaeT TeNepb BO3MOXHOCTb TOrO MCMNOSb30BaHNA
aTOMHOW 3HEPrMm, KOTOPOE YK€ MHOTMM MepEeLLMNNOCh, Kak «MeyTa XKions BepHay, HO koTopoe eLue
Pesepdopa 06bsasun nnnosnen.

Mpun pacienneHmm HemTpoHamMmM M30ToMNa ypaHa ¢ aTOMHbIM BecoM 235 ocBob0oXaaloTCcs B O4HOM
afieMeHTapHOM aKkTe Npu NpUMEHEeHN OQHOro HEUTPOHA B CpeiHEM [1Ba HEUTPOHA, Kak 3TO
nokasanu ewe B 1939 r. ®. XKo-nuo, J1. KoBapckun n I'. Xan6aH. lNMockonbky pacnag aToro nsotona
ypaHa MoxeT 6bITb Npon3BeaeH NOCPEACTBOM HENTPOHOB C OYEHb Masion aHepruen, npu
N3BECTHbIX YCNOBUAX CTAHOBUTCSH BO3MOXHOW LienHas peakums, KoTopas BefeT K AarnbHeunwemy
pacLuenneHunio agep, Tak YTo npouecc NnpoTekaeT cam cobon BO BCe Bo3pacTaroLlem Temne. BTopas
MUpOBasi BOMHA, pa3pasmBLLasica Yepes 8 mecdues nocne onyodnnkoBaHna oTKpblTUs [aHa,
npusesna K ToMy, 4To NepsBbIM NPUMEHEHNEM 3TOro OTKPbITUS OblNO Co34aHne HOBOro CTPaLLHOro
opyxusi. bonblloe genoBoe COTPYAHNYECTBO aMEPUKAHCKNX U aHITIMNCKUX YYEeHbIX, OnvpatoLLeecs
Ha OrPOMHbIE rocyJapCTBEHHble CpeacTBa, co34ano B TedeHne 3TOW BOMHbI aTOMHY0 60Mby,
KoTopas B3opsBanacb 16 nona 1945 r. B Hoson Mekcuke, 6 aBrycta Hag XMpocumou u BCKope
nocne atoro Hag Haracaku. [NNogpobHoe M3noxeHne 3Toro pasBUTUS BbIXOAUT 3a PpaMKu 3TON
KHUrM*). C TOYKM 3peHns PU3NKN 30eCb 3aHMMAOTCA BENUYaNLLNM 3KCNEPUMEHTOM, KOTOPbIN
korga-nubo ctaBunu nogun. OTo - BrnecTdllee NoATBEPXKAEHNE CMENOro Hay4YHOro NpeaBnaeHus,
OCHOBaHHOro Ha y6exxaeHun B 06 beKTUBHOM MCTUHHOCTUN (PUSKKM.

Kak rny6oko aTu pe3ynbTaTbl BHYTPEHHE M BHELLHE NpeobpassiT 4enoBe4ecTBo, Nnoka eLle TpyaHo
oLeHUTb. Bo3aMoXHO, 4TO No3gHee HanMcaHHas uctopusi byaeT paccMaTpuBaTh BbiLLEYNOMSHYTbIe
OTKPbITUS KaK BaXKHEWLIME BO BCEW MCTOPUYECKOWN 3M0OXe, MOCKONbKY 3aMeaSieHHOoe TedeHne LiernHom
peakumu, NpuBOAsLLEN KO B3pbIBy 6OMObI, JaeT BO3MOXHOCTb MCMNONb30BaHMUSA SHEPTUN aTOMHOIO
aapa Ans MUPHBIX, co3naaTenbHbIX LiENe.

*) Cm. H. D. Smyth, Atomic energy for military purposes, Princeton University Press, 1945; pycckui
nepesog: C M n 1, ATOMHas aHeprusi 4ns BOeHHbIX Lenen, M., 1948,
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MABA 12
KPUCTANNOPUN3NKA

Hayka o kpucTannax npuHagnexunT UCKINIoYUTENbHO HOBOMY BpeMeHMU. MpaBunbHble hopMbl
HEKOTOPbIX arMa3oB, a Takke rmagkue rpaHu apyrux Kpuctannos, npaena, 6pocanunck B rnasa u
npexae; kaxylieecst 6ecnopsagoYHbIM M3MEHEHNE UX BENMWUYMHBI M pOpMbI BbINO, BEPOSATHO,
MPUYMHON TOFO, YTO HE YCTaHaBNMBaNM 3aKOHOMEPHOCTEN. B ApeBHOCTM 3HaHUSI O MUHepanax
npuobpeTannch criydariHbIMM HaBMOAEHNSMM U K TOMY XKe nepenneTannuck ¢ MM onornei n Bepon
B BOWEGHYI0 cUny AparoueHHbIX KaMHEN.

CoBepLUEHHO N30NMPOBaAHHO CTOMT MarneHbkoe counHeHme MoradHa Kennepa, nosismBLieecs B
1611 r.: 3 npocToro HabnAeHNa Hag «LWEeCTUYTroNbHbIMU CHEXUHKaAMMUY», UMEHEM KOTOPbIX
Ha3BaHO ero COMMHEHME, FreHNarbHbIN YYEHbIN NPULLEN K MAee CUMMETPUN U JaXe NOCTPOEHUS
CHEXMHOK U3 MIOTHO yNakoBaHHbIX LWAapoB. B ero reomeTpmuyecknx pasmbllLNEHNAX Mbl Y3HAEM
ONATb TOT XOA4 MbICNK, KOTopbIn Kennep npumeHnn B 1596 r. B ceoeM «Prodromus» npu BbiBoAe
3aKoHa ans paguycoB opbuT nnaHeT. OTOT 3aKOH BCKOpe Obin NpM3HaH HeNpaBuibHbIM; HO B3rNsa
Ha MUp, KaK Ha TBOpeHWe ayxa, NpeanoynTatoero NnpocTble MaTtemMaTMyeckme OTHOLLEHWS,
noctasun Kennepa 3gecb Ha BepHbIN NyTb. OgHAKO 3TO CrydYanHoe COYMHEHME, KOTOPOE OH caMm
paccmaTpmBan oTyacTu Kak 3abaBy, He Oka3asno BIUSHUS.

B 1669 r. Hunbc CteHceH (Hukonam CteHo, 1638- 1686) oTkpbIS, 4TO Y KBapua (OT KOTOPOro
TEPMUH «KpucTanny» 6bi NOCTENEHHO NEPEHECEH Ha Apyrve TBepable

Tena c onpeaeneHHon ecTeCTBEHHOM (DOPMOK), @ TakXKe Yy HEKOTOPLIX APYrnX KPUCTAanNmoB, JaXe
ecnu oHn 06paboTaHbl, Mexay X NIoCKOCTAMN 0BHapy>XMBaeTCsa BCerga oguH u ToT xe yron. B
TOM e rogy Opasm bepTenbceH (bapTonuuyc, 1625-1698) sameTnn y ncrnaHackoro wnaTta
ABOWHOE ny4venpenomsneHune, kotopoe B 1678 r. [NownreHc (rn. 4) o6 bACHUN Ha OCHOBE BOSTHOBOW
Teopun. lomeHuko NyneenbMunHn (1655-1710) pacnpoctpaHun B 1688 r. 3akoH NOCTOAHCTBA YrnoB
Ha HeKoTopble KpucTansbl conu. Lienoe ctonetune ywno Ha ycTaHOBNEHUe 3TUX (0akToB.
Kpuctannorpadusa octaBanacb He3aTpPOHYTOM BOMbLINMMK ycriexamu ocTanbHOW U3NKK; OU3NKK
He MMernun B CBOEeM PacrnopsikeHnn XxopoLwo obpaboTaHHbIX KpUCTanNIoB, a MMHepanoru, npaesaa,
obnaganv nmMu, HO 3aHMManunchb rnaesHbIM obpasom apyrumm 3agadamu. (Monyyexme
NCKYCCTBEHHbIX KPUCTaNsoB ABNSeTCa TPYAHbIM UCKYCCTBOM, U B cUCTEMaTUYECKOM hopMe OHO
pas3BuoCh TOMbKO B XX Beke). VcknoyeHneM sSBnsieTcs OTKpbITUE NMPO3NEeKTpu4ecTsa B
TypmanuHe. B TeyeHne 4onroro BpeMeHu AaBanucb HenpaBusbHble OOBbACHEHNSA 3TOMO ABMEHMS.
JInwe B 1758 r. ®paHy, Ynbpux Teogop Snunyc (1724-1802) nokasan, 4YTo NfOCKOCTM KpucTanna
3apsKarTCs NPU U3MEHEHUN TemnepaTypsbl.

Tonbko B 1772 r. NOoABUIIOCH ONSATb 3HAaYUTENbHOE Npou3BeaeHne o hopmax Kpuctannos: XXaH
BaTtuct Pome ge Jlunbe (1736-1790) pacnpocTpaHus 3akoH NOCTOAHCTBA Yrnos, obpasyembix
NAOCKOCTAMM, HA MHOIME Apyrve KpucTanmbl. 3TU YIoibl, T. €. MOMOXEeHUs NIIOCKOCTeN Apyr no
OTHOLLUEHUIO K ApYrYy, SBAATCS C TEX NOP, Kak U3BECTHO, OCHOBHOW XapaKTepucTukomn noboro smaa
KpucTannos,, B TO BPEMS KaK BEfIMYMHA NIIOCKOCTEN onpeaensieTca cnydanHbiMm nobo4vHbIMN
obcTosATENLCTBAMM NPU POCTE KpUcTanna.

Ha ocHoBe aToro 3akoHa pasBuBarnacb reomeTpuyeckas Kpuctannorpadus B npoLecce TpyaHOro
[eTanbHOro U3y4eHUsi U, KOHEeYHO, He 6e3 3abnyxaeHuin. bnarogaps BbigaloLwMMes paboTam
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XpuctmnaHa Camyans Bewca (1780-1856), nccnegosaHmsm ero yvyeHvmka ®paHua SpHeta Henmana
(1798-1895) (nepBoro kpynHoro gu1aunka, BNOTHYHO 3aHABLUErocs Kpuctannamm), pabotam
®dpuagpuxa Moca (1773-1839) n Kapna ®puapmnxa HaymaHa (1797-1873), HakoHew,, Bunbsima
Mwunnepa (1801-1880) 6bin ycTaHOBNEH «3aKOH paumoHanbHocTM». OH onpeaensieT NonoXeHne
nobon KpUcTann4ecKkom NoCcKOCTN Tpemsa HEGONbLLUMMY LIENbIMU YACNIAaMU, €€ KMHOEKCaAMNY,
€Cnn N3BECTHbI TPU OCK KpUCTanna v AnnuHa Kaxaowm n3 Hux. BellweykasaHHble nccrnegoBaTenm
cTapanucb Takke gaTb cucTeMaTtuky kpuctannoB. OgHako nonHas cMcTtemaTuka yganach TONbKO B
KoHLe aToro nepuoaa, B 1830 r., Moranny ®pungpuxy Xpuctunany Neccento (1796-1872). Ha ocHose
3aKOHa paumMoHanbHOCTM OH Aan reoMeTpuyeckoe AoKa3aTeNbCTBO TOro, YTO CyLecTBYOT 32
Knacca Kkpuctansnos, 1 He 6onblie. Ho Ha ero paboTy Takke He obpallany BHUMaHUS B TeYeHne
pecatuneTun. B 1867 r. Akcenb MNagonuH (1828-1892), He 3Has 0 cBOEM npeaLleCTBEHHUKE,
BeCbMa M35 HbIM 06pa3oM BHOBb YCTAHOBWI 3Ty cucTemMaTuky. Takum obpasom, uesnb
reomeTpu4eckomn kpuctannorpadum obina gOCTUrHyTa.

Knaccbl KpucTtannos pasnuyanu cHadana no CAMMETPUN, XapakTEPHOW AN NOMOXEHUW rpaHen.
OaHOBpPEMEHHO YKPEennanock Takke npeacTaBneHne 0 TOM, YTO 3Ta CUMMETPUS UMeET peLlatoLLee
3HaveHVe Takke N5 NPoLEeCCOB BHYTPU KPUCTaNsoB, HanpumMmep Ang pacnpocTpaHeHnst ceBeTa U
ynpyroctn. I3BeCTKOBbIM LUMNAT, Ha KOTOPOM paHbLUe BCero Obifno n3y4yeHo ABOMHOE
nyyenpenioMrneHme, UMeeT TONbKO OAHy onTuyeckyto ocb. B 1812 r. XKan batuct buo (1774-1862)
Halwen y cnoabl ABe onTudeckmne ocu. lasng bptoctep (1781-1868) noareepamn ato B 1813 r. Ha
npumMepe Tonasa n Apyrux KpuctanmnoB.a Takke pacwmpun B 1818 r. cnvcok BeLecTs, UMeLLnX
ABOWHOE Iny4venpenomMnenue, o Yy1cra ceblwe cta. MI3aBecTHbIn acTpoHoM [xoH Ppenepuk Bunbsam
Mepwenb (1792-1871) ycoBepLueHCTBOBas 3TW 3HaHUS, B YaCTHOCTW, Bnarogaps npUMeHeHuo
MOHOXPOMaTU4YeCKOro ceeta. Ho TOYHYI0 CBA3b MeX4y reoMeTpruyeckorn CUMMETPUEN MIOCKOCTEN U
PU3MYECKMMIN CBOMCTBAMM KpUCTANNoB (bopMynupoBast B OCHOBHOM NpaBuiibHO nuwb B 1833 .
®paHuy HenmaH, koTopbin yxxe B 1832 r. cBen kpuctannoontuky ®PpeHens

K ynpyron Teopumn ceeTa. OTOT e BENUKUIA UccregoBaTerb co3fan Takke Teopuio ynpyroctum
Kpuctannos. o ero cnegam nowen ero ydeHnk Bonegemap ®ownrt (1850-1919); yuebHuk
Kpuctannodgpuauku dourta, noasmemmca B 1910 r., octancs 4o cux nop Heumcyeprnaemon
COKPOBULLHMLIEV CBEAEHMI MO BCeM (bmamyecknum npobrnemam Kpuctannos. B Hem nmeetca Takke
Teopus NUPO3NEKTPUYECTBa, KoTopyto passun B 1878 r. Bunbsam TomcoH (nopa KenbBuH), a Takke
nbe3oanekTpuyecTsa, oTkpbiToro B 1881 r. MNeepom Kiopun (1859-1906).

OpaHako CyLWHOCTb KpUCTanMM4yeCcKkoro COCTOSAHUSA, COrfacHO COBPEMEHHbIM B3rnsaam,
onpefenseTca He 3TUMU CBOMCTBaMM, a yNnopsao4EeHHbIM pacrnofioXXeHUeM aToOMOB B
NPOCTPAHCTBEHHbIX peLleTKax, T. €. KOHUrypaumsamMm co CTPOron TpexmMepHoOn NepnoanyHOCTbIO.
Ha aTon ocHoBE MOXHO NOHATbL BCE CBONCTBA KpUCTassos.

Teopus NPOCTPaAHCTBEHHOM peLLEeTKN UMeeT OMNNHHYI0 nctopuio. LLlapoBblie ynakoBKku, O KOTOPbIX
ewe B 1611 r. roeopun Kennep, 6b1nu yxe NnpocTpaHCTBEHHOWN PELLETKON, XOTS OH HE MPUMEHSIN
3TOro noHATUSA. PasHocTopoHHun PobepT MNyk (1635-1703) Bbickasan B 1665 r. B cBoen
«Mwukporpaduny» npaBunbHbIN B3rNs4 Ha CTPOEHME KPUCTansoB, HO He 06oCcHOBas U He pa3Bui ero.
MonreHc B cBoeM « TpaktaTe o ceeTe» (. 4), HaneyataHHoM B 1690 r., Ha OCHOBE N3y4YeHus
Xapaktepa pacLiensieHns U3BeCTKOBOro LnaTa gaeT CTPYKTYpY KpucTanna B oopme
NPOCTPaHCTBEHHOWN peLleTKn, COCTOSILLEN U3 MeNbYanLLMX YacTul annuncovaanbHon gopmel. Ha
OCHOBaHun aToro xe ceonctea B 1773 r. TopbepH beprmanH (1735-1784), a B 6onee obuien popme
B 1782 r. PeHe XiocT Atoun (1743-1822) paccmaTtpuBany KpucTtann, Kak Knagky 13 Menbyanimx
CTPOMUTESbHbBIX KAMHEN, KOTOpblE UMEIDT hopMy Napannenenuneaos, U Takke obHapyXXuBatoLLYyO
NepuoanYHOCTb MO Tpem namepeHuam. dGuauk Jlroasur Asryct 3eebep (1793-1855) Obin nepBbiMm,
KTO COeaUHWUN C 3TUM BO33PEHMEM TOraa eLle HOBOe MOHATUE XUMNYECKOro
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aToma 1 JOnyCTun, YTO NPOCTPaHCTBEHHas peLleTka obpasoBaHa aTomamu. bnarogaps rnybokomy
dU3N4eCKOMy NOHNUMAHUIO OH BbIXOAWUT 3a npeaenbl YUCTO reOMETPUYECKOrOo pacCMOTPEHUS U
onpegenseT pacCTosHUA MeXay aToMaMu NOCPEeACTBOM CUM, AENCTBYIOLLNX MeXOy HUMU, a Takke
CTaBMUT B CBA3b C 3TUM YNpPYyrocTb K TennoBoe pacwmnpeHne. OH onybnukosan ceou B3rnsaabl B 1824
r., Ha 32 roga paHblue, YeM BOLLMA B COBPEMEHHYIO (PU3MKY aTOMUCTUKA B POpMeE KUHETUYECKOWN
Teopwuu rasoB. Ho, MOXeT ObITb, UMEHHO NO3TOMY €ro nNoAsur (3Ty paboTy AeNCTBUTENBHO MOXHO
Tak Ha3BaTb) ObIn coBepLleHHO 3abbIT. He nomorno Takke n 1o, 4To Benukmi Kapn ®pungpux Maycc
B 1831 r. B peLeH3un Ha O4HY MaTeMaTU4eCKyto KHUry yka3san Ha npobriemsl, CBsi3aHHbIE C naeew
3eebepa OTHOCMTENBHO «MNapannenenuneaHoro PacrnonoXeHUs ToYeK B MpocTpaHCcTBey. Jlnwb B
1879 r. 3oHke (CM. HMXe) obpaTun BHMMaHue Ha paboTy 3eebepa.

CoBepLueHHO He3aBMCMMO OT 3TOro pasBMBanacb MaTeMaTtuka NPOCTPAHCTBEHHOW peLLeTKU; OHa
onpefensana oTAenbHY peLleTKy He MPOCTPaHCTBEHHbLIM pacnpeaeneHmem nsobpaxaembix ero
dunamnyeckmx obpasoBaHui, a NOCPEACTBOM AOMNYCTUMbIX AS1S1 HEE onepaunn cynepnosnummn. Tak,
Mopwuy, JTrogsur ®paHkenrenm (1801-1869) noctasun cnegytowmnn sonpoc B 1835 n 1856 rr.:
COOTBETCTBYHOT 11 BCE reOMETPUYECKN BO3MOXHbIE BUAbI NPOCTPAHCTBEHHbIX PELLETOK
CUMMETpUAM, HabngaembsiM y KpUcTannoB? Yxxe o ero BTopon pabotbl, a umeHHo B 1850 r.,
OrtocT bpaa (1811-1863) BbiBEN 14 MO €ro MMEHM Ha3BaHHbIX MPOCTPAHCTBEHHbIX PELUETOK,
KoTopble Mornm 6b1Tb 06pasoBaHbl TONLKO NyTEM

NnepeHOCOB OAHOM siuenkn (6e3 NnomoLLm apyrux onepaumin). AT YNCTO reoMeTpuyeckne paboTbl No
Teopuu rpynn obobwmn B 1879 r. JleoHapa 3oHke (1842-1897) 6narogaps BBeAEHUIO APYTnX
onepauun 1 Nony4nn TakMm obpasom 65 pasnuyHbIX MPOCTPAHCTBEHHLIX rpynn. lNonHoe pelleHne
3TOM MaTemMaTU4ecKkon Npobnemsl, yCTaHOBNEHNE N NepeyvnucrneHne BCex reomeTpnu4eckm
BO3MOXHbIX MPOCTPAHCTBEHHbIX rpynn coBepwmnnu kpuctannorpad Esrpad CrenaHosuy ®enopos
(1853-1919) n matematuk Aptyp LeHdnuc (1853-1928). Oba yctaHoBUNU

B 1891 r., He3aBUCMMO Apyr OT Apyra U COBEPLLUEHHO pasfinyHbIMK NyTaMu, 230 NPOCTPaHCTBEHHbIX
rpynn.

CHavana aTn uccnegoBaHnsa He oKasblBann HUKaAKOro BAUSHUSA Ha OM3KKY, MOTOMY YTO rmnoTesa
NPOCTPaHCTBEHHON peLleTKn He 060CHOBbIBanach Kaknmu-nmbo gpusndeckumm asnennamm. Cpeam
HEMHOMMX (OU3NKOB, KOTOPble BOOBLLE NHTEPECOBaNNCh y4eHUEM O Kpuctannax, HekoTopble
3awuanu NpoTMBONOSIOXHOE NpeacTaBrieHne 0 TOM, YTO B KpUcTarnmnax, Kak BO BCAKOM BeLLecTBe,
LEeHTPbl TSXKECTU MONeKyn pacrnpeaeneHbl 6ecnopsaioyHO U aHN30TPONMSA NopoxaaeTcs
NCKNIYUTENBLHO naparnnesibHOM OpueHTaumMen NpMBMUNErMpoBaHHbIX HanpasneHum monekyn. B
MUHEpAanorum Takke mano 3aHMManuncb 3Ton rmnoteson. Tonbko Maynb poT (1843-1927)
nogaepxusan Tpaguumio 3oHKe B CBOEN NpenogaBaTenibCkon aearenbHocT B MioHxeHe. [Mobeay
aTon runotese goctasunu B 1912 r. onbiTel B. ®puapuxa u MNMayna Knunnudra (1883-1935),
KOTOpble, cornacHo BbickadaHHoMY M. Jlaya npeackasanunto, 0bHapy>Xmnu siBreHnsa nHTepdepeHLmm
PEHTreHOBCKMX JTy4yen, Bbl3blBAaeMble NMPOCTPaHCTBEHHOW peLLeTKOM KpucTannos. bnarogapsa ceoen
BeCbMa Marion AsivHe BOSHbI 3TU fyYn Jal0T BO3MOXHOCTb ONpeaernvTb pacCTOSHUS Mexay
aToMaMu B peLleTke, KOTopble He MOryT 6bITb onpeaesieHbl C NOMOLLBIO NyYen, UMEeLNX ANNHY
BOJIHbI BUAMMOrO cBeTa. B aTnx onbiTax 6bi510 Takke AaHO NepBoOe peLuaroLee oka3aTenbCTBO
BOJSTHOBOW NPUPOAbI PEHTTEHOBCKUX fTy4en, KOTOPY 4O TeX Nop HEKOTopble BblaaroLwmecs
nccrnegoBaTenu otTpuuanu ns-3a ocobeHHo BpocarLMXCs B rfia3a KBAaHTOBbLIX SIBIIEHUN Y 9TUX
nyden (rn. 14). Teopna aTOro sIBMEHNS, KOTOPYHO Cpasy Xe nocre nepBbix COOOLLEHN O
pesynbTatax onbiTa gan M. Jlaya, cyMeBLUMIA KONNYECTBEHHO NOATBEPANTL €€, ABUnach
0606LweHnem Teopun, npegnoxeHHoun Lsepgom (rn. 4) B 1835 r. Ana onTUYECKON peLleTKu.
CHavana Teopwus Jlaya ocnapmBanacb HEKOTOPbIMU (PU3NKaMKU, HO HEAOSIO, TaK Kak HECKOMbKO
Pe3KUX MaKCUMYMOB MHTepPMEPEHLMMN PEHTTEHOBCKUX NyYen CrULLKOM SICHO HanoMuHanm
ONTUYECKME CMEKTPbI peLLeTKN. XOTS aTa Teopus ABNAETCSA TONbKO NPUBIIMKEHMEM, OHa YeM
Aanblue, Tem 6onblue CTaHOBUTCA

Page 67/128



YAVMBUTENBHO XOPOLUMM NpubnmkeHneM. 34ecb oKkasanucb TECHO CBA3aHHbIMU BOJNTHOBasi TEOpUS
PEHTITEHOBCKUX Ny4en 1 aTOMUCTUYECKAsA TEOPUS KPUCTANMOB - OOHO U3 TeX NOpa3nTeNbHbIX
COObITUIA, KOTOPblE COOBLLAIOT (hr3uke ee ybeauTenbHyO CUny.

Teopus Jlays no3sonsieT cpaBHMBaTb AMNVHY BOSHbI C TPEMS NepuogamMm NpOCTPaHCTBEHHON
pelleTkn. Ho Tak kak Torga 3Hanm TOoNbKO NOPSiA0K BEMMYMHBLI MOCNEAHNX, TO NO3TOMY ObINo
HEBO3MOXHO onpeaennTb abContoTHOE 3HaYeHne AfIMH BONH. TpyQHOCTb 3akmnyanachk B HE3HaHUU
aTOMHOWN CTPYKTYPbl KPUCTANMOB; HE 3HaNWU, CKOJSTIbKO aTOMOB HaXxOAUTCSA B OTAENbHOW S4erike
npocTpaHCTBEHHOM peLleTku. NMomolub npuwsa B 1913 r. co ctopoHbl Bunbama NeHpu bparra
(1862-1942) n ero cbiHa Bunbsima JloypeHca Bparra. OHy BOCNonb30Banucb yCTaHOBNEHHON B
1898 r. Bunbamom bapnoy (1845-1934) runoTteson o cTpyktype kameHHoun conu NaCl; nges
NNOTHENLLMX YNAKOBOK LLIApPOB ONSATb UrpaeT porsib B 9TOM rmnoTese. JTa CTPYKTypa NoOATBepAMnach
HabNIAEHMAMU MHTEHCUBHO-CTEN MAaKCUMYMOB UHTepdepeHLMmn, 1 Taknm obpasom Obina
nonyyeHa abcontoTHaa mepa AN NOCTOSHHON pelleTkn. Tak sBunacb BO3MOXHOCTb abCONOTHOMO
onpegeneHns AnvHbl BOMHbI PEHTIEHOBCKUX JyYen, T. €. B caHTumeTpax. Bnocneactsum yganoch
TaKke Npyv NOMOLLM NX ONPeaenNUTb KOHCTaHTbl PELLETKN OPYTMX KPUCTanNoB. 3TU BENNYNHDI
BonbLuen yacTbio nexat mexay 10-8 n 10-7

CM; OQHAKO Y CINOXHbIX OpraHN4YeCcKnx Ten obHapy>XMBarTCA Takke 3Ha4YNTENbHO BonbLune
BenuunHbl. B 1923 r. A. X. KomnTtoH Habntogan gudpdpakumo peHTreHOBCKUX NyyYen Ha
NCKYCCTBEHHbIX peLleTKax; ero UaMepeHust HU4ero He NpMdaBuN K NPEXHUM onpeaeneHnam
AJIMHbI BOSHbI, KPOME, KOHEYHO, BaXXHOMO YBENNYEHNSA TOYHOCTH.

N3mepeHune AnvH BOMH CO34arno peHTreHOCNEeKTPOCKO-MMI0. XapaKTepucTuieckne nyum XMMmn4eckmx
3/1EMEHTOB

(K,
L,

M wn 1. 4.) 661K OTKPbITLI BNnarogapst ux pasnuyHon nornowaemoctn B 1908 r. Y. I'. bapkna u K. A.
Capnepom. B paboTtax ob6oux bparroB u I'. Mo3nu (1887-1915) B 1913 r. oHM paccmaTpmBanucb Kak
CEepUN pesKknx CnekTpanbHbIX IMHUA, ANVHBLI BOMH KOTOPbIX

CBSi3aHbl MPOCTbIM 3aKOHOM C MECTOM 3fieMeHTa B nepuoanyeckon cucteme. Cnekrporpadus
PEHTreHOBCKMX NTyYyen nmena ovyeHb bonbluoe 3HavyeHme ans atommctukm (rm. 10 n 14). Ona
npuBesna Takke K OTKPbITUIO HOBbIX 3f1EMEHTOB - racpHuna (1923) . XeBelumn n penunsa (1925) B.
Hoppakom, U. Take n OT1T10 Beprom (1874-1939). NccnenoBaHne CTPYKTYp KPUCTannoB, B KOTOPOM
mbicnb J1. A. 3eebepa Halwwna ceoe bnecTswee onpaBaaHne, ctano oTaenbHOM 60MbLION BETBLIO
Haykun. Yncno opraHn4ecknx n HeopraHMYeCcKUX KpUCTansoB, ANd KOTOPbIX Mbl MOXXEM TOYHO 3a4aTb
NONOXEHNA aTOMOB, HaCYMTbIBAETCA Thicsyamu. Cpean HUX HaXOOATCA CIOXHbIEe CTPYKTYpb!
pa3nunyHbIX cunukaTos. B 1925 r. . MeHuep nccnenosan ux Bnepsble Y rpaHuTa. [Noarsepamnocs,
YTO Yy MHOMMX METannoB, Kak antoMnHui, cepebpo, Meab, aTOMbl PacrnofnoXeHbl B BUAE NIOTHENLLMX
LLIApOBbIX YNaKoBOK, Kak ykasbiBan yxe B 1611 r. B ynomaHyTtom counHeHumn Kennep. B 1915 1. B.
Bparr nokasan, 4To y 9TUX U OPYrMX HE CAIMLLKOM CIIOXHbIX CTPYKTYp NocpeacTBOM
peHTreHorpagu4eckoro aHanmsa dypbe NIIOTHOCTM INEKTPOHOB MOXHO ONpeaennTb He TONbKO
NONOXeHne LeHTpa aToOMOB, HO U pacnpeaeneHne anekTPOHOB.

PeHTreHoBckne yydu cgenanun 0YEBUOHOM TaKXe pacrnpocTpaHEeHHOCTb KpUCTannm4eckoro
COCTOSAHMA B Nnpupoae. Peako BCTpevatoTca XOpoLUo 06pa3OBaHHbIe KpynHble KpucTtarsbl; ropa3go
Yalle BCTpeYalTCs « MUKPOKpUCTaNIM4Yeckne» arperaTtbl U3 MUKPOCKOMUYECKUX UMK eLLE MEHbLUEN
BeJMIMYNHbI KPUCTAIJ10B. B oTHOWweHun meTannos 310 npeacrtasrieHne CylecTByeT yXe JaBHO. Ho
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HOBO TO, YTO MUKPOKPUCTaNIMYECKYIO CTPYKTYPY MMEIOT Takke AepeBO, MbllLeYHble U HePBHbIE
BOJIOKHA, TKaHW opraHmMama. IMeHHO Kpuctannmnyeckoe COCTOSHUE SABNSAETCA HOPMalibHbIM
COCTOSIHUEM TBEPLOM MaTepuu; TONbKO HEMHOMME Tena, Npexae BCero CTeKmo, SABnsTCS
ncknroyeHnem. NMoatomy Bcsikas aToMucTMyeckasa Teopusi TBEpAOro Tena, HanpMmep KBaHToBas
TeopUs 3MEeKTPONPOBOAHOCTU, UCXOAUT U3 NPOCTPAHCTBEHHOM peLueTkun. [locne BO3HUKHOBEHUSA
BOJTHOBOMW MexaHuku (rn. 14) NpOCTpaHCTBEHHbIE PELLETKN CTanu urpaTb ocobyto ponb. M3 Teopumn
Jlyn pne Bpounns

B 1925 r. Onb3acep caenan 3akno4veHne, YTO ANEKTPOHHBIE fyYn NPU NPOXOXAEHUN Yepes
KpucTannbl OMMKHbI AaBaTb, NOLOOHO PEHTIEHOBCKUM fNyyYaMm, aBneHus nHtepdepeHunn. B 1927 r.
370 GbINIO NOATBEPXKAEHO, C OAHOM CTOPOHbLI, onbiTamu K. [1x. [JasucoHa v J1. I'. [xepmepa u, ¢
APYrov CTopoHbl, onbiTamu I, I'1l. ToMcoHa; oHM ganu HENOCPEACTBEHHO HarnNsiAHoe u, bnarogaps
N3rnepeHnto A5IMH BOSH, CBA3AHHbIX C AMEKTPOHaMU, KONIMYECTBEHHOE AOoKa3aTeNbCTBO 3TON
pesontounoHHon Teopumn. OTTo LWWTepH (1929) n xoHcoH (1931) nocTaBunmu Takke ¢ NOMOLLbIO
KpMCTanmoB onbITbl 4515 fy4en aTtornos renusa n sogopoaa. OgHako npy 3TOM AENCTBYIOT TOMBbKO
NOBEPXHOCTWN KPUCTAamNNOB, Tak Kak 3TU NMy4n He MOryT NPOHUKHYTb B TBepAble Tena. Hanpotus, ans
HENTPOHOB MOXHO, TaK e KaK ANnA peHTreHOBCKUX Ny4Yeln, TOYHO JoKasaTb AeNCTBUS
NPOCTPaHCTBEHHON peLleTKn. ATO CTano BO3MOXHbIM, KOrga arriepukaHckue uccrnegosatenu
NoSTy4YMnn MOLLHbIE NCTOYHUKN HENTPOHOB B UukroTpoHe (. M. Mutyen u IN. H. MNayape, 1936 r.)
UNu gaxe B «ypaHoBbIxX koTnax» (3. ®eprnv u J1. Mapwan, 1947 r.).

Hapsagy ¢ 9TMMm Hago ynornsHyTb, YTO UHTepepeHUmss PEHTTEHOBCKUX N 3NEKTPOHHbIX NyYen
NpUMeHsaeTCa Takke Anga onpeaeneHns opMbl U BENUYUHBI MOMEKY ra3oB, Kak 3TO nokasanu ans
peHTreHoBckux nyyen B 1915 r. . de-6an, a anga anektpoHHbIx nyven B 1930 r. X. Mapk 1 P. Bupn
(1904-1932). B atux unccnegoBaHusax Obinm onpeneneHbl pacCToOAHNA MeXay aTOMHbIMU siapamMum
ANS MHOMMX ABYXaTOMHbIX MOMEKyN: a3oTa, Kucnopoaa, ropa v T. 4. ATU pacCTOsHUSA
3akntoyatotca mexay 1+ 10-8 u 3 « 10-8

cM. M3BecTHO, 4TO atombl B Monekyne yrrekucnoro raza CO2 pacrnonoxeHbl Ha 04HOW NPAMON, a
aTombl B Moriekyne Bogbl H20 - no ctopoHam TpeyronbHuka, u T. 4. OCo6eHHO XOpOoLLO M3yyeHa
Mornekyna yeTbipexxno-puctoro yrinepoga CCl4; B Hen aTombl Xxropa 06pa3syoT paBHOCTOPOHHUN
TeTpasap, B LLeHTpe KOTOPOro Haxoautcsa atom yrnepoga. CTepeoxvuMmmnyeckme Bo33peHus,
BblpaboTaHHble BaHT-Iodhdhom B 1874 r., nonyymnm 3gecb NomnHOe NogTBEpXAeHME.

[NepBoHavanbHasa Teopust MHTEPMEPEHLNN B MPOCTPAHCTBEHHbIX peLleTkax npeacraBnsgeTt cobon,
Kak 6bIno ckasaHo, NpubnmxeHue, KOTopoe, Npaeaa, AN PeHTTEHOBCKUX fNy4ern NnoYTn Bceraa
AOCTaToOYHO, HO ANSA 3NEeKTPOHOB, HANPOTUB, YaCcTO nepecTaeT BbiTb rogHbIM. [lopaboTKy 3TOM
Teopuun B 6onee TOUHY «aMHaAMUYECKyo» Teoputo npomssenu B 1914 r. Y. . JapsuH n B 1917 r.
. M. OBanbg. C noMOLLbI0 3TON TEOPUN OHU CMOTIIM OO BACHUTL HECOOTBETCTBME MEXAY CTapom
Teopuen n TouHbIMU uameperHusamn B. CteHnctpéma (1919 r.). OkoHyaTenbHbIM BUO AMHaMNYECKOM
Teopun npugan B 1931 r. Makc Jlaya. CornacoBaHue ee ¢ BOSITHOBOM MexaHukoun npounssen B 1935 .
M. Konep. [ns anekTpoHOB caenan cooTBeTCTByloWwmMi war yxxe B 1928 r. . beTte.

dnHamnyeckasa Teopusi ONUCbIBAET, B OTIINYME OT NPEXHEN TEOPUN, TaKKe BOSTHbI BHYTPU
KpucTanna; oHa no3ToMy Heobxogmma onga noHnmanus HangeHHoro B 1935 r. B. Koccenem
SIBMEHUS NHTEPEPEHLMM MPU NPOMNYCKaHMM Yepes KpucTasnibl MOHOXPOMAaTMYECKOro
PEHTrEHOBCKOIO U3MNy4YeHUs1; UICTOYHMKM U3NYYEeHUs B 3TOM Clny4Yae HaxogsaTcsa B CaMoun
NPOCTPaHCTBEHHON peLleTke. TO U3nyveHne ENCTBUTENBHO ACHO OBHapyXmnBaeT B
onpeaeneHHbIX HanpaBreHnsaX, YCTaHOBIEHHbIX YCITOBUAMU NHTEPEPEHLMN, XapaKTEPHbIE pe3kue
MaKCUMYMbl U MUHUMYMbl UHTEHCUBHOCTM.
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lNMepBoHayanbHast Teopusa bbina ewe HeCOBEPLLEHHOW, NOCKOSbKY OHA COBEPLUEHHO OTBIIEKanach
OT TENNOBOro ABMXEHUS aToOMOB. Mexay TeM 3TO ABMXKEHNE Npu KOMHATHOW 1 Goree BbICOKOWN
TemnepaType AOBOJSIbHO 3HAYUTENTbHO B CPAaBHEHMM C TPEMSA NEPUOLaMN NPOCTPAHCTBEHHON
peweTkn. B 1914 r. . [leban nokasan, 4YTO OHO HE MMEET HUKAKOro BIIUSIHUS HA MOMNOXEHNE N
PEe3KOCTb MAaKCUMYMOB MHTEPMEPEHLNMN, HO YMEHbLUAET TONBbKO UX MHTEHCMBHOCTK. C Tex nop
Teopus nogsepranack gansHenwen obpaboTke. B 1926-1933 rr. B. J1. Bparr un ero cotTpyaHuku
noaTBEPANNN e€ PSAOM U3MEPEHUN.

MABA 13
TEMNOBOE N3NTYYEHUE

Y4yeHune o TenmnoBoM U3NyyYeHUn ABNSeTCs OQHON U3 caMblX MOOAbIX BeTBEN on3unkun. [NoHaTre
TENnsIoBOro nany4deHnst 6bino yctaHoBneHo xummkom Kapnom Bunbrensmom Leene (1742-1786);
nepsble akcrnepumeHTbl npounssen Mapk OrtocT MNukTte (1752-1825). MNbep MNMpeBo (1751-1839)
caenan u3 Hux BbiBog B 1791 r., 4TO Kaxxgoe Teno nsnyyaeTt He3aBMCUMO OT OKpY>KatoLLen ero
cpeabl. CoobLieHHoe Teny KonM4ecTBO Tenna npeacTaBnseT cobor pasHOCTb MeXay Temnsom,
KOTOpOE OHO NnosydaeT oT cpedbl, U TeM, KOTOPOE OHO U3Iy4aeT; 3TO - BaXKHbIN 3aKOH, KOTOPLIN
TOMbKO MpuW TENSIONPOBOAHOCTN HE UMEET HUKAKOro 3HavyeHus. B TedeHne nepson nonoBuHbl XIX
CTONETUS 3HaNM TOSbKO €ANHbIN CMEKTP; TENNOBOE U CBETOBOE U3NYyYeHUs YacTo cryTbiBanu (rn.
4). lNockonbKy B TO e caMoe BpeMsi Oblfiv ycTaHOBMNeHbl 06a OCHOBHbLIX Ha4ana, TepMoguHamMumka u
ONTWKa Tenepb HaCTOSMbKO Pa3BUIINCh, YTO U3 X OObeAMHEHUS MO0 POAUTLCSA OUTS,
npegHasHaYeHHOe COBEPLUMTbL BEMMYaNLLYIO peBOMIOUUIO B (hmsmke. ITO eLle O4HO M3 Tex
CcobbITNIN, KOTOPbIE 4OKA3bIBAIOT UCTUHHOCTL COU3UKM.

Hosbin nyTb nponoxwun N'yctas Pobept Knpxrod (1824-1887). OH nokasan, 4To B 3aMKHYTOM
MyCcTOM MPOCTPAHCTBE, HE NPOHULAEMOM ANSA U3NYYEHU 1 NOAAEPKNUBAEMOM NPU NOCTOAHHOM
TemrepaType, yCTaHaBNMBaeTCs YHUBEPCarnbHOE U3ryYeHne «4epHOoro Ternay», 3aBuUcsiLLiee TOMbKO
OT TemnepaTtypbl, HO He OT NPUPOAbl CTEHOK. IHTEHCUBHOCTL 13ny4YyeHns noboro Tena MoxeT ObiTb
onpeferneHa, ucxoasa 13 Usnyv4eHuss K4epHoro Tena», ecnm

N3BECTHbI NOrMOLLEHNE N NOKa3aTeNb NpenoMmneHns gaHHoro Tena (1859). Tonbko ons nanyyeHus
YepHOro Tena MMeeT CTPOroe 3HayYeHne 3aKOH KOCUHYCOB, kKoTopbivi B 1760 r. 6bin BbiBEAEH
WNoraHHom MeHpuxom JlambepTtom (1728-1777) n3 HabnogeHnn Hag nsnyvyeHnem MCTOYHUKOB
ceeTa. Tak BcA npobriema usnyyeHms ceenacbh K UCCriefoBaHUIo U3nyd4eHns YepHoro tena. Hukto
He nogo3peBarn 3Ha4YeHUsi 3TUX OTKPbITUIA. K TOMY Xe cymTann HeBO3MOXHbIM HabrnogeHne
na3nyyeHuns YyepHoro tena. B 1895 r. Ot70 Jlym-mep (1860-1925) n Bunsrensm BuH (1864-1928)
n3obpenu cnocob udy4atb ero, rMAAs8 BHyTPb 3aMKHYTOro NpOCTPaHCTBA Yepes ManeHbKyo LWenb,
CTOMb ManeHbKyl, YTO 3TO 3aMETHO HE N3MEHSAET COCTOSAHUA N3NyYeHNs1 B 3aMKHYTOW NOSOCTMU.
Jluwb ¢ Tex Nop CyLecTBYIOT KONIMYECTBEHHbIE U3MEPEHNS UHTEHCUBHOCTUN U3NYYEHNSA YEPHOTo
Tena.

3a HecKonbKo MecsLieB 4O YCTAaHOBMEHUS 3akoHa, HocsAwero ums Kupxroda, nocnegHuin Bmecte ¢
Pobeptom Bunerensmom byHseHom (1811-1899) onybnmkoBan OoTKpbITME, KOTOPOE NPOU3BESNO
Gonbluoe BnevaTneHne Ha COBPEMEHHUKOB: TEMHbIE hpayHrodepoBbl MMHUN B CONTHEYHOM CrEeKTpe
COBMaZalT C JIMHUAMW NCMYCKaHMS XOPOLLO N3BECTHbIX ra3oB 1 NapoB. Takum obpasom, Obino
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AoKasaHo B obuliem Bmuae, 4to mMaTepuna BHe HalLen NNaHeTbl COCTOUT U3 TEX XXEe XUMUYECKUX
3M1EMEHTOB, YTO U Ha 3emne. [lo Tex nop 3TO MOXXHO Obino npeanonaratb TOJNIbKO HAa OCHOBE
aHanm3a mMeTeopuToB.

CnekTpockonus, Kak UHCTPYMEHT acTpoHOMUK, obelana 6onbLIoe pacluMpeHne Halmx 3HaHUM O
HenoABWXHbIX 3Be3fax. Ho pe3ynbTaTbl BCKOPE NPEB30LLM BCE OXMAAHUS. DNEMEHT renum,
BOMpekun obbl4HbIM NpaBunam, 6bin paHblue HangeH Ha ConHue XK. YKaHceHowm (1824-1907) B 1868
r. u nuwb notoMm, B 1895 r., B MMHepane kneseute Bunbsmom Pamsaem (1852-1916) n Teogopom
Knese (1840-1905). CnekTpockonusa 3Be3 B HAacTosILLee BPeEMS He SBMISIETCS eLle ncyepnaHHom
HayKoW.

Kupxrod cuntan cBsa3b Mexay 3TUM OTKPbITUEM N TEPMOANHAMUKOM Boriee TeCHON, YeM OHa eCTb
Ha camom gene. OH 3abnyxgancs, npegnonarasi, 4To UCnyckaHue

crnekTpanbHbIX NIMHUA COBEPLUAETCA 3a CYET TEMMOBOMW aHeprun. B 6onblUMHCTBE Criyvyaes
3NEeKTprnYeckoe Unm xmMmmnyeckoe Bo3byxaeHne Bbi3bIBAET B ra3ax CBeveHue; TemnepaTypa
N3NyYeHns - Kak Mbl Bblpaxkaemcsi Tenepb - CTAaHOBUTCA TOrA4a ropasfo Bbllle TeMnepaTypbl camorc
raza. CoBnageHne NUHUIN NOrnoLLEHNST U UCMYCKaHNS CBS3aHO C SIBNIEHMEM pe30oHaHca, KOTopoe
ObINo 06 bACHEHO NKLLIL TEOPUEN KBAHTOB.

BTopown war B uccnegosaHum TennioBoro nanydenunsa caenan B 1884 r. Jliogsur 3ayapa bonbumaH
(1844-1906). Ha ocHoBaHWK 31EeKTPOMarHUTHOM TEOPMM CBETA OH 3aKnio4vmn O AaBreHnn
N3rly4eHns YepHOro Tena Ha CTEHKN, paBHOM OZHOW TPeTU SHEPrun U3nyyeHns, NpuxoasaLlencs Ha
eamHuly obbema. MNyTem NpocToro NpUMeHeHNss 0BbIYHBIX TEPMOAMHAMUYECKUX CNOCOBOB OH
BbIBEJS1, YTO 3Ta SHEPrUsa NPOonopLMOHanbHa YeTBepTON cTeneHn abCcontoTHON TemnepaTypbl;
KO3(h(pULMEHT NPONOPLNOHANBHOCTH - YHUBEpPCanbHas NoCTosiHHaA. Tak 6bln 060CcHOBaH 1
YTOYHEH pe3ynbTaT, KOTopbin ewle B 1879 r. 6bin BoiBegeH [xo3edom CtedpaHom (1835-1893) na
n3amMepeHnn paHLy3ckux pmnsnkoB. ITo BbINo TPUYMAOM 3MEKTPOMarHMTHOM Teopun ceeTa. B
cBoeM Hekporsiore o bonbu-maHe JIopeHTy Ha3Barn neprioM TeopeTn4eckon Puankm *) ero
ManeHbKoe, HO rMy6oKo NpogyMaHHOE COYMHEHME, B KOTOPOM OH CMESo NPUMEHWUI K TEMNSTIOBOMY
N3Ny4YeHnto TepMoaNHaAMNYECKNE NOHATUSA - AaBNEHME U TeMNepaTypy, a HESIBHO - TakKe NOHATUE
3HTPONUMN.

3akoH CtedhaHa-bonbLumaHa roBopuT 0 CyMMapHOW SHeprm Bcero cnekrpa. Llenbto nccnegosanus
cTano nsy4veHue pacnpegeneHust aHeprum B crnekTpe. CyllecTBeH-

*IH.A.Lorentz Verh. d. Deutschen Phys. Gesellschaft (1907).

HOe NpubnmxeHne K 3TON Lenun o3Havano TpeTui war Teopum TeNoBoro nsnyyenna. Ero coenan B
1893 r. Bunbrenom BuH (1864-1928) nytem kombG1MHaumm MeToaoB TEPMOANHAMUKM C NPUHLLMMOM
Honnnepa. 3akoH cmelleHna BuHa - Benukoe OTKpbITUE, HeAOCTaTOYHO OLlEHEHHOE B COBPEMEHHbIX
yyebHuKax, - 4aeT BO3MOXHOCTb BbIYMCNUTL pacnpeaenenne aHeprin npu niobon Temnepartype,
€Cnn OHO M3BECTHO NpW AaHHOW TemnepaTtype. Ho gaxe 6e3 3Toro 3HaHWs 3aKoH JaeT 06 bsCHEHNE,
noyemy c Bo3pacTaHnem TemnepaTypbl MaKCUMyM MHTEHCMBHOCTM B CNeKTpe Bce 6onbLue un
fonbLue cMeLaeTcsa K KOPOTKUM BOSTHAM; NoYemy, Takmm o6pa3om, TENNOBOE N3NyYeHne npu
Bonee HM3KNX TemnepaTypax OCTaeTCcsa HEBMAMMbIM, a Npy TemnepaTtypax okono 6000° makcumym
WHTEHCMBHOCTU CTAHOBUTCS BUOMMBIM; €CININ U3BECTHO €ro NnosioXXeHne, ToO BO3MOXHO BblYUCNUTb
TemnepaTypy UCTOYHMKA U3nydeHus, Hanpumep ConHua. BuH nepsbln pacnpoCcTpaHui NoHsATHE
SHTPOMNUUN HE TOSbKO Ha U3NyYeHUe YepHOro Temna, HO TakkKe Ha HanpasfeHHOe N3ny4yeHne, 4YTo
ObIf10 B CBA3M C 3aKOHOM YBENMYEHUS SHTPONUK TeM Bonee HeobXo0ANUMO, YTO SHTPONUSA UCTOYHMKA
N3nyyYyeHnsa ymeHbluaeTcs. Beckope nocne 3Toro okasanochk, YTO 3aKOH CMeLLEeHNs BedeT Tak
Aarneko, kak BoobLe Morfnia nomTu Kknaccmnyeckasa pusnka, T. €. K nopory KBaHTOBOW TEOPUMN.
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Bbino caenaHo MHOro NONbITOK pelleHnst NPo6rieMbl BbIYMUCNIEHNA UHTEHCUBHOCTU U3MYyYEeHUS Kak
dYHKUMN YacToTbl KonebaHuin n Temnepatypbl. Mbl yOMAHEM 3aKOH, Ha3BaHHbIM MO UMEHU opaa
Panes (1842-1919) n xemca Xonsyna [xuHca (1877-1946), cornacHo KOTOPOMY MHTEHCMBHOCTb
nponopuMoHanbHa TemnepaType 1 KBagpaTty 4acTtoTbl KonebaHun. TOT 3aKOH HeAENCTBUTENEH
AN NPOM3BOJSIbHO BbICOKMX YACTOT KOoNebaHUn (KOPOTKUX AMMH BOSTH) MOTOMY, YTO MPU 3TOM He
nony4vaeTcsa KoHevHas obasn aHeprusa nsnyveHns. OQHaKo OH COOEPXKUT onpeaeneHHy UCTUHY,
MOCKOSbKY MMeeT 3HayeHune ans Hebonbmnx 4actoT (6onblwmx anvH BonH). C 1896 r.

B. BuH 1 no3gHee Takke M. NnaHk (1858-1947) BblABUHYNN 3aKOH pacnpeenieHunsi, CorfiacHo
KOTOPOMY UHTEHCUBHOCTb YMEHbLLAETCH SKCNOHEHLManbHO No Mepe BO3pacTaHns ANUH BOMH. Tak
nblTanucb n3bexartb «ynbTpaduoneToBon katactpodbl». B 1899 r. ynanock akcnepMmeHTansHo
noATBEPANTb 3TOT 3aKOH, HO 3aTEM YCOBEPLLUEHCTBOBaHHbIe naMepeHus OTTo Jlymmepa
(1860-1925) n OpHcTa MpuHcrerma (1859-1917) npmBenu K 3HAYUTENBHBLIM OTKITOHEHUSIM OT 3TOrO
3aKoHa, nocnyxmewnm ansg NnaHka NCTOYHNKOM HOBbIX Pa3MbILLNIEHNIA.

[BaguatnneTHsas gestenbHOCTb NMnaHka B 06n1actv TepMOANHAMUKN N SICHOE MOHMMAaHWE 3HaYeHNs
SHTPOMMM, KOTOPOE TOrAa eLLe MHOrMMIN OCNapuBanoch, Cbirpanu 60MbLUY ponb B pa3BUTUM €ro
ngen. Agpom npobnembl OH cynTan He oopMyny MHTEHCUBHOCTU, @ OOHO3HAYHO CBSA3aHHOE C Hel
OTHOLLIEHME MeXAY SHEPrnemn, 4HacToTon 1 IHTponuen nanyyeHns. 3akoHy pacnpegeneHms -BuHa
COOTBETCTBOBAsa 04Ha CBsi3b 3TUX BENUYUH, 3akoHYy Panes-[xuHca - gpyras. Korga MNnaHk B
okTa6pe 1900 r. yaHan o HoBbIX namepeHnax depauHaHga Kypn-6ayma (1857-1927) v NeHpuxa
Pyb6eHca (1865-1922), nogTBep>xaatoLmnx 3aKoH ANs ANUHHBIX BOSMH, OH YCTAHOBUI HA OCHOBE
0601X BUAOB CBA3WN NHTEPMOMALMOHHYI0 (POPMYIly, N3 KOTOPOWN HEMOCPEACTBEHHO Mony4ancs
Ha3BaHHbIN MO €ro MMeHN 3aKOH U3NyYeHUs, coaepxalinmn npexae ycTtaHoBneHHble opMyrbl Kak
npegeneHble cnyydyan®). OH gonoxun o6 atom B Hemeukom dpuamyeckom obectse 19 oktsbpsa
1900 r. HecMmoTps Ha HEKOTOPbIE COMHEHUS!, 3TOT 3aKOH B nocreaytowem sce donbLue n 6onbLie
AMMNUPUYECKM NOATBEPXKAANCA.

OcrtaBanocsb, npaBaa, rnaBHoe Aeno, a MMEeHHO: npobnema Haanexallero TeopeTU4Yeckoro
060CHOBaHUA 3TOrO NONY3MNUPUYECKM HAMAEHHOIO 3aKoHa. [naHKk BepHyncsa K 06Hapy>KeHHON
Bonbumanom cBA3n Mexay aHTponuen n BeposiTHOCTLIO (rn. 10) 1 BblMMCNU BEPOSATHOCTL YMcna
konebaHum nuHenHoro ocumnnaTopa. MNpu 3ToM OH Ucxogun

*) M. Plank, Zur Geschichte der Auffindung des physika-

lischen Wirkungsquantums, Naturwiss. 31, 153 (1943).

N3 HECINbIXaHHO HOBOW, TONBKO MO HEOGXOAUMOCTM UM BBEAEHHOW MAEN O TOM, YTO BO3MOXHbI
TONbKO AMCKPETHbIE CTyneHn aHeprin. OTcroaa, AeNCTBUTENBHO, NOMyYarncs 3akoH U3nyveHus.
OTOT 3aKOH yOOBNETBOPSS 3aKOHY CMeLLeHnst BuHa, ecnu cTyneHn aHeprvm oTnnyanunce apyr ot
Apyra Ha BenuyuHy

h
, rae

h - HoBas yHMBepcanbHasa KOHCTaHTa, 3fieMeHTapHbIM KBAHT OEeNCTBUA. Taknm nytem
TeopeTnyeckas qoopmysia ns3fiydeHns CTaHoBUNach TOXAECTBEHHOW (bopMyre, HauaeHHON NyTeMm
WMHTeprnonsaumn. YncneHHoe 3HavyeHne

h nony4nnocb Ha OCHOBaHWN U3MepPEHUN paBHbIM 6,5 « 10-27

Page 72/128



apr ¢ cek. KoHcTtaHTa bonbl-MaHa, KoTopasi Takke BXOAMT B 3aKOH M3Iy4eHust (MOCKOMbKY
NpUMeHsIeTCA yCTaHOBNEHHOe bonbLMaHOM OTHOLLEHME MeXAaY SHTPOMMEN U BEPOATHOCTLIO
COCTOSIHUSA), umeeT 3Ha4vyeHne 1,37 « 10-16

apr/rpaa. 1ot BbIBOA [naHk Takke gonoxun B Hemeukom dusndeckom obuiectee 14 nekabps
1900 r. C aToro AHA Ha4yanocb pa3BuUTUE TEOPUN KBAHTOB.

3aKoH KBaHTOB SHeprnm

h MnaHka 66N He NpoaoMKEHNEM NPEXHEN M3MKK, a NEPEBOPOTOM B HEN. Cneaytouime
AecATUNeTUsa BCe ACHee NokasbiBanu, HaCKOMbKO rny0boK Obif1 3TOT NepeBOpPOT U TaKKe HACKOITbKO
OH 6bIN Heob6xoanM. VIMEHHO C NOMOLLbIO TEOPUM KBAHTOB CTano BO3MOXHbIM MOHMMaHWE aTOMHbIX
SABINEHUN.

B nocnepytowime roabl Obinv caenaxbl elle HeKoTopble Apyrne NomnbITKN TEOPETUYECKN BbIBECTU
3akoH u3ny4yeHus MNMnaxka. B 1910 r. IN. Jeban, Hanpumep, npyumMeHnn

h -3aKOH K 3NeKTPOMarHNTHbIM COGCTBEHHbLIM KOriebaHMsaM YepHOro Terna u OCTUN Taknum nyTem,
MOXeT ObITb, eLle 6onee npocToro noaxoaa k oopmyne nanyvenund. B 1917 r. nHwTenH caenan
WNHTEPECHbIV BbIBOA, KOTOPbIV AanblUe BCEro OTXOAMUT OT NpeacTaBneHns o KonebaHuax nanyvyeHus
yepHoro Tena. OH xapakTepusyeT 37O U3ry4YyeHne NocpeacTBOM CrekTparnbHbIX obnacTten n KBaHToB
SHEPrun, KOTOpbIE OTHOCATCA K 3TUM obnactsiM. [pn 3TOM OH NpuaaeT Kaxaomy Bo30y>KOEeHHOMY
aTOMy U3Ny4eHMs YEPHOro Tena onpeaeneHHyo BEPOATHOCTb U3NYyYEHNUs] B eaNHULY

BPEMEHM, a Takke NPONOPLIMOHaNbHY 3HEPIUM U3MYYEHUSt BEPOSITHOCTb MOTMOLEHMS UMK
BbIHY>KAE€HHOro ucnyckaHus. [Ins HeBo30YXAeHHbIX aTOMOB YCTaHaBMNMBAETCHA TONbKO BEPOSATHOCTb
nornotieHus. Meicnb LLiBelianepa o BEpoATHOCTU pacnaga Npu paauoakTUBHOCTM HaXoaUT 3ecCb
CBO€E NMPUMEHEHME K APYrMM aTOMHbIM NPoLieccam; 3Ta MbICIb pacnpocTpaHmuiach Ha BCO TEOPUIO
KBaHTOB.

C ppyron CTOpPOHbI, TEPMOAMHAMKKA U3NyYeHUs JOoCTaBua nopasntensHoe NogTBepXaeHue
npyHumMna bonbumaHa. [1Be npoCcTpaHCTBEHHO pa3ferieHHble CUCTEMbI YacTuL, B obLem
CTaTUCTUYECKM HE3aBUCUMbI, TaK YTO UX BEPOSATHOCTU YMHOXAIKOTCS, KOrfa BblYUCASAOT
BEPOATHOCTM BCEWN CUCTEMbI; 3TOMY COOTBETCTBYET, COrflacHoO npuHumMny bonbumana, aganTneHoe
CMNOXEHME NX YaCTHbIX AHTPONUN B OOLLYIO SHTPOMMIO, KOTOPOE NPUHAASIEXMUT K YACIY HEABHbIX
nNpeanoCbINIOK Knaccu4eckon TepmogmHaMmukn. Ecnu npomsBoasT Takoe BblYUCTIEHNE Y ABYX
KOrepeHTHbIX fyden, KOTopble BO3HUKAKOT U3 O4HOrO fyya Npu OTpaXKeHUn 1 npenomneHnn, To
HaxoaAaT, 4YTo obLasa aHTponus nx BonbLUe, YeM 3HTPONUS NepBoHaYarnbHbIX nyyen. Ho B 1906 r. M.
JTaya cmor gokasaTb, YTO 3TOT npouecc ob6paTuM; MOXHO ABa KOrepeHTHbIX flyda OnATb CIIOXUTb B
OQVH NyTEeM COOTBETCTBYIOLLEro OTPaXeHnsa n npeniomneHms. Obwas aHTponnsa ABYX KOrepeHTHbIX
ny4ven A0OMMKHa, criegoBaTeribHO, BbITb paBHa 3HTPONUK NepBOHaYanbHbIX Nyven. [poTnsopeyne
paspeLuaeTcs, ecnn 0TKasbIBalTCA OT Npasuna agaMTUBHOCTU YaCTHbBIX SHTPOMNUN KOrepeHTHbIX
ny4yen. CornacHo npuHumny bonbLMaHa 310 4eNcTBUTENBHO HEOBXOAUMO, TakK Kak KonebaHus
060MX KOrepeHTHbIX NyyYen NOSIHOCTBIO COrnacyTCca ApYr ¢ APYroMm; KonebaHusa B 3TUX fnyvax He
ABNAOTCS, CrefoBaTenbHO, CTaTUCTUYECKN HE3AaBUCUMbIMU. OTO €ANHCTBEHHOE UCKIOYEHNE U3
npasuna aganTMBHOCTM 3HTpoNuK Bbino 6bl 6e3 npuHumna bonbumMaHa coBepLIEHHO HENOHATHBIM.

MABA 14
KBAHTOBAA ®N3NKA
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KBaHTOBas punanka, oTnmyarowasca oT NpexHUX Teopun BBeAeHMEM 3NIEMEHTAPHOro KBaHTa
DencTeus

h n onpepeneHnem cocTosiHU MaTepuanbHbIX CUCTEM Yepes Lienble Yucna, CyLecTByeT Kak
Teopus nuwb ¢ Havana XX Beka (rn. 13). Ho ee akcnepMMeHTanbHble KOPHU YaCcTUYHO yXOaAaT
naneko B XIX ctonetne. amepeHna MUHTEHCUBHOCTU TEMNSIOBOrO N3IyyYeHusi, KOTopble MOBEKN 3a
cobor nepeBopoT, BbiNM NPOM3BEAEHbI NULLb B NOCNegHEM AecATUNneTUn npowwnoro seka. OgHako
GOTO3NEKTPUYECKNN IPAEKT, ANTMHDBI BOSTH JIMHENYATLIX M NOMOCaTbIX CNEKTPOB, a Takke
3aBUCMMOCTb YAeNbHOM TENMOThl TN OT TemnepaTypbl 6bIn N3BECTHLI HA HECKOSbKO AECATKOB NeT
paHblue. CTapas dum3nka Hageanacb bnarogaps 3TMM OTKPbITUAM OCTUTHYTb CBOErO 3aBepLUEHUS.
NmeHHO aTum obbscHsaeTca To, 4to dununn XKonnu (1809-1884) npeactasun toHowwe MnaHky
U3KKy Kak No CyLLEeCTBY 3aKOHYEHHYIO HayKy, U3ydeHne KOTOpon, COBCTBEHHO, Maro MHTEPECHO.
Ho umeHHo To, 4TO BbINO HanUcaHo O NMMHeNYaTbIX CNEeKTPax Ha OCHOBE MPEeXHen PU3NKK, He
yCTOSANOo nepea kputukon. KBaHtoBas umsmnka 6onee unum meHee nerko crpasunach ¢ 3TMmu
npobnemamu n obbAacHUNA, KPOMe TOro, eLle MHOrMe HOBblEe 3KCNepUMeHTarnbHble PakTbl.

Teopwusi uanyyeHns MNMnaHka Nnpyenekna cHa4dana mMano BHUMaHus. CnmwkomM HoBa bbina MbiCrb O
NpepbIBHbIX N3MEHEHMSX SHEPTUN. Y MHOTMX €r0 COBPEMEHHMKOB COMHEHUST YCUINMBANUCh Takke
TEM, YTO 3HAYEHME ANEMEHTAPHOIO ANEKTPUYECKOrO 3apsiAa, BbiBeaeHHOoe NnaHKkoMm 13 uamepeHui
n3nyyeHus, ObIno ropasgo Bhille, YeM BOSbLUIMHCTBO 3HAYEHWUIA, NOMYYEHHbIX B TO BPEMS NyTEM
npsi-

MbIX n3mepeHuit. MNMepBbii CMenbIN War No NyTy AanbHENLWero pa3sBnTna naev KBaHToB caenan B
1905 r. A. BrHWTENH B cBOEN Teopumn boToanekTpmyeckoro agdekra.

Camoe paHHee yka3aHue Ha aToT adpdpekT 6b1r1o gaHo B 1887 r. NeHpuxom Nepuem. OH 3ameTun,
YTO ynbTpadmoneToBoe usnyyeHne obnerdaeTt paspsan, ecnm oHo nonagaeT Ha UCKPOBOW
npomexyTok. logom nodxe Bunbrenosm MNanbeakc (1859-1922) yctaHOBUI, YTO NPUYNHON 3TOFO
SIBMIEHUS CIY>KUT NosiBNieHMe HocuTenen anektpuyectea. B 1899 r. dununn JleHapg (1862-1947)
rokasar, 4To OHU ABNATCS cBOBOAHBIMY anekTpoHamu. OH e yctaHoBun B 1902 r. aBe
nopasuTeribHble 3aKOHOMEPHOCTU: CYLLLECTBYET HXXHUI Npefen 4acToTbl CBeTa, 40 KOTOPOro
9NEKTPOHbI HE NOSABASIOTCH U HAYMHAs C KOTOPOro SHEPTUS OCBOBOXKAEHHBIX 3NEKTPOHOB
BO3pacTaeT C YaCTOTOM; C APYron CTOPOHbI, 3HEPIUS ANIEKTPOHOB HE3aBMCUMA OT MHTEHCUBHOCTHU
cBeTa, UHTEHCUBHOCTb CBETA onpeaenseT TONbKO YNCO 3NEKTPOHOB, OCBOOOXAAOLLMXCSA B
eVHNLY BPEMEHW.

OTU aKTbl, HENOHSITHbIE C TOYKM 3PEHMSA BOMTHOBOW TEOPUN CBETA, TOYHO COOTBETCTBOBANN
npeacka3aHnsiM KBaHTOBOW TeOpUU. DVHLITENH ONpeaenvn CBET, Kak MOTOK KBAHTOB CBETA
(cboTOHOB), 1 NpMNMcan KaXxgoMy KBaHTY SHEPruto

h Kpome TOoro, OH 4onNycTus, YTO "KaXKAbIN SNEKTPOH OCBOOOXAAETCA Npy NocpeacTBe

OLHOro KBaHTa. 34ecb HenocpeacTBEHHO npoucxoant bombapampoBka obnyyaeMblx Ten KBaHTaMm
ceBeTa. Ecnu

h meHbLle, 4em paboTa, HeobxogmMmasa onst 0CcBOBOXAEHUS aNeKTpoHa (paboTa Bbixoaa), TO
3(PEKT HE HACTYNaEeT; 3TO 3HAYUT, YTO CO CTOPOHbI OOMbLUMX ANVH BOSH CyLLECTBYET npeaen,
KOTOpbIV 3aBMCUT OT obnydaemoro Tena. Ho ecnum v Bbilwe 3TOro npegena, To SHeprus
0CBOOOXXAEHHOMO 3NIEKTPOHA paBHa 3HEPIrm
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h dpoToHa, yMeHbLIEHHON Ha paboTy BbIXxoAa 3NeKkTpoHa. Teopus AMHLWTENHA Tak TOYHO onucana
370 ABNeHune, Yto P. A. MunnukeH cmor B 1916 r. n3 HabntogeHn 4acToTbl CBETA U SHEPTUK
POTOINEKTPOHOB 4aTb BEPHOE ONpeaeneHne 3Ha4yeHus

h.

Ncxoaa ns tex e coobpaxkeHuin, MHWTenH yctaHoun B 1912 r. oCHOBHOM (hOTOXMMUYECKNIA
3aKOH, CornacHo

KOTOPOMY Npw BCSIKON (DOTOXMMMUYECKOW peakLnmn NPpouCcXoanT cHavana norroweH1e KBaHTa ceeTa,
a 3aTeM Bbl3BaHHOE MM NpeBpalleHne B

O[HOM aToOMe UNn Morekyrne. ATOT 3aKOH Takke OblfT NPU3HAH NpaBUITbHBIM, NOCIe TOro Kak MHOrme
nccnegosartenu, ocobeHHo Omunb BapOypr (1846-1931) n kemc PpaHk, 6narogapsa 6onbwiomy
TPYyZOnto6MI0 U NPOHULATENBHOCTUN ICHO YCTaHOBUM MOBOYHBbIE peakunn 1 NPoYMe YCrOXHEHUS,
4acTO NPUCOEANHSIBLLMECS K ONUCAHHOMY 3fIEMEHTapHOMY aKTy NormnoLweHnsa oToHa, B CUNYy Yero
YMCNO NpeBpaLLeHHbIX MOMEKYST CTaHOBMIIOCH MHOTA4a MEHbLLUE, a MHorAa B ThicAumn pa3 bonbLue,
4YeM 3TO COOTBETCTBYET 3aKOHY.

AsneHne, obpaTHoe hoToaneKkTpnieckoMy adpdekTy, 3akrnoyaeTcs B BO3HUKHOBEHWUMN U3MYyYeHMUs
13-3a 3axBaTa 3NIeKTpOHa aTOMOM WU Morekyrnon. Ecnu aToT 3axBaT NponcxoanT B O4HOM
3MNeMeHTapHOM akTe, TO BO3HMKAET (POTOH, SHEPrus

hv kOTOpOro paBHa KUHETUYECKOWN SHEPIUN SNEKTPOHA (CITIOXEHHOW C BEMNYMHOW COOTBETCTBYIOLLEN
paboThl Bbixoaa). [Mpy BO3HMKHOBEHUM PEHTIEHOBCKNX fyden B TpyOke PeHTreHa NponcxouT Kak
pa3 TOPMOXXEHNE 3MEKTPOHOB Ha aHTUKaTode BO MHOMMX arneMeHTapHbIX aktax. Ho Hanbornbluas
BO3MOXHad yactoTa (MNn HanMeHbLLas BO3MOXHAA AfIMHA BOSHbI) BCerga cooTBeTCTBYET
KMHETUYECKON SHEPTUN SNEKTPOHOB. DTO yTBEPXAAeT oTKpbIThi B 1915 1. B. [ioaHe n ®. J1. l'yHTOM
3aKOH, onpeaensatowmmi rpaHunLy cnekTpa TOPMOXKEHNA CO CTOPOHbI KOPOTKUX ASIMH BOSH. B 1912 T.
NPy OTKPBLITUN NHTEPdEPEHLMN PEHTTEHOBCKUX NyYen 3TOT 3aKOH eLle He Obifl M3BECTEH, MO3TOMY
M. Jlaya gomkeH Obin, cornacHo CBOEN Teopuun, OXXngaTtb ropa3go 6onblie Touek nHTepdepeHumum,
YyeMm haKTMYEeCKN OKasanoch, 1 OLIMBOYHO Npunucan nx oTCYyTCTBUE CENEKTUBHbIM CBOMCTBaM
aToMoB kpucTanna. CornacHo 3akoHy [ioaHe-'yHTa hakTUYECKN HE OKa3anoCb BOSTH KOPOTKOWM
AJNHBI, KOTOPbIE OOSMKHbI ObINN Obl NOSIBUTLCA B HEAOCHUTAHHbIX TOYKaX.

Ewe acHee, noxanyn, obHapyxmBaeTcs peanbHOCTb CBETOBOIoO KBaHTa B HangeHHoMm B 1923 r. A.
X. KoMATO-HOM paccesHUn peHTreHOBCKUX JSTy4en, MOCKOSbKY Mpu 3TOM UrpaeT posib HE TONbKO
3Heprusi CBETOBOro KBaHTa,

HO M €ero UMNynbC. Yxe PeHTreH 3ameTus, 4To 3TU Ny4n UcnblTbiBalOT ANddy3HOE paccesiHue BO
BCEX Tenax. ATo paccesdHne, oT4acTu NPOMCXOAsLLEE C HEU3MEHHOW ANMMHOM BOSHbI, KaK 3TO 6b1110
AAaBHO M3BECTHO B Criyyae cBeTa, 6b110 04HON U3 OCHOBHbLIX NPEANOCHINIOK YCNELWHOCTH OMNbITOB MO
MHTepdepeHunn B kpucTannax. Ho KomntoH nokasan, 4To Hapsigy € 3TMM NosABNSeTCs paccesiHie ¢
yBEeNUYeHHOWN ONMHON BOSTHbI, MHAYe roBopsi, C yMEHbLUEHHOM YacTOTOW. Teopusa aToro siBneHns,
passutasa KoMnToHOM 1 He3aBmncuMo oT Hero 1. [lebaem, sBnsieTca no cyLlwecTBy NpMeHeHUeM
3aKOHOB COXPaHEHUs1 3HePrun 1 MnNyrnbca K B3anMOAENCTBUIO MEXAY KBAaHTOM CBeTa U CBOOOAHbLIM
anekTpoHoM. KBaHT cBeTa HeceT ¢ cobow onpeaeneHHble 3Hepruo n nmnynsc. lNocne yaapa 4actb
3HEeprun 1 nMnyrnbca NepexoaunT K SNEKTPOHY, a KBaHT NeTUT Aanblle B ApYroM HanpasnieHun ¢
YMEHbLUEHHOW 3HEPrNEN 1, cnegoBaTenbHO, YMEHbLUEHHOW YacTOTON. OTO NpeacTaBneHne
NnoaTBEPAMNOCH BO BCEX COOTBETCTBYHOLLNX ONbITax.

OpaHako Mbl 3aLnM CrMLLKOM Aaneko Bnepea v AOoMmKHbl HEMHOro BepHyTbes. B 1875 r. N'eHpux
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®puapux Bebep (1842-1913) nonyumn gns yaenbHOM TeNNOTbl 06emMx moandukauum yrnepoaa -
anmMasa v rpaguTa, a Takke ansa 6opa n KpeMHUS ropasfgo MeHbLUMe 3HaYeHUs, YeM 3TO BblTeKaeT
13 3akoHa [iononra-Iru (rn. 10). Mpn 3TOM OH NoKa3an Takke, YTO NpM Bo3pacTaHUu TemnepaTypbl
3TN 3Ha4YeHus Bce bonblue n 6onbLle NPUBAMXKaKTCA K TEOPETUYECKUM 3HAYEHUSAM. DNHLLTENH,
KOTOpPbIN B Ka4yecTBe LIOPUXCKOro ctyaeHTa cnywan Bebep a, aan 8 1907 r. Teopuio 3TOro SBNeHUS.
CornacHo ctatuctuke bonbuma-Ha - [mMb6bca aHeprnsa rapMOHNYECKUX OCUUISITOPOB ABMASIETCA
NVHEeNnHoW yHKUMen abCconTHOW TeMnepaTypbl; NO3TOMY yAenbHasa Tennora CUCTEMBI,
cocTosilen 13 nogobHbIX OCUMNNATOPOB, OCTAaeTCcs NOCTOsIHHOW. Ho cornacHo ctatuctuke NnaHka
3Heprs Npu NageHnn TemnepaTypbl yMeHbLUIAETCs ropa3no obicTpee u yaenbHas TennoTa nagaet
NpY HU3KUX TeMnepaTypax 3KCNOHeHUManbHO Ao HyNns. bnarogaps ToMy, 4TO QUHLITENH Npunucan
aToMam TBepAblX Tes YCTOMYMBbLIE NOSIOXKEHNSA NOKOHA, BOKPYT KOTOPbIX OHM KONebnoTca ¢
onpeaeneHHom 4YacToTon, OH

CMOT Ka4eCTBEHHO 00BbACHUTL HabnogaemMoe ymeHblleHne yaensHon TennoTol. B 1911 r. . deban
AONOJSTHWN 3TO NpeAcTaBneHne: OH Npunucan ynpyrmm cobcTBeHHbIM KonebaHmnsm TBepaoro tena
3Hepruio, 3agaHHyto NnaHkom ansa ocumnnatopa. Tak Nony4Ynncs 3HaMeHUTbIN 3aKOH
NPONOPLMOHaNbHOCTU yAerbHOM MOSISIPHOM TENSOThl TPeTben CTeneHn TemnepaTypbl, KOTOPbIA
XOpOLLO onucbiBaeT dhakTbl Npu TemnepaType, 6rnmskon Kk abcontoTHoMy Hynto. Namepenus B.
HepHcTa 1 gpyrux nogreepannu 3To BNOCMIeACTBUM ANA MHOMMUX Ten.

Tpu BaxHbIX OTKpbITUS NpuHec 1913 r. Bo-nepsbix, k. ®paHk un I'. 'epy, nccnegosany TOPMOXeEHUE
3NEeKTPOHOB aToOMaMu rasa nNpu ux coygapeHusax; NnepeHoc aHeprum oT yaapyBLLErOCS 3MeKTPoHa Ha
BCTPEYEHHbIN MM aTOM NPOUCXOANT NULLb B onpedeneHHbIX OUCKPETHbIX KONn4ecTBax, 3aBUCALLNX
oT npupoapbl atoma. O6bACHEHNE BbINO OYEBUOHBLIM: aTOMbl UMEKOT AUCKPETHbIE COCTOSIHUSA
3Heprun, TOYHO TaK Xe, Kak 3To yTBepxaan NnaHk ons pesoHaTtopa, HO 3TN YPOBHU HEPTUN He
paBHooTcTOsWMe. Ecnn atom 6yaeTt Bo3byXaeH, Haxo4saChb B HAYarlbHOM COCTOSIHUM, T. €. Ha
CaMOM HU3LLIEM YPOBHE, TO ANEKTPOH AOSMKEH JOCTaBUTb EMY Pa3HULY B SHEPrMM MexXay Cambim
BbICOKMM YPOBHEM N OCHOBHbIM; TOr4a 3fIEKTPOH TEPSIET TOYHO 3TO KONMYECTBO 3Hepruun. Te xe
nccrnegoBaTenu nokasanu Takke, YTO OTHATas y SNeKTpoHa SHeprna 3a4acTyro UcnyckaeTcs B Buae
CBETOBOrO KBaHTa M YTO YacTOTa 3TOro U3ryyYeHnsa BblMUCNAETCH U3 paBeHCTBa SHEpPrumn KBaHTa

h n noTepsiHHOM anekTpoHoM aHeprun. B pabotax ®paHka v ["'epua Hawna, Takum obpasom,
npsMoe 3KcnepuMeHTanbHoe NoOATBEPXAeHME rMnoTesa 0 AUCKPETHBIX YPOBHSIX SHEPIUN.

BTopbiM 60MnbLUIMM 3KCNEPUMEHTAsbHBIM OTKPbITUEM C TedeHue 1913 r. 6bIno oTKpbITUE
pacLienneHnsa cnekTpanbHbIX IMHMI Bogopoaa nog AeNCTBMEM ANEKTPUYECKOro nons,
obHapyxeHHoe MoraHHom LTapkom. Ho 6onbliee 3HadyeHne, Yem oba 3TK OTKPLITUS, UMESO
TeopeTnyeckoe OTKpbITMe Hunbcom Bopom aToMHOM MoZenun, KoTopas

npegcrasnseT cobon nameHeHne moaenu Pesepdopaa nytemMm BBe4eHUS KBAHTOBbLIX yCroBuii. B To
BpemMs kak moaenb Pesepcdopaa gonyckana ans ABMXKEHUS 3NeKTpoHa BOKPYr aTOMHOro sapa
HenpepbIBHbIN pA TPAEKTOPUIA, 3TU KBAHTOBbIE YCNOBUSA 0TOBpann n3 HUX AUCKPETHbIN Psa
KpyroBbix Tpaektopui. CornacHo o6o6weHunto A. 3ommep-denbaa (1916) gonyctnmel Takke
annuncel. KBaHTOBbIE YCNOBUS rnacunu: basoBble MHTErpanbl A5 KaX4oro 403BONIEHHOMO NyTH
ABMAKOTCA LEenbIMU KpaTHbIMUW KBaHTa LENCTBUSA

h. Ho Tak Kak ¢ kaxxgon opbuTon cBsi3aHa Takke SHEPrnsa OBUXKEHMUS, TO TEM CaMbiM MONy4YaeTcs
Teopus AUCKPETHbIX YPOBHEN 3Heprun. Ecnv atom npu ncnyckaHnm ogHOro KBaHTa nepexoguT ot
Bornee BbICOKOrO YPOBHS

E1 k bonee HN3KOMY YPOBHIO
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E2, TOo B cOOTBETCTBMU C naesmu, noareepXxaaemMbiMm OOTONEKTPUYECKUM SPPEKTOM, KBAHT
AOJKEH UMETb YacToTy

HanpoTuB, Npun nornoweHnn ogHoro KBaHTa aHeprum
h atom nepexoguT OT cocTosIHUSA
E2 k cocTosiHMIO

E1. 310, Mexagy npo4nm, MbiCib, KOTOPYIO yxxe B 1912 r. npumennn k. k. TOMCOH ans
006 BACHEHNSA XapaKTEPUCTUYECKMX

K-,
L-, M-nany4eHun anemeHToB. Tak, no bopy, BO3HMKAIOT SIMHENYATbIE CNEKTPbI.

MepByto nobeny ata Teopua ogepxana nocrne o6bacHeHns bopom cnekTpa Bogopoaa. B 1885 .
NoranH Ako6 Banbmep (1825-1898) ykazan Ha NponopLMOHanbHOCTb YaCTOTANHUIA, NeXallmx B
BMONMOWN 06nacTn, BbipaXKeHWIO

1/22-1/m2 npnyem
T MOXeT NPMHMMaTb BCe 3HaAYeHUs psaa

yncen 3, 4, 5,6 n 1. . Tenepb bop Hawen anga cBomx KpyroBbix opouT (a 3ommepdensba Takke ans
AONYLWEHHbIX UM 3MNMNCOB) AUCKPETHbIE YPOBHW 3HEPTNK, NMpOonopLMoHanbHble 1/m2 koadpuumeHT
NPOoNopUMOHansHOCTH -

YHUBepcCaribHada rnoCTtoAaHHaA. CnepoBaTtenbHO, YacToThl, cooTBeTCTBYIOWME nepexogam OoT ogHOro
N3 3TUX ypOBHeIZ K

Apyromy, cornacHo cootHoweHuto () TouHo y[loBneTBo-* pstoT popmyne Banbmepa.
KoadhdunumeHT nponopumMoHanbHOCTKM - KOHCTaHTa Puabepra - nonyyaeTcs B COOTBETCTBMM C OYEHb
TOYHbIMU n3mepeHnsamun ®. Mawena (rn. 4). Npun aTOM OKasarnock, YTO NepBoHaYanbHas Teopus
3om-mepdhenbaa MeeT TO NPEMMYLLLECTBO, YTO OHa AN No6oro ypoBHS aHEprum
HeBO30YXXQEeHHOro atoma JonyCcKkaeT HECKOSbKO opbuT. [Npu BO3Gy>XAeHMM aToOMa 3NEKTPUYECKUM
UM MarHUTHBLIM MOfeM pasfnuyHble OpobUTLI NepBOHaYaribHO e4MHOr0 YPOBHS NOSTy4atnT HEMHOIO
oTnMyarLwmecs mexay cobon 3Ha4eHNa 3HEPrun; ypoBeHb «pacLuennaeTcs», u aToMy
COOTBETCTBYET pacLuensieHme cnekTpasbHbIX MHUIA cornacHo npuBeaeHHon gopmyne (1). Tak
cTana Bo3MOXHoW Teopus adpdekta LUTtapka, kotopyto ganu ewe B 1916 r. Kapn Weapuwmnea
(1873-1916) n IN. C. SnwTtenH. B Tom xe rogy deban n 3ommepdenbs paspaboTtanu Teoputo
HopMarnbHOro adpdekra 3eemaHa.

Ecnv aTtomHoe siapo OKpy»KeHO Boree YeM OJHUM INIEKTPOHOM, Kak 3TO MMEET MECTO Y BCEX
3NeMEHTOB, 3a UCKIIYEHNEM BOAOPOAA, MOHM3OBAHHOIO reNnnst U APYrmx MHOFOKPaTHO
MOHN30BaHHbIX aTOMOB, TO BblYMCIIEHNE KBAHTOBbLIX TPAEKTOPUIA 1 YPOBHEW 3HEPTNM YaaeTcs
TonbKo ¢ npubnmkeHnemM. Ho u Torga atomHast mogens bopa gaet obuyyto cuctemaTuky
NMHEeNYaTbIX CNEeKTPOB, BKMOYas CNeKTpbl, nexalume B 06nacTm peHTreHoBCKMX nyyeir. bnarogaps
KBAHTOBbIM YCITOBMSIM CTaHOBMTCS BO3MOXXHOW Takke cUCTeMaTnKa nonocaTbiX CNeKTPOoB,
McnycKkaemblX MHOrOaTOMHbLIMW MOfeKyamMmun. dKkcnepuMeHTanbHble dakTbl, HaKOMMEeHHbIe
CNEKTPOCKONMUCTaMWN B TEYEHME AECATUNETUI, caenany BO3MOXHbIM rny6okoe 06bsCHEHNE CBOWCTB
3MNEKTPOHHBLIX 060/104EK aTOMOB B CBETE TEOPUUN KBAHTOB.

Moa pykosoacTteom B. Koccenst (1916) 6bin OTKPbIT NyTh A1 NOHMMaHUA Ka3aBLUENCa paHee
TaNHCTBEHHOW NEepUOANYECKON CUCTEMbBI XUMUYECKMX anemeHToB. B 1913 r. peHTreHockonus
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OKOHYaTemnbHO YCTaHOBUNA, YTO 3Ta CUCTEMa NpeacTaBnseT cobon Knaccudukaumio aNeMeHToB
COOTBETCTBEHHO BO3pacTaHuio 3apaaos saep. Ho kak 06b-

SACHUTb NPUBNN3NUTENBHYIO NEPUOANYHOCTb XMMUYECKUX CBONCTB U CNEKTParnbHbIX JIMHUA? JTOT
BOMPOC COBepLUEHHO Bucen B Bo3ayxe Ao 1925 r., korga C. Noygcmut n . E. YneHbek npunucanu
Ha OCHOBE CNeKTpasibHbIX AaHHbIX 3NEKTPOHY MarHUTHLIN MOMEHT U MOMEHT BPaLLEHUS, KCMIUHY, -
ABe BENUYMNHBI, TECHO CBA3aHHbIE C KOHCTaHToM NMnaHka. B Tom xe roay B. Naynu yctaHoBun
KNPUHLMIM UCKNIOYEHUN Y, YTBEPXKOAOLWMIA, YTO B ANIEKTPOHHOM 060104KE aToMa He CyLLecTByeT
ABYX 3MEKTPOHOB, KOTOPbIE MMeNn Bbl 0AMHAKOBbIE 3HAYEHNSA BCEX KBAHTOBbLIX YMCET.
WccnepoBaHue, war 3a waroM KOHTPONMpyeMoe CrnekTpanbHbiM HabnogeHnem, nokasarno, noyemy
nepsble Nepunoabl CUCTEMBbI cogepXxaT rno 8 anemeHToB, criegyowme no 16, satem no 32, no4emy,
aanee, Kaxgbln Nnepnoa Ha4yMHaeTCcs COo LWENOYHOro MeTanna 1 3akaHunsaeTcst 6GnaropoaHbim
rasom. Ewe pas, Takum obpasom, ABa COBEPLUEHHO Pa3fNYHbIX Kpyra Maewn - CTapbiin U3 XMUK 1
HOBbI N3 KBAHTOBOW TEOPUN - HEOXKMAAHHO BCTPETUNNCH N ECTECTBEHHO 06BHLEANHUNUCE.

bnarogapsa atomHon mogenu bopa HOBbINM NOABEM UCMbITanNa Takke Teopus MmarHeTusma.
[iBM>KeHne 3neKkTpoHOB No onpeaeneHHbIM opbutam Bo306HOBNANMO rmnotesy AMmnepa o
MORNeKynsipHbIX Tokax (rn. 5). Tenepb NpMcoeanHNNOCH eLle yKa3aHne BeSIMYUHbI MOMEHTA KaXKaoro
3fIEMEHTaPHOro MarHuTa. JTo - uenoe KpaTtHoe «MarHeToHa bopay - BEnM4YMHbI, ONATb-Takn TECHO
CBA3aHHOM C KOHCTaHTOM [1naHka

h. MpaBunbHOCTL 3TOro TeopeTuyeckoro cneacTensa nogreepavnu B 1921 r. B. Nepnax n O. LWTepH,
n3y4yast MarHUTHOE OTKITOHEHWE Nnyyen atomoB cepebpa, NpuyeM MarHUTHbIA MOMEHT 3TUX aTOMOB
okasasncs TOYHO paBHbIM OQHOMY MarHeTOHY.

Teopusi Bopa npu Bcex CBOMX GOMbLUMX U NPOYHbIX YCNexax MMena, OfHaKo, OaHy
CUCTEMATUYECKYHO OLLUNOKY.

OHa npumeHsina Knaccu4eckyo Unu penaTnBUCTCKYI0 MEXaAHUKY ANs onpeaeneHus opout
3MIEKTPOHOB 1 Nocne 3Toro 6e3 BCSKOM BHYTPEHHEN CBA3M C 3TUM OonpeneneHnemM N3roHsana
npeobnagatuwee 60NbLMHCTBO 3TUX OPOUT, Kak HE YOOBMETBOPSIOLLMX KBAHTOBLIM YCITOBUSIM.
Bonee uenbHoM 1 ewe Bonee ycnewHo 06bACHAIOLEN CNEKTPbI ABNAETCA OCHOBaHHAs B
1924-1926 rr. BONIHOBas, Unn KBaHTOBas, MexaHuKa, KoTopasi B nocrnegHee BpeMsl COBEPLUEHHO
BbITECHMIA CBOIO NPeALLEeCTBEHHNULLY.

MepBbin war caenan B 1924 r. Jlyn ge bponnk. Ha ocHoBe Teopun OTHOCUTENBHOCTU OH
COMOCTaBUI C KaXabIM OBUWXEHMEM MaTepUaribHOM TOYKN BOSTHY, AfTMHA KOTOPOW BblYMCNSETCS U3
MeXaHW4YeCKoro MMmnyrrbca YacTuLbl NOCPeCTBOM KOHCTaHThI [naHka

h. CoBepLueHHO 13 gpyrux coobpaxerHnn 3. LpeamHrep B 1926 r. yctaHOBUN 4N TAKOW BOSHbI
AnddepeHumanbHoe ypaBHEHNE B YAaCTHbIX NPOU3BOAHLIX, NOA40OHOE BOSTHOBOMY ypaBHeHUI0. OH
rokasar, Y4To 13 3TOro ypaBHEHUs NPU NOAXOASALLMX FPAHUYHbBIX YCNOBUSIX MOXHO BbIBECTU
3aKknYeHne O psae ANCKPETHbIX 3HaYeHU aHeprun. [1na atoma Bogopoaa OH NOnyynn Te xe
YPOBHM 3HEpPruu, 4TO N B Teopumn bopa; ero Teopus gonyckana, Takum obpasom, Takke oopmyny
Banbmepa ansa cnektpa Bogopoga. B 1925 r. bopH, Nen-3eH6epr n MlopaaH co3gany KBaHTOBYHO
MeXaHuKy, KoTopas XO0TH U Kasanacb BHavane otnnyHon ot Teopun Lpe-guHrepa, HO Bce xe Bbina
MaTeMaTU4YecKn NOEeHTUYHaA C 3TON Teopmnen, Kak aTo aokasan LpeauHrep ewe B 1926 .
OTHOWeEHME Mexay ASIMHON BOSHbI M UMMYIIbCOM, YCTaHOBNEHHOE Ae bponnem, BXoguno Takke 1 B
3Ty Teoputo.

KBaHTOBas MexaHuka MaTeMaTU4eCcKn NPUMeHSIeTCs ¢ 6OMNbLIMM MacTePCTBOM, HO ee hn3n4eckoe
coaepkaHue, No MoemMy MHEHMIO, 0 CUX Nop He BrnosHe sicHo. OHa onupaeTcst Ha pe3ynbTaThbl
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CNEeKTPOCKONUM, 3HAYEHNE KOTOPbLIX OCOOEHHO BENUKO B CBSI3N C TEM, YTO 3ECb B U3MEPEHUNAX
AOCTUraeTcs COBEPLLUEHHO HEOObIYHAsA AN OU3NKM TOYHOCTb, NPEBOCX0oAsLas AaXe TOYHOCTb
3HAMEHUTBIX aCTPOHOMUYECKUX N3MEPEHUI. [1Na maTepmanbHbIX BONH UMEETCSI XOTS MeHee
TOYHOe, HO 3aTo bonee HarnagHoe

pokasaternbcTBo. Kak npeanonoxun B. Onb3acep B 1925 r. (rn. 12), SNeKTpOHHbIE Ny4Yn, KOraa OHu
nagatT Ha KpucTannbl, 4aloT ABNeHUs MHTepdepeHunn, NnogobHble TeM, KOTopble HabnogarTcs B
Cnyyae peHTreHOBCKMX Nnyven. 1o noateepamnu B 1927 r. [1aBnuccoH n [xepmep, a takke . .
ToMcoH. Nogo6Hble onbIThl ¢ AuddpakumMen nyyen atTomoB renmsi, aToMoB U MONEKy Bogopoaa
npounssenu B 1929 r. O. WTtepH n B8 1931 1. T. . [I’KOHCOH. BCe aTK OnbITbl KONIMYECTBEHHO
noarsepaunu coopmyny age bpownns.

HoCTuKeHNA 3TON TeOPUN HAKOMNANUCh OYeHb BbicTpo. OCcoBeHHO NopaXaroLwmi ycnex oHa umena
B MPUMEHEHUN K paguoakTUBHOMY pacnagy rnpu ncnyckaHuu -nyyven. CornacHo aTon teopum
CYLLLECTBYET «TYHHENbHbIN 3(pdeKkT», T. €. NPOHMKHOBEHME Yepes NOTeHLManbHbI Gapbep
YacTuubl, 3HEPIUsi KOTOPOM, COrNacHoO TPeboBaHMSM KNacCU4Yeckon MexaHuK1, HegocTaTouHa ans
nepexofa 4epes Hero. . [amoB aan B 1928 r. 06bsiCHEHME UCNyCKaHNA a-4acTuL, OCHOBaHHOE Ha
3TOM TyHHernbHOM addekTe. CornacHo Teopum [amoBa aTOMHOE 94P0 OKPYXXEHO NOTeHLManbHbIM
Bapbepom, HO -4acTULbl UMEIT onpeaeneHHy BEPOSTHOCTb €ro «nepeLlarHyTb». OMIMPUYECcKn
HangeHHble ['enrepom 1 H3TTONOM COOTHOLLEHNA MEeXAy paguycom AeUCTBus a-4actuuy, U
nonynepuogom pacnaga (rn. 11) nonyy4mnm Ha ocHoBe Teopun [amoBa yaoBneTBOpUTENbHOE
0ObsACHEHNE.

HakoHeL, nctopmnyeckoe 3HavyeHne nmena knaccudeckas padora B. Nentnepa n ®. JloHaoHa (1927)
0 monekyne Bogopoaa H2. B aTom nccnenoBaHnm xmmmnyeckasa CBa3b MeXay OANHAKOBLIMU UMK
nogobHbIMK aToMamm Obina cBefeHa K «3Heprum obmeHay. lNpencraBneHne o6 3TON SHEPrun, He
nMeroLLen aHanora B NpexHen uanke, SBnseTca HeobxoaAnMbIM MaTeMaTUYeCckumM cneacTesmemM m3
BONHOBOro ypaBHeHus LWpeanHrepa. NocpeacTtBOM 3TOro e NOHATUS, NPUMEHEHHOTO K
3NEKTPOHHOM NPOBOANMOCTM B MeTannax, BepHep NenseHbepr paspewwnn B 1928 r. ctapyto 3aragky
deppomarHeTnama. brnarogapsa «aBneHnto obmeHay y xxenesa, HuKens n kobaneTta (HO He y ApYrux
MEeTanmnoB) MarHNTHbIE MOMEHTbI 3NTEKTPOHOB OKa3bIBaKTCS

OPVEHTMPOBaHHLIMU NapansenbHo, YTO 1 NPUBOANT K heppoMarHeTu3my.

[anbHenwee pa3sutne KBAHTOBOM Teopun, HanpmmMmep BOorpoc o CoBMeCTUMOCT BOJTHOBOIO U
KOPMYCKYJIAPHOIro Hpeﬂ,CTaBﬂeHMVI, B HacTodALee BpeMda HE ABNAETCA elle NCTOPUYHECKN 3peribiM.
30ecb Mbl NO4OLNK K rpaHnuamM Hallero n3roxxXeHus.

Bo BCAKOM criyyae xapakTepHOW YepTon COBPEMEHHOM KBAHTOBOW (PU3NKUN ABMSETCSH TO, YTO OHA He
MOXET HUYEro Apyroro ckasaTb O NpoLecce, KPOMe BEPOATHOCTM €ro NOsIBIIEHNSA B onpeaeneHHbIn
MOMEHT BpeMeHn. OHa BbIYNCASET, HAaNpUMep, BEPOSTHOCTb OCBOBOXAEHUS ANEKTPOHA
nocpeacTBOM cBeTa onpeaeneHHoON MHTEHCUBHOCTM M YacToTbl. HO ycTaHOBNEHNe NpUYnHHON
00YyCrnOBNEHHOCTN NEXUT BHE €€ BO3MOXHOCTEN. DTO Ta Xe yepTa, koTtopyto Leenanep (rn. 11)
3aMeTun eLle B pagnoakTUBHbBIX NPEBPALLEHMSX, a NO3KE DNHLITENH B NOMMOLWLEHUN N UCMTYCKAHUK
cBeTa. Ho 3akOHblI COXpaHEHUSI S3HEPTM U KONMYECTBA ABMXEHNA UMEIKOT N B KBAHTOBOW OM3MKe
CTPOry0 3Ha4YUMOCTb.

Mocne 1900 r. B Te4eHne MHorux net MNnaHk CTpeMuncs YHUYTOXUTb NponacTb Mexay
Knaccuyeckomn U KBaHTOBOW (oM3MKOM U XOTs Bbl nepebpocnTb MoCT mexay HuMmn. OH notepnen
Heyaa4y, HO ero ycunmna He Bb1nM HanpacHbIMU, Tak Kak JOoKa3ann HEBO3MOXHOCTb yCrnexa Takux
nonbITok. CneacrBmMem 3Toro ABnAeTcs y4eHue 0 «ONOMHUTENBHOCTMY, co3faHHoe B 1927 T.
Hunbcom Bopom; peyb naeTt o «4ONOMHUTESNIBHOCTM» CTaporo KOpPNyCcKynspHOro npeacrasneHns ob
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3MeMeHTapHbIX YacTuLax 1 UX BOSTHOBOIO NMOHMMaHUS B KBAHTOBOW MexaHuke. B HacTosiLee Bpems
K 3TOMY YYEHUIO MPUCOEAMHUINCE LUMPOKME KPYT (ON3MKOB. YTO NoKaxeT B 3TOM OTHOLLEHUN
OyayLiee - yxke He siBNsieTC BONPOCOM UCTOPUM (OU3MKN.

NPUNOXEHWA

MAKC NNAY3

MOW TBOPYECKUW MY Tb B ®U3NKE*) ABTOEMOIPA®UA

Mow npoHuuaTenbHble POACTBEHHMKN PaHO MOHSMW, YTO A NpeAHa3HayYeH bbITb KKHVKHBIM
yenosekomM». Korga mHe 6bir10 9 unu 10 net, mon aenywka Teogop LieppeHep, kpenko nobusLumim
MEHSI, Ha POXAEeCTBEHCKME Npa3aHuK/ nogapun MHe gecaTuToMHoe nsgaHve bpama «>KusHb
XMBOTHbIX». {1 BCMOMUHA0, KaK 4acTo paccMmaTpmBan KpacuBble KapTUHKKU, 1 9 40 CUX rnop
COXpaHun HarnagHoe nNpeacTaBeHne o rmaBHbIX Buaax XMBOTHbIX. OAHAKO Yy MEHS HUKOrga He
ObINO CKIIOHHOCTU K Buonornn. A yenekancsa YteHnem bpama, 6yayyum manbvymkom, ewe He
pasMbILLASAOWMM O CBOEM Npu3BaHuK. lNo3agHee MoA Munas MaTb Kak-TO roBopusia 0 BO3MOXHOCTU
ANA MeHs topuandeckon kapbepbl. HO 1 9TO 3arnoxno, Tak kak BCKOpe Ha NepBbir NiiaH BbICTYNUIN
Yy MEHS COBCEM ApYyrne MHTepechl.

B rumHasum nmenun umn. Bunbrensma B bepnuHe (kyaa mbl nepecenunucb u3 MNosHaHn B CBA3M C
nepeBo4OM MOEro 0Tua) s yCrbllwar, He MOMHIO B KaKOW CBS3W, O dhaKTe BblaeneHns Meam n3
Me[HOro Kynopoca nog AencTBUeM 3r1eKTPUYECKOro Toka. ATO NepBOe CONPUKOCHOBEHUE C
Pp13MKON NPOM3BENO HA MEHSI OrPOMHOE BrievaTneHme. Ha HecKonbKo AHeun s Bnarn B Takoe
rnybokoe pasgymbe, YTO HE MO HUYero genatb, U MOSi MaTb C TPEBOrOW CnpallMBarna MeHsi, 4To CO
MHOW MPOUCXOaUT. Y3HaB, B YEM

*) TekcT gna nepesoaa B3AT u3 kHurn: Hans Hartmann, Schopfer des neuen Weltbildes, 1952;
nyGnmMKyeTCcs C HEKOTOPbIMU COKPaLLEHUAMM.

(Mpwnm. pea.)

Aerno, oHa no3aboTunacb 0 TOM, YTOObI i MO YacTo nNoceLaTb «YpaHuoy». 3To BbINo
Hay4YHO-NoNynsipHoe 0bLEecTBO, B NOMELLEHUN KOTOPOro Ha TaybeHwTpacce 661510 MHOMO
dun3nyeckmx annapaTos, NpeaHasHayYeHHbIX 415 onbiToB. CTOMMO TOMNBbKO HaXaTb Ha KHOMKY
COrnacHoO NPUNOXEHHOMY PasbACHEHUIO N cpasdy MOXHO 6blno HabnogaTb TO NN NHoe
noyuynTenbHoe siBneHue. Jnwe ropasgo nodgHee, B 1930 r. Ha cbe3ae umsnkos B Kenurcbepre, g
y3Har, 4To TBOpLIOM 3Toro cnocoba obyyeHusi, Npon3BoadALLErO O4EHb CUMNbHOE BreYyaTreHne, Obin
EBreHuin onba-UTENH, OTKPBIBLUMIA KaHANOBbIE JTy4n; MMEHHO OH YCTPOWIT 3Ty 9KCNEPUMEHTASbHYIO
ycTaHoBKY. Kpome Toro, s cnblwan HeCKOMbKO JOKNaaoB B ayautopumn «YpaHum». CMyTHO MOMHIO
TaKkKe 0 CBOMX NoceLeHnax obcepBaTopun aToro obLecTsa, pacnosioKEHHON Ha
NHuBanungwtpacce. B 1913 unu 1914 r. 4 cam umtan nekumio B «YpaHum» n ¢ yMUneHmem
BCNOMUHAn nNpexHue BpemeHa.

Mol npobbinu B bepnnHe ToNbKO OAMH rog n Tpu Mecsiua. 3atemM nocnegosarsn nepeBo Moero oTua
B CTtpacOypr. Tam s nOoCTynun B U3BECTHYH MPOTECTAHTCKY0 MMMHa3nlo, U MHE He NPULLSIOCh
coxarneTb 0 nepemeHe y4ebHoOro 3asegeHus. Bo rmase aTon rmmHasum, npuHagnexailen K
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3b3acCKOM LepKBK, CTOSIN BbICOKO 06pa3oBaHHbIN negaror n 6raropogHbin Yenosek no pammnnm
®annb. OH XOpOoLOo 3Han, YTO Kaxkaasi MHOMBUAYaNbHOCTb UMEET NpaBo pasBMBaTbCH
COOTBETCTBEHHO CBOMM MPUPOAHBIM 3aaaTtkaM. HeCMOTpSA Ha CUMbHbIA TEONOrMYECKNA YKIOH, OH
oTAaBan JOMKHOe MaTeMaTUKe M eCTECTBO3HaAHUIO U He pa3 3aluumLLan MeHs OT ApYrnx yuutenen,
KOTOpble He NOOLLPASIM MOUX CKITOHHOCTEN K MaTemaTuke n dusuke. Eule gonroe spemsa nocne
LWKONbHOW y4ebbl 1 nocewan aToro anpektopa B MeHe, rae oH xun B otctaBke. OH ymep B 1938 1. B
Bo3pacTe cBbliwe 80 ner.

Bbicokon noxsansl 3acnyxvBaeTt nogbop dannem npenogaBaTenbckoro coctasa. KoHevHo, 6b1nin B
TMMHa3nn N OTXXMBLLUNE CBOW BEK MOAN, KOTOPbIE HE MOITIM HU NPUCNOCOBUTLCSA K HOBOM
nosiMTnyeckon obcTtaHoBKe, HU HaUTK cebe Apyron JOMMKHOCTU. ITO Bblnn 03rnobneHHbIe nau,

He NOoJIb30BaBLLUMECS HUKAKUM Nnegarorndeckum aBToputetom. Ho 1 ansa Hux ®annb ctapancsa
caenarb Xn3Hb CHOCHOW. OH TepneTb He MOI MONMUTUYECKOro rHeTa U, KOHEYHO, CaM €ro HMKorga He
okasbiBasn. Ecnu, Hanpumep, kakon-HMbyab y4nTenb BblpaXkan COMHEHWSI NO NOBOAY
Heob6XoaMMOCTUK AepXaTb peydb B AeHb poXaeHust nmnepaTopa, Pannb HemeaneHHo ocBoboxaan
€ro oT 3Ton 00A3aHHOCTH.

N3 yuntenen y MeHst B namMaTn octancsa npodgeccop SpAmMaHH, Teonor, KOTOPbIN KpoMe penurum
npenogasan Takke ApeBHUE A3bIKM U HEMeLKUI A3blk. Cpean Bcex Momx BocnuTaTtenen ato bbin,
noxxanyn, MyapeuLumn.

OcobeHHO sicHO 06 3TOM CBMAETENBCTBYIOT CriefytoLme ero BbickasbiBaHna. ObyyeHne Hemeukomy
A3bIKY B CTApLUMX Krnaccax 3aKroyanocb, KOHEYHO, B U3yHEHUM UCTOPUM NUTepaTypbl. pAMaHH,
KOTOPbIN OXOTHO BbIXOAWUIT 3a Npeaesnbl npeanucannin y4ebHoOro nnaHa, pacckasbiBan ogHaXabl O
Puxapge BarHepe n 06 ero «Konbue HnbenyHros». Mpy 3TOM OH ropa4o Bo3pakan NnpoTueB Mopanm
3urcopuaa v npenckasbiBan BCAKME YXKacbkl, €CrvM aTa Mopanb 6yaeT npuMeHeHa Ha NpakTuke.
[pyroe ero Bbicka3biBaHue rna- cuno: «KTo ¢ BooayweBneHmemM noceswaeT cebst 60nbLIOMYy AEHY,
TOT He nornbHeT BeccrnegHo». A He pa3 B NocnenyoLen CBOEN XNU3HM BCTpeYan nogTBepxaeHune
3TUX MypbIX BbICKa3blBaHWIA MOETO y4UTENS.

Moyemy 51 060 BCEM 3TOM pacckasbiBato 34€Ch, rAe s1 A0SMKEH OnNncaTb MO TBOPYECKU NyTb B
dunamke? STOT NyTb HEMb3S OTAENUTL OT 0OLLEr0o AYXOBHOIO pas3BuTnSA, 0COBEHHO B Te roabl, Korga
Manb4MK CTAHOBUTCS FOHOLLEN M BO3HMKAKOT OCHOBbI A4S151 €ro AanbHenwero co3pesaHms. 5
COMHEBAICb TaKKe B TOM, NOCBATWN N Obl 51 ce65 LENNMKOM YMCTOM Hayke, ecnu Obl HE npuLen B
TECHOE COMPUKOCHOBEHUNE C FPEYECKON KyTbTYPOWN N rPEYECKUM A3bIKOM, YTO BO3MOXHO TOSbKO B
Knaccuyeckom ruMHasun. Ecnvm octaBuTb B CTOPOHE UCKIIOYEHUS, TO UMEHHO Y TPEKOB MOXHO
Hay4MTbCS MOANMHHOM PagoCTM YMCTOro No3HaHus. YTobbl NpMBNeYb y4allyrocss MONOAEXb K
Hayke, B TOM YMCIe K eCTECTBO3HaHMIO, LUMpEe, YeM 3TO ObINo B nocnegHne OecatuneTums, a
npegnarat: nownuTe OeTen B

r’MMHa3unio, N NyCctb OHM TaM OCHOBATEJIbHO 3aHMMAlOTCA OPEBHUMU A3bIKaMW.

Ho npu aToM yunte nx Takke yntaTb U NoOGUTb HEMELIKMX KnaccukoB. JTioasur BonbLMaH, BenMKun
BEHCKUN oun3mK, ymepwmnn B 1906 r., nMweT B NpeancrioBUmM K CBOUM NONYNAPHbIM COYUHEHNAM
(1905): «bes Wnnnepa mor, KOHEYHO, BbITb YENOBEK C MOMM HOCOM 1 6OPOAON, HO 3TO He BbiN Obl
Aa». A UenuKom NoANNCbLIBaKOChb NOA 3TUM.

B aTon cBA3n ctouT, noxanym, ynoMsaHyTb, YTO 13 TEX NMOKOMEHWI LLKONBbHUKOB, KOTOPbIX
BocnuTbiBan Pannb, Kpome MeHs Bbilen eLle ps npenogaBaTenien BbICLUMX LWKOS, 8 UMEHHO:
nctopukm Bonbdranr BuHaensbaHa n Pobept NonbumaHH (06a B bepnune), Bpaun ®pugpmx
MonbumaHH (Kapncpya) n Bonbdranr Bannbe (Mena), topuct 3aBapa Konbpayw (bepnuH), Xvmuk
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Banbtep MagenyHr (Ppenbypr), pusmkm 3peuH MagenyHr n Ma-pmnanyc YepHu (ob6a Bo
®paHkdypTe-Ha-MariHe). OgHako BEpPHEMCS K HaLLEN TEME.

OrpomHoe BnnsiHWe okasan Ha MeHsa npodpeccop 'epuHr, KOTOpbLIN Npenoaasan MatemMaTuky U
u3nky. 310 ObIN CTapbI XONOCTSK M YyAaK C ThiICAYb0 CTPAHHOCTEN, KOTOPbIE A5 BCAKOro
ApYyroro yenoseka caenann 66l HEBO3MOXHbBIM €ro 3aHATUA ¢ rMMHa3ucTamn. Ho Bce YygadecTtsa
KOMMNEHCUPOBANUCh BbICOKMM QYXOBHbIM MPEBOCXOACTBOM, KOTOPOE 3aCTaBIIsANo NOgYNHATLCA eMy
Aaxe 3nNenwmnx WwarnyHoB Knacca, - a Mbl He Obinn «00pa3LoBbIMM YY4EHUKaAMNY. YCTPOUTL Y HEro Ha
YypOKe Kakoe-HMOyab 6eCYMHCTBO - 3TO OblfI0 HEBO3MOXHO. HMKOMY 3TO Aaxe He Npuxoguno B
rosioBy. [M03TOMy OH HMKOrA4a He HyXxdarca B NpyuMeHeHnn HakasaHuin unu 6pann. Camoe 6onbLuee,
YTO A MOry BCMOMHUTb, 3TO ObIfN CroBa, OTHOCUBLUMECS K OOQHOMY HErOAHOMY ManbuuLke: «'ybep
ynbibaetca, aa, N'ybep ynoibaetcsa». 'ybep ToTyac xe nepecrtan ynolbaTtbcsa. FOHOCTb obnagaet
TOHKMM YyTbEM B OTHOLUEHUWN JYXOBHOIO 3HAYEHUS YenoBeka u otaaeT emy AaHb 60MbLIOro
noYnTaHuS.

Y npod. epuHra s 3aHMMarncsa HayanbHONM MaTeMaTUKOW, N HAA0 CKasaTb, YTO CKOPO CTan O4HUM
N3 NyYLWmMX y4eHUKoB. Mbl ndyyanm obbI4HYHO LLKOSTbHY MaTEMAaTUKY:

anrebpy Ao KBagpaTHbIX YpaBHEHWUI, reoMeTpuio IBKNnaa U Apyrnx reoMeTpoB APEBHOCTH,
norapmgmMmmyeckoe n TPUroHOMeTpn4eckoe BbluMcneHne 1 T. 4. [JaBHO s yke MHoroe 3abbin, HO
Koraa MHe NpuLLNOoCh MMETb 4eno C N3BECTHOM 3adaden AnonnoHMs O KacalLwmxes gyrax, 8 cMor
ee 3aHOBO BMoJIHe OCBOUTL. B 3ToM cTagmm He Tak BaXXHO NpUobpeTeHHOe 3HaHMe, Kak pas3BuTue
CNOCOBHOCTUN Hay4yHOro MblwneHus. «ObpasoBaHue ecTb TO, YTO OCTAETCS, KOraa BCe BblyYEHHOE
yXe 3abbITO», - rnacuT 4YacTo UMTUPYEMOEe U3pedeHne, He 3Hat0 KakuMm BENUKUM YEer0BEKOM
BbiCKa3aHHoe. MImeHHO Tak obyyan NepuHr. OH ckopo ybeaunca B MOEM MaTeMaTUYECKOM
AapoBaHUN 1 pasnnYHbIMU HEOONBLLUMMK NOOLLPEHUAMN NOBYXaaN MEHS K 3aHATUSAM.

B yanButTensHoM NpoTUBOPEYNM C 3TUM HAXOAMUMOCh MOSIHOE OTCYTCTBUE Y MEHSI CMOCOBGHOCTM K
apuPMETUYECKUM BblYMCIIEHNAM. Ha BbiNyCKHOM 3K3aMeHe, Koraa anisi IMCbMeHHOW paboTbl Obin
npeanoXxeH psia 3agad u cpeamn HUX ogHa ¢ apupMeTUYEeCcKMU BblYUCIIEHUSIMU, NpenoaaBaTterb
(370 yxe He 6bIn [epuHr) ckasan MHe: «3Ty 3a4ady Bbl He NPobyinTe; y Bac BCe paBHO HUYETO He
nonyuyntcs». JIMlb B yHUBepcuTeTe st oBrnagen aTMMn BblYUCIIEHUSIMU U cTaparcsl NPon3BoANTb MX
NPaBuWIbHO, TaK Kak 3TO ObIN0 HEO6XO0ANMO ANst MOUX (PU3NYECKMX 3AHATUN.

Y NepuHra 4 Takke Bnepsble Cepbe3HO ndyyan pusnky. [[MaBHOE BNNSHME OKa3ann Ha MeHs npu
39TOM He pefKue OMblITbl C HeJOCTaTOYHBbIMWN CpeaCcTBaMM rTMMHa3nyeckon nabopartopuu, a
CNOCOBHOCTb yuMTENs pa3BmMBaTh Y Y4EHUKOB Hay4yHOe MbllwneHne. bonblioe 3HavyeHne nmeno
TaKkKe TO, YTO OH YMEN yKasaTb HaM AN YTeHUs COOTBETCTBYOLWME KHUIK. 10 ero coBeTy B OKTA6pe
1896

r. 4 gocrtan goknagbl n peyun "enbMronbua, U s cenyac ewe siCHO NMOMHIO, Kak repI/IHF Ha CBOEM
TIOPUHIEHCKOM Ounaliekrte pekomMmeHagoBas MHe 3T iBa TOMa. «3T0 nonynapHblie COYNHEHUA, HO AJ1A
nogen, KOTOpPblIE MMEIOT roJIOBY Ha nredax». A ¢ 6onbwnm pBEeHMEM U3y4as 3T AoKnaabl,
nepeyntbiBas 10, YTO MHE ObINO HEMOHATHO.

Bnarogaps nm, a Takke 6narogaps pabote N'enbmronbua «YyeHme 06 olyLeHnsiX TOHOBY» MOW
rOPU30OHT

3HAYNUTENBbHO pacLMpuncs. ITO - Knaccudeckne Npom3BeaeHNs Kak No CoAepXXaHuto, Tak 1 No
dopme. A He orpaHNYMBancsa YTeHMEM TONbKO JOKNAA0B, NOCBALLEHHbIX hu3mKe. A Yutan Takke
akageMuyeckne bunenHble peum 1 Hacnaxagancs MbICIbio, YTO s No3Xe cmory 6biBaTh B
YHUBEPCUTETE B KayecTBe CcTyaeHTa. Ho 6onblie Bcero st nobun yygecHyto astobmnorpaduio,
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KoTopyto aan enbm-ronbl B peyn B ieHb CBOEr0 ceMuaecaTuneTna. A noeitancsa Takke, XoTd €
MEHbLLMM YCNEXOM, YMTaTb ero omnocogckme goknagbl.

OpaHako 3Tu LWKONbHbIE rofbl He Oka3anu Obl TaKOro peLuaroLLero BANSHUS Ha MOe AarnbHenwee
pasBuTMe, ecnu 6bl 1 He cOnNnanncsa ¢ AByMs WKOMbHbIMK ToBapuwamu: OTTo b. n N'epmaHom @ .,
UMEBLLMMMW T€ e CKIOHHOCTU, YTO 1 5. Ha ocHoBe OBLLHOCTM HaLMX MHTEPECOB Mbl COCTaBUMN
MaTtemaTuyeckum TpMyMBMpaT, XOPOLLO U3BECTHbIN BCewn wkone. OanH ns monx apysen, OtTo b.,
NPOUCXo4MN N3 BbICOKOKYNbTYPHON cembn npodpeccopa CTpac-Oyprckoro yHusepcurteTta. A mano
BCTpeYyarcs ¢ ero poautensiMmm n ctapwmmmn dpatesamm n cectpamm. Ho OTtTo B. nmen
nopasuTenbHy CNOCOBHOCTb TOYHO BOCMPUHUMATL TO, YTO OH Cribllan B CEMbE, N O4EHb
WHTEePEeCHO BOCNPOM3BOAUTL 3TO NOTOM 4SS Hac. OH Takke C NOSHbIM NOHUMaHUEM YuTan
OBLUMPHYIO MaTeMaTUYECKyo U eCTECTBEHHOHAYYHYIO NUTepaTtypy, KOTOPYI Haxoaun B CBOEM
poauTenNLCKOM AOMe, U cyMmen pas3byauTb B Hac NOOBb K TaKOMY YTEHU0. Tankom Mbl BTPOEM
3aHUManucek anddepeHumanbHbIM U UHTErpanbHbIM UCHUCTIEHNEM, PLIIUCL B MHOTOTOMHOM
yyebHuKe pusnkm BronnbHepa, a Takke CaMOCTOATENbHO SKCMNEPUMEHTMPOBAIM, Kak 3TO 06bIYHO
AenarT ManbYuKu.

OKCNepMeHTbI CTann Ham ocoBeHHO yaaBaTbCs, Koraa Mbl CMOIAN KYMUTb ManeHbKnUn
WMHOYKUMOHHBIA annapaT 1 nofnyyaTtb C ero NnoMoLLbio 6onee nnm MeHee BbICOKME 3neKTpudeckmne
HanpskeHus. B Havane 1896 r. Mbl y3Hann o BENUKOM OTKPbITUM PeHTreHa u3 ero 3HaMeHnTou
Gpowtopbl, kOTOpyto NepmaH ®. Bckope nocrie ee BbIxoga Nnonyynsn oT CBOero Aaam -
KHuronpogasua. Mbel goctann NpUMUTUBHBIE paspsaHble TPYOKM 1 NbiTanncb HanuTH B

HUX (KOHEYHO, 6e3 ycnexa) TaMHCTBEHHbIe X-Ny4u, KaK UX Torga HasbiBanu. [oCcKonbKy KBapTUpbI
HawnxX poanTenemn He BbINKM BKITHOYEHbI B TOPOLCKYH 3NTIEKTPUYECKYIO CETb, Mbl MONb30BaNIUCh Kak
NnepBUYHLIMN UCTOYHMKAMUM TOKA f1IeMEeHTOM byH3eHa 1 9fIeMeHTOM C XpOMOBOW KUcroTon. Hemano
AbIPOK ObINO BLMKKEHO B HALLMX NMATbAX pasHbIMU XMMUKanmsammn. OcobeHHO XOpOoLLIO S MOMHIO
camMofernbHbI rafibBaHOMETP CO MHOMMMW BUTKaMK U acTaTU4ECKOM Napoun UM Ha nogsece 13
BOJiOCKa. ATW ONbITbl AanNn MHE YBEPEHHOCTb, KOTOPOWN A HE MOT Bbl AOCTUTHYTb MPU LUKOSIbHOM
9KCMNEPUMEHTE, B TOM, YTO paspsiaHbIA TOK NEeNOEHCKON BaHKM OTKNOHSET MarHuTHyto urny. MHoro
3aHMManucb Mbl ONTUYECKMMN ABNEHUAMU, OCOOEHHO MHTepdepeHLMeEn CBeTa U 3aragovyHom eLle
Torga anddpakumen. bonbluasa NnpuenekaTenlbHOCTb 3aHATUN ATUMN PU3NYECKMMUN SIBIEHUSIMU
CBsi3aHa C BO3MOXHOCTbIO MX HEMNOCPEACTBEHHOIO YyBCTBEHHOIO BOCNPUATUSA BE3 n3MepuTenbHbIX
NMHCTPYMEHTOB. Mo 0COBEHHbIN MHTEPEC K ONTUKE, KOTOPLIN NO34HEE NPOABUICS B 3aHATUAX
PEHTreHOBCKMMMW JSTy4aMu, BOCXOLAUT MMEHHO K 3TUM LLKOSTbHbIM BPEMEHAM.

YBriekaTenbHble Yacbl YacTO NPOBOAUIIM Mbl BTPOEM B MaHcapae poautensckoro goma OTTo B. Ha
éTewTpacce. 13 okHa OTKpbIBarics B3opy YHUBEPCUTETCKUIW caf BnnoThb Ao LWsapusanbaa,
KOTOpPbIN BUOHENCS HAa rOPU3OHTE B BUAE CMHEN Nonockl. Hepeako Mbl BTpOEM coBepLuanu Tyaa, a
Takke B Boresbl 3KkCKypcumn, NpogosmkaBLIMecs OAUH UM HECKONbKO AHen. Mbl BoobLie He Obinu
Aomoceaamu; Mbl UICKOSNIECUnn Ha Benocunegax bonblme paccTtosHns no PenHckon paBHuHE,
nnasanu B 6onbiom nnu maneHokoM PenHe y Kensa. A yacto nepennbiBan PenH, 4To, KOHEYHO,
CunbHO obneryanocb MHOrMMK oTMenamu. Ceoboaa, KOTOPY NPeaoCTaBNANN HaM Halun
BOCNUTaTenun JoMa v B LLKOSe, faBarna BO3MOXHOCTb CoBepLUaTh Takoro poga nporysnkn 3a
ropogom.

B aToin cBoGoAe 3aknoyanach BCs NpenecTb Hawmx nytewwecTsmin. Mbl npeaBapuTenbHO
CaMOCTOSTENBHO COCTaBNANM NnaHbl, 3y4anu reorpadmyeckme kapTbl U ykasaTenu, oueHuBanm
HaLly BO3MOXXHOCTM OPUEHTUPOBATLCS

B ropax rnpu cHere n TymaHe. Hawmwm OKCKypCUHn pa3smBasrin He TOJIbKO Haln MYCKyIibl, HO UMEJIN
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TakXe 3Ha4vyeHne n anda gyxXxoBHOro co3peBaHunA.

TpuymBupart, K coXarneHuto, He COXpaHWUIICA 40 BbINYCKHbIX 9k3aMeHOoB. ['ogom paHbLue OTT0 B.
nepewen B rumHa3uio B bageHe; HacneacrBeHHoe HepBHOe 3aboneBaHne NUMLWNnIIo ero
BO3MOXHOCTW NOCIE cAayvu BbIMyCKHbIX 9K3aMEHOB 3aHMMaTbCA HAayKOW 1 MPUBESIO ero, B KOHLE
KOHLOB, B 1904 r. kK camoybuncTey. S Hukorga He 3abbiBan ero n 4o cux nop B cBoeun pabote
4YyBCTBYIO TO CMIbHOE BNNSAHME, KOTOPOE OH OKa3an Ha MeHsi. Ecnu 6bl OH ocTaBarncsa 300poBbiM, OH
Ob1n1 Obl BblAAOLWMMCS, BOOXHOBNAOLWMM CTYAEHTOB NpenogaBaTesieM yHuBepcuTeTa u, BO3MOXHO,
ctan 6bl Takke Benukum uccrnegosatenem. OH norpebeH B CtpacOypre.

OK3ameHbl Ha atTecTaT 3penocTtu s caan B mapte 1898 r. [loaroToBMBLLMCE COOTBETCTBYHOLLNM
obpas3om, 9 Haxoauncsa nepen 3k3ameHaMmun B COKOMHOM, BECESIOM HaCTPOEHUU, B OTNYME OT
BO36YXQEHHOro COCTOsIHMS BONbLUMHCTBA MOMX TOBapULLEN, COABaBLUMNX 3TN 3k3aMeHbl. B Takom
Xe HacTpoeHuu s cgasan B 1904 r. rocygapCTBeHHbIE 3k3aMeHbl B [[€TTUHIeHe U C fierkom
yCMeELLKOW Habnogan BaXHOCTb, C KOTOPOM 3aHMManuCb 3TMM 4E5IOM HEKOTOPbIE 3K3aMeHYoLMnecs
N 9K3aMUHaTOpPLI. B atTecTaTe 3penocTuy s NOAy4nst «XopoLlo» No penurnm, NaTbiHW U rPeYeCcKoMy
A3bIKY, «y0OBNETBOPUTESTIBHO» MO HEMELIKOMY A3bIKY, (PpaHLy3CKOMY A3bIKY N UCTOPUN, KOYEHDb
XOpoLo» No MatemaTuke u gusumke. 1o noBoay HEMELIKOro A3blka B aTTecTaTe CTOSNO0 creayrollee
npumevaHue: «Jlaya nokasan 3HaHus, COOTBETCTBYHOLME TpeboBaHMSAM, 1 MHOTAA XOPOLLO
BbINONHAN 3agaHus. Ero obwmnn yMCTBEHHbIN YPOBEHD BbILLE, YEM €ro CMNOCOBHOCTb K YCTHOMY U
NMMCbMEHHOMY BbIpaXXeHWNI0. QK3aMeHaUNOHHOE COYMHEHME OH BbIMOMHUIT YOOBETBOPUTENBHOY.
OTO - COBEpLUEHHO NpaBuIibHO. BCHO CBOIO XU3Hb A UCMbITLIBAN TO, 0 YeM B3abixan Wunnep: «dywa
roBOPUT, HO, YBbl, OHA HE MOXET Bblpa3nTb cebsy». [0BOPUTL Ha Yy>KOM A3blke BbINo ANA MeHS
BCerga My4YyeHueMm, 1 s HUKorga He Mor caenatb rmagkuin u NpaBuUIibHbLIN NO CNOBECHOW hopme
aoknag.

B ynomMaHyTOM nepeuncrieHmm BbIMyCKHbIX 3K3aMEHOB YMTaTerb cpasdy 3aMeTuUT OTCYTCTBUE
aHrMUNCKOro A3blka. B HeMeLKnx ruMHasnsx B TO BpEMS ero He n3ydvanu; s Bceraa nosgHee
oLLyLLan 3To Kak 60nbLLION HegoCTaTOK Moero obpasoBaHus. [locne WKONbHbLIX NeT 9 u3yyan
aHIMUNCKUI A3bIK, NOSb3YACh HAYYHBIMU XypHanamMu 1 KHuramm, B KOTOpPbIX CO BDEMEHEM BCe
BonbLue Hyxaancs. Heckonbko mecsaues st nposen B AMepuKe 1 TaM Takke YKpennsan CBOM HaBblKu
B @aHIMUMCKOM A3blke. MeHbLle A 3aHMMancs nocne ruMHasum opaHLy3cknM A3bikoM. U Bce xe A
Tenepb nyylle 3Ha ppaHuy3ckuin, Yem aHrnunckmin. « Was Hanschen nicht lernt, lernt Hans
nimmermehr» («4ero M@aHCKK He Bbly4MT, TOrO HUKOrAa He BblydnT [[aHC» ). KoHevHo, npu aTom
urpan CyLeCTBEHHYIO POflb HeJOCTaTOK MOUX CNIOCOBHOCTEN K U3YYEHMNIO A3bIKOB; MO3TOMY AN
MeHs ObINo 0cobeHHbIM Briarom, YTo NMMMHa3nUa BOOPYXUIia MEHSA 3HAHUAMW rpaMMaTuKn U
pasnuyHbIX OPM CIIOBECHOIO BblipaXkeHWsi B Ty NOpY, Koraa rnerye BCEro y4ntbes. 1o Ao
N3BECTHOW CTENeHN KOMNeHCUpoBaro HeJoCTaToK CNocobHOCTEN.

Uepes HeCKONbKO AHEN Nocne UCNbITaHMI Ha aTTecTaT 3pefnocTy Havdanacb BOeHHas crnyxba wu,
cnefoBaTenbHO, NEpPepbIB B YMCTBEHHOM pa3BuTumn. Ho Bce xe B 3umMHui cemectp 1898/1899r. g
CMOr noceLaTtb fiekuun no akcnepumeHTanbHon pusmke PepamHanHga bpayHa B Ctpac' 6yprckom
yHMBepcuTeTe. A 00 CMX NOp NOMHIO ero 6rnecTawme onbiThl, €ro U3SILLHOE N YacTO OCTPOYMHOE
n3noxeHune. A cMOTpen Ha OnbITbl U CRyLan nekuun ¢ Boogylwesnennem. MNpaeaa, cnyxba nHoraa
Mellana MHe BOBpeMS NpuxoanTb Ha nekuuun. Korga s onasgpiBan, 310 BO30y)K4ano BHUMaHME U
BbI3bIBano HEKOTOPOEe BEeCNOKOMCTBO, OCOBEHHO NOTOMY, YTO A HOCUN MyHAUP. W 3TO fano noBog K
OZHOMY MPOUCLLECTBUIO, XapakTepHoMy Ansa ctungd bpayHa. A He xody yTanTb 3TOT cnyyam ot
ynTaTens, Tem bonee, 4YTO KOraa A pacckasbiBan 0 HeM bpayHy Yepes HeCKOSbKO LeCATKOB feT Ha
cbesae PU3NKoB, OH OT BCEMN AYLUN XOXOTan Hag HUM.

B koHLe cemecTpa CTyaeHTbl AOMKHbI ObINM 0OTMEeYaThCs; 3TO ABMANOCH CBUAETENBCTBOM
aKKypaTHOCTU
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noceweHns nekumi. Camo cobown pasymeeTtcs, 4To bpayH, nmes CoOTHU crnywartenen, He Mor 3HaTb
06 nx nocewaemoctn. OH cugen 3a CTONoM B COCeAHEN C ayanTopuen KomHaTe; CTyAeHTbl OOUH 3a
APYrMM NOAXoanNun K CToNy C MaTpUKynaMm, KOTOpble OH MEeXaHUYeCKN NOANUCHIBAN, He rMaas
Aaxe Ha bamunuun. Ho korga st B CBOEM MyHOMPE NoAoLEn K CTONy, OH MENbKOM B3rNSHYS HA MEHS
N C NErkum MpoHn4ecknm B3goxom ckasan: «O, ga! Yto Bbl nocewany nekumm, 3to 8 Mory
3aCBMAETENBLCTBOBATLY.

B nanbHenwem s genan Bce BO3MOXHOE, YTOObI perynsipHo nocewaTb nekuuun. Korga s
onasabiBan, MHe Oblflo O4YeHb TPYAQHO CreanTb 3a XO40M MbICI M fIEKTOpa, OCOBEHHO Ha NeKLMsIX No
MatemaTuke. H HUKorga He Mor NOHATb, Kak CTYAEHTbI MOryT onasabiBaTh Ha NeKuuun, Hanpuvep,
n3-3a CBOMX OBLLECTBEHHbLIX 06S3aHHOCTEN B CTYAEHYECKOM COHO3E. Y MEHS B rofnioBe Obifia TONbKo
HaykKa.

[a, Ho kakaa? B nepBom cemecTtpe 370 6bino ansa meHsa 6onbwmm BonpocoM. C camoro Havyana
MHe BbISI0 SICHO, YTO MEHSA MPUBIEKAlOT TaKMe HaYKKM, Kak MatemaTuka, omamka n xmmus. o Bcem
3TUM NpegMeTaM s cnyLan MHOroYMCIEHHbIe Nekunn, cHavana B Ctpacbypre, a noTom (C OCeHu
1899 r.) B [eTTHHreHe. o umsnke n xummnmn 9 NPOXOANIST NPakTuKy B 6onbliem odobeme, Yem TOT, KTO
TOYHO 3Han CBOM LieNb U cTaparncs ee AOCTUTHYTb KpaTtyanwum nytem. B N'eTTuHreHe nog
BNusHMeM Bonbagemapa downrra MHe, HakOHeL, CTano ACHbLIM Moe Npu3BaHue: TeopeTnyeckas
dusuka. Hapsagy ¢ kypcom nekumi ®onrta aTomy peLLeHnto cnocobecTeoBanm onyonnkoBaHHbIe
nekumn Nyctaea Kupxroga, KoTopble MHE yXKe B LWKOSNbHblE roabl pekomeHgosan OTTo b.; o nepsom
TOME 3TUX NEeKUNIN, NOCBALLEHHOM MeXaHMKe, Takke HeOaHOKpaTHO roBopun npod. ['epuHr.
Pewatowmnm paktopom Obifio 0Co3HaHME NOpasnTENbHOIO dhakTa, Kak MHOrO MOXHO BbICKa3aTb O
npupoae nNpv NoMoLLM matemaTndeckmx metogos. C Benmyanimm 6naroroseHMemM s Horga
OoCTaHaBnuBarncs nepen Teopuein, kotopas bpocana SpKUN HEOXNOAHHbBIA CBET HA HEMNOHATHbIE

npexge akTbl.

bonblioe BnevaTneHne nponsBoauna Ha MeHs Takke Ynctas MmatemaTmnka, 0COBEHHO npu
cnywaHum bnectswero Kypca nekunn fasmaa Nmnbbepta. B MOMX BOCMOMUHAHUAX 3TOT YenoBek
ocTancs Benuyanwmm reHmem, KotToporo g korga-nnbo sugen. Marematunka gaet Hambonee uncroe
N HENocpeacTBEHHOE NepeXnBaHne NCTUHbI; Ha 3TOM NOKOUTCS ee LeHHOCTb Ans obLiero
obpasoBaHus nogen. Ewe B Wkone ogHOM N3 MOUX NyYLIMX pagocTen BbIno n3sLHOe 3aKOHYEHHOEe
AokasaTtenbcTBo. U, ogHako, MaTemMaTuka MeHS Bceraa nHrepecoBaria nocTosbKy, MOCKOMNbKY S MOr
Kaknm-nmbo obpa3omMm NpUMEHUTL ee K puaunke. MIHade 3aHATUA MaTemaTuKon MHe NpeacTaBnAnmch
«NSilaBaHMEM B MyCTOM NPOCTPAHCTBEY, HaNpsbKeHnem cunbl 6e3 npegmMmeTa, K KOTOPOMY OHa
npunaraetcs. [pyrne TeopeTuUkn-pusnkm nHadye noaxoaaT K MmaTemaTuke 1, 3aHMMasiCb CamMou
MaTemaTuKon, gocTuratoT bnarogaps aToMy 6onbLUMX ycnexoB B dpunaunke. Ho, kak s yxxe ckasan,
3aHATUS YNCTON MaTEMaTUKON - HE B MOEU HaType, U S OIMKEH C 3TUM NPUMUPUTLCS.

HeCMOTpFI Ha TO, YTO NeKunn oka3biBasrin Ha MeHsA Gonblloe BnvsiHMe, elle bonblue, YemM N3 HUX, S
y3Hall U3 KHUT. YcTHas pedb HuKorga He npomn3soauniia Ha MeH4A TaKoro BnevatsieHus, Kak 1o, 4To A
Bunaen HanncaHHbIM YepHbIM MO 6enomy. YUTeHne MOXXHO Npu XenaHnm npepbiBaTtb U NMpeagaBaTbCA
pa3MbilLJIEHNAM O MPOYNUTAHHOM. Ha noknage e Bcerga YyBCTBYELlb cebsi cBA3aHHbIM X040M
MbICIMN TOBOP4ALLEero n tepdaellb HATb, €CI OTBJ1IEKAELUbCA. Bo MHorumx cnyyadax nekumn Obinn ans
MeHA TOJIbKO CTUMYIIOM, KOTOprVI 3acTtaBnan yFJ'Iy6J'I$ITbC$I B COOTBETCTBYHOLLNE KHUTW.

OcobeHHble 3aTpygHEHMs, HO BMECTE C TeM 1 60onbLUyO pagocTb, AOCTaBUIa MHE B 3TOM
CEMeCTpe, a TakKe Mo3xe Teopus anekTpudecTsa n marHetnama MakcBenna, kotTopas 3a
HEeCKONnbKO NeT nepen 3TMM nonyyuna B r'epmaHnmn nonHoe npusHaHue. MHe, kak U MHOTUM APYTnM,
3Ta Teopusi OTKpbIfa HOBLIM MUp. NMoHMMaHne Toro, Kak CroXkHenwmne pasHoobpasHble siIBNEHNS
MaTeMaTMYeCKn CBOOATCS K TaKMM MPOCTbIM Y FaPMOHNYECKM NPEKPACHBIM YPaBHEHUSIM
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MakcBenna, aBnseTca OgHUM U3 CUITbHENLLINX

nepexmBaHuim, KOTOpble AOCTYMHbI YernoBeKy. bornbLMaH LMTMpoBan ogHaxabl CTUXKU NO NoBOAY
3TUX hopmyn:

«War es ein Gott, der diese Zeichen schrieb,
die mir das innre Toben siillen,
die Krafte der Natur rings um mich her enthiillen?»

(«He Bor N Hanucan 3TW 3HaKW, KOTopble YCNOKOWUNN TPEBOTY AYLUN MOEN U pacKpbIifin MHe TanHy
cun npupoabl?») N3yyeHne aTon Teopun He NPUHECTIO HUKAKOro yuepba MOMM 3aHATUAM OMTUKOMW;
HaNpPOTMB, TPAKTOBKA OMTUKWN KaK YacTu SNEKTPOANHAMMUKM TOMNBbKO cnocobcTeoBana ele bonee
yrny6neHHOMY U3y4YeHuto.

A octaBancs B 'eTTuHreHe Yetbipe cemecTpa; 3umon 1901/1902 r. s noctynun B MIOHXEHCKMIA
yHuBepcuTeT. Ho Tam B TO BpeMsi kKak (hU3UK-TEOPETUK A HE MOTr NoYepnHyTb MHororo. Kadeapa
BonbumaHa elle He Obina 3amelleHa. Y MeHsl oCTanucb B NamMATN TONbKO NEKUMK No Teopumn
dyHKuMn Anbdpeaa lMNMpuHcrerma n npakTnkym no gpusunke y B. K. PeHTreHa, BO BpeMs KOToporo
PeHTreH o4eHb 06CTOATENBHO N BUOUMO C YOOBSIETBOPEHMEM NPOBEPSAST MOW 3HAHUSA. Torga xe 4
BrnepBble y3Har 3vuMHUe Anbnbl. B neTHMe kaHuKynbl 9 MHOro pa3 cosepLuan donbLume
nyTewecTusi Yepes ropbl ¢ F'epmaHom ®. 1, Toraa ewe gusmyeckm geecnocobHsiM, OTT0 B. HO
3MIMHUE 3KCKYpPCUM B ropbl BbINM NS MeHs1 YeM-TO HOBbIM M NpeKpacHbIM. XKanb ToMbKo, 4YTO Toraa
B F'epmaHmm He BbIno ewe nbhkHOro cnopta. He 6e3 Tpyaa xoannu mbl, riyboko norpyxasacs B
MArKUA cHer, No PodaHrebupre n 661nmn BblHYXAEHbI NONb30BaThCH canaskamu, YToObl NPOHUKHYTb
oT bproHwTenHa no BeHgenblutenHa. Mbl - 3TO YneHbl MaTemaTmnyeckoro obwecTtsa B MioHxeHe, B
KOTOpOE S OXOTHO BCTYNUII, Tak e Kak npexzae B [eTTnHreHe u noadxe B bepnuHe. B aTux Hay4yHbIX
Koprnopaumusx Besin XopoLwmi ayx. JIbpkHbIN cnopT 8 nayunn nuwb B 1906 r. Ha ®enba-6epre noa
pykoBoacTteom [Naynsa Opyae v Bunnn BuHa. Ho g yxe He Obin Torga HacTonbKo Moo, Y4Tobbl
AOCTUTHYTb MacTepPCTBa; A TONbKO MOr 40BUTLCS YBEPEHHOCTU B cebe BO BPeMS FOPHbIX 9KCKYPCUH,
1 aToro ObINO gocTa-

TOYHO, YTOObI YyBCTBOBATb BOMbLUYIO PagoCTb OT 3aHATUA 3TUM NpPeKpacHbIM cnopToM. Kaxabin
MapT, BASOTb 4O MUPOBOM BOWHBI, Mbl OTMPaBNANNCL C BUHOM B NbIXHYIO NPOrynky Ha
MutTtenBanbg (Mayne Opyae ymep netom 1906 r.). BocnommHaHmst 06 3TMX BblAAKOLWMXCS YYEHbIX,
3HaBLUMX TaKXe CNOPTUBHbIE PadoCTU, OTHOCATCS K Ynucny Hanboree NPUATHbIX BOCMOMWUHAHWIA TOro
nepmuoga Moem XXU3HW.

Jletom 1902 r. 4 nepecenuncs B bepnuH. MeHs npuenekanu Tam npexae Bcero Mov crapble
LWKONbHbIe Apy3bs epmaH ®., KOTOPLIN FOTOBUIT B TO BPEMSA JOKTOPCKYHO AMCCEPTaLMIO N0 XUMUMU,
n OTT0 B., KOTOPLIN BCE Bpems aenan 6e3HagexHble NonbITKU 3aHNMaTbCA Hay4YHbIMU
nccnegoBaHnsMn. A npuexan Tyga Nyb B KOHLE MIOHA (NepBble BOCEMb Heaernb ceMmecTpa bbinm
nornoLieHbl BOEHHbIMW 3aHATUAMM), HO NOMY4YMn MaTpuKyn 6e3 ocobbix 3aTpyaHEHUI.

Cpasy xe A nowwen Ha nekuuto naHka no TeopeTnyeckon onTuke. A 3Han ero kak aBTopa y4yebHuka
no TepMoguHamMuKe, 1 MHe BbINo N3BECTHO, YTO OH MHOMO 3aHWMarica onTUKon. Ho o ero rmaBHOM
BenMKoM AesHuun - oTkpbiTuM B 1900 r. 3akOoHa M3nNy4YeHns U KBaHTOBO-TEOPE-TUYECKOM
0BOCHOBaHUK €ro - 1 HUYEro He 3Hars; 370 Obiny Toraa ewe HenpusHaHHbIE U NOTOMY Marsno
N3BECTHbIE UCCIeLOBaHUS.

£ cMor nerko NoHATb Nekuuto, HEeCMOTpsA Ha TO, YTO OHa OTHOCUITACb YK€ K KOHLY KypcCa, NoTOMY
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4yTO A cnywan nekunn donrra B aTon obnactu. MHe gaxe yganocb obpatutb Ha cebs BHUMaHue
lMnaHka 6narogaps U3sILHOMY pELLEHUIO NOCTaBNEHHOM MM 3a4ayun BO BPEMS YNPaXXHEHUN,
OTHOCALLMXCSA K 3TOMY Kypcy. OgHoBpeMeHHO A nocewan Hebonbwon Kypc nekumn O. Jllymmepa no
«cneumanbHbiM Nnpobnemam onTukny. Peuyb wna o6 aBneHnsx nHTepdepeHUnn, Npexae Bcero Ha
pelleTke, Ha CTyrneH4YaTon peLueTke 1 B nrockonapannenbHblx nnactuHkax. Kak pas torga Jlymmep
COBMECTHO C ['epke BBES B CNEKTPOCKONUIO NiockonapansenbHble CTEKNSHHbIE NACTUHKN. Jlymmep
ObIn pykoBOAALWLMM YnieHoM [focyaapCTBEHHOrO ON3NKO-TEXHNYECKOTO MHCTUTYTA YU MPUHOCUN C
cobon

OTTyAa B (OU3NYECKUIA MHCTUTYT YHUBEPCUTETA, FAe YMTan nekumm, 3ameyaTenbHble annapartbl Ang
AEMOHCTpPaLMOHHbIX onbIToB. OH cnocobcTBOBan passuUTUIO BO MHE ONTUYECKOro MHCTUHKTA,
KOTOpPbIN BNOCNEACTBMM OKa3ancs Taknum nonesHolM Ans moen pabotbl. Temy anga auccepraumm s
nonpocun y MNnaxka. MNpnHMMasa BoO BHUMaHME YKa3aHHbIW KYpC NEKLUMA, OH Aan MHe TeMy Mo
Teopuun nHTepepeHUMM Ha nNnockonapanneneHbIX NnacTuHkax. Hag atum a pabotan oo neta 1903
r. B vtone atoro xe roga g ¢ oTnMyMeM caarn AOKTOPCKUIN SK3aMeH No MaTemMaTuke U,
COOTBETCTBEHHO MOJIOXKEHMIO, NO dounocodumn kak noboyHon cneunanbHocTn. O6 3TOM Hago
KOe-4yTo ckasaTb.

£ HMKorga He cnywan Kypca nekumi no punocogumn, Ho MHOro 1 rnyboko 3aHumMancs gpunocoduen
KaHTa. CHavana s yutan ee nanoxexue B «Mctopum comnococpmmn» KyHo duwiepa, nosxe
HeoOHOKpaTHO nepeunThbiBan «KpuTuky YncTtoro pasymar» KaHta, a Takke gpyrme ero COMMHeEHus,
npexge Bcero no atuke. CTumyn Ans aTnx 3aHATUA Bbin AaH elle B ruMHa3sndeckne spemeHa OTTo
B., HO MHe KaxeTcs, YTO TONbKO B YHUBEPCUTETCKNE robl 1 HACTONBbKO co3pert, YTobbl MOHATL
dunocodguto. OHa coBepLLEHHO npeobpasuna moe ObiTHe; Aaxe PU3MKa KaxXeTCa MHE C TexX Nop
HayKOW, HaCTOSALLMM JOCTOMHCTBOM KOTOPOM ABNSAETCA TO, YTO OHa AaeT domnocodum
cyllecTBeHHble BCromoraTesnbHble cpeactsa. MHe npecTaBnseTcs, YTO BCe HayKM OOSDKHbI
rpynnmMpoBaTbCs BOKPYr omnocodumn, Kak nx obLero LeHTpa, 1 YTo CryXeHne en ABnaeTca nx
cobcTBEHHOM Lienblo. Tak U TOMbKO Tak MOXXHO COXPaHUTb €ANHCTBO Hay4YHOW KynbTypbl NPOTUB
Hey4epXXMMO Nporpeccupytowero cneumanmampoBanna Hayk. bes aToro eanHcTBa Bes KynbTypa
Obina 6bl 06peyeHa Ha rmbens..

MpucyxgeHne y4eHon cTeneHn NpomsBoAMnoCh Toraa B o4eHb TOpXKeCTBEHHOM cbopme. Mexay
NpoYnM, AeKaH YymTan opmMyny Npucaru, B KOTopomr 3Hauunocs: «Te sol-lemniter interrogo, an fido
data polliceri et confirmare religiosissime contitueris, te artes honestas pro virili parte tueri,
provehere atque ornare velle; non lucri causa neque ad vanam captandam gloriolam, des quo
divinae

veritatis lumen latius propagatum effulgeat» *). 3Ty KNATBY, NPON3HECEHHYIO NOA NPUCATON, S
BCerga crapancs caepxatb.

Bo Bpemsi paboTbl Hag ancceptauunen s ewe cnywan y lNnaHka TepmoanHamMuky 1 B BbiCLLEN
CTeNeHn 3ameyaTenbHbIN KypC No Teopumn rasoB 1 TEMNSIOBOMY U3nyyeHuto. Ha meHsa Torga
NPOM3BENU CUNbHeNLee BrnevyatneHme 60nbLMaHOBCKUA NPUHLXMN CBA3WN SHTPOMUM N BEPOSITHOCTU,
3aKOH cMmelleHna BuHa n gokasatenbCcTBO ero [1naHKkomM B 3aKOHYEHHOM hopMe U, HaKoHeLl,
cMmenbin BbiBOA [1naHKOM 3akoHa U3ny4eHns n3 runoTesbl KOHEYHbIX KBAHTOB 3Hepruun. K aTtomy
npubaensnocb obasiHue, KOTOPOE NCXOAUIO OT 3TOr0 YerioBEKa U KOTOPOE YyBCTBOBAN KaXabl €ro
cnywaTtenb. Bce 310 ykpennsino BO MHE YyBCTBO, YTO 6EPIIMHCKUIN YHUBEPCUTET ABNSETCSA MOEN
AYXOBHOW POANHOMN.

yHI/IBepCVITeT, HO He ropoa. A Bcerga YyBCTBOBAll HEPACMNOJIOXEeHNE K 6onbwum ropogam. I'IoaTomy
4 nepeexan and rnpoaoJjikeHnAa Moero yd4eHud, KoTopoe A cHuTarn HeO6XO£I,I/IMbIM, B TUMWUYHbIN
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MasneHbK1U ropofok MeTTUHreH 1 NpoBes B HEM eLle 4 cemecTpa. A cnylwan 34ecb 3afeKTPOHHYO
Teoputo y Makca ABGparama - atTommcTudeckoe passuTtme Teopumn Makceenna - n reoMeTpuYecKyro
onTuky y Kapna LWeapuwwunbaa. lNocnegHasa 3asena MeHsi CAULWKOM Aaneko B crneumansHoOM
HanpasneHuun. B 3710 e BpeMs s caan rocyaapCTBEHHbIN 3K3aMeH Ha NpaBo npenofaBaHng B
BbICLLEN LUKOMe. JTO A Aenan Mexay npoynuM u yanBumicsa TOMY, YTO NOSYYUST OLEHKY «XOPOLLIOY.

B cBsa3n ¢ Tem, 4to 4 Bbl6paﬂ 0514 9K3aMeHa B KadecTBe CrieunarbHOCTU XUMUIo, A4 OOJTKeH ObIn,
cornacHo yCtaHOBJIEHHOMY NOpAAKY, COaTb TakKXXe 3K3aMeH No MMnHepanornu. Ho atum npegmMmeTom
A HUKOrga He 3aHUMarsic4.

*) « TopxecTBeHHO BonpoLuato Tebs! Pelumncst nu Tbl KNATBEHHO obellaTb 1 CaMbiM CBSALLEHHbLIM
obpa3om noaTBEpPANTb TO, YTO Thl XKENaellb pageTb N0 Mepe CUIl CBOMX 0 6aropoaHbIX
MCKyCCTBax, MpoaBuratb Ux Briepea v ykpailatb UX; U He paau KOPbICTU UMK CTSHKaHUS NyCTOW U
HUYTOXHOW cnaBbl Tbl ByAellb AeNUTbCS CBOMMM 3HAHUSIMU, HO A4S TOro, Y4ToObl Wupe
pacnpocTpaHsncst CBET 6OXECTBEHHOW UCTUHbIY.

B nepBble cemecTpbl B [eTTUHreHe s caenan pobkyo NonbITKY NpocnyLwaTth Kypc Nekumii no
MUHepanoruu, Ho BCKOpe oTKasasncs OT 3Toro. M3 KHUM 1 NOTOM YCBOWI 3fieMEHTapHENLLYHO
Kpuctannorpadwuio, T. €. COBCTBEHHO 3HaHWE KnaccoB KpucTannos. M aTo 6bino Bce. McnbiTaHme
npuHUMan reonor npod. KeHeH, 1 s1 40 cMx Nop NOMHIO, Kak POCIIO €ro Becerioe HacTpoeHme no
Mepe TOro, Kak OH Bce bonee ybexganca B MOEM NOSTHOM HeBexecTBe. Komncena obbvasmna
3K3aMeH caaHHbIM 6narogaps NPoABNEHHbIM MHOK 3HAHUSIM B XMW, HEOObIYHBIM ANSA KaHavaara,
CAalLEero rocyaapCTBEHHbIE 3K3aMeHbl. QTOMY CNOcobCTBOBANO Takke ACHOE NOHMMaHue TOoro,
YTO HMKAKOro NMPUMEHEHUS N3 3TOr0 3K3aMeHa s HAKOrA4a He caenato.

Ho uem o6bsicHsieTca aTOoT 6onbLuon Nnpoben B MmoemM cdmsnyeckom obpasoBaHun, a Takke bonee
cTapbix U bonee monofbix, Yem 51, pusnkos? B akagemumyeckom obpasoBaHumM KpucTannorpagpus
MoYTK COBCEM pacTBOpMACh B MUHEPANOrMYeckmx Kypcax, KacaroLmnxcs rnaBHbIM o6pa3om
onucaTenbHOW CTOPOHbI M1MHepanornn. B kypcax no uanke kpuctannbl 06blMHO YNOMUHANMCh B
ONTUKE U HEMHOTO B y4eHun o6 ynpyroctu. N ato 6bino Bece. NogobHbiM o6pasom noctynan u
downrT, Tak MHOro caenasLUMin 4N Kpuctannodusnkn. Ero ocHoBononararowee CoOYMHEHME Mo
Kpuctannoduauke Bbiwno nuwb B 1910 r. Bnpoyem, MOXeT ObiTb, 3Ta HEOTArOLWLEHHOCTb 3HAHUAMM
nmena 6naronpuaTHoe crneacTemMe B TOM OTHOLIEHUU, YTOo S no3dgHee (B 1912 r.) cMor npuctynuTb K
BOMpoOCcaM Kpuctannoguankm 6e3 BCAKOro NpeaB3aToro MHEHUS. 3HaYNTENbHO NO3Xe, B MOU
dpaHkdypTckmne rogbl (1914-1918), 4 4O HEKOTOPOKM CTENEHN BOCMOMHMUI 3TOT Npoben, HO H1Koraa
y>K€ HE CMOr AOCTMYb TOrO Harns4AHoro NPOCTPaHCTBEHHOrO NpeacTaBneHunsl, KoTopbiM obnagatoT
Te, KTO 3aHMMarncs Kpuctannodgpuamkon B 6onee monogsle rogbl. OgHako Ha MeHs NoBnusana
n60Bb NOASNIMHHBIX KpUcTannorpados K UX NpeaMeTy, O KOTOPOKW NOYTU pacTpOraHHO roBOPUT
donrT B NpeauncrioBmm K CBOEN KHUre.

OceHbto 1905 r. MNMnaHk npegnoxunn MHe ocBoboAmMBLIEECA MECTO accucteHTa B HcTUTyTe
TeopeTudeckom omamnkn. C pagocTblo 1 NPUHAN 3TO NpeanoXeHne 1 NpoBen

Ha 3TOM MecTe Tpu roga. [1esiTenbHOCTb MOSA COCTOsINa B 3aBeblBAaHNN MHCTUTYTCKOW BnbnmnoTtekomn
N MPOCMOTPE NMUCbMEHHbIX paboT, KoTopble [naHk 3agaBan CTyAeHTaM eXxXeHeaeNbHO Nocne CBOMX
nekuumn. Beyepom oH TpeboBan oT accucteHTa goknaga o6 atux pabortax n otbmpan n3 Hux
Hanbonee 3acnyxuarLime BHUMaH1S C TeM, YTOObI AHEM 0BCyAUTb UX HA NPAKTUYECKUX
3aHATUAX. A pEBHOCTHO BbINOMHAN 3TN 3agaHnsd, byayyum ctygeHTomM. Ho npocMoTp vyxux pabot
Ob1n1, noxanyn, ewe bonee NOy4YMTENbHBIM, MOTOMY YTO MPU 3TOM A U3y4an BO3MOXHbIE OLINGKN 1
Hepopa3syMeHus. A rmaBHoe, s Mor 6ecegoBaTthb € [MnaHkom 06 3TOM 1 OAHOBPEMEHHO O APYrnx
Bonpocax. B aTo e BpemMsi Ha4nMHaeTca Mo cOGCTBEHHAA HayvHasa geaTenbHoCTb. [1paBaa, a yxe
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B [eTTnHreHe onybnmkoBan nccnegoBaHue, NpuMbIKatoLlee k rmnotese naHka 06 ecTeCTBEHHOM
n3ny4yeHnn. ATo Moe nccrnefoBaHMe Kacanochb pacnpoCcTpaHEHNA €CTECTBEHHOIO N3MNy4YeHUs B
aucneprmpyrowmx cpegax. Ho tenepb (onatb-Taku Beneg 3a [naH-kom) 8 cmor rnyoxe
pa3obpaTbCsi B 06paTUMOCTN OTPAXXEHUS 1 NPENOMITEHNS fy4ya CBETA.

HaHHas NnaHkom dopmyna ans SHTPONUKM Nydka cBeTa HeABYCMbICIIEHHO NOKa3sbiBana, Yto
pacnpegeneHne aHeprum ogHOro nyvya mMexagy AByms nydyamu, nogobHbIMM eMy B reOMeTPpUYECKOM
OTHOLLEHMM (M cregoBaTeNbHO, HAaNPMMep, PaBHOW AMHbI), CBA3@HO C YBENNUYEHMEM SHTPOMNUN,
MOCKOSbKY CYMTaNoCh, YTO UX SHTPOMNUKM CKnaabiBatoTca. Ecnmn 3To Tak, TO cornacHo BTOPOMY
3aKOHY TEPMOAMHaMWKK pa3ferneHne fyva Ha OTPaXKEHHbIN 1 NPENIOMITEHHbIN NyYn ABASETCA
HeobGpaTMMmbIM npoueccoM. Ho npocToe onTudeckoe paccMoTpeHne nHTepdepeHUnmn nokasarno, YTo
o6a aTn ny4a Gnarogaps Nx KOrepeHTHOCTM MOXHO CHOBa COEAUHUTL B OAMH, KOTOPbIA HUYEM He
OyneT oTnnyaTbCa OT NepBOHaYanbHoro. 3to bbina TpyaHasa 3agaya. [NpumeHnmo nu Boobuye
BTOPOE Havano K OnTUYeCKUM SIBNEHNAM?

O6bsicHeHVe aan BblWeYNnoMSIHYThIN NpUHLMN Bonbl-MaHa, KacatoLmincs CBA3WM 3HTPOMUK C
BEPOSITHOCTbIO. brnarogaps aToMy NpMHUMNY CTano SICHO, YTO aaAWTUBHOCTb SHTPOMUM OOSKHA
NMETb 3HaYeHMe AN HEKOrepPEeHTHbIX Ny4el, HO He MOXeET BblTb MPUMEHNMA K KOT€PEHTHbIM

nyyam. QHTponus 06omnx nyyer, BOSHUKLLMX U3 OQHOrO Jlyda NyTeM OTPaXeHUs U NpenioMIeHuns,
TOYHO paBHa 3HTPOMNWM NepPBOHAYANbLHOrO fyya.

Korga a nocne pewatowero obeyxgeHums ¢ NnaHkom ator npobnembl B AOME, pacnofiOXKeHHOM B
"proHBanbAe, Bbien OTTyAa, TO Yepes Yac 1 0BHapyXun, YTO HAaXOXyCb B 300510MMYECKOM cafy; HO
S1 COBEPLUEHHO He NOHUMAar, Kak 9 Tyaa nonan n 4to s Tam uckan. Tak orpoMHoO 6bifo 3To
nepexuBaHue.

OpHako g He cobumpatocb 30eCb BXOAUTL B NOAPOOHOCTU Kaxkaon dasbl MOEro uccnegoBanus. A
3Hato 13 apyrmux 6uorpadumin, 4To 3TO - CyX0e YTeHue, NPUSATHOE, B NyULLIEM Cryvae, TONbKO Ans
NCTOPUKOB Haykn. Ho HEKOTOpbIE rMaBHbI€ NYHKTbI 1 BCE e 34eCb YNOMSIHY.

Korga 51 B 1905 r. Bo3spaturica B bepnuH, 4 ycrnblwan B 0O4HOM 13 NepBbiX OU3NYECKMX KYPCOB
3MMHEro cemectpa (MoXeT ObITb, 3TO ObINT cCambi NepPBLIN?) coobLuieHne MNnaHka o NosSBUBLLENCS B
ceHTAbpe mecsue aToro roga pabote AnHwTenHa «K anekTpoguHamMmumke OBUXKYLLMXCSA Teny.
MpeobpasoBaHmne NPOCTPaHCTBA U BPEMEHUN, KOTOPOE NpeanpuHsaia Teopnsa OTHOCUTENBHOCTMH,
N3noXxeHHasa B 3Ton paboTte, nokasanocb MHe HEOObIYHbIM. COMHEHUS, KOTOPbIE NO3AHEE OTKPbLITO
BbICKa3blBanu apyrme usnkm, He obinu Yyxabl 1 MHe. Ho aTn ngen «pabotanny» BO MHe 1 aanbLue,
Tak Kak BNoOCneacTBMuM nog pykoBoacTeoM naHka s caoenan psga co6CTBEHHbIX uccnegoBaHui. Tak,
B 1907 r. 8 cMor nokasaTb, Kak 3HaMeHUTbIN onbIT PU30 MO MHTEpPepEeHUMM B ABMXKYLLMXCA cpeax,
CUMTaBLUMINCS OO TEX NOP HEONPOBEPXKNMbIM LOKA3aTENbCTBOM CYLLLECTBOBaAHNA CBETOBOIO adhmpa,
MOXET ObITb BKITHOYEH B TEOPUIO, OTPULIABLLYIO CyLLeCTBOBaHME NOAOOHOM KBasnuMaTepUn; Takke He
onpaBganocb npexae camo cobon nogpasymMmeBaBLIEECS CITIOXEHNE CKOPOCTEN CBeTa U Tena.

£ He 3Hato, BbINO N TONBLKO 3TO UK YTO-HMOYAb ele apyroe npuyYnHom Toro, Yyto B 1910 . 9
nonyymn ot uagarenocrea «Pp. PuBeEr 1 CbiH» NPEANOXEHNE HANNCaTb MOHOrpaguio 0 Teopumn
OTHOCUTENbLHOCTU. A 3TO caenan u ctan Taknm o6pa3om aBTOPOM NEPBOro CUCTEMATUYECKOTO
N3NoXeHna aTon Teopun. Mosa KHUra BCTpeTusia XopoLLmi

npuem 1 B TeYeHMe roga Bbiaepxana vyetblpe nsgaxus. A nucan ee, nepeexas B 1909 r. n3
BepnuvHa B MIOHXEHCKMIA YHUBEPCUTET, B ManeHbKOM pbibaLkoM AOMUKE, KOTOPbIV CTOsAN Ha Bepery
03epa B6N13n napka, oTKyaa OTKpbIBaNCsa BENMKONENHbIN BUA HA cabl U ropbl. Tak XOpoLo MHe
BrnocneacTemnn 6onblue HUKorga He Obino.
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B MioHxeHckoM yHMBepcuTeTe Kpome PeHTreHa paboTtan Torga ApHonbg 3ommepdenba, KOTOPbIn
3a HECKOJbKO NneT nepea 3Tum Obin NnpurnawleH Ha nyctoBasLyto Kadpeapy bonbumaHa. 3707
3amMeyvaTenbHbIM NpenogaBaTterb BbICLEN LLKOSMbl OKa3bliBan OrPOMHOE BNSHUE Ha CBOMUX
cnywartenen. Mexay npoyMm, OH nanarasn Takke TEOPUKD PEHTreHOBCKUX JSydeln, B KOTOPOW aarn
CBOE NOHMMaHWEe BO3HUKHOBEHUSI PEHTTEHOBCKMX NyYen Ha aHTUKaTo4Ee PEHTreHOBCKOM Tpybku; aTa
Teopus BNOCNeACTBUN XOpoLo noareepannack. OHa Luenmkom cTosna Ha noYse BOSIHOBOIO
npeacTaBnNeHnsa 0 PEHTreHOBCKMNX Nyvax U, Takum o6pasom, NpoTMBOpeYmna KopnyCcKynsapHom
Teopuun, aHeprnyHo 3awmwaswenca B. I'. bparrom B AHrnun. MaTtepuan gns pelueHusi Bonpoca o
NpaBubHOCTM O4HOIO U3 3TUX ABYX B3rNs40B AOCTaBuNuM onbiTel BanbTepa v MNMons B Mambypre
Hag anddpakumen peHTreHOBCKUX NyYen Ha KnnHoobpasHow wenu. 3Tta guddpakums obina
doToMETpUYECKM NUccriegoBaHa nepBbIM accucteHToMm PenTreHa I1. . Koxom. 3ommepdenba ¢
yCnexom NpUMeHUs1 OTHOCSILLYHOCS ctoda Teoputo anddpakumm u CMOor nonyyYnTb cpegHee
3HayYeHue ANuHbI BOSHbI, NpaBga rpyboe, HO elle 4o cux nop npuMmeHumMoe (nosismnock B 1912 r.).
HakoHeL, B ero Kypce nekuum rosopunock o gaHHoM bapkna gokasaTenbcTBe nonspusaumm
PEHTreHOBCKMX JTyYen, a Takke 0 XapakTepUCTUHECKOM PEHTTEHOBCKOM U3NYyYEHUUN XUMNYECKNX
anemMeHToB. Takum obpasom, 4 Kun Tam B aTMocepe, HaCbILLEHHOW BONpocamMu O npupoae
PEHTIEHOBCKUX NyYeun.

Cam PeHTreH Torga y»xe HeCKONbKO OTCTPaHUICSA OT 3TOro obcyxaeHus. B TeyeHne neta oH Xun He
B MioHxeHe, a B Bennbrenme, Haxogsauwemca B 60 kunomeTpax toxxHee MioHxeHa. [ns yteHna
NEeKLMIN OH exxeHEBHO coBepLUan noe3gkn B noesage B MioHxeH 1 o6paTtHo. OH elle

PYKOBOAWI CBOUM MHCTUTYTOM, U3 KOTOPOrO BbIXOOUITM NOJTHOLEHHbIE paboTbl €ro0 aCCUCTEHTOB U
AokTopaHToB. Cam OH Takxke elle paboTan; Hanpumep, BMecTe ¢ Mloddpe oH nccnegosan
HEeKOTOpble BOMPOChI KPUCTaNNouamnKku, KoTopble ero 4aBHoO 3aHuMann. OgHako oH 6bin
Yype3Bbl4aiHO OCTOPOXEH B OTHOLLEHMM ONyBnmnkoBaHUA CBOMX pe3ynbTaToB; BCe BPEMSs UCKanucCb
HOBble NOATBEPXAEHUA, U NOITOMY AeSI0 HUKaK He NpUXoauro K 3aBepLueHuto. Ha konnokenyme oH
He NosBMANCA U BoobLle NpuHMMarn Mano y4acTnsa B HOBEWLWMX nccnegoBaHmsax. OH OTHOCUICS K
HEeKOTOpPbIM TEOPUsIM C nerkon Hacmelukon. Nocne onbiToB ®pugpuxa n KnunnuHra gonroe spems
OH peLunTenbHO OTKasblBancs npusHaTe 06bACHEHNe nHTepdepeHumMn. HanpoTme, OH cpasy xe
OoLeHUN 3HavYeHne npeanoxeHHon B 1919 . Y. T. P. BunbcoHoM kamepbl onsa nccrnegosaHns
pagMoOaKTUBHOCTU U JaBan e BbICOKYH OLEHKY, Kak MHE 3TO U3BECTHO 13 BEPHENLLErO NCTOYHMKA.
A nn4HO cmor ¢ PeHTreHOM CMOKOMHO MOroBOPUTL TOMBbKO OAMH pa3. OTO NPOU3OLLSIO BO BpeEMS
noesaku B PenbgaduHr B nepenosiHeHHOM noesae, rae A Hawen eanHCTBeHHoe cBOBoaHOE MeCTO
B OTAEeNeHnn TpeTbero Knacca npoTuB TOro MecTa, rae cuaen PeHTreH. Toraa y MeHsa CnoXunoch
BReYyaTtneHune, YTo Mbl MO Bbl XOPOLLO NOHATL APYr Apyra, ecnv 6bl TONLKO NpeacTaBuncs K
3TOMY Crny4an.

B 1919 r. a ewwe pa3 pasroBapuBan ¢ PeHTreHoM. f 3awuen K HeMy B MHCTUTYT Kak pa3 B TOT
MOMEHT, KOrfia OH roToBUIICA ONATb exaTb B Bennbrenm. A conpoBoxaan ero newkom 4o BOK3ana.
Ho oH roBopwus He 0 Hay4HbIX BONPOCAaXx; OH Bblpa)kan CBOK PagoCTb OTHOCUTENBHO NPU3HAKOB
BOCCTAHOBEHUS NOPSIAKA U C ABHbIM BOCXULLLEHMEM paccMaTpuBan AENCTBUTENBHO B BbICLLEN
CTENEHN N3SLLIHBbIE CUCTEMbI TPELLUH, OKPY)KaBLUME ObIPKN OT BbICTPENOB Ha CTEKNaxX BUTPUH.

YacTo crnpalwwmBatoT, noveMy 3TOT YernoBekK nocre cBoero Bbigatoweroca otkpbltna 1895/1896 r. Tak
YNOPHO BO34epXMBancs oT ganbHenWwmnx Hay4Hblx nyénukauun. BelaBrranocb MHOro MOTUBOB ANs
00BbACHEHNA 3TOro hbakTa, U HEKOTOpPbIE N3 HUX Dbl Mano NecTHbl Ans PeHTreHa. A cuutato Bce
3TN MOTUBbI NOXHbIMU. [0 MOoeMy

MHEHUIO, BreyaTrieHe OT TOro OTKPbITUS, KOTOPOE OH caenan, koraa emy 6bino 50 neT, 6bino
TaKMM CUINbHbIM, YTO OH HMKOr4a He MOT OT Hero ocBoboanTbcs. HecoMHeHHo, YTo nboe Benukoe
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AYXOBHOE AesiHMe nogaBnsieT Toro, KTo ero cosepLumn. Kpome Toro, PeHTreH, kak n apyrme
nccnegoBaTenu, UCnbiTan CAUWKOM MHOMO HEMPUATHOCTEN 13-3a Pa3HbIX OYPHbIX KA4eCTB Noaen.
Hackonbko BENUKO BbINO OTKpbITUE PEHTreHa, MOXXHO NOHATb M3 TOro, YTO BOMbLIOE YNCNO APYIuX,
4YacTo BblgaloLMXCs, PU3NKOB IKCNepMMEHTUpoBanu Ao PeHTreHa ¢ TeMu e cambiMu
BCNoMoOraTesfibHbIMM CPeACTBaAMM U TEM HE MEHEE HE MOITIN OTKPbITb 3TUX Nnyyen. NogobHoe
HaCTynneHne Ha COBEPLUEHHO HEN3YYEHHYI0 06nacTb TpebyeT, KpoMe OCTPOro rnasa, Takke
GonbLoro Mmyxectea n camoobnagaHus, KOTopoe AaeT BO3MOXHOCTb, HECMOTPS Ha PafoCTb U
BO30yXXaeHne B CBA3M C NEPBbIM OTKPbITUEM, COXPaHUTb CMIOKOWCTBME U YMCTBEHHYHO SICHOCTb.
PeHTreH gormkeH 6b1n MHOro NOTpyanTbLCS, YToObI Mexay 1895 n 1897 rogamm HanucaTb Tpu
cTaTbM, KOTOPbIE HACTONLKO UcYepnbIBany NpeaMeT, YTo Lenoe AecaTunetTme He Mormno npnbaeuTb
Hu4yero HoBoro. C Kakon reHnanbHON TWaTenbHOCTLIO BbiNK HanucaHbl 3TK ctatbn! A 3Hato NuLLb
OYeHb Marno CoOYMHEHUN 06 OTKPbITUSIX, KOTOPbIE cCoaepKaT Tak Masno ynyuweHun. Y PeHTreHa Bce
OblNo B NOMIHOM nopsiake.

OcobeHHoe 3HaveHne anst MeHs Meno To, 4To B MioHxeHe Bbina elle xuBa Tpaguums
nccnegoBaHnst NPOCTPaHCTBEHHOWM peLLeTKN KpUCTanoB, O KOTOPOK eABa N BCnoMuHanm
roe-HMbyab B Apyrom Mecte. 3To 00bACHANOChL oTYacTh Tem, YTo Ao 1897 r. B MioHxeHe paboTan
JleoHappg 30HKe, KOTOPbIN MHOrO caenan ana MmaremaTtudeckon obpaboTku aton npobnemsol. B
KONNeKUnsax yHMBEePCUTETCKOrO MHCTUTYTa MOXHO ObINo BUAeTb Moaenu peweTok. bonblias
3acnyra npuHagnexuT Takke MuHepanory Naynto MpoTy, KOTOPbIA B CBOMX NEKUMAX NOCTOSAHHO
roBOPUIT O peLLeTKax.

B despane 1912 r. . ®. OBanbg, AokTopaHT 3oMmmepdensaa, KOTOpbIN SOMMKeH Obin
MaTemaTU4eckn uccrneoBaTb NOBeAEHNE CBETOBbIX BOSIH B MPOCTPaHCTBEHHOW peLleTke 13
NoSIAPU3YLLNXCA aTOMOB, HO HE MOT NPUATYU K

npaBuUIbHbIM pe3ynbTaTaMm, SBUICA KO MHE Ha KBapTUpy 1 nonpocun coseta. KoOHeYHO, S He 3Harn,
Kak eMy nomoub. Ho npu obcyxaeHnn aToro BONpoca MHe npuvLina Bapyr B rofioBy MbiChlb, YTO
Hago nonpoboBaTb NponyckaTb Yepes kpuctansbl 6onee KOPOTKNE BOMHbI, 8 UMEHHO
PEHTreHOoBCKue nyyun. Ecnn atombl 4encTBuTENbHO 00pasyoT NPOCTPAHCTBEHHbIE PELLETKN, TO
AOIMKHbI NONYYNTLCSA ABNEHUA NHTEpdepeHunn, NnogobHble CBETOBOM MHTeEpdepeHUMn Ha
ONTUYECKMX peLleTkax. ATo npeanoxeHne obcyxganock bonee monoasimu omsmnkamm MioHxeHa,
KOTOpble KaXaoe BOCKpeceHbe cobupanuch 3a ctonom B kadpe Jlyu. OanH n3 aTon KomnaHuu,
BanbTep ®pnapux, KOTOpPbIA HE3AJ0MAr0 40 3TOrO NOSTYYMIl YYEHYIO CTeNneHb 3a paboTy O paccesiHUK
PEHTreHOBCKMX JTy4en N Ha OCHOBaHMM 3TOro cTan accucteHToMm 3oMmepdenbaa, pewmn
NPON3BECTU IKCNEPUMEHTAlNbHOE UccrnegoBaHne. EAMHCTBEHHOM TPYAHOCTLIO BbISIO TO, YTO
3omMepenb CHavana HMYero He oXxugan ot 3ToW uaeun u npeanoymTtan nocagnte dpugpmrxa 3a
ONbITbI MO N3YYEHUIO pacnpeneneHns HanpaBneHun nyyYyen, UICXoaaLWmnX U3 aHTmkartoga. Ho n ato
npenaTcTeue ObiNo NpeogoneHo, Koraa npuwern Ha nomoulb MNMayne KHUNNWHE, OKTOpaHT
PeHTtrena. ®pugpunx n KHmnnuHr Havyanu onelTel nepen nacxon 1912 .

O6a npuwnu K ogHOMY 1 TOMY e pe3ynbTaTy. PoTorpamma nsnyyeHns Kycka cynbdarta megm
nokasana, Hapsiy ¢ NepBUYHbIM PEHTTEHOBCKUM fTy4OM, BEHYMK AND-PPpaKkLMOHHOIo cnekTpa
pelweTkn. B rnybokon 3agymumBocTu wen 8 goMmon no Jleononbawrpacce nocne Toro, kak dpmnapmx
rokasan MHe 3TW CHUMKM, 1 yXe BONn3n moen KBapTupbl, HaxoausLuencs Ha bucmapkwtpacce Ne
22, nepeq gomom Ne 10 Ha Surdpualutpacce, MHe npuLinia B rofloBy MbICSlb O MaTeMaTUYeCcKom
Teopun 3TOro siBneHnd. Hesagonro 4o aToro B ctaTbe Ans QHUMKNoNegmMmM maTeMaTniecknx Hayk g
3aHOBO chopmynmpoBan Bocxoasiyto K LWeepay (1835) Teoputo gudbdpakumm Ha onTUHECKON
peweTke. MHe Hago 6bINo TONBKO YY4EeCTb Hanu4yne Tpex NnepmogoB NPOCTPAHCTBEHHOW peLLETKH,
4YTOBObI 06 BACHUTE HOBOE OTKPbLITUE. Habntogaembin BEHYNK MHTEP(EPEHLMOHHBIX NyYen yaanochb
XOPOLLO CBSA3aTb C KaXdblM
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N3 Tpex yCnoBui UHTEpPdEPEHLMM, B3ATbIX B 0TAeNbHOCTU. Koraa Yyepes aABe Heaenu s
KONMYECTBEHHO MPOBEPUIT TEOPUIO MO APYrUM JYYLLIMM CHUMKaM M HaLLerl, YTO OHa BMosHe
noaTBepAnnachk, 3To ObiN AN MEHs peluatoLnii AeHb.

Teopwusa npogomkana nogTBepXa4aTbCAa U B AanbHENLWEM, U ropaso nydwle, YeM MOXHO 6bIno
oxumaaTtb. AT0 6bINo 0COH6EHHO NOpasnTenbHO NOTOMY, YTO OHa NpeAcTaBnsna cobon ToNbko
npubnmkeHune. Okono 1920 r. ToYHble n3mepeHnsa B 3MrbaHoBCKOM MHCTUTYTE B YNcana ganu
HebonbLIMe OTKIOHEHNA OT Hee. Heobxoamumoe Onsa nx NOHMMaHUSA yTouHeHue Teopun npounssen 1.
®. OBanba. Ho aTa nepBas «reoMmeTpudeckas Teopus» BnosiHe yooBrneTBopsifia OorpOMHOMY
KONMYecTBY UCCNefoBaHHbIX C TEX NOp Cryyaes. JTa TEOPUS okasanacb NPUMEHMMON gaxe Ang
NMHTepdepeHLUnN 3NEKTPOHOB B KpucTannax (oTkpbiTon B 1927 r., ¢ ogHon cTopoHsl, C. C.
Hasuccosiom un J1. I'. [kepMepom U1, ¢ pyron cTopoHsbl, . 1. ToMCoOHOM), XOTS He Bceraa Tak
XOpOLLO, KaK AN peHTreHOBCKUX Ny4en.

8 ntoHs 1912 1. 9 [ONOXKUN 3TO OTKPLITUE HA 3acedaHnn HEMELKOro onamyeckoro obLiecTea B
dun3n4eckoMm NHCTUTyTEe BepnmHckoro yHmBepcuTeTa, Ha TOM CaMOM MecCTe, Ha KOTOPOM B Aekabpe
1900 r. NnaHkK BNnepBbie roBOpMI 0 CBOEM 3aKOHE U3NyveHnst 1 Teopumn kBaHToB. C Tex nop
BO3HMKIa BonbLlasg nutepaTtypa no aKCnepuMeHTanbHbIM U TEOPETUYECKUM BOMPOCaM B 3TON
obnactn. Korga g B 1941 r. B kHure «MHTepdepeHLma peHTTEHOBCKMX NyYen» N3N0XUI TONbKO
TeopeTU4eCKyto CTOPOHY Aena, TO OKa3arnock, 4To ansa atoro Tpebyetcs 350 ctpanumu. MNepBbi
GonbLon war Bnepea nocne momx onybnukoBaHHbIX nccnegoBanun coenann B 1913 r. B. M. n B. J1.
Bparru.

OTOT wWar Bps4 nv 9 cam Mor 6bl caenaTthb, Tak Kak OH Kacancs rnaBHbiM 06pa3om AeTanbHOro
nccnefoBaHnsa OTAENbHbIX KPUCTANMMYECKUX CTPYKTYP. MeHsi ke BO Bcex o6nacTtax msmku
WHTepecoBanu npexae Bcero 6onblume obwmne npuHumMnbl. [No3aToMy Ha MeHs Takoe 6osbLoe
BrevatneHne npons3soamnm nexkumm MNnaHka, KoTopbiv rMyboko nanaran 3Tm NPUHLMNBI 1
nogyepkmBan nx aHade-

Hue. MpuHUMNManbHblE BONPOCHI O NPUPOAE PEHTIEHOBCKMX fy4Yel, C OOHOM CTOPOHbI, U
KpUCTanmnos, ¢ ApYroi CTOPOHbI, ObIfM 4OCTAaTOYHO PeLLeHbl Npy NoMoLm onbiToB Ppuaprxa u
KnunnuHra. Bparrv otaaBanu npeanoYTeHne oTAeNbHbIM BeLecTBaM; OHW yrnybnsnucs B
CTPYKTYPY XIOPUCTOro HaTpus, anmasa v aanblue 40 CNOXHEALWNX cunmkaToB. Pusnka HyxagaeTcs
B UCCrefoBaTensix pas3nMyHoro AapoBaHusi u GeicTpo nonana 6bl B Tynuk, ecnm Obl Bce hn3unkm
OblnIM OOQHOIO U TOTO e YMCTBEHHOIO TMna.

NcTopus oTKpbITUA MHTEpdEPEHUNN PEHTTEHOBCKUX JTy4eln SICHO XapakTepusyeT LeHHOCTb Hay4YHOW
rmnoTesbl. Yxe 3agonro Ao onbitoB ®pugpuxa n KuunnmHra mHorve ousukuy nporyckanu
PEHTrEHOBCKME Nyymn Yepes Kpuctannbl. Ho nx HabnogeHnsa orpaHMynBanncb NpsiMo NPOXOANBLLMM
Ny4OM, OTHOCUTESBHO KOTOPOro OHW HE MOTMN BbiCKa3aTb HAYEro 3amMmedaTesibHoro, Kpome
YTBEPXKAEHMS O ero ocnabneHnn Npy NPoOXoXaeHnn Yepes KpucTansm; OT MX BHUMaHUS YCKOMb3anu
ropasgo MeHee MHTEHCUBHbIE OTKNOHEHHbIE Ny4yn. JInwb rmnoTesa NpoCcTPaHCTBEHHON peLueTKn
KpucTtanna gana MbiCfib 0 HeoBXxoaMMOCTK nccnenoBaTb 3T nyyn. Camo cobon pasymeeTcs, 4TO
3TU Ny4n Habnoganuce 6bl HE3aBUCMMO OT NPUMEHEHNA Boree CUNMbHbIX PEHTFEHOBCKNX TPYDOOK,
NOSIBMBLLMXCS B CBSA3M C NPOrpeccoM TexHUkn. Kakon-nmbo crny4vam Bce paBHO npueen 6bl K nx
obHapyxeHuto. Ho TpyaHo npeasuaeTb, Korga 3To cnyynnoch 6bl. Mbl MOXXeM TOMbKO onpeaeneHHo
ckasaTb, YTO uaesi NPOCTPaHCTBEHHOM peLLeTkM bbina Heobxogmmon anga o6bAcHeHUs hakTa
CYLLIECTBOBaHUSA 3TUX Ny4Yen.

Kak yxxe 6b1510 ckasaHo, 9 He cobupatocb 34ecb AaBaTb NOSHYK KAPTUHY MOEN Hay4yHOW paboTbl 1
noapobHO BXOANUTbL B MOV AOKNaAbl O MaTeMaTUYECKon pa3paboTke TeopUM MHTEPdEPEHLMM
PEHTFEHOBCKUX fy4en. 5 Xo4y ykasaTb TONbKO Ha pag onybrmMkoBaHHbIX paboT, B KOTOPbIX
NPOSIBUIIOCH BIUSIHNE BbILLEYNOMSHYTOro ndyyeHns teopum Makcsenna. B TedeHne HecKonbkux net
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00 1934 r. a1 Obin TEOPETUYECKUM KOHCYNbTAaHTOM PU3NKO-TEXHNYECKOTO roCcyJapCTBEHHOMO
WHCTUTYTa U MMeN TECHbIN NMNYHbBIN U HAayYHbIW KOHTAKT ¢ BanbTepoMm MencHepom, KOTOPOro s 3Harn

eLle Co BpeMeHM Moeln acCUCTEHTCKON paboTbl Kak y4acTHUKa uccrnegosaHuin MNnanka. OH 6bin
Tex Nop coTpyaHMKOM [FoCcygapCTBEHHOMO MHCTUTYTa U PYKOBOAUTENEM ero iabopaTopumn HU3KUX
TemnepaTyp. Ero ocobeHHO nHTEpecoBana cBepxnpoBOAMMOCTb - YANBUTENBHOE NCYE3HOBEHME
3NEeKTPUYECKOro CoNnpPoTUBMNEHNS, OBHapyXnBarLLeecs Yy HEKOTOPbIX METansoB rnpu oxnaxgeHnn
[0 TeMnepaTtypbl XUOKOro renus. bbinio n3BeCTHO, YTO AOCTATOYHO CUIbHOE MarHUTHoe none
paspyLllaeTt cBepxnpoBoamMMocTb. OgHAKO n3MepeHUsi NokasblBasriv HENOHATHYO 3aBUCUMOCTb
Heobxo4MMOoW A58 9TOro CUfbl MO OT HanpaBfeHWs Nosis N0 OTHOLLEHWUIO K OCU NPOBOSIOKMK;
TONMbKO B 3TOM (bOpMe nccnegoBanu Toraa 3T metannbel. MHe npuLwina B rosioBy MbiCflb, YTO
CBEpXnpoBoAsLLas NPOBOSIOKa cama yCuUnuBaeT nomne 1 UMeHHO TakuMm 06pasom, YTo y ee
NMOBEPXHOCTN NOSABISAETCA 3HAYMTENBbHO Borbluee HanpsXKeHne HOMNsA, YeM Ha HEKOTOPOM
oTaaneHuu ot Hee. Moe npegnonoXxeHne o TOM, YTO ANS paspyLleHUs CBEPXNPOBOAUMOCTU
dakTnyeckun Bcerga TpebyeTcsa oanHaKoBas HaNPsPKEHHOCTb MOMSA, MOXHO ObINIO Nerko
KONMNYEeCTBEHHO OPOPMUTL U NMepeHecTn Ha Apyrie opMbl Ter, HanNnpuMep Ha cBepxnpoBoasLume
wapsbl. A gonoxun 06 atom B 1932 r. Ha ceccun ¢omsmkoB B bag-Hayrenme npu nonyyeHnn meganm
MnaHka. MNocTaBneHHbIe B CBA3W C 3TMM ONbIThbl Ae [[aasa n coTpyaHMKoB nabopaTtopmm HU3KUX
TemnepaTyp B JlengeHe NONHOCTLIO NOATBEPANNN MOe npeanonoxeHue. [osxe g 3aHMmancs ewe
TepMOLMHAMUKON CBEPXNPOBOAMMOCTU U, NpuMbIKasa K Ppuuy u NenHcy JIoHAOHY, paclwumpeHnem
Teopun Makcsernna ¢ TeMm, YTobbl BKMIOYNTL B Hee siBfeHne ceepxnpoBogumMocTtu. OgHako He
y0anoch elle noka npoBepuTb Ha OnbITe BCe CNeaCTBUS; 34eCb OCTaNUCh CyLLEeCTBEHHbIE 3a4a4u,
Tpebylouime CBOero paspeLleHuns B NocreBOEHHOE BpeMS.

Bce nanoxxeHHoe a nucan B 1944 r., 1 OHO JOMKHO ObINO eLlle Toraa NoUTU B NeYaTb.
O6cTosTenbCTBA BOEHHOMO 1 NOCIEBOEHHOIO BPEMEHM NMOMeLIanu aToMmy, 1 nuwb Tenepb (1951 r.)
npeacTaBnaeTcs BO3MOXHOCTb ony6nu-

koBaHUs. Ho 3a 3T0 BpeMs Cry4mnnocb MHOIoe, YTO JOSMKHO HAWTU CBOE OTpaXKeHue B MOeW
aBTObOMOrpacun, 1 NO3TOMY A1 peLlnn ee AONONHUTL. A A0Nro COMHeBarcs, NoaonaeT v aToT
maTepuan nog 3arnasue «Mow TBOpYECKUiA NyTb B OU3MKE», U HE NyYlle N BbiGpaTb Tenepb HOBOE
3arnaBue: «3aknunTenbHbl akkopay». Ho, B KOHLE KOHLIOB, TBOPYECKUI MyTb Y NOANINHHbBIX
YYEHbIX KOHYaETCS TONbKO CO CMEPThIO.

Ecnn a gormkeH BepHYTbCS Aaneko Ha3af, To Hago pacckasatbh cnegyouwee. B 1897 r. no
OKOHYaHUW MTMMHA3UN MHE BOJSIEN-HEBOMEN NMPULLNOCH NMPUMUPUTBCHA C BOEHHOM CNYX060Kn, XoTH
BCceobLLasa BOMHCKasa NOBMHHOCTb, HOCUBLLASA Ha cebe B Te MUPHble BpeMeHa nedatb bucmapka,
npeacrasnsanacb MHe HEO6OCHOBaHHBLIM BMELLATENBbCTBOM rOCY4apCTBa B MO JIMYHYHO KMU3Hb U
pacTpaTon BpeMeHu, HeobxoaumMoro Ansa Hay4yHoro pocTta. Ha nepBbin B3rnsia MOXeT nokasaTbCs,
YTO MNocre NpeogoneHnsa nepBbixX TPYAHOCTEN S XKUIT HEMMOXO; S cTan oguuepom 3anaca, Korga no
HaCTOSsIHMIO MOEro OTLa nogan CoOTBETCTBYOLee 3asBieHe 1 caan npu 3Tom Bce Tpebyemble
ucnblTaHus. Ho Bce Moe CcyLecTBO BOCCTaBarno NpoTuB BOEHLUMHbI. f He Byay 34ecb roBOpuUTb O
TOM, Kakne HeBOEHHble 0bcTosATeNbCTBa BCe Bonee o60CTpsAnM 3TO YYBCTBO U B KOHLIE KOHLIOB
NPUBENN MEHS K Tshkernomy 3abonesaHunio. Ho BO BCSIKOM criydae nocrne 3Toro s y»ke Mor co
CMOKOMHOW COBECTbIO XoAaTancTBoBaTb 06 oTCTaBke, KOTopyto s 1 nonyyun B 1911 1. B 1914 r,
Korga paspasunachb nepsasi MMpoBasd BOWHa, B KOTOpPOKM C ['epmMaHnen nocTynunm Hecrnpasennneo
(31O ObINO TOrga MOUM rNyBOKMM YBEeXaeHNEM, U OHO COXPAHWUITOCH A0 CMX NOpP), 9 NoNbiTancs
CHOBa MOCTYNUTb Ha BOEHHYIO Cyx0by. A gaxe oTkasarncs oT NnpeanoXXeHHON MHe XOpoLUen
akagemuyeckon JormkHOCTY B LLBenuapun, 4Tobbl pasgenuTb y4acTb HEMELIKOro Hapoaa, XOTS U
npeasuaen, 4Yto yyactb ata bygeT Taxenon. Ho MeHsa He NPUHANK B apMU1I0; 3TOMY NoMeLlanu Te
Xe camble 06CTOATENLCTBA, O KOTOPbIX, KaK 51 yXXe yKkasbiBars, 1 He 6yay 30ecb roBopuTb. XoTH 4
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TOrga oveHb CTpagar n3-3a 3Toro oTkasa rnpMHATb MeéHA Ha BOEHHYIO cny>K6y, HO, KaK OKa3alocCb
BnocnencTesunn, BCe BbILLIIO K Ny4LLemy.

Korga meHst onaTb XxoTenn MobmunuaoBaTb Ha MMTIEPOBCKYH BOWHY, 9 00MNcs ocBoboXaeHns,
COCNaBLUMCb Ha TO, YTO MeHs 3abpakoBanu. Moero eAnHCTBEHHOrO CbiHa S yxxe B 1937 r. nocnan B
AmepuKy, 4TObbl ero He 3acTaBunn cpaxaTbcs 3a [uTnepa.

B Moei Xun3Hu s nposiBun A4oCTaTovHO yMa, YToObl MO BO3MOXHOCTU AepXaTbCHa BAanu ot
NoONIMTMYECKON OeATEeNbHOCTU, KOTopas Bbixoguna 6bl 3a npeaensl y4actus B Bbibopax, u 370 -
HECMOTPS HA MOW CUIbHbIE MOMMMTUYECKNE MHTEPECHI; A 3HAN CBOM rpaHnubl. Ho KTo Mor nsbexaTtb
nonutukn nocne 1932 r., koraa BCE 1 Bcs 6bIN0 NPOHM3AHO MOMMTUKON N OLLEHMBAroCh
nonutmnyeckn? OcobeHHO TSXKENO Ha MeHs1 AencTBoBany 6e33akoHne n NPon3Bors
HaunoHan-coynanuama, yHmkasLne MO ropaoCcTb YYEHOro, a Takke BMeLaTenbCTBO B cBOGOAY
HayKu1 1 BbICLUMX LWIKOM. Y MeHs BbIfno Bcerga eLle Co LWKOMbHbIX NET, MANKO BblpaXKasiCb,
HenpeosonMMoe OTBPaLLEeHNe K aHTUCEMUTU3MY, XOTS MEHSI CaMOro 3TO He Kacarnoch; HUKorga o
1933 r. npu 3aknoyeHnn gpyxbbl y MeHA He BbINo B MbICIIAX BONPOCa O «pace» MOero gpyra.
Hukorga, paxe B 1918-1919 rr., 4 He 6b151 NO3TOMY B TAKOM OTYasiHUKM NO NoBoAY Cyabbbl Moen
pOAMHbI, KaK BO BpeMsi ee cMmepTenbHon 6opbbbl B 1933/1934 r., Ao Tex nop, koraa oHa 4 aBrycTa
1934 r. nonyymna nocnegHun cmepTenbHbIA yaap KMHXanom B cnuHy. NogobHo MHOrMM Apyrum,
Torga s BTaHe 4acTto UMTUPOBan CTUXK:

«Denk ich an Deutschland in der Nacht, So bin ich urn den Schlaf gebracht» *).

Hepep,Ko npu npo6y>|<,ueH|/||/|, BCMOMUHaA yXXacCbl npeablaywero aHsa, 4 cnpawinean cebs, He cHuTCA
nn MHe Bce 3T0. Ho, Kk coxxaneHuto, 3To bbina AenCTBUTENbHOCTb, XKECTOKas AeNCTBUTENbHOCTb.

OpgHako g He No3BONAN 3TUM HaCTpOeHnAM napajnim3oBatb MOKO BOJIHO. |-|OCKOJ'Ibe 370 ObINO B MOUX
BO3MOXHOCTAX, A nNomMorarn XeprtsamMm HauMoHan-counanmdma, npexne

*) «dymasg Houbto 0 'epmaHun, Tepsto 9 COHy.

BCEro CBOEBPEMEHHbLIMY NMPeoCTEPEXEHNSIMN; B OCOOEHHOCTN 3TO OTHOCUTCS K TEM MOUM
TOBapwLLiaM, KOTOpbIe NMLanncb JOMKHOCTU. B oTAenbHbIX peakmx criydasx aTm NigmM CMornm
npoaepxatbca B [epMaHMm B Te4EHME BCEro 3TOro 3510C4acTHOro BpemMeHun 6narogapst NOMOLUM -
He Tonbko Moen. fopa3go valle, 04Hako, st pacyuLan opory Ans Tex, KoTopble AMUrpupoBanu,
nocbinas B 3arpaHyWyHble opraHm3aumm NoMoLLM cBeaeHns 06 UX IMYHOCTU, CEMENHbIX
obcToATeNnbCTBAaXxX, 0COOLIX CMOCOBHOCTAX M XenaHuax. B cBA3M ¢ Tem, 4TO novToBas LeH3ypa
nepexeaTtbiBana nogobHble NUCbMA, 3TN CBEAEHUSA MPUXOAMITOCH OTNPAaBNATL Yepes rpaHuly bonee
HagexHbiMu nyTamn. OgHaxabl S nepeses3 B Yexuto Ha cBoeM aBTOMOOMIE OQHOrO YenoBeka,
KOTOpOro npecrnegosany. 970 ObINO Toraa ropasao fnerye, 4em MHorne gymatot. Ho Bce aTo
AOJTKHO BbINO coBEpLLATLCA BO3MOXHO 60nee KoHCNMpaTUBHO.

OpHako o cBoux ybexaeHusax s 3aasun omumansHo. O6 3ToM CBMAETENBbCTBYIOT ABa AOKYMEHTA,
KoTOpble A NyGnMKy0 B NPUNOXEHUN K 3TON paboTe. NepBbin JOKYMEHT - 3TO TEKCT peuyu,
NPOU3HEeCEHHON MHOIO Kak npeaceaartenemM ['epmaHcKoro pmsnyeckoro obuiecTsa Ha cbesae
dusukos B Bropubypre 18 ceHTabps 1933 r. n Bckope 3aTeM onybrmnkoBaHHOW B (p13N4eCKOM
XypHane. [pyron JOKYMEHT - 3TO MOM HEKPOJSIOr O BblAaroLweMcs npeacrasutene omsndeckomn
xumun ®pure MNabepe, yBonbHEHME N N3THAHWE KOTOPOro NpuUHaanexar K Yncny ocobo
«406NeCTHbIX» AESAHUI TMTNEPOBLUUHBLI. ATOT HEKPONOr nosiBunca secHom 1934 r. B
Naturwissenschaften. 3a 310 4 nony4un BeiroBop oT MMHMUCTEpPCTBa KynbTa. Tam, BUAHO, oLwwyLianm
noTpebHOCTb caenaTb YTO-NMBO AN MOEro «pasBnevyeHns».
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Byayum npodeccopom bepnunHckoro yHnsepcuteTa n samectutenem aupekropa dmnsmnyeckoro
WHCTUTYTa UMeHN umn. Bunbrenobma, s 6bin cBasaH ¢ bepnvHom u nocne 1939 r. 3Tta cBA3b
ocnabena, korga MMHMCTEPCTBO KynbTa yBOMMIO MEHs Ha neHcuto 1 okTabpst 1943 r. 31o 6bino
cAenaHo 3a rog Ao Toro, Kak 9 4OCTUr COOTBETCTBYIOLLEro BO3pacTa, HO, O4HAaKo, A Aasn Ha 9To
cornacve. B cepeguHe

anpens 1944 r. 4 6111 B bepnnHe Bo Bpems BO34yLLHbIX 6boMbapaMpoBoK. A Buaen, Hanpumep,
He3abbiBaeMown Ho4blo 15-16 dbepana 1944 r., kak ropeni XUMUYECKUA NHCTUTYT UMEHM UM,
Bunbrenbma, kotopbim pykosoaun OTTo MaH. Hag kpbllen n B3opBaHHOW FOXXHOW CTEHOM
MOHYMEHTanbHOro 3gaHus dyweBano Mope OrHs - CTpalHoe u BenmyecTBeHHoe 3penuue! Korga
dn3NYECKNN NHCTUTYT UMEHN M. Bunbrenoma 6bin aBakynpoBaH n3 [lanema, a Mmon oM B
LleneHgopde xoTs 1 He 6bin npuBeaeH B OKOHYATENbHY HEroA4HOCTb GoMbBamu, HO CTan OYeHb
HEYITHbIM, S1 NePECENUICA BMECTE C MHCTUTYTOM B 'exmHreH. Tam, B65M3m KpenocTu
["oreHUONNepHoOB, 1 1 MOA XeHa NPOBENN CNOKOWHLIM rof. Hag ropogkom 4acTto NPOHOCUITUCH
GnoTUANKM CaMOseTOB, HO NOYTK He Tporanu ero. Y1 noaToMy s BCNOMWHAKD 3TOT Nepuos, Kak
OTHOCUTESIbHO CYACTNMBbIN, XOTS Mbl HE ObIN N36aBnNeHbl OT NULLEHNA BOEHHOTO BpemMeHu. Kpome
TOro, 1 B 3TO BpeMs Mbl BUOENN HEMArO YXXacoB MMTIIEPOBCKOro pexuma; XopoLumn apyr Bapyr
apecToBbIBancd Ha ynuue, u Mbl He 6e3 ocHoBaHNA 60snCh, YTo ero 3acTpenaT. OGOPOHHbIE
MeponpuAaTUSa B [eXMHIreHe XoTa 1 HOCUNN pebsivecknin xapakTep, oka3anucb 6bl onacHbIMK, ecrnn
Obl Aeno gencTeuTenbHO Aowno Ao 6opbobl. K cyacTtblo, nobeannu Te, KTo NOHUMar, Kak
B6ecnnoagHo nogobHoe conpoTusrieHne. C YyyBCTBOM ObBnerdeHns yBuaenu xxutenu ropogka 23
anpens 1945 r. paHuy3cKkue 1 ncnaHckue pecnybnmnkaHckue Boncka, Bowealume 6e3 6opbobl B
ropod, HeCMOTPS Ha BCe BOEHHbIE Mepbl, CBA3aHHbIE C TAKOro poaa «3aBoeBaHusAMNy. Bce aTo
HUKOTO Y)Xe He MOrfo YANBUTb.

Ho HeoXMaaHHbIM OKa3aricsl NPUXOA aHrNo-aMepUKaHCKUX BONCK, KOTOPbIEe Ha cneayroLwWwuin eHb
nocre cBoero nosABneHus 3aHanu VHCTUTyT umeHn umn. Bunerenoma u obbickanu ero. Kak
BbISIBUIOCb NO34HEE, 3TO BbIN0 CBA3AHO C aMepUKaHCKMM NpeanpuatmeM «Anb3ocy. 3TO Ha3BaHue
npeacrasnseT cobon NnepeBoa Ha rpeyecknin A3blk UMEHM rnaBHOro reHepana [pose
(CpoBe=Hain=). B aTtom npeanpusaTun y4yacTBoBanu N0LM U3 HAYYHOrO MUpa, MeXay NpovMM, Mon
noyTeHHbI konnera C. loyacmut. K Moemy yanBNeHMo 1 notexe, OH BHe3arnHo

NOSIBUIICA B HaLLeW KBapTUpe B CTanbHOM Lurieme. HecMoTps Ha CBOK AeATeNbHOCTb, OH Bbin B
rnybokom Tpaype no poauTensm, Kotopble 6binn narHaHbl B FonnaHauvio, a oTTyaa nepesefeHbl B
narepb YHUYTOXEHUS, rae n 6biny ymepLuBneHbl (F€nseHbepr u s, korga Mbl y3Hanm o6 aTnx
HamepeHnax B OTHOLLEHUN poauTenen MoyacmuTa, XoTenu ToT4ac e BMeLaTbesi, HO yxe 6bino
CMULLKOM NO34HO). DTK YacTu, Koraa OHW yXO4unn, B3anu ¢ cobon psag pusnkoB-saepLLMKOB, a
TaKKe MeHsl, OKa3aB MHE COBEPLUEHHO HE3aCNYXXEHHYI0 YeCTb NPUYMUCIIEHNEM K 3TOMY poay
dun3nkoB. brnarogaps HECKONbKMM MOMOMHEHUSIM 3Ta rpynna B KOHLUE KOHLIOB Bblpocna 4O AeCATU
yenoeek. Hac nepese3nn cHavyana B ['engensbepr, oTTyaa B Perimc, a NoOTOM B Napuxckoe
npegmectobe BeaunHe; 3atem Hac nepeBes3nu B NpenectHbIn 3amok Pakesarn, oxHee ['yn (B
Benbrun), n, HakoHew, B XaHTUHIOOH B AHIIIUN.

Mbl He Mornm noxanoBaTbCs Ha 0b6xoxaeHue. [ocne NUWeHNn BOEHHOTO BPEMEHMW BOEHHbIN Naek
Kasarncs Ham npeBocxofHbiM. B XaHTUHrOOHE Mbl MMENN B CBOEM PACNOPSKEHUN, KpOME
NPOCTOPHOro 3ana 3aMka ABYXCOT-NATUAECATUNETHEN AABHOCTU, YacTb NPUMbIKAIOLLLEro caja.
lMepen Hamu packpbliBarncs nNpekpacHbl BUA, Ha CTapbln Napk, NpocTuparowmnca 0o Aysbl; Mbl
UMEnu aHrmuncKne ' 1 aMepuKkaHCKme raseTbl, XypHarbl, HEKOTOpPble Hay4Hble COMUHEHUS; MPU
MOMOLLIM NPEKPACHOro NPUeMHUKa Mbl MOMIM CRyLlaTh BblAaloWwmecsa My3blkanbHble nepegayv
NIOHOOHCKOro pagno. Hepeako KTo-nmbo 13 oxXpaHsaBLUMX HAC aHIMMNCKUX ocunuepoB Gpan Hac B
aBTOMOBUITIbHbIE MNOE3KN NO NPEKPACHbIM OKPECTHOCTAM XaHTUHIAOHA, K 3HAMEHUTbIM cobopam
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MeTtepbopa unu Ann. Hac Bo3unu gaxe B JIOHOOH, rae, Mexay NpoynM, XUnm eANHCTBEHHbIE
AOoNyLEeHHbIE K HaM Bpayu (TepanesBT 1 3yb6Hon Bpad). HO Mbl HUKOrga He cMornm nobbiBaTh B
pacnonoXeHHOM HeJdaneko ot XaHTUHraoHa KemOpumke; Hac Mornm y3HaTtb B 3TOM
YHMBEPCUTETCKOM ropoAe, a Halle cofepkaHne Obino CTporo 3acekpeyeHo. MNepBble YeTbipe
MecsiLa Mbl HE UMENN HUKAKOW CBA3WN C HALWMMW CEMbSMU; NO34HEeEe Mbl, NpaBaa, CMOrfn UM
nncaTb, HO He LOMKHbI OblNM YNOMUHATEL CTPaHbl, B KOTOPOW HAXO4MMUCh. OTO CBUAETENbCTBO-

Bano o6 onpeaeneHHon HeyBepeHHOCTN nobeanTenen OTHOCUTENbHO TOrO, KakK OHU JOJDKHbI
NOAXOANTb K HEMELKUM hr3amkKam, CNOCOBHOCTM KOTOPBIX OHW LIEHMITN, HO B TO e Bpems 60snmch
«OMAaCHOCTU» C UX CTOPOHbLI. XOTs 3Ta CUTyaLMs YacTo NpMBoauna K KOMM4ECKUM MOMEHTaM, HO
BCE XK€ OHa Hac AyxOBHO yrHeTana. MHe yganock B XaHTUHrAOHE HanucaTtb 0gHy paboTy o
MOrnOLEHNN PEHTITEHOBCKMX fy4en B crydae nHTepdepeHLmm, NosSBuBLLYOCS no3aHee B Acta
Cristallografica. YacTble 6ecenbl 4O HEKOTOPOW CcTENneHn Byamnu Hawy YMCTBEHHYHO AEATENbHOCTb.

B Hayane 1946 r. Mbl GbInIM 0OCBOGOXAEHBI M3 AHIIIMK, U NOCNEe BPpEMEHHOro NnpebbiBaHns B
Bectdanuu 6onblias yactb n3 Hac nonana B 'eTTuHreH. [lo anpens 1951 r. 4 onsatb pabotan Tam
B Ka4yecCTBe 3amecTuTens ampekropa Pr3myeckoro MHCTUTYTa MMeHu nmn. Bunerensma, a Bckope
nosly4ymn Takke Has3HayYeHue Ha AOSMKHOCTb LWTAaTHOro npodeccopa B yHMBepcuteTe. B 910 Bpems 5
Hanucan KHUry o Teopun CBepXnpoBOANMOCTU, OTHACTM 3aHOBO NepepaboTan MoK KHUTY O BOSTHaX
MaTtepumn, a Takke onybrimkoBarn HECKOSbKO CTaTen B XXypHanax. S cMor Takke NoYTu 3aKOHYNUTb
nepepaboTKy B PyKONMUCK MOEFO NEPBOro COYMHEHNS - KHUIMM MO TEOPUN OTHOCUTENBHOCTU, KOTOpas
y>Xe AaBHoO bbina pacnpogaHa. B anpene 1951 r. 1 nonyyun npurnaweHne Ha MecTo AMpekTopa
NHCTUTYTa (bmnanyeckon Xmmmum n anekTpoxmmmm npu Beicwen nccnegosaTenbckon Lwkone. 1o 6bin
Hekorga ocHoBaHHbI ®puuem MNabepom VHCTUTYT umeHn nmn. Bunbrenosma. Becbma cTpaHHo,
KOHEYHO, 4YTO NogobHoe MecTo BbINo NPeanoXKeHo YernoBeky, KOTOPOMY yxKe ucnonHunca 71 roa, u
Ob1510 NPUHATO M. HO He aBNsieTCcsa N BECb COBPEMEHHbIV BepnnH CTpaHHbIM siBfieHneM?

MeHsi 4yacTo cnpaluvBanu, NoYemy s He amMurpmposan n3 lepMaHny Bo BpeMeHa rmTnepoBLLMHbI.
[insi aTOro y MeHsi 6binu Beckme ocHoBaHUs. O4HUM U3 HUX SIBNSIETCS, HanpuMep, To, YTO S He
XOTEN OTHUMATb HU Y KOTO U3 HyXAatloLmxcs 6onblue MeHs KONNer AOMKHOCTb, MONYy4YUTb KOTOPYHO
3a rpaHuuen 6bino TpyaHo. Ho, rmaBHoe, 51 xoTen BbiTb HAa MecTe, YTOObl UMETb BO3MOXHOCTb
nocne

KpyLUEHUS «TPETbEN MMNEpUn» (KOTOPOE A NpeackasbiBan 1 Ha KOTOPOE Hadessncs) ToTyac xe
NPUCTYNUTb K KyNbTYPHOMY BO3POXAEHUIO HA PyUHAX, CO34aHHbIX 3TUM rocyaapcTBoM. ATomy bbina
nocesLeHa bornbluas YyacTb Moen aeaTenbHocTy nocne 1945 r.

B Hwxecneayowmx NpUBETCTBEHHON peYvn N HEKPOSIOre, O KOTOPbIX YNOMUHANOCh Bbille,
OCBEeLLEeHbl HEKOTOPbIE CTYNEHN B pa3BuTumn pmsmnyeckon kKaptuHbl Mupa. lNpexae Bcero 3anmemcs
peybto Npu OTKPbITUM KOHrpecca usnkos B Bropubypre 18 ceHTsa6pa 1933 r.

Ecnn mbl 3aBTpa cobepemcsa B PM3MYECKOM UHCTUTYTE TENEPELLUHErO YHUBEPCUTETA, TO Mbl
oKaXkeMcsl Ha uctopudeckom mecte. B atom gome B KoHue 1895 r. Bunbrenom KoHpag PeHTreH
OTKPbIST Ny4n, HA3BaHHbIE MO ero UMeHN. VI3nuwHum n gaxxe HeyMecTHbIM 6bIno Gbl roBOpUTL 06 MX
3Ha4YeHun ansa ouankn 1 Bcex Apyrnx obnacren nx npumeHeHusi. Ho Mbl XOTMM BCE X€ BCMIOMHUTb O
BENUYUKN OTKPLITUA PeHTreHa, KoTopblr BnepBble 0OCO3HAHHO OCBETUM TO, MMMO Yero paBHOOYLLHO
npoxogunu apyrue. Begb mbl 3Haem n3 buorpadum PeHTreHa, HanncaHHow [Tnacce-pom, 4To yxe B
1890 r. no Ty CTOPOHY OkeaHa 6bINo NoNyyYeHo NpaBurbHOe hoTorpadn4eckoe peHTreHOBCKoe
n3obpaxeHune, KOTopoe, ogHako, 6bIN0 NOHATO NULWb Nocne ctaten PeHTreHa.

3aTeM Mbl BCTIOMHMM Ha 3TOM MecTe nocnegosatensa PeHTrena - Bunnun BuHa, KOTOprI7I 17 netB
3TOM JOMe y4uin n npomnssoaust nccnenosaHu. Ero knaccuyeckue TeopeTn4veckmne pa60TbI (o}
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CBETOBOM U3Iy4YeHuun, KoTopble B popMe 3akoHa cMmelleHna BuHa ctanu HeoTbemnemon
COCTaBHOWN YacCTblO HaLLen HayKun, BOCXOAAT K paHHUM rogam, Korga oH, 6yayym HaunmHaoLwmm
dusnkom, pabotan elle B PU3MKO-TEXHNYECKOM rOCyJapCTBEHHOM MHCTUTYTE NOA PYKOBOLCTBOM
"enbmMronbua. TONbKO 34eCb OH MOr B Te4EHME MHOIMX NeT BMECTe C MHOrOYUCEHHbIMU
yYeHVKaMun 1 Apy3baMu OTAaBaTbCA CNOKONHOMY M TakOMy NII040TBOPHOMY 9KCNEPUMEHTannbHOMY
nccneposaHuio. To,

YTO BbINIO 34€Chb JOCTUTHYTO B NO3HAHUM NPUPOALI KaHa-NoBbIX yden, obpasyeT HeManyto 4YacTb
coaepxaHusi N3BECTHbIX Y4EOHNKOB MO 3TOMY NpeameTy, NOSABMBLUMXCA B NocrneaHee Bpems. S
X04y 3[eCb 0COOEHHO BblAENUTL ABE OCHOBOMonarawwme paboTtsl BuHa, npomsBeaeHHbIe B TO
BpEMSI: NepBOE KBAHTOBO-TEOPETUYECKOE ONpeaeneHne 4acToTbl PEHTFEHOBCKUX Ny4en, KOTOpoe
Aano npnbnuanTtenbHoe, HO MO CYLLECTBY NPaBUIbHOE 3HAYEHME; 3aTEM IKCNEPUMEHTAlbHOE
noaTBePXXAeHNEe OTHOCUTENTbHOCTM 3MEKTPOMArHUTHOrO Mo, Kak 3Toro TpebyeT Teopus
oTHOocuUTEeNbHOCTU. CnekTpanbHOE NccnegoBaHMe ABMXKYLLMXCS YaCTUYEK KaHaMNOBbIX Ny4en
obHapyxu1BaeT B MarHUTHOM none addekT LLtapka, KoTopbI Ham ObiT U3BECTEH B 3MEKTPUYECKOM
nose TomNbKO B Crly4ae MOKOALLMXCS MCTOYHMKOB CBETa.

Ho 1 coBceM MHble BeLWM NePEXnn 3TOT XKe cambii AoM. Bo BpeMsa MnpoBow BOMHbI BMH npeBpatun
CBOM MHCTUTYT (a npu cogenctaumn Makca Cegaura Takke n cocegHUmM XMMUYECKUA NHCTUTYT) B
npeanpuaTve ang uccrnegoBaHnsa annapaTtoB, HEOO6XOAMMbIX AN COBPEMEHHON TEXHUKM CBSA3M,
npexae Bcero Angd ycTponcTea ycunutenen. Bonckosble cpeacTsa CBs3u, KOTopble Mbl B 1914 T.
yCTaHaBnmMBanu Ha nosne, He 6bINIM Ha BLICOKOM YPOBHE, Y MPOTUBHUKM HAC B 3TOM Aaneko
onepeaenu. To, YTO B TEYEHME YETLIPEX NIET 3TO NOSIOXEHNE MEASIEHHO, HO OYEHb CYLLECTBEHHO
BbINPaBMANoCh, ABMSETCA B 3HAYMTENBHOM Mepe 3acrnyron paboTasLunx B 3TOM AoMe (PU3NKOB.

22 WIOHA 3TOro roga usnka MoXeT Npa3aHoBaTb NAaMATHBLIN AeHb 0coboro poaa. B aToT aeHb
ncrnonHutcs 300 neT ¢ Tex nop, Kak KoH4Mncsa npouecc [Fanunes nepen nHksM3nuyuen. Nosogom K
3TOMY NPOLECCY, KaK U3BECTHO, NOCAYXUIO yyeHne KonepHuka o ABUMXeHUN 3eMnv U apyrmx
nnaHeTt Bokpyr ConHua - y4eHne, KoTopoe Toraa HacTONbKO NPOTUBOPEYUIIO OBLLENPUHATBIM
BO33pPEHUSAM, YTO NPOM3BOAMIIO CEHCALMIO U BbI3blBano NocToaHHOE BO3byxaeHne, nogobHo Tomy,
KaK B HalLLEeM CTONeTUN 3TO MMENO MECTO B OTHOLLEHUN TEOPUN OTHOCUTENBHOCTW. Manunen 6bin He
TONbKO €ANHCTBEHHbLIM, HO 1 TBOPYECKUM 3aLLUTHUKOM 3TON TEOPUUN, TaK Kak OH CMOT YKPENUTb ee

Gnarogapsi CBoMM 3aMeyaTerbHbIM OTKPbITUAM CryTHUKOB FOnuTepa, a3 BeHepbl 1 cobCTBEHHOTO
BpaLLeHunst ConHua. MNpovecc 3akoHYuncs ocyxaeHnem. Fanunen gomkeH Obin 0TPeYbCst OT YYeHus
KonepHuka 1 6bin ocy»kaeH Ha NoXxu3HeHHoe 3akntoyeHune. MNMpaBga, orpaHnyeHne ero cBo6opl
NOCTENEeHHO cMsirYanu; eMmy 6bin ykasaH 4oM A5S KWUibs, KOTOPbIA OH HE MMer NpaBa OCTaBUTb U B
KOTOPOM OH He MMen npaBa HUKOro NpuHMMaTh 6e3 paspelleHusi. PakTuyeckn ero rnaBHoe
COuYMHeHMe «PaccyXaeHusi o ABYX HOBbIX YYEHUSIX B MEXAHMKE» NOSIBUNOCH TOrAa, Koraa oH Obin
nop apectoM. [1o KOHLIa CBOEN KN3HN OH OCTaBascsl 3aKMnYEeHHbIM.

06 atom ocyxaeHun Manunesa cnoxunacb n3BecTHas nereHga. B To Bpems, kak Manunen npucaran
N NnognucbiBan oNpoBEPXKEHMNE YHEHNSA O OBUXKEHUN, OH CKa3an: «A BCe-Takun oHa gBuxeTtcal». OTa
nerenga, UICTOpPUYECKM HeoKasyeMas 1 B CYLLLHOCTU HE MMeLas BHYTPEHHEN BEPOATHOCTM,
OQHaKO, HENCKOPEHMMAa B HapoaHOM MorBe. Ha yeM NokouTca ee xn3HeHHas cuna? Ha tom, 4To
"anunen B TeyeHne BCEro npouecca aomkeH obin 3agasatb cebe Bonpoc: «4To BCe 3TO AOMKHO
o3HavaTb? Beab B dhakTax HAYEro He N3MEHSIETCS OT TOrO, YTO S UNN KaKoW-HMOyab Apyron
YyenoBek YTO-NNbo yTBEPXKOAET UM ONPOBEPraeT, OT TOro, COrnacHbl C 3TUM UK NPOTUB 3TOrO
NONIMTMYECKMNE U LePKOBHbIE curbl. Kak 6bl N0O3HaHME 3TnX 0akToB HU 3a4epKMBANOCh Kakon-nmbo
CWIoWN, BCe paBHO OHO Koraa-HMbyab npobbeT cebe gopory». N Tak 4eNCTBUTENBHO NPOU3OLLISIO.
HeBo3mMoxHO ObIno 3agepxatb nobeaHoe wecteme yyeHus KonepHuka. [laxe LepkoBb, KOTOpas
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ocyauna Nanunes, gomkHa 6bina B KOHUE KOHLIOB CHATb CONPOTUBIEHME B Ntobon bopme, XOTH 3TO
npousoLuno nuuws Yepes 200 ner.

B nocnegytowiem nHoraa ewle 6binm nnoxue BpeMeHa ans Hayku, Hanpumep B [Npyccum nog,
BnagbldectsoMm ®puagpuxa Bunsrenbma nepsoro. HO npy BCAKOM rHeTe 3alUTHUKMA HayKn ymernu
NoAHATLCS A0 N06eA0HOCHOM YBEPEHHOCTU, KOTOPas BblpaXkaeTcsi B MPOCTOM NPeafioxXeHnmn: «A
BCe-Taku OHa ABmxKeTcsa!».

Hekponor B KpaTknx YyepTax xapaktepuayet 3HavyeHne dpuua Nabepa.

9 nekabpsa 1928 r., B oeHb 60-netna ®puua Mabepa, nepeq MHCTUTYTOM OU3NYECKO XMMUKN 1
3NEKTPOXUMUM MMeHM uMmn. Bunbrenbma B [laneme, ero MHCTUTYTOM, cobpanacb ManeHbkas rpynna
ApYy3en n COTpyAHMKOB U nocaguna nuny B YecTb [abepa; cam OH B 3TO BPEMS XUJT Ha tore. JTO
6b1110 cBOEO6pPa3HOE Npas3aHOBaHWE ero gHA poxaeHus. NMNogobHo ApyrM Hay4YHbIM XXypHanam,
Naturwissenschaften Bbinyctun 106MnenHsIn HoMep, COCTaBMNEHHbIN N3 MaTepunarnos,
npuyHaanexasLUMxX Nepy Hanny4dwmx 3HaTOKOB pasnnyHbiX obnacten gearensHoctn Mabepa. OTn
Martepuansl aloT HarnsgHoe npeacTaBneHne o TOM, YTo noTepsinu B nuue MNabepa xumus un
du3nka, Xo3sMCTBO M TEXHMKA, BOEHHAsi U MUpPHas. YMTaTenb HangeT Tam ykasaHue Takke Ha To,
YTO Hay4Hble Tpyabl 06pa3yoT TONLKO Of4HY CTOPOHY Benuuusa abepa. MoxeT ObiTb, eLle bonee
BENMKon Obina ero AesTenbHOCTb B Ka4ecTBe anpektopa MHCTUTyTa. OH Bceraa aasarn NOSHyHo
BO3MOXHOCTb CBOMM COTPYAHMKaM pa3BepHYTb UX CMOCOBHOCTU 1 B TO XXe BpeMsi 3afaBar
OCHOBHOW TOH BCEWN AEATENbHOCTM MHCTUTYTA. Ero gestenbHocTb kK 60-My rogy poxgeHus obina
0OYeHb aKTUBHOW. TeMbl U NMnaHbl ero coOCTBEHHbIX UCCNeaoBaHUi NocneaHnx neT obinv ceBsA3aHbl C
npoLeccaMm ropeHunst, C SIBIIeHNSIMK B3pbiBa U BNUSIHNEM aTOMOB M paguKanoB Ha 3TU SIBMEHUS], C
ayTOTOKCHKaLUMen n pegykumen B pacteopax, ocobeHHo npu buonornyeckmx npoueccax. M3 gpyrmnx
paboT ero MHCTUTYTa Mbl OTMETUM BblAENEHNE Napa- 1 OpTOBOAOPOAA, NPON3BEAEHHOE
lMoHredbe-pom n MapTekom, a Takke NPUMEHEHNE UX K UCCIEQOBAHUIO CITOXHbBIX XMMNYECKMX
NpoLLeCCOB U MarHMTHbIX CBOMCTB BeLlecTBa. [1o Tex nop, noka Mabep cTosan BO rmaBe UHCTUTYTA,
9TOT MHCTUTYT ABASNCA N3BECTHENLLUM MECTOM HaNPs»KEHHOro NCCneaoBaHMsa NpUpoabl.

2 mas 1933 r. [abep, npoLadcs, nocnegHu pas NnoceTun NHCTUTYT.

demMmnCTOKN BOLLEN B UCTOPUIO HE KaK NoaxXuratens ABOpLA NEePCUACKOro uaps, a kak nobeaurens
Canawmes. Nabep Bowen B UICTOPUIO Kak reHnanbHbIn ndobpertarenb

crnocoba coeguHeHnsa a3oTa C BOAOPOAOM, KOTOPbIN NIEXUT B OCHOBE TEXHUYECKOrO Mony4YeHus
a3oTa M3 aTtMocepbl, Kak YernoBekK, KOTOPbIN co3arn «BaXHenlee CPpeacTBO ANA NOAHATUSA
X0341MCTBa M BNaroCoCTOAHNS YenoBeYvecTBay, Nonyyun «xneb n3 sosgyxa» n TeM cambimM JOCTUT
OFPOMHOrO ycrnexa «Ha crnyxbe cBoen pognHe 1 BCEMY YerioBEYECTBY», KaK BbINo ckasaHo npu
BpyYeHun emy Hobenesckon npemmu.

UT0 e ocTaeTcsa AN Tex, KOTopble ero 3Hanu u ero onnakveaT? BocnomuHanus. .. «Ero apysbsa un
€ro COTPYAHMKN 3HaKT GOraTcTBO ero cepaLa, ero BEpHOCTb, Ero pPbiLapCTBO U HEXHOCTb, €ro
BO3MYLLEHMNE HEYECTHOCTbLIO U 6E3HPABCTBEHHOCTLIO U BECENOE CMOKONCTBUE B OTHOLLEHUN
meno4yei. OH HMKOrAa He ycTaBan pyKoBOAMTb MOMOAEXKbIO U BCceraa cTpeMuncs nogatb Haaexabl
1 ykasaTb HoBble NyTW. OH He NMOHUMar Y30CTU 1 HETEPNUMOCTU; OH LIEHWUI OOCTMKEHUS OPYTUX
CTpaH 1 YMOB, HO N06OBb ero Gbina oTaaHa HEMELKOW CTpaHe; Kak HUKTO PYroi, OH CTPeMUICS
NMOMOYb 3TOW CTpaHe B TAXenelillee BpeMs, 3alUTUTb U HAKOPMUTL ee AeTen».

Tak nncana Mapraputa Bpaxrens B 1928 r.; Takum Mabep octancs y Hac B namatu. NoTomy 4TO OH
ObIn HaWuMm.
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n. B.
KY3HELOB O KHU'E MAKCA NIAY3 «MCTOPUA ®UINKN»

Mpodreccop NeTTMHreHckoro yHnsepcuteta Makc Jlaya - oanH U3 CTapenunx CoOBpeMEHHbIX
U3NKOB, Ha rnasax u Npu yyactTumn KOTopbix B Ha4ane XX Beka coBepluanacb Ta peBonouns B
€CTECTBO3HaHMM BooOLLE 1 B (P13NYECKON HAyKe B YAaCTHOCTU, O koTopou nucan B. U. JleHnH B
CBOEW 3HaMeHUTOM kHure «Matepunanmam n aMnupruokpuTMUmn3am». OTKpbITUE 3MEKTPOHA,
pagnoaKkTUBHOCTU, PEHTIEHOBCKMX TyYen, KBaHTOB SHEPrun, pacnpocTpaHeHne 3aKOHOB
TEPMOANHAMUKN Ha ANEKTPOMArHUTHOE U3ny4yeHue, co3aaHne cneunanbHoOn Teopum
OTHOCUTENTbHOCTU N HEN3BeXXHaA NomMKa CTapbIX NOHATUIA HayK1, a Takke BO3HUKHOBEHME HOBbIX
TeopeTN4eCcKnx NpeacTaBrieHU - BOT YTO COCTaBIIANO rMaBHOE B 3TOW PEBOSIOLMUN.

Hay4yHoe TBop4yecTBO Makca Jlays cBsi3aHO CyLLECTBEHHLIM 06Pa30M C HEKOTOPbLIMU U3 YKa3aHHbIX
npobnem, pelueHne KoTopbix 06YCNOBMUIO KOPEHHYHO NEPECTPOIKY HayKW.

Koraa Ob1nun OTKpbIThI PEHTIEHOBCKUE Ny4YX C UX YOUBUTENbHBIMW CBOMCTBaMMU, NOPa3vBLLIMMM
BOOOpaXKeHne BCeX COBPEMEHHMKOB 3TOrO OTKPbITUSA, BCTan BONPOC O NPUPOAE HOBOro 3aragoyHoro
na3ny4veHust. OTHOCATCA NN PEHTIEHOBCKUE Ny4n K TOMY e paspany PUanyYecknx ABrneHun, 4to un
3NEKTPOMarHUTHOE N3ny4vyeHne, unm Het? MoryT N peHTreHoBckue ny4dn anddparmpoBatb U
NHTEpdeprpoBaTb NOLOOHO CBETOBLIM fly4aM UM OHU COBCEM He 061afatoT BONTHOBLIMM
cBoNCTBaMM? 3TN BOMPOCHI UMENN OFPOMHOE 3HaYeHue.

Makc J'Iaye, BOMNMpekn MHEHUKO pdaa BblAAaWNMXCA YHYEHbIX, BbICKa3ar npeannonoxeHne o Hann4dmm 'y
pPEeEHTreHoB-

CKMX fyden BOMHOBbIX CBONCTB U BblABMHYI MbICIb O BO3MOXHOCTU UX MHTEPdEPEHLNN B
NPOCTPaHCTBEHHOM peLueTke kpuctannos. OnbiThl, ocylecTBrneHHble B. dpugpuxom u IM.
KHunnuurom B 1912 r., 6necrawe nogreepannmu aTo npeackasaHue. lNocne nepBbix e nybnukauumin
O pesynbTaTax aKCnepuMeHTanbHbIX nccnegosanun M. Jlaya paspaboTtan Teoputo nHTepgepeHLnm
PEHTIEHOBCKUX flyden B KpUCTannax, XoTa n ABnsiOLYOCS, Kak Mbl Tenepb 3HaeM, NpUbnInXeHHOMN,
HO TEM HE MeHee NpeKpacHO NOATBEepXAatoLyocsa onbiToM. B ganbHenwem ata teopus Obina
YTOYHEHa paaoM pYrux yyeHbliX. bbin, B 4aCTHOCTU, NPUHAT BO BHUMaHME TOT (PaKT,
WUrHOPUPOBAaBLUNNCS B NepBOHaYasibHON TeOpUU, YTO aTOMbI KpUcTanna HaxogaTcs B
BbecnpectaHHOM TennoBoM AsmxeHnn. OBobLeHHaa Taknm obpa3om Teopust MHTepgepeHLmmn B
Kpuctannax bbina HasBaHa «aAnHammyeckon Teopueny». OHa okasanacbh CyLeCTBEHHOW Ans
nocreyrLero atana passutns ousnkn, koraa oM OTKPbITbl BOSTHOBbLIE CBOMCTBA 3f1IEKTPOHOB U
TpeboBanock NOHATbL MEXAHU3M UX MHTEPMEPEHLUN B NPOCTPAHCTBEHHbIX peLueTKax
KpUCTannmMyecknx BeLlecTs. 3aBepLUeHHY0 (opMYy « AUHAMUYECKOWN TEOPMM» MHTepdepeHLnn aan
onatb-Takn M. Jlaya B 1931 .

Cneunduyeckyto MHTEPMEPEHLMOHHYO KapTUHY, MOJTyYEHHY0 B pe3ynbTaTe NpoXoXaeHUs
PEHTFEHOBCKOrO U3MNy4YeHnsi CO CMSIOLWHbIM CMEKTPOM Yepe3 MOHOKPUCTAnM, UMEHYIOT B HacTosiLLee
Bpemsi «rayarpammoii». OHa LUMPOKO U ¢ BOMbLLMM YCNEXOM NPUMEHSIETCS AN UCCIeA0BaHUs
CTPYKTYpPbl KPUCTaroB.

TakoB oguH umkn pabot M. Jlaya. [lpyron cBa3aH ¢ Teopuen oTHOCUTESNbHOCTU. Teopusd
OoTHocUTEeNbHOCTM BO3HMKMNA B 1905 1. Y>ke WwecTb NeT cnycTa, Korga Obino elle odeHb ganeko go
ee NpU3HaHWs LWUMPOKMMK Kpyramm yyeHbix, M. Jlaya gan nepsoe 0600LLEHHOE N3NOXEHNE 3TOM
Teopuu. NpeBocxogHO HanNncaHHasa KHura Jlaya no TeopmMm OTHOCUTENBbHOCTU Chirpara BaXKHYyHo
pOfb B YKPENIIeHUN HOBbIX NPeAcTaBneHnin O NPOCTPaHCTBE U BPEMEHU, O 3aKOHax MaTepuanbHOro
ABWXXEHWSI, COBEPLLAIOLLIErOoCa CO CKOPOCTAMM, CPaBHUMbIMU CO CKOPOCTbIO cBeTa. OHa 1 cenvac
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BOCNPUHMMAETCS KakK XXMBOW y4aCTHUK BOpbObI 3a

HOBble (hmnsnyeckne npencraBneHns B Nopy peBOMIOLMOHHBIX Npeobpa3oBaHuit (OU3NYECKON HayKu
B Hayane XX Beka. M. Jlaya BbInonHu Takke psg bonee cneumanbHbIX UCCrie4oBaHUA NO
BOMNpOCaM TEOPUN OTHOCUTENBHOCTH.

Kak o6pasHo Bhipasuncs Jlaya B cBoen «Mctopum omsmkmy», kK Havany XX Beka TepMmoanHammKa u
ONTWUKa CTanmn HACTOMNbKO OBLLMPHBIMU U 3HAYUTESTbHBIMU BETBAMU (OU3NYECKOM HAYKK, «4TO OT UX
BGpaka MOrno poauTbCa OUTSA, NpeHa3HaYeHHOe COBEPLLMTL BENMYanLLyo peBONIOLMIO B (PU3KKEY.
OTO ANTA - KBaHTOBasA TEOPUS U3NYyYeHUs - POAUIOCH, N PEBOMOLNSA AENCTBUTENBHO COBEPLUMACD.
Makc Jlaya cBonmmu pabotamm cnocobcTBoBan 06beANHEHNIO TEPMOANHAMMKA U OMTUKM,
npUHecLLeMy LieHHenwmne nnoabl Ans no3HaHusa npupodbl. B 1906 r. oH npMMeHun 3akoHbl
TEPMOLMHAMUKN U NOHATUE SHTPOMUUN K KOTEPEHTHbLIM MyYKaMm CBeTa, MNofy4YeHHbIM U3 OOHOIo U TOro
Xe rnyya nytem ero pasgeneHnsa ¢ NoOMOLLbI MPOLECCOB OTPaXeHUs U npenomnenus. MNpu aTtom
Jlayas gokasan obpaTuMbi xapakTep Takoro pa3geneHuns: NosiHas SHTPONUSA KOrepeHTHbIX NyYen
paBHa 3HTPOMMM NEepPBOHAYANbHOMO My4ka, U3 KOTOPOro OHM 06pa3oBanNmUCh.

OT10 6bINa crnoxHasa u Becbma BaxkHasi npobrnema. B 10 Bpems kasanoch, YTO 34eCb PU3NKN
CTOMKHYNNCb C HEYCTPaHMMbIM NPOTUBOPEYMNEM, N3 KOTOPOIrO MOXHO BbINTU TOMBKO LEeHOWN
KaKoro-To 0YeHb Aaneko nayuiero nepecMotpa oyHaaMeHTarnbHbIX NOMOXEHNN (OU3NYECKON HaYKN.
C ogHOM CTOPOHBI, HA OCHOBaHMK BTOPOro Havyasna TepMoAvHaMmMKK nosy4vanochk, YTo pasgeneHue
ny4ka cBeTa C MOMOLLbIO NPOLECCOB NPENOMIEHNS U OTPaXXEHUS Ha ABa Ny4vKa LOMKHO BbITb
CBS3aHO C YBESIMYEHNEM SHTPONUMU, T. €. AOSDKHO ABNATLCS Npoueccom HeobpaTumbiM. C gpyrom
CTOPOHbI, 3aKOHbI OMNTUKM NOKa3sbiBasn, YTO NyTEM TEX e NPOLECCOB OTPAXEHUSA U NPENOMIEHUS
pasgenieHHble MyYkn cBeTa MOXHO BHOBb CO€AMHUTL B OAMH MY4OK, HE OTNNYaloLWminca ot
nepBOHA4YanbHOro, C TEM e 3Ha4YeHMEeM SHTPONUN; criegoBaTeribHO, BECb 3TOT NPOLECC MOXHO
paccmaTpmBaTb Kak o6paTuMbln. BBuay Hanmumsa Takoro npoTMBOPEYMS BO3HMKANO AaXe
noJo3peHne HacyeT Toro,

MOXHO JI NPUMEHATb BTOpPOE Ha4vaJjio TepMOANHAMUNKN K ONTUHECKUM ABJTIEHUAM. °

NccnepoBaHusa M. Jlays BHeCnM B 3TOT BOMPOC MOSHYH SICHOCTb. PelleHne 6bino HangeHo Ha
OCHoOBe 3akoHa J1. borbLMaHa 0 CBA3M MexXxay SHTponuen n BeposaTHocTbio. Kak yctaHosun Jlaya, K
BbIBOAY O BO3pacCTaHUW SHTPONUKU NP pasgeneHumn nyyka cseta npuLLInm noTomy, 4To He
y4MTbIBanu Toro o6CToaTenbCTBa, YTO NyYkn cBeTa, obpasoBaBLUMECH B pe3yrbTaTe pasgeneHus
nepBOHa4YanbHOro ny4yka, ABNATCA B CUNY UX KOFEPEHTHOCTU CTaTUCTUYECKN 3aBUCUMbBIMMU.
BHyTpeHHSs koppensauus, cylecTBytowas Mexay obomMmmn nyvykamum, npuBoguT K TOMY, YTO UX
obLLast 3HTPONUS OCTaeTCs PaBHOW SHTPOMUKN NEPBOHAYANBLHOMO Nyyka.

TakoB TpeTun umkn pabot M. Jlaya, ocTaBuBLUMX cneg B UCTOpUKM Haykn. MoxHo Obino 6bl ewe
ykasaTb Ha ero paboTbl, MOCBSILLEHHbIE U3YYEHMIO CBEPXNPOBOAUMOCTU, a TaKKe HEKOTOPbIM
o0Lwmm npobrnemam COBpPEMEHHON TEOPETUYECKON (PU3NKN.

B 1947 r. nossunacs kHura M. Jlaya «Mctopua pusmnkn». B TedeHne Tpex neT oHa Bbigepxarna Tpu
n3gaHnsa Ha HEMeELKKOM A3blke, 3aTeM Obina onybnmkoBaHa B Amepuke v Monnanaum; B 1953 r. oHa
Bbiwna B MNMapwxe ¢ npeancnosunem Mopuca ae bpownng, 6parta Jlyn ge bponns, ogHoro u3
OCHOBOIMOSIOXXHMKOB KBAHTOBOW MEXaHWUKN.

BrionHe noHATEH UHTepeC YnTaTenen K aTon kHure. MNpexae Bcero npuBnekaeT MMsi CaMoro aBTopa,
KOTOpbIN, KaKk Mbl YKka3blBanu, akTMBHO y4acTBOBar B pa3BuUTUM hn3N4ECKOM HayKu B TEeYEHNe
nocnepgHero nonycroneTust. MoakynatoT Takke KpaTKOCTb M BMECTE C TEM 00unune akTU4ecKkoro
maTepuana, ACHOCTb M NPOCTOTa U3NOXEHUs!, Aenarolne ee 4OCTYNHOM LWMPOKUM Kpyram
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NHTEpPEeCYOLNXCS NCTopuen Hayku. MNpuBnekaeT v To, YTO KHUra, B MPOTUBOMOSIOXKHOCTbL MHOTUM
APYrMM COYMHEHMSIM, MOCBsILLLEHA rMaBHbLIM 06pa3om nctopum

COBpPEMEHHON hU3NKN. XOTS B CBOEM M3NoxeHuu Jlaya n obpawlaeTcsa K ApeBHOCTU, K TBOPHECTBY
ApuctoTtens, Apxumeaa v pyrnx y4eHbIX Janekoro npoLusioro, OCHOBHOE BHMMaHWe OH yaenseT
nocrnegHeMy CToNneTuro B passuTum musnyeckom

Hayku. KHura, Takum obpasom, NoaBOAUT HEMNOCPEACTBEHHO K TOMY COCTOSIHUIO (OU3NKK, B KOTOPOM
Mbl 3acTaeM ee B HalUu OHW.

«McTopus cdomsnkm» Makca Jlays obnagaet u opyrumm JOCTOMHCTBaMU, KOTOPbIE AeNatoT 3Ty KHUTY
He3aypsaHbIM SBIIEHNEM B 3apybeXXHOW nuTepaType Mo UCTOPUM HAYKU N O KOTOPbIX HEOBX0ANMO
ckasaTb 6onee nogpobHo.

O6wwnm cbyHaameHToM, Ha koTopom Makc Jlaya cTpouT BCe CBOE NOHMMaHUE UCTOPUN OU3UKH,
aBnsieTca ero rnybokoe ybexaeHne B 0O6bEKTUBHOM peanbHOCTM BHELLHETO MUpa, BCEX TeN 1
SIBMIEHUI, KOTOpble U3yyaeT pusnyeckasa Hayka.

XOpOoLLO U3BECTHO, YTO Cpeau MHOMMX BUAHbIX 3apybexHbIX (U3MKOB pacnpoCTPaHEH NOXKHbIN
B3rnsag, 6yATo aToOMbl M 3eMeHTapHble YacTuLbl «He BMOMHE pearnbHbI» UMK JaXe COBCEM «He
peanbHbl»; 6yATO OHM NpeacTaBnsalT cobon co3qaHnsA YenoBEeYECKOro Ayxa, «yCroBHble
MaTeMaTuyecKne CMMBOIIbI», BBOAWMbIE HAMW AN1F cUCTEMaTU3aUnN JaHHbIX onbiTa. B
NMPOTUBOMNOSIOXHOCTL 3TOMY M. Jlaya icCHO 1 onpeAeneHHO NpU3HaeT NOoHy 1 6e3yCnoBHyo
peansbHOCTb MU aTOMOB, U 3NeMeHTapHbIX YacTuu. B cMbicne peanbHOCTN OH HUYEM He OTniMyaeT Ux
OT BCeX ApYrnx Ten marepuanbHoro mupa. OH nogyepKmMBaeT, YTO «HE TOSTbKO aTOMbl, KOTOpble
ABNAOTCA YXXe AOBOSIbHO CMOXHBIMU 06pa3oBaHUAMU, HO TakXe arieMeHTapHble YacTulbl UMetoT
MOSIHYI0 pearibHOCTb, KaK 1 Apyrve Beln BHelHero mupay (ctp. 125).

MNocnepoBaTtenbHoOe Npu3HaHne 06 bEKTUBHOW peanbHOCTU BHELLIHENO MMpa UMeEET CBOUM
Hens3beXxHbIM cnecTBMEM NpU3HaHMEe OO BEKTUBHOM UCTUHLI, AaBaemon Haykon. I Makc Jlaya
NPUXOOUT K NPU3HAHUIO OO BEKTUBHON UCTUHbI, 0O BEKTUBHOW LIEHHOCTWN Hay4YHOro 3HaHusA. bonee
TOro, OH He TONbKO UX NPU3HAET, He TONbKO Ha BCEM NPOTSXKEHUU CBOen «CTOprM OU3NKN» 4acTo
BO3BpaLLaeTCs K MbICIIM O CYLLECTBOBAHUN OOBEKTMBHON UCTUHBI, HO 1 YNIOPHO CTPEMUTCA HANTH
AoKasaTenbCTBa CrpaBeAnmBOCTM 3TOro B3rnsga. o ero MHeHuo ngeanom ans nctopum usmkn
Kak pa3 1 JOImKeH 6bITb NoKa3 06 bEKTUBHOM UCTUHHOCTU Hay4YHOro 3HaHus (CcTp. 13).

M. Jlaya npekpacHo BuauT, 4To npeacraBrieHne 06 06BbEKTUBHON UCTUHHOCTM HAYYHOTO 3HAHWUS
BbI3blBAET BO3PaKEHNE CO CTOPOHbI HEKOTOPbIX «TEOPETUKO-NO3HABAaTENbHbIX Te4YeHUn». OH
NpaBuUbHO YKa3bIBaET, HA YTO NbITAOTCA ONEepPeTbCs AT TedeHUs:, 0OOCHOBbLIBAs HENPUeEMemMyto
ANSA HEro TOYKy 3peHns, CorflacHoO KOTOPOW Hay4yHOe 3HaHWe LeSIMKOM U NMOSTHOCTbIO
«KOHBEHUMWOHarbHO», YCNOBHO, cybbekTuBHO. CBOM JoKa3aTenbCTBa NpeacTaBuTenn Takmx
TeYEeHNN ycMaTpmBatoT B TOM, YTO (pnsnyeckne Teopumn 4acto cMeHaT apyr apyra. M. Jlaya
OTBEpraeT 3TN apryMeHTbl KaK HECOCTOATESbHbIE, MOAYEPKMBaAS, YTO CMeHa PU3NYECKMX TEOPUIN He
NCKITHOYaeT TOro, YTO B HUX COOEPXKMUTCS «3HaAYUTENbHOE A4P0 OOBEKTMBHON, CBOOOAHON OT
Yyenose4veckux npnbasneHnn NCTuHby (cTp. 13).

«TeopeTuko-nosHaBaTesbHble TEYEHUSI», OTpULatoLLMe 06 EKTUBHYHO UCTUHY, CYLLECTBOBANN
npexnae, CyLecTBYIOT OHM U Tenepb. Ho, ykasbiBaeT Jlaya, B nocnegHee BpeMsi OHM MOMy4Ynnm
0cobeHHO LWMpokoe pacnpocTpaHeHue. Noyemy xe 3To cnyyunock? Jlays naeT oTeerT,
CBMAETENBCTBYIOLMNIA O €r0 NPOHULATENBHOCTU, YMEHUN paccMaTpuBaTh TEOPETUYECKNE BOMPOCHI
HayKku B CBSI3N C coumanbHbIMW. [pUynHY YCUNEHHOTro pacnpoCTpaHeHUsl MaeanmcTMYeckon Teopmm
NO3HaHMS OH BUOUT B «MONUTUYECKON NponaraHae».
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Noeanuam B cBOe OCHOBE NPOTMBOPEYNT OOBEKTMBHOMY CoAepKaHMIo Hayku. Hayka nonHocTblo
OoTBepraeT uaeanucTUYeckyto ToUKy 3peHusi. OTpbIB CO3HAHMSA OT MaTepuUn 1 NpespalleHne
CO3HaHUS B «CaMOCTOSITENbHYIO CYLLHOCTbY, XapakTepHble AN BCEX MAeanUCTUYECKUX KOHLENLMIA,
NMPOUCXOAAT Mo peLlaoLLMM BO3AENCTBMEM coLMarnbHbIX NPUYMH. Takol OTpbIB HEU3OEXHO BeaeT
K OTPULAHNIO OOGBEKTUBHOWN LIEHHOCTM HayKn. B NpoTMBOMNOMNOXHOCTL 3TOMY MaTepuanmcTuyeckas
Teopusi NO3HaHUS MONTHOCTBLIO COrMacyeTCsl C HAaYKOW, MOATBEPXKAAETCS U YKPENISeTcs BCeMu ee
AOCTUXEHUAMU. XapakTepHoe Ans maTepuanvamMa npeacrasneHne 06 06 beKTUBHOM UCTUHHOCTY
Hayku M. Jlaya coBepLUeHHO NpaBuibHO BbIBOAMT M3 CaMOro CyLLEeCTBa AaHHbIX HayKu, U3 UCTOPU
No3HaHNss 0GBEKTUBHOIO BHELLHEro Mupa. 3To npeacTaBneHme

He HaBA3bIBAETCA HayKe U3BHe, a BbiTeKaeT U3 Hee CaMoil, OTBeYaeT Bcemy ee Ayxy u
coaepKaHuio.

B uctopun pnandeckon Hayku, ykasbiBaeT Jlaya, HEOOHOKPATHO NOBTOPSETCA creaytoLlee
SIBfIEHME: COBEPLUEHHO pa3fnyHble Teopun, pa3BnBaBLLUMECHA 40 TOro PasnnYHbIMU LLKONaMn n
OTHOCSALLMECH K pa3HbiM 061acTam SBNEHUA, BCEMU paccMaTpmBaBLUMECS Kak HUYero obuiero He
nMetroLme apyr ¢ ApyromMm, B OQHO NpeKkpacHoe Bpems BOPYr CONMXKaloTCA U CnnBaroTcs Apyr C
Apyrom, obpasysa He4To eguHoe 1 LesnbHoe. [Nodemy ato npoucxoaunt? MNoTomy, oTBevaeT Jlaya, 4To
B 3TUX TEOPUSAX, HECMOTPSA Ha pasfinyHble CYyOBHEKTUBHbBIE MHEHUS MOAEN, €CTb HEYTO obLlee UM -
A4P0 06BHEKTUBHOWM UCTUHBI, KOTOPOE HE 3aBUCUT OT f04EN, UX BOSU, XXENaHUA N YCTPEMITEHNI.
Ecnun 66l B HUX He BbINo 3Toro gapa 06bEKTUBHOM UCTUHBI, TO, NogyepkuBaeT Jlaya, «Hago 6bino
Obl paccmaTpuBaTb COeAUMHEHNE ATUX TEOPUI, KaK Yydo» (cTp. 13).

AHanuanpys passutne BaxHenLWMX oTpacnen dpuaunkun, M. Jlays Bcrogy Haxoant gakTbl Nogo6HOro
CINNSHUS TEOPUIN, HACTONYMBO YKa3biBaeT HA HUX YMTATENO U NogYEpPKUBAET UX
TeopeTMKO-No3HaBaTeNbHOE 3Ha4YeHNe Kak AoKa3aTenbCTBO « 0O bEKTUBHON UCTUHHOCTUY,
«ybeguTenbHon cunbl» Hayku. Kak 06 ogHOM 13 KpynHEenWwmx cobbITUI Takoro poga OH roBOpUT O
CNUSIHUM TEOPUN SNEKTPUYECTBA N CBETA, COBEPLUUBLLEMCSH B pedynbTtaTte pa3sutus ngen dapages
n MakcBenna. «3TO BMNONHe eCTeCTBEHHOEe CoeJMHEHNe 00 3TOro COBEPLUEHHO HE3aBUCUMMbIX
TEOpUN cBeTa N ANekTpoaMHaMuKK, - nuweT M. Jlaya, - aBnaeTca, MoXeT ObiTb, KPYNHENLLIMM U3 TEX
COObITWIA, Ha KOTOPbIE YKa3bliBanocb BO BBEAEHWM, KaK HA AOKa3aTenbCTBO MCTUHHOCTH
dunanyeckoro aHaHuA» (cTp. 49).

Mpuwno Bpems, korga BCTYNUIM B TECHYIO CBA3b TakKe M aTOMUCTUYECKasd TEOpUs KpUCTansos, u
BOMHOBAsi TEOPUSI PEHTIEHOBCKMX Ny4en. MpuymHbl 3TOro - Te e camble. 3To, roBopuT Jlaya, «0aHO
N3 Tex NopasnTeNbHbIX COBLITUIN, KOTOpPblEe COObLLAlOT uaunke ee yoeamutenoHyro cuny» (cTp. 141).
MpocnexuBasi ICTOPUIO TEPMOLAMHAMUKN U ONTUKK, Jlaya NoaBOANT YnTaTENS K TOMY MOMEHTY,
Korga oHv 00beauHUNNCL Apyr ¢ APYroM, U CHOBA OH

3[ecb pe3toMmpyeT: «3IATO eLle 0gHO U3 TeX COObITUI, KOTOPbIE AOKa3bIBaOT MCTUHHOCTb (OUINKN»
(cTp. 145). NogobHo aTtomy Jlaya obpaljaeT BHUMaHWE YnTaTens Ha BaXXHOCTb C
TEOpeTMKO-NO3HaBaTENbHOM TOYKM 3PEHUS YCTAHOBMEHUS TECHOM CBA3M MEXAY XUMUENn n
KBaHTOBOW TEOPMEN, COBEPLLMBLLIErOCS B nocneaHune gecartmneTtus (ctp. 159).

AprymeHTbl B NONb3y NPU3HaHMUs OO bEKTUBHOM UCTUHBLI B hmnanke M. Jlayas HaxoguT u B dhakTax
Apyroro poja - B NoATBEPXKAEHUN Ha OnbITe NpeackasaHnin Hayku. B kauectBe npumepa,
CBUAETENbCTBYOLWEro 0 6rectswemM NoOATBEPXKAEHMM CMESIOro Hay4YHOro NpeaBuaeHNs, OH
Ha3blBaeT pe3ynbTaTbl MO NOMy4YeHUI0 aTOMHON SHeprun. [pn 3TOM OH NOAYEPKMBAET, YTO CaMO 3TO
npegsuaeHne BO3MOXHOCTU aTOMHOWN LeNHOW peakumnmn 1 B3pbIBHbIX BblAENIEHUA 3HEPTUX B
aTomMHon 6ombe onmpanock Ha Npu3HaHne 06 bEKTUBHOM UCTUHBI. «C TOYKM 3peHns pusmku, -
nuwert Jlaya, - 34ecb 3aHMMAaTCA BENMYaNLLINM SKCMNEPUMEHTOM, KOTOPbIN Koraa-nMbo craBunm
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noaun. 910 - bnecTAwee NOATBEPXKAEHNE CMENOro Hay4YHOro NpeaABUaEeHNs:, OCHOBAHHOIO Ha
yb6exaeHnn B 06 eKTUBHON UCTUHHOCTU on3nkn» (CTp. 134).

KoHeuHo, Kk aTuM coobpaxeHusM, pa3smaembiM M. Jlaya B nonb3y NnpusaHaHNS 06 bEKTUBHOM
NCTUHBbI U MPOTUB «KOHBEHLIMOHANMUCTUYECKOTO» (CyObEKTUBUCTCKOrO) NOHMMaHUsA rU3nyeckmx
Teopun, MOXHO Bbino 6bl 4o6aBMTbL MHOroe. Ho ansa Hac 3gechb cylecTtBeHeH cam hakT 6opbobl
Jlaya npoTtuB cyb6bekTnBM3ma.

Kak ykasbiBan B. W. JleHWH, npu3HaBaTb OOBHEKTUBHYIO UCTUHY - 3HAUYUT CTOATb Ha TOYKE 3pEeHNs
MaTepuanucTU4ecKon Teopum nosHaHms. 3awmwas o0 bEeKTUBHYO UCTUHY B hmnsndeckon Hayke, M.
Naya sawmaet maTepmanmcTUYecKyto TeOpuo NO3HaHKUS.

Takas nosuyusa M. Jlaya B o6LeTeopeTnyeckmx Bonpocax omsmkun He criydarHa. OH ee
npuaepxmneaeTcsa MHorne rogbl. Hapsay ¢ HEKOTOPbIMU APYTUMU KPYMNHbIMU (OU3UKaMU U, B
4aCTHOCTH, CO cBOUM y4ntenem M. [naHkoMm OH NpUHAONEXUT K TOW rpynne yyYeHblX, KOTopbiX M.
BopH HasBarn «BopyyHaMuy». OTU «BOPYYHbI» HE pa3 noabiManu

CBOW rosioc B 3aLlMTy NPUMHLMNA NPUYUHHOCTM, NPOTUB NOMbITOK HAacaaUTb B COBPEMEHHOW un3mnke
NHAETEPMUHUCTUYECKME BO33PEHNS HA OCHOBE MCKaXKEHHOTO MOHMMAaHWSI CTaTUCTUYECKOrO
XapakTepa KBaHTOBOW MeXaHWKN. A Kak M3BECTHO, BOMPOC O MPUYMHHOCTU - OAMNH U3 BaXKHENLLMX
BOMPOCOB, MO KOTOPbIM MOXHO CyAUTb O CYLLHOCTU (PUNOCOGCKUX BO33PEHMI TOMO UM MHOTO
yyeHoro. CyObeKkTMBUCTCKas NIMHNUSI B TPAKTOBKE NPUYUHHOCTYU - oMnocodCkuin ngeanmsm.
Mpu3HaHne 06bEKTUBHOCTY NPUYNHHOCTU, NPU3HAHWE ee NO3HABaeMOCTH eCTb MaTepuanmnsam.

B cBOMX CcTaTbsIX, MOCBSALLEHHbIX aHanu3y COOTHOLLEHMS HeonpeaeneHHocTen NenseHbepra u
XapaKTepUCTUKE UX TEOPETUKO-NO3HABATENbHOrO 3Ha4yeHus™), M. Jlaya Bo3paxkaeT NpoTUB NOMbITOK
OTKasaTbCsi OT NPUHLUUMNA NPUYMHHOCTU. APryMEHTOM B MOJSb3y TAKOro OTKasa HeKoTopble U3NKK
006BbABMIN TO OOCTOATENBCTBO, YTO CPeacTBa HAbMOAEHUS OKa3bIiBalOT onpeaereHHoe
BO34eNCTBME Ha Uccrneayemblii 06beKT. Jlaya nokasbiBaeT, YTo Ha caMoM Aene U3 dakTa
B3aMmoaencTeust npubopa n obbekTa BOBCE He BbITeKaeT HEOOXOAMMOCTb OTKasa OT npuHuMna
npuunHHocTn. OH BbiCKa3blBaeT CBOE Hecornacue ¢ npeacraBrneHmemM, 0yaATo COOTHOLLEHNe
HeonpeaeneHHOCTeN yCTaHaBNMBaET HEKYH rPaHuLy NO3HAHUS, NMMKBUONPYIOLLYIO BO3MOXHOCTb
AanbHenLwero NPpoHNKHOBEHUS B rMyOuHbI MUKponpoleccoB. Onupasicb Ha dakTbl U3 UCTOPUM
dusmkn, lays onposepraeT MHEHME, OYATO U3MEPUTENbHbIE BO3MOXXHOCTM HayKn He MOTyT Aanblue
pa3BMBaTbLCS, KOraa Mbl AOLWWNN A0 TakKUX YacTuL MaTepun, kak atoMbl. 1o MHeHuto Jlaya, HUKaKuX
MPUHUUNNAnbHbIX FpaHuL, Ans NO3HaHWUS He CYLLEeCTBYET, U COOTHOLLEHME HeonpeaeneHHOCTeN
yKa3sblBaeT BCEro NLlUb Npeaenbl KOpNnyCKYNAPHOM MeXaHUKKN, HO He OM3MYEeCcKOro No3HaHus
BooOLLle.

Pag BepHbIX 1 rmy6oknx coobpaxkeHui Jlaya BbiCKa3biBaeT 1 MO BOMNPOCY O CBA3U HAYKK C
npakTnkon. OBbbI4HO

*) Pycckuin nepeBo ogHOM 13 aTux ctaten - «O COOTHOLLEHMSIX HeToYHOCTeN ["fenseHbepra n nx
TEOPETMKO-NO3HABATENbHOM 3Ha4YEHUMY - ONYONAKOBaH B XXypHane «Ycnexu pmanyeckmx Hayky, T.
XV Bbin. 3, 1935, cTp. 343.

naeanucTbl NPeACTaBNST BO3HMKHOBEHUE M Pa3BUTME HAYKU Kak pe3yrnbTaT «CaMOOBMKEHMS
Ayxa», Kak npoayKT « TBOPYECKOM aKTUBHOCTU» AyXa, POXAatoLLero Hayky n3 camoro cebs, BHe
BCAKOW CBA3N C MaTepuarnbHOW AeACTBUTENBHOCTLIO, C MPaKTUYeCcKMMM 3aga4aMm oOLLEeCTBEHHON
Xn3Hu. M. Jlaya Takon TOYKM 3peHns He nNpuaepxusaetcsa. OHa eMy Yyxaa. OTO BNOSHE MNOHATHO:
npu3HaHne 06BEKTUBHOW pearlbHOCTN BHELLHEro Mnpa u 06beKTUBHON NCTUHHOCTM Hay4YHOTO
3HaHUSI HE COBMECTMMO C MAeanuCTUYECKON TOYKOWN 3peHNS Ha BO3HUKHOBEHME U pa3BUTNE HaYKM.

Page 103/128



3 Bcex oTpacnen omsnkmn paHblLLe BCEro CroXunacb MexaHuka, a B MexXaHuke nepBon poaunach
ctatuka. lNoyemy oHa Bo3HMKNa? «Kak yxe 661510 ynomsHyTo, - nuweT M. Jlaya, - ydyeHne o
paBHOBECUM, CTaTKKa, YXOOUT Janeko B APEBHOCTb. Ee BO3HMKHOBEHME 06yCcnoBneHo
NPaKTUYECKNM 3HAYEHMEM, KOTOPOE UMEIOT ANdA NPeoaoneHns Tsxenon duandeckon paboThbl
pblyar, BUHT, HAKITOHHAsA NAOCKOCTb 1 nonucnacTy (ctp. 19).

M. Jlaya ykasbiBaeT, 4TO BblABUHYTasi MPaKTUKOW 3agadva co3fgaHns BOAHOMO U BO34YLLHOMoO
TpaHcnopTa gana ToM4YoK UccnegoBaHusiM B 06nactu AMHaMUKKM XXMOKOCTEN n ra3os. Ee pelueHune
SIBUIOCH Lernbio 06WMpHbIX uccrnegosaHnn Panes, PenHonbaca v Mpangtns (ctp. 25).
MpakTnyeckmne noTpebHOCTM aBuUranu Bnepea n akyctuky. MaobpeteHmne tenedoHa, HaweaLwero
MHOIOYMCIIEHHbIE NPUMEHEHUS Ha NPaKTUKe, BbIABUHYO nepen akyCTUKON HOoBble BonbLuve
3agauun. Hy>xabl BOEHHOW TEXHUKU B Nepuos NnepBon MUPOBOW BOWHbI, yKa3biBaeT Jlaya,
CTUMYNUpoBanu paspaboTky nepeaayn 3Byka C MOMOLLbIO ANIEKTPUYECKNX BOSH, T. €. pagmo;
HeoBX0aMMOCTb 3alunTbl OT NOABOAHbLIX JIOAOK ABWHYMNA BNepes uccrnegoBaHne n ucnonb3oBaHmne
ynbTpassyka (cTp. 32-33).

XKanb, yto M. Jlaya He BO BCex BaXXHENLINX Criydasix NpocnexusBaeT BO34enCTBUe npakTUYecKux
noTpebHOCTEN TEXHWNKM, MPON3BOACTBA Ha pa3BuTUe Haykn. Ho B LLenom ero Toyka 3peHust B 3ToM
BOMpPOCE COBEPLLUEHHO ACHA: NpaKTUKa CyXWUT NCTOYHUKOM BO3HUKHOBEHUS HayK; OHa OBUXeT
Brepes Hay4yHyl MbICSb, BblABUrad HOBble 3a-

[ayn; BMecTe C TeM TEXHMKA BOOPY>KaeT HayKy HOBbIMU OpyaAnsaMn uccrnegosaHus. Jlaya
nogyepknBaeT 1 ApYryto CTOPOHY B3aUMOOTHOLLEHNA MEXAY HAayKOM N TEXHUKOW, MeXay HayKon U
KN3HbIO O6I.Ll,eCTBaZ nyTeémM CBOUX TEXHNYECKUX HpMMeHeHVIVI, a Takke CBONMU O6LIJ,VIMI/I noeamu
HayKa OKa3blBaeT MOryLEeCTBEHHOE BNAHNE HA OOLLMI KPYT XXM3HW KaK OTAENbHbIX NMoAen, Tak 1
HapoaoB, «B CUJ1y Yero noJinTndeckad NCTopud Takke He MOXET ObITb NOHATA 6€3 3TUX BANAHUIA»
(cTp. 7).

[ns ncTtopun No3HaHUs NPUPOAbI BaXKEH HE TOMbKO BOMNPOC O B3aMMOOTHOLLEHUM HAYKN N TEXHUKM,
HO 1 BONPoC 06 OTHOLIEHUN pa3nnyHbIX HayK Apyr K apyry. M. Jlaya ocTaHaBnMBaeTCAa N Ha HeM,
BbICKa3blBasi psii COBEPLUEHHO CnpaBeasiMBbIX NONoXxeHun. B obuen oopme OH roBopuT O CBA3U
PU3MKN C aCTPOHOMUEN, XNMUEN, MUHEpanornen. bonee nogpobHO OH NogyepknBaeT 0COBEHHO
TECHYI0 CBA3b Mexay n3nkon u matematukon: «Matematuka, - ykasbiBaeT Jlay9, - ctana
WHTEeNNeKTyanbHbIM opyamMeM ousmka; TONbKO OHa JaeT BO3MOXHOCTb TOYHOIO Hay4YHOro
BblpaXXeHMS NO3HAHHbIX 3aKOHOB MPMPOAbI...». Ycnexn usnkm TecHenwnmMm obpasomM cBsa3aHbl ¢
ycnexamum matemaTuku; «M HaobopoT, YacTo NocTaHOBKa Phn3NYECKMX BONPOCOB obycnosnueana
nporpecc matematukuy (ctp. 9). 3Tn coobpaxeHusa Jlaya dpakTn4eckn HanpasreHbl NPOTUB TEX, KTO
OTpbIBaeT MateMaTuKy OT eCTECTBO3HaHUS, OT OMbITa, AKCNEPUMEHTA, NPaKTUKK; KTO BUAUT B
MaTeMaTuKe HEKYH anpuopHYK CXeMY NOHATUA C NPUCYLLEN e TAUHCTBEHHOW «JTOMMKOWN
CaMOBWKEHNSI».

OcobeHHO nHTepecHbl Barnagbl M. Jlaya Ha cooTHoLweHne mexay hmsmkon n punocoduen n ero
oLeHKa (omnocoCKNX BbICTYNNEHU HEKOTOPBIX ecTecTBouCnbITaTenen. MNMpexae scero Jlaya
oTMe4aeT Ty 0CO6EeHHOCTb B pa3BuUTUM OMU3MKK, YTO B NepBble Nepuoabl B HEW «TPYAUIUCH Noau,
KOTOpble HaM M3BECTHbI Npexae BCcero Kak omnocodbl» (cTp. 9). B ¢BA3KN C 3TUM OH Ha3biBaeT
nmeHa [lekapta, JlenbHuuya, KaHta (mmetotca B Buay pabotel KaHTa no kocmoroHum). «llosgHee
npouncxoguno ckopee HaobopoT: PUIMKN U XMMUKK BbICTYNAnNM ¢ puriocopckuMm COHUHEHUAMN,
OonbLuen YacTbio NO BONpocam

Teopun No3HaHusA». Jlaya ykasbiBaeT: «BHe BCAKOro COMHEHUs1, ycnexm eCTeCTBO3HaHNA OKasbiBanu
CUNbHOE BO34ENCTBME Ha BCeX Bblgarowmxcsa duniocodos» (CTp. 9). I aTo coBepLLEHHO BEPHO.
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HencteutenbHo, owmnbo4veH B3rnsag, 0yato dunocodus - Hekas «Hayka Hayk», napsiias rge-1o Hag
BCEMM APYIrMMU HayKkamu, abCONOTHO He3aBMCMMasa OT HUX N OUKTYIOLAA CBOU «BHEOMbITHbIE
3aKOHbI» BCEM ApYrnM Haykam. [oanMHHO Hay4YHas omnocodunst HaxoauTCA B HEPa3pbIBHOW CBA3N
C eCTeCTBO3HaHMeM, OnmpaeTcs Ha Hero, oborallaeTcs U pa3BuBaeTCa BMECTE C ero ycrnexamu.

M. Jlaya oTmeuvaerT, 4to B XIX Beke cpeaun ectecTBoMCNbITaTENEN BO3HMKA pelunTesibHas
onno3nuusi NpoTUB naeanuctTndeckon punococpum Nerens. OH nogvyepknBaeT, YTO ONNO3nLUS
Oblna BrnonHe obocHoBaHHOM, OO rerenesckas punocodusa oTkasbiBana onbITHON Hayke B NpaBe
Ha cywectBoBaHue. OgHako, C coxaneHneM KoHcTaTupyeT Jlaya, ata onno3nuusa HecnpaseasiuBo
pacnpocTpaHMnachk Ha Bcto dunocoduio Boobule n gaxe gowna go oTpuuaHmna nobon Teopumn B
ecTtecTBo3HaHuK. M. Jlaya aTo cumtaeTt owmnboYdHbIM. N fenctBuTenbHo, 6e3 TeCHON B3auMOCBA3N
€CTECTBO3HaHUS C NOASIMHHO Hay4YHOW dunocoduen, 6e3 nx cornsa HEBO3MOXKHO YCMeLLHOe
pas3BUTUE HAYKN. IMNUPU3M, OTPULAIOLLMIA TEOPETUYECKOE MbILLNIEHNE, MO3UTUBN3M, MbITAKOLLMIACA
OTOpBaTb €CTECTBO3HAHUE OT PMNOCOUMN, CTPEMSALLMACSA NPOTUBONOCTABUTL UX OPYr APYrY U
nuKBManposaTb prnnocounio, HAHOCAT TSHXKENbIN yLepb Hay4YHOMY MO3HaHMIO.

B cBoei aBTobmorpadum Jlays roBopuT 0 TOM, 4TO elle Byayym rMMHaA3nMCTOM, OH yBrneKkarncs
dounocoguen, Yutan KHUrm no nctopum cmunocodpun, ndyyan npomssegeHuns Kadra. B
CTyAeH4YecKMe rogbl OH NPoAoSKan 3aHATUA No omnocogun n oHa, No ero COBCTBEHHbLIM CoBaMm,
npeobpasuna ero 6biTne. Jlaya nogvyepkmsaeTt 6onbLuoe 3HavyeHne punocodmm, Kak LeHTpa, BOKpYr
KOTOpPOro rpynnupytoTcs Bce Apyrne Hayku, bnarogapsa YeMy COXpaHsieTcst €AMHCTBO HaY4YHOro
3HaHUA B YCNOBUAX Aaneko MayLien cneunannsaunm otaenbHbIX Hayk.

KoHeuHo, ¢ Halleln To4YKkn 3peHmnst He Bcakast omnocodumsi cnocobHa nrpaTb Takyr posib B pasBuTum
Haykn. EQMHCTBEHHO BEpHOW (bmnnocodmen ecTeCTBO3HAHUS SIBNAETCA AManekTUu4eCcKum
Marepuanumam.

"oBOps O (hmsmkax, BbICTyNaBLUMX C PUNOCOPCKUMU CouMHEHnAMU, M. Jlaya HasbiBaeT
"enbmronbua, Maxa u NyaHkape. MI3BeCTHO, Kak LUMPOKO pacnpoCTpaHeHbl B COBPEMEHHOWN
3apybexxHon pnnocogpckon 1 eCTeCTBEHHOHAY4YHOW NuTepaTtype yTBePXK4eH s O SKOObI
BblAaroLweMcs 3Ha4eHun gomnocodckmx pabot Maxa u NyaHkape. OHM HepeaKo NPEBO3HOCATCS Kak
cosgaTenu HOBbIX (PnIocoCkux cuctem, Oyato 6bl OTKPbIBLUMX HOBYIO 3py B pa3BuUTum
dunocodckor Mbicnu, B paspaboTke TEOPETUYECKMX OCHOB €CTECTBO3HaHUSA. Pag yYeHbIx
obbaBnseT cebsa nx punocodcknmm ydeHnkamm. Bonpekn atomy Makc Jlaya Tpe3Bo u BecbMa
CKENTMYECKM oueHuBaeT dunocodckme paboTbl ykasaHHbIX PM3MKOB. «[la NpOoCTUTCA MHE, - NULeT
JTaya, - ecnu s COMHEBAKOCb B TOM, YTO BCE OHU MMENU HEOBX0ANMYIO (OMIOCOGCKYIO NOLATOTOBKY
Ans ycnewHon padotbi» (cTp. 9). ComHeHus M. Jlays coBepLLUEHHO 3aKOHHbI 1 cnpaBennuebl. Kak
6nectawe nokasan B. W. JlenuH ewe B 1909 r., omnocodckne Bo3speHus 3. Maxa n A. lNyaHkape
He BblAEPXMBAKOT Hay4YHOW KpUTUKK. OHU NyTaHbl, HenocnegoBaTenbHbl U NPeACTaBNAOT cCOO0M
3MUIOHCKYI0 CMeCb OOPbIBKOB OTBEPIrHYTHIX HAYKOW naeannucTuyecknx CUCTeM, B 0COGEHHOCTM
CUCTEMBbI enuckona bepknu, TonNbko 06neYeHHbIX B HOBYIO, KBa3NHAYy4HYO TEPMUHOSIOTUIO.

Xota M. Jlaya nocesawaeT omnocodckmm coumHeHnam Maxa m lNyaHkape Bcero nuilb HECKOSTbKO
CTPOK, €ro NpUroBop COBEPLUEHHO SICEH: YYNTBLCS NO YacTu oMNocoummn y 3TMX aBTOPOB HEYEMY.

Pesko oTpuuartensHo M. Jlaya oueHmnBaeT n «aHepreTuky» OctBanbga. OH NpAMO OTHOCUT ee K
4yucny Tex 3abnyxaeHnn B Hayke, KOTopble HEeN3BEeXHO OOMKHbI UCYE3HYTb, N CHUTAET ee
ncyesHysLen (ctp. 104). K coxxaneHnuio, Jlaya He BUAUT, YTO «IHEPreTUKY» HbIHE MbITaloTCA
BO3POANTb B HOBOW (hOPME, UCKaXKas 3aKOH B3aUMOCBSA3N MacCbl 1 SHEPruu:

E=

TC2.
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OQHUM 13 BaXXHENLLMX BbIBOOOB, K KOTOPbIM NpuxoauT Jlaya, npocnexusas passutne uUankm
BMMOTb O HaLWINX OHEWN, ABNSAETCH BbIBOA O (PyHOAMEHTarnbHOM 3Ha4YeHUM 3aKOHa COXPaHEHUS U
npeBpaLleHnsa 3Heprun Ana no3HaHus npupogbl. AToT 3akoH M. Jlays cuMTaeT yHuBepcarnbHbIM, He
3HaKOLWNM HUTAE M HUKaKUX UckniodeHnin. OH cnpaBeanuBo Ha3blBaeT €ro «KpaeyrosibHbIM KaMHeM
BCero ectectBo3HaHus» (cTp. 103). 3T1a TBepaas, cHas, Hay4HO 06ocHOBaHHas no3uuus Jlaya
NPsSIMO MPOTMBOMOSNOXHA B3rNsAamM HEKOTOPbIX U3BECTHbIX 3apyOexHbIX (OU3MKOB, HE pa3 B
nocregHve AecATUneTus nbiTaBLUNXCA - U, KOHEYHO, Be3dycneLlHo! - onpoBeprHyTb YKasaHHbIN
3aKOH, He 3aMeyast, YTO OHM NbITATCA PaspyLWUTb PyHOAMEHT BCEN Haykm o npupoge. Jlaya xe,
HaNpOTMB, NPEKPaCHO BUAUT TECHYIO CBA3b OCHOB €CTECTBO3HAHNA C 3aKOHOM COXpPaHEeHUs n
npeBpaLLeHnst SHepPruun.

3BECTHO, YTO COXpaHSAOLLIENCA ABMSETCH He TONbKO HEPIUs, HO U pag APYrnX PUsnNYeckmx
BENNYMH, B YaCTHOCTW anekTpudeckn 3apsa. OCHOBbIBAsCb Ha OMbiTe UCTOpUK un3nku, Jlaya
nogyepknBaeT BaXXHOCTb OTbICKAHUSA BENUYNH, NOSYNHAIOLMNXCA TEM UNUN MHLIM 3aKOHaM
coxpaHeHus: «[1oMcKn NOCTOSAHHBLIX KONMUYECTB ABNAIOTCH HE TONbKO MPaBOMEPHbLIM, HO B BbiCLLEN
CTeneHn BaXXHbIM HarnpasreHneM uccrnegoBaHus. OTO HanpasrieHne NOCTOSAHHO 3aLlumLLanoch B
dpusuke» (ctp. 101). CywiecTBoBaHUE B HayKe TakMX 3aKOHOB COXPAHEHUS U COXPaHSAIOLLMXCS
BENMYNH He cnyyYarnHo. OHKU He ABMAKTCA NPOU3BONIbHON KOHCTPYKUMEN yma. B HUX oTpaxatoTcs
3aKOHbl COXpaHEHUs MaTepumn 1 ABMXKEHUs. IMeHHO NOTOMY Ha OCHOBaHUU UX CTAHOBUTCS
BO3MOXHbIM fenaTb onpeferneHHble, NOATBEPXKAAaEMbIE ONbITOM 3aKMIOYEHNSA O 3aKOHOMEPHOCTAX
OTAENbHbIX ABNEHUMN.

Ha npumepe passutus domsmkm M. Jlaya cTpemuTcs nokasatb HE0OXo4MMOCTb cobroaeHus
NpaBuUIbHbIX COOTHOLLUEHWI MeXAY OMbITOM U Teopuen, HeobxoaMMOCTb ryBOKOro yACHEHUSA ponm
KaXkgoro n3 HUX B Nporpecce Hay4yHoro 3HaHus. Ero kHura obunbHO ocHalleHa
3KCNepMeHTanbHbIMU bakTamu, NoKasblBaeT peLUatoLLyo porib SKCNEPUMEHTa AN co3gaHus
Teopun. Ho BMecTe C Tem

M. laya cTpeMunTcs noKkasaTtb, YTO K OMbITY, S3KCNEPUMEHTY HENb3sA NOAXOANTb OAHOCTOPOHHE; YTO B
HayKe 3KCMepUMEHT N TeOpUst OpraHMYeCcKn B3aMOCBSI3aHbl, U B OTPbIBE OT NPaBUNbHOM TEOPUN
nccrnegoBaTenb MOXET AaXe oKasaTbCs NULLEHHBIM BO3MOXHOCTU coBpaThb HY>KHbIi
3KCrnepuMeHTanbHbl Matepuan. Mpu pasnuyHbIX TEOPUSIX OOMH U TOT XKe IKCNepPUMEHTamNbHbIN
maTtepvan npuobpeTaeT pasniMyHoe 3Ha4YeHne 1 CMbIC.

Tak, ykasbiBaeT Jlaya, 6e3 cuctembl KonepHuka «He 6binm Obl ycTaHOBREHbI 3akoHbl Kennepa» (cTp.
77), T. €. He Gbinn Bbl cOBpaHbl UCXOOHbIE AMNUPUYECKNE MaTepuanbl, MOCNYXUBLUNE B
AanbHerwemM onopon ans Teopun TaroteHms. bonee nogpo6Ho Jlaya octaHaBnNuBaeTCca Ha UCTOpUK
onbiTa P130, B KOTOPOM UCCIIeA0BaNock pacnpocTpaHeHne cBeTa B ABuXyLlencs cpege. Jonroe
BpeMs 3TOT ONbIT paccMaTpuBarncs C TOYKM 3peHNss BONTHOBOW TEOPUM CBETA KakK AoKa3aTeNbCTBO
CyLlecTBOBaHUS adhmnpa, NPOHMKaKoLLEro BO BCe TeNna, HO He y4acTBYIOLLEro B nx AsmxeHun. C
cO3aHneM TeOPUN OTHOCUTESTIbHOCTU AeN10 N3MEHUIOCh CaMbIM peLunTenbHbIM 06pa3oM: OH cTan
paccMaTpmBaTbCA Kak CBMOETENbCTBO CyLLEeCTBOBAHNA HOBOMO 3aKOHa CrOXEHUSI CKOPOCTEN U
OTCYTCTBMSI HEMNOABWMXHOIO acpmpa. Kctatn roBops, UMeHHO Jlaya ceoMMmu pabotamu
cnocobCcTBOBAN YSCHEHWUIO 3TOr0 0BCTOATENBCTBA U BKNHOYEHUIO OnbiTa Pr30 B KPyr (haKToB.,
000CHOBbIBAOLLNX HE CTapble, a HOBblE NPeACTaBNEeHUs O NPOCTPAHCTBE U BPEMEHU. « Taknm
obpasom, - pestomupyeT M. Jlaya, - uctopus onbita Pn3o ABASETCHA NOYyYUTENBHBIM MPUMEPOM TOrO,
Kakyto 60MnbLUY0 pOrb B OOBACHEHUN KaXXA0ro OnbiTa UrpatoT ANIEMEHTbI TEOPUN; NX HENb3A Aaxe
OTOENUTb OT Hero. N ecnn NOTOM TeOpUM MEHSIKOTCA, TO ONbIT NpeBpaLlaeTcs U3 NopasmTenbHOro
AokasaTtenbcTBa ANA O4AHON TeOPUM B TAKOW XXe CUSMbHbIN apryMeHT 4SS MPOTUBOMNONOXHOWN
Teopumny (cTp. 83).
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HeBonbHO 3aecb BCoMuHatoTca ykasaHus B. U. JleHnHa Ha HeoBXxoaMMOCTb NOAXOAUTb K
KPUTEPUIO NPAKTUKN OManeKTu4eckn. JleHnH nogvyepkmearn, YTo KpUTEPUA NPAKTUKM COBEPLLUEHHO
onpeaeneHeH aAns Toro, YTobbl B KaXAbl AAaHHBIA MOMEHT OTIIMYUTL XMMEPY OT NOASIMHHOMN
peanbHOCTH,

BbIMbICEN - OT HAY4YHOro NOSIOXKEHUSA. Ho OH He HacTONbLKO onpeaeneHeH, YTobbl pa3 HaBceraa,
OKOHYaTesIbHO, NOSTHOCTLIO NOATBEPAUTL UM ONPOBEPTHYTbL TO UMM MHOE NOSTOXEHWE Hayku. Jlaya
34eCb NOAXoauT K aTon rnybokon Mmbicnu JleHnHa, BbickazaHHoW B «MaTepuanuame u
AMMUPUOKPUTULNIMEY .

B aopyrux pabotax M. Jlaya cHoBa Tak unu nHave Bo3BpaLLaeTCcsl K BONPOCY O CBA3N MeXAy
3KCNepMMeEHTOM U Teopuen. B cBoen aBTobmorpadum oH cneumnanbHO NOAYEPKNBAET LLEHHOCTb
Hay4YHOW rMnoTesbl A8 NO3HaHWUS NPUPOAbl HA NpuMepe OBHapY>XeHUA NHTepdepeHL MM
PEHTreHOBCKMX NyYyen. ITO - O4eHb XOpoLwunn 1 HarnagHbin npumep! OnbiTbl Ppuapuxa n KHUNNUHra
ObInn pewaroLwmmmn ona gokasatenbCcrBa CNOCOOHOCTU PEHTIEHOBCKMX NyYen K MHTepdepeHLnn, T.
€. NS AoKasaTenbCTBa HanM4umsa y HUX BOMHOBbLIX CBOMCTB. HO no cyTn gena nogobHbie onbIThl
npogenbiBann MHOrme (usnkn yxxe 3agonro 4o aTnx yvyeHbolx. OgHako, He pyKOBOLCTBYSCh
rMMNOTe30M 0 BO3MOXHOCTU MHTEPEPEHLMN PEHTFEHOBCKNX Ny4en, HE UCMNONb3ys rmnoTesy
NPOCTPaHCTBEHHON peLleTKn Kpuctanna, uamku cocpeaoToumBani CBoe BHMMaHNe TOSbKO Ha
LeHTpanbHOM nyyke fyvyen, NpamMo NpoxoauBLleM Yyepes kpuctann. HMKTO He 3amedarn BO MHOro
pa3 MEHEE NHTEHCUBHbIX OTKIOHEHHbIX Nyden unn He npugasan UM 3HayveHus. TonbKo rmnoTesa o
NPOCTPAHCTBEHHOM peLleTke KpucTanna v runotesa 0 Hanuymm y peHTreHOBCKUX fy4ert BOSTHOBbIX
CBOWCTB NO3BOMWIN CKOHLEHTPMPOBaTb BHUMaHWE UccregoBaTesien Ha TakoMm, Kasanoch Obl
BTOpOCTENEHHOM, achbdpekTe. IMeHHO Bnarogapsi 3TOMy U COBEPLUMIIOCH OTKPbITUE BECbMA
CYLLLECTBEHHOr0, NPUHUUNNANBHOrO 3HaYEHNS.

XoyeTcq OTMETUTD ellle OAHO MNofoXeHue, cogepxalleecs B kHure Jlaya. OHo kacaeTcsa ponu
pPAOOBbLIX YYEHbIX B pa3BUTUN hU3NYeCcKon Haykn. Pucys kapTuHy passButna (ousmnkmn, NCTOpUK
Hen3beXXHO BbIHYXAEH FOBOPUTb TOSIbKO O Hanbonee BblAALWMXCA OTKPbITUAX, O Hanbonee
BaXXHbIX TEOPUSAX U MAEAX, CbirPaBLUMX CaMyH0 CyLLEeCTBEHHYH POfb B NMPOABMKEHUN (DU3NYECKOM
HayKku OT OHOro atana Kk gpyromy. OH BCNOMWHAET TOSTbKO O BepLUNHAX

Hay4YHOro MccrnegoBaHUs U TOMbKO O TEX, KTO UX AOCTUr. B TEHW 0CTalTCA ThICAYN CKPOMHbIX
nccrnegoBartenen, CaMoOTBEPXKEHHO CMYXXMBLUMX Hayke. bbina nn nx paboTa nuwHen, HanpacHon?
Hukoum obpasom! Jlaya oTmeuaeT, 4To mx Tpya Obly1 HEOGXOANMbBIM YCITIOBUEM YCMELLHOMO Pa3BUTUS
du3nkm, 6e3 KOTOPOro oHa He cmorna bl JOCTUrHYTh HbIHELLHEro BbICOKOro YpoBHS. OH npaBuibHO
3asABrseT, YTO PU3MKY HENb3A CYMTaTb pe3ynbTaToOM AesATEeNbHOCTU TONbKO OTAENbHbIX
BblAAKOLLMXCA YYEHbIX, OHA €CTb NII0A KONMMEKTUBHOW paboThl BCEX yYEHbIX, MOCBATUBLLMX (Dr3MKe
CBOW curbl. « TONbKO COBMeCTHasa paboTa MHOIMMX yyeHbix, *- nuweT Jlaya, - obecneumna
HeobXxo4MMyH0 NOMTHOTY HAabMAEHUA N BIYUCIIEHUI U HENPEPBIBHOCTL NPOrpecca; ToNbKo
pa3Hoobpasne MHTepecoB 1 JapoBaHWUin MOMeLLano ToMy, YTobbl uccreoBaHne nNnpoTekano B
HEMHOIMX onpeaeneHHbIX HanpaBneHnsax; ux 4esaTenbHOCTb bbina u octaeTcss Heob6xoanmon
npeanocCbINIKON ANs NOSIBAEHNS BblAAOLWNXCA UK AaxKe reHuanbHbIX OTKpbITUA. Puamka, no
KpanHen mepe ¢ koHua XVII ctoneTtus, aBnseTca NnogoM KONNMeKTUMBHOM paboTbl. ATO Takke
ncropudecknin pakt» (ctp. 12).

Mbl roBopunu o goctomHcTBax KHurn M. Jlaya. K ckazaHHOMY MOXHO Obino 661 4O6aBUTL METKYHO
OLEHKY UM PO HEKOTOPbIX (PU3NYECKMX OEN, 3aBOEBABLUNX B KOHLIE KOHLIOB BceobLee
npusHaHue; TakoBa, Hanpumep, naes nHTepdepeHunn, NnpuHaanexatiias, no cnosam Jlaya, «k
4YnCny LEeHHenLWwnX BkNagos B omaunky» (CTp. 46); nges J1. bonbumaHa 0 CBS3M MexXay SHTPonuen u
BEPOSATHOCTLIO - «OAHA M3 rnybovanumnx moicnen scen pusnkm» (ctp. 117). B kHure npaBunbHO
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nokasblBaeTCst HeM36EeXHOCTb KPYLLUEHMSI MEXAHUCTUYECKOro BO33pEHNst Ha npupoay U T. 4.

Ho HeobGxoanmo ckasaTb M O HEKOTOPbIX HegocTaTkax «Vctopun pusmkm» M. Nlaya. ABTop
NOCTPOWUIT CBOK KHUTY KaK COBOKYNHOCTb OTAESbHbIX O4EePKOB MO UCTOPUN PasfiMyHbIX pasaesios
COBpPEMEHHON (PU3UKM - MEXAHUKU, TEOPUN TATOTEHNA, ONTUKN, SNEKTPOOUHAMUKN, TEPMOANHAMUKM,
aTOMUCTUKK, KPUCTANNMOMU3NKA 1 T. N. PakTUHECKN OH OTKa3arncs oT NOnbITKA NOKasaTb UCTOPUIO

* bM3NKM Kak eanHbIN NpPoLEeCcc, B KOTOPOM (hun3nka OBUXKETCA OT O4HOro aTana K ApyroMy Kak HeuTo
LenbHoe, C NPUCYLLUMN N XapakKTEPHbIMU OCOBEHHOCTSIMU, CBOMCTBEHHbBIMU KaXXa0n ee
NCTOPUYECKOW 3MOXe N HaKMaabiBaLWMMM PE3KMIA OTNEYaTOK Ha BCE ee pasaerbl, Kak Obl OTNNYHbI
Apyr OT Apyra OHW HY BbInu.

Korga HetoTOH pa3paboTan OCHOBbI KNacCU4eCckon MeXaHuKKU, 3TO ObINI0 COOLITUEM HEe TONbLKO Ans
OLHOW MEXaHWUKN, HO U ANSA BCeX ApYrux oTpacnen usnkn. YyeHue

' 00 aneKkTpnyecTBe, a Takke onTUKa JOMroe BpeMs pa3BmBanmcb Nog onpeaensiowmm
BO3JENCTBMEM MaeN MexaHuKN. Koraa Bo3HuMkNa anektpogmHamuka Papages - Makcsenna, ee
naev ckasanucb pelumTenbHbiM 06pa3om 1 B Apyrnx obnactsax dusnyeckon Haykm, n Bcs ouamnka B
Lenom B 3Ty anoxy npuobperna nHom xapakrep, YeM usnka npegbiayLiero nepunoga. TOYHO Tak xe
OTKPbITUE KBAHTOB 3HEPIMM OTKPbINIO HOBYHO 3MOXY B (PU3NKE, N paHO Unn NO34HO, TaK U nHa4ve
OHO 3aTPOHYIIO BCE ee pas-

aenbl. K coxanexuto, M. Jlaya He BblgensieT Taknux nepernoMHbIX NepuoaoB B passBuTUN onnyeckomn
HayKu B LENOM, He NoKa3biBaeT CYLLECTBEHHbIX OTNMYUIA (PU3NKM KaK €AMHOWN HayKu Ha pasHbIX ee
CTyneHsix. 1o - nepeoe.

BTopoe, 4To HE06X0AMMO OTMETUTD, - HEKOTOPbIE HETOYHOCTU B OCBELLIEHWUM BKNaga OTAENbHbIX
YyYeHbIX B pasBuTME (hU3NYECKOM Hayku. Tak, roBops 06 OTKPbITUN 3aKOHa COXPaHEHUS] Macchl,
aBTOp HasbiBaeT nms A. Jla-

' Byasbe. Mbl HUICKOSbKO HE XOTUM YManuTb BEMUKYHO posib JlaByasbe B MO3HaHMM NpUpoabl, HO
cnpaBennMBoCcTb TpebyeT ckasaTtb, 4To 3agonro o Jlasyasbe M. B. JTomoHOCOB Aan To4Hoe
3KCnepuMeHTasribHoe JoKa3aTenbCTBO COXPaAHEHUS MacChl MPU XMMUYECKUX peakunax u pesyrbTaThbl
ero uccnegosaHui 6einm onybnmkoBaHbl B N3aaHNSX, XOpPoLUO n3BecTHbIX B EBpone. M. Jlaya
ykasbiBaeT, 4To [asu B 1811 r. npu nomowm 2000 aneMeHTOB OTKpbIN anektpuyeckyto ayry. OgHako
B AENUCTBUTENBHOCTU NEPBbLIM MOMYYUI AMEKTPUYECKYIO AYry PYCCKU yYeHbIn akagemuk B. B.
MeTpos ewwe B 1802 r., C NTOMOLLbIO camMon BONbLLOW AN TOro BPEMEHU ranbBaHNUYeckon batapew,
coctosuwen n3 2100 anemeHToB. OTK paboTbl

MeTpoBa 6binn onybnmkoBaHbl B Hay4YHow nevaTtn B 1803 r. M. Jlaya cnpaBeanueo nogyepknsaet
BaXXHOCTb MAEN O OBMXEHUN SHEPIUN, HO OH Ha3biBaeT TOSbKO UMs [MOMH-TUHra, XOTa BeCbMa
BaXkHbI BKNag B pa3paboTtky aTon ngeu ewe ao MNMonHtuHra caenan H. A. Ymos. K coxaneHnuio,
cpeav npeawecTBeHHNKoB P. Manepa, OTKpbIBLUErO 3aKOH COXpaHEeHUs U NpeBpaLleHns SHepruu,
aBToOp He HasbiBaeT . W. Necca, ycTaHOBUBLLENO 3aKOH MOCTOSAHCTBA CyMM Tenna, BblAenseMoro
NpY XMMUYECKUX peakuunsx, nepeBoadaLLnx BewecTBO N3 04HOro onpeaeneHHoro XMm4eckoro
COCTOSIHUA B gpyroe. HeTo4HO ykasbiBaeTcs gata ocyuectsrneHna onbita 1. H. Jlebegesa no
N3MepEeHNo JaBreHnsa cBeTa: Ha caMoM ferne onbIT npogenaH He B 1901 r., kak coobwaet M. Jlays,
a B 1899 r., 1 0 ero pesynbTatax genanacb nyénvkaumsa B Hay4Hon nevatn. Henb3a cornacuTbes
MHeHneM aBTopa, dyaro J1. Menep nonHocTbio pasgendet ¢ . . MengeneeBbiM YeCTb OTKPbITUSA
nepuoan4eckon CUCTEMbl XUMNYECKMX IITEMEHTOB.

FoBopsi 06 acbdpekTe [lonnnepa, aBTop HE yKasbiBaeT Ha BECbMa BaxHble paboTbl A. A.
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Benononbckoro, gaswero B 1900 r. akcnepnMeHTanbHOe LoKa3aTenbCTBO 3Toro agpdoekra on4d
CBETOBbIX Ny4yen; He yKkasbiBaeT Ha uccnegosanusa b. b. NonuubiHa, cbirpaBlumMe B 3TOM BOMNpoce
3HaYUTENbBHYIO POrb.

M. Jlaya oTkasbiBaeT B NOMOXUTENBHOM OLEHKE BCen BOOOLLE dhm3ndeckon nutepartype no
aTtoMmuctuke, nosismeLuerica ao 1800 r., Aenas UCKNOYEHNEe TOMNbKO ANt O4HOW 3a0bITOM cTaTbn
HaHvnna BepHynnn. 3To HecnpaBeanueo. Ecnu 6bl aBTOp 6GbIN 3HakoM ¢ paboTamu M. B.
INNomoHocoBa No aToMUCTUKE, OH Bbl, KOHEYHO, NOoAPOBHO ckasan o HUX. B HUXx ¢ 6onbLuon rnybuHom
paspabaTtbiBaeTca Teopus TENNOTbl HA OCHOBE NPeACTaBEHNs O ABMKEHUM MUKPOCKONNYECKNX
YyacTuy, matepuun. BBoguTcs npeacraBneHme o HanHU3LWeEN BO3MOXHOM TemnepaTtype (T. €.
dakTndeckn o6 abCcontoTHOM Hyre). ACHO 1 OTYETNMBO BNEPBbIE B HAYKe pasfimyaroTca aTtoOMbl U
MoneKyrnbl (N0 TepMUHOSOIrMM JTOMOHOCOBA - «3NIEMEHTLI» U «KOPMNYCKYnbI»). 3TK padoTtbl M. B.
JTomoHocoBa nNy6rmMkoBanncb B HayYHbIX U3gaHusax, obecyxaanuce B MNetepbypr-

ckon Akagemmuu HayK, OUCKYTUpOBalrincCb B 3apy6e>i<H0171 ne4yartu.
Mo>kHO ObIno Obl yKas3aTb U Ha Apyrme HeTo4YHOCTU nogo6bHoro poaa, BKpaBLUMNECA B KHUTY M. J'Iaya.

HeKOTOpre HeOoCTaTKN CBA3aHbl C HeMNMpaBuWIiibHbIM U HenocrieaoBaTesibHbIM TOJIKOBAaHNEM 3aKOHa
B3aMMOCBA3N MaACCbl N SHEPInn:

E=

mc2. M. Jlaya uMeHyeT ero «3akOHOM UHEPTHOCTWN SHEPrnny, Kak ByaTto cama no cebe aHeprus
obnapgaet nHepumnen. B 4eNCTBUTENBHOCTU MHEPLIMIO UMEET TOT MaTepuanbHblii O6BEKT, KOTOPbIV
obnagaeTt 1 Mmaccoun 1 aHeprmen. HegocrtaTtok 3ToM TEPMUHOMOMMK aBTop OTYaCTU UCNpaBnseT
yKasaHMeM Ha TO, YTO AaHHbI 3aKOH Yalle BCero NpuMeHSsIoT B criegytolien popme: macca tena
paBHa ero sHepruuv, pasgesieHHoOW Ha KBagpaTt CKOpOCTU cBeTa, B aTon bopmynmnposke sicHee
BMAOHO, YTO Macca 1 aHeprus - pasnuyHble BeLK, O4HAaKO He OTOPBaHHbIE Apyr OT Apyra, a
HepaspbIBHO CBA3aHHbIe Apyr ¢ ApyroM. OHa NoKa3biBaeT Takke, YTO MHEPLMS eCTb CBOMCTBO
MaTtepuanbHOro obbekTa, a He npuHaanexawien emy aHeprun. OgHako M. Jlaya gonyckaeTt He
TOMNbKO 3Ty, HO Jaxe 6onee cyLeCcTBEHHYO OWNOKY, 3aaBnss, OyaTo Npy NpeBpaLLeHnn 3neKTpoHa
N NO3NTPOHAa B raMma-KBaHTbl X Macca NpeBpaLlaeTcs B aHepruto (CTp. 126). B apyrom mecrte oH
Aaxe yTBepxaaeT, AKoObl 9NEKTPOH M NO3UTPOH MOTYT LLENMKOM NpeBpaLLaTbCs B IHEPTUIO
n3nyyennsa (ctp. 106). MNMpexae Bcero 6pocaeTcs B rnasa To, 4To ob6a 3TK yTBEPXKAEHMS
npoTusopeYar apyr apyry. Ecnu B nepeom 13 HMX nposo3rnailaeTcs, YTo macca (04HO U3 CBONCTB
MaTepuarnbHbiX 06bEKTOB) NpeBpaLLaeTCsl B SHEPTUIO, TO BO BTOPOM - YTO 3NEKTPOHbI U NO3UTPOHDI
(T. . camun maTepuanbHble 00BbEKTbI) NPeEBPaLLAOTCA B 3HEPrUi0. HeT HMKaKnx OCHOBaHW
OTOXAECTBNATb MacCy ¢ MatepuanbHbiMu obbekTamu. [la u M. Jlays, noBugMmomy, He CTOUT Ha
Takon TOYKE 3pEeHUst; BO BCAKOM Crlydae OH HUrge He AenaeT nonbITKU JoKa3aTb UX
TOXOECTBEHHOCTb. MOryT nn aneKTpoHbl 1 MO3UTPOHLI NpeBpaLLaTbCs B aHeprno? HeT HUMKakmnx
AaHHbIX, NOATBEPXKAAOLWMX 3TO MHEHME. DNEKTPOHbI N MO3UTPOHbLI NpeBpaLLatoTCs B
raMMa-KBaHTbl, HO NOCneaHne He ABNAITCS

3Hepruen, a NnpeacTaBnsaT cobon maTepumanbHble YacTuubl, obnagatowme sHeprmuen. Cam xe M.
Jlaya B gpyrom mecte CBOEN KHUMM roBOPUT O MaTtepuarnbHOM xapakTepe 3NeKTPOMarHUTHOro noss,
UMEHYS ero «CaMOCTOATENbHON PU3NYECKON PeanibHOCTLIO», @ HE MPOCTbIM U3MEHEHUEM
(aBwxeHneM) achmpa, Kak 3To GbINO B NPEXHEN TEOPUM.

Kak mbl roBopunu, M. Jlaya cunTtaeT «aHepreTuky» OcTBanbaa 3abnyxaeHnem. CoBpeMeHHbIe
«ur3nyeckme» naeanucTbl NbITATCA BO3POAUTL 3TO 3abnyxaeHne, UCMOoSb3ys BCAKYI HESICHOCTb
1 HenocreaoBaTenbHOCTb B UCTONKOBaHMM 3akoHa B3aMMOCBA3M Macchl U aHepruu. Jlays He BuauT
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3TON onacHocTu. MoBMAMMOMY, NO3TOMY OH HEKPUTUYECKM MCNOSb30Ban B3ATYHO U3 YYXKUX PYK U
LUMPOKO pacnpoCTpaHeHHyto B 3apyBGexXHON nutepaTtype nyTaHyro TEPMUHOMOTUIO U faxe
HenpaBwUIbHbIe NPeaCcTaBneHus.

OcTaHoBMMCS B 3aKNiOYeEHME elle Ha OBYX yTBepXOeHUAX M. J'Iaya. OOHO 13 HMX KacaeTcs NOHATUS
BpeMeHHn, a apyroe - CyllHOCT! Hay4HbIX onpen,eneHMVl.

MpurcTynas Kk n3noxeHuto Bonpoca ob namepeHnn BpemMeHun, aBTop 3anBnseT: «KaHT BO BCAKOM
cnyyae 6bin NpaB, kKorga OH NPeACTaBMA BPeEMs Kak 3arnedyaTiieHHyo YenoBe4YeckuM pasyMoM
dopMmy cosepuaHua» (ctp. 14). Ecnu 6bl 3T0 ObINO Tak, TO BpEMS NULLMNOCL Obl BCSKOrO
06beKTUBHOIO coaepkaHus. Ho aTo He Tak, nbo Bpems CyLLeCTBYET HE B HALLEM CO3HAHWUN, a BHe
ero v npeacraBnsieT cobon 06bLEKTUBHO pearnbHyto hopMy ObiITUS MaTepun, KOTopasi oTpaxxaeTcs B
Hallem co3HaHuM B Buae Gonee nnm MmeHee BEPHbIX MOHATUA BpeMeHN. PakTUYeckun B farbHenLwem
n3noxeHuu Jlaya Tak nnm nHave oTcTynaet oT B3rnaga KaHta v roBopuT 0 BpEMEHM, Kak O YEM-TO
0OBbEKTUBHOM, NEXaLlem BHe chepbl HALLEro CO3HaHUA 1 BOCNpUATUA. IMEHHO Tak, Hanpumep, OH
TPakTyeT NIOPEHT-LOBbI NpeobpaszoBaHNsA BPpEMEHU 1 NPOCTPaHCTBA. [1o3xe, Kacadacb n3MepeHui
npocTpaHcTBa, M. Jlaya nogyepkmMBaeT, YTO OHO NEXUT «nepeq Hawmnm cosepuaHmem» (ctp. 89), T.
€. BHEeLLHe N0 OTHOLLEHUIO K CO3epLaHnio CO3HaHWIO.

CnepnyeTt, ogHako, Nog4YepKkHyTb, YTO ogobputensHas oueHka B3rnsaos KaHta Ha NpocTpaHCTBO U
Bpemsi He siBnsieTca y Jlaya cniyvanHon. B cBoen coBcem HelaBHEN CTaTbe «OWHLLUTENH U Teopus
oTHOocUTENbHOCTMY *) Jlaya yTBepxaaeT, OyaTo KaHT gokasan, 4To NPOCTPaHCTBO M BpeEMS
ABNAIOTCA 3aneyaTrieHHbIMU hOpMaMm YerioBeveCcKoro cosepuaHms. BnmsHme KaHta B aToM
BOMpoce, Takum o6pasom, 0CTanocb HeENPEeOAONEHHbIM.

He pa3bupas ckonbko-HMbyab 06CTosATENBHO BONpoca no cywecTtsy, M. Jlaya mumoxogom
OCTaHaBNMBaeTCs Ha TOM, YTO Takoe Hay4Hble onpeaeneHus. OH 3aaBnsaeT, YTO «onpeneneHns
ABMAOTCA Yenoseveckumm cornawieHmsammny (ctp. 80). Henb3s He BO3pa3nTb NPOTUB TONKOBaHUS
Hay4HbIX onpeerieHnn Kak «4enoBeyeckmx cornaweHnny. OnpegeneHns He ABNATCS
pe3ynbTaToM Npou3Bona, Cy6bEKTUBHOIO 1 YCNOBHOMO cornaweHuns. lNpaBnnsbHoe Hay4yHoe
onpeaeneHne BblpaXxaeT CyLLHOCTb TOr0 UIIM MHOIO SABAEHNSA N 0BYCNOBMEHO ero 00 bEKTUBHON
npUpPoOaoN.

Korga Mbl roBOpMM: 3MEKTPOH - O4HA U3 «3NIeMEHTapPHbIX» YacTuL, MaTepun, He COCTOSALAa HN 13
Kakux Opyrux HblHe M3BECTHbIX YacTuu, obnagamLllasa TakuM-TO SMNeKTPUYECKNUM 3apsao0oM, TaKON-TO
MacCoW 1 TaKUM-TO CMIMHOM, TO Mbl AaeM onpeaenenne anekTpoHa. O KakoM xe «cornalleHnum»
34ecb MOXeT natn peyb? O yem Mbl 34echb «cornawaemca»? Yto 3gecb NPoOn3BOSIbHO UMK
cy6bekTUBHO? Hu4ero, Kpome camoro HasBaHUs «3NeKTPOH». KOHEYHO, 3Ty YacTmuy MOXHO ObIno
Obl Ha3BaTb Kak-HNBYAb NO-MHOMY, HO 3TO HE MMEET OTHOLLEHUS K CyLLeCTBY onpeaeneHus.
Hanpumep, 20 neT Hasag anekTpoH Obin onpeaeneH HECKOMbKO MHayve, Yem cenyac. Ho n ato
onpegerneHne He 6bino Bbl «4enoBe4YEeCKNM CornalleHnemMy, a HaBs3blBanocb Obl YeroBEKY

OO BHEKTMBHBIMU JaHHbIMU U coaepXano 6bl TO «3epHO 0OBHEKTUBHON UCTUHbIY, YCMELIHOW 3almTe
npeacrtaeneHnsa o kotopom cam M. Jlaya yaenun takoe 6onbLioe BHUMaHue B cBoen «Mctopum
PUINKN Y.

*) Naturwissenschaften, 1956, Tetpagp 1.

Khura M. Jlaya cunbHa cBOE ACHOM 1 onpeaeneHHon 3awwmnTon 06 beKTUBHOM MCTUHHOCTU (hr3nKu,
OCHOBaHHOWM Ha yb6exaeHun B O6bEKTUBHOCTU BHELUHErO MUpa, nccnegyemMoro (onsndeckon Haykom.
Tam, rge aBTOp Tak UM MHa4ve OTCTynasn oT 9TOM CBOEN OCHOBHOW MO3ULUK, TaM BO3HUKaNU 1
HegocTaTKn ero paboThl.
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BmecTte ¢ pycckum nepesogom kHurn M. Jlaya «Mctopus domsmkm» nybnmkyetcsa un ero ovepk «Mon
TBOPYECKMI NYTb B m3mke» (aBTobmorpadums). ToT HEOONbLLOW OYEPK XXMBO PUCYET OCHOBHbIE
BEXW B XN3HU U AesaTenbHocTu Jlaya, nokasbiBaeT ero 0CO6EHHOCTN KaK Y4EeHOro, ero Hay4yHble
nHTepecsol. C ewle 6onbLien cunon, 4em B «ctopmm usnkmny, B HEM BblpaXXeHbl aHTUHALUCTCKNE,
aHTUrMTNEepoBCKue yctpemneHnus Jlaya, ero HeHaBUCTb K OTBPaTUTENBLHOW pacoBOM
ANCKPUMUHALMN.

B aTOM o4epke yntatens Takke HauaeT pag O4eHb MHTEPECHBIX AeTanen, XapakTepusyrLmx
NMYHOCTb N TBOPYECTBO TaKMX Bblaalowmxcs gestenen omsmnkn, kak M. MNMnauk, B. K. PeHTren u gp.
«ABTOBMOrpacuma» Jlaya BocnpmHMmaeTcst MO3TOMY Kak CBoOeobpasHOoe NpogomkKeHne U
pornonHeHue ero «ctopmmn uUsnkny.
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Konep M. 144

KonnagoH XXax Janunanb (1802-1892) 31

Konym6 Xpuctodop (1446-1506) 6, 51

Konbpayw ®pugpux (1840-1910) 58,130

Konbpayw 3aBapg 168

Konbxepctep BepHep (1887-1946) 123

Komntom A. X. 141, 154, 155

KonepHuk Hukonawn (1473-1543) 6, 7, 35, 74. 75, 77, 78, 79, 80, 81, 197, 198, 215
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Kopuonwuc Macnap lMNoctas (1792-1843) 25

Koccenb B. 122, 144, 159

Kox IM. . 183

Koww OrtocteH Jlyn (1789-1S57) 25, 64

Kpenur Asryct Kapn 114

Kpykc Buneam (1832-1919) 119

KynoHn OrtocTt (1736-1806) 37, 53, 54, 55, 61

KyHat Asryct (1839-1894) 49

Kypn6aym ®epagunHaHg (1857-1927) 149

Kiopu NpeH 132

Kiopn Mapus (1867-1934) 127, 128, 133

Kiopu Mbep (1859-1906) 71, 127, 128, 129, 133, 138
JTabopg A. 129

INaByasbe AHTyaH JlopaH (1743-1794) 7, 8, 22, 93, 218
Narpanx XKosed Jlyn (1736-1813) 24, 26, 37

JTambepTt UoraunH MeHpux (1728 - 1777) 146

INanre Jogeur (1863-1936) 79, 80, 81

NangonbT NaHe (1831-1910) 22, 105

NanxeseH Monb (1872-1946) 32, 71, 72

INannac Nbep CumoH (1749-1827) 24, 31, 37, 54, 93, 106
INNapmop Oxo3ed (1857-1942) 49, 118

Naya Makc 67, 79. 89, 140, 141, 144, 151, 154, 201-223
Jlebepes IN. H. (1866-1912) 105, 219

IleBepbe KOpbeH XKosed (1811-1877)37

Jlen6nuuy MNotdpug Bunerenom (1646-1716) 8, 9, 22, 26, 79, 98, 211
Jlenapa ®ununn (1862-1947) 120, 153

Nenunn B. N. 201, 208, 213, 215, 217

NeHu 3. X. (1804-1865) 60, 67

Jnbux KOctyc (1803-1873) 102

JInenap Anbcpen Mapwu 66
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ae Nunb XXan batuct Pome (1736-1790) 136

Jinnpe Kapn (1842-1934) 96

INvunnman Mabpuans (1845-1921) 68

JTnxTeHnbepr Meopr Xpuctodop (1742-1799) 40

JlomoHocoB M. B. 219, 220

JlonpgoH Menne 189

JloHgoH &. 161

NopenTy NeHapuk AHToH (1853-1928) 48, 49, 50, 64, 70, 85, 87, 105, 118, 147
Jloyann lMNepcusanb (1855-1916) 38

JNTowmunaT Nocndp (1821-1895) 115, 121

Nymmcp OtT0 (1860-1925) 146, 149, 177

Tlogsur Kapn (1816-1895) 116

JMotep MapTuH 75

Marnyc NeHpux N'yctas (1802-1870) 92, 113

MepenyHr BanbTtep 168

Mawep KOnnyc Pobept (1814-1878) 10, 93, 100, 101, 102, 106, 219
MawkenbcoH AnbbepT Abparam (1852-1931) 44, 81, 85, 86, 88
MawopaHa K. 84

Maxkceenn [xemc Knepk (1831-1879) 39, 48, 49, 61, 63, 64, 65, 66. 68, 69, 70, 88. 89, 104, 115,
116, 175, 179, 188, 190, 207, 217

Mantoc OTbeH Jlyn (1775-1812) 45
MapwuotT Oam (1620-1684) 8, 11, 24, 114
Mapk X. 143

MappucoH B. A. 16

MapcaeH E. 122

Mapwan J1. 143

Mattayx Ox. 125

Max OpHcT (1838-1916) 9, 84, 94,213
Menep Jotap (1830-1895) 122, 219
Mewnep Sgrap 130

MewnepmaHH b. 18
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MewncHep BanbTtep 15, 68, 188

MewnTHep Jlnza 130

MennoHn MakegoHuo (1797-1854) 47
Mengenees [1. W. (1834-1907) 122, 219
MeHuep I'. 142

MepceHH MapeH (1588-1648) 31

Mu . 104

Mwunnep Bunbsam (1801-1880) 137

Munnep . K. 86

MunnukeH P. A. 121, 153

MwuHkoBckuin MepmaH (1864-1909) 89
Mwutuen [1. . 143

Mosnu NeHpu (1887-1915) 122, 141
MonepTtoun MNbep Jlyn Mopo (1698-1759) 26
Mopnun 3. B. 85, 86

Moe ®puapux (1773-1839) 137
MyweHbpok MNutep (1692-1761) 52
Mtionnep NeHpux (1809-1875) 47

HaymaH Kapn ®puapHx (1797-1873) 137
HenmaH ®paHy SpHeT (1798-1895) 49, 62, 136, 137
Henep OxoH (1550-1617) 9

HepHct BanbTep (1864-1941) 9. 58, 95, 110, 118, 156
Hobnb I". P. 88

Hoppak B. 142

HeloToH Wcaak (1643-1727) 8, 9, 20, 21, 22, 23, 26, 31, 35, 36, 38, 39, 42, 44, 54, 66, 68, 70, 77,
78,79,81, 98, 218

Hatton k. M. 130
OkkHnivann . T1. C. 126
OkceHdpenbg P. 68
OnudpaHt M. J1. p. 132

Onblwescknn Kapn CtaHncnas (1846-1915) 96
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Om CumoH (1787-1854) 32, 59, 67
Ocwnangep A. 75

OcTtBanbg Bunsrensm (1853-1932) 9, 103, 213, 221
OTuHr I. 88

Mapauenbc (1493-1541) 24
Mackanb bnas (1623-1662) 23, 24
Maynu B. 159

Mayape IM1. H. 143

MaweH (1865-1947) 43, 158
MeppeH XKaH (1870-1942) 119
Mepbe 23

Metpxak K. A. 133

MeTpos B. B. 218, 219

Mukap A. 86

Mukte Mapk OrtocT (1752-1825) 145
Mudparop (570-496 po H. 2.) 30

MNnaHk Makc (1858-1947) 26, 27, 99, 104, 110, 111, 112, 117, 121, 149, 150, 152, 155, 156, 159,
160, 162, 177,178, 179, 180, 181, 182, 187, 189, 208, 223

lMnaToH (427-347 po H.3.) 5

Mntokkep KOnuyc (1801-1868) 119
MonHTWHr xoH MeHpwn (1852-1914) 64, 104, 219
Monb 183

MoHredep 199

MoHcene XKaH Buktop (1788-1867) 98
Mpanartans J1. 25, 210

MpeBo Meep (1751-1839) 145

MpuHcrenm Anbcpen 176

MpuHcrenm SpHET (1859-1917) 149
Mpuctnun (1733-1804) 53

MpoyT BHnbam (1785-1850) 122, 123

Mt Anekcuc Tepes (1791-1820) 116, 155
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Mronomen Knaesauin (11 ctonetne H. 3.) 73, 74, 77
Myasennb XaH JleoH (1799-1869) 25

MyaHkape AHpu (1854-1912) 9, 64, 87, 105, 213
Myawuco Jlyn (1777-1859) 25

Myaccon CumeoH (1781-1840) 37, 54

Pam3an Bunbam (1852-1916) 128, 146
PaTtHoBckumn C. (1884-1945) 28

Perenep 3. 130

Pesepdopa OdaHuun (1749-1819) 24

Pesepdopa SpHet (1871-1937). 11, 120, 122, 128, 129, 131, 132, 133, 157
PenHonbae OcbopH (1842-1912) 25, 210

Peric ®ununn (1834-1874) 32

Pémep Onad (1644-1710) 44, 83

PenTren Bunbrenom KoHpapn (1845-1923) 47, 65, 127, 154, 155, 170, 176, 183, 184, 185, 186, 196,
223

PeHbo AHpu Buktop (1810-1870) 92
Peomiop PeHe (1683-1757) 93
Peccenb A. 129

Puttep NoranH Bunbrenom (1776-1810) 42-43, 57
PoseHbGeprep @. 3

Ponpc T. 128

PoccmaH . 76

PoTtxapkep 3

PoynaHa NeHpu (1848-1901) 61
Py6eHc NeHpux (1865-1922) 149
Py6uHosuy A. 47

Pymep 3. 15

Panen (1842-1919) 25, 148, 149, 210
Casap Penukc (1791-1841) 59
Cagncp K. A. 141

CeppaHur Makc 197
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CumeHc B. (1816-1892) 10, 60

Cvmut . O.134

Cwmonyxosckuin MapwuaH (1872-1917) 118

CHen (CHennunyc) Bunubpopg (1591-1626) 41

CoB p X ed (1653-1716) 31

Copomn ®p. 123, 128, 129

Copet Yapnb3 (1854-1904) 116

Craxenb 3. 86

CrteBuH CumoH (1548-1620) 19

CteHceH Hunbce (Hukonan CteHo) (1683-1686) 135
Cteuctpém B. 144

Credpban xosed (1835-1893) 147

Ctneen . P. 88

Ctoke Mabpuanb (1819-1903) 47

CtoHen xoHcToH (1826-1911) 119

Take pa EBa 142

Tamm U. E. 123

TayHnnu Puxapg 11

Tomawek P. 88

TomcoH BeHnamuH (rpad Pymdoopa) (1753-1814) 99
Tomcoun Bunbsam (nopa KenbsuH) (1824-1907) 65, 96, 103, 108, 138
Tomcon I'. T1. 143, 161, 187

TomcoH [xo3ed OxoH (1856-1940) 119, 120, 124, 157
Topuyennn EBanxenHcTa (1608-1647) 23, 48, 91
TpoyToH ®p. T. 88

Yatt xemc (1736-1819) 10, 95

YneHbek I'. E. 159

YmoB H. A. 219

YpuT. K. 124

®annb 166, 167
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®apapen Muxaunn (1791-1867) 39, 50, 54, 55, 57, 59, 60, 62, 63, 68, 88, 118, 207, 218
®apeHrent Nabpuanb JaHnane (1686-1736) 92, 93
®asaHc K. 129

depnepceH bepeHa Bunbrenom (1832-1918) 65
®epopos Esrpac CrenaHosuy (1853-1919) 139
depmn 3, 133, 143

®un3o ApmaH (1819-1896) 44, 83, 182, 216
dHupkepanbg Oxopox (1851-1901) 119

®uwep KyHo 178

®nepoB . H. 133

®owirt Bonbgemap (1850-1919) 87, 138, 174, 180
dopect 15

®paHk Dxemc 154, 156

®paHkeHrerim Mopuu Jlrogsur (1801-1869) 139
®paHknuH BeHnamun (1706-1790) 31, 52
®payHrodep Nosed 43, 46, 92

®peHenb OrtocteH XKaH (1788-1827) 46, 47, 48, 49, 83, 137
®puapux BanbTep 47, 140, 184, 186, 188, 202, 216
®yko JleoH (1819-1868) 44, 81

dypbe XKan batuct xosed (1768-1830) 32, 97, 142
XanbaH I'. 134

Xesewn . 142

XnagHu 3pHeT ®puapux (1756-1827) 31, 39

Xonne 3. 3

XopcTtmaH Asryct (1842-1929) 110

XiorrvHe Bunbsm (1824-1910) 84

Llenbcun Angepc (1701-1744) 93

LleppeHep Teopop 165

Yapgsuk k. 123, 131, 132

YepHn MapuaHnyc 168
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YanmaH C. 116

Lan6e A. 16

Weapuwwuneg Kapn (1873-1916) 158, 173, 181
Weenanep 3. 130, 131, 132, 151, 162

LWeepa MarHyc (1792-1871) 43, 46, 140, 186
Lleene Kapn Bunbrensm (1742-1786) 145
LWeHdnuc ApTyp (1853-1928) 139

Wwnnnep 168, 172

Wmuat Meprapg 128

WHeunep K. 131, 132

WpeguHrep 3. 97, 160, 162

LWTapk NoraHHec 84, 157, 158, 197

LWrepH OTTO 114, 115, 143, 159, 161
LTpaccmaH . 133

Wrypm Axkob dpaHu (1803-1855) 31

Osanbg 1. ®. 185, 187

OBuHr xemc Anbdpep (1855-1935) 71
OBknung 169 3aauHrron Aptyp CteHnun (1882-1944) 90
OaucoH Tomac Anbsa (1847-1931) 32, 58
onnep Jleonappg (1707-1783) 24, 26, 98

AnHwTenH Anbbept 27, 28, 38, 70, 73, 75, 87, 88, 89, 90, 118, 126, 150, 153, 154, 155, 156, 162,
182

Onpwu Ixopox bugen (1801-1892) 83

Onb3acep B. 143, 161

anbeTtep KOnuyc (1854-1920) 130

OHckmn 1. 116

InuHyc ®paHuy Ynepux Teogop (1724-1802) 52, 136
anwrTenH M. C. 158

OpaTtocdeH (275-194 no H. 3.) 6

OpamMaHH 167

OpeHradT @. A. 121
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Opcten NaHc XpuctmaH (1777-1851) 58

O3 fasung (1831-1900) 32

KOkaBa X. 123

FOHr Tomac (1773-1829) 45,46,47,98

Akobu Kapn Nyctas Akob (1804-1851) 25, 103
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