
l{G 

l- g.g ~ 
< )6 bE11J1I IEHliblH v11iCH1TYT 51.UEPHblX HCC.nE.UOBAHHI~ 

: 1uuopa rop1111 lllJ(Oi,I IX ~llt'l-)rllll 

Lt, t..J.y11T 8 M 

925 

v1 ccnEDOBAHvI5l 11EnOn.HPvI3AUvfvf 
OCTAHOBvIBLI..lvIXC:H µ- -M E30HOB 

ABTOp e ~epaT nHccepTaUHH Ha COHCKBHHe yqeHOA cTerreHH 

KBHnHnaTa ~H3HKO-MaTeMaTHqecKHA HBYK 

HayqHhl~ pyKOBOnHT811b - KaHnHnaT 

~H3HKO-MaTeMaTHqecKHX HayK 

A .E. vi r HaTeHKO 

il y6Ha 1962 ron 



,[l, Y:yJIT3M 

925 

YI ccnE,DOBAHYI.H .DEnOJIHPYl3AUYIYI 
OCT AHOBYIBl.lJHXC.R µ- -M E30HOJ3 

ABTOpe¢epaT AHCCepTBUHH Ha COHCKBHHe yqeHOH cTeneHH 
KBHAHABTa ¢H3HKO-MaTeMaTnqecKHH HBYK 

HayqHblH PYKOBOAHT0Jlb - KBHAHAaT 
¢H3HKO-MaTeMaTHqecKKX HBYK 

c. 346 

A .E. YI r HaTeHKO 



BoaMOlKHOCTb nocTBHOBKII 3Kcnepl!M 0HTOB no 11ccnen OBBHll!O nenonSJp11aau1111 

µ -Me30HOB CTana llCHOH B CBlJ311 C OTKphlTHeM HecoxpaHeHl!ll qeTHOCTII B pac-

nanax " II µ -MeaoHOB, xorna Bb!lJCHHnoc&,qTo nyqxn 11- -MeaoHoB, nony-

qaeMblX Ha ycxopHTenllx, MoryT 6b!Tb BblCOKononllp1130BaHHblMII. 

l-1HTepec .K aTIIM 11ccnenoaaHHllM 6btn Bbl3BBH He06XOL!llMOCTb!O: 

1. BwllCH0Hllll np11q11Hbl Hll3KOH ac11MMeTp1111 pacnana -M03OHOB B seme-

CTBe no cpaBHSHHIO C 
+ fl .,;M930H8MH. 

2. 1-1ayqeHHll B03MOlKHOCTefi np11MeHeHIISI nonlipll30BaHHb!X µ -MeaoHOB, ·Ha-

np11Mep, B onbtTBX no /L -aaxaaTy, B aTOMHOH cpH311Ke II T.ll, 

B OCHOBy pecpep11pyeMOH L!HCcepTaUIIH BOLUUII peayn&TBThl CHCT0M8Tllqecxoro 
\ 

uccnellOBaHlllJ nonltpH38UIIII OCTBHOBHBLUIIXClJ /L -Me.30HOB B paanuqHblX BeLUect-

Bax, ony6n11KOBaHHb!e B pa60Tax
11 •2•3 •41 • )luccepTaUllll COCTOHX H3 Tpex rnas. 

B nepBOH rnaae naeTcH o63op,TeOpHH llenonsipll3BUHII µ -Me30HOB. Bo BTopofi 

rnaae o6cylKLIB0TCll npo6neMa nocTBHOBKII 3KCnep11MeHTOB, OnHCBHbl M0TOL!HKB axc-

nepHM0HTOB II sxcnepHM0HTBUbH8ll ycTaHOBKa. B TpeT&efi rnaae o6cylKllB!OTCll no

nyqeHHble peaynbTBTbl H npOBOllllTCll cpaBH0HHe HX C Teopuefi. 

nonllpH3BUllll -M930HOB, 0CT8HOBHBWHXCSI B MHW8HH, Hccne.opBanacb 

nyTeM H3MepeHHll aHll30Tpon1111 yrnoaoro pacnpelleneHl!SI snexTpOHOB pacnBll8, Bbm · 

npnMeHeH "M.eTOll npeuecc1rn" a ero nepaoHaqan&HOM aapnaHTe
151• 0Aaaxo ycnoaull 

HBWIIX axcnepHM0HTOB OTnuqanHCb OT Tex, KOT0pbl8 IIM8UIICb B aaanorll'<HblX axcne-

p11M0HTaX C µ + -M93OH8MH: 

1. Pa3nll'<ll8M apeMeHII lKH3HH µ -M830H8 B pa3Ull'IHblX B8lll9CTB8Xo 

2. Pa3Ull'<ll0M rupoMarHIITHOro OTHOllleHllll npeuecc11py10meil CIICT8Mbl B paa

HbIX _cnyti:asix. 

3. Hanuq11eM cpoaa, CBSl38HHOro C OCTBHOBKOH 

peayn&TaTe nornomeHllll 11x lillpaM11, 

µ -Me30HOB B B0LU0CTBe, B 
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4. Tpy.O.HOCTbto KanH6poBKH HS'lanbHOil nonl1pH3SUHH ny'!Ka. 3TH o6cTOl1Tenb

CTBa no.a.po6HO paCCMOTp0Hbl B .a.HccepTauHn. 

06cy>1<.a.aeTCl1 npo6neMa Bbl60pa aewecTB .a.n11 MHWeHeil. TTpn 3TOM Mbl CTpe

MHnHCb K TOMY, 'IT06bl 6blna B03MO>KHOCTb Bbll1BHTb OCHOBHble oco6eHHOCTH OT.a.enb

HblX MexaHH3M<>B .a.enom1pH3aUHH. C aToil TO'IKH 3peHnl1 Han6onbwnll nHTepec npe.a.

cTaan1110T aewecTaa, COCTOl1WHe H3 aTOMOB 0.l].HOro copTa, T.K. HCIIOnb30BaHne 

CJIO>KHblX aeu:ecTB npHae.a.eT K .a.ononHnTenbHblM TPYLlHOCTl1M npn HHTepnpeTaunn 

pe3ynbTSTOB OllbITa • .[lnl1 Toro, 'IT06b! Bbl.a.ennTb ponb cnnH-op6nTanbHOro B38HMO

.a.eilcTBHl1 B l1BJieHUl1X .a.enomlpH38UHH) 6brn Bbl6paH pH.a. aemecTB, COCTO!IIUHX, B 

OCHOBHOM, H3 '10TH0-'10THblX H30TOnoa. BbI6paHHble HSMH aemeCTBa He TOnbKO 06-

na.a.atoT HyneBblMH 11.a.epHbIMH CllHHSMH, HO H pa3JIH'l8IOTC!I aeJIH'IHHOil aTOMHOro HO

Mepa, BHyTpeHHell CTPYKTypoll I aneKTpH'leCKHMH H MarHHTHbIMH CBOllCTBBMn. TyT 

HMetoTC!I .a.naneKTpHKH /ao.a.a, cepa, napacpHH, HOIIH3THneH/ ._.a.nHaMarHHTHbl8 H cna6o

napaMarHHTHble HOpMSJibHble MeTaJinbl /rpacpnT, MarHHII, UHHK, Ka.a.Mnil, canaeu/. a 

TaK>Ke naparlaranTHbie nepexoaHbie MeTannb1 /xpoM, Monn6.a.ea, nanna.a.nil, aonb

cppaM I. TaKne pa3H006pa3Hbl0 no caollcTBaM MaTepHSIIbl Bb16paHbl HSMH cneunanbHO .a.nst 

ncinro'!eHnst_ i-: nccne.a.oaaHnl1 ann11~1111 0Kpy>1<a10mell Me3oaToM cpe.a.bl, BIIHHHH!I ane1r

TpOHHoll 0601IO'IKH caMoro Me30STOMa, a TSK>l<e Blllll1Hlll1 pa3Mepa 11.a.pa HS non11p11-

3SUHIO µ -Me3oHa a Me3oaToMe. Hapst.a.y c nanna.a.neM 11ccne.a.oaanc11 rn.a.pn.a. 

nanna.a.nst I Pd H0,6 /, B KOTOpOM BTOMbl nanna.a.nst He o6na.a.atoT napaMarHeTH3-

MOM. 3TO 6blll0 c.a.enaHO C uenbto np!IMOI'O LlOK83ST0JibCTBa cymecTBOBSHHl1 B3an-

Mo.a.ellcTBHl1 CllHHOB ·µ -Me30HS n aneKTpOIIHOll o6oJIO'IKH B M030STOMe • .Unst 

nccne.a.oaaHnl1 .a.enon11pn3aunn, cast3SHHOil c ann11HneM cnnna 11.a.pa, a Ka'!ecTae MH

weHeii_ Mb! Bbl6pann cpocq,op n antoMnHnll. Onn 11anst10Tc11 Han6onee no.a.xo.a.munMn 

Lllll1 STHX uenell: ao-ne_pBbIX, OHH npe.a.cTaBJIHIOT co6oll npaKTH'leCKH 'IHCTble MOHOH3d-n ~ , 
TOllbl / p H Al I; ao-BTOpblx, OHH CHJibHO pa3JIH'ISIOTC!I 3H8'10HHHMH cnn-

Ha H.O.pa /a 5 pa3 I. 3TH !)6CTO!IT0JlbCTBa BS>l<Hbl .a.nst HHTepnpeTaunn pe3ynbT8TOB 

H KOTTH'leCTBeHHOrO cpaBH0HHH HX C npe.a.cKa3aHUIIMH Teopnn. Sbin nccne.a.oBaH TaK

>Ke >Kn.a.Kull ao.a.opo.a.. 

B .a.nccepTaunn no.a.po6Ho n3110>1<eHa o6pa6oTKa .a.aHHb1x: aae.a.enne pa3nn'lnoro 

po.a.a nonpaBOK HHCTpyMeHTSIIbHOro xapaKTepa. 
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Pe3ynbTaTbI wccne.a.oaaa1n'.t noKa3bIBaroT, '-ITO a MeaoaToMax ,aHaMarHUTHbIX H 

cna6onapaMarHHTHb!X aewecTB K03tp<pHUH0HT SCHMMeTpHH B pacnaae. µ -Me30-

no·a IIO'ITH ne 38BHCIIT OT z n B cpeaHeM COCTSBIIl10T aenH'IHHY a - 0,05. no-

nHpH3SUH!I µ -Me30HOB / P ~ 3a I a Me3oaToMax rpacpnTa, rrapacpnna, noJIH9THne-

Ha, BO.l].bl, MSI'HIH!, cepbl, UHHKa, K8LlMHl1 H CBHHUa nonyqaeTc!I nopHaKa - 15-:-20% 

,.·oT nepBOH8'1SllbHOii. 3TOT pe3yJibTaT O'leHb xopowo cornacyeTCSI C TeopeTH'l0CKH-

MH pac'!eTaMH, Y'IHTblBSIOIUHMH TOIIbKO CIIHH-op6nTallbHOe B38HMO.l].el!CTBl!e B KSCKa.a.

llblX nepexo.a.ax Me30STOMOB
16 •7 •81• H a6n10aa10ma11csi H03SBIICHMOCTb aenon11p113au1111 µ- -

Me30HOB OT aneKTponpoBO.l].HOCTII aewecTBa cau.a.eTenbCTByeT 06 OTCYTCTBHH BJIHl1-

HHH KBK cao6o.n.HbIX, TaK H aTOMHblX a~eKTpOHOB Ha nonSipH38UHIO µ -Me30HOB 

B yKa3SHHOlt rpynne aemecTB. Coana.a.eHne Ha6nro.a.aeMOll HS OIIb!T;' '18CTOTbl npe-

ueccnH MeaoaTOMOB C, 0, &lg H S c 'ISCTOToii npeuecc1rn cao6o.a.noro µ 

M03OH8 no.aTBepM.aaeT 3TOT BbIBOll. 

B cnyqae napaMar11HTHb!X B91U9CTB, KOTOpble IIM9IOT BHyTpeHHH9 MaI'HIITOaK-

THBHb1e o6ono'IKII aneKTpoHoB / Pd , Alo, Cr , w· I, Mbl Ha6n10.a.aeM IIOCTO.: 

!IIIHyto IIHTeHCIIBHOCTb aneKTpOHOB HS Tex '18CTOTax, r.a.e 06Hapy>KIIBS0TC!I xapaKTep

HSl1 8CIIMM9Tp!H1 .a.nH B91U9CTB C HyneBb!M _CHHHOM SI.a.pa. 3TOT pe3YilbT8T HHTepnpe

TUpoeaa HBMH KBK H3M8H9HHe rHp0M~THI!TH0f'0 OTHOW8HHSI Me3oaTOM8 C (_)llHOBpeMeJ-11-

noll .a.enon11p113au11eil µ -Me30Ha 38 C48T CilHHOBOH CBH3H µ -Me30Ha H 

aneKTpOHHOil o6onO'IKII. K ~HTpOilbHblil OIIblT C rn.a.pn.a.oM nanna.a.nSI IIO.l].TB9p)K.a.aeT 

3TOT BbJBO.U. 3TH pe3ynbTaThI fl0Ka3bIB8IOT, tJT0 nonHpH30B8HHbI9 Me30HbI, B03M0/K

H0, M·oryT 6bITb HCIT0nb30B.8Hbl B Kat.J:ecTBe cpe.acTBa nnH Hccne.a.oBaHIHl MarHHTHbIX 

CB0ii:CTB 8T0M0B nepeX0LlHbIX MeTannoB, 8KTHHH.U0B H naHT8HHLl0B. 

B C1IY'!ae q:,occpopa 3KcnepnMeHTSilbH09 3HS'leHne K09cp<pRU1!0HT8 aCIIMMeTpHH 

a 3H8t.J:HT9JlbH0 M9Hbwe, qeM .!lJ1S1 paCCM0Tp9HHbJX BbIWe aeweCTB C HY118BbIMH 

,CilHHBMH H,npa, a B c.riyqae 8JllOMHHijH H )KHLJ,Koro aonopona 3H8tJ8HHe a He OT-

,1Jli1-180TCH OT ll0CTUrHYTbIX CT8TMCTH48CKHX OWH50K, K0T0pbl9 oqeHb MBnbl. Cornac

HO c.ne.11aHH0My BbtWe _BbIBO!lY , B STHX B0lll0CTB8X BJIIHIHHe sneK1 p0HH0H o6onottKH 

Ha ncn11p11aauH10 µ -M~30HOB Ll.0JllliH0 0TCYTCTB0B8Tb. OnttaKO 9TH M eaoaT0Mbl 

0TJ1Ht{810TC8 OT paccMoTpeHHbJX Bbllll9 T0\1, t{TO 0HH o6n-aaaIOT g,aepHbIMH CITHHBMH, 

0TJUP-IHbIMH OT HynH. 3KcnepHM9HTanbHbiti pe3yJtbT8T ap "=l ~,: ac xopowo 
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cornacyeTCll c TeopeTll'i0CKIIMII pac'leTaM11 B pa5oTax
19

•
10

• l l, 
121

• Ha1111q11e cn11-

IIOBOil CBll311 µ -Meao11a 11 11apa B OCIIOBIIOM cOCTO<IIIIIII MeaoaTOMa noaTBeplK-

aaeTcll eme TeM, '!TO 11a orrbtTe a11a11a npeuecc1111 Meao11apa, 11Me10mero r11p0Mar-

HHTHOe OTHOW8HH8 Y ; 1/2 

TO, '!TO cn1111 OTpllUSTellbllOrO 

llpllllUHnlla/lbll_blM, 1150 cnllll 

y • 3TOT cpaKT HenocpeacTBeHIIO. YKB3bIBaeT 118 
µ. . 

µ -Me30118 paBell l /2. 3TOT peayllbTBT. llB/llleTcll 

µ -Meao11a onpeae11s11cs pa11bwe aecbMa Kocae11-

llblM, nyTeM. Ycnex B onhITe C cj:,occj:,opoM llOCTllrllYT 511aroaap11 11cnollb30B8HIIIO 

Kpac11oro cj:,occj:,opa, B KOTopoM aepo11T11ocTb rrepexoaa µ- -Meao11a c _aepx11ero 
- . /13/ 

ypOBllll caepXTOIIKO_ll cTpyKTypbl 118 HIOKIIIIII Ma/la • Peay/lbTST Ollb!TS C 8/llOMHIIH-

eM T8KlKe 11e rrpOTIIBOpe'IIIT TeopeTH'l0CKIIM pacqeTaM. Ha51110aa101U y10c11 no1111y10 

aenollllpH38UIIIO µ -Me30HOB a· lKHJ:tKOM aoaopoae TPYllllO 05'bllCHHTb TO/lbKO 

TOIIKIIM II caepXTOHKIIM B3811MOJ:teilcTBllllMII B Meaoaoaopoae II amt YllOB/leTBOp11-

TellbllOro o5'bllCH01111ll Tpe5yeTCS llOIIO/lHIIT0/lbHblll Mexallll31\f, KOTOpb!M MoryT 51,1Tb, 

Hanp11Mep, npouecchI paccel!HII" MeaorrpoToHa B aoaopoae. 

· B' bl a' o a · ht 

1. C11cTeMaTH'leCKOe 11cc11eaoBaH!le- nonllp1138UIIH. µ -Me30HOB B pa3/lll'IHI,IX 

rpynnax MeaoaTOMOB no3B0/lll/l0 BI,l<IBIITb OCHOBHble oco5eHHOCTII rrpoueccOB IIX aeno

llllp1138UIIII. B MeaoaToMax llllSMarllHTHblX II cna5onapaMarllllTHblX BeIUeCTB c Hyne

Bl,IMII CUIIHSMII sapa nonllpH38UHll µ -Me30IIOB yMeHbwaeTCll np115n11a11Te/lbHO B 

6 paa • Han11q11e cn11Ha y 11apa II s11eKTpo1111oll o5ono'IKII MeaoaToMa eme a 2 - 3 

paaa yMellbwaeT nom1p11aau1110 µ -· -Me30IIOB. 3TII cpaKTbl xopowo 05'bllCHl!IOTCll 

o5hl'IH0ll KBSHTOBOll Teop11ell aTOMOB, OCHOBSHHOII Ha 9/leKTpOMarHHTHOM B3811MOllell-

/6-12/. . 
CTBIIII 

2. TaK K8K Hll3K8ll aCIIMMeTpllS B pacnaa_e µ -Me30HOB B aewecTBe non-

awx pacnpeaeneHllll 

HOCTblO 06'bllCHSleTCll IIX aerron11p113au11ell, TO OTCIOllB cneayeT 11aeHTll'IROCTb yrno-
± ± ± t 

e - a KBCKaaax " - µ - e a BBKYYMe. 3TOT Bl,IBOll 

cornacyeTCll co cneacTBIIIIMII KaK CP-, TaK II CPT - HHBtp11aHTHOcTell. 

3. Man all, HO BJIO/lH8 aaMeTHSll JI01lllp1138UHII' µ - -Me30HOB B 50llbWIIHCTBe 

aemecTB no3B0/llleT ocymecTBIITb 9KCII8pHM8HTl,I no aaxBaTy no11llp1130B8HHl,IX µ 

M030HOB 11apaM11. 

7 

4. B HSllIIIX 3KCnepHM8HT8X anepBb!e Ha5n10aallllCb pa3/lll'!Hble acj:,cpeKTbl TOH: 

KOii II ci:,epXTOHKOil CTPYKTyp MeaoaTOMHb!X ypOBHell, 38K/ll0'1810llilleC!I B 38BIICII

MDCTII OT cn11Ha 11apa H 9/l0KTpOHHOil o5onO'IKII He TO/lbKO B0/lll'IIIHl,I IIO~llp1138UIIII 

µ -Me30HOB, HO H r11poMarHIITHOro OTHOlliellllll npeu ecc1tpy1omell CIICTeMbl. 

CneayeT OTMeTIITb, '!TO B03MO>KHOCTb Me308TOMHOII cneKTpOCKOl)IIII paHee He no3-

BOllll/l8 3Kcnep11MeHTallbHO ycTaHOBIITb, llBlKe llallll'llle 9Tl{X llBneH11ll. 

5, B peaynbTaTe 3TIIX 11ccnenoBaH11ll 6bln onpeaeneH cn1111 µ -Me3oHa. 

6. noKB38Ha TSKlKe B03MOlKHOCTb IICJI01lb30B81111ll IIO/lllpll30B8Hllb!X 

30HOB B 11ccneaoaaHIIII CBOIICTB nap,:iMarHIITHblX BTOMOB. 

µ -Me-

7. 61,1m1 o5Hapy>KeHbl HeKoTopwe apyr11e scpcpeKTbl: nonHall ae1101111p113au1111 

µ -Me30HOB B >KllllKOM BOllOpoae: OTCYTCTBll8 B/lllllHllll aoaopoaa HB uon11-

p11aau1110 ,,--MeaoHOB B HeK0Top1,1x aoaopoaocoaep)i{am11x aemecT·aax /napa_cpHH, 

nO/ll13Tll/leH/ • 

8. 05maw aaKOHoMepHOCTb aenon11p11aau1111 I' -MeaoHoB, o5Hapy>KeH11a11 a 

HSllIIIX aKcnep11MeHTax, IIOllTBep>KaaeTCll nocneayIOIUIIMII 9KCII0pllM0HT8MII apyr11x 

aBTOpOB. B llllCCepTaUIIII coaeplKIITCll Ta6n11ua, KOTopall BKlll0'180T ace llliHinie, 

H8KOnllBW118Cll B /lllT8paType K HSCTOIIIUeMy BpeMeHH no J:18HHOMy BOllpOcy. · 

PeaynbTSTbl HSllIIIX 9KCnepHMeHTOB MHOrOKpaTHO o6cylKll8/lllCb Ha H8Y'lllb!X 

ceM11Hapax nRn 0115111,' 51,m11 aonolKe11w Ha aaceaa111111x Y'leHoro coaeTa 11HcT11-

TyTa, Ha MelKayHapOllHblX KOHcpepeHUllllX no cp11311K8 Bb!COKIIX s11epr11ll B 1858-

1860 r.r. II ony51l11KOB811bl B >Kyp11ane )K3Tq,
11 - 41• 
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