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PaHr ny6nHKaL\H~ 06beAHHeHHoro HHCTHTyTa ~AepHbiX 

HCCR8AOBaHH~ 

TipenpHHTbl H C006lUCHHJI 06DC.llHHCHHOrO HHCTHTyTa .R,llCpHbiX 

Hccne.aoaauuH /OH...SIH/ JIBJlJilOTCJI caMOCTO.RTCJlbHbiMH ny6nHKaUH.RMH. 

0HH HJJlftlOTCJI B COOTBCTCTBHH CO CT. 4 Ycraaa QH..SIH. 0T11H'-1He 

npenpHHTOB OT C006lUCHHif JaK.ITlO'fftCTCJI B TOM, l{TO TCKCT npenpHHTa 

6yner anocneJlCTBHH aocnpoHJBeJleH a KaKoM·nu6o uayqHOM ~ypuane 

HnH anepHOJlHlJ.CCKOM C60pHHKC. 

11HA8KCaL\H~ 

DpenpHHTht,coo6meuuJI H )lenouupoaaHHbie ny6nuKauuu OH..SIH. HMCIOT 

C.llHHYIO uapaCTftlOlUYlO ITOPJIJJ.KOByto HyMepaUHIO,COCTaBmiiOll\YlOnocneJl• 

HHe 4 UH$Phl HHJlCKCa. 

DepBhlii JHaK HHJlCKCa - 6yKBCHHbtH - MO~CT 6b!Th npC.IlCTftBITCH 

a 3 eapuaurax: 

"P" - HJ.UftHHC Ha pyCCKOM JIJhiKC; 

"E" - H3JlftHHC Ha anrnHiiCKOM j~Jh!Ke; 

")]." pa6oTa ny6mtKYCTCH Ha PYCCKOM ll ftHrnHi1CKOM H3LIKftX. 

DpenpuHTbi u coo6meuuH., Koropble paccL!naJOTCJI ronhKO B crpaHbi-

yqacTHHUbi OH..SIH, 6yKaeHHbiX nu.o:eKcos He HMCIOT. 

Uucflpa, cne.llYtolUaJI Ja 6yKseHHhiM o6oJuaqenueM, onpeJleflJICT 

TCMftTH'fCCKYIO KaTeropHIO J].aHHOif ny6nHKftUHH. TiepC'fCHb TCMaTHlJ.CCKHX 

KaTeropuH HJ.IlaHHii OH..SIH nepHOJJ.HlJ.CCKH paccbtnaercx ux nonyllarenH.M. 

Hu.aeKCbi, onucauubte BhiWe, npocraenHJOTCH. a npaaoM eepxueM 

yrny Ha 06nO)KKC H THTynbHOM JlHCTC Kft>K.UOrO H3JlftHHJI. 

CcbiRKH 

B 6u6nuorpa$HlfecKux CChinKax ua npenpHHTbl u coo6meHHR OH..SIH 

Mbl peKOMCH.!lYCM YKft3hJBaTh: HHHUHftnhl H 4JaMH11HlO aBTOpa, ,nanee -

COKpalli,CHHOe HftHMCHOBftHHC HHCTHTyTa-H3.1lftTC1111, HH)lCKC 1 MCCTO H rO.Il 

HJ.rtaHHH.. 

DpHMep 6u6nuorpa4JHl..{CCKOH CCblnKH: 

H.H.Haanoo. OH.f/H, P2·4985, ,ay6na, 1971. 
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BaeneHHe 

TeopeTHqecKHe Hccnea.oaaHu~ c¢epH'4.eCKHX H nepe

XOJlHbiX ~Aep, npeAITPHH~Tbl6 B ITOC1l6AHH8 Bp8MSI1 B OCHOB

HOM 6blnH H8IIp8B1l6Hbl H8 pa3p860TKY MHKpOCKOIIHqeCKOrO 

noaxoaa. H xoTs:~ 6onbruas:~ qacTb HccneaoaaHHfi a 3TOfi 

061laCTH CBSI38H8 C pa3pa60TKOH M8T6M8TH'4.6CKOrO 8IIIIapa

T8 TeOpHH, T6M He M6Hee, y>Ke 6CTb pe3y1lbT8Tbl 1 npeACT8B-

1lSIIDWH6 HHTepec H C TQqKH 3p6HHSI cpaBH6HHSI HX C 3KCne

pHM6HT81lbHbiMH naHHbiMH .. AHanuaupys:~ 3TH peaynbTaTbt, 

MO>KHO nonyqHTb oTaeT Ha cneayromHe eonpocbi: 

1. KaKHe HOBbie B03MO>KHOCTH B HHTepnpeTBUHH 

CBOfiCTB c¢epH.qeCKHX H nepeXOAHblX SIA8p IIOSIBHllHCb 6naro

A8PH paapa60TKe MHKpOCKonHqecKoro nonxona? 

2. KaKyiD nononHHTenbHYID uH¢opM8UHJO menaTenbHO 

nonyqHTl. :1.1~ npoaepKH TeopeTHqecKHX npe.ucKaaamu1? 

l.IT06bT 6bt1l8 51CH8 o6mag CX6M8 paCCMOTp6HH.SI1 ne

p6'4.HC1lHM KOlllleKTHBHbl€ raMH1lbTOHH8Hbl 1 KOTOpbte HCII01lb-

3YIDTC51 a pacqerax: 

1.--~'raMHllbTOHHaH Eopa-MoTTenbcoHa a nepeMeHHbtx 

{J, y, 0 • B 3TOM raMHllbTOHHaHe HBHbiM o6paaoM abtne

nHIDTCH KHH8TH'4.6CK8H H IIOT8HUH81lbH8SI 3HeprHH KB8llpy

II01lbHblX KOne6aHI.ft1. 

2. KonneKTHBHbtfi raMHllbTOHHaH a BHAe p51Aa no 

cTeneHHM onepaTopoa ¢oHoHoa: 
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TaKoe pa3nomen~e B o6meM BHne nony~aercH B Merone 
6o30HHOr'O npeACT8Bll8HlHI cPepMHOHHb!X onep8TO,OB /t-a/ 

H B M8TO.Q8 o606llleHHO}l M8TpH:Ubl ITllOTHOCTH /
4 

• 

raMHllbTOHH8H ( 1) B npHHUHIT8 MQ}I{HQ 38ITH.C8Tb 

B BHAe, auanor~P:IHOM raMHnbTOHH:BHY Eopa-MorrenhCOHa. 
3. KonneKTHBHhlR raMHllbTOHHaH B repMHHax 6onee 

CllO>KHblX 1 l!8M cllOHOHHbi8 1 onep8TOpOB 1 7 '8KTOp8MH 1 yqH-

TbiB8lOlUHMH B Cp8AH8M TipHHUHTI naynt.f 
5 
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4. faMHllbTOHH8H 1 B KOTOpOM HBHblM o6pa30M yqi1-

TbiB8lOTCH He TOllbKO 'Ollll8KTHBHb18 1 HO H OllHOqaCTIP.IHbl8 

creneHH cao6oAhi /S ' 7 • 
+ 

H ~ ~~ wi,\ ho,IL hi AIL+ 

J".\'' + + + 
+ :1: FIA, I,,\, ( [ b I,\ b I',\' J ,\" IL" bl "X' IL"+ b I" X'IL.lb lAb t";._l,\"1<") . 

B raMHllbTOHHaHe Eopa-MoTTenbCOHa noTeHUHBilbH<§lH 

8H8pPHH H8XOllHTC51 B O.llHOM H3 B8p1-18HTOB npH6J1t-f)KeHHH 

cpe.aHero nonH 6ea y"t.JeTa 3HeprnH HyneBbiX Kone6aH~odl. 

HcHo, t.ITo B Tex cnyt.IaSIX, Kor.aa sa>KHa un¢opMaUHSI He 

TOJlbKO 0 CT8UHOH8pHbiX TQqKaX, HO H 0 JlpyrHX X8p8K

TepHCTHK8X KpHBOH ITOTeHUH8J1bHOi1: 3HeprHH, TBKH:e pacqeThi 

He HaAelKHbi, B raManbTOHHaHax (2) a (3) Koa<j><j>HuHeHTbi 

H8 np8KTHK9 onpeA6J151lOTC51 C ITOMOlliblO 8MIIJ1HTyJl, HBH.AeH

HbiX B npH6nH>KeHHH xaoTI.PieCKHX ¢aa HJJH MeToae TaMMa
ilaHKOBa. 3TH. 8MITJ1HTYllhi MOr'yT CT8HOBHTbCH BC9 MeHee 

H M8Hee YAOBll8TBOpHT8J1bHb1MH. npu YB8J1Hl!8HHH 3Hepi"'HH 

B035y>KJl8HHS1 HCCJ19JlY8MhiX KOIIJ18KTHBHb1X COCTOHHHH. 

4 

I. C<j>epa'IeCKHe 'lilpa 

1. OcraHOBKMCH cuaq£ina Ha HHTerpallbHbiX xapaKTe

PHCTHKax KOllll8KTH8HbiX COCTO.HHHfi. 8 p8MK8X t.IHCTO ¢e

HOM8HOJ10f'Hl.J9CKOfi MOA9J1H B npeAITOJ10*8HHH 1 qTQ M8CCO

Bbifi K03.¢¢HUH8HT He 38BHCHT OT aecflopM8UHH 1 8 H981lH85a

TH!..£9CKHMH a4J¢eKT8MH MO*HO npeHe5peqb, nonyqaiOTCH 

cne~tyromue npu6nH*eHHbie (nocKonhKY He Y'HiTbiBaiOTCH 

CJ185b18 nepeXO/lbi B BhiCOKOJle>KaUIHe KOJ1J18KTHBHb19 COCTOH-

HHH) npaBHna CYMM/8/: , 

. . + + + + + + "'t + + +. 
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3TH npaauna cyMM y.aoaneTsopHlOTCSI Jtn.H rapMOHHqecKoPo 

OCUHJ1J1HTOpa H *9CTK0f'O 8KCH8J1bHOf'O pOTaTopa. 3Kcrre

PHM9HT8J1hHbl9 3HaqeHHH l: saKniOqeHLI a npeaenax 4 t- 6. 
HanpHMep, AnH H30Tonoa Se :1: pasHa: 5,88 ( 74 Se ) , 
5,36 (78 Se), 5,03 ( 80 Se ). 3To HaKnanhmaeT onpeneneH

Hhie Of'p8HHqeHHSI H8 X8p8K'l'ep 38BHCHMOCTH M8CCOBOPO 

K03<j><j>HUH9HT8 OT ne<j>opMaUHH H Ha B8flH'IHHy He8AH80aTH

qeCKHX l!J19HOB. 0CHOBbiB8SICb H8 f'8MHJ1bTOHH8H9 (2), Mhl 

p8CC"IHT8J1H 3HaqeH.Hfl ~ ITpH pa3J1Hl!HbiX ¢H3I.P.I9CKH pa3yM

HhiX 3H8l.J8HHHX K03¢¢HUH9HTOB KOJ1J19KTHBHOf'O f'8MHJ1bTOHHa

H8o PeaynbT8Tbi H3M8HHJ1HCh B npe.nenax 4,5 t- 5,5 H J1Hlllb 

H3pel{K8 npeBb11IJ81IH 6. 
+ + 2, Manhie aKcnepaMeHTanbHbie 3Ha'IeHHH B(E2; 2 
2

4 0 
1

) 

H 5onbllme senH'IHHbi Q( 2!} nepsoe epeMH nocne H3Mepe

HHR KB8.QpynonbHhiX MOMeHTOB He Y.ll8B8J10Cb 05'b.HCHHTb 

OAHOBpeMeHHO, 8hiXOJl 6bm · npeano>KeH B pa6oTax/9, 10 I 
H B Hell8BHO BbiUOflHeHHOlt pa60T9 /11/, C TO'IKH 3peHHH 

r'BMHnbTOHOBB ¢opM8nH3M8 1 OH COCTOHT B CJ18JlYIOU18M. 

B onepaTope! KBaApynonhHOI"'O MOMeHTa eCTb nee qacTu: 

nepaag M9HR8T qHcno ¢oHOHOB HB HeqeTHOe qucnO,BTOpa.H -

na tteTHoe. BKnaabt 3THX qacTeH HMeroT OllHHBKOBhrH saaK 

Hf!i Bbi'I~cneH~H Q(TJ H pa3Hbllt 3HaK UpH Bbi'IHCfleHHH 
L( E2; 2 2 ~ 0 1) 
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C.iJe.nyeT OTM8THTb 1 '-ITO npH CHltbHOi1 BHI'BpMOHHqHQC

TH, KOI'll8 cyrueCTB8HHbl npHM8CH MHOf'O$OHOHHblX COCTOSlHHfi, 

B( E2;_2~ .... 0 ~) oKa3blBBIOTcs:r MaltbiMH H 6ea yqeTa aTop oro 

cnaraeMoro a onepaTope Kaa.npynoltbHOf'O MOMeHTa. 

3. XapaKTepHoH -qepToH KonneKTHBHbiX KBa.npynonbHbtX 

B036y)KJl8HHi1 C$8pHt..I8CKHX ll nepeXO,UHblX SlJl8p SlBltSllOTCSl 

KoppeltHUHH M8>KllY 3lt8KTpOM8f'HH.THb!MH CBOfkTB8MH 

H 3HepreTHKOi1 KOltlt8KTHBHbiX COCTOHHHflo 3TH KOppen~UUiH 

6h!flU o6HapyX<eHhl H HCTIOlt.b30B8Hbl MOJ]8ltbl0 llaBbl.D.OBa

¢I!ltltTITIOB8-Lfa6aHa. npHMepOM SlBlt~HOTCH KOppeliH.UIH-l M8X<·~ 

llY 3li8~8HH5lMH <2liiQzll2t>/<2tiiQzi\O"'i> H BenH'!llHOH 

(E(2)- E(~;Jl!E(2~. 3KcnepuMeHTanbHblil rpaq'"K (puc. I), 

Ha KOTOj:lOM H8 OCH a6CUHCC OTKna[lbiB88TC5l (E(2~-E(4t_>/E(2"'v, 

8 Ha OCH 0l?!lHH8T - B8nH'IHH8 -<2~IIQ 2112~>/<2~IIQ 2110 I>, 

npHB8ll8H aft2/ • 8 OCHOBHOM 3TO Tilt8BH8s:l KpHB8SI 1 KOTO-

paSl npu 6onbwux 3H8'18HHS!X ( E( 2~-E(4+~)/E(2+1) 6na3Ka 

K 1 11 Hll8T ITOt..ITH I'OpH30HT8llbHO, 8 npH M8ltb!X 3H8"48HHs:IX 

(£( 20- £(41)) /F.(2~) CTp8MHTC5l K Hynto, 0!lH8KO 
+ + + + 

B PSllle Sl!lep ( 32 S , 116Cd) Bena~aHa-<2 1 IIQ2 112 1 >/<2tiiQ2 ll01> 

pe3KO B03pacTaeT npu ManbiX 3Ha'leHH5lX (E( 2il- E( 41)/ E( 21) . 

Ecnu nocrpoHTb TaKofi >~<e rpa¢HK, Hcnonb3ys:t peaynbTBTbt 

p8Cl..I8TOB C f'8MU1IbTQH~taHOM (2) np11 pa3lt11t..t~biX 1 HO ¢~-t-

311'-18CK11 p83YMHbiX, 3H8'48HH.51X BX00Slll1HX B Hero K03$4m

UH8HTOB, TO BOCTipOH3BOARTCSt K8K o6WHA XOO KpHBOfi 1 
TBK 

" "m1K" npu ManbiX 3Ha'!eHH5lX ( E(2~ -F.(4-;J /E( 2-;J. 

npu 3TOM OK83htB8lOTCSI B03MO">KHblMH 3H8'-IeHH51 

I< 2111 Q2ll2j'>/<2! II Q2IIO +l>l 6onhwue, 'I eM npeACK83biBaeT 

pOT£llliWHH8H M0Jl6nb :::: 1,20), nHK npH M8nbiX 3H8'-18HHHX 

(F;(2~)- E(4~))/E(Tj) B 3Tax pac'!eTax OTBe'laeT, B qacTHo

CTH, HJ].paM C 6onbWOi1 8CHMMeTpHefi B KpHBOfi TIOT8HUH8ltb

HOrt 3Hepf'HH J18$0pM8llHII OTHOCHTeltbHO 38MeHbl y::-0 ;J y(i ): 

Y 3TH X HJlep HH3KO onyll.leHO JlByXc\1 OHOHHOe 0+ -coCT051H11e. 

DpHMepoM Moll<eT cnyli<HTb 32 S, B pac'!eTax/13/ AnSl 3TO£'O 

SIJlpa nonyqeH8 TIOT8Hll118flbH851 3Hepi'HH C .llBYMil MI1HHMyMa

Mot: c¢epaqecKHM " Ae¢opMHpoaaHHbiM ( y =0) . 

B MO.nenH llaBhl.llOBB-¢HnH.nnosa-4a6ana nony'laeTCil 

KpHB851, KOTOp851 B cpeJlH8M BOCTipOH3BOJ1HT XOJl 3KCnepH.

MeHT8ltbHbiX ll8HHbiX 1 HO OH8 3H8'-IHT8ltbHO 6onee Tilt8BH8SI 

H He OTIH:CbiB88T "rrHKa''· npH M8ltbiX. 3H-B'IeHHStX 

( E( 2~) - E( 4~) /F.( 2~) 
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4, Ba>KHOe 3HatteHH:e s Hacrosuuu.H MOM8HT .anst paa

BHTHSI MHKpOCKOITHtt8CKOf'O ITO.llXO.ll8 K OITHC8HHID KB8.llpy

IT011bHbiX B035Y>Kll9HH.il s::rnep HM8eT HH¢OpMamHI 0 KBB.llpy

ITOllbHblX MOM8HT8X .llBYX¢ OHOHHbiX COCTOHHHA H B8p0SITHOC

TSIX E2-nepexonos M8>K.lly ypoBHHMH nsyx¢oHOHHoro Tpunnera, 

npH'-IHHa 3Toro 8 cnenyiDIUeM. EcnH aQ>¢eKTbi, CBSI38HHbie c 

H3M8H8HH8M MHKpOCTpyKTypbi K011118KTHBHO:f:i ITepeMeHHQJ:\: 

He B8>KHbi, TO lflopMa K011118KTHBHOf'O f'8MHllbTOHH8H8 0K8-

3biB88TCSI oqeHb npocTotl:, a SCSI CTpyKTYpH8SI HH¢opM8UlHt 

0 Sl.llpe 5yneT 38Kl1IDtteHa B H850llblll0M l:JHC118 K03¢¢HllH8H

TOB! KOTOpbiX M8Hblll8 1 tteM H838BHCRMblX llBHHblX 06 

3Hepf'8THK8 H 9118KTpOM8I"'HHTHbiX Csoj:icTB8X OJlHQ- H JlBYX

¢0HOBbiX COCTOSIHHA, YfMeSI TaKyiO HH¢opM8UH10
1 

Mbl MOf'llH 

6bi CK83B.Tb 1 B 'l{6M COCTOSIT srt>¢eKTbi
1 

CBR38HHbi8 C 38BH

CHMOCTblO MRKpOCTpyKTypbi KOnneKTHBHbiX rrepeM8HHbJX OT 

3HeprHH B035Y>Kll9HHSI. 3To YK83ano 6bi
1 

B K8KOM OTHOWSHHH 

cneayeT MOaH<jlHUHpOBBTb TeopHIO, 

B nH:TepaType y>Ke o6cy>Kll8IOTCSI B03MO>KHOCTH 3Kcne

PHMeHTa1lhHoro OnpeAeneHRSI KB8JlpynonbHbiX MOM9HTOB 

nsyx¢oHOHHbrx cocTosmHfi H aepOSITHOCTefi E2 -nepeXOllOB 

Me>K.ny HHMH 114
/ • BHllHMo, a cxopoM speMeHH TaKast 

HH$OpM8UHSI H8'l{H9T IIOCTYIT8Tb. 0CT8HOBHMCSI ITO.llp06HO 

Ha oaHoM H3BeCTHOM <!>aKre, B Mpe 108Pd HallaeHa 
. + + + + .A ~!1 

HHlKHHSI f'PBHHUa anSI OTHOllleHKH B(E2;4 1~2 J}/B(E2;4
1
-+2;U>8(r. 

OueHKH, c.nenaHHhie B MonenH, YttHTbiBaiDmeit CM9lliHB8HHe 

KOMIIOHeHT, OT11Htt810lllHXCR ITO 'l{HClly ¢oHOHOB OT rllBBHOa 

1'01lbKO H8 9.llHHHUy, JlllSI IlpHB9Jl8HHOrQ BbiWe OTHOW9HHSI 

Il.BlOT sem:rtta~ nops:~nKa 10. ToT >Ke peay nhTaT 6bill 

nonytteH a 116 
, , rne npeHe6peranH aHrapMOHHqecKHMH 

nonpaBKBMH B KHH8TH'·IecKofi sHeprHH H YttHTbiBanocb 

CM8WHB8Hif9 KOMITOH8HT llO flSITHrt>OHOHHhiX
1 

nonhlTK8 06'bSICHHTb 3TOT rt>aKT, OCHOBhiBB.SICb 78 
f'BMHnhTOHHaHe (2) ,oKaaanocb ycneliiHoll ( raon. I) 171, 

noHSiTb 3TOT pe3y1lhT8T MO>KH0 1 paCCMOTpeB CTfYKTypy 

BOllHOBhiX $yHKUHfi KonneKTHBHhiX COCTOHHHii 10 Pd , 

nonyqeHHyJO B pacqerax (pHc, 2), Ha pHc, 2 no OCH 

a6cuHcc OTKllB.D.braaiOTCSI qu:cna tiJonoHoa N , a no OCH 

OP.llHH.£1 T - BK1l8Jlbl N -lf!OHOHHbiX KOMIIOHeHT B HOpMbl 8011-

+ + + 
HOBb!X <!>YHKUHil, fpa<!>HKH aeCbMa CXO>KH anSI 0

1
-, 2 

1
- H 4

1
-

COCTOSIHHH. 0HH 11HWh C.llBHHyThl ITO OCH a6CUiiCC llpyr OT-

8 
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{ 

J 
I 

aocnTenbHO Jlpyra aa l1N = 1. TaK KBK rnaaHaR qacrh one
pa6ora KB8JlpynonbHOf'O MOMeHT8 M9HH9T ~HCnO ¢oHOHOB 
aa 1, TO 9THM H o6'hSJCHH9TCSI BhiAeneHHOCTh.. E2 -nepexo-+ + + +- . + aos: 4 1 .. 2 1 H 2 1 .. 0 1 . , CTpyxTypa 2 2 -cocT O!!HH!! 
npaKTHti9CKH COBfi8Jl89T CO.CTpyKrypoA 4\ -COCTOHHHR. 
B o6oux cnyttastx rnaBHhtMH sJBnsnorcR Jl.Byx- H tteTbtpex
¢oaoHHbie KOMfi0H9HTbl 1 KOTOpble COCTBBnSieT 85% OT HOpMbl 
COCTORHHH. TaK KBK Oriep8TOp KB8JlpynonbH0f'O MOM9HT8 
MeHHeT 'IHCllO ¢0HOK_OB HB e~HHHUy,_ TO nepeXOJl 4i-.. 2 ~, 
OKBS,btBaeTCH aanpe_IUeHHbiM. 

C TOqKH 3p9HH!! TeOpHH, HHTepeceH H apyPOl! <jlaKT, 
nyqwee onucaaue 108 Pd nonyqaeTC!! npu rex sHaqeHH!!X 
K034xtlHUH9HTOB KOnneKTHBHOf'O f'8MHnbTOHH8H8 1 npH KOT,OpbiX 
B npHHuune He cywecrsyeT peweHHSI s!!aaqH a paMxax RP A. 
nocneaaee o6ycnoaheao TeM, ~To noTeHuuanhHaR aHeprHR 
KBaapyfi01lhHbi.X KOne68HHA 1 KOTopylO MO>KHO BblltenHTb H3 
J:'8MHnbTOHH8H8 (2) anSI 108Pd, npH {J = 0 HMeeT He 
MHHHMYMt 8 M8KCHMYM 1 XOTSI H Ott9Hb nonor~dt. AHanoruq
Hbt:R pe3ynbT8T 6btn n?nyqeH H8 OCHOBe KonneKTHBHOPO 
PBMHIIbTOHHaHa (I )118 an" 10 2 Ru • 

Oco6bll! HHTepec np,eacTa~nSieT pesylj.bTB:V nonyqeHHbil! 
anSI OTHOWeHH!! B(E2; 02-+ 22)1B(E2;02-+ 21),3To OTHO
lli9HH9 oxa3anocb paBHhiM npuMepao 1. T aKHM o6pa3oM 1 
sanpeT HB nepexoabi c 6 N =0 , cneayiOWHl! us Moaenu 
rapMOHH'Iecxoro ocuunnHTOpa, cH~T an.r nepexoaa 0 ~ -+ 2; , 
HO HMeeT MeCTO ang nepexoaa 4.!-+ 2 2 , DoqeMy 31'0 
npOH30WnO, MO>KHO UOH!!Tb )<3 <jJOHOHHOl! CTpyKTypbl 0~
COCTORHH~. H H OAHB H3 . KOMfiOHeHT He AaeT B HOpMy BKna
aa 6ollbwe 30%. BecbMa saMeTHbi BKnaabi 6ec¢oaoHHOII, 
aayx- , TpeJ!:-· . H qeTblpeX<jloHOHHOl! KOMnOH9HT, 
3THM 0; -COCTO!IHH9 pe3KO OTnuqaeTC!I 01' apyl'HX asyx-
<jJOHOHHbiX COCTO!!HHl!, .. • 

· . AaanornqHbiii pesyJibTaT an" oTaoweHH!! 
~,E~ o; .. 2v I B(E2;o; .. 2 J 6bln nonyqea B pa6oTe 1181 ang 

Se H B I 61 ang pgaa c¢epuqeCKHX gaep, ao HB ocHoae 
KOnneKTHBHOJ:'O l'8MHnbTOHH8H8 (!), 

II 



II • CocylllecTsosaHRe a o.naoM MP8 

c¢epR'19CKRX H AepopMHpOBaHHhiX 

COCTORHHfi npH He6onhWHX 3H8PI'HRX 

B036y>KA9HRSI 

C TOttKH 3p8HHSI BblW80llHC8HHOI'O MHKpOCKOflHqecKOI"O 

no.nxo.na 3TOT cnyqafi npe.ncTaansteTcst HaH6onee cno~HbiM 

.a.nR T80peTHqeCKO['Q BH8nH38, 0CHOBHbl8 Tip8llCK838HHR 

B 3TOM aanpaaneHHH !10 CHX nap !18fl8flHCb HB OCHOB8 

pacqeTo_a .n.oTeHuuanhHoh 3HeprHH ae¢opMaUHH, Ehrno 

npeACK838HO Cylll8CTBOB8HH8 HH3KOn8*8WHX .a.e¢opMHpOB8H

HbiX COCT05lHHfi B ruJ.paX 32 S , 4 °Ca , B H30TOTI8X Mo 

H a pRlle npyrHX, EJlHHCTB8HHbiM 3KCnepHMeHTanbHhiM 

YK838HH8M H8 H8KOTOpylO Heo6btqHOCTb BC8X 3THX ru:tep 

stBflst8TCSI cyiUeCTBOB8HH8 B HHX 0""2 -B036y>KJl8HHb1X COCTOil-

RHft npH 3H8pi"HSlX 3H8qHT8nbHO M8HblllHX, qeM B 601lbWHR

CTBe c¢epHt.I8CKHX stJJ.ep, TipeanonaraeTCR, qTQ HM8HHO OHH 

HBns:tlOTCSI ne¢opMKpOB8HHblMH, 

1. BH.fbHMO TfKB'it CHTyaUHst .a.eflcTBHTenhHO peanH-

ayeTcst B Ca,12
. Ha 3TO Jl0CT8T0t.IHO t.I8TKO yxa3biB810T 

.naHHbte o aeposrTHOCTSIX E2-nepexo.a.oa: 

B( E2; 2~ 4 0 ;) B( E2; 4:4 2 ~ 
~--i'--7- ~ 20. ~ 2. 
B(E2; 2"'j 4 ot) B(E2; 2"'j40~) 

2. Yf30TOIThl 
70 •72(;e. 

70 
B 72Ge nepsoe B~36y>KA'j_HH09 COCTOSIHRe - 0 +, a B 

Ge OTHometme E(0 2) /E{2 1) pasno 1,17 (pHc. 3), B To 

)1{8 speM51 cneKTpbt aoa6y>K.ll.8HHR 
74 ,

76 Ge noxo>Ku Ha 

Cll8KTpb1 cnerKa 8HI"8pMOHift-18CKHX c¢epJttl8CKHX BH6p8TO

p0B, 0THoweHHe B( E2;0~ 4 2 ~) /B(E2; 0.,.142~)~,56, 'ITO 

CKOpee YK83b!B88T H8 M8fl0CTb s¢¢eKTHBHOfi .a.e¢opMaUHH 

0~ -cocTostHHst. He HCKnlOqeHo, OJlH8K0 1 t.ITO 6onblllHM 

oKa>KeTcst E2 -nepexo.n 2~-+ 0 i. Becb·Ma Man H Kaa-

npynonbHhtfi MOM8HT 21 -cocTO.stHHH. EAHHCTBeHHBH B03Mo>K

HOCTb Tp8KTOB8Tb 0; -COCT05IHH:e KBK .a.e¢opMHpOB8HH08 
+ 

3TO npe.nnonO>KH:Tb 1 qTQ 2 2 -COCTOSIHHe T8K>K8 S1BflS19TCS1 
+ 

.ne¢opMHpOB8HHbiM 1 llOCTp09HHblM H8 0 
2 

-COCTOSlHHH, 

12 

£+ 
2 

1<3B 

1710 

o: tl16 

+o,c3~·6ab J 0~75 eZ. /JQ1.n z 

21 t -to4o 

o. 0 36 e . 6a 1.n l. 

ot.l ___ _ 

7oGe 

PHc. 3. CneKTp KonneKTHBHhiX coCTOSIHHtl: 70 Ge . 

3. I130TOIThl 96 •98•100Mo. 

B 3THX SIApax OTHomeHHSI E(O;) /E(2"'j paBHhi, cooT-

BeTcTBeHH~: 1,48; 0,93; 1,29 , a 0THOIII9HHe 

B(E2;0~ 42 i)/B{E2;01 ~2+!) 9S.100Mo ITPRHHMaeT 3Ha'!eHHSI 

0,48 H 0,36, KpoMe Toro, B 98 Mo 
+ + + +: 

B( E2; 0 2 4 2 2) I B( E 2; 0 1 4 2 i) ~ 0, I. 

KaK H B cnyqae 70 72 
' Ge , He'I' ocHosaHHfi yTaep>K.naTb, 

'I TO B !J6 Jll\ 1 I!Oi\1o 0 1 
COCTOSIHHSI RBnBroTCR qeTKHMH Ae¢6p-

MHpOB8HHbiMH, 

TaKHM o6paaoM, qeTKHX npnMepoa ococymecTaoaaHHH 

TIPH MBnbJX SHeprHRX B036Y>KA8HH:H COCTOSIHHfi C pa3nHt.IHOfi 

¢opMofi Ott9Hh Mano, HO 'I'9M He MeHee, nePen HBMH: BCTaeT 

38.0.aqa - 05'bRCHHTb llOSIBneHHe HH3KOfl9>K8lliH:X 0 + -COCTOSI

HHfi B C<flepHti9CKHX H nepeXOJlHbiX Sl!lpaX, 

Dpe>Klle acero 6btnO 6bt noneaHo .llHHBMHqecKH peanH

aoaaTb H.£l9ID 0 llBYX MHHHMyMBX - c<fJepHqeCKOM H A8¢0pMH

POB8HHOM1 a noTeHUHBnbHOfi 3HepruH .ne¢opM8UHH. TaKHe 

13 



pacqeTbi 6btnH nponenaHbi a pa6oTax fpai1Hepa c coTpyn

HHKBMH /t9/ • Tiap8M8Tpbl KOflfl8KTHBHOrO r8MlfflbTOHH8H8 

( Hcnonb3onancsr raMHflbTOHH:aH Eopa-MoTTenbcoaa) 6binH 

noao6paHbt T8Kb qT06bt aocnpOH3BecTH nono:x<.emur ftz -
COCTOHHHfi B 7 ' 12 Ge H OO,SS,lO'\io. 0llH8KO Cfl8llYl<)lli.H8 

B036y:>KllCHHbl8 COCTOSIHlHI He 6btflH BOCflpOH3B8ll8Hbl 

yJJ.oaneTaopHTenbHbtM o6paaoM, CnurnKOM 38HH>KeHHbiMH 

( Ha 600-700 K38} OK83anHCb !IOn0)!{9HHS! 2~ H 4 + -COCTOS!

HHtf, 0TM8THM, "'TO ll8$0pMHpOB8HHbli\ MHHHM'YM npeJlllOfl8-

rancs-t H88KCH81lhHbiMo 

nanee 6btfl npoBeJleH pacqeT H8 OCHOBe KOnneKTHB

HOrO raMHllhTOHHaHa (2)1 20 / , B 3THX pac'-leTax yJlosneTao

puTenhHbiM o6paaoM 6btn aocnpOH3Benea cneKTp KonneKTHB

HbiX cocTostHnll (pnc. 4}, Xopowne pe3ynbTBTbl 6binH rro

nytteHbt ans-t aepostraocTeR E2 -nepexonoa a 
96

,
10 

\to. 

Ebtna npaBHfbHO aocnpoH3aeneaa TaKaH aa>Kaasr xapaKTe

pHCTHKB 0 2 -cocTostHHst KaK B( E2; 0~ ~ 2 t}, xoTst 3Kcrre

p»MeHTanbHble 3H8'l9HHS! B( E 2; ot~ 2D B 9S,lO'\'do He06bi'!HO 

B9flHKH nnst ctj>epH'l9CKHX stnep ( Ta6n, 2}, BHl!HMO, KBKH9-TO 

CyllieCTB8HHbl8 qepTbl KOnfleKTHBHblX COCTOSIHHR B H30TOnaX 

Mo ""cxaaTbiB8lOTCH"" 3TOA MonenhlO. EcnH nonbtTBTbCH 

H8fiTH COOTB8TCTBH8 M9>Klly HCfl0flb30B8HHbiM KOflfl8KTHBHOM 

raMHflhTOHHaHoM H raMH.llbTOHHSHOM Eopa-MoTTenbcoaa, 

TO napaMeTpbt, npK KOTOpb1X 6htnO nony"'9HO y,aoaneTBOpK

T9flbHOe COI'fl8CK8 ,ClllSI 
96 • 10 ~0, COOTB9TCTBYlOT flOTeH

UH81lbHOA 3HeprRH C OllHHM c¢lepH"'9CKRM MHHHMYMOM 

H 6onbWOfi B9flH'IHHOfi KOStj>tj>HUH9HTa llpH 'lneae {J 3008 3y. 
B cnyqae 

98 Mo TeopeTH'IeCKHe pe3ynbTBTbl pe3Ko 

pacxoastTCst c sKcnepnMeHTanhHbiMH AflH sepostTHOCTeA E2-
nepeXOJlOB, 3TO H8CTOp8>KRB8€T H BblfiY>KllBeT HCK8Tb .opy

f'H€ B03MO>KHOCTH Jlflst HHTepnpeTaUHH. EcTb ewe O.flHH 

$BKT1 KOTOpbiR T8K>K9 He ~'Jl89TCst o6'bstCHHTb B OrtHC8HHOM 

BbiUie noAxone. B 96 Mo a TOM aHepreTH'leCKOM HHTepsane, 

B KOTOpOM H8XOJlstTCst JlBYX~OHOHHbl9 COCTOSlHiUI, eCTb He + . 
OJlHo, a llBB 2 -COCTOstHHst. npH 3TOM H3 Ot50HX COCTOstHHA 

+ 
H!lYT CHilhHbie E2 -nepexonhi HS 2 1 -cocTostane. 

/V\O:>KHO 6htnO 6ht rtpeanonO)t(HTb, ttTO HMeeT MeCTO 

CHilhHast CBst3b KonneKTHBHbiX H OllHO"'BCTH'IHblX COCTOstHHA., 
+ + 

TBK t:t:TO 2 
2

- H 2 
3

- COCTOSIHHSI SlBflStlOTCSl CM9Cb!O OllHD-

> 
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'18CTII'!HbiX (5Q%) H KOnneKTHBHbiX (50%) COCTOSIHHfi, 

LleiicraarenbHO, cyMMa B(E2; 2;. 2~) +a:E2;2;.2;}=1,6±0, 5 KaK pa3 

COOTBeTCTByeT rrepeXOAY H3 nsyx¢oHOHHoro COCTOBHHH 

B O.UH0¢0HOHHOe. Ho Toraa He IIOHSITHO, IIOtteMy npa TBKOM 

CHnbHOM CM6lllHB8HHH K011116KTHBHbiX H OllHO<tJ8CTHttHblX 
+ + 

KOMIIOH6HT p83HOCTb 9Heprafi 2 
2 

:... H 2 
3 

-COCTOSIHHfi 0't{6Hb 

Mana ( = 125 K3B). 

E cTb eme OJlHa B03MO>KHOCTh nonyttHTb HH3K01le>Ka

mae 0~- COCTOSIHHSI H 06'bSICHHTh ITOSIB116HH6, IIp8KTHtt6CKI-f 

2 + • 
npa oaHoH aHepraa asyx KonneKTHBHbiX -cocTOSIHHH -
3TO ytteT ¢oHoH-¢OHOHHoro B3BHMOAeHcTBH~. Toqaee 

f'OBOpst, He ITpOCTO yqe1'1 8 Bh!JlBH>K8HH8 8f'O H8 nepeJlHH:fl: 

nnaa. TaKOMy a38HMOll.eficTBH10 cooTBeTcTsyeT nocneJlHHH 

qneH a ·(2). Bhtme, npu ~-:~cnonbsoaaHHH (2), Mhi npeanona

rann, qTo h 1 saMe THO MeHhme, qeM w, F u: G • 
J.1 p8Hblll8 6biflO H3B8CTHO,. qTQ CHflbHOe ¢0HOH-¢0HOH

H08 B38H:MOllefiCTBH8, He M8HS110lll88 qu:c.Ma ¢oHOHOB 1 MO>K8T 

npHBOllHTb K p83KOMY onyCK8HH10 MHOI""O<fJOHOHHhiX COCTOSIHHH. 

B nocneaHee apeMst Ha Hero 6hrno o6pameHo BHHMBHHe 

B pa60T8X/Zl/ , f'Jl8 6hlfl0 ITOK838H01 tiTO Jlflst T8KO-

rO ~Jlp8 1 K8K lG Q 1 8TO B38HMO.!leti:CTBH8 stBnsteTCSI OCHOB

HbiM, T0f'Jl8 KBK B38HMOJl8fl::CTBlHl, M8HSI10IUH8 qHCna <jlOH0HOB 1 

MBnbi. 06utee Bblp8>K8HH8 ltflSI 8H8pl"'Hfi KOnneKTHBHbiX COCTOSI

HHfi, KOTOpOe rronyqaeTCH ITpH yqeTe TOnbKO 8T0f'O B38HMO

Jl8fl:CTBHSI1 cnenyromee: 

E( n, I, v) = "'" + a 1 n 2 + a2 v ( v + ~ + a3 I (I + ~ 

3AeCb n - que no ¢oaoaoa, v - ceHbopuTe ( qncno ¢oHOHoa, 

He CBSI38HHbiX B napbt C MOM8HTOM Q), I - Bp8lU8TenbHbi:fi 

MOM8HT. 

YqeT ¢oaoa-¢oHoHHOro B38HMOJleficTBHSI noaaonnn 
96 

rronyquTh anonHe yaosneTaopHTenbHbi8 peaynbTaTbi ang Mo 
(pac. 5, Taon. 3). OnHaKo aenwmHa B(E2;o; ~ 2"';) nony'la

nacb B JlBB p838 M8Hblll8 8KCnepHM8H1'8nbHOii.B npe>KHefi 

Monena ( Taon. 2) oHa nonyqanacb npaaanbHoi1. B rpa pa3a 

YM6HbWHll0Cb TeopeTH'!eCKOe 3Ha'!eHHe <2t// Q//2~>/<2tl/ QIIO t>. 
B aToll cas:~au 6onbiUoH HHTepec npeacTasnsteT uaMepeHue 

Q(2~ B 
96 Mo • 
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Y CJJOBI!H 06MeHa 

TipenpHHTbi H coo6meHH11 OHJIH paccblnaJOTcx 6ecnnaTHO, ua ocuose 

B3aHMHOrO 06MeHa, YHHBCpCHTeTeM, HHCTHTyTaM, na6opaTOPHBM, 

6u6nnoTeKaM, uayttHi>IM rpynnaM H oTnenhHbiM yttenl>IM 6onee 50 cTpau. 

MM o:>KHJlaeM, qTo nonyttaTenH HJJlaHHii OHJill 6yJlyT caMH npoHs· 

fl11Tb HHHUHaTHBY B 6ecnnaTHOii TIOCbtnKe ny6nHKaUHii B )ly6uy. 8 TIOPBJJ.Ke 

o6Mena npHHHMaiOTCR uayqnMe xuuru, :>~<ypuanbJ, npenpHHTbl u HHoro 

BHJla ny6nuxauuu no TeMaTHKe OHJIH. 
E.nnncTBCHHbtii BHJl ny6nuxauuii,KoTopbtii uaM npucbinaTb He cneJJ.y· 

CT ,· 3TO penpHHTbi /OTTHCKH CTaTeif, y:>~<e ony6nHKOBaHHhiX B HayqHbJX 

>Kypuanax/. 
B pa.ne cnyqaes Mbi caMH o6palllaeMC11 K nonyttaTen11M uawux HJJia· 

uuH c npocb6oii. 6ecnnaTHO npucnaTb HaM Kaxne·nu6o KHuru unn 

BbinHCaTb Jlfl11 Haweii 6u6nHOTCKH HayttHble >KypHanbi, HJ)laiOIUHeCJI B HX 

cTpauax. 

0T)I6JibHbl6 3anpOCbl 

HJ,a,aTCflbCKHii OT)len e>KerO)lHO BbtnOTIHJieT OKOflO 3 QQQ OTJleflbHbiX 

Janpocos ua BbiCLmxy npenpnuTOB H coo6meuuii OHJIH. B Taxux Ja • 

npocax cne.nyeT o611JaTenbHO yxaJbiBaTb HHJleKc JanpawuaaeMoro 

H3.IJ.aHH11. 

A11peca 

TIHCbMa no seeM sonpocaM o6Mena ny6nuxaUH11MH, a TaK>Ke Janpo-

Cbl ua OT.IlenbHLie HJ.IlaHHJI cne,llyeT uanpasn11Tb no anpecy: 
101000 MocKea, 
rA06Hbll1 nO'IIIIOMM, n/Jl 79. 
H30ameAbCKUtl omOeA 
06'be0uueuuozo uucmumyma 
JIOepHbiX UCCAeOoeauuU. 

A.llpec JlflJI nocblnKH acex ny6nuxauuH B nopJIJlKe o6Meua, a TaJOKe 

Jlfl.l 6ecnnaTnoii TIOJlDHCKH ua uay'IHble >Kypuanw: 
101000 MocKea, 
rAa6Hbltl nO'II!fOMm, n/11 79. 
llay'IHO-mexHu'lecKaJl 6u6AuomeKa 
06'be0uHeHH020 UHCIIIW,yma 
Jfc)epHbiX UCCAe0oeaHUU. 


