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© Ept llGHCKUM 4'11BlllftcKU M llHCTUTyT, 197 8 

B ITOCJie,l(Hee Bpewr B Hame~ CTpaHe 11 aa py6e~OM B03poc 11HTe­

pec y MCCJie,l(OBaTe neJ;t K HOBOMy KJiaccy Bell(eCTB Ha OCHOBe pe.ztKO -

30MeJibHiilX MeTaJIJIOB (PSM). MOllraO CK838Tb, QTO B ,l(BHHOM cnyqae 

MU HMeeM .zteJio He npOCTO c KOJI11qeCTBeHHD1M HaKOITJieHMeM CTa~apT­
HUX 06'.beKTOB ~JI.ff 11CCJI6,ZlOBBHl1.li, a c KaqecTB6HHO HOBUM KJI8CCOM 

coe~mHeHH.11 * Be111ecTB c yH11KaJibHiiIWf cBo.licTBaMM [r ,2] • Cpe;q11 

3Tl1X MaTepHaJIOB BCTpeqaIDTCH HenpOBO~ll{lfe C06,l(HH6Hl1H c HPKO 

BHpazeHHb!JOf MarHMTHUMl1 CBO.liCTB8M11 (MarHHTHble nonynpOBO,Zl!iltKM ), 

Be111ecTBa ' 06HapYJ!WBaroll{lfe ~830BH6 rrepexo;qu .ZlH3JI6KTPHK-MeTaJIJI 

11lm' 3JI6KTPOHHHe qJ8SOBUe nepeXO,l(U c HSMeHeHMeM BBJIBHTHOCTM IlpM 

0THOCl1T6JIDH0 He6oJIDill0M H3M6H6HMM BH6filHMX YCJIOBHH ( TeMnepaTypH, 

,l(BBJI6HHR, COCTaBa COe,l(HHeHMM ) , a TaKze MeTaJinu, H6KOTopue HS 

KOTOpb!X , B Q8CTHOCTM, 06Jia,l(aIDT l1HTepe cHb!MH CBepxnpOBO.ztRl!lHMW 

XapaKTep11CTUK8MH • .14JIH 06'.bHCHerum MHOr11x qlH3!1lJ6CKl1X RBJI6H.!ii~ l1 

3<flc,l)6KTOB, 06HBPYl!t6HHbIX B 3THX M8T6pL1a1lax, \Pl13H.1(8M np.vtXO,ll>!TC.ff 

saqacTyro HSM6HffTI> npHBhll!Hym TOIIHY apeHHH, ycTaHOBMBruyroca np11 

!1CCJI6,l(OB8HVJH' Hanpm.1ep , OCl!i!lJHh!X 1I01IYITPOBO,Zl!iltKOBlilX Bell(eCTB TLma 

Ge Si. ; coe.ztHHeHatt A3 B 5 

MHoroo6pas11e cp.vrav.qecKruc CBoJ;tcTB PS coe,l(HHeH11.li Haxo.zt11TcH 

B T6CHOM CBH3H c KOHKpeTHHM11 oco6eHHOCTHMM 3JI6KTPOHHO.li CTPYK-
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TYPH STHX Be~ecTB,nosTOMY IIPfl.Mble J11ccne,110BaHJ11ff sneKTPOHHOJil CTPYK­

TYPli no HaMepemrnM cneKTpoB norno~eHRff, tlJOTOSJie KTPOHHOLl 

3MJllCCJllJll, qinyopecueHI,u.IJll, OTpaZeHJllff JI! T.,1!. npe,1!CT8BJiffIDTCff HaJ1160-

Jiee JllHTepeCHblMJll JI! B8EHbl.wI. A, KBK Jll3BeCTHO, CJllHXpOTPOHHOe 1113-

JiytjeHHe ffllJiff6TCff 'H63aMeHJllMblM JllCTOqHJllKOM B IlJiaHe STHX JllCCJISAO­

:BaH.r.rli [3 J • 
8HaqJ11TeJII>Hlilii nporpecc :s MsyqeHJllH K:B8HTOBOJi1 CTPYKTYPH TBep--. 

.1lliX Ten B nocJ.1e,11HJ11e IO-IS neT 6HJI ;z\OCTHrHYT 6naroAapa J11crrom;so-

:saHMID JllHTeHCMBHOro CHHXpOTpOHHOro HSJiyqeHJllff Ill paSBHTJllID HOBOJil, 

6 onee TOqHoii JllSMepHTe n:&Ho.tt TeXHHKJll, Taxolil KaK RanpHMep, !IJOTO­

sJie KTPOHHaff cneKTpOCKOIIHff. Ha YCKOPMTene DESY B raM6ypre 

npoB0.1!HJiaC:& uenaa nporpaMMa J11ccne,11o:saHIDi TBep,11li!X TeJI, BWIBJllB­

maa B PH;z\e CJI:'{t!aeB HOBHe ;z\eTaJIJll SJISKTPOHHOJil CTPYKTypH, KOTOpHe 

H6 Y:z\8B8JIOC:& nonyqJllT:& 'APYI'JllMM cpe;z\CTBBMJll. B OCHOBHOM 3TO 6HID! 

pa60TH no JllCCJI6;z\OB8HMID JITSKTPOB norJiomeHJllff rrpoCTHX MSTaJIJIOB Jll 

06HapYli!eHJ11m pasJIJ11qHJ:DC oco6eHHOcTe.ll Ha nopore nornomeHMff, CBH -

88HHhIX c 3KCJllTOHHblMJll JI! MHOroqacTJllqHHMif 3JI8KTPOHHHM.li a~weKT8MJll. 

Cpe'AJll STHX pa60T 6HJIJll T8K~e OT;z\SJI:&Hble 3KCrrepMM8HTH no MayqeHJllID 

CITSKTPOB nornomeHJllff nepexo;z\HHX JI! pe,1!K03eMeJI:&HHX M8T8JIJIOB B 

B8KYYMHOM yn:&TpaqiJ110JieTe c uen:&m J11ayqeHJ11ff me cBolilcTB :s pa,11y 

aneMeHTOB nepJ110;z\J11qecK0Ji1 Ta6JIJ11W>1 [3] • O;z\Haxo nocne;z\oBaTeJI:&Horo 

Mccne;z\0BaHJ11ff sneKTPOHHoii CTPYKTYPH PS coe;z\HHeHHJil c noMom:r.m 

CJllHXpOTPOHµoro Jll3~yqeHJllff ;z\O CHX nop He npOBO;z\JllJIOC:&. 

HenpepHBHbIJil crreKTP H mJ11poxJ11Ji1 ;z\ManasoH aHeprMM ManyqeHMH 

(BOSMOSHOCT:& CK8HHPOB8H.lffi no qacTOTe), 60JibfilRff JllHT6HCJllBHOCTb R 

noJIHpM30B8HHOCT:& CJllHXpOTpOHHOro MSJIY1:JeHJllff , ll03BOIDIIOT BhlffBJllTb 

TOHKYID CTPYKTYPY sneKTpoHHoro cnexTpa BemecTB~ Kaqe cTBO '116 
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nonyqaeMo~ MH~OpMaUHH CJllJII>HO aaBHCHT OT paspemamme« cnoco6Hoc-

TH JllCITOJII>SyeMo« CilSKTpOCKOI!JllqecKOM TeXHJllKH, KOTOpaa, B CBOIO 

oqepe~:r.. T8KJK.6 88BHCJllT OT JllHTSHCliBHOCTH H aHeprHH na,11aJOmero Jll3-

nyqeHHff. c)oTOSJieKTpOHHSff cneKTPOCK,orurn c noMom:r.10 CJllliXpOTPOHHO­

ro JllSJiyqeHHff IlOSBOJIHeT JllCCJie;z\OB8T:& K8K o6~eMHble~ T8K H ITOBepx­

HOCTHble 3JieKTPOHHH8 COCTOflHJllff TB6P:z\liX TeJI, XJllMJl!qecxyro CTPYI<TY­

PY cnnaBOB H COCTOHHHfl OT~eJI:&lWX npHMeCHblX ~eHTPOBe' 

Bee aTH xapaKTepHCTJllKJll cMHXpOTpOHROro J11sJIYqeHJ11ff oKaSblBamT­

ca oco6eHRO BSEHHMJll B nnaHe JllCCJIS;z\OBSH.r.rli pe;llKOSeMeJII>HblX M6T8JI­

JIOB H HX coe.11HReHH«, o6Jia;z\aJOlllKX 6oraTo« aJieKTPOHHo« CTPYKTY­

poA H COOTB6TCTB6HHO 6onee HHT6peCH!iMJll B cpaBHeHJllJll c o6uqHb!MH 

Be~eCTBSllH CBOMCTBSMJll. 

Karuum :ete cneUJ11qiJ11qecxHMJ11 oco6eHHOCTffMH o6na;z\SIDT pe.11xose-

Me1IJ>Hble C06;z\HH6HJllff H :B qeM HX OTJIHqJlle OT 06blqHHX :semecTB? 

KaK HSBSCTHO, B COCTaB P3 coe;z\J1H8HMM BXO;z\HT P3 HOHbl, JllMem­

mHe ResanoJIHeHJIHe BHYTpeHHJlle 4 f 06onoqxJ11. OHJll nocTeneHHO 

sa_nonIIBIDTCff B pa:zty OT La_ ;z\O Lu ; f ypoBHH HSXOAffTCff 

rny60KO :B STOM6 Jll CJllJ!J>HO aKp8HHPOB8Hbl OT BHemHJllX BOaMYmeHJllM 

5 s ep6 3JI6KTPOHSLU1, noaTOMY npJll KPHCT8JIJIJll38I,u.IJll P3 8TOM0l3 Jll 

o6pa30BSHHH TB6P;z\MX TeJI STH JIOKSJIH30B8HHb!e YPOBHllI He no~Bepra­

IDTCff BOB~e«cTBIDO .BHYTPJ11KpJ11CT8JIJIHqecxoro nOJiff JI!, CJIS;z\OBaTeJI:&HO 

OCT8lOTCH 8TOMHOII0~06Hw.rn: ypoBHHMJll c xopomo coxpaHHmmHMHCH KBaH~ 

TOB!illH qJllCJI8MJll (CIIHH, Op6MT8JII>Hb!A MOMeHT H T.;ll.). 8Heprv.H lite 

CBH3H 4 f 3JI6KTPOHOB MaJia H OK83HB86TCH cpaBHHMOA c :rneprMe:Jil 

CBHSJll 6 s(pJ H Sd YPOBH6"1, KOTOpble B TBep;!\OM Te1.1.e pa3!.!blB8IDT-!' 

CH BCJI6;z\CTllHe nepaKpblTJllH B xopomo paapemeHHYIO s -ci SOHY npo­

BO;z\HMOCTH.1 BJIHaocT:& ::meprMH aTiDIHblX 4 f aneKTPOHOB BHyTpeHHHX 

o6o;noqeJt K aHeprMJll SOHHHX S-d COCTOHHliUl H B38HllO;z(ei:tcTBHe 
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~ 11 S-d 3lI8KTpOHOB Cyiq6CTB8HHb!M o6pa30M CK83b!B88TCff Ha 

CBOMCTB8X MHor11x P8M 11 11X coe;zil1H8Hl1M. 

HesHaq1-1TelII>HOe 11sMeHeHvre BHemH11x ycno:irnii np1rno;i1;>1T K rrepe­

pacape;zienem110 3JieKTPOHOB M6llt;ZlY s l-1 f COCTOf!HHflMllJ, 1-1, COOT­

B8TCTB8HHO, K nepecTpoa:tte ane:ttTpOHHoro 11 aHepreT¥qecKoro cneK-

Tpa. B o6bJt!Hb!X l!le B8lll8CTB8X SHepr11fl CBf!3~! BHYTP8HH11X 5 ' p 
OUOJ!QqeK OK83b!B88TCH o•WH:b B8lll1K8 lll B HOpM8Jil>HhlX ycJIOBlllffX 3Tl1 

3JIBKTpOHbl ce6H H!1R8K He npoffBJifflOT. 

fio ::JHeprirn f ypOBHlll B nonynpoBO;llHl1KOBOM C08,1(l1H8Hl111 no­

II8;!48IOT B sanpemeHHYlO 30HY l-1 BhlCTYII810T B Kal!eCTBe II rrpl1M8CHh!X 

ypo:EHei1". 8TOT iJ.iaKT caM no ce6e flBJ!fl6TCH YHlllK8JI:&HhlM, TaK K8K 

B 0 6bJqHb!X nonynpoE0,1\HV.KaX He y;ziaeTCfl C03,ll8T:& T8KYIO lWHI~eHTpa-

[\HiO ITpW!1!6CH11X 8TOMOB ( "' 1022) , 

B pe,l\K038M8Jll>Hh!X MBT8lIJ!8X { -ypoBHl1 OI<a 3b!B8lOTCff Bb!TeC-

HeHm·nrn B 5- cl 30HY' HO rro-rrpel!tHeMy OI\83b!B8JOTCfl pacIIOJ!OliCeliHhl-

Mlll HMJEe ypoBHff \l>epm·1. Kor.Z(a f ypoBHl1 PS noJiynpoBo,1(Hl-IKOB no­

na.zi;aroT B sanpemeHHYlO 30Hy, a B M6T8lIJie - 6Jil13KO K ypOBH!O illepMl1, 

OHl1 11rpa10T o npe.Z(eJieHHYIO pom; B KlllH6Tl1'WCK>IX flBJI8HlllflX, onTlllKe,~ 

- CT8HOB.HTCff OTB8TCTB8HHb!MM 38 IIORB3I6HV!e pa3Jllll'!HblX iflaSOBblX nepP.-

xo.zi;oB, MarHeTM3Ma 11 Clll3I:OHO B3IHHIOT Ha cBepxrrpoBo;n;11MOCTI> PSM. 

CoqeTaHMe l..\Blloro pH;zia · nHTepecHbDC !Jmswrnc1rnx oco6eHHOcTe.i1 

Tpe6yeT paapa60TKI1 HOBOLi Te op>llll l1 aacTaBllileT OTKaSST:OCfi OT pa­

.zi;a TP8.l\111..\lllOHHblX TeopMH M npe,1(CTaBJI8HllM (SOHHOH cxeM1! aHepreTlll­

qecJ<oro cneKTpa, nono~eHllle o c31a60.i1 MeliC33IeKTpOHHOM Koppe3Ifl~H, 

::rne !;TpOHQJOHOHHh!i'i M8X8HM3M CB8PXllJJOBO;lllllMOCTJ..!, 0 nplllll6HHMOCTl4 

Kl-IH6TlllqecK14X ypaBH6HMH l1 T.~.). 

B CBeTe CK83SHHOro CTSHOBMTCH HCHO, K8K06 B8JKHOe 3HaqeHllle 
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B paaBMTMlll Hanmx TeopeTlllqecirnx npe.zi;cTaBnemiti o rrpi1po;n;e 3TlllX 

BemecTB MOrYT .lMeT:O ;n;aJI:bH6MIJllie 3KCnepMM6HTalII:iHbl8 11ccne;n;oBaHlllfi 

STMX M8T8plll8~0B. 

KaK11e 1'PYIIIlhl B8ll\8 CTE OTHOCfiTCH x p:l.ZJ;K036M8Jl:&Hb!M coe;n;li!H8Hl'IHM? 

Ha ;ziomo PSS np1co;n;;iTCH 16% 11aBecTHhlX B HacTonmee :opeMH 

aJieMeHTOB. KoM6lllH8[(llfl P38 c ;1\pyrnwi aneMeHT81.JrJA Ta6mn:tor 1JeH;zie-

3IeeBa .zi;aeT orpoMHOe i:mcno coe.7.(1rneHlllli. Eonmoe BHl'IM8Hll!e npMBJie­

:ttaroT K ce6e B nocne;n;mrn ro,I\hl coe;n;nHeHHf! PSS, HBJIHJOU\HecH Mar­

HMTHb!Mlll rronynpoBo;n;HvrF.aMI1 THna Eu. X ( X = O, s, s e, Te) [2 J. 
B OTJif/!q[,18 OT 8HTl1<Deppo:.rnrHl1TH1lX ll cJ!eppoMarHli!THb!X 0l{Cl1l(HbIX coe­

;lllllH8HHH 3 cl 8Jl6MBHTOB M ~eppMTOB ' HOBble MartIHT!ibl8 nonynpo­

BO;llHlllK!1 Ha OCHOBe P3M <DeppOM8rfi!1Tb!, rrpI1qeM 0Hl1 HM8IOT 3H81.!!1T63Il>­

HO 6onee Bb!COKYIO HaHarHl1 lieHHOCTl> 1!8Chlll\8Hlllff' C)OJI:OJJIOti no Ben:11qvi­

ne SWc])BKT Kp8CHOrO C!ii8ll\CHLrn Kp8fl rrorJIOli(GHHH ill B Hl1X 06HapyiK6l!b! 

r11raHTCIU!6 M8rill1TOOIIT!11.!6CKlll8 a@JeKTb!. t.\aI'I-LiTH08 ynopfl.zi;oqeHHe B 

Hli!X CMJI:&HO EJil1R6T Ha ;z\B!1JK8Hl-18 HOC>!Teiieii TOK3' a Ji0Cl1T6Jrn, B 

CBOiO Ol!epe.Z(l>' BJH!RIOT Ha 1mrnl-ITH08 ynopR.zi;oqe HMe' OTKPh!B3fl T8Kl-IM 

o6pa30M, B03MOliCHOCTl> B3811kiHOro lll rH6Koro ynpann:eHl1fl 3J!C¥. '.rpoH­

HO:t1 H MarHlllTHOI-i CL1CT6M8Mf/! KplllCT8J!JI3 ;zvm pelll6Hlllfl pa3!!006pa3Hh!X 

TexH11qecKv.x sa.11aq. 

He;z\aBHO B PS coe.zi;1rneHMflX Re 1,2 M 0 6 5 8 ( R c "T g, 1J g, Erz) 
Ha6JIIO,l\8JIOCD ell(e O.l(HO pe,llKOCTHOe 'AID! o6blqHbJX BemecTB CBOMCTBO, 

peq:& lll,l\8T 0 CYll.\8CTBOBaHHf/! B Hl1X ;z(Byx B3alllMOl1CKlIIOqaromnx HBJie-

HMfiX- ifleppoMarH6Tl13M8 lll CBepxrrpoB0,1(!-1M'OCTH; npl-1 Il0Hl-llK8Hl1lll TeM-

nepaTYPb! lllM88TCff T8K8H IIOCJI6,l\OBST83Il>HOCTl> W83: HOpMalI:&Hh!M rra-
(4-5) 

paMarHeTlllK-CBepxrrpOBO,l\Hl'!K-i{leppoMarHeTHK-OlIHTl> CBepxnpoBO;l\Hl'IK 

EJIH30CTl> no SHeprlllffM H CL1Jil>HOe B38lllMH06 B31'lff Hl-16 JIOK8Jilll30-
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B8HHHX f aneKTpOHOB 11 KOnneKTl1BIII311Ip0138HHblX s- cl aneKTPO­

HOB CK83hlB86TCH TaK~e Ha oco6eHHOCTflX aneKTPOHHb!X i.[la30Bb!X ne­

peXO,ll;OB. Ilp11 l13.MeHeHl1H Te11nepaTypb1' ,11aB1.I8Hl1H' coc Ta Ba 008,l(lrne­

HHH B03MOlKHbl nepeXO;llbl 31I6KTPOHOB Meil(.Zly t l1 S-q COCTOHHHHMH 

6ea H3MeHeHl/[.fl c11MMeTp1rn Kp11cTamrnl!ecKoi1 pemeTKl1. C 3Tl1M irnne­

H11eM CBH3hlB8lOT Ha6mo,Z1;aeMble 3KCnep11MeHTan»HO B ~enoM PH,116 Be­

!116CTB aneKTPOHHbJe. i.[la30Jlb18 ITepeXO,ll;hl, T8Kl1e K8K o-o{-ol' nepexo-

,ll;hl :a Ce , cKatrnoo6paaHble .11 rrnaBHble nepexo,l(hl ;zi;mrneKTPl1K-

-MeTamI :a Sm S , SrnSe, S,.,.,Te, Eu..O [ 6 ,?] , B 

TBep,l(hlX paCTBopax Ha OCHOBe 5,,, .s 11 .l\P· TaK HaITpl1Me p, B 

5"' ~ 06HapyireH l/[3QCTPYKTYPHhlM !fla50Bb!Li nepexo,11 1-ro po,l(a 

rro;n:ynpOBO,ll;HIIIK-M6T81I1I, Jl03HIIIK8JOl!ll1tl np11 rl'I,ll;pOCT3Tl1tJ8CKOM 1-laB­

nemrn Pi<p ~ 6,5 K6ap (300°K). He6oII»lllaH :ae1!11!l!l1Ha Pt<p .11 

coxpaH6Hl16 TIPl'I !fla30BOM nepexo,11e Tl1Il8 Kp11CTaH;Jil/[tJeCKO~ pe!lleTKIII 

HBHHeTCH Jl6C»Ma pe;ztKID.! HB1!8Hl1eM B i.[ll131'IKe TBep,1loro Tena 11 

yKaahlBaeT Ha aneRTPOHEh!M xapaKTep o6napyJKeHHhlX i.[lasOBblX nepexo-

,ll;OBo' 

B aTlllX nonyITpoBO,ll;HHKOBhlX coe,nv.aeHIIIffX Ha6mo,11aeTCH e~e o,11Ho 

}!HTepecHoe HBJieHl1e' Cllll38HHOe c CYJlleCTBOB8Hl16M B M6T81IHRl!6CKO:u; 

i.[l aae Sm S , Sm Se, S,.. . Te III T.;q~ · L, f 6 
r: ~ / 5 .s KOH-

i.[l.11rypa!:Uf~. xapaKTepl13YJO!lll1XCll paaruil!Hhl!m BaneHTHDCTHMH. Ta1<oe 

COCTOHHIIIe npIIIID!TO H~3hlB8T» COCTOlIHI116M c npoMellcy'TOl!HO~ IIIJ:lli 

,11po6HO~ B81.I8HTHOCT»ID. L'l:MeJOTCH ,ll;Be B03MOXHOCTlil ,ll;Jm ocy111ecTBJI6-

HIIIfi npoMeJKYToqao~ BaJieHTHOCTR y PS HOHa: I) B MeTaJIID1qecKoil 

i.[la ae np11cyTcTByeT CMec» ,ll;Byx H TpeXBaneHTHl:ilX PS 110HoB, KOTopue 

pacnonaraJOTCll B pemeTK6 X30TlilqecKH H· HHK8KOU i.PHYKTya~H BaneH~ 

HOCTR OT 0,1\HOro COCTOflHllJH K ~pyrOJl.Y He npo11cX0,1lli!T lil 2) KOr,1\a 

PS HOH s"' B Kpl1CTanne' H8!!l>llJMe_E, Sm s Wl!Y~TYH.P.Y?.1. BO_ 
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Bp6M6HIII Mellt,tly ,1l:By1m COCTOlIH11flUM c lllSCTbJO 4 f' 11 IDIT:&JO 4f: 
/-aJieKTpOH8Mli!. EcHIII BHeruaee B03,ll;6~CTBH6 HOK8Jil13Y6T aJieK­

TPOH B ¥ COCTOlIHl1ll1, TO BpeMll l!CI113H.llJ 1:' B 3TOM COCTOHHl1PI 

onpe;ztemJeTcH mupirnoM ~ pa3MhlTHH f ypoBIIB ( 't' = ti./ .1 ) • 

8TY! qmyKTya~H ITpOIIICX0,1lHT l!p63BblqaifHO 6blCTpo: 1:'"-' 10-9 C6K • . 

TaK l!TO BO BCSX 3KCnep11JM6HTax, B KOTOphlx ' BpeWI >J3MepeHl1ll 

lu3M> 10-9 CeK 110Hbl CaMap1m H8X0,1llITCfi B CMelll8HHOM COCTOflHHllJ , 

a 3KCITepHM6HThl C t u;,M < I0-9 C6K MOI'YT 06Hapy;irnn ~ 31IeK-

. TPOH OT;zteJIDHO B 4 f 6 H. 4 f 55 COCTOflHIIIflX [a J • Manhle Bpe-

MeHa 115MepeHlilll (3KCil03l1~H) MOI'YT 6hIT:& ,1\0CTHrHYTb! B 3KCilep11-

M8HT8X c ITYID>CliPYJOIIl11M lilCTOl!HlilKOM H3;Jiyl!6HIIIfl OT YCKOPl1T6IDI III 

aneKTPOHHhlX H8KOIIY.Teneu. 

8KcrrepHUeHThl B B8,ll;YJllHX COBSTCKHX 11 aapy6el!CHhlX naoopaTOp~iHX 

(~TL'l: AH CCCP, JleH11Hrpa,11, Jia6opaTop11fl i.[l11pMhl I BM H 81zff, 

CIIIA, ~HCTMTYT i.[l11a11R11 TBep,11oro Tena _B UK>p11xe, lllBei!qap11IfI H T.;l{.) 

Il05B01.Il11.IIII RCC1!e,1lOB8T:& H0KOTOpble B8l!CHbl0 CBO~CTB8 pe,1lK03eM6H»Hb!X 

coe,1111HeHH~. 8To :a nepByJO oqepe;zt:& aKcnepHMSHThl ITO 11auepeHI1IJO 

KPHCT8JI11Illl!6CKOit pemeTKR, MarHHTHO~ BOCilPRIII.L!llIII:BOCTIII, no I1Iccne­

'AOB8HllJJO Mecc6ayapoBCRl1X CIT6KTpo:a norJI01I16HIIIfl, ,1\8HHh!e ITO flJISHIIIlIM 

nepeaoca lil 81!8KTPOHHO~ COCTaBJiffi01116~ TenJIOeY.ROCTH, 3KCil6pIDAeHTbl 

no 3JI6KTpOHil03RTPOHHOM aHHRI'lil1.Uf1tIIIlil lil T.,n. [9J 
0,11HaKo, RaK OTMeqa11oc:& BWl!e, HaH6onee nonHyio IIIHWOPMa~JO o 

CBOMCTBSX 3Tl1X B61116CTB MOEHO nonyq11T:& llplIMbiMH l1CCJie,11o:aainmw1 

aneKTpoaao~ CTPYKTYPhl no pacm11wpoBKe peaTreHOBCKRX 11 ym,Tpa­

i.[lzoneTo:awc WOT03MlilCCHOHHblX cneKTPOB• 

TaK HanpRMep, HBJI6HI1Ie XliAmtJecKoro cMe~eHHa peHTreH0BcK11x 

f( -nHHH~ npe,ll;CTBBJIBeT ai.P<.l)eKT He6on»moro, HO H3M6PHMOI'O CM~-

t-9""..:. 



U(eHvm sHepru.11 ocHOBH!i!X peHTreHOBCRi1X n11H.tlli K cepia.11 rrpM 

rrepecTpoi-l!iaX BO BHemmix, BaJieHTHblX 060JI04i\8X (l13MeHeH.11e op6.11-

T8JI:&Horo HBal!TOBOro tflfCJia .11JI.11 11 0TTflr1t.BaH11e" Ba7IeHTHOI'O 8718HTpo­

Ha rrp11 o6pa30B8HJl!Jll Jl!OHHOM .JG!Ml148CKOM CBF!3l1). BeJI.11tfi1Hh! l1 3HaHH 

::Mell(eHl1i'!, a TaKll!e qiopMb! 3aBl1CMMOCTeM cMeU(emie-T.11rr JIHHl1.l'I ( K« 
Kfo~, K 139p.,) pasHWrnh!e np.l'I BOBJie11em1VI B .JG!MwiecRyro CBll3:& .l'IJI.11 

y,llal!eH.l'll1 SJieKTpOHOll pa3HOrO f -Tf1!Il8 ( 5 t p , cl. .11 f 
3JieKTPOHb!). Oco6eHHO X8P8KT8PHb!MH TaK11e 3aBl1Cl1MOCT}! OK838.lI/4C:& 

. 1\JIH / aJieJ\TPOHOB P33 ( V -o6pa3HaH 3aBI1CHMOCT:&), trTo oC5yc­

llOBJieHo 8HOM8JI:&HO rJIY60Kl1M pa,lll18JI:&Hb!M pacIIOJIOJF.eH!i!eM t 8J18HTpoHa 

H,COOTBSTCTBeHHOt 8HOM8ll:&HO CH7I:&il<M B03My~eH.1'18M OCT8lI:&HblX oe5ono­

tf8K aToua np11 ero y,llaJieH11w HJil1 rrepexo.zte Ha Sc/. , 6 s ypoBHH [IO,IIl 
CyT:& lK8 MSTO.zta cpOT08M!1CCl10HHO~ Cil8I\TpOCKOII.11Vl COCTOl1T B 

oe5lIY48Hl1H oe5pa3~a WOToHaMl1 c 3Hepr.11eM B HeCKOlI:&Ko HH7IOBOlloT .11 

onpe.zteJieHl1fll pacrrpe,lle7Ielil!H no aHepnrnM Bh!llle,lllfil!X 37161\TPOHOB. Bb!-

6VITh!e 3JieKTPOH!il HM8IDT crreHTp, 38BV!Cfl~H~ OT COCTOflfillf! P3 l10H8 B 

TBe P.llOM TeJie. 11pY! 3HeprmIX cpOTOHa rropfl,lll\8 K3B cetreHl1e B38l1MO-

' ,lle~CTBl1H .llIDI WOTO!t!OH1trna~fljfll cl aJieKTPOHOB Ha HecKOlI:&I\O nopH,ll-

KOB l'18H:&!Jie, treM ,llllf! t 3JieKTPOHOB' TaK t.ITO nepBb!M rrpo~eccoM 
MOJ!CHO npe He6pe4:&. Tor,lla' eCJI.11 l10HU30B8Hbl 4 f coc TOf!HJ.lf!' Ha­

npl1Mep, B Sm , TO B SMl'ICCl'IOHHOM cneKTpe 6y.ziyT paspemeHli! Bos-
+~ 

6ylK,ZleHHble cocTOf!Hliff Srn , tret! cneKTP xoporuo .1'13BecTeH. Ec;irn 

llte B Sm l'IOH!t!30B8Hbl 4f 5 
KOH(p11rypaq;s11, TO B crreKTpe o6Eapyim-

+~ 

BaIOTCH Ill1Kll!, cooTB8TCT:syrom11e Pm . B TOM llte cnytrae, KOr,lla 

B o6pa3Lte J,!M8IOTCH 4 f 5 
l1 4 f 5

s KOHcJ).11rypa~.11 COCTOf!HVJli, TO 

o6a Tnrra crreKTpo:e 6Yll:YT pa3pemeHbl :e pacrrpe,lleJieH!t!l1 Bbl6HThlX al!eK­

TpoHoB l1 no OTHOCVIT8JI:&HOM ll!HT6HCJ/lBHOCTlil 3T.11X )Ulyx pH,llOB CIISKTP~ 

.;.zo-

MOlKHO llb!f!llHT:& ,llOIDO 4/ 6 
l1 41~ KOHqmrypau11lil B o6pa3~e. :AeTa­

JHl B o6U(eM ropa3,ll0 Ci!OlitHee .11 Mb! He C5YJ.(8M ,llaJiee Ha HMX OCTa­

H8BJil1B8TJ>Cff. 0TMeTJl!M TOlI:&KO' t{TO ll qiasl:l c npoMelii:yTOT.lHO!! Ba­

JISHTHOCT:&ID ,ll6MCTBHT6JI:&HO H86JIIO,lla6TCH ,l(B8 pff,ll8 7IHHfll~, COOTBST­

CTBYIO!l\fll•X COCTOf!Hll!ID co CM8lll8HHOM BaJieETHOCT:&ID [
12113]. l1o.zio6-

Hbl8 3KCrrep!t!M6HTbl c IlOMOfll:&ID yH:&TpacJ)l10JieTOBOM cJ)OT03MMCCH!t! 6b!ID1 

rrpOB6;118Hhl Ha GT3HcJ)Op,llCKOM HaKOflliT6Jie ( SLAC ) [14] ' 

II03TOMY MOJitHO H8;1(8f!T:&Cfl, tiTO EpeBaHCKMlil CMHXpOTPOH MOl!!eT 6b!T:D 

T8Kl!re HCIT07I:&30BaH ,ll1Ifl aHaJIOrl14HblX ~eJie!.l • 

Ha rrp11Mepe np!t!Be,lleHHWC 3,llec:& c:eo~CTB pe,llK03eMen:&HWC coe­

.1\HHl:lHHlil MOl!tHO lIOHHT:&, K8K08 B8JKH08 npaKTHti6CI\08 npnurrnemrn 

0Hl1 H8W,llYT B 6nm~alilmeM 6y,11y11teM. l103TOMY H6Y,lll1Bfl!T8JlbHO t t.ITO 

3Tl1 MaTep.11aJib! OTMetreHH B "OCHOBH!:JX Hanpannemmx pa3Bl1TUfl Hapo.n;­

noro xoaHlilCTBa CCGP B 1976-1980 r.r. 11 KaK nepcrreKTHBHb!e MaTe-

p1'!81Ib! Ha l1CCJI8,llOB8Hz.te H rrpl1M8H8Hl18 KOTOPhlX CJie,llyeT o6paTMT:& 

oco6oe BHl1Man11e. 

Hel\OTOpble YHHK8ll:&Hhle CBOMCTBa 3Tl1X J:lS!l\eCTB yrre cer0,7\Hfl Ha­

XO;ll;fiT rrpaKT!t!qecKoe rrpl1M6H6HH6. 0,llHl1M V.3 npm.iepoB MOlKeT cnylltl1T:& 

coe,ll1rneH.11e Sm S , :e KOTopor.1 !lJa 3o:ehln rrepexo;zi; ,lll1sJieHTPMH-

-MeTan1I, Bbf3BaHHblM Jia3epHhlM 06:rryqem1eM, CBH3aH c TSIIlIOBbll.4 ,ll8H­

CT:!H18M cneTa ( ifJa30Bh!n nepexo.n; no TeMrrepaType). Manh!e aHepre TH­

qecK11e 3aTpaThl, Bb!COF.8ff pa3p8ID8!0lltafl crrocc6HOCT:D li B03MO~HOCTb 

;ztJil1TeJI:&HOrO xpaHeHJl!H o6pa3Lt0ll Il03BOJI!'!6T paccMaTpl1BaT:& ero, 

KaK nepcneKTl1B~ uaTep!t!aJI ;l.IJIH onT!t!tieCK0£1 3aITl1Cl1 r.rnifiopuau.1111. 

TaHHM o6pa30M, !13 Bcero CK838HHOrO HCHC' !!TO coe;zi;vrneHHH 

P3 aTOMOB f!Blif!WTCff trpe3BbJqa~HO HHTepecHblM o6~eKTOM 11ccne;zi;ona­

Hl1fl. MHor11e :eonpOCbl ll 3TOM KJI8CCe BemecTB ;zi;o Cl1X nop C'll1T8IOT-

-n 

-ci 



CH Jrn60 cnopHbllLK, JW60 eme He AO KOH~a B~HCH6HHhlMH H Tpe6YJJT 

CBOero paapc~eHMH. B HRCTOH~ee BpeMH, HeCMOTPfi Ha 60JIDIDOe 

qacno pa6oT B STOM .06JiaCTH , HeT eme nOJIHO« KapTHHli HSMe­

H6HHfi aneKTpHqecKwc, MarHHTffiilX, onTHqecKHX H MexaHaqeclCHX 

CBOttCTB aTmc M8TepH8JIOB. ~8llbHe«llll'le HCCJI6AOB8HHfi B STOM HanpaB­

JI6HHH c HCilOJib80B8HH6M 6onee COBepmeHHHX M6TOAOB 6Y'IJST, H6COM­

H6HHO, noneaHhlMM H noMoryT ycTaHOBHTb AeTaJibHYID aneKTPOHHYK> 

CTPYICTYPY H ee H3M6H6HHe npH waaoBHX npeBpa~eHHHX H o~eHHTD 

ponD paaJWqliliX MmtpocKoIUJqecKHX uexaHHSMOB B wKazqecKHX npo­

~eccax:. 

B paMKaX Hamett ue6onbmoa CT8TDH H8BOSMOlltHO ~OCTaToqao n9n­

HO OXBSTHTD B6CD W48JJ~Cff SKCn~pHMeHTam>Hhll H T80peTHqecKmt 

MaTepHax uo HHTepecym~ Bonpocauo Bonee no~po6Hyio 6H6.m1orpa­

WHJJ pa60T LtOlltHO Hai!TH B MOHOrp~WIX [I 12]' B 06?0P8X [3 ,15.,.I6J 

H B Ha~aBaeJ.WX ~T~ AH CCCP coBMeCTHO c 6H6JIHOTeKoM AH CCCP 
6H6mrnrpawwiecxmc c6opmrnax [17) 

B aaKmoqeHHe Bupal!taro rny6oKym 6naro,Z1apHOCTb A.U.AMaTYHH 

H c.r.MaTHHH.ffY, cnoco6cTBOB8BWHM H8IlHC8HHJ) H8CTOfime~ pa60TH. 

=rz= 
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