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1. HAYAJIO XKMU3HEHHOI'O 1 HAYYHOI'O ITYTU

Ponuncs Opsun llpeaunrep 12 asrycra 1887 roga
B Bewne, ObIBIIEH TOrma cTojmile aBCTPO-BEHI'€PCKOM NM-
mepun (MoHapxuu). Otom OpsuHa 061 Pymomsd Illpe-
IUHTEp — Bianener (GadpuKu 1Mo MPOM3BOJICTBY KIICCHKH,
KOTOpBI B BEHCKHX Kpyrax OypsKya CIbUI JI€JIOBBIM, BbI-
COKOOOpa30BaHHBIM M KYyJNbTYPHBIM 4e€lIOBEKOM. Matb
OpBHUHA — 104k aBCTpHiickoro xumuka A. bayspa, Oputa
XOpOILO BOCIUTAaHHOW KEHILMHOM, OKpYXaBLIEH CBOEro
ChIHa 3a00TOM, TemiaoTod u BHuManueMm. Jlo 1898 roma
OpBuH 00111€00pa30BaTEILHON MMOATOTOBKON 3aHUMAJICS
JoMa. 3aTeM OH IOCTYNWI B IIPECTHKHYIO BEHCKYIO AKa-
JeMudeckyro rumHasuio [1]. 3pecb OpBUH MOXy4uI
cpenHee 00pa3oBaHME C YIOPOM Ha Takue SI3bIKM Kak Ja-
TBIHb M Tpedeckuil. s mpocBeTuTensekoro n o0meoo-
Pa30BaTENBHOTO JieJla B YacTH METOIOJIOTHH Y4eOHOH
MOJTOTOBKH HAIIETO MOJIOAOTO MOKOJICHHS BAKHO OTME-
THTb, YTO COTJIACHO MCTOPWUYECKHM JaHHBIM OOydeHHE B
9TOW TI'MMHa3uMHM OBUIO OPHEHTUPOBAHO HA DPA3BUTHE Y
CBOMX YUYCHHKOB JIOTHYECKOTO MBIIUICHUS U aHAJIUTHYC-
CKHX CIIOCOOHOCTEH. DPBUH B KaXJOM Kjacce TMMHA3UH
ObUT TIEPBBIM YYCHUKOM. JIFOOMMBIMHU MpeaMETaMu IS
Mosozoro rumHasucta lllpeanHrepa cranm MaremMaTika u
¢msuka. Ocenpio 1906 roma uIs MpOAOIDKEHHS CBOETO
oOpazoBaHus OoH moctynwi B BeHckuii yHusepcuter. K
9TOMY BpPEMEHHM 3TOT YHHBEPCHUTET HMMEJ BBIIAIOIINECs
Hay4HbBIE Tpagunuu B o0racTi (Gu3nKu: 3aech B Ousmde-
CKOM MHCTHUTYTE IIPH JaHHOM y4eOHOM 3aBE/ICHHH B CBOE
BpeMsi paboTanyM TaKHe M3BECTHBIC ydeHble Kak Moszed
Jlommunar, I>'I03ed) Credan u Jlrogsur Bomsiman. Ha omn-
pEIENeHHBIIl MEpHOA HAaydHBIM HACTABHUKOM OpBHHA
Hlpenunrepa cran (GU3NK-3KCHEPUMEHTATOP M3 YIOMS-
HYTOI'0 BbIIIE€ HHCTUTYTA IIpU Benckom YHUBEPCUTCTE
Opann OkcHep. Kak tamantnuseiif nenaror @. DkcHep
CTPEMMJICSl Pa3BUBATh TBOPUYECKHE CIIOCOOHOCTH CBOETO
OJJTapEHHOT0 yYeHWKa. BiusiHue 3TOro yyeHoro u nenaro-
ra Ha DpBUHA OBUIO TIyOOKHM M JIOCTAaTOYHO ITPOJIOIKH-
TenpHbIM. He ciywaliHo B Hemaiekom OynylieM CBOM
nepBele mard B Hayke OpBuH LllpeanHrep cmenan B Tex
obmactsx, rme pabdoran umenHo @. DkcHep: B oOmacTu
aTMOC(EPHOT0 IEKTPHUUECTBA, METEOPOJIOTUN U (pr3mde-

ckoro y4enus o nsere [1]. B 1907 roxy Ha BTOpoM Kypce
oOyuenust B yHmBepcutrere s J. lllpemmarepa cramo
SCHO, YTO €ro BCe ke OOoJblIe MHTepecyeT He JKCIepH-
MEHTaJIbHas, a TeOpeTndecKas Gpusmka.

Opeun Llpeounzep (1887—1961)

Hanee momomo#t cryneHT — OpsuH lpeaunrep cra-
HoBUTCS "mox kpwuto" @puapuxa ["azeHop:s, BIIAIONIE-
TOCsI IPEACTABUTENS] BEHCKON IIKOJIBI (PM3UKOB, CTABIIETO
Ha kadenpe Teopernyeckoil ¢usuku BeHckoro yHuBep-
CUTETa HACTOSIIMM IPEEMHHUKOM U TPOJOJDKATENIEM Jieia
JI. bonermana. Kcratu, @. 'a3eHOpIB, KOTOPBIH Ha rof
paHbllle, YeM HeMeUKuil Qpu3nK-TeopeTuk Aspdepr DiH-
LITEHH, BBEJl MOHSITHE "KadCywelcss Maccol uznydenus",
NIPEABOCXUTHUBILEE TPHHIMIT SKBUBAJICHTHOCTH MacChl 71
(hpm3MUecKoro TesNa W ero dHepruv E M COOTBETCTBEHHO
TOJTyYeHHe H3BECTHOH BeeM HaMm popmyinbl E = m-c’, e
¢=3-10® M/c — cKOPOCTb CBETA B BAKyyMe, OKa3all CHIbHOE
BiusiHUE Ha (opmupoBanue 3. lllpenunrepa kaxk y4eHOro
[1]. be3Bpemennsiit yxon n3 xu3Hu @. ['azeHoprns (ero
rubesb B MOCIEAYIONEM Ha M0JIe CPaXEHHUH MepBOi MU-
POBOIA BOIMHBI) MpepBajia UX Hay4Hble KOHTAKThl. BOT uTO
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MO3Ke BCIIOMHUHAJ O TE€X CTYICHUYECKHX T0/IaX U O MOJO-
nom OpsuHe lllpenunarepe craBmmii mpodeccopom Ben-
cKkoro yHusepcurera I'anc TuppuHr, XOpolO 3HaBIIUHI
Hallero repos Co BpeMeHH ero y4eObl B BeHckoM yHH-
BEPCUTETE W BO3MIABIISBIINI Ha MPOTSHKEHHU Dsla JIET
aBcTpuiickuii MHcTuTyT Teopernueckoi ¢usmkm [1]:
"...3a00120 00 moeo, kax Lllpeduneep cman "omyom 6on-
HOB0U Mexanuku", e2o OnuzKuM Opy3vim OblIO cosep-
WEHHO SCHO, YMO Om He20 Cledyem 0X4CUOamsv 8bl0ar0-
wuxca docmudicenutl. Mol gudenu 6 Hem "Oyx oena" 3a
pabomoti, mpyouswiuticss ¢ NOIHOU omoauel U paspy-
Waswull  2panuybl  MexHcoy OmOenbHbIMU 00IACAMU,
umoobbl CamMocmoamenbHo U NO-HO8OMY NOCMABUMb 60-
npocwul neped npupooou”. Bee aro mis D. llpeaunrepa
Obut0 emie Brepenu. I1oka jke OH HaCTOMYMBO OTTAUMBAI
CBOM MaTeMaTH4ecKue W (HU3NYEeCKUe 3HAHMs, OCHOBaA-
TENBHBIM 00pa3oM n3ydas MaTeMaTH4ecKhue MeToxbl (hu-
3MKH. DTOT €ro >KU3HEHHBI TIEPHOJI MOXKET CIIY>KUTb LIS
Hac |, NpeX/e BCEro, Uil MOJIOAEKH, CTpeMsIIIeHCs Hakl-
TH cBoe "MecTo" B HayKe, IIPUMEPOM TOTO, UTO YeJIOBeUe-
CKUH TalaHT MOKET JOOUTHCS MHOTOTO TOJIBKO B COYETA-
HUU C HE3aypsSIOHBIM YIIOPCTBOM M OOJBINONI padoTocto-
COOHOCTBIO.

W3BecTHO, yTO 00ydYeHHE B Ty MOPY B YHUBEPCHTETE
O00BIYHO 3aKAHYMBAJIOCH 3AIIUTON JOKTOPCKOW IUccepTa-
mu. Y O. llpenunrepa nucceprannoHHas TeMa Ha3bIBa-
Jack TaK: "Onekmpuyeckas nposoouUMocms HA NOGEPXHO-
cmu u301mopos 60 enaxchom 6o3dyxe" [3]. Ota pabora
HOCHJIa OSKCIICPUMEHTAJBHBI M YHCTO 3JIEKTPOTEXHUYE-
CKHIi XapakTep U OblIa CBsI3aHa C MCCIIEI0BAHUEM BIIMSHHS
BII@)KHOCTH BO3JlyXa Ha BJIEKTPONPOBOIHOCTh TaKHX H30-
JSIAOHHBIX MaTepHalioB KaK CTEKJIO, Y00HUT W SHTaph. B
Mae 1910 roma mocne ycrenrHoi 3amuThl JUCCepTaun .
peaunrepy ObUTa MPUCYKICHA y4€Has CTEIECHb JOKTOPa
¢unocoduu. Ilocne rogudHONH BOGHHOW CIy>KObI B aBCT-
puiickoit apmum O. Ilpenuarep ¢ 1911 roma u mo 1920
ro/ia CO 3HAUMTENILHBIM MEPEPHIBOM Ha BpeMsl IIEPBOH MU-
poBoii BoiHEI (¢ 1914 o 1918 roas! 0H NpoCITyKuiI, Kak y
HAC TOBOPAT "HU IIATKO, HA BAIKO", O(HIIEPOM — apTHJLIC-
PHCTOM B BOEHHBIX YacTSIX aBCTPHHCKOH apMHH) 1popado-
Tain Bo Bropom ¢u3nueckom mHCcTHTyTe BeHckoro yHu-
Bepcutera. Haumnan oH cBoro paboTy 311ech ¢ JTOIKHOCTH
ACCHCTEHTa, a 3aKOHYWI €€ IPUBAT-IIOLCHTOM BBIIICHA-
3BaHHOI0 YHUBEpPCUTETA. B 3TOT HauanbHbIN IepUo CBOEH
HAYYHO-TICJATOTHIECKOW  IEATETHPHOCTH OH 3aHHMAJICS
W3y4YeHHEM IHMAJIEKTPUKOB [4], KWHETHYecKod Teopueit
Maraetusma [5], atMocepHbIM IEKTpUIeCTBOM [6], pac-
MpeAeeHNeM WM3Iy9YeHUs] U COICP)KaHMSA pamusi B aTMO-
chepe [7] u Teopreii aHOMAILHOH 3JIEKTPUIECKON JAHCTIEp-
cun [8]. Janee xpyr ero Hay4HbIX HHTEPECOB BCE PACIIH-
psics: 3TO Teopusi MHTEP(EPEHIMOHHBIX sIBICHUH [9] u
teopust 3¢ dekra edas [10]. B 1917 rony O. Llpenunrep
oOpamiaercsi K BOHPOCY 00 aTOMHBIX W MOJIEKYJISIPHBIX
teroeMKocTax [11]. Bekope oH paccMaTpmBaeT KOMIIO-
HEHTHI YHEPTUH TPaBUTAIIMOHHOTO TIOJIS ¥ IIPOU3BOJUT PSII
YTOUHCHHH B "SHHIITEHHOBCKOH"' TEOPHM TpaBUTALNHU
[12]. 310 mobymumo camoro A. DHHIITEIHA OTKIMKHYTHCS
Ha 9Ty IyOJMKAIMi0O MOJOAOTO aBCTPUHCKOro (pr3mka.
I'my6oko TOCTUTHYB TOHKOCTH OOILIEH TEOPHH OTHOCH-
tenbHOCTH, O. lllpeauHrep okazancs OJHMM U3 IEPBBIX
(DM3MKOB, OCMBICIIMBILMM PEBOJIIOLHOHHOCTh MOJIOKEHHN
TEOPUH OTHOCUTENbHOCTH A. DiHmTeiiHa. B 1919-1922

roasl OpBuH llpenuxrep u3maeT B M3BECTHBIX HAyYHBIX
KypHalaxX LUKJI paboT, IOCBAIICHHBIX TEIJIOEMKOCTH
TBepaoro tena [13]. 3amerum, 4TO Kak HU HOYETHA IS
3. lpenunrepa ObLIa MpUBAT-I0LEHTYpa B BeHckoM yHU-
BEpCUTETE, OJHAKO OHA HE OIulayMBasiack. JKajoBaHbe ke
YHUBEPCUTETCKOTO aCCUCTeHTa OBbUIO CKYIHBIM M TOT/A.
[MosToMy st GOIBIIETO ICHEKHOTO 3apaboTKa eMy HeoO-
XOIMMO OBUIO cO31aTh ceOe UM B HAyYHOM MHUPE U IOJTy-
gnTh y4eOHyro kadenpy. Eme ocenpto 1918 roma mocme
BO3BpAIICHNS C BOGHHOW Ha TPAXKIAHCKYIO CIYXOy
3. IllpenuHrepy mpencTaBHiIach BO3MOMKHOCTb 3aHSTh
JOJDKHOCTB OKCTPaOpAMHApHOro Ipodeccopa Kadenpsl
TeopeTH4eckoll (M3HKM B YHHBEPCUTETE, BXOAMBLIETO
TOrJJa B COCTaB aBCTPO-BEHI'€PCKOro rocypapcrsa, Yep-
HOBIIBI (HbIHE YKpauHa). OHAKO MOCIEOBaBIINI BCKOpe
pacrian ["'abcOyprckoii UMIEPUU U CO3JJAHUE HOBBIX €BPO-
NEHCKUX TOCYIAapCTB IIOMEIIall OCYIIECTBICHHUIO 3THX
mwiaHoB OpeuHa. B 1920 roay on nepees:xaet B I'epmanuio
Juist paboThl B JIOJDKHOCTH JIOLEHTa Kadenpsl TeopeTnye-
CKOW (pM3WKH M aCCHCTEHTa M3BECTHOTO HEMEIKOTo (hr3u-
xa Makca Buna B Menckom yauBepcurere. Bekope (Bcero
uepes uethipe Mecsua) . Ilpemunrep ocrapnsier Meny u
Hanpasisiercs: B npeaenax I'epmanum B ILltytrapr mis
TOTO, YTOOBI 3aHATH 3[ECh MOCT SKCTPAOPIUHAPHOTO IIPO-
(deccopa B Bricmieli Texaudeckoii mkone. J{is Hero Hacra-
JO Bpems, KOTAa MHOTME 3apyOeKHble YHHBEPCHTETHI
CTPEMUWJINCh TIPHUBJIEYh K cebe Uil y4eOHOW W Hay4yHOU
pabothl TananTauBoro ¢usuka. K Havamy 1921 roma on
NPUCTYIAET yKe K pabore B yHuBepcutere bpecnay (HbIHE
noibckuil BporyiaB — eBpomneiickuil LEHTp MO 3IEKTPo-
MarHuTHOM coBMecTUMOCTH). A nierom 1921 ropa 3. Hlpe-
muHTep nomydaer u3 L{topuxckoro yauBepcurera (I1IBeii-
[apusi) IpHUTIIAIeHHe BO3TIIABUTE KaQeapy TeOpEeTHIECKOMI
(GH3MKH, KOTOPYIO JI0 HETO 3aHUMaJIM TaKHUE BBIJAIOIIUECS
Hemerkue Gpu3nky Kak Anpoept DiHiuTeiH u Makc (on
Jlays. CraB B koHie jera 1921 roma npodeccopom oxHOro
13 caMbIX MPECTIDKHBIX yYHUBepcuTeToB EBponsl, 3. Hlpe-
JUHICP Ha LECJIbIC MWIECTh JIET 3aHA BBICOKHI T10 JOJIXKHO-
CTH U JCHEKHOMY OKJIaJly akaJeMudeckuii noct B I{ropuxe
U TIOJYYMJI JIONTOXKAAHHYI0 BO3MOXHOCTB JUISI IIPOIOJDKE-
HUSl aKTUBHOW Hay4YHOH pabOThI, YBEKOBEUMBILIECH 3a 3TOT
"LIOPUXCKUH MEePHOA" ero uMsl B aHHaJIaX MUPOBOM HAyKH.

HecmoTps Ha yka3aHHBIN BhIme "OykeT" Hay4YHBIX
uHTepecoB U pabor D. llpenwmHrepa, mEeHTpaIbHOE XKe
MECTO B €r0 HAy9HOM TBOPYECTBE, IPAKTHUECKN HAUYMHAS
¢ "MIOPUXCKOTO Teprona” HAyIHOH IesSTeNbHOCTH, 3aHH-
MaroT paboThI 10 KBAHTOBOM MEXaHHWKE WIJIH, €CIH OoJiee
TOYHEE CKa3aTh, 110 BOJHOBOM MexaHHWKe. HamoMHNM, 9TO
KBaHTOBasi MEXaHUKa, KaK pa3Jiesl aTOMHON (BU3HUKH, HU3Y-
yaeT (pU3UYECKUE SBJICHHS U Ipolecchl MUKpoMmupa. [lon
MHUKPOMHPOM, COIIaCHO COBPEMEHHBLIM IPEACTABICHUSIM
0 CTPOCHMHU BEUIECTBA, IOHUMAETCS COBOKYIHOCTh O0B-
eKTOB, NIMHEiHbIe pa3Mepbl KOTOPhIX mopsaka 10° m u
MmeHee [14, 15]. Jarnsie padoter 3. Ulpenuarepa Haxo-
JWIIHCh B pycie (yHIaMEHTAIbHBIX PabOT TAaKUX BEIH-
KHX EBPONCHCKHAX (U3UKOB-TEOPETUKOB Kak Makc
[Tnank, Anpbept Oitnmreita, Hunse bop, JIyn ne bpoiinb
u Bepuep ['eitzendepr. Ilpexne, deM MpHUCTYIUTH K BbI-
SCHEHUIO (DM3MKO-MaTEMaTH4ECKOTO COIEPKaHUS IHO-
Hepckux pabot Dpeuna llpenunrepa mo BOJHOBOW Me-
XaHUKe, [T0CTapaeMcsi XOTh BKPATLE M3JI0KUTh TO IOJIO-
KEHHUEe, KOTOPOe CJIIOKHIOCH B aTOMHOW U KBaHTOBOH (hH-
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3WKe K Hadaly ero (Hamero repos) NpUHIUIHAAIBHO HO-
BbIX U (DyHIaMEHTAIbHBIX UCCIIENOBaHUi B oOnacTu (u-
3M4ECKOM HAayKM O MUKpomupe. Hurarenro mpu 3TOM He-
00X0IMMO HaOpaThCsl TEPIEHUS U HE CIIEAYET YIIyCKaTh
U3 BUAY TO Ba)XXHOE OOCTOSITEIBCTBO, YTO (hU3UUECKas
HayKa 0 MUKpPOMHEpE BeIllb cama 1o cede BechMa CIIOKHAast
Y TOHKas KaK caM aToM — 3TOT "KUPIHUYUK MUPO3JaHUs",
a caM MHKpoMHp ObUT W OyAeT Bcerja OCTaBaThCs YIS
yejaoBeyecTBa "'TaiiHOM 3a ceMbro medaramu". M Toiabko
vHOT/Aa W Jans HeKoTopeix Ilpmpoma cBoe "okomko" B
STOT MHKPOMHpP Ha MTHOBEHHE NPHOTKPHIBACT U TaKUM
myTeM Ham "B3op" win "mosieT BooOpakeHHA" MpOHUKAET
B ee "CBATas CBATHIX', a YEIOBEUECTBO, TAKMM OOPa30M,
110 9yTb-4yTb U miar 3a maromMm y3HaeT nTYyT K€ MI'HOBCH-
HO 00CY)XJaeT B Hay4HbIX Kpyrax U MHOTOKPATHO Iepe-
NPOBEPSACT B HAYYHBIX JTAOOPATOPHUSX HEKOTOPBIC M3 €ro
OCCKOHEUHBIX TaliH M 3arajioK.

2. KPATKAS XAPAKTEPUCTUKA COCTOSAHMA
®UBNYECKOM HAYKU MUKPOMMPA J10 PABOT
SPBUHA IIPEJIMHIEPA I10 BOJIHOBOM
MEXAHUKE

B 1913 romy Omaromaps, mpexmue BCero, HEOIpo-
BEPKUMBIM pe3yJIbTaTaM 3KCIEPUMEHTAIBHBIX HCCIIEN0-
BaHWI B OOJNIaCTH aTOMHOW (PH3WKH, B YaCTHOCTH, JaH-
HBIM M0 TIPOXOXKACHUIO TOJIOKUTENBHO 3apsHKEHHBIX
O-JacTHIl (SAep aToMa TeNus) Yepe3 MeTAIUTMYEeCKHe I1Ia-
CTHHKH M OTKPBITHIO aTOMHOTO f1pa, IMOJyYCHHBIM B
Manuectepe (AHrnms) naypearoM HoOeneBckoit npemun
3a 1908 rom mo xumum OpHcTtoMm Pesepdopmom m ero
YYEeHUKaMH, MUPY ObUTa B OKOHYATEILHOM BHJIE MPEIIO-
JKeHa IUIaHEeTapHas MOJENb aroMa BEIIecTBa, COAepIKa-
IIIETO B CBOEM LIEHTPE MOJOXKUTEIBHO 3apsHKEHHOE SIIpO,
BOKPYT KOTOPOTO IO KPYTOBBEIM OpOHTaM Mmomo0HO Iuia-
HETaM COJHEYHON CHCTEMBI BpalaIUCh OTPHUIIATEIEHO
3apsOKEHHBIE  DJIEMEHTapHBIE YACTHUIBI — DJIEKTPOHBI
[14, 15]. Bot kak cam D. Pesepdopna mpencrasisn cebe
yxe B 1911 romy crtpoenme aroma BemiectBa [14]:
"...Paccesinue 3apsiocennvix uacmuy modcem Ovimv 00%b-
SCHEHO, eclu NPeonoIoNCUMb MAKOU amoM, KOMOpblil
cocmoum u3 YeHMpAIbHO20 NEeKMPUYecKozo 3apsoa,
COCPEOOmMOUEHHO20 8 MOYKe U OKPYHCEHHO20 OOHOPOO-
HbIM cheputecKkum pacnpeoeneruem nPOmuBONOoI0ANCHO20
anekmpuyecmsea paguoll eeauyunsl”. VIHTEpecHO, 9TO IO
camoro 1913 roma O. Pesepdopa 3HaK 3IEKTPHUSCKOrO
3apsga sapa aroMa CUdTal s ceOsl HeolpenelIeHHBIM.
Kcratu, HanoMHUM 4HTaTeNIO, 4TO TEPMUH '"dnexkmpon"
(ot rp. elektron — suTapp) B (Qu3WKy OBUT BBEICH B
1891 rony upnanackum uszukom JxoHcTroHOM CTOHEH-
€M, a SKCIIEPUMEHTAIFHO OTKPHIT IEKTPOH OBLT BBIIAFO-
nmMcst anruiickuM  gusukoM [[xosedom TomcoHoMm B
1897 romy mpu WcCCleIOBaHUU MPOXOXKIACHUS KATOIHBIX
Jyded (MOTOKa OTPHUIATENHLHO 3apsHKEHHBIX YaCTHI[) ye-
pe3 paspsbkeHHbIe Ta3bl [15]. OTMeTHM H TO, UTO KaToa-
HbIE JIy4d OBUIM OTKPBITHI, B CBOIO ouepenb, B 1879 rony
aHIrMicKuM ydyeHbIM Buibamom Kpykcom, m3ydaBmum
SIBJICHUE T'a30BOT0 pa3psijia B CTEKIITHHOM TPyOKe HU3KOTO
JaBJIeHUS (B COBPEMEHHOW TEPMHHOJIOTHH — B ra3opas-
psaaHoit TpyOke) [15]. lanee 3amMeTuM, YTO BJICKTpUYE-
CKHUH 3aps] 3JIEKTPOHA €j C TOYHOCTBIO 70 1% ObLi om-

pEIeJICH OMBITHBIM ITyTeM aMepUKaHCKuM (usukom Po-
6eproM MmunkeHoM Jmnis B 1917 romy mpu momomm

TaKk Ha3bIBaEMOro "MUJUIMKEHOBCKOTO KOHJeHcaTopa'
[14, 15]. Dnextpudeckuil 3apsa MEIKOIHCIIEPCHBIX
B3BCHICHHBIX W MCIAJICHHO IMECPEMCUIAIOMINXCSA B MOHU3U-
POBAaHHOM BO3[lyXe MEXIY IUIOCKUMHU OOKJIaJKaMH 3apsi-
YKEHHOTO TIOCTOSIHHBIM HaIPsDKEHUEM "MUJUTHKEHOBCKOTO
KOH/IeHcaTopa' KareJeK MHHEPaJbHOTO Maciia B OIBITaX
P. MmuukeHa Obl1  Bcerna KpaTeH — BEIMYUHE
e0=1,602-10"19 K1, koTopas u ObuTa MpUMKICaHa dJIEMEH-

TApHOMY 3apsly OJIEKTpOHA. 3a 3TH HCCIECJOBaHUA
P. Mumnuken B 1923 roxy 6put ynoctoen HoGeneBckoit
npemMun 1o ¢usuke. [IpUHIMINANBHO BaKHO HOAYEPK-
HYTb TO, YTO B HACTOSIEE BPEMs CYIIECTBOBAHUE B IIPH-
pOZE 3JIEMEHTAPHOIO 3JIEKTPHUYECKOTO 3apsiia ¥ PaBHOTO
€p— CBOEro poza "aTomMa O3JIEKTPHYECTBA" CUUTAETCA

(hakTOM TBEpJO yCTAaHOBJICHHBIM [15].

Bo3sBpamasce cHOBa K yIOMSIHYTOM aTOMHON MoJie-
JIM, OTMETHUM, YTO IPU 3TOM B IUIAHETApPHOW MOJEINU aTo-
Ma D. Pesepdopaa mosoKUTENBHBIN AIIEKTPUUECKUN 3a-
psin siapa, HECYLIEero MOYTH BCIO Maccy aTtomMa M COAep-
JKaIero 3JIeMEeHTapHble YacTUIBI — MPOTOHBI, YUCICHHO
COBITQJIAJI C aTOMHBIM TIOPSIKOBBIM HOMEPOM Z XHMHYe-
CKOTO 3JIEMEHTa B NEPHOANYECKON CHCTEME 3JIEMEHTOB
AWM. MengeneeBa, cOrIacHO KOTOPO# "..xumuuecxue
CBOUCMBA  INIEMEHMO8 NepUuoOUYecKy Nnosmopsaomcs"
[16]. HauHblit GpyHIAMEHTAJIBbHBIA 3aKOH NPHUPOJLI ObLI
OTKPBIT PYCCKUM yd4eHbIM B 1869 romy [14]. IlepBona-
JaJbHO B OCHOBY 3TOTO 3aKOHa M COOTBETCTBEHHO IIO-
CTpOCHUA HepHO)IH‘leCKOﬁ CUCTEMBI XHUMHUYECKHUX DIJIC-
MEHTOB ObliIa ITOJIOXKEHAa UX aTOMHas Macca. 3a0erast He-
MHOTO BHEpeJl, OTMETUM, 4TO B 1922 romy BenukuM aat-
ckuM ¢u3ukom Hunbscom Bopom Obiio ycranoBieHo, 4To
B OCHOBE CUCTEMAaTHKH XMMUYECKHX 3JIEMEHTOB JIEXKHT HE
aTOMHasi Macca 3JIEMEHTOB, a MOJOXKUTEIbHBINH AIIEKTPH-
YECKHUH 3apsij sAApa X aTOMOB, paBHBIN ey'Z [16]. [lomy-
4ajoch, YTO, €CIH aTOM OJJIEKTPHYECKH HEHUTpaJleH, TO
YUCIIO 3JCKTPOHOB B aTOMHOW 000JIOUKE OBLIO TaKKe
paBHO Z. DU3MKO-XMMUYECKHE CBOICTBA 3JIEMEHTOB 3a-
BUCEIH OT YHCJIA JIEKTPOHOB B aTOMHOI 000JI0UKe, a UX
YHCTO XMMHUYECKHE CBOICTBA ONpeessuIuch nepudepuii-
HBIMU (BHEIIHMMH) 3JIEKTPOHAMH COOTBETCTBYIOIIUX
aToMoB. He Oe3bIHTEpECHO OTMETHTH U TO, YTO CYLIECT-
BOBAHHE DJIEMEHTAPHBIX MOJIOKUTEIBHBIX 3apsI0B B aTo-
Me BellecTBa ObUIO SKCIEPUMEHTAIFHO JOKA3aHO eIle B
1886 romy HemenkuMm ¢usukom Eprenmem I omnpmmrreii-
HOM. B ero omsiTax ¢ ra3opa3psaHoil TpyOKOH, B KOTOPO
JIMCKOBBIN KaToA OBII BBIMONHEH C PAJOM OTBEPCTHH, B
IpoLecce 3JIEKTPUIECKOrO pa3psga MEKAY €€ MeTalIH-
YECKUMHM 3JIEKTPOJaMH — KaTOAOM M aHOJOM M3 KaXJOT0
OTBEPCTHS B KaTOJE BBIICTAN y3KHH CBETSIIUNCS Iy4OK
Tydei, Ha3BaHHBIX KAaHAIOBBIMH. OTH OINBITHI IOKAa3aly,
YTO KaHAJOBBIE JIyYH NPEICTABISIOT COOOM MOTOK JIETs-
UX K KaToAy IOJIOKHUTCIIBHO 3apsAKCHHBIX 4aCTHI, BO3-
HUKAIOUIMX B Ta30pa3psIHOil TpyOKe Npu HOHM3ALMU
JIEKTPUUECKUM Pa3psiioM 3alloNHSAIOMEro ee rasa. B
cilyyae, KOTJa ra3opaspsiiHas TpyOKa 3aroiHsuiach BO/10-
poznom, E. l'onpamreiiHoM ObUIO yCTaHOBIIEHO, YTO TAaKOW
3apsHKEHHOW YacTULEH SIBISETCS IMOTEPABIUMN OTpHULIA-
TENBHBIA 3aps]] aTOM BOIOPOAa, Ha3BaHHBIN "npomonom"
(ot Tp. protos — nepssiii). CormacHO COBpEMEHHBIM JIaH-
HBIM Macca IIOKOsI TOJIOKHUTEIBHO 3apsDKEHHON 3IIeMEH-
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paBHoii m, =1836'm,, tae m, =9,108-107'kr — macca

TOKOsI 3JIeKTpoHa [16].

9. Pezepdopa, padoras ¢ 1919 roma mupexropom
3HaMeHuTol KaBeHnuiickod HayuyHO#H Jsaboparopuu B
KemOpumke (AHrnms), mocie OTKPBHITHS MM TaM HCKYC-
CTBEHHOTO ITIPEBPALICHUS 32 CUET SACPHBIX PEeaKIMH XH-
MHYECKHX DJIEMEHTOB, MHTYUTUBHO HpEACKa3all CYLIECT-
BOBAaHHE B SIPaX aTOMOB BEIIECTBA JIEKTPHUECKU HEH-
TpPaJIbHOM 3JIEMEHTAPHOM YacTHULIbl, paBHOW MO Macce sii-
py aroma Bomopopa. ITozxe, B 1932 roxy Takas dacTtuma,
Ha3BaHHas "Heumponom" (OT naT. neutrum — HU TO, HU
Ipyroe), Obla OTKPHITA €r0 YYCHHKOM — aHTJIMHCKIM
¢msukom Jlxerimcom Usnsukom. Ero macca moxost m,,,

COTJIACHO COBPEMEHHBIM pe3y/ibTaTaM M3MEpeHHi, paBHa
m,=1839-m, [16]. Ilo cymecTBy, cOrJIacHO MpeIIo-

xeHHoW O. Pesepdopnom miianerapHOl MozenM aToma,
HOJIy4aJIOCh, YTO MUKPOMUP, KOTOPBIM SIBJISIETCS KaX (bl
aTOM BeLIECTBa, MOJO0EH MaKpoMHUpy (HampuMep, Coll-
HeuHOH cucreme). TONbKO B 3TOM MHKPOMHPE BMECTO
3aKOHOB KJIACCHMYECKOW MEXaHWKH, B, OCHOBHOM, OTKpbI-
ThIX eme B XVII Beke reHuaqbHbIM aHIJIMHACKUM YYEHBIM
Hcaakom HploTOHOM, OEHCTBYIOT 3JIEKTPOAMHAMUYECKUE
(KyTTOHOBCKHE) U SJEPHbIC CHIIBI IPUTSDKCHNS U OTTAIKH-
BaHMS, ONMHUCHIBAEMbIE 3aKOHAMH aTOMHON (u3uku. Tem
HE MEHEe, OCHOBHBIM HEIOCTaTKOM YKa3aHHOW BBIIIE
nIaHeTapHo Mozaenu atoma . Pesepdopnma Oputo TO,
YTO JJIEKTPOH, JBMXKYLIUWCSI B aTOMHOW 00OJIOUKE C I10-
CTOSAHHBIM HCHTPOCTPEMUTCIIBHBIM YCKOPECHHUEM B COOT-
BETCTBUU C 3aKOHAMM KJIACCHYECKOM 3JIEKTPOANHAMMKH,
Kak ¥ JII000H ApYroil mepeMeInaromuicss ¢ yCKOpeHHeM
IEKTPUYECKUN 3apsl, JOJDKEH OB M3Iy4aTh 3JEKTPO-
MarHUTHYIO SHEPrui0. A pa3 Tak, TO MOoj00Has aToMHas
crcTeMa JI0JDKHA OblTa OBITh YHEPreTHYECKH HEYCTOWUH-
BOH W OBICTPO pacmajaromeicsi, YTO MPOTHBOPEUIIIO
JEUCTBUTENILHOCTH.

B 6orarom mHayunsiMu coObrtusimu 1913 roxy nmat-
ckuit ¢uszuk Humsc Bop omyOGnmkoBan cBOM TpH 3HaMe-
HUTBIC CTaThM Ha 00mIyI0 Temy "O cmpoenuu amomos u
Mmonexyn" [14], monoXuBIIME Hayaly HOBOTO HAy4HOTO
HarpaBjeHUsl B aTOMHOI (M3MKe — KBAHTOBOM MEXaHHKE
1 TIOSIBJIIGHHIO KBAaHTOBOW MOJENM aroMa BemiecTBa. M3
HCTOPUM aTOMHOW (PU3MKM M3BECTHO, YTO MPEAJIOKEHHAS
MM HOBasl IUIaHETapHas MOJeNb aToMa 0a3upoBaJlach Ha
TaK Ha3bIBAeMBIX MOCTYyNaTax bopa, To ecTh Ha "akcmome
LIEJIOYNCIIEHHOCTH" BHYTPHATOMHBIX TPOLIECCOB WJIM HA
LIEJIOYHNCIIEHHOM TOUKE 3pEHHs] TEOPHH JUCKPETHBIX KBaH-
TOB (OT JIaT. guantum — KONWYECTBO) NeicTBus Makca
[Imanka, 3a OTKpBITHE KOTOPHIX MocienHeMy B 1918 romy
Oputa mpucyxneHa HoOemeBckas mpemust mo (usnke
[14, 17]. TIpu aTtoM i OOMbIIEH SICHOCTH MOJAYEpKHEM
CyIIHOCTh OCHOBHOM maen M. Ilnanka: oH mokasai, 4To
UCITyCKaHHe (IIOTJIOIIEHHE) TBEPIbIM TEJIOM (BEILIECTBOM)
TEIJIOBOTO M3JIy4eHHs TPOUCXOAUT HE HENpPEepbIBHBIM
00pa3oM, Kak paHee IPeroyiaraioch B KJIACCHYECKOH
¢usKKe, a B BUE OTIEIbHBIX TOPLUHA WX KBAHTOB HEP-
T'nnu Ek , PaBHBIX IPOU3BCACHUIO UX YaCTOThl V Ha HEKO-
TOPYIO MOCTOSHHYIO /1, BIIOCJIEACTBUH HA3BAaHHYIO TIOCTO-
sruoit [lnanka (h = 6,626:107*[Ix-c [16]). Pa3susas 31y
nzaeto Hemenkoro ¢usuka M. Ilnanka, H. bop BeiBuHyN
THIIOTE3y O TOM, YTO IPEPHIBHOMY XapakTepy HCIyCKa-

HUS (TIOTJIOMICHMSI) aTOMaMH KBAaHTOB JHEPTHH JOJDKCH
COOTBETCTBOBATh CKAaYKOOOPA3HBIM XapakTep Mepexona
ATOMOB M3 OJIHOT'O SHEPreTHYECKOT0 COCTOSHHUS B IPYroe.
Cornachno stoii runote3e H. bop npennonoxui, 4to nto-
00l aToM MOXXET HaXxOIUTHCS B JUCKPETHOM psJie CTa-
LMOHAPHBIX COCTOSIHWM, HE COIPOBOKAAIOIIMXCS 3JIEK-
TPOMarHUTHBIM M3TydeHueM. [lepexon ke aTroma U3 HOp-
MaJIbHOTO B BO30Y)KJIEHHOE COCTOSIHHE, 10 €r0 MHEHHIO,
MOJKET TPOUCXOAUTH TOJNBKO IMYTEM IIOTJIOMICHUS KBaHTa
cBeTa ((hOTOHA) COOTBETCTBYIOMICH BETMYMHBI U TIEPEX0-
Jla ero 3JEeKTpOHa ¢ Oim3iexamieid K supy OpOHTHI Ha
YJAJIEHHYIO OT HEero, a M3 BO30YXXJIEHHOTO COCTOSIHUSI B
HOpMaJbHOE — IIyT€M HCIYCKaHUS TOJOOHOTO KBaHTa
SHEPrMM M IepexoJia COOTBETCTBYIOILETO 3JEKTPOHA C
YAaJICHHOW Ha OJu3JIekKaIlyro K sapy opouty [16, 17]. B
cootBeTcTBUM ¢ paboramu H. Bopa o crpoenun aroma
CJIEZIOBAJIO, YTO aTOM MOIJIOMIAET M H3JIYy4aeT 3JIEKTPO-
MarHUTHYIO SHEPTUIO KBaHTaMH.

Ksanrossle uneu H. bopa nomyunnu cBoe skcnepu-
MEHTaJbHOE TIOATBEP)KACHNE B 3HAMEHHUTHIX OITBITAX
®panka — 'epra ot 1914 roma mo oOHapyXEHHUIO ITHC-
KPETHBIX BO30Y)KIEHHBIX COCTOSIHUN IS psiia aTOMOB H
OTIpENIEICHNIO SHeprur ux moHmsanuu [14, 16]. Pe3ymns-
TaThl 3TUX IKCIEPUMEHTOB HeMelKuX Gpu3nkoB Jxerimca
®panka u ['ycraBa I'epua npsmMo 1okasanu, 4TO SHEPTUs
aTOMOB M3MEHsAETCs JUCKpeTHO. Hampumep, i atoMoB
PTYTH TOrjouiaeMasi Mmopiys (KBaHT) 3HEPrHUM UL HX
BO30YI)K/IEHHS U HCITycKaeMmas II0TOM IpH O0OpaTHOM Ie-
pexoze atoMa PTYTH W3 BO30YXICHHOTO COCTOSIHHS B
ocHoBHOE cocTassieT 4,95B (7,85:1071Ix), uro cooTser-
CTBYET SHEpIruH KBaHTa YJIbTPa(HOJIETOBOTO CBETA IJIH-
HOI BOJHBI B 253,6HM. 3a 3TH MHOI'OJIETHHE HCCIIEIOBa-
U B 1925 rony A. ®@pank u I'. I'eprr ObUIH yIOCTOCHBI
HobGenesckoit mpemun mo ¢usuke. C MOMOIIBIO MPEIo-
»xeHHoU H. bopom KBaHTOBOH Mozenn aToMa MOYKHO ObI-
JIO OTPEAETATh OPOUTAIBHYIO CKOPOCTh AIIEKTPOHOB, pa-
JINYC MX OpOWTBI, @ TAK)KE DHEPTHI0 U YACTOTY KBAHTOB
n3inyudeHus. /laHHas MOJeNb XOpOILIO ce0sl 3apeKOMEH/10-
BaJla IpU OMMCAaHWU BHYTPUATOMHBIX SIBJICHUM IJIA TIpo-
CTEHIero M3 aToMOB — aTroMa BOJOpPOJa, BOKPYT spa
KOTOPOT'O 110 KPYroBOW OpOMTE JBIIKETCS €ANHCTBEHHBIN
anexTpoH. Teopust aroma H. Bopa mo3sosmiia npaBuiibHO
OMHCATh IKCIIEPHUMEHTAIFHO HAOII0AaeMble UTHHBI BOJH
(4acTOTBI) U M3BECTHBIX JIMHEHYATHIX CIIEKTPOB aToma
Bozopona (cepus Jlaiimana, banemepa, [Tamena, Bpekera
u [lpynana) [16]. s Hay4dHOH OOIIECTBEHHOCTH CTaHO-
BWJIOCH SICHBIM, YTO KBaHTOBas MEXaHHKa He MpocTo (u-
3MUYecKas HayKa O MHKPOMHpE, a OCHOBa BCErO COBpE-
MEHHOI'0 Hay4yHOro 3HaHusi. OfHaKo oHa (aroMHas Teo-
pus H. bopa) B cBoeM mepBOHa4yaIbHOM BHJE HE CMOIJIA
06’])HCHI/ITI) MHOTHUC APYTHUC SKCIEPHUMCHTAJIbHBIC TaHHBIC
aTOMHOM (M3MKH (HAanmpuMep, paclleIIeHue CHEeKTpajib-
HBIX JIMHUHA aTOMOB B CHJIBHOM DJIEKTPHYECKOM MOJIE —
a¢pdext Illtapka win B CHIFPHOM MAarHATHOM TOJE — (-
ekt 3eemana u 1p.) [14, 16].

B 1915 romy w3BeCTHBINM HeMEIKHHA QU3UK APHOIBA
3ommMepdenba, pazBuBas Teopuro atoma H. bopa, B aTom-
HyI0 (U3MKY BBEN HICIO MPOCTPAHCTBEHHOTO KBAHTOBA-
Hus [14, 18]. OH npeanonoxuiI, 4To ABMKEHNUE dIIEKTPO-
HOB B aTOM€ MPOUCXOJUT HE TOJBKO IO KPYIrOBbBIM, HO U
M0 JJUIMIITHYECKUM opOuTam. J[Jsi 3TOro UM JOMOJIHU-
TEJIbHO K IVIaBHOMY KBaHTOBOMY uucny n=1,2,3,..., co-
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OTBETCTBYIOIIIEMY HOMEpY IEpPHO/a aToMa B IIEPHOANYE-
CKoO# cucteme xuMmmudeckux saemeHnToB .M. MenaeneeBa
WM TOPSIKOBOMY HOMEPY KPYroBOH OpOUTHI 3JIEKTPOHA
U TIOJIHOCTBIO OINPEIEISIONEMY SHEPTUIO JIEKTPOHOB B
aToMe, OBUIO BBEJCHO OpOHTaIbHOC KBAHTOBOE YHCIIO
| = n— 1, xapakrepusymomuiee GopMy OpOUTHI AJIEKTPOHA B
aToMHOU obonouke. Teopus atoma H. Bopa B 1917 roxy
OblIa yTOUYHEHA M HEMEKUM (H3UKOM AnbOepToM DiH-
mTeiHOM, ynocToeHHbIM B 1922 roxy HobeneBckoit npe-
Mu# 1o Qusnke. JlaHHOE yTOYHEHHE MOCIEAHUH OCylle-
CTBIJI Ha KBaHTOBBIX HAadYajax IyTEM BBEACHUS Npe-
CTaBIICHUHA O BEPOSTHOCTH PAa3IMYHBIX CAMOIPOH3BOIH-
HBIX W BBIHYXICHHBIX IEPEXOJOB AJIEKTPOHOB B aTOMax
[16,17]. [Jlns XapaKTEpUCTHUKH  DJIEKTPOMArHUTHBIX
CBOWCTB 3J€KTpoHa B atrome B 1925 romy A. 3ommep-
(enbaoM ObLIO BBEICHO TPEThe KBAHTOBOE YHCIIO — Mar-
HUTHOE KBAaHTOBOE 4YHCIO m; =+t/, Xapakrepusymomiee

OPHEHTALMIO IUIOCKOCTH JJIEKTPOHHOM OpPOUTHI B Tpex-
MepHOM TnpocTpaHcTBe. Teopus bopa — 3ommepdensaa
JlaBaja MPaBUIIbHOE OINHMCAHWE HYHEPreTHUECKUX YpPOBHEH
JUIL BOZOPOJONOJOOHBIX aTOMOB M aTOMOB, HMMEHOIIUX
OJMH BAJICHTHBII 3J1€KTPOH (JIEKTPOH, HAXOAALIMICI Ha
BHEIITHEM 3HEPr€THYECKOM YPOBHE aTOMa).

Hecmotpst Ha Bce 3TO, yCOBEPILICHCTBOBAHHAS KBaH-
ToBasi mozeinb aroma H. bopa, yaocroeHHoro takxke, Kak u
A. Diinireiis, B 1922 rogy 3a paboThl B 001aCTH KBaHTO-
Boii MexaHukn HobeneBckoli npemun 1o ¢usuke, Obuia He
B COCTOSIHMM MPABWIBHO OOBSICHUTH M ONHCATh BHYTpPH-
aTOMHBIE TIPOLIECCHI B 00JIee CIIOXKHBIX, YEM aTOM BOJIOPO-
Jla, MHOTO3JIEKTPOHHBIX aToMax (Hampumep, paccesHHe
JJIEKTPOHOB AaTOMaMM, HMHTEHCHUBHOCTh W TIOJISIPH3ALIHIO
CIIEKTPAIBHBIX JIMHUA CJIOXKHBIX aTOMOB, AHOMAJIBHBIN
addexr 3eemana u ap.) [14, 16]. Beuto BuaHO, 4TO TpPHU
BCEX CBOMX YCIIEXaxX KBAaHTOBas TEOpHUsl aToMa, pa3pado-
tanHast H. Bopom u yrounenHas A. 3ommepdenbaom, nMe-
€T U cepbe3Hble HEAOCTATKH MPUHIMIHAIBHOTO XapakTepa.
Hcropus pa3BuTHsi MUPOBOW (M3NUECKOW HAYKH MOKa3aa,
4YTO MeTOJ KBaHTOBaHWS bopa — 3ommepdenbaa sBisuics
NEpeXOJHBIM JTallOM K IOCIEA0BATENbHON KBAaHTOBOI
TEOpHH, OCHOBaHHOI Ha BOJHOBOW NpHpOJE JI000ro Be-
mectBa. Kpome Toro, KBaHTOBasi PEPHIBHOCTh B @TOMHOM
(u3uKe moAprIBaNa MpeAcTaBieHne 00 OAHO3HAYHOU 00Y-
CIJIOBJICHHOCTH (JETEPMUHNPOBAHHOCTH) SIBJICHHH MHKPO-
MHpa. OTO MPUBOAMIO K HPEACTABIECHHUIO O TOCIOACTBE B
HUX (3TUX BHYTPHATOMHBIX SIBJIICHUSIX) CIy4alHOCTH.
TpyZHOCTM M NPOTUBOPEYMS K Hadaldy BTOPOM YETBEPTH
XX Beka B aTOMHO#1 (pM3HKE U COOTBETCTBEHHO B KBAHTO-
BOW MEXaHHKE HAKOMMIMCh M 000CTpwinCh. Dusnkam-
TEOpeTUKaM M (U3MKaM-IKCIIEPUMEHTATOpaM Ka3aJloCh,
YTO cama aToMHas (PM3MKa 3allula B TYNUK. YUEHBIM Ipe[-
CTOSUIO MCKaTh BBIXOJ U3 CO3[ABILErocs CI0XKHOTO MOJO0-
JKEHHs B KBaHTOBOM (DM3HMKE W COOTBETCTBEHHO B (hH3HUeE-
CKOI HayKe MUKpPOMHUpA.

3. CO3JIAHUE BOJIHOBOII MEXAHUKU —
HAYYHBIN ITIOJIBUT’ SPBUHA IIIPEJIMHIEPA
HcTopuku Hayku OTMEYaroT, 4TO "IIOPUXCKHI IIe-
puox" (1921-1927 roasr) 6611 s O. Llpenunrepa Bax-
HEHIIM B €ro CTAaHOBJCHHHU Kak ydeHoro [1]. IMeHHO B
9TH TOJBI OH U3 OJAPEHHOTO YYEHOTO BBIPOC B KPYIHEH-
mero (U3MKa-TEOPETHKA CBOETO BpeMeHH. VIMEHHO »Th

TOZbI ¥ CTAIH KyJIbMUHALMOHHBIMU B HAYYHOM TBOPYECT-
Be O. lllpenunrepa. OgHUM U3 ONPEACTAIONINX UCTOKOB
ero Oyaymux padoT 1O HEpEelIEHHBIM aTOMHBIM MpO0JIe-
MaM SIBWIKCH HCCIIEIOBaHuUs (paHIly3cKoro yueHoro Jlyn
ne Bpoiins, BeINONHEHHBIE U OITyONIMKOBaHHbIE UM B 1923
TOZy W CBSI3aHHBIE C Pa3BUTHEM HJIEH O INEpeHoce KOop-
MYCKYJISIPHO-BOJIHOBOTO Jyaji3Ma cBeTa (ero JBOWCT-
BEHHOCTH KaK YacCTHIBI M KaK BOJIHBI), IIOCTYJIMPOBAHHO-
ro eme B 1905 romy A. DHHIITEHHOM B CBOEH Teopuu
doTtoaddexTa, Ha MUKPOIACTHIIEI TBEPHAOTO Tena (Bere-
cTBa), obmamaromme maccor mokos. B 1924 roxy momo-
no#t JI. ne bpoins B cBOEW NOKTOPCKOM qucCCepTalldu Ha
temy "Hccnedosanus no meopuu keanmog" 4eTko chop-
MYJIMPOBaJl OJIHY B)XKHEWIIYI0 M BECbMa ILIOAOTBOPHYIO
HJICI0 O TOM, YTO KATOIHBIC JIydd B ra30pa3psaHON TPyO-
Ke (mpu 3TOM MBI HE 3a0BIBa€M TOTO, YTO, KaK BBIIIE OT-
MEUaJloCh, 3TH JIy4H SIBISIOTCS TIOTOKOM 3JIEKTPOHOB) TaK
JKe, KaK ¥ CBETOBBIE JIy4H, UIMEIOT AyaJHCTHYECKYIO TIpH-
POAy, TO €CTh OJJHOBPEMEHHO SIBIISIOTCS KaK YacTHUIIAMHU,
TaK ¥ BOJIHaMHU oco0oro ponaa. Ha ocHoBaHWM STOU HIen
JI. ne bpoiiinbs NoayyYnII MWHUPOKO U3BECTHOE KIIACCUYECKOE
COOTHOUICHHUE JI JJIMHBI BOJIHbBI 7\’6‘ HEPEIIATUBHUCTCKOT'O
3NeKTpoHa: A,=h/m,v,, TA€ V,— CKOPOCTH 3JIEKTPO-
HAa, paBHas rpyNIoBoi ckopocT BoJH ae bpoita. B xone
3TUX CBOMX TeopeTHueckux uccienoBanut JI. ne bpoiins
HaIlleJl, YTO UMEHHO TPYIIOBasi CKOPOCTh MHUKPOYACTHIIBI
(2JIeKTpOHA) KaK BOJHBI COBIAJIAET CO CKOPOCTBHIO Marte-
pUANBHOM TOYKH, JBUXKYLICHCS IO 3aKOHAM Kjaccuye-
ckoi MexaHuku. B cBoe Bpemsi oH Hamucan [l14]:
" Juppaxyuonnvie aenenus 06HAPYHCUBAIOMCA 8 HOMO-
Ke 2NIeKMPOHO8, NPOXOOAWUX CKBO3b OOCAMOYUHO MAJbie
omeepcmus. Bvimv mooicem, sxcnepumenmanshoe noo-
meepoicoerue Hawux uoel ciedyem UCKamv 8 MoM Ha-
npaenenuu". HeckompKo HapyIIas XpOHOIOTHIO COOBITHHA,
oTMeTHM, 4to B 1928 rongy Hemenkuii yaeHsii Pymm, uc-
ciemysl Ha KPUCTaIaX MMEHHO IU(PAKIMIO0 KaTOTHBIX
Jydel, IOATBEPANII JOCTOBEPHOCTh 3TO# Gopmyssl JI. ne
bpoiina s A, . Keratu, 3a 311 pabotsl B 1929 rogy JIL.

ne Bpoitie Ob11 ynocroen HoGenesckoit npemun no ¢u-
31Ke. 3aMETHM, YTO OH HE OTPAHMYMIICS BBEICHUEM I10-
HATUS 9JEKTPOHHBIX BOJH. JI. ne Bpoinb npuMenun 3to
MOHATHE ISl OOBSCHEHUs CyIIecTBOBaHUS "OOpPOBCKHX"
CTAITMOHAPHBIX HHEPreTHUECKUX COCTOSHUN (OpOHUT) B
aTOMe W TI0Ka3aj, 4TO Ha 71-i KPyroBOH OpOUTE HIEKTPO-
Ha B aroMe bopa JOKHO yMemaTbesl LIEJNOE YUCIO €ro
(31exTpoHa) cTosiuux BOJH (BosH e bpoitnsa) [14, 16]:

2N ¥y =N-hyy, =n-hlm,-v,,, 1)
Tae 7,, —Paauyc n-i KpyroBOH CTAallMOHAPHOU OPOUTHI
3JIEKTPOHA B aToOMe; A, — JUIMHA BOJHBI Ae bpoiins Ha

n-A  KPYroBOW CTAallMOHAPHON OpOHTE JIEKTPOHA;

Vo :e3/2~n~80 -h— CKOpPOCTb 3JIEKTpOHAa Ha €ro n-u
KpyroBOH CTallMOHApHOH oplute; g = 8,854-10d/m —
ANEeKTpUYecKasl mocrosiHHas; n = 1,2,3,... — 1enoe 4ucio,
paBHOE TOPSIAKOBOMY HOMEPY 3JCKTPOHHOW OpOUTHI B
aToMe 10 Mepe ee YIAJICHHUS OT ero Sapa.

VYcenosue (1) JI. ne Bpoiinsg TouyHO coBmamano ¢ am-
PHOPHBIM YCIIOBUEM KBAHTOBAaHHs B MEPBOM MOCTYJIATe
H. Bopa [16]. ITo JI. ne Bpoiurto momydanock, 9To BCAKOH
MHKPOYACTHUIIE C MAcCOH TOKOs, UMEIOIIEH UMITYIIbC (KO-
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JIUYECTBO ABIKCHUS) W SHEPTHUIO, IPUITUCHIBATACEH €I U
HEKOTOpas 4acToTa (IJIMHA BOJHBI). XOTs Onaromaps Ta-
koi runorese JI. ne bpoiing xk 1925 roxy BmnepBbie yna-
JIOCh TIPaBAONOAOOHO OOBSCHUTH AaTOMHYIO MOJEINb
H. Bopa, Hay4HbIl MHp, OJJHAKO, €IlIe HE ObLI FOTOB IPH-
HSTh BOJHOBBIC CBOWCTBA YaCTHI[ MUKPOMHEpA Kak (U3H-
YECKYI0 pPEaNTbHOCTh. BONBIIMHCTBO (DU3UKOB CUHTAIIO,
yto JI. ne bpoiinb "xeamun uepes kpau" [1, 14]. Ilocne
Oerioro 3HakoMcTBa JietoM 1925 roma 3. Llpenurarepa ¢
nucceprauueit JI. ge bpoisis oH NpOHUKCS TOW MBICIBIO,
YTO 3JEKTPOH, BPAIIAIOIINAIACS BOKPYT siApa aToMa B IUIa-
HerapHoit moaenu H. Bopa, MoxkeT ObITH OIMCaH HEKOTO-
poit "cmosueii goanou". B nHosOpe 1925 rona oH yxe mu-
can [19]: "...B smu OHu 51 6NIOMHYIO 3AHUMAIOCL MA-
aanmaueou ouccepmayueti de bpoiinsa. Ona upessbiuatino
s3anumamenvra". B KadecTBe OMHOTO M3 OCHOBHBIX HC-
XOJIHBIX TIOJIO)KEHUH CBOEW HOBOW BOJIHOBOM Teopuu
3. llpeauHrep Kak pa3 W UCIONB30BAN IPHUBEICHHEIC
Bbllle KBaHTOBoMexaHuueckue uneu JI. ge bpois. Tlpu
MOCTPOEHUM HOBOW aTOMHOM TEOpUM, KAKOW SBISIIACH
BOJIHOBasi MexaHuKa, J. lllpenuarep paccmaTpuBall aToM
BelecTBa KaK HEKOTOPYIO KOJEeOaTeNbHYI0 CHCTEMY, B
KOTOpOIl €€ BO3MOXHbIe COOCTBEHHbIE KOJEOaHUsI OTO-
KAECTBISI C YCTOWYMBBIMH DHEPTETHUECKIMH COCTOS-
HUSMH B 3TOM aToMe. DTy OCHOBHYIO (PM3UYECKYIO HICIO
eMy yIajioch ChOpPMyIHPOBaTH Kak 3a1ady O COOCTBEH-
HBIX 3HAYCHHUSIX HEKOTOPOro JHHEWHOro auddepeHIu-
QIBHOTO YPaBHEHHS BTOPOTO MOPSAKA, OMHCHIBAIOIIETO
MMOBEJICHIE JJICKTPOHA B aTOMe BeliecTBa. [Ipu 3ToM oH
OIMUPAJICS HA 3aKOHBI KIIACCUYECKOW TEOPETUUCCKON Me-
XaHUKH, chopMmyipoBaHHble emie B XIX Beke H3BecT-
HBIM HWPJIAHACKAM YyYEHBIM YWIBIMOM [ aMHUIETOHOM
[14]. Kpome Toro, MPHHATO CYUTATh, YTO BAXKHBIM MO-
MEHTOM B WCTOPHH CO3JaHHUS BOJHOBOH MEXaHHKH
3. llpeauHrepoM SIBIJIOCH OAHO CYIIECTBEHHOE 3aMeda-
HHE U3BECTHOTO Hemerkoro ¢usuka [lerepa [Iebast o Tom,
qro "...2eomempuueckas ONMuKa AGIAEemcs HYaACMHbIM
cyuaem 80IHOBOU ONMUKU 6 npedeiie 6EeCKOHeUHO MAbIX
onun eonn" [1, 14]. VcTopuku HayKHM OTMEYAIOT, 4YTO
MMEHHO yKa3zaHHble Hamu Bbiie uzaeu JI. ne bpoitns,
KIIaccu4yeckue pe3ynbraTel Y. [amminbToHa B 00NacTH
AHATUTHYECKON MEXAaHUKHU W BBIICYKa3aHHOEC YMO3AKITIO-
yernne [1. Jlebas B komruiekce monsenu J. Llpenuarepa k
(hopMyIHpPOBKE TOTO HOBOTO TOAXO0Ma, KOTOPHIM OH H
BOCITIOJIB30BaJICSA. B 3TOM moaxojie OCHOBHOI uaeei, 000-
3HaueHHou J. lllpeamHrepoM, SBHIOCH TO, YTOOBI Marte-
MAaTUYECKYI0 AHAJOTUI0 MEXAY ONTUKOW M MEXaHHUKOU
pacTpoCTpaHUTh HAa BOJHOBBIE CBOHCTBA OOBEKTOB HX
U3y4YeHHUs] — COOTBETCTBCHHO CBETa M (PM3MUYECKUX TEI,
BKJTIOYasi MUKPOYACTHIIBI C MacCaMH IMOKos. B atom city-
Yyae KJIacCHYeckas MeXaHMKa UM paccMaTpHBanach Kak
aHajor reomerpuyeckoil ontuku. Bot uto cam 3. Illpe-
JUHTep nucal mo AaHHoMy Bompocy [l1]: "..bwimb mo-
Jicem, Hawla Kiaccuyeckds MeXaHuxka npeocmasgisem
NOJHYIO AHANO2UIO C 2eOMEMPUYECKOU ONMUKOL U 0000~
HO NocieoHell OMKA3bl8AEMCs CYHCUMD U He CO2Nacyem-
€A ¢ OeliCmBUMeNbHbIM NOJONCeHUeM 8elyell npu pasme-
Pax u paouyce KpususHbl mpaeKmoputl, NPUOIUICAIOULUX-
€A Nno eenudUHe K HeKOMopot OuHe 80IHbl, KOmopas me-
nepv npunumaem peanvihwvlii cmuici. Toeda yenecoobpas-
HO NONbLIMAMbCA NOCNPOUMD BOIHOBYIO MEXAHUKY U nep-
8bIM ULACOM HA DMOM NYMU AGNAENCA, KOHEUHO, 80JIHO80E

ucmoaxosanue npeocmasnenuti I'amunbmona". I3 takoit
AQHAJIOTUH CIIEAOBANIO, YTO KJIACCHYECKass MEXaHHKa OITH-
CBIBAET TPACKTOPHUIO OOJBUIMX YAaCTHIL (MAaKPOOOBEKTOB),
MMEIOLIMX OYEHb MAJYIO TI0 CPAaBHEHHUIO C MX pa3Mepamu
JUTMHY BOJHBI e bpois. Jlns manbix ke gactuil (MHK-
POOOBEKTOB), [UIMHOM BOJIHBI 7ie Bpoiiys KOTOpPBIX HENb3s
npeHeOperaTh M0 CPaBHEHHIO C MX pa3MepaMH, 3aKOH
JIBIDKEHUS] TaKMX MHKPOYACTHUI] JIOJDKEH OIMCHIBATHCS
ypaBHEHHEM, aHAJIOTHYHBIM BOJHOBOMY YpaBHCHHIO B
OTITHKE.
3meck HamO ykaszatb TO, 4To B 1925 romy BbImaro-
muiicst Hemenkuii Guzuk BepHep I'elizenOepr B oTedect-
BEHHOM KypHane "Zeitschrift fiir Physik" onyOaukoBai
cBOIO (yHIAMEHTaIbHYI0 paboty "O keéanmosomeope-
MUYECKOM UCOTKOBAHUY KUHEMAMUYECKUX U MexaHuye-
ckux coomuoutenuti" [14, 20], B KOTOpOi UM OBUTH 3aJI0-
JKeHbl (PU3MYECKHE OCHOBBI MAaTPUYHOW MeEXaHWKH (B
JlalTbHEHIeM OOJBIION BKJIaJ B pa3sBUTHE TOTrO HAIpaB-
JIeHUs] KBaHTOBOH (DM3MKHM BHECIIM M3BECTHBIE HEMEIIKHE
dusuku Maxc Bopu u Ilackyans Mopman). OcHoBHas
uaes 3ToH paboTHI 3aKiII0YaNiachk B TOM, YTO B (H3mUe-
CKOIl Hayke MHUKpPOMHpa HEOOXOIMMO MHTEPECOBATHCA H
3aHAMAaThCS HE OHKCIEPHUMEHTAIBFHO HEHAOII01aeMBIMU
BETMYMHAMU (HampuMep, IMEePUOJIOM OOpaleHus 3JIeK-
TPOHA BOKPYT sIpa aToma), a TeMH (PU3UUYECKUMU BeIH-
YMHAMHU, KOTOPbIe MOXKHO OIBITHO M3MEPUTH (HAIpUMED,
WHTEHCHUBHOCTBIO CIIEKTPAJIbHBIX JMHUH M3Jy4EeHHs aTo-
Ma BemectBa). J. llIpeaunrep, 6e3ycaoBHO, ObUT 3HAKOM
¢ nojoOHBIM HampasieHueM pabor B. I'eitsenOepra B
obnactu kBaHTOBOW (u3ukn. Ho kak He3aBUCHMas HaTy-
pa OH IPOJOIDKAJ UCKATh CBOM HAYYHBIH IyTh K PacKpbI-
THIO TalfHBI MUKPOMHpA U CBOe "Hay4Hoe cuacThe". Kpo-
Me TOTO, B 3TOH CTaThe HEMEIIKOTO YUEHOTO CoJepiKaach
(opMyIHPOBKa OJHOTO W3 OCHOBOIIOJIATAIOUINX MPUHITH-
OB KBAaHTOBOW MEXAaHWKH — NPHUHINIIA HEONpeIeIeHHO-
ctu [eitzenbepra. MaremaTH4ecku ATOT NPHHIMIT IS
CONPSDKEHHBIX TMEPEMEHHBIX MHUKPOYACTHIIBI, HMEoLIeH
BO3MOXKHOCTb JIBUTAThCsl B IEKAPTOBOM CHCTEME KOOP.IH-
HAaT, HalpUMep, TOJIBKO B HANPABJICHUH IPOJOJIBEHON OCH
OZ TpexMepHOro MpoCTPaHCTBA, "MMITYJIbC — KOOPIUHA-
Ta" 3aIMCBIBAaETCs B cieaytomeM Bue [16]:
Ap,-Az>h/4m, 2)

rac Apz . Az — COOTBETCTBEHHO HEONPECACICHHOCTU B

OTIpe/IeIICHNH POCKINK UMIyJIbca p Ha ocb OZ (Komu-

YeCTBa JIBMYKEHUS) MUKPOUYACTHIBI M €€ MPOCTPAHCTBEH-
HOH KOOPJIMHATHI Z .

YuuteiBas KpailHIOI0 BaXXHOCTb JAHHOTO MPHUHIUIIA
(2) nys mMoHWUMAaHUS TPOIECCOB, MPOTEKAIOIINUX B aTOM-
HBIX CHCTEMaX, OCTAHOBHUMCS Ha HeM Oojiee MoJIpoOHO.
CoracHO 3TOMy HOBOMY ()yHJaMEHTAJILHOMY MPUHIIUIY
JUTS M3BECTHOTO 3HAYEHUS UMITYJIbCa p DJEKTPOHA (€ro

KOJIMYECTBA ABUKEHHS M, * V, ) B aTOME €ro IPOCTPAHCT-

BEHHOE MECTOIIOJIOKEHUE OCTaeTCsl HeomnpenesneHHbM. C
JIpyToil CTOPOHBI, B Cllyyae, KOIJa IpPOCTPaHCTBEHHbBIE
KOOPAMHATHI 3IEKTPOHA B aTOME 3aJ]aHbl C BBICOKOI TOU-
HOCTBIO, €r0 CKOPOCTh V, MOXHO OINPEAEIUTH JIUIIb CO

3HAYUTEJIBHON CTENEHbIO HeompeneneHHOoCTH. [Ipuuem,
u3 (2) cmemyer, 9TO I JETKUX MHUKPOYACTHIl C OYCHb
MAaJIBIMH MacCaMH MOKOSI M TEOMETPUYECKIMHU pa3MepamMu
(kak B paccMaTpuBaeMOM CIy4dae ajisl DJIEKTPOHA) 3Ta
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HEOIIPEIeIEHHOCTh CKOPOCTH OyIeT MPUHUMATDH OOJIbIINe
3HA4YCHUS M OSTOMY OHa OyneT urpath s Hee (MHUKpPO-
'-laCTI/lLII)I) U COOTBETCTBCHHO IJIA €€ IIOBCJACHHA B aTOME
CYIIECTBEHHYIO poJib. [ MakpoyacTuil xe (prusndyeckux
TeI) ¢ OONBIIMMH pa3MepaMH U MaccaMM MOKOsI U3 Hallle-
r0 MakpoMHpa 3Ta HEOIPEIeJICHHOCTh UX CKOPOCTH IpH
JIOCTaTOYHO OOJBINMX 3HAYCHHUSX HEONPEAEIEHHOCTH MX
MTOJIOXKEHHS (HAIIPUMEp, BEIIMYUHBI Az ) SBISICTCS BEIU-
YUHON TpeHeOPe)KUMO Majoi W (PU3MYECKH TPOCTO HE
pEeTUCTpUPYEMON TeMH HW3MEPUTEIFHBIMU CPEICTBAMU,
KOTOPBIMH pacIiojiaraeT cefvac 4eI0BeUeCcTBO.

Ha B3rmsan aBropa, ¢ NO3ULMI KBAHTOBOMEXAaHHUYE-
CKOTO TPHUHIMIIA HEOMPEIEICHHOCTH (2) OTKpBIBAETCS
(du3MUeCKUii MEXaHH3M YCTOHYMBOCTH JIIOOBIX HEBO30Yy-
JKACHHBIX aTOMOB BCIIIECCTBA. B cBs13u ¢ aTUM TIOSIBIIsIETCS
U BO3MOXHOCTb apryMEHTHPOBAHHOI'O OTBCTAa HaMHU Ha
MHTEPECOBABIINKA HE OJHO YeJIOBEYECKOE ITOKOJIEHUE BO-
IIPOC: noYemy 91eKmpoH 8 amome He naoaem Ha e2o 10po
unu npomon? OTBET Ha JaHHBIA BOMIPOC JIOCTaTOYHO
MPOCT: 8edb coenacro (2) ona Hezo (371eKmMpoHA) 5mo
9HepeemuuecKu HeyenecooopasHo u HegvleooHo. llosc-
HUM 3TOT KOPOTKHMH OTBET. B COOTBETCTBMM € MPHUHLIHU-
oM HeompezaeneHHocTH ['eizeHOepra, eciam MBICICHHO
MPEICTaBUTh cebe, YTO HMEKTPOH 0e3 HCIyCKaHUs KBaHTa
sHepruu (IIycTh Jake B HapyIIEHHE BTOPOTO IIOCTYyJaTa
H. bopa) co cBoeil moreHnnansHOil Wiy W KHUHETHYE-

ckoil Wy sHeprueil npubimkaercs ¢ nepudepun K LeH-

Tpy atoma (TIIpH 3TOM BEJIUYMHA €r0 KOOPAUHATHl Z WIIH
paguyca 7, Maja M BeCbMa OIPEleNIeHHa), TO Heolpe/e-
JIEHHOCTb €TI0 CKOpOCTH Vv, (ee pazbpoc Av, ) mo (2) pes-
KO BO3pacTaeT. A pa3 Tak, TO TaAKOE YMO3PUTEIbHOE H3-
MEHEHHE MECTOIIOJIOKEHHUS DJIEKTpOHA B aroMe OyJer
MPUBOANTH K 3aMETHOMY BO3DPACTaHHUIO €r0 BO3MOXKHOM
CKOPOCTH V, , YTO JAOJDKHO BBI3BIBATh CYIIIECTBEHHOE yBe-

JIMYCHUE IOJIOKUTEIBbHOM KMHETHUECKON SHEPrHM 3IIeK-
TpoHa Wypg >Wy( . llomydaeTcs, 4To paccMaTpuBaeMoe

MPHUOJIMKCHUE 3JICKTPOHA K IICHTPY aToMa WIH K ero sij-
Py, TO €CTh €ro JBIKCHHE B OOJIACTh MaJioi (OTpHIa-
TEJNBHO OOJBINON) TOTEHINANEHOW YHEPTHH, TOJKHO CO-
MPOBOXAATHCS 3HAYUTEIHHBIM BO3PACTAaHHEM €ro IOJIO-
JKUTEAbHON KUHETH4ecKoil sHepruu Wyp, AUKTyEeMBIM

MIPUHIUIIOM HeompeneneHHoctu [eizendepra (2). B pe-
3ynbTaTe TIOJHAS JHEPrus TAKOro JIICKTPOHA, paBHas
CyMM€ OTPHUIATEILHOM NOTEHUMANEHOH Wy M IOI0XKH-

TENBHON KWHETHYECKOH sHeprun Wyp , Ipu MpHOIIKe-

HUU K S7IPY aTOMa CTaHOBHTCS OOJBIIEH U HE COOTBETCT-
BYIOIIEH ero mpeObIBaHuI0 Ha Oosiee OIM3KOM K MPOTOHY
aToOMa U C MEHBIINM 3aIlacoM ITOJIHOM SHEPTUH SHEPTETH-
yeckoM yposHe. [Ipudem, gem Oyner Ommxe 3JIEKTPOH K
A0py aroMa, TeM OH OyJeT HCIBITHIBATH BCE OoJbliee
MIPEISITCTBHE Ul NPEObIBaHUS TaM, 0OyCIIOBICHHOE BCE
OOJIBIINM YBEJIMYEHUEM B COOTBETCTBHHM C (2) ero KuHe-
TUYECKO sHepruum Wyp , a 3HAUYUT U TIOJIHON >HEPruu

(Wro+Wxg)- Ho B cooTBeTcTBHU € 3aKOHAaMM KBaHTO-

BOW (pM3MKHM M yCTOWYMBOCTH MaTepHH JIEKTPOH KaK Ma-
TepUaJbHBIA 00BEKT OYZET CTPEMHUTHCS 3aHUMAaTh Kak
MOXHO 0oJiee HHU3KOE D3HEPreTHYECKOE COCTOSHHE C
MEHBLIMM 3Ha4EHHUEM CBOEH IHMOTECHIMAJIbHOW M KWHETH-

yecKoW sHepruu. HamoMHUM, 4TO MOTEHIMAIbHAs SHEp-
THS JJIEKTPOHA B aToMe OyAeT CTPEMHUTBhCS K HyNIO Ha
nepudepun aroma (n —> oo ). Tam xe OyaeT MUHUMAIb-
HOHM M KMHETHUYECKasi dHeprus 3jekTpoHa. [loatomy snek-
TPOH, UCXOAS U3 YUCTO YHEPIeTUIECKHX COOOpaKeHui, H,
HECMOTPS Ha 3JIEKTPOCTATUIECKUE CHIIBI €r0 MPUTSHKEHUS
K MPOTOHY, OyZeT Bce ke "NPOTUBUTHCA'" NBHKECHHIO K
SIpy M TPOTOHY CBOEro aroma. JlaHHO€ ero "MpOTHBO-
neiictBue" MPUOIIKEHUIO K LEHTPY aroMa B COOTBETCT-
BuM ¢ (1) BBIpa3suTCs B TOM, 4TO OH OyJIeT BBIHYK/IEH Iie-
peiiTi Ha GoJiee BBICOKYIO KPyTOBYIO OpOUTY ¢ OOIbIIMM
panuycom 7, u ¢ OONBIIMM 3HaU€HHWEM 4ucia n (3TO B

TOM CiIy4ae, KOrZa MBI pacCMaTpHUBaeM IIOBEIEHHE CBS-
3aHHOTO AJIGKTPOHA B aroMme uia n > 1), a, 3HAYUT, C

MEHBIIEH CKOPOCTBIO V, M MEHBIIEH KMHETHYECKOU

sHepruil Wy, a Takke C MEHbIIEH MOJHON DHEPrueil u

PaBHOI COTTIACHO 3aKOHY COXPaHEHHs PHEPTHHU €ro Iep-
BOHauanbHOM sHeprun (Wi +Wyo)<(Wro+tWgr) B

aToMHOI1 o0onouke. Kak B 111000# Makpo3IeKTpOMEXaHH-
YEeCKON CHCTeMe, TaKk M B aToMe (3TOi CBOEOOpa3HOM
MHKPO3JIEKTPOMEXaHHYECKOH CHCTEME) MEXIY €ro B3au-
MOJICHCTBYIOIIMMU 3JIEMEHTapHBIMM YacTUIAaMH  (CKa-
JKEM, DJIEKTPOHOM U IIPOTOHOM) BCETJa HaXOIUTCS BCEX
YCTPaMBAIOLIMI KOMIIPOMHUCC: 3JIEKTPOH MOCIE MOIBITKH
cOMmmKEHUs ¢ AApoM (IIPOTOHOM) aToMma "yXomuT" ¢ BHI-
TIOJTHEHHEM 3aKOHA COXPAHEHHMS SHEPTHH Ha OINpECIICH-
Hoe 00ibliee U NePBOHAYAILHOE PACCTOSAHHUE 7, OT LIEH-

Tpa aroMa (COOTBETCTBEHHO OT sipa M IPOTOHA) M TaM C
NepBOHAYAIILHOM TOJHON SHEpruel MpoJOKAeT BOKPYT
HHUX BpaathCs M0 COOTBETCTBYIOMIEH opOuTe. 3aMeTHM,
9TO PACCMOTPEHHOMY HAMH MHUKPONPHUMEpPY W3 KBaHTO-
BOl ()M3WMKM B KIACCHYECKOH MEXaHHWKE COOTBETCTBYET
HATJSIIHBIA AHAJIOTHYHBIA Makponpumep: 3G GheKT "BaHb-
KU-BCTaHbKK'", HAOII0MaEMBIN C OJHOMMEHHOM IETCKOM
urpymkoid. O6paTUM BHUMaHKE YUTATENS U HA TO, YTO B
coorBercTBUM ¢ nocryaaramu H. bopa anekTpon B atome
BEIIECTBA BOOOIE HE MOXKET 3aHMMaTh JHEPreTHUECKHE
YPOBHH C pagycaMH UX KPYTOBBIX OpOUT 7, <7, , Xapak-

Tepusyemble B (1) mensiM yucnoM n <l U ABISIOIIHECS
JUIsL HETO 3anpelieHHbIMu [16].

PaccMoTpeHHbI HaMu BBIIIE HHTEPECHBIH, ¢ o0Ie-
MIO3HABATENBHBIX U MUPOBO33PEHYECKUX MO3ULNH, (HU3H-
YECKHUI BOIIPOC M3 00IaCTH aTOMHOM (DU3UKH, CBI3aHHBIN
C OMPEIETICHHBIM M CBOCOOPA3HBIM ITOBEICHHEM CBSI3aH-
HOTO 3JIEKTPOHAa B aTOME, UMEET, 110 MHEHHIO aBTOpa, U
OINPENCTICHHYI0 AHAJIOTUI0 W3 O0NacTH 3IIEKTPUUYECTBA
(anexTpoTexHukn). Peds B JaHHOM CiTy4ae MOXKET HATH O
3aKOHE ANEeKTpOMarHuTHON wHAyKImu (OMMU) rennans-
HOro aHrymiickoro ¢usnka Maiikia ®apanes [21]. W3-
BECTHO, YTO COIVIACHO JAHHOMY 3aKOHY HMHAYLHpPyEeMOe
U3MEHSIOIINMCS BO BPEMEHHM { MArHUTHBIM IIOTOKOM
@ anexTpuueckoe HamnpspkeHne Uy B NPOBOJHHKE

OyIeT Takoro HampaBIICHHs, YTO OOYCIIOBJICHHBIA WM
(manpspxenneM Uy ) MHOYKIMOHHBIA TOK ify HPOBOJHH-

Ka OyIeT NpOTHBOJEHCTBOBATH W3MEHEHUIO, OPOXKIA0-
memy ero. CpaBHMBasi 3TH Ba Cilydas, BUJUM, 4TO JUIs
CBSI3aHHOTO 3JIEKTPOHA B aTOME MEXaHHM3M IPOTHBOJEH-
CTBHSI €ro NpHONMKEHHIO K s/py (IPOTOHY) Oasupyercs
Ha yBEJIMYEHUH COTJIACHO (2) €ro mojIoXXHUTEeIbHON KHHe-
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THU4YecKo sHeprun Wyp , a nus OMU MexaHu3M IpoTH-

BOJCICTBUS MPOBOJIHMKA BHELIHEMY SJIEKTPOMArHUTHOMY
BO3JEHCTBUI0 MArHUTHOTO NOTOKAa P OCHOBAH Ha W3-

MCHCHHNHN HAIPaBJICHUSI HWHAYKTHUPYEMOT'O B HEM HaIps-
KCHHUA UH MU COOTBETCTBEHHO MNPOTCKAKOMICTO IIO IIPO-

BOJHUKY HUHIAYKIIMOHHOI'O TOKa in B 3aBUCHMOCTHU OT

XapakTepa U3MEHEHHUsI BO BPeMEHHU ¢ 3TOro moToka. [lo-
ClIe OIpPEeNeNIeHHOTO W HeOOXOMUMOTO ISl JTYyYIIero Io-
HUMaHHS JaJbHEWIIEero MaTepHalla HaydHOTO JKCKypca
M0 KBaHTOBOMEXAHWYECKHM BOIIPOCAM IepereM K Ma-
TEMaTHYeCKOMY U  (HU3MYECKOMY CYHIeCTBY pabor
3. lpenunrepa B 00JaCTH BOJHOBOW MEXaHUKH, OOBsC-
HSOLIEH CTpoeHue Jr00ro aroMa BelIecTBa.

Hauunas ¢ 1926 rona, D. llIpeaunrep B HEMEIKOM
xypHane "Annalen der Physik" onyOaukoBas CBOIO 3Ha-
MEHHUTYIO HayYHYIO CEPHUI0, COCTOSIIYIO U3 YEThIPEX CTa-
Telt o oOmmM HazBaHueM "Kgeanmoganue kax 3adaua o
cobcmeenHblX 3HayeHuAx" M B KOTOPOH OBUT H3IIOKEH
MIPUHIUTIIAATIHHO HOBBIH MMOIXOM K PEIICHUIO 3a/1a4 KBaH-
ToBo# usuku [22]. OcHoBHOIT MeIcTBIO . lIpeaunTepa
B 3TUX paboTax OBUIO TO, YTO B ATOMHBIX O0OBEKTAaX KBaH-
TOBAHUE SBISETCS PE3yJIbTATOM PEIICHHUs ONpeIeTICHHON
3aJa4l MaTeMaTH4ecKoi (M3UKK Ha COOCTBEHHBbIC 3Ha-
YCHUSI HEKOTOPOW BOJIHOBOW ()YHKIIMH, 3aJaHHOU COOT-
BCTCTBYIOLIUM BOJIHOBBIM YPAaBHCHUEM. BblBeHeHHOQ um
Ha OCHOBE YIIOMSHYTOH BBILLIE ONTHUKO-MEXAHUYECKOMN
AHAJIOTMH JAHHOE BOJIHOBOC YPaBHEHUE, CIPaBEIIUBOC
JUIA Cydasi, KOTJia MOTEHIMaIbHAs YHEPTHs MHUKpOYaC-
THUIBI (JIEKTPOHA) HE 3aBUCUT OT BPEMEHH ¢, B HEPEIs-
THUBUCTCKOM l'[pI/l6J'lI/l)KeHI/II/l MNPUMEHUTEIIBHO K aToOMy
BOJIOpOJIa UMeEJIO0 cleayromuii Bus [23, 24]:
8n2-m eg

¢l E,+ v=0, (3

Ay +
v h2 € 4'7'5’80'7'6

rae A — muddepeHnuanbHeiii oneparop Jlammaca (Jara-
CHaH); vy —BomHOBass  (yHKIHA  (ICH-QYHKOWA);

E, — dHeprus CBS3aHHOT'O 3JIEKTPOHA; 7, — TEKyIlee pac-

CTOSIHHE My JIEKTPOHOM H ITPOTOHOM SI7pa aTOMa.

OtMeTuM, 4TO B HacTosulee Bpems ypaBHeHue (3)
U3BECTHO Kak cranuoHapHoe ypasHeHue llIpenunrepa
[16]. OnHo siBsieTcst o6o0meHnem uaeit JI. ne bpoiins Ha
ciydail mpocreiimero aroma. GU3NYECKUN CMBICIT pellie-
HUsl ypaBHEeHUs (3) CBOAMTCA K CTOSYMM 3JIEKTPOHHBIM
BoJHaM B atoMme BemectBa. CornacHo (3) cranpioHapHbIe
AJIEKTPOHHBIE KPYTOBBIE W JIUTUNTHYECKHE OPOUTHI B
IUTaHeTapHOU Moxenu atoMa bopa-3omMepdensaa Morm
paccMaTpuBaThCS TeNeph Kak ero (aromMa) cOOCTBEHHBIE
KoebaHusa. ABTOpY Ha yM cpa3y MpPHUXOJSIT W3BECTHEHIC B
KJIACCHYECKOW MeXaHWKe (PH3MYecKre aHaJoTHU T0J100-
HBIX KoOJeOaHWl: MeXaHWYeCKHe KOJIeOaHUS HATSIHYTOH
CTPYHBI TUTAapbl (JUPBI) WM 3AIEMICHHON IUIACTHHKH,
KOJIEOMIONINXCS ¢ HEKOTOPBIMH JIMCKPETHBIMU 4acTOTa-
MU, 3aBHCAIINMHU OT YCJIOBUH 3aKPEIUICHHUS CTPYHBI HIIH
IUTACTUHKH, TO €CTh OT COOTBETCTBYIOIIMX TI'PaHHMYHBIX
YCIOBUM WJIM IapamMeTpoB KOJICOIIOMIEHCS CHCTEMBI.
VYpasrenue (3) u ero pemrenus nozponmwm . Llpenunre-
Py paccuuTaTh UIA aToMa BOAOPOJAa SHEPreTHIECKUe
YPOBHH, KOTOPBIE XOPOIIO COTIACOBBIBAIHCH C HKCIEPH-
MEHTAJIbHBIMH NaHHBIMH. Tak, B chepruvyecKkoil cucreme

KoopanHAT pemeHne IudQepeHnnanbHOor0 ypaBHEHHS
BTOpOro Topsinka (3) MoxeT OBITH 3aIHFCAaHO B CIEIYyIO-
mem Buje [16, 25]:

y(rp) =exp(=C, 1) “)
rie C, = Tc-eg -m, /€ W2

CornacHo (3) u (4) yka3aHHOMY pEIICHUIO IJIs1 BOJI-
HOBOH \y -QyHKIMM B aroMe BOJOPOJA, COJAep)KalleM
OJIMH MPOTOH U OJAWH 3JIEKTPOH, COOTBETCTBYET €IHMHCT-
BEHHOE 3HAYCHWE JHEPTHM CBI3aHHOTO 3JEKTpoHa E,,
paBHOE

_ 4 2 42
E,=—m,-ey/8-gf-h”. &)
3rak MuHYC B (5) O3Ha4yaeT, 4TO B aTOME BOAOPOa
SHEPTHsl AJIEKTPOHA JJIsl OCHOBHOTO 1§ —3HEpreTH4ecKo-
TO COCTOSIHUS HIKe (MCHBIIE) TOH, KOTOpas MPUHUMAET-
csl 32 HYJIEBYIO. 3aMeTHM, 4TO ISl PaccMaTpUBaeMOI0
ciIydass HYJEBOH YpOBEHb IIOTCHIHMANA KYyJIOHOBCKOTO
B3aMMOJICHCTBHS AJIEKTPOHA C MPOTOHOM TIPHHUMAETCS
Ha OECKOHEYHOM yJaJIeHIH JIEKTPOHA OT siipa (IPOTOHA)
aToma Bojopoaa (7, - o). Ilpu 3TOM A1 KOHEYHOrO
paccTosiHUSL ¥, OT simpa atoma (7, <oo) MOJHAsl 3HEPTus
ANIEKTpOHa OyAeT ABIATHCS BEIWMYMHON OTPUIIATEIBHOM, a
€ro oTpHLaTeNbHas MOTeHIIHATBHAS SHEPTHS OyIeT paBHA
pabote, KOTOPYI0O HEOOXOAWMO 3aTPaTUTh IS TepeMe-
IIEHHS 3JIEKTPOHA C COOTBETCTBYIOILETrO YPOBHS Ha Oec-
KOHEUYHOCTb MPOTUB JEHUCTBUS AJIEKTPOCTATUUECKON CUIIbI
€ro NpUTSDKEHHs K NpoToHy. [loacTaBuB B (5) ynCIeHHbIE
3HAYCHUS TPUCYTCTBYIOIIMX TaM TOCTOSHHBIX, HAXOUM,
4TO JUI1 aToma Bojopoja E, = —21,8-10'19 JIx (wm
—13,6 3B). Eme 10 paccmaTpuBaeMbIX TEOPETHYECKUX
pabot 3. lllpeauHrepa Ha OCHOBAHWHU OTBITHBIX HU3MEpe-
HUH ONTHYECKOTO CIIEKTpa aroMa BOAopoja ObUIO H3-
BECTHO, YTO €T0 OCHOBHOH | s —3HEpreTHYeCKuid YpOBEHb
uMeeT 3Hepruto E, pasHyro E, =—13,6 3B [16]. ITomy-
YeHHe JUIL aTOMa BOJOPOAA HAa OCHOBE aHAIMTHYECKOIO
pemrenust ypaBHeHus Llpenunrepa (3) TOYHO TaKoOro e
YHUCJIEHHOTO 3Ha4deHust sHepruu E, = E, = —13,6 3B
o3Havano s camoro J. IllpenuHrepa M ero BOJTHOBOH

MEXaHUKH TIEPBBIA HACTOSIIHIA TpUyM.

He menee ycnemno# 3amaueit mia J. llpegunrepa
0Ka3aJIoCh M ONpeJiesieHHe Ha OCHOBE TI0JIOKEHUIT BOJIHO-
BOMl MCXaHMKH MECTOHAXOXJICHUS JJICKTPOHA B aToMe
Bosopona. C COBpPEMEHHBIX HAay4YHBIX MO3WIHUHA B COOT-
BETCTBUM C (4) BEPOATHOCTD p,,, NPEObIBaHHS CBI3aHHO-
rO JJIEKTPOHA B JAHHOM aToMe B C(EepHdecKoM Cloe C
TEeKyIIMMH paauycamu 7, u (v, +dr,) Oyzner mpormop-
IUOHABHA CIIEIYIOIIeH QyHKIIH:

2 2 2

Pew~4 1|y ["= 41y -exp(=2-Co-1p) . (6)

B3sB B (6) IpoU3BOJHYIO 10 7, U IPHPABHSAB €€ Hy-
70, Uil HamOosiee BEpOSTHOTO pajuyca 7,,, KpyroBOH
OpOWTHI AIIEKTPOHA B aTOME BOJOPOA MOIydaeM:

2
8T+ (Vo = Co 7o) €xXp(=2-Cy  7,) =0 (7)

Torna u3 (7) nna papuyca 7,, KpPyroBoi OpOUTHI

3IJIEKTPOHA B aTOME BOAOPO/Ia HAXOHM:!

rw=Col=gq-h?Im-&§ -m,. (8)
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[TomyuenHoe Hamu BBIpaXkeHHe (8) B TOYHOCTH CO-
oTBeTCTBYeT mepBoMy (n=1) "OopoBckomy" paauycy
opOUTHI 37eKTpoHA B atome Bopopona [16]. ITocne mox-
CTAaHOBKH B (8) YHCICHHBIX 3HAUCHUH HCIOJIB3yEMbIX
HaMH W3BECTHBIX DJICKTPOMU3HYECKHX U KBAaHTOBOMEXa-
HUYECKUX KOHCTAaHT AJI1 UCKOMOIO pajuyca 7, Kpyro-

BOI1 Op6I/ITBI QJICKTPOHA B aTOMC BOJOPOJa IOJydacM:

Foe = 0,529-107"" M. Uncnenno HaiijieHHBIH HAMK Ha OC-

HOBC 3aKOHOM€pHOCTGﬁ BOJIHOBOII MEXaHUKU paguycC rey,

MIOJTHOCTBIO COOTBETCTBYET DPaJUycCy HEepBOH KpYroBOH
OpOUTHI 3JIEKTPOHA B IIAHETAPHOW KBAaHTOBOW MOJENH
aToMa Bozopona, paspadoranHoii B 1913 roxy H. Bopom.
Kak Bumum, B OTIHYHE OT IDTAHETAPHBIX MOJEIEH aToMa
H. bBopa (c kpyroBeiMu opOuTamMu 3JIEKTPOHOB) U
A. 3ommepdenbaa (C IIUTMOTHISCKUMH OPOWTAMHU JJIEK-
TPOHOB pa3IMIHON (POPMBI ¥ POCTPAHCTBEHHOW OpHEHTA-
MM, 71 KOTOPBIX 00s13aTeIbHBIM TPEOOBaHUEM SIBIISIETCS
BBITOJIHEHHE anpHOpHBIX noctynaroB H. bopa [16], B Bosi-
HOBOW MexaHuke 3. IllpenuHrepa OCHOBHBIE XapaKTepH-
CTUKM aTOMHOHM OOOJIOYKH BBITEKAIOT, IO CYIIECTBY, U3
CTPOTOro peulieHHs COOTBETCTBYIOIIETO An(epeHInab-
HOTO BOJIHOBOTO ypaBHEHUs (Harpumep, CTalOHApHOTO
ypaBaenust Lpemuarepa (3) s atoma BOAOpoOIa), OIH-
CBIBAIOIIIETO MHUKPOIIPOIIECCH B COOTBETCTBYIOIIEH aTOM-
HOU cucreme. brmaromapst BoimHOBO# Teopun 3. Llpenun-
repa yKasaHHbIC IUIaHETapHBIC KBAaHTOBHIE MOJENU aToMa
BEIIIECTBA TIOJTyYIJIN CBOE JalTbHEHIIIee pa3BUTHE.

Kpome toro, ypaBHenme (3) MO3BONMIO TOHSTH
3. llpeaunrepy NpUYMHY OTCYTCTBHS H3JIy4eHHs Yy Bpa-
HIAFONIUXCS M HE BO30YKICHHBIX Ha CTAllMOHAPHBIX Op-
OuTax CBSI3aHHBIX 3JCKTPOHOB, OOYCIIOBJICHHYIO 00pa3o-
BaHMEM B aTOME CTOSYMX 3JIEKTPOHHBIX BOJH, M OOBsC-
HUTD SIBJICHHE CMEIIECHHUS! PHEPreTHUECKUX YPOBHEH aro-
Ma MOl BO3AEHCTBHEM BHEIIIHETO CHIIBHOTO SJIEKTpHYe-
ckoro nonst (3ddexr Illrapka, oTkpeITeiii B 1913 romy
[14, 16]). Ograko D. IllpenuaTepy, Kak MOKa3aaH MOCIe-
IYIOIIE HMCCIECIOBAHUS B OOJIACTH KBAHTOBOW (DH3HKH,
Ui onmicaHus K 1926 roxgy mpu moMmoIM BOJHOBOU Me-
XaHWKH MHOTHX JIPYTHX CBOMCTB TBEpPAOTO Teja HE XBa-
Tajl0 JBYX BaXHBIX BeUlel: nmpunyuna 3anpema Illaynu
(KaK1oe DHEpreTHYecKoe COCTOSIHHE B aTrOME MOXKET
OBITh 3aHATO TOJILKO OJHUM 3JIEKTPOHOM [14, 16]) u mo-
HATHSL chuMa d71ekmpona (BpAILeHUs! DIIEKTPOHA BOKPYT
cobcrBenHoit ocu [14, 16]). B To Bpems ati 1Ba dyHaa-
MEHTAJIBHBIX MOHATHSI aTOMHON (pr3MKHM TONBKO pa3paba-
THIBAJINCH (IIEPBOE — aBCTPUHCKUM (u3nKkoM Bombdran-
rom [laymu, a BTOpoe — aMepHUKaHCKHUMH (UIUKAMHU
Ixopmxem Ymenbekom u Comiosnem [Maymemurom) u
st O. HIpenuarepa ObUTH MOKa HE W3BECTHBIMH. 3ame-
THM, YTO 3a OTKPBITHE npunyuna sanpema B. Ilaymm B
1945 romy 6511 ynocroen Hobenesckoit mpemun no ¢u-
3uke. BBeneHue B aTOMHYIO (DHM3HKY MOHSATHS CHUHA
anexmpona (OT aHTIL. Spin — BEPETEHO) MOTPeOOBAIO BBe-
JICHUSI B KBAaHTOBYIO MEXaHHKY YETBEPTOTO KBaHTOBOTO
Yycia — CIIUHOBOTO KBAaHTOBOTO umcna mg =+1/2 (mo-
JIO)KUTEJIbHOE 3HAYEHUE 1M, COOTBETCTBYET OJHMHAKOBO-
MYy HalpaBJICHHIO COOCTBEHHOTO M OpOMTAILHOTO Bpallle-
HUSI DJIEKTPOHA, a OTPULATEIFHOE — IPOTHUBOIIOIOKHOMY

X HampasieHuto BpameHus) [16]. ITostomy cormacHo
npunyuny 3anpema Ilayau B aTroMe JOOOTO BELIECTBA B

€ro aTOMHOH O00O0JIOYKE MOXKET CymIeCTBOBaTh TOJIBKO
OAWH JJICKTPOH B DHEPTCTHYCCKOM COCTOAHHHU, XapaKTe-
pU3yeMOM JaHHBIMH W COOTBCTCTBYIOUIMMU [JId HETO
SHAYCHUAMH YETBIPEX KBAHTOBBIX YHCEI 71, l , myp 1 myg .

B 1928 romy Benmkwmii ¢msuk-teopetnk H. bop B
cBoeil cratee "Kganmoguiii nocmynam u Hoseliulee pas-
sumue amomnou meopuu" Harmmcan [24]: "... . Ilpeoun-
2epy yoauoch pazeums mMemoo 8ONHOB0U MEXAHUKU, OMm-
KpbIBUIUL HOBble ACTIeKMbl U UMeBWUll peularoujee 3Haye-
Hue OJil 0ZPOMHO20 NPOZPeccd AmOMHOLU Mmeopuu 8 no-
cnednue 200ul". Bplparomumiics aHrIMACKUN  (DU3HK-
teopetuk Ilonp Jlupak o paspaborannoii . Illpenunre-
POM HOBOMW (DPM3MUECKOI BOJHOBOI TEOPHH IPOLIECCOB B
MUKPOMUpPE B CBOE BpPeMs OJJHAKIbI BbICKA3ascs Tak [26]:
"...Opsun [llpeduneep bvin uenogekom 6bl0AUWUXCA CHO-
cobHOCmell 8 NPUMEHeHUU AOCMPAKMHBIX Mamemamuye-
CKUX PACCyscOeHutl K passumuio Qu3udeckux meopuil.
E20 xpynueiiwiee omkpvimue, uMeHHO 80HOB0€ YpaeHe-
nue Llpedunzepa, xak ocHosa Oisi ONUCAHUA AMOMHbIX
npoyeccos, 0bI1I0 OOHUM U3 Hauboaee U3YMUMENbHbIX
ycnexo8, OOCMUSHYMBIX 6 pPA3GUMuUU HAYYHbIX 3HAHUL".
W3BecTHO W BBICKAa3bIBAHWE HE MEHEE 3HAMEHHUTOrO He-
Menkoro Qusnka-reoperika A. 3oMmMmepdenbia Hacder
BoilHOBOM Mexanuku D. Hlpenunrepa [18]: "...Opsun
Llpedunzep nocmapaics nocmpoums meopuio KOHMU-
HYYMa HA OCHOBE MAMEMAMUYECKUX Memo008 GOHOBOU
meopuu. [na eonnoeoli mexanuxku Illpeounecepa, ¢ omau-
yue om meopuu amoma Bopa, ocobwie keanmosvie ycio-
susa uzauwny. Onu 3ameHsaOmcs mpebogaHuem c80600bi
BOIHOBLIX CcOCMOAHULL O0as1 00vekmos mukpomupa". C
TOYKH 3PEHHS APYTOro M3BECTHOTO HEMEIKOTro (hM3HKa-
teopetuka M. bopna [27]: "... CywyHocmb Ho80U 60HO-
801 MEXAHUKU 3aKTI0YUAeMCsl He 80 6800UMOU €10 BOIHAX
mamepuu, a 8 3ameHe OemepMUHUCIUYECKO20 ONUCAHUS
cobbimuil onucanuem 6eposMHOCMHbIM, MO eCmb Ko20d
onpeoensiemcs, He camo codvimue, a e20 8eposmMHOCIb".
[MosiBnenue momxoOHOM BoHOBOU Teopuu O. Ilpennarepa
1 TIOJYYCHHBIC C €€ TIOMOIIHI0 HOBEIE HAyYHBIE Pe3yJIbTa-
THI IJIi aTOMHBIX SIBIICHHHA O3HAMEHOBAIH POXKICHHE B
aTOMHOW (hM3MKE NPHUHIUIHAIGHO HOBOTO IIOAXOAa K
OIMCaHUIO 3aKOHOMEpPHOCTEe MuKpomupa. MOKHO cka-
3aTh, YTO BONMHOBas MexaHuka J. lllpemunrepa oTkphUIa
HOBBII TIEPUOJ B PA3BUTUHU MHUPOBOW (M3UKH U KBAHTO-
BOW (DPM3UKH B TOM 4YHUCIIE.

C nosiBJIeHHEM TaKOT0 HOBOTO HAalpaBJICHUs! B KBaH-
TOBOI ()M3MKE KaKk BOJIHOBOW MEXaHMKH B aTOMHOH (u-
3MKE Ha JIOJITHE TOJbl BO3HUKIIM JAUCKYCCHU O MPHPOJE U
¢u3ndeckoil TpakTOBKE BONHOBOW ¢yHKIMH . Cam

3. lllpenuHrep mbITajcs TpPakToOBaTh \ -QYHKIHMIO Ha-

TTIAHBIM 00pa3oM M TOBOPHII B CBSI3M C 3TUM O €€ KoJie-
0aTeIbHOM XapaKTepe B TPEXMEPHOM MPOCTpaHCTBe [14].
B 1926 rony M. BopH npeioxun Apyrou moaxo. K mo-
HUMAaHHUIO CMBICTIa BOJTHOBOW / -()YHKIWH, BBEACHHOU D).
IpeaunrepoM. B cooTBETCTBUM € €ro MOAX0I0M KBajgpar
aMIUTUTYJIbl BOJHOBOW (YHKIIMH \y COOTBETCTBOBAII
IUNIOTHOCTH BEPOSTHOCTU P,,, NPeOBbIBAHUA MHKPOYACTH-
bl B TOM WIM MHOM MecTe "eBKIMIO0Ba" IpPOCTPaHCTBA
[14, 16]. BoT uto cam M. BopH roBopus 1o 3ToMy moBo-
ny [27]: "... A yeepen, umo cmamucmuyeckuii xapaxmep
W -yuKkyuu 6ydem onpedensims Cmuilb 3aKOHO8 6 meye-
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HUe, no Kpainel mepe, Heckovkux cmoaemuil”. BHadane
TAKO€ HOBOE CTATHCTHYECKOS TPAKTOBAHHE BOJHOBOM
Y -OYHKIIMK ¥ COOTBETCTBEHHO BCEH BOJIHOBOI MeXaHU-

ku Obu10 st O. Illpenunrepa Henpuemsiemo. TeMm He Me-
Hee, TOJIbKO TaKkoe NOHMMaHHE BOJHOBOW (YHKIUH

CTaBWJIO BOJTHOBYIO MEXAHHUKY Ha MPOYHYIO (PHU3UUCCKYIO
ocHOoBy. Kcratm, Takoif  TpakTOBKOH  BOJHOBOM
Y -QYHKIMK ceidac IMoJb3yeTcss M BeCh HAay4YHBIH MHP.

MOXHO ¢ MOJIHBIM HA TO OCHOBAaHUEM cyuTaTrb, 4YTO BOJI-
HoBasg MexaHuka J. IllpeauHrepa crana MarucTpaJbHBIM
IyTeM B pa3pabOTKe U Pa3BUTHH MAaTeMaTHYECKUX METO-
JIOB KBAaHTOBOW (PM3MKH, a TaKKe B YIIIyOJIICHHH HAINX
3HaHMi 0 Mukpomupe. BomHoBoe ypaBHenue Illpennnre-
pa I aTOMHBIX CHCTEM CTAJI0 Ba)KHBIM HAYYHBIM MHCT-
PYMEHTOM B MPOBEACHUHU (PyHIAMEHTAIBHBIX HCCIIE0Ba-
HUH, HapuMep, B PU3UKE TBEPIOTO Tema, B Ppu3mKe dire-
MEHTAapHBIX YaCTHIl U B APYIHX 00JACTAX COBPEMEHHBIX
YyeJIOBEYECKUX 3HaHUM. B nocienHee BpemMsi METOMbI BOJI-
HOBOW MEXaHHKH HAIUIA CBOE MPAKTHUECKOE NPHUMEHe-
HHE TIPY U3YyUSHUU IJIEKTPOPU3NYECKUX SBICHUH M TPO-
LIECCOB, COINPOBOXKIAIOUINX MPOTEKAHUE IJIEKTPUUYECKOTO
MOCTOSIHHOTO HWJIM TEPEMEHHOTO (MMIYJIBCHOTO) TOKa
MIPOBOAMMOCTH OOJBLION IUIOTHOCTH M COOTBETCTBEHHO
npeiid cBOOOMHBIX 3JEKTPOHOB B METAJUIMYECKHX IIPO-
BOJHUKAX, UCIIOB3YEMBIX B IEKTPHUECKUX IIETIIX MOII-
HBIX 3JEKTPO(PU3NIECKUX YCTAHOBOK, MpPEIHA3HAYCHHBIX
JUIA TIONMYYEHUS B HAYYHBIX U TEXHOJOTUYECKHX MEITX
OOJNBIINX TOKOB, CHJIBHBIX SIEKTPHYECKUX W MarHUTHBIX
moneit [28 — 30].

B 3aBepiienue 3Toro paszmena BKpaTIe OCTAHOBHMCS
Ha SKCIICPUMECHTAJIbHOM IMOATBEPIKIACHUN BOJIHOBOH npu-
poab! moboro Bemectsa. B mae 1927 roxa cblH HaMu yxe
YIIOMSIHYTOT'O M3BECTHOTO aHrmiickoro ¢usuka /xozeda
Tomcona — [Ixopmkx TomcoH (kcratw, oHM 00a craiu
naypearamu HoGeneBckoii npemMuu 1o (pU3MKe), HCCIerys
C MOMOIIBIO KATOJHBIX JIydeld AN(PaKIHIO 3JIEKTPOHOB,
MTOKa3aJI, YTO TOyYeHHBIE UM JU(PPAKITUOHHBIE KAPTHHEI
B TOYHOCTH HAIIOMHHAJIH W3BECTHYIO NU(DPAKIHIO PEHT-
reHoBCKuX Jydeidl [16]. Tak BmepBbIe ONMBITHBIM IyTEM
OBIJIO JIOKa3aHO, YTO JJIEKTPOH 00JamaeT BOJTHOBBIMHU
cpoiictBamu. K xonmy 1927 roma amepukanckue GuU3NKN
Knunaron [Ipeucon u Jlectep xepmep, m3ydast pacces-
HHE JJIEKTPOHOB Ha MOHOKpHCTAJUIaX HUKENS U CPaBHH-
Basi MOJIyYEHHbIE UMM OIBITHBIE PE3YJIbTaThl AU(PPaKIH-
OHHBIX KapTHH C COOTBETCTBYIOIIMMH pacyEeTHBIMH JIaH-
HBIMH 110 M3BeCTHOH (opmyinie Bynbda-bparra, skcnepu-
MEHTAJIFHO TOATBEPAWIN PEATbHOCTh BOJH MaTepuH,
CBS3aHHBIX C AnekTpoHamu [14, 16]. B »To#i memouke
SKCIICPUMEHTOB U3 00JIaCTH KBAHTOBOW (pr3mkm HE0OXO-
JIUMO YKa3aTh M OMBITH HeMenkoro ¢usuka Orro HlTep-
Ha, TIpoBeJieHHbIe B 1929 rony U CBSA3aHHBIE C H3Y4YEHHEM
BOJIHOBOH MPHUPOJIBI HEUTPATIHHBIX aTOMOB H MOJIEKYJ IO
HX PacCesHHUIO Ha IBYXMEPHOW MU(PaKINOHHON pereTKe
kpuctrama LiFF [16]. B pesymbraTe 3THX OMBITOB OBLIO
MTOKa3aHoO, YTO ISl TSHKEIBIX aTOMOB, W3-3a MAJIOH JTHHEI
A, "meOpoiineBckoi" BOJHBI, TU(PAKIMOHHAS KapTUHA

NOJIy4aeTcsl paciuIbIBUATOM, a JUIs JIETKMX aTOMOB M MO-
JIeKyJ1 (BOJOpO/ia U Tesusi) HabroaeTcs yeTkas Tudpax-
LMOoHHAs KapTuHa. [Ipryem, MakCUMyMbl HHTEHCHBHOCTH
Ha Hell (3Toi KapTuHE) HaOMIOAAI0TCST B TOUKAX, I71€ BOJI-

HBI 7ie Bpoiinis oT mudpakIMOHHBIX IIEHTPOB COOMPAIOTCS
B (haze.

4. HAYUYHO-TIEAATOI'MYECKAS PABOTA
OPBUHA HIPEJVHIEPA BJIAJIA OT PO/JIMHBI
IMOCIJIE "HIOPUXCKOI'O ITEPUOJA"

OpsuH lpenunrep, kak co3garenab BOJHOBON Mexa-
HUKH, ¢ 1927 roga Boen B MepBbIe PSIbl (U3UKOB CBO-
ero 060oraTtoro Ha Hay4HBIE OTKpHITHS BpemeHH. B 1927
roxy O. Hpeauarep octasmun IBeinapuro n nepeexan Ha
paboty B ['epmanuto (bepnun), cTaB mpeeMHHKOM Ha Ka-
¢benpe Teoperndeckoit Gu3MKN bepnmHCKOrO yHHMBEpCH-
Teta camoro M. Ilmanka. DToT mepee3n ObUT BhI3BAH HE
CTOJIBKO CKa304YHO BBICOKOM 3apIUiaTO Ha HOBOW IIpO-
(heccopcKoi TOHKHOCTH, @ CKOJILKO TOH POJIbI0, KOTOPYIO
urpajga B TOTJAlIHEM MHUpe OepiMHCKas MIKoJa (PH3HKH.
Hakan nayuHoll %U3HU B Ty Hopy B cronule I'epMmaHuu
Obu1 Upe3BbIUaiiHO BeICOK. B bepnuHe Torna paborao, He
cuntas M. [lmanka, OecrnpeneneHTHOE YHCIO TEPBO-
KJIaCCHBIX (I3HKOB (Hampumep, A. DifHmreitH, M. don
Jlays, Otro I'an, Banerep Hepret u np.). BonpmuHCTBO
3THX (PU3MKOB, KaK W OH CaM, NPHICPKUBAINCH TOTO
B3MUIAa B KBAHTOBOM TEOPHH, YTO CTATUCTUYECKHH MOJ-
xo1 M. BopHa He MoxeT "nexcams 6 ocHose Qusuueckou
meopuu" [1, 14]. D10 Ux cOMMKaN0, HO HUKAK HE CIIOCO0-
CTBOBAJIO MPOACHCHUIO HAYYHBIX UCTUH IJIsI MUKpOMUpPA.

B 1928 rogy O. llpeanHrep eanHOIIacHO OBLI HM3-
Opan wicHoM bepmuHckol Akanemun Hayk. Takoil yecTu
yrocrauBaInch HemMHorue. K 3ToMy BpeMeHM OH Yyxe
cocTosul B AKaJleMHH HayK ABCTpUM. VI3BecTHBIE MOJH-
THUYECKHE COOBITHS B NpeJBOCHHON ['epMaHnn Hapymmmm
€ro Hay4JHO-IIearorndeckyio padory. B okrsOpe 1933
roga D. Hlpeauarep mpudsut 8 Oxcdopn (AHrmus). 31ech
OH MPOOBUI TPH T'0/la, OCTABASACH UCCIIEIOBATEIEM — CTH-
MEHJUAaTOM B OJHOM U3 KOJUIEIDKEH M HE MMes IpaBa 3a-
HUMAaThCs MIPEToaBaTeabckoit padoroii [1]. B 1934 roay
oH cran aerctBurenbHbM wicHoM AH CCCP. B okTsi0pe
1936 roma 3. lllpeauHrep HPUCTYHNHI K HCIOJHEHHIO
00s13aHHOCTEH OpJIUHAPHOTO Mpodeccopa TEOPETUIECKON
¢ms3uku ynusepcurera B I'pate (ABctpus). [locie aHHek-
cuu B Mapte 1938 rona 'epmanneit ABctpuu oH ObUT OC-
BOOOXKJICH OT POQECCOPCKON TODKHOCTH U3-3a TIOIHTH-
yeckoil HeOmaromamexHoctd. Ocenwpro 1938  roma
O. Ulpeauarep ¢ OOJBIIUMH TPYAHOCTSAMHU BEpPHYJCS B
anrimiickuit Okcdop, a B okraope 1939 roga mepebpai-
csa B ly6mun (Mpnanaus), rae eMy B CIIOKOWHOH W pas-
MEpPEHHOW HPJIAaHICKON OOCTaHOBKE, Ha IIEJIBIX CEMHa-
JIaTh MOCIEAYIOUIMX JIET, yAAJOCh MPOJOKUTH CBOU
Hay4YHBIC HCCJICAOBAHUA. Tax mMHOrojeTHss OAUCCCA Ha-
1Iero "aBCTPUHCKOTO CKUTaIbIA" MOAOIIIA MPAKTUYECKH
K CBOEMY CYaCTIMBOMY 3aBepiueHuio. Hamo ormeruTs,
4TO BECh ITOT BpeMEHHOHU nepuon nocie 1927 roaa, mo
CpaBHEHUIO C "LUIOPUXCKUM NepuoAoM", He OTIMYalCs
JUIl Hero OOJNBIIOW Hay4YHOH IPOXYKTHBHOCTBIO. 37€Ch
OH BIUTOTH JIO0 CBOEH oTcTaBKH B 1955 romy mpopaboran
JMPEKTOPOM CIIELMAIBHO CO3JaHHOro it Hero MHcTH-
TyTa BBICIIHX HccienoBaHnii. Bo Bpems pabotst B [ly0-
JMHE Hay4HBIMH nHTepecamu aist O. lllpenunrepa cramm:
TEOpHs TPAaBUTAIMU U 00JaCTh 3HAHUI Ha CThIKE QU3UKU
u ouosioruu. K 3tum Hanpasienusim B 1942 rony no6asu-
JIMCh WCCIIEIOBAHMS 110 CO3/IaHMIO €IMHOM TEOpHHU IOJISL:
3[€Ch pedb LUIa O Pa3paboTKe TEOpUH, OOBEIUHSIOIIEH
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TEOPUIO TpaBUTALMM C 3eKTpoAauHamuko. B Mpnannuu
3. llIpeaunrep 3aTpoHYI HOBYIO sl ceOsi hyHIaMeHTalb-
HyI0 IIpo0JIeMy, CBS3aHHYIO C MHUKPOCKOIIMUECKUMH SIBIIE-
HHSIMH, KOTOpPbIE ITPOTEKAlOT BHYTPH JKMBOTO OpraHM3Ma.
OH nojieprkait paboThl B 9TOM HAIPABJIEHUU TOT/IA MOJIO-
noro Makca JlensOproka, pa3paOoTaBIIero BHOCIEICTBHN
MOJIENb TeHa, OCHOBAHHYIO Ha TPEIIOI0KEHUH O KBaHTO-
BOW INpUpoJie Tpoliecca rnepesayd B OMOJIOTHUECKUX Opra-
HU3Max HAaCIEICTBEHHbIX Mpu3HakoB. OTMETHM, dTO
M. Jlens0prok B OyIyIIeM ChITpan BaXKHYIO POJIb B CTa-
HOBJICHHH COBPEMEHHOH MOJEKyIsipHOW Omomormu [1].
Hctopuky HayKM M TEXHHKH OTMEYAIOT Ty OCOOEHHOCTb,
YTO, HECMOTPS Ha T0, 9T0 y J. llIpenunrepa O6buti BecbMa
HOBEPXHOCTHBIE OMOJIOTMYECKUE 3HAHUS, EMy BCE JKe yla-
JI0Ch B "yONMHCKUMIA epro/" Ha BHICOKOM HAyYHOM ypOB-
HEe COPMYIHPOBATh BAKHEUIIHME 33Ja4l OMOJIOTHYESCKOM
Hayku. KpoMme Toro, oH monsITancst axe 0000IHT MOy-
YEeHHBIE B €r0 HHCTUTYTE HOBBIE JJAHHBIE U3 00JIaCTH MOJIe-
KyJSIDHOH OHMOJIOTMM M PaclpOCTPaHUTh HMX Ha JKHUBYIO
KJIETKY, B >KM3HEIEATEIBHOCTH KOTOPOH KITIOYEBYIO POJIb
KaK pa3 ¥ UTParoT TeHBL.

Becnoii 1956 roma 69-nernmii 3. llpenunarep Bo3-
BpaTWJICS Ha CBOIO pOIuHY B BeHy M B cTaBmuil emy
poaHbiM du3nueckuili UHCTUTYT Npu BeHckoM yHuBEpCH-
TeTe. 31eck OH OBUI Cpa3y MPHUHAT Ha JOJDKHOCTH OPIH-
HapHOTO Tmpodeccopa TeopeTHueckoi  usuku. B
1957 rony oH 1O BO3pacTy BBIIIEN B OTCTaBKY M HOCIEN-
HHE TOfbl CBOEH JKM3HU MPOBEJ B )KUBOIMCHOM aBCTpHil-
ckoii nepeBHe Anbnoax (Tupons). B aT0 Bpems ero TBOp-
YECKUM YBJIEUEHHEM (Hay4HbIM X000M) cramu ¢uiocod-
CKO-MHMPOBO3PEHYECKHE PACCY)KICHUSI U paboThl, 0OJb-
mIast 9acTh U3 KOTOPHIX ObLIa CBs3aHA ¢ MPOOIEeMO TpH-
YMHHOCTH M JECTEPMHHH3Ma B NIpHpoAe W (usnieckont
Hayke (0T naT. determinare — onpenensts) [31]. 4 aaBaps
1961 roma Dpeuna [llpenurrepa — Beigatomerocs Gpusnka
XX croseTus He CTallo.
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