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~ XAPARTEPRC~ EAEO'I'hl 

AKUBJII,HOCTI, T8MH 

Ha llpOTJIZ8HJrJH llOCJI8,nHHX ,nByx ,ll8CJITJJJI8Tllll B T80p8TH'i8CKOI JI,Itep
HOI qiHSHK8 yonelIIHO npJrJMeH!ttlTCJI pa3JIH1lHl,18 llOJIYMl!Kp0CKOlll!tJ8CKH8 MO,lleJIJrJ. 

0THOCJ,JT8JII,H8JI llpoOTOTB, ll03BOJ.Ulllll8JI llpOBO,IlBTI, tJJ,JCJieHHHe paotJeTH J,J He 
TOJII,KO OllHCHllBTI, yze BM8Jll0!8CJI aKonepJrJM8HT8.III,Hll8 .naHHHe, HO 1! npe.n
OK83Iil!BT1> HOBUe ajq>eKra, COtJ8T88TCJI B HHX O qiYH,nBM8HT8JII,HOI OClOCHO
BBHHOCT1>D Claso:ewc qiJrJSJ!tJ8CKHX npe,lllIOCWIOK. IlOJlj'MBKPOCROllH'i8CKBe MO,lle
JIJ,J 38HBMBDT Blil'O,llH08 npoMeJty'l'OtJHOe M8CTO Mes.u;y qieHOM8HOJIOrl!tJ8CKBMB H 
coelcTBeHHO MBKpOCROllBtJ8Cltl!MB MO,ll8JISDm, 'ITO H odycJIOBHJIO HX 11Ilfp0K08 
pacnpocTpaHeJme. 0,ItHOI BS TBKBX MO,ll8Jiel JU!JIJI8TCJI KB83BtJ8CTBtJHO~HOH
HBJI MO,ll8JII, JI.nPB• HBJIJIJICI, llpO,llyltTOM paSBBTHJI CB8PXT8KYtJ81 MO,ll8JIJ,J Jl.lq)B, 
cos,naHHO:lt B H8tJBJII,H!il nepBO,ll HHT8HCBBHOro T80peTBtJ8CKOrO B3YtJ8HHJI 
HBSKOJI8llt8lltHX JI.n8PHlil B03Clyll,ll8HBI, OHS dwra C ycnexoM HCllOJiliSOBBHB 
npB H3YtJ8HBB JI,Itepma BOSClyll,lleHB:lt llpOM8JIYTOtJHOI B BUCOKOI aHeprBH. C 
ee llOMOlll!>D Clwr llpo8H8JIJrJ3Hp0BBH IIIlfPOKBI KOMWI8KC axcnepBMeHTSJiliHHX 
.nammx O nraHTCKBX MyJiliTBllO.III,HllX pesOHBHCSX, HelTpoHHHX B pa,IlB8IlH
OHHHX CHJIOBUX qiymtllHJDC, r.7.IYClOKOJI~ ,lllipotJHWC COCTOJIHHJDC. IlOJIYtJ8H
Hll8 peayJiliT8TH HBXO,ll.llTCJI B xopomeM corJIBCHB C axcnepBM8HTOM KBR ,u.1ISI 

cqiepB'i8CKHX, TBK B ,u.1IS1 ,neqiopwrpOBBHHHX JI,Itep. l13YtJ8HH8 BHCOKOJI8lt811tHX 
COCTOJIHHI JI,Itep CYill8CTB8HHO paCIIIlfpBJIO HSmB SHBHBJI O CTpYJ(Type Jl.lq)B B 
U8JIOM, npBB8JIO K COBepmeHCTBOBBHBD JI,ItepHHX MO,lleJiel. 

B H8CTOHlll88 BP8Mli ClOJilimoe BHBM8HH8 H TeopeTHKOB H 3KOnepJrJM8HT8-
TOpoB npBBJieICBDT BUCOKOBOSClyx,neHHHe COCTOJIHl!IJI 8HOMBJII,HOI tJ8THOCTJrJ. 
3TB BCCJI8,llOB8HBJI CYI118CTB8HHO YTOtJWD'.lT HBmB 3H8HBJI O Tex CBOICTBBX 
JI,Itep, KOTOp!le CM38HH co CllBHOBHMH B CllBH-HSOCllBHOBHMH KOMnOH8HT8MH 
aqiqieKTHBHl:Dt MelEHYJ(JIOHHliX CHJI B Jl.lq)8. OCHOBHBJI 8KCll8pBM8HT8JiliH8JI HH
qiOpMBilHJI O COCTOJIHBJIX BHOMBJiliHOI tJ8THOCTH llOJIYtJ8H8 HS 8H8JIB38 ,nBHJmX 

Heynpyroro pacceHHB.11 sJieKTpoHOB Ha ClOJilillilfe yrJIH, ( tt , ;i- ) H ( l , n )
peaK!lBI. He;a;BBHB8 axcnepl!MeHT8JI1,Hll8 pesyJII,T8T!l ll0CT8BHJIJ,J, B tJBCTHOC
TJrJ, nepe.n TeOpBel cep1,es!JYX) npoelJieMy O CYI118CTBOBBHim MI-pesOH8HC8 B 
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TH&8JWX smpax. HecMOTPH Ha TO, "iTO 6WI Ilp8JUIPHHllT ue.mnt psm normTOR 
paspemeim.11 8TOfi npo6Jiew, noRa He Y,IJ,BJIOCl, ,IiOCTH"il> llOJIHOtt .IICHOCTB. 
OTO, eCT8CTBeHHO, BHSt:maeT .nonoJIHHTeJII,HSfi HHTepec R COCTO.IIHB.IIM aHo
MaJil,HOtt "i8THOCTH. B CBeTe B03HHRm8il ,IUfCRyCCHH O MI-pesoHaHC8 60JI1,myl) 
aRTYBJil,HOCTl, nplI06peTSDT T81W6 TeopeTB"iBCRHe J,JCCJie,no:eaHH.11 MarHHTHWC 
pesOHaHCOB, B ROTOpwt paCC"iBTliBBDTC.11 He TOJil,RO BX 8HepreTB"i6CR06 no
JIOJB:6HH8 H "iBCTO CTPYRTYJlHHe xapaRTepHCTBIW, TBna B ( MA) HJIH cneRTpo
CROnH"iBCIWX ~aRTOpoB, HOB HBnocpe,ncTBBHHO B8p0.IITHOCTB B036Y3,IteHH.II 
pesoHaHCOB B Tex HJIH BHWC .II.Ii8PHHX peaRUJrirut. HenocpencTBeHHHll pac"ieT 
BeJDl"iBH, BSMeJlHeMWt Ha 8RCnepHM8HT8, 60JI88 llOCJI8,IiOBaT8JI8H, nocROJil,RY 
HCRJID"iaeTC.11 nocpe,IiHH"ieCTBO TeX .II.Ii8PHHX MO,lieJiett, R ROTOPHM npH6eraDT 
8RCll8pHM8HT8TOpH IlpH 06pa60TR6 llO.nytiBHHwt ,IJ,BHHWC. 

UeJI}, pa6oTH - ,neTSJil,HOe Hsy,:re1me cBoficTB cocTommfi aHOMBJil,HOfi 
"i8THOCTB Dill'poRott rpynnli "i8THO-"i8THl:ll C~8pH"i8CRHX .11.Ii8P B p8MR8X RB83H
"i8CTB"iHO~OHOHHOfi MO,Ii8JIH .11,11Jl8: I. PaC"i8T H aHaJIH3 BepO.IITHOCTB BOs6yx
.neHH.II pesoHaHCHWC r+- B 2--cocTommtt B peaRUHH. Heynpyroro paccemm.11 
8JI8RTpOHOB. 2. Hsy,:reHHe BJIJII.IIHHJI B38HMO,IieficTBl'!JI O,IiH~OHOHHl:ll COCT0.11-
HHI C ,IiByJ@c)HOmmMH Ha CBOICTBa B036yx,neHHfi aHOMBJil,HOI "i8THOCTH. 
3. CpaBH8HH8 pe3yJI1,T8TOB T80p8TH"i8CICHX pac"ieTOB C 8RCnepl!M8HT8Jil,H.l,IMJ,J 

,IiaHHHMH • 

HAYTilIAH HOBH3HA H IIPAKTWIBCKAff UEHHOCTI, 

B ,IiHCC8pTaIUm npo,neMOHCTJ)llpoBalW lllHp0ICH8 B03MOlEHOCTH RB83B"i8C
TH"iHO~OHOHHOI MO,IieJIH .ll,1IJl8 no OnHCBHHD BliCOROB036yJE,IJ;emmx COCTOmntl 
8HOMBJil,HOfi "i8THOC

0

TH B c~epu"i8CIWX .11,11Jl8X. IlOJiyq8H 061111:JpHSfi MaTepua.11, · 
O pacnpe,Ii8Jl8Hm!I CBJ!li MI- B M2-nepeXO,IiOB H B8p0.IITHOCTH B036yx,IieHHtt ' 
r+- B 2--cOCTOHHHfi B peaRUHH Heynpyroro paccemm.11 8Jl6RTp0HOB B cpei
HHX u T.llltBJlliX .11,Iipax. oTOT MBTepua.11 6y.IieT noJieseH npu nocTaHoBRe axc
nepHMeHToB • 

Ilpo,Ii8JI8HHH8 paC"i8TH B Cp8BH8HH8 BX C BM8llllHMHC.II 8RCnepl!M8HT8Jil,
HliMH ,IialiHHMH II03BOJIHJIH Ollp8,Ii8JlHTl, napaMeTpli CnHHOBwt ROMIIOHeHT a@lex
TBBHOI'O B38HMO,IieficTBB.II HYRJIOHOB B .11,Iipe, "iTO npe,IiCTBBJl.lleT 60JI1,myl) ueH
HOCTl, JJ,lI.11 ,IiaJil,HettlllHx BCCJie,IiOBaHHtt. 

PaCC"iBTSHHHe B ,IiHCCepTaium TOKOBlie nepexo,IiHlie llJ!OTHOCTH r+- H 
2--cOCTOHHHtt MOryT 6HTl, HCnOJII,30:BaHH JJ,lI.11 OnHCSHH.11 Heynpyroro pacce.11-
HH.II 8JleMeHT8PHHX "iBCTHU (8JleRTpoHOB, IlpOTOHOB, fit.-MeSOHOB) Ha .11,IipaX, 
a TaRJte B3aBMO,IieficTBIDI .11.IiBP C .11,IipBMH. 

EoJil,myD UBHHOCTl, npe,IiCTBBJl.llJlT pac"iBTH MBTPH"iHl:lX a.11eMeHTOB B38H
MO,IiefiCTBB.II o,IiHo- B nyJ@onoHHHX cocTommtt. OHH nosBOJmJ!H onpen6JlHTl>, 
B R8RHX CJiy"i8.IIX IlpH OnHCSHHB COCTO.IIHHtt SHOMBJil,HOfi "ieTHOCTH MO.EHO 
OrpaHB"iBTl>C.11 nplI6JIHJB:emteM CJIY"Iattlmx ~3 lI ROr.na 6es y,:reTa 8Toro B38-
BMO,Ii8ICTBJI.II HeJil,3.11 Ilp8T8H,IiOBaTl, Ha 8,Ii6RB8TH08 OnHCaHHe (pH3H"ieCRHX 
.IIBJleRHI. 

2 

◄ 
f1 _ 

! 

""I 
1 

HOBHM BRJia.IiOM .IIBJl.llDTC.11 HCC.118,liOBaHH.II CBOfiCTB BHCOROJI01tamefi B8TBB 
MI-pesOHaHCa. IlOR83.8HO, "iTO B OTJIJ:t1IHe OT "o6H"iHOro" MI-pesoHaHca, KO
TOpHfi JIOK8JIH30BaH B OTHOCHTeJil,HO Y9ROM HHTepBaJie 8Heprnfi, BliCOROJle
za~tt MI-pesOHaHC HMeeT Illl:JPHHy~5 MaB. 

BnepBHe npoBe,IieHH pac"ieTH Ce"ieHH.11 8JieRTp0B036YJ!tlleHH.II COCTO.IIHHfi 
8HOMaJil,HOtt "ieTHOCTH, OnHCt:maeMHX BOJIHOBOfi ~YHRUHefi,' conepxamett O,IiHO
H .IiByxrp0HOHHH6 KOM!IOHeHTH. ,II.mt 8Tl!X IIeJiett HCnOJil,30B8H8 opHrHHSJil,HB.11 
~OPMYJ1BPOBK8 MBTO,Iia CHJIOBwt ~YHKilHfi, "iTO 3H8"iHT8Jll,HO ynpoCTRJIO tmC
JieHHHe pac"ieTH • 

B ,IiHCCepTau;im npe;Il,lI8raeTC.II 06MCHeHHe IlpH"iBH Heyna"iB 8KCnepHMeH
TOB no llOHCRY pe30H8HCHlll r+-ypOBHett B peaRUHH Heynpyroro paccemm.11 
Me,ItJieHHHX 8JieRTp0HOB Ha 60JI1,mHe yrJlli. 

,1I)JH 3.AlljI1'ill BWJ1lfil'AK1l'CH CJ@l,YKllil1E OCHOBH!iE PE3Y.lil,TA'ill: 

I. B paMitaX RBa3H"i8CTH'IBO~OHOHHOfi MO,IieJIH .11,Iipa paspa60T8H ~op
MBJIH3M, ll03BOJLIIKllllitt OIIHCl:lll8Tl, B036YlK,1lemme COCTO.IIHH.11 BHOMBJil,HOfi "ieT
HOCTl! cpe.IiHHX H TRJltBJWX c~epH"ieCKBX .11.Iiep. C ero nOMOml>D CBOfiCTBa 
8THX COCTO.IIHHfi B mHpOROfi 06JI8CTH 8HepmB036y.l!Ul,eHH.11 HCCJie,liOB8lW KBR 
B paMRax npH6JIHX6HH.II CJiyqaitHott ~83H, T8R H C y,:reTOM B38liMO,IieficTBH.II 
O,IiHO- H .IiByxqlOHOHlWX COCTORHHfi. 

2. IloJiyqeHO pacnpene.11e1me CHJ!li MI- H M2-nepexo,nOB B CIIBRTpax 
60JI1,WOro "iHCJia ~epH"iBCRHX .11.IiBp. IlOR838HO, "iTO B cpe.IiHJrIX H T.IIXBJlliX 
.ll,Iip8X CY!lleCTByeT TOJ!l,RO 0,IiH8 06Jiacn ROHU6HTp8UJ,JH CH.1lli

0

M2-nepexo.noB 
C Il!HpHHOtt B HeCROJil,RO MaB, BeJIH"iBHa KOTopofi B03paCTaeT C pOCTOM A. 
TeopeTH"iBCRHe sHa"ieHH.11 CJ'MMBpHott CHJIH M2-rrepexonoB .ItJIR 90l-z::. , 140Ce 

H 208PB xoporuo corJIBCYDTC.11 C 8RCIIepHMeHTOM. 
3. IloJiytieHli BHpaXeHH.11 ,ItJI.11 TOROBHX rrepexo,liHliX llJ!OTHOCTefi O,IiHO<pO

HOHIWX COCTO.IIHHfi. 06HapyzeHO, "iTO TOROBHe rrepexo,liHlie IIJIOTHOCTH peso
H8HCHliX r+-cOCTO.IIHHfi 1™8DT IIOBepXHOCTHlifi xapaRTep, a TOROBH8 rrepe
XO,liHlie llJ!OTHOCTH 2--COCTommtt - o6~eMHHtt. 

4. Pac"ieT Ce"ieHH.11 8JieRTPOB036Y:l!l)l,eHHR r+_ H 2--cOCTORHHtt ITOK838JI, 
"iTO BKJian r+-ypOBHefi B IIOJIHOe CelleHHe paccemm.11 pe3RO YMem,maeTC.11 C 
pocTOM 3HeprHH HaJieT8lttlll!X 3JieRTpOHOB Eo H 8TOMHHM BeCOM .11,Iipa--MHmeHH. 
Iloxasano, "iTO HMemmec.11 a1tcnepHMeHT8JI1,HHe .namme no ( e , e' )-pacce.11-
HHD Ha 60JI1,mHe yrJIH Ha .11,Iipe 1"°Ce He npoTHBopetraT CY!llBCTBOBaHHll B 
BTOM .11,Iipe ,IiByx-Tpex r+ -cocToRHHtt c I.B(H1) z. 10µ.; . A6coJIJJTHa.11 Be
JIHtmHa Cj'MMapHoro Ce"ieHH.11 B036yx,IJ;eHHR r+- H 2--cOCTORHHfi 8TOro roq>a 
xopomo cor.11acyeTc.11 c axcrrepHMeHTBJil,HliMH 3Ha"ieHHRMH. 

5. Paspa6oTaH MeTo,n pac"ieTa CRJlOBliX ~YHKUHtt CelleHH.11 8JieRTPOB03-
6yJUJ;eHHH COCTOJllmtt, BOJIHOB8H ~YHKUHH KOTOPHX CO,Ii6pxHT O.IiHO- H nyx
~OHOHIW8 ROMIIOHeHTH. 
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6. OelHBpyxeHo, 'iTO pac-qeTH B paMKax np:e6JIID1temm CJIY1iaiblott qiasu 
He nosBOJilDOT IlpaBJ!Jll,HO OIIIJC8Tb OelHapyxeHHoe sxcnep:HMeHT8Jn,HO no~oxe
:ime r+- :e 2--ypoBHett B 58 NL • C y-qeTOM BsaHMo.nettcTBBH o~oqioHommx 
COCTOHHl!lil C ~~OHOHHW4H nOJIY1i8HO a.neKBaTHOe on:eca:ime SKCnep:HMeH
T8Jil,HHX ,ItaHHWI:. 

7. B cqiep:a'iecKHx a.npax np:e sHepnax Ex =19+20 MaB cyJ!leCTByeT 
~OK8~80B8HH8H B BHT8pB8~e llllJpBHOtt AEi=5MaB rpynna r+ -COCTOH:imtt, KO
TOpHe :xapaKTepBSYJOTCH MaJWMH SHa'leHHJtMR BeJm'il!HH B(MI), HO BHT8HCBB
HO BOSClj'lUl;aIOTCH B pea:KltHB Heynpyroro paccea:ima Me,ItJ!eHHWC a~eKTpoHOB 
H8 ClOJil,llllJ8 yr~. 

Arrpoelamia lQ!ICC8pT8Ui!B 

Pesym,TaTH, npe,ncTaBJieHHHe B )lBCCepT8IlBB, )l0KJI8~Cb B oel
Cj'lUl;a~Cb H8 ceMBHapax JiaelopaTOpHE TeopeTH'iecxott qJBSJ!l(B Oel~e)lBH8HHO
ro BHCTl'ITYT8 M8PHHX lJCM8)lOB8HBtt, XXXI C0Be111amm no M8PHOit cneKTpO
CKOillJH B CTPYKTYP8 8TOMHoro JUJ;pa (CaMapK8~, I98I r.). Y CeMBHape 
"9~8KTpoM8rHHTHH8 BS8lJMO)l8itCTBBH a,nep nplJ M8JIHX B cpe,n:imx aHepnmx" 
(MocKBa, I98I r.). IY IDKO~e MO~O,IlHX y-qeHHX Epit>H (EpeBaH, 1979 r.). 
XI KO}@epeHUBlJ MO~O,IlHX y-qeHHX llilli AH YCCP (!weB, I98I r.). 

Ily~K8Ui!B 

no M8T8pB8~8M )lBCC8pT8UBB ony~OB8HO C8MI, CT8Tett. 

Oel~eM paeloTH 

,U:eccepTaUBH COCTOlJT BS BBe,ne:ima, Tpex r~aB B 38KJlll'i8Hl!IH, co.nep
l!Gl'T 109 CTp8IDm MallllJHOnHCHOro T8KCT8, 23 pBCYHK8, 6 T86Jmr( B ClB~O
rpaqJH'i8CKBtt CnHCOK BS 79 H83B8HBit. 

CO,llEPJKAHHE PAEO'lli 

BBe.D;eHBe CO)l8J)lmT KP8TKYJO :xapaKTepBCTBKy no.nywmpo_cxomecKBx 
MO)leJl8ll smpa; llOKa3aHU IlpeJlM.YlJl8CTBa: oelyc~OBBBllllJ8 BX llllJP0K08 BCllOJil,-
30_B8HB8 B BSy-qeHBB a,nepHott CTPYKTYPH- Ilpe,ncTaBJieH CJmTlitt oelsop axe-· 
nepID48HT8Jil,HOro M8Tep:ea~ no B03Clyx,IJ;8HBD COCTOH:imtt 8HOM8Jil,HOtt 'i8T- •. 
HOCTB B paS~'iHHX a,nepHHX peaKUBHX. 0TM81i88TCH npOTBBOpe'ieHBe Teope
Tl'l'i8CKBX npe,ncxasaHBtt C sxcnepl!M8HTOM OTHOCBT8Jn,HO CyJll8CTBOB8HWt MI
p830H8HC8 B TJDK8JIHX Jt.npBX. CT8BBTCH S8,Ita'i8 OIIIJC8HBH COCTOH:imtt 8HO
M8Jn,HOtt 'i8THOCTB CqJ8PJ!'i8CKl!IX M8P B paMKax KB8SB'i8CTB'iHO-,POHOHHOtt MO
,ne.,m JiJJ;p8 • 

B nepBott r~aBe pasBBB88TCH MaT8MaTB'i8CKBtt annapaT KB8SB'i8CTB'iHO
qJOHOHHOtt MO)le.,m JiJJ;p8 npllM8HBT8Jil,HO K COCTOHHl!IJIM 8HOM8Jn,HOtt 'i8THOCTB. 

4 

~ . ·-
( i 

' 

t) 

t! 

B § I )l8H8 qJOPfdYapoBKa MO,nea, oelcyx.naDTCH OCHOBHHe qJB3B'i8CKBe 
B M8T8M8TB'i8CKB8 np:eelJmJKe:ima. B paMKax npH~xemm CJIY'iaihlott qJBSH . 
Il0JIY1i8HH ypaBH8HBH ,ItJ!H. onpe.ne~eHBH SH8prBB B CTPYKTYPH O~OqJOHOHHHX 
BOSClyx.ne:imtt 8HOMaJII,HOtt 'i8THOCTB, KOTOpHe reHepBpYJOTCH ajq)eKTBBHHMl'l 
cenapaelMbHHMH CIIIJH-M,YJII,TBnOJn,liliMB CB~aMB BBM 

1T /...,-)+1T I- -)=.f~( IL>.l+ <LAI_:-) L L[(-)A-µ[;-V( )] f-Y,( )~ ½.-1/Z:.,;z:.2 ~wl'l:,,t-z 2L 'Jeo 'X, ~r;_ l, l 2 61it Sl1 Apl62 L il2IJA-i, 
L:AH fl 

B npe,neJll,HOM c~ae 'Jf.U.tl,~ 0 llOJIY'ieHHHe ypaBH8HBH nepeXO,IUIT B Tp8-
)lBilBOHH9 BCilO~hsyeMll:e B KB88B'i8CTB'iHO-,POHOHHOit Mo.nea ypaBH8HBH ,ItJ!H. 

CJIY'i8SI, KOr)la COCTOHHl!IH 8HOM8Jil,HOit 1i8THOCTB reHepBpYJOTCH TOJ!l,KO CB

~aMB '¼:-4-1. (i1 ,'i) 
B § 2 paccMOTpeHO OIIIJC8HB8 B88BMO,nettCTBBH O~OqJOHOHHHX COCTOHHl!lit 

C ~yxq)OHOHHHMB. Boselyx,neHHHe COCTOHHl!IH OIIIJCHB8DTCH BO~OBOtt 4JYHKilB-

ett ~(JM)=[~R;(J)o;Hi + b (t(Jv)W:.;,i, o,\:µ,JJH} It>, 
Ai.Lt. ~ o+ 

CO.IJ;ep,m111ett o~o- B )lBY)Cq)OHOHHHe KOMIIOH8HTH ( A}H - onepaTOp poz.n;e-
HBH ~OHOHa; "Yo - BO~OB8H ~YHKUBH OCHOBHoro COCTOSIHll'H 'i8TH0-1i8THOro 
a.npa, ~OHOHHHit B8KYYM). Ilpe)lCT8MeHH C8KY~Hoe ypaBHeHBe ,ItJ!H. onpe
)leAeHBa SH8PI'EB ~h COCTOSIHBfi, OllBCHB88MIPC aTott B9~0BOit qJYHKUBett, 
BHPal!'.eHBa .ItJIH. xoajq)HUBeHTOB R~(J) :a ft1:'(Jv) . IlOJIY1ieHo Bupaxe-
HBe ,ItJIH. MaTPB'iHOrO s~eMeHT8 BS8BMO)l8fiCTBBH o~o- B ~yxqlOHOHHHX co-
CTOHHBtt 1t:•(Ji) . KpaTKO BS~Ol!'.8H M8TO)l CBROBWC qJYHKUBit, IIOSBOJUDO-

. 111Bit saMeTHO ynpocTBTb 'iBC~eHHHe paC'ieTH pasa'iHHX qJBSB'i8CKHX xa~_K
TepBCTBK BOSClyE)leHHHX COCTOH:imtt, OllHCHB88Mll:X BOmOBOtt ~YHKUBett 'l'y(JH), 

. B § 3 oelcyx,naDTCH napaMeTpH MO)le~Horo raMBnTOHB8H8 B Bea'iJ!Ha 
ajq)eKTHBHOro ~s -,P8KTOpa, BXO)lHl!lero B BHpa&eHBe ,ItJ!H. M8pHoro TOK8. 
IlpBBe)leHH napaMeTpH noremma~a By.IJ;ca-CaKCOHa, Bea'iBHH KOHCT8HT cna
PBBaTe~Horo BS8l!MO)lefiCTBBSI H KOHCT8HTH OCT8TOtJHHX M;VJn,TBIIO~HHX B 
CllBH-My~TlillOJll,HHX CBR, KOTOpHe B ,ItaJll>HefuneM BCilOJll,SYJ()TCSI B 'iBC~eH
HHX pacqeTax. 

BTopaSI r~aBa llOCBJIIJjeHa BsyqeHBD CBOttCTB COCTOH:imit 8HOMBJil,HOtt 
qeTHOCTH B paMKaX npnel~&eHBH CJIY'iattHott qJ8SH. 

B § I npe,ncTaMeHH pesy~TBTH pac'ieTOB aHepr:e:e B CTpYKTYPH o.n
HOqJOHomrnx r+- B 2--COCTOH:imtt, npnBe.IJ;eHHHX B8pOHTHOCTett MI- H M2-
nepexo)lOB. Pac~eTH BHllO~eHH ,ItJ!H. WHPOKOtt rpynnu Mep. OTMeT:eM, 'iTO B 
npHCl~xeHBH c~attHott qiasH MI-pesoHaHC npe,ncTaMeH 2+3 COCTOHHl!IHMB, 
pacno~oxeHHHMH npB aHeprHH BOSClYJC)leHBSI 6+IO MaB. M2-pesoHaHC 4JOPMBPY
eTca SHa~BTe~HO 60.lll,WHM 'iBC~OM O~OqJOHOHHl,IX COCTOHHBtt. B a.npax c 
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55<A<IOO OOHOBHBH ~80Tb M2-CHJIH ooope,D;OT0~8H8 HS rpynne IO+I5 o.ruroq,o
HOHHWC oooTommtt,paonoJioJtemmx B HHTepBaJie Ex=8+I2 MaB, H O.nBHO~OM 
OJIIJ!bHO JtOJIJI8RT.HBJ/13111POBBHHOM 2--YJ>OBHe o fx~ 20 MaB. H,tqia· o AHOO Jl!Me
llT o.rury o6JiaoTb ROHU8HTpaUHH OJIIJW M2-nepexo,IJ;OB O lllJl!pJIIHOil~ IO MaB. 
AH8JIJll3HpyeTOH 38BJIIOJIIMOCTb pesyJ!bTSTOB OT B8JIJll~Hli 'xoHOTSHT OOT8TO~
HOro OllJIIH-Mj'Jil,TJl!llOJil,HOro B38JIIMO,IJ;e:ltcTBJIIH. IlpJ/1 Jl!CllOJil,30B8HHWC 3H8~8HJll
mc i:ff == o,sitcee no~eHO xopomee oorJISOJ/18 :E B(M2),. •• p C L, 8(M2L.cn. 
,wm 8ROllepJl!MeHT8Jil,HO JIIOCJI8,IJ;OB8HHWt JIIHT8PB8JIOB Afx B 962-r. , .-1~oCe H 

20spi ( OM. Ta6JIJl!i:zy). PesyJ!bTSTH pao~eTOB cp8BHJIIB8DTCH O 8H8JIOI'Jll~
HlilMlil pac~eTBMJII, B!illlOJIHeHHHMH B paMRaX T80pHB JtOHei:mwt ~8IJMH,-CJIIOT8M 
H HSI-Mo,IJ;eJIJII. AH8JIHs BJIHmmH ooTaTo~ OJIIJI ¼,u. (i,,I1) Ha pesyJI1,
TaTH, no~eHH!ie 6es 111x ~eTa, noxasaJI oJie,IzyIC111ee: a) BJIJ11mme OllJIIH
JtBa.npynoJI1,HHX JI! OllJIIH-OJtTYUOJil,HlilX OJIIJI Ha CBO:ltoTBa COOTB8TOTB8HHO r+ -
JI! 2--B036yJr,Itemr! np111 Ex<IO MaB H83H8~T8JI1,HO; 6) ~eT OllJIIH-JtBa.npy
noJ!bHHX OJIIJI llpJIIBO,lOJT R llOHBJI8Hllll JtOJIJI8JtTJIIBHWC r+ -COOTommtt np111 Ex~ -

20 MaB. . . 

'la6JIHga. 8xonepHMeHT8Jil,HH8 H TeopeTH~80JtHe 3H8~8HJIIH Oj'MMapHott 
M2-0111JW B HHTepBSJie fl Ex .wm H8JtOTOpHX oqiep11111ecRHX JI.nep 

goz"l, 111oce, 2ospi 

tiE,._, M3B 8+IO 7,5+IO .. 6,I+8,4 

[B(H2)mn. ,}J: cpA/ IIOO ± IOO 6000 ± 600 8500 ± 750 

[B(M2)mp.,µ: q,11
2 I090 4500 9700 

B § 2 paOOM8TpJIIB88TOH B036~emre 0,IU{0q)OHOHHWC r+_ 111 2--COOTOH~ 
HH:lt B pearunm Heynpyroro paoceHHHH Me,n.,remrax sJieRTpoHoB Ha 60JlbWJ11e 
yrJW. IIpe,D;OTaBJieHH Blilpal!t8HJIIH ,wm TOJtOBHX nepexommx llJIOTHOOTett OOOTO
HHJl!tl aHOMaJil,HO:lt ~eTHOCTJ/1. 06HapyxeHO, ~TO TOROB!,18 nepexo,IJ;Hl,le llJIOTHOC
TJ/1 r+-B036yJr,Itemrtt JIIM81lT llOBepXHOOTHH:lt xapaJtTep, a 2--B036yJr,IteHJl!tt -
o6'LeMHH:lt (PJIIO. I). HoOJie'AYeTon JllsMeHemre BJtJia.na OT,IJ;eJil,HWC OJUI0q)OHOH
ma OOOTOHHJ/1:lt B oe~eHJl!e paooeHHJIIH B 38BJIIOJIIMOOTJII OT B8JIJll~Hli nepe,naH
HOro muJY.lil,08 ~ , MSOOOBOro ~oJia A. IlOK838HO, ~TO BJtJia,IJ; r+-ooOTOH-, 
BB:lt P~3KO YMem.maeTOH O Yl38JIH~8HJ/18M i (pHo. 2) JI! YB8JIJ11~eHJ11eM1! (p1110; 
3). AHaJIJ11s111pYJ)TOH .naHHHe (e ,e')-skcnep111MeHTOB, B JtOTOpHX B Ce He 
6wro o6HapYJt~Ho HB · oJUioro r+ -ypoBHI! o BeJIJll~Hott B (M1) ~ 2)lM

1 
• OTMe-

~aeTOH, ~TO BHBO,lJJ,I 8BTOPOB axonepJl!MeHTa H8Jll,8H llpJll8H8Tb Olt0~8T8Jil,
lmMJII; noxasaHO, ~TO no~eHHHe ,naHHHe He IIJ)OTJIIBOpe~aT OYJll8CTBOBaHJIIJD 
B 

1
~
0ce ,11,llyx-Tpex r+ -ypOBHe:lt O L.8(M1) <>=-1DJJ: • CyMMapHHtt q>0~8JtTOp 

r+ - JI! 2--OOOTOHHJl!il ~e OOOTB8TOTBY8T XO'AY SROll8PJIIM8HT8Jil,HlilX To~·ex, 
H8lt8JIB O,lOJH M2~J)MP8KTOP (pHc. 4). IIpe,n.,roiteHHyOJIOBJIIH axonepJIIM8HT8, 
ll03BOJIJDlll8rO Ha,IJ;eJtHO Blll(8JIJl!Tb r+-ypOBHJII Ha qJOHe 2--B036yJr,IteHJ11tt. 

6 

' f 
ii 

t 

i ,11 

1a, 
1iu 
/I 
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I 
.I 

'~ 

1 
I· 
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I 
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PJl!c. I 

TOKOB!ile nepeXO,IJ;Hl,18 l:rJIOT- 0,6 

HOCTJ/1 O,IU{0q)OHOHHHX CO-
CTOHmril aHOMSJil,HO:lt ~8T-

o,, al 

HOOTJ/1 H.npa 90l'<:- : "'r 
e0.2 

a) COOTOHHJIIH O JA=1+; ~ 
6) OOCTOHHJIIH OJ~== 2-; 

a'; 
t(Jllq>paMJII 0608H8~eHH 8H8p-
I'lIJ/1 OOOTOHHJl!il B MaB; 

·0,2 

OTpeJIK8 llOJt88HBa8T 3H8- -o,, 90zr 

~eHJl!e pa.nByoa H.npa. 
-0,6 

6 
6) 

B § 3 J/13~8eTOH BH- -; 
OOJtOJielEBman B8TBb MI-pe- & 

30H8HOa. IlOR838HO, ~TO 
2 2 

np111 E? I5 MsB paonoJio- ~ 
0-:: 

l!teHH I -OOOTOHHJIIH, JtOTOpHM 
·2 

OOOTBeTOTByeT MaJIOe 3H8-
~eHJl!e BeJIJll~HH B(MI), HO ., 

: .... • ~, 28 

/
;\ ·-:-' 

!QJ.7 • • > - I : \ ••• ,," 

~~ ·.~, ·. ~ 0:"-;.:, ... · ~- ... 
• ' • ,' ---✓---- ~ ---

' .... ,.. "--./ / 
',. / 'j':;.., 

, __ ,"' J.•)I 

·6 

0 ' r,<D.., 

KOTOp!ile JIIHT8HOJIIBHO B03-
6~DTCH B ( e , e' )-pao
cemnm Hasa,IJ;. OHJ/1 rf>oPMH
PYDT TBR H83HBa8Mlilfi 
2fi.w MI-pesOHSHO. B

208Pi . .i 
BHOOKOJI8l!tal!lHil MI-pesoHSHO npe,D;CT8BJI8H rpynnott H8JtOJIJieJtTJIIBHHX r+-ypoB-' 
Hett B JIIHTepBSJie I7+22 MaB JI! O,lllIHO~ JtOJIJieKTJIIBHHM l+-ypOBHeM, llOJIO
xemre JI! OTpYJtTypa KOTOporo o~em. '!Yl3CTBJIIT8Jil,Hl,I Jt BeJIJl!traHe KOHCTSHTli 
OllJIIH-RB8,D;pynoJ!bHOro B8aJIIMO'A8fiCTBHR. PaCCMOTpeHH nepexo;uru:e llJIOTHOCTJII
BHOOJtOJI8l!t8IllHX r+-cOCTORHHtt. B OTJIJl!trae OT TOKOBHX nepexomrax llJIOTHOC
Tett r+-ooCTOHHJl!fi, q>OpMHpyuI!HX "06WIH!iltt" MI-pesoHSHC, OHJII JIIM8DT 06'LeM
HH:lt xapaJtTep. IlpOBO,lllITCR opaBHeHJl!e C pe3yJI1,T8T8MH pac~eTOB oe~eHJIIH 
a~eKTp0B036~eiIHH BHOOJtOJI8lEBntHX r+-ypoBHett B 208hi, BlilllOJIHeHHHX B 
paMRSX TeOpHB KOHe~HHX q>8PMff-OJIICTeM. 

B KOHUe rJISBli npe,D;CTaBJieHH OCHOBHHe BHBO,lJJ,I. ' 
B TpeTLett rJiaBe paccMBTPHBSeTCR BJIJl!mme B88JIIMO,IJ;ettcTBJIIH OJUIO- JI! 

,11,llyxqJOHOHHHX COCTommtt Ha pesyJ!bTSTH, no~eHHHe B npH6JIJIIX8HHH OJIY
~attHott q;asH. 

B § I Jll3~88TCR pacnpe'AeJieHJlle CHJW MI- H M2-nepeXO,IJ;OB no COOTO
mmRM, oxmcliB8eMHM BOJIHOBott q>YHKUJl!efi ~(JM). 06HapyxeHo, ~To BJIJIIH
HHe ,IJ;ByxqJOHOHlillX IIpHMecett Ha MI-pesOHSHO B JI.nPBX C MBrH~eOKHM traOJIOM 
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CyMMapH1,Ie (l)OpM'paKTOpH 0,11,HO(l)OHOHHWC COCTO.lllma C J ==1 (nymtTBpHl,!8 J.UI-

J '/C 2- 1
~

0c E mm) lI = ( CIIJIOllllWe J.U!lilra) SIJlP8 e lI3 BHTepBaJia 7. 5 < ,,. < IO 
MaB. WTpBX-nymtTBpHHe J.U!lilra - CYMMJi MI- B M2:jopMpSKTOpoB. KpBBHe a) 
cooTBSTCTBYDT yrJrY paccerumH 8°=!65°; 6) - B =93°. 

HettTpoHOB · CJia6oe, B .npynsx S!JlPBX OHO OK83HB8~T CYJ118CTB8HHOe BJ.Wrume 
Ha pacnpe,D;eJieHHe CBJIH MI-nepexo,D;OB B o6JiaCTlI pesoHaHCa: IlpoHOXO,ll;BT 
pas6poc MI-oBJIH no 3HepreTl'J'l8CKOMY l'IHT8PBalI'J I+2 MaB, IIOHHJEa8TCH 
U8HTP TJDK80Tl'I pe30H8HC8 Ha BeJ.UitJHHY H8CKOJI1,KBX OOT8H KBB. OTMe1aeT
CH, 'ITO ope,11,Hee 3H8'l8HH8 MaTplI'lHOro 3JI8M8HT8 B38HMO,ll;8:11CTBlJH ull.;:;(Ji.) 

n:- :ii"+ . 
.ItM J = 2 60JU,W8. 'ISM AIJJI J :: i . 3TO. HaplI.Ily O 6oJiee BHCOit0:11 

. IIJIOTHOCTl>IO ,ll;Byxq)OHOHH!il r -OOCTorumtt, npBBO,D;BT It 6oJiee CBJll,HOMY lI3M8-
H8HHIO pacnpe,D;eJieHHH OHJIH M2-nepexo,D;OB. Bo-nepBHX, 11~3BaJ.UIB88TCH11 

BHCOKOJI8lEalll88 KOJIJISKTlIBHOe r -OOOTOmme B 58 Ni H 9 tr. . . Kalt pe3yJll,
T8T 3TOrO,IIOJIY'l8HO B8XH08 38KJIJJ'l8HH8 0 TOM, 'ITO BO BCex cqieJ)l!'tJeCitHX 
H.npaX O 55<A<2I0 CYJ1180TBY8T TOJU,RO 0,D;Ha 06JIBCT1, KOHU8HTp8UHH OHJIH 
M2-nepexo.D;OB. BO-BTOPHX, IlpolICXO.JmT nepepacnpe,ll;eJieHHe M2-0BJIH BHYTPH 

90:z 1205 06JI8CTH p830H8HC8 B L~ lI n , XOTH HH IIOJIOX8HH8 pe30H8HOa, HH 
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06JiacT1> ero JIOKaJI1!1aa1nrn He HaMeHmOTcsi:. B 
51 Ni BaaHMo.nettcTBHe c 

,nBYJCII)OHOHmlMH COCTORH:Bm.m npl!BO,nBT K TOMy, "iTO rpynna CllJI1,HllX 2-
B036yx,IteHBtt IlORBJIReTCR npH 6oJiee HH3KHX 3Heprnsi:x ITO CpaBHeHBD C pe-
3YJI1,TBT8MB, IlOJIY"ieHHHMli B npH6JIIDKeHBH CJIY"i8ttliOtt qiaaH. ·'· 

B § 2 paCCMOTPeHO 8JieKTPOB036Yllr,IteHBe r+_ B 2--COCTORH:Btt R,npB 
58Ni, orrHcHBaeMHx BOJIHOBOtt qiymumett Yv(JM). IloKaaaHo, "iTO MeTo,n 

CHJIOBHX qiymumtt MOXHO npHMeHBTl, lJ ,nJIR OllBC8HBR ce-qeHBR ( e , e' )-pac
ceRH:Bsi:; IlOJIY"ieHo BupaaeHBe ,nJIR COOTBeTCTBYJl!lett C}JJIOBOtt ~ymamB. AHB
JI:H3BPYDTCR .naHHHe aKcnepBMeHTa, B KOTopoM o6HapYJ!teHo, "iTO B 58 Ni 
B HHTepBBJie 5,5< Ex< 9,3 MaB npB HeynpyroM PBCCeRHBB Me,D;Jiemmx 3JieKT
p0HOB H83B.n B036YJ)t.n8DTCR npeHMYDleCTBeHHO COCTORHHR C J'Jf=2-. BB HH-

'Jf -1-
T e p Ba JI e 9 ,3 ( E/-II ,2 MaB - cocToRHHsi: c J = f . B pac'IeTa.x B npB6JI1!1-
aeHBH CJIY"iSttliott qJB3H IlOJIY"iBJIOCl,, 'ITO Bee CBJil,HHe KBR r+-, TBR B 2-
COCTORHBR 6wm JIORSJI1!130B8HH BO BTOpOM BHTepBSJie. TOJI1,KO Y'tJ:eT B38BMO
,ne!CTBHR O.nHOqJOHOHHHX COCTORH:Btt C ,nByxqlOHOHHHMB Il03BOJIReT IlOJIY'IBTl, 
corJiacHe C 8KCil8pHMeHTOM. B TO ae BpeMSI JI1!1Dll, IIPBCYTCTBBe B 060BX BH-

+ -TepBSJIBX I - B 2 -ypOBHett 061'JICHR8T xo.n Cy?,!MapHoro ce"tJ:eHHsi: RaK 4JYHK-
lllm E0 : BRJia,n I+ -cocTORH:Btt oco6eHHo BB&eH npB MBJIHX E0 , a npB 
E0 > 60 MaB ce-qeHHe onpe,neJIReTcsi: BRJia,noM 2--ypoBHett. ~eMOHCTPBPY8TCR 

BB&HBH p0JI1, IlOJIHOTH ,nByxqlOHOHHOro 6aaBC8 B pac'IeTaX C BOJIHOBO! 4JYHK-
IU{8! 'fv (JM) • . · 

+ 
B § 3 BCCJie,nOBaHO BJIBRHHe B38HMO,nettcTBBR O.nHOqJOHOHHHX I -COCTOH-

HHA C ,nByxqlOHOH!WMB Ha CBOttCTB8 BHCOROJI8llt8~ett BeTBB MI-peaOH8HC8 B 
90lt: :e 208Pt .MaTJ):H"iHH8 8JI8M8HTH B38:eMO,ne!cTBBR u::t: ( f'i) B 8TOM 

CJIY"iSe Il0JIY"i8DTCR He60JI1,nmMB. IloaTOMy H8CMOTPfl: Ha BHCOKYD IIJIOTHOCTl, 
.ImYJ@OHOHHHX OOCTORHB! B38HMO,nettcTBB8 CJia6o B8M8HR8T pe3yJI1,TSTH, rro~ 
JIY"i8HHH8 B npB6JIJ!l&eHHB OJIY"i8ttliott qiaaH. }m IlOJIO&eHBe peaOHaHCB, HH 06-
JISCTl, ero JIOR8JI1!1381llm 3BMeTHO He HaMeIDmTCH. 3TO B paBHOtt M8pe OTHO
CETCH KBR R rpynne COCTOHHBtt H3 HHTepBaJia I7 < Ex ( 22 MaB, T8R :e R o,nu
HO"iHOMy ROJIJI8KT:eBHOMy COCTO.IIHBll C EX~ 25+30 MaB. l!T06U IlOHRTl> npB"ill
HY OTPBll8T8JI1,HOro peayJI1,TBTB axcrrepHMeHTBJil,liHX IlOHCROB BHCOROJieaa~e
ro MI-peaoHBHca B si:.npe 208P~,paccMOTPeHa Beposi:THOCT1> Bos6Yll,IJ;eHBH B 
( e, e' )-paccemmJl Haaa.n r - :e 3; - cocTorumtt c ~ > I2 MaB. 06HapyaeHo, 
"iTO IIPBCYTCTBB8 COCTOHHB! 0 J = 2- :e 3+ 38TPY.nHReT Bll,IJ;eJieHBe BRJI8- •. 
.na r+- Boa6ya,neHBtt. · 

rJiaBa 38RaH1raBa8TCH BHBO,naMB, c,neJiaHHHMB Ha OCHOBe BHITOJIH8HIDIX 
paC"i8T0B. 

B 381t7IIJll8Hlm rrepelfflOJieHH OCHOBHH8 peayJI1,T8TH, IlOJIY"i8HHHe B ,IUl'C
cepT8IUf:H. 
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