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Opoll.onbHo nonHpHaosaHHhle 6bleTphle I' -weaoHhl, o6paayiOmHeeH 

npH paenal].e rr -Me30HOB, HeUhiThlB810T l].eUOn!lpH38JJ;HI0 1 OeTilH8BJIHB8Sleb 

B semeeTBe. EenH Slll.pa 8TOMOB epellhl, B KOTOpOA npoHeXOllHT 3aM9llne

HHe H oeT8HOBK8 Me30H8 1 HMeiOT enHH, paBHhll HyJIIO ( 8 TOJlbKO T8KHe 

8TOMhl 6y ll.yT paeeMOTp9Hbl B H8eTOSIIU91 eT8Tb9), TO B eoOTBeTCTBHH e 

/1/ 
TeOpHel, p83BHTOI B pa6oTax , L{eUOJISipHaanHSI npoHeXOllHT TOJlbKO H8 

eT8llHH Me308TOMHhiX K8ei8llHhiX nepeXOllOB Ha-aa enHH-op6HTaJibHOrO 

B31lHMOlJ.eleTBHSI MeaoHa H8 K8)KlJ.0M H3 B036y)KlJ.9HHhlX eOCTOSIHHI Meao-

8TOM8. 0 poeT8SI T90pHS1 K8eK8lJ.HOI .a;enonsrpH38llJIH, p83BHT8SI lJ.JlSI enyqasr 

H3011HpOB8HHOrO 8TOM8, npe.a;eK83hiB8eT n pH6JIH3HTeJlbHO OlJ.HH8KOByiO senH-

P p. Ha K- o p6HTe MeaoaToMa .a;r.sr seex 

Me308TOMOB, pasHyiO .. 1/6 OT nepBOH8'18JlbHOI nomrpH38JJ;HH MIOOHOB B 

nyqJC:e. 

HeeMOTpSl H8 TO, 'ITO eHeTeM8THqeeKH .a;enonHpH38JJ;HSI OTpHnaTenb-

HbiX MIOOHOB H8 OUbiTe He H3y'I8JI8eb, see )Ke K H8eTOSliUeMy BpeMeHH 

npose.a;eHO 3H8'1HTeJibHOe KOJIH'IeeTBO 3KenepHM9HTaJibHbiX HeenelJ.OBilHHI 

I 4.;.131 
llenonsrpHaanHH 1'- -MeaoHoB B paanH'IHbiX epe.a;ax • , peayn&T8Thl Ko-

TOphlx B OCHOBHOM UpOTHBOpe'18T BhlBOlJ.aM• npoeTOI TeOpHH K8eK8lJ.HOI 

.a;enOnSlpH38UHH lJ.JISI H3011HpOB8HHhlX Me308TOMOB. 113 3THX lJ.IlHHhlX ene-

pI' lJ.JISI p83HhlX semeeTB M9HSIIOTCH OT HynH lJ.O 

H9KOTOpol M8KeHMaJibHOI BeJIH'IHHhl, paBHOI npH6JIH3HTeJibHO TOMy 

3H8'1eHHIO 1/6), KOTOpoe ene.a;yeT H3 TeOpHH K8eK8lJ.HOI .a;eno-

mrpH38UHH. Heo6xo.a;HMo no.a;qepKHyT&, 'ITO see aTH senH'IHHhl HaMepeHbl 
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MeTo.aow npeueccaa ·cllHHll MIOoHa 8 nonepe'IBOM warBHTHOM none sa qac

TOTe npeueccaa C8o6o.aaoro Me3oHa. 

0co6eHHO HenOHHTHOI H8nHeTCH nonHllH .aenonHpH3llURH ~- -Me30H08 

/Bi-101 
npH HX OCTllH08Xe 8 XHepTHhlX rll3llX , Tllll: Xllll: TeOpRH XBCXll.LlHOI .ae-

/1/ -
nonHpR3llUBB nocTpOeHll RMeHHO .LinK 9TOrO cny'lllH. 

Ecna paccwaTpH8llTb xacxa.aay10 .aenomlpH3llURIO 8 llTowe, xoTOphll 

8XO.L1BT 8 COCTll8 XRMR'IeCXOrO COe.LlHHeHHH, TO 8enH'IBHll p~ , 8 npHHUH-

ne, MO)KeT OTJIH'IaTbCSI OT TOI 8enH'iHHhl, XOTOpag HMeeT MeCTO 8 _ cnyqae 

H30JIHp0BllHHOrO Me30aTOMll
1

R MeBSITbCSI - B 3llBHCHMOCTH OT THUll XHMH'Iec

XOI CBH3H. Bnasraae coce.aaax llTOMOB sa .aenonsrpH3llUHIO B xacxa.ae wo

)KeT npOSIBJISITbCSI 1 HllUpHMep, B 06pa30BllHHH Me30MOJieKynHpHhiX ypoBHel, 

o6max .ansr scex aToMos XHMH11ecxoro coe.aaaeaasr. CymecTsosaaae Taux 

121 
Me30MOJieKynsrpHhiX COCTOSIHHI CJie.ayeT 83 HHTepnpeTanHH 9XCnepHMeH-

TOB no noca.axe ,- -Me30HOB Ha npOTOHhl, BXO.LlHlllHe B COCTaB BO.LlOpO.LIO-

co.aep}KlilllHX coe.aaaeaaA, H sitcnepaweHTOB, a KOTOphiX accne.aosanac& 

3llBHCBMOCTb CTpyXTyphl K- cepHH Me30llTOMOB OT napaMeTpOB XHMH'IeCXOI 

CBS13H HJIH noca.axa ~- -Me30HOB Ha aTOMhl C pii3JIH'IBhiMH Z B XHMH-

/3/ 
qeCKHX COe.LlBBeHHSIX 

Y11HTb18BH CKll3llHHoe 8hlwe o 803MO)KHOM snHHHHH napaMeTpo8 cpe

.Llbl Hll .aenOJISipH3llUHIO B XllCKll.Lle, MO}KHO 6hiJIO 6h! npe.anoJIO)KHTb, 'ITO 

aa6nK>.aaeMhle pa3JIH'iHH s senaqaae P ~ o6ycnosneHhl HMeHHo STHM. O.a-

aaxo MO)KHO noxa3aT&, 'ITO 6onblllaH 'lllCTb sxcnepaMeHTllJibHhiX .aaaHhlx, 

H B OC06eHHOCTH .LiaHHhle no 3llBHCBMOCTH senaqHHhl p .}1 B BO.Lle OT TeM-

/12/ 
nepaTyphl a no .aenonH pa3llUBH _ s .RBepTHhiX ra3axJ"MoryT OhlTb o6'bsrc-

HeHhl, ecna npe.anoJIO)KHTb cymecTsosaaae aosoro wexllHH3Ma .aenonsrpa-

3anaa-MexaHa3Ma napaMarHHTHol!: .aenonsrpH3llUHH, xoTopbil!: aaqaaaeT .ael!:

CTsosaT& y)Ke nocne ortoaqaaas Me3oaToMaoro xacxa.aa. B aToM cnyqae 

.aononHHTen&HaH .aenonspH3anHH onpe.aensreTcH napaMaraeTH3MOM o6pa3y

K>maxcsr Me30aTOMOB H HX B3aHMO.Llell:cTBHeM CO Cpe.aol!:. 

4 

no OKOH'IBHHH CT8.L1HH KllCKB.LlHbiX Me30llTOMHbiX nepexo 

CSI nonO)KHTeJibHO 38pSI)KeHHbl it HOB Me308TOM8, KOTOpOMY Mbl 

BBHHe sneMeHTB C 38pSI.LlOM, HB e.LIHHHUy MeHblliHM 38pSI.L18 Sl 

MB, UOCXOJibKY :lle30S1.Llp0 ( T.e. CHCTeMll SI.LlpO-MIOOH) HMeeT ll 

MeHblliHI 38pSI.Ll. 

3apH.Ll Me30HOH8 38BHCHT OT TOrO, KllKOe KOJIH'IeCTBO 9J 

pseT llTOM 8 pe3yJI&T8Te O)Ke-s<PcpeKTll; O.LlH~KO .LlJlSI .LlllJibHe: 

peHHSI BeT Be06XO.LlHMOCTH 3HllTb seJIH'IHHY 3llpSI.Llli Me30HOHll. 

pe3 yn&TllTe OT.Llli'iH U pH acnycXllHHH O)Ke-sneKTpOH 08 H XBllHT 

ny'iHTb SHeprHIO ( ~ 1 9 8), .LlOCTllTO'iHYIO .LlnH TOro, 'iT06bl B 

peweTKH HnH 83 XHMH'IeCKOro coe.LlJIHeHHSI. 

Cne.ayiOWHI 9Tllll COCTOHT B 3llMe.LIJieHHH H TepMllJIH3llUl 

we3oaoaa a nononaeHHH ero snexTpoHHol o6ono11KH. Y'iHTbiBS 

TepHeT saeprHIO B OCHOBHOM B pe3yJI&TllTe ynpyrHX coy.aapeH 

O.LlHHaXOBhiMH no wacce aTOMllMH Cpe.Llhl, MO)KBO yTsep)K.LlaTJ 

.aeacaposaaBhiX cpe.aax TepMana3llURH npoa3ol.aeT 3a speMSI 

-13 10 cell:. 3a 9TO )Ke BpeMSI npOH30I.LleT BOCCTllHOBJieHBe 9JIE 

no'IKII, UOCXOn&xy 113-3li 60JiblliOI SBeprHH CpO.LlCTBa X sneXTj 

Me30HOB npaXTH'IeCKJI npH Ka)K.£10M coy.aapeHHH 6y.aeT oroap. 

y llTOM08 Hnll MOJiexyn cpe.ahl. 3TO 6y .aeT BpO.LlOJI)KaTbCH .£10 

Kll 8enH'iHBll E e He cTaaeT weabllle sena'iHBhl nep8oro noTe! 

UBH E 1 

B E I 

llTOMOB HnH Monexyn cpe.Llhl. YfMeHBO COOTHOWeHHe 

onpe.aenHeT, B ItaXOM COCTOHBHH 6y.LleT :;meli:TpOBBllH 

30llTowa x I.oauy nepao.aa ero 3llMe.aneHIIH. EcJIJI Jl: sTOMY 1 

p o HHllH o6ono111tll - 6y.aeT IIMeT& aecnapeHHhle snettTpOBhl, T.e. 

MOMeHT, TO B cna6oM nonepe'IBOM MiirBIITHOM none, 11CllOJib3 

B npeneCCIIOBBhlX sxcnepBMeBTllX, .LlOJI)I(Bll H86JIIO.Ll8TbCSI npe! 

-qacTOTe cso6o.aaoro MK>oBa, a a a q ac T o Tax, onpe.aensreMhlX 1 

Mil OTBOWeBIIHMII COCTOSIHBJ!: CHC T eMhl MIOOH-s neKTpOB, T.e. I 

5 



no OKOH'18HHH CT<i .£1HH K8CK8.£1Hb1X Me308TOMHbiX nepeX0.£108 o6pa3yeT

Cll nonolKHTenbHO 38p!llKeHHhllt HOH Me308TOM8, K OTOpOMY Mbl .£18.£1HM Ha3-

B8HHe :;meMeHT8 C 38pSI.£10M 1 H8 e,aHHHUy MeHbWHM 38pH.£18 SI.apa Me308To 

M8, llOCKOnbKY :Me30S1.llp0 ( T.e. CHCTeM8 SI,apo-MIOOH) HMeeT H8 e,aHHHUy 

MeHbWHlt 38pH,a. 

3apSI.£1 Me30HOH8 3 8BHCHT OT TOro, K8KOe KOnH'IeCTBO anexTpOHOB llOTe

pSieT aToM B pe3ynbT8Te OlKe-s<P<PexTa; o.aH!lKO .anSI .aanbHeAw ero paccMoT

peHHH HeT Heo6X0.£1HMOCTH 3H8Tb senH'IHHy 38pSI.£18 Me30HOH8. ~e30HOH B 

pe3 ynbT8Te OT.£18'1H U pH Hcnycz:aHHH OlKe-anez:TpOHOB H KB8HTOB M OlKeT no

ny'IHTb 3 HeprHIO ( ~ 1 3 8) 1 .£10CT8TO'IHYIO .lln!l TOro, 'IT06bl Bbi.ilTH H3 y3na 

peweTKH HnH H3 XHMH'Iecz:oro coe.aHHeHH51. 

Cne,ayJOWHA 3T8n COCTOHT B 38Me,aneHHH H TepM8nH 3 8UHH 'ropgqero' 

Me3oHoHa H nononHeaxa ero anez:TpoHHoA o6ono'IKH. Y'IHThiBBH, 'ITO Me30HOH 

TepHeT 3HeprHIO B OCHOBHOM B pe3ynbT8Te ynpyrHX coy,aapeHHA C npHMepHO 

0.£1HH8Z:OBbiMH no M8CCe 8TOM8MH cpe,abl, MOlKHO YTBeplK.£18Tb, 'ITO B XOH-

,aeHCHpOBBHHhiX cpe.aax TepM8nH38UHH llpOH30lt.£1eT 38 BpeMH llOpH.aXa 

-13 10 cex. 3a 3TO lKe BpeMSI llpOH30A.aeT BOCCT8HOBn9HHe aneKTpOHHOlt o6o-

no'IKH, nocxonhxy H3-3 8 6 onbllio:A: aHeprHH cpo.acTsa z: anexTpoHy E
8 

M930HOH npBKTH'IeCKH npH K8)K.£10M coy,aapeHHH 6y,aeT OT6Hp8Tb anexTpOHbl 

y aToMoB xna MoneKyn cpe.abl. 3To 6y.aeT npo.aonlKBTbCSI .ao Tex nop, no

z:a senH'IHHa E 8 ae CTBHeT MeHbWe senH'IHHbl nepsoro noTeHuaana HOHH3a-

8TOMOB HnH MOnexyn Cpe.llbl. J1MeHHO COOTHOWeHHe MelK.llY E 
e 

onpe.aenHeT, B lt81tOM COCTOSIHHH 6y.aeT anez:TpOHH8SI 060nO'IK8 Me-

3 0 8TOMa K z:oHuy nepxo.aa ero 3BMe.aneHHH. EcnH z: STOMy BpeMeHH ane KT

p o HHaH o6onoqz:a 6y.aeT HMeTb HecnapeHHble anez:TpoBhl, T.e. MBrHHTHhi A 

MOMeHT, TO B cna6oM nonepe'IHOM MBrHHTBOM none, IICUOnb3yeMOM 06 bl'rHO 

B npeneCCHOBBhiX 3KCDepHMeHT8X, .llOnlKH8 Ha6nJO.ll8TbCSI npeneCCH51 H e H8 

'18CTOTe CB060.llHOrO MIOOH8, a Ha '18C T OT8X, onpe.aenHeMbiX r llpOMBrHH T Hbi

Miil OTBOWeBK51MII COCTOSIHHlt ClfC T eMbl MIOoH-aneKTpOH 1 T.e. B "' 102 
pa3 
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60JiblUHX, 3TO 03HaqaeT, 'ITO Ha '18CTOTe npeueCCHH CB060LlHOro MJOOH8 

LlOJI)f{Ha HMeTb MecTo AononHHTenbHaH AenonHpH31iliiiiH. BenH'IKHa sToA Ae

nonRpK31ilUHH 6y.lleT 38BHCeTb OT B38HMOLleACTBHR Me308TOM8 CO cpe.lloA 

Ha CJieLlyJOmeM 3T8lle, VfHTepec npe.llCTiiiBJIRIOT TOJibKO T8KHe B3aJIMOLleA

CTBHSI, KOTOpble MoryT llpHBeCTH X H3MeHeHHJO napliiM8rHeTH3M8 M e308TOM8, 

a HMeHHO: 06MeH 3JieKTpOH8MH C BHeWHeA cpe.llOA H XHMH'ieCKHe pe8KIIHH. 

Ha aTOM sTane noaeAeHHe MesoaToMa ¢opManbHo MO)f{eT 6b!Tb onucaHo c 

llOMOll{biO TeOpHH, p83BHTOA LlJISI CJIY'i8SI 8TOM8 MJOOHJHI 
1141 

nepeALleM Tenepb K KOHKpeTHOMy 8H8JIH3Y 3KCnepHM€HT8JibHbiX LlSH-

HhlX 0 BeJIH'!HHe OCT8TO'!HOl!: llOJIS!pH38IIHH PIL C TO'!KH 3peHHSI llpeLlllO-

naraeMoro LlOllOJIHHTeJibHO K K8CK8LlHOMy MeX8HH3M8 napaMarHHTHOA Aeno

JISI pK38UHH, B COOTBeTCTBKH C ero OCHOBHbiMK OC06eHHOCT51MH see 3KCllepH

MeHT8JibHble Ll8HHble CJie.llyeT pa36HT b !Ia HeCKOJibKO rpyrrn. 

18-:-10,131 
Vf He p T H bl e r as b,l • B xaqecTs e npHMepa p accMOT pRM AenongpK-

38UHIO IL -M,e30H8 Hpli •rO OCT8H OBKe B HeoHe . nocne OK OH'i8HHSI CT8LlHK 

MeaoaToMHoro xacxa.lla o6pasye Tcg uou Me3oaToMa ¢Topa. Y'iHTblsa~~: sua-

qeinie E 1 .llJig a:eoua ( E 1 =21 ,6 sa)x) H 3HaqeuHe E., .llJI51 rrocneAHe-

ro (AeB51Toro) snexTpoHa s aToMe ¢Topa E e =17 ,4 3B), M OJKHO yTBep-

)K,ll8Tb, 'ITO B KOHe'IHOM C'ieTe nonyqaeTCH O,llHOKp8THO llOJIO)f{HTeJibHO 38-

pg)f{eHHbll MesoHoH ¢Topa c 8 anexTpouaMH B anexTpouuoA o6onoqxe, Ta

xag CTpyKTypa, llOLl06Hag CTpyKType aneKTpOHH OA o60JIO'IKH K HCJIOp OLla , 

xapaxTepusyeTC51 uanH'!:HeM MarHHTHoro MoMeHTa, paauoro 3 MarueToHaM 

1161 
Bopa • nocKOJibKY rrapaMarHHTHag CTpyKTypa Me30 HOH8 ¢ T opa Ks-sa 

OTCyTCTBH51 XHMK'IeCKHX pe8KUHA C 8TOM8MH Heoua Ll0JI)f{H8 C"OX p8H 51 T bCSI 

B Te'ieHHe BpeMeH.II )f{H3HH MJOO!Ia , JJellOJI51pH38UH51 MIOOHOB llpH OC T 8HOB Ke 

B 'iHCTOM Heoue, Ha6JIJOLl8eMag H8 'i8C TOTe CB060,llHOrO Me30H8 , Ll0JI)f{H8 

6b!Tb rronuoA, T . e. P IL Ll0JI)KH0 6b!T b 6JIH3KHM K HyJIJO . 

x) 
3uaqeHH51 E .,_ H E 1 B 3 51Thl 11:3 

1151 

6 

flerKO BHLleTb, 'ITO CKTy8UKSI Ll0JI)f{H8 6b!Tb auanorKq 

'!K C TbiX HHepTHbiX ra30B B JIJ060M arperSTHOM COCTOSIHHH, I 

ac e x cnyqagx o6pa3yJOTCH napaMarHHTHble Me3oaTOMbl, Tax 

npHHUHlle, MO)f{HO o6~SICHHTb Hyneaoe 3H8'1eHHe OCT8TO'IHOA 

18.;.10,131 0 
H3MepeHH09 B reJIKK H aproHe • LlH8KO B03MO)f{H( 

MeceA B KHepTHbiX rasax MO)f{eT CHJibHO YCJIO)f{HHTb K8pTH 

Pas6epeM BJIHHHKe npKMeceA Ha npHMepe IL- -ocTaHoBoK 

JIHH. Vf3 3KCllepHMeHTOB CJieLlyeT, 'ITO llOJIII8SI LlellOJIS!pH38D 

18 91 
K8K Ha 'i8CTOT€ npeueCCHH CB060LlHO~O Me30H8 ' , T8K 

npeneccHH TpHrrneTHoro cocTOHHHH o6pa3yJOLUerocH caepxT~ 

I 13,11 I 
8TOM8 BOLl0pOLl8 

11 
VfCXOLl51 113 pacqeTOB aepOS!Tl!OCTil O)f{e-nepeXOLlOB 

O)f{HLlliiTb, 'ITO npH o6p830B8HHK Me308TOM8 BOLlOpOLllil HMel 

sep051THOCTb, 'ITO 6y LlYT ll0Tep51Hbl o6a 3JieKTpoHa, K Ll0Jl)l( 

CSI npeueCCH51 HS 'iSCTOTe CB060LlHOro Me30H8, nocKOJlbKY 

MO)f{HO, no-BKLlHMOMY, npe.llllOJIO)f{HTb, 'ITO llpOHCXOLlHT 6bl 

ueuxe anexTpoua K MesoRLlPY nu6o npH coy.llapeHHH wropR 

C 8TOMOM reJIH51, JIH60 llpH B38HMOLleiCTBHH Me30RLlp8 C D 

1191 
lUHMH EI < 13 38. noLl06HO MJOOHHJO , Me308TOM BOJJ 

CR C paBHOA: BepORTHOCTbiO B CHHrneTHOM ll TpHnneTHOM C 

-10 
CKHrneTHOM COCTORHHH 38 speMR llOpS!LlK8 10 CeK llpOH3( 

AerronRpH38UHR 3a C'I~T aqxpexTa csepxToHxoro pacmennei 

Hoe COCT051HKe LlOJI)f{HO B 'IHCTOM renHH COXpSHRTb llOJIRpH. 

soHa. OTCyTcTBHe nongpusauuu Ha qacToTe TpHnneTHoro cc 

MS BOLl0pOLl8, Ha Haw B3rJIRLl, B llpHHIIHlle, MO)f{eT 6b!Tb 

aepcHel TpHnneTHOrO COCTOSIHHR B CKHrneTHOe npH COyLllilf 

BOLlOPOLla c MonexynaMH napaMarHHTHbiX npHMeceA. EcnH 

KOHCT8HT8 CXOpOCTH KOHB9pCHH 8TOM8 BOLlOPO.lllil H .llpyrHX 

( MJOOHH51 HJIII ll03HTpOHH51) HS 0~ II NO paBHbl 
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flerKO BHLleTb, 'ITO CHTy8UHSI Ll0n)KH8 6b1Tb 8H8norH'IHOft LlnSI BCeX 

'lHCTbiX HHepTHbiX r830B B mo6oM 8rper8THOM COCTOSIHHH, IlOCKOnbey BO 

scex cny'I8HX o6p83y~TCSI n8p8M8rHHTHble Me308TOMbl. T8KHM o6p830M, s 

npHHUHile, MO)KHO 06'bSICHHTb Hynesoe 3H8'1eHHe OCT8TO'IHOft IlOnS1pH38UHH, 

18+10 13/ 
H3MepeHHoe B renHH H 8prOHe ' • 0LlH8KO B03M0)KHOe H8nH'IHe npH-

Meceft B HHepTHbiX r838X MO)KeT CHnbHO ycnO)KHHTb K8pTHHy. 

P836epeM snHHHHe npHMecea H8 npaMepe p. -ocT8Hosox s )KHLlKOM re

naH. H3 sKcnepHMeHTOB cneLlyeT, 'ITO nonii8SI LlenonHpH38UHH IIMeeT MecTo 

/8 9/ 
K8K H8 '18CTOTe npeueCCHH CB060LlHO~O Me30H8 ' , T8K H H8 '18CTOTe 

npeueccHH TpHnneTHoro cocTOSIHHSI o6p83y~LUerocH csepxTH)Kenoro Me3o

/13,17/ 
8TOM8 BOLlOPOLl8 

/18/ 
HcxoLlH .113 p8C'IeToB sepoHTHOCTII O)Ke-nepexoLlOB , cneLlyeT 

0)KHLl8Tb, 'ITO Ilpll o6p830B8HHH Me308TOM8 BOLlOPOLl8 HMeeTCSI 6onbLU8SI 

sepOSITHOCTb, 'ITO 6yLlyT IlOTepSIHbl 068 sneKTpOH8, H Ll0n)KH8 H86n~Ll8Tb

CSI npeueCCHSI H8 '18CTOTe CB060LlHOrO Me30H8. nocKOnbKY STO He T8K, TO 

MO)KHO, no-BHLlHMOMY, rrpeLlilOnO)KHTb, 'ITO 11pOHCXOLlHT 6biCTpoe npHCOeLlH

HeHHe sneKTpOH8 K Me30S1Llpy n.1160 IlpH COYLl8peHHH 'ropSI'Iero' Me30S1Llp8 

C 8TOMOM renHH, nH60 11pH B38HMOLleftCTBHH Me30S1Llp8 C IlpHMeCSIMH, HMe~

/19/ 
LUHMH EI < 13 SB. noLl06HO M~OHH~ , Me308TOM BOLlOpOLl8 o6pa3ye~ 

CSI C p8BHOft BepOSITHOCTb~ B CHHrneTHOM H TpHnneTHOM COCTOSIHHSIX. B 
-10 

CHHrneTHOM COCTOSIHHH 38 BpeMSI 110pS1LlK8 10 ceK 11pOH30ALleT IlOnHaSI 

LlenonS1pH38UHSI 38 C'I~T sqxpeKT8 csepxTOHKoro p8CLUenneHHSI, HO TpHnne~ 

Hoe COCTOSIHHe LlOn)KHO B 'IHCTOM renHH COXp8HSITb IlOnS1pH38UH~ #L- -Me-

30H8. 0TCyTCTBHe IlOnS1pH38UHH H8 '18CTOTe TpHrrneTHOro COCTOSIHHSI Me308To

M8 BOLlOPOLl8, H8 HSLU B3rnSILl, B npHHUHUe, MO)KeT 6b1Tb 06'bSICHeHO lWH-

sepcHeA TpHnneTHOrO COCTOSIHHSI B CHHrneTHOe 11pH COyLlapeHHH Me308TOM8 

BOLlOPOLla c Moneeyn8MH nap8MarHHTHbiX npHMecea. EcnH y'leCTb, 'ITO 

KOHCT8HT8 CKOpOCTH KOHB9pCHH 8TOM8 BOLlOpOLl8 H LlpyrHX ero 8H8nOrOB 

( M~OHHSI HnH 1103HTpOHHSI) H8 0~ H NO p8BHbl COOTBeTCTB9HHO 

7 



-12 3 
2.10 CM CeK-1 

-10 3 -1 /20/ 
2.10 CM CeK , ll rrpe,OIT01IO)I{HTb, 'ITO 3TH H 

3Ha'leHHR 6y .llYT TaKHMH )l{e B Clly'lae Me30aTOMa BO.llOpO.Oa, TO MO)I{HO 

-7 
O)l{ll,llaTb, 'ITO ITOIIHaSI ,OeiT01IS1pH3aUHSI HaCTyiTHT 3a BpeM!l OK01IO 10 CeK 

4 -4 -6 
n pH Hanii'IHH B )I{H.llKOM He scero 10 H 10 (no KOIIH'IeCTBy M o neKyn) 

0 
2 

H NO COOTBeTCTBe HHO. nocK01IbKy B Ollb!T8X no H 3 Mepe HHIO p J.l 

B )I{H.L;IKOM renHH He npe.orrpH HHMaiiOC b cneuHaiibHbiX Mep ,llliSI KOHTp01ISI 3a 

'IHCTOTOI r a3a BO BpeMSI 3KCIT9pHM e HTa, TO He1Ib3SI H C KliiO'IHTb, 'ITO Morna 

HMeTb MeCTO 3Ha'IHTenbHaSI K OHUeHTpaUHSI rrp11M9Cel. 

EcnH o6ec ne'IHTh Heo6xo .OHMyiO 'IHCTOTY ra3 a oT n i06hlx npHMeceA, 

T O, ecTeCTBeHHO, .ll01I)I{Ha H a 6niO,OaTbCSI rrpeuecCHSI H a 'laC T OT e CB060.0HOrO 

M e 3oHa. ECIIH B TaKHX yCIIOBHSIX 6y.OeT 3aMeTHa rrpeneCCHSI H a 'laCTOTe 

TpHrrneTHOrO COCTOSIHHSI Me3oaTOM8 BO.llOpO.Oa, TO 3TO MO)I{eT 03Ha'laTb 

HaiiH'IHe BK118,ll8 BTOMHOrO 38XB8T8 'rOpSI'Iero' MIOOHa, T.e. MO)I{eT .oaTh 

HHcpopM8UIIIO 0 KHHeTH'IeCKOI 3HeprHII o6pa3yiOmerOCSI Me308TOM80 'ITO CBSI-

- /21/ x ) 
3 aHO C MexaHH3MOM nepexo.oa J.1 -Me30H8 B ,llHCKpeTHbll cneKTp • 

TaKaS! HHcpOpM8UHSI npe,OCTBBIISieT 601IbiUOI HHTepec , IIOCK01IbKY B HBCTOSI-

mee BpeMSI COBepmeHHO He SIC HO, KaKol B!Wa,O ,OaiOT pa31IH'IHble B03 M O)I{ 

/2,21/ 
Hble MeX8HH3Mbl o6p830B8HHSI Me30aToMa • 

CHTyauHR, onHcaHHaH .onH cny'laSI renHR, npHMeHHMa K n106oMy HHepT" 

HOMy ra3y. 

n pOBO,llHIIKH H 
/ #7/ 

IT 0 il y II p 0 B 0 .ll H II K H . " nerKO 3aMeTHTb, 'ITO 

3HaqeHHSI p J.1 .ll1ISI MeT8111IOB · H rpacpHTB M8KCHM81lbHbl H rrpH61IH3HTe1IbHO 

pBBHbl .ll1ISI BCeX 3TIIX BemecTB TOI Be1IH'IHHe, KOTOp8S1 cne.oyeT H3 IIpoc

TOI T90pHH KBCKB.OHOI ,OeiT01IS1pH3al{HH. 0co6eHHOCTb o6pa30BaHHSI Me308To-

MOB B IIpOBO.llHHKax COCTOHT B TOM, 'ITO He cymecTByeT 3HepreTH'IeCKIIX 

x) 
CHTyaUHSI MO)I{eT 6b!Th B K8Koi-TO Mepe aHanOrH'IHOI TOI, KOTOpBSI 

HMeeT MeCTO IIpH o6p830BaHHII Me30M01leKynhl ddJ.I , r.oe H~~IO,OBeTCSI 
38BHCHMOC Tb BepOSITHOCTH e~ o6p830B8HHSI OT 3 HeprHH MIOOHa • 

8 

~ 

J..i 
1 

\ 

orpaHH'leHHI rrpH BOCCTaHOBIIeHHH p83pymeHHOI 31leKTpOHHOI 0 

30aTOM8 H3-38 601IbiUOI Il1IOTHOCTH 31IeKTpOHOB IIpOBO,llHMOCTK, 

BO BCeX HCC1le,llOB8HHbiX IIpOBO,llHHKBX o6paayJOIUHilCH Me308TO;) 

napaMBrHHTHyiO 31IeKTpOHHyJO 0601IO'lKY C O,llHHM HecnapeHHblM 

31leKTpOHOM.K8381IOCb 6bl, CHTyBUHH He OT1IH'l8eTCH OT TOJ, K< 

MecTo B cnyqae o6paaoBaHHR Me30BToMa B HHepTHhiX raaax. T 

CTBO, 'ITO 3Ha'!e HHe PJ.I B rrpOBO.llHHKax B .oeiCTBHT91IbHOCTH 

HO, Ha Ham B3r1ISI.ll , MO)I{8T 6 b!Tb 06'bSICHeHO 601IbiUO.I!: CltOpOCT 

ro B3aHMO.OeiCTBHS!' B MeHTHOrO 31le KTpOH8 Me308TOM8 C 3 1leK1 

BO.llHMOCTH. T aKol 06MeH IIpHBO,llHT It TOMy, 'ITO BaneHTHbii 9, 

IIpOBO.llHHKaX He cymecTByeT B COCTOSIHH H C orrpe.oeneHHblM H ~ 

CITHHa H Me308TOM He HM9eT MBrHHTHOrO MOMeHTB. ~eX8HH3N 

B38HMO.OeACTBHSI C 31IeKTpOHBMH IIpOBO.lliiMOCTH snepBble 6bi1I E 

/22 23/ 
' .onR o6'bRCHeHHSI Toro, rroqeMy B MeTannax He o6pa3ye· 

T.e. ITO'leMy HB61IJO,ll8eTCSI 6JIH3KOe It M8KCHM81lbHOMy 3HB'leHH 

H3MepeHHOe HB 'l8CTOT9 CB060.0HOro J.l+ -Me3oRa. 

To o6cTOHTenbCTBo , 'ITO 3HaqeHH !1 P J.l .ong MeTannos H 

OT1IH'l810TCSI .opyr OT .opyra He 6onee qeM Ha 25% , yKa3h!B8eT 

B1IHSIHH e RX 3 1leKTpOHHOI CTpyKTyphl H8 C TeiTeHb ,Oeii01IS1p1138UH 

nocK01lbKY B nonynpOBO.llHHKaX Il1IOTHOCTb CB060.0HhiX 38) 

CKOpOCTb 06MeHHOrO B38HMO,OeiCTBHSI MO)I{eT OKB3aTbCSI CT01I:l 

'iTO '!aCTb Me30aTOMOB HCilb!TaeT ,llOII01IHHT91IbHyiO ,Oeii01IS1pH38 

rro-BH.OHMOMY, M 0)1{H0 06'bSICHHTb cymeCTBeHHbii pa36poc 3Haq 

17 9/ 
senH'IHHbl ITO ,ll8HHbiM p83HblX pa6oT ' , IIOCK01lbKy o6p83UIJ 

MOrnH HMeTb .paaHyJO IlliOTHOCTb CB060.0HhiX HOCHTeiieA TOKB. 

X H M II 'l e C K H a K T H B H hi e .ll H 3 11 e K T p H It H. K 3TOI K 8Terc 

/12/ 17 24/ /11, 13/ 
OTH OCS!'TCSI BO.ll8 , cepa ' H yrneBO.OOpO.llhl • Ha'il 

CMOTpeBHSI o6p830B8HHSI Me30aTOMOB B BO,lle. 3HeprHSI CpO.OCTl 

14,5 <~B) .onR nocne.ouero <~nexTpoHa B M930BTOMe B30TB 6onb 

9 
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orpaHH'!eHHA IIpH BOCCT8HOBJieHHH pa3pyweHHOA aneXTpOHHOft 060JIO'!KH Me-

308TOM8 H3-38 60JibWOft llJIOTHOCTH aneKTpOHOB npoBO.LIHMOCTII. npH 3TOM 

BO BCeX H CCJie.LIOB8HHbiX IIpOBO.LIHHX8X o6pa3yJOIUHftCH Me308TOM HMeeT 

rrapaMarHRTHYIO a neKTpOHHyiO o6onoqxy C O.LIHHM HecnapeHHbiM saneHTHbiM 

aneKTpOHOM.Ka38JlOCb 6bi, CHTYBUHSI He OTJIH'IaeTCH OT TOA, KOTOpaH HMeeT 

MeCTO B cnyqae o6p830BaHHSl Me30aTOMa B HHepTHbiX ra3ax. To 06CTOSIT6Jlb

CTBO, 'ITO 3H8'!eHHe PI£ B rrpOBO.LlHHKSX B .neACTBHT9JlbHOCTH M8KCHM8Jlb

HO, Ha HaW B3rn5J.Ll 
1
MO)!(eT 6hiTb 06'bHCHeHO 60JibWOft CKOpOCTbiO 06MeHHO

ro B3aHMo.neAcTBHH saneHTHoro anexTpoHa Me3oaToMa c anexTpoHaMH rrpo

BO.LIHMOCTH. TaJWA 06MeH npHBO.LlHT K TOMy, 'ITO saneHTHbiA aneKTpOH B 

IIpOBO.llHHK8X He C)fUleCTByeT B COCTOSIHHH C OIIpe.neneHHbiM HarrpasneHHeM 

CllHHa H Me30aTOM He HMeeT MarHHTHOrO MOMeHT8. Mex8HH3M 06MeHHOrO 

B3aHMO.LieACTBHSl C aneKTpOH8MH npOBO.LlHMOCTH snepBbie 6hlll HCIIOJ1b30B8H 

/22,23/ 
.LlllH 06'bHCHeHHSl TOro, llO'!eMy B MeTannax He o6pa3yeTCH MIOOHHSI, 

T.e. IIO'IeMy H861liO.LI8eTCSI 6JIH3KOe Z: M8KCHMallbHOMy 3H8'1eHHe pI£ , 

H3MepeHHOe H8 '!aCTOTe CB060.LIHOro 

To o6cTOHTenbCTBO, 'ITO 3HaqeHHSI P ll .LIJIH MeTannos H rpa<PHTa 

OTJIH'i 8IOTCSI .npyr OT .llpyra He 6onee qeM Ha 25%, yxa3biBaeT Ha cna6oe 

snHHHHe Hx aneKTpOHHoA cTpyxTypbl Ha cTeneHb .LienonHpH3aUHH B xacxa.Lie. 

noCKOllbKy B II01lyiipOBO.llHHK8X llllOTHOCTb CB060.LIHbiX 38pH.LlOB Mana, 

CKOpOCTb 06MeHHOrO B38HMO.lleACTBHSI MO)!(eT OK838TbCSI CTOJlb HH3KOA, 

'ITO 'ISCTb Me308TOMOB HCllbiT8eT .llOIIOllHHTeJlbHyiO .Lieii011HpH3aUHIO. 3THM, 

IIO-BHLlHMOMy, MO)!(HQ 06'bHCHHTb cymecTBeHHblA p836poc 3Ha'leHIIA 3TOA 

17 9/ 
BenH'!HHbi IIO LiaHHbiM p83Hb1X pa6oT ' , IIOCXOJlbKy o6p8311bl XpeMHH~ 

MOrllH HMeTb p83HYIO IIJIOTHOCTb CB060L1HbiX HOCHTeneA TOX8. 

XHMH'ieCKH aKTHBHbie .LIHaneKTpHKH. K aToA xaTeropHH semecTs 

I 121 17,24/ I 11 13/ 
OTHOCSITCH BOLlS , cepa H yrneBOLlOpO.Llbl ' • HaqHeM C pac-

CMOTpeHHSI 06p830BaHHH Me308TOMOB B BOLle. 3HeprHH CpO.LICTB8 ( E = 
" 

14,5 as) LlJISl nocne.naero aneKTpoHa B MeaoaToMe aaoTa 6onbille aaaqe-

9 



HHSI E I 
/ 15/ 

( E 1 = 12,6 38) ,llJlSI MOnexynhl BO.llhl , H IT OSTOMy o6paaye-r-

CSI Heli:TpAJibHhiA M9308TOM 830T8 C napaMAI'HHTHOll: 3Jl9KTpOH!fOA 060JIO'IXOll:. 

EcnH 6bl napaMar-HeTH3M sTor-o MeaoaToMa coxpaHSIJICR .llOCTATO'IHO .llOJII'O, 

Mhl H86JIJO,ll8JIH 6bl nonHyJO ,ll9llOJIS!pH38IIHIO ,Jl- -Me30HOB B BO,lle. 0TJIH'IHOe 

OT HyJISI 3KCnepHM9HT8JlbH09 3H8'19HH9 P p. , H3MepeHHOe H8 'lAC TOTe npe

U9CCHH CB060.llHOI'O M930Ha
1 

H B OC009HHOCTH 38BHCHMOCTb p p. OT TeMne

/ 12/ 
p8Tj:pb1 , MOI'yT 6b1Tb, B npHHIIHlle , 061>SICH9Hbl, 9CJJ:H npHHSITb BO BHHMa-

HHe XHMH'I9CKH9 pe8XIIHH, 11pHBO.llSII..UH9 It o6p830BAHHIO ,llHAMAI'HHTHbiX C09,!1H-

H9HHA, CO.ll9p)!(81..UHX M9308TOM 830T8. 

TepManHaosaHHhiA Meaopa.llHKan aaoTa N 
p. 

M0)!(9T, HAllpHMep, BCTy-

llHTb B XHMHqec xyJO 098KIIHIO C MOnexynaMH BO,llbl: 

Coe.llHHeHHSI p. NH 

N + H 0 ~ N H + OH p. 2 p. 

-. N 0 + H:l 
p. 

H T • .ll . 

p. N 0 H T • .ll. o6JIA,llAIOT HecnapeHHbiMH snexTpoHa-

MH, HO MOI'yT o6p830B8TbCSI B p83JlH:!UihiX OCHOBHbiX COCTOSIHHSIX, Cpe,llH KO-

. /~/ 
TOpbiX eC Tb H CHHI'JieTHOe. Cor-naCHO npAIUIJly MynbTHnneTHOCTH lYH.ll8 

HaHoonee CTAOHJlbHbiM .ll0Jl)!(H0 6b1Tb TpHllJ19THOe COCTOSIHH9j O.llHAKO, ecnH 

sepoSITHOC Tb nepeXO,llOB M9:>K.lly p83liH'IHbiMH OCHOBHbiMH COCTOSIHHSIMH yKa-

38HHblX MOJleKyn cpaBHHM8 C sepOSITHOCTb!O p.- -pacna,lla, CJle,llyeT Q)!(H-

.!18Th C OXp8HeHHSI H9XOTOpoll: OCTATO'IHOA ll0JlS!pH38IIHH B CHHI'Jl9THOM COCTOR

HHH. Bonee Tor-o, paanHqHaR TeMnepaTypHaR 3aBHCHMOCTb sepoRTHOCTH o6pa-

30BaHHSI Monexyn p. N H , NO H T • .ll. M0)!(9T, B npHHIIHrre, o6ecne'IHTh p. 
aa6nJO,llaeMyJO Ha orrbiTe TeMnepaTypHyJO aasHCHMOCTh P p. • Henb3R HCKnJO-

'IHTh TAX:>Ke B03MO:>KHOCTH rrpOT9X8HH.SI 'I'OpSI'IHX' XHMH'I9CK.HX peaKIIHA C 

o6pa30BaHH9M, HarrpHMep, Monexynhl p. N H ll, K KOTOpoA rrpKMeHHMbl see Bbl

wenpHB9,!19HHble paccy)!(.ll9HHR. Mo:>KHO npe,llnonO)!(HTh Tax:>Ke, 'ITO HeKoTo-

phiA BKJ18.ll B TeMnepaTypHyJO 38BHCHMOCTb pp. MO)!(eT BHOCHTh pe8KUHSI 

10 

H30TOITHOI'O 38M91..U9HHSI C o6p830B8HHeM .!1H8M8I'HHTHOI'O CO 

p.N +N 2 -+ p.NN + N 

Ha pACTBOpeHHOM B BO.lle MonexynRpHOM 830Te, KOHUeHTp8UB 

HS19TCSI B 38BHCHMOCTH OT TeMnepaTypbl BO.llhl. VfMeeTCSJ, Ha· 

pag aepOSITHOCTh Toro, 'ITO nocne csoero o6paaoaaHHSI Meao 

rronyqaeT 38MeTHOll: KHHeTH'IeCKOll: SHeprHH. B TAKOM CJiyqae 

( H :10 l! ) HJlH B peweTKe Jlb,lla B03M0)!(H0 o6pa30B8HHe He A 

MAI'HHTHOA Monexynhl p. NH 8 • 3TO TeM 6onee aepOSITHO, 'ITO 

/2/ 
.llenH 60JlblliHX Me30MOJleKyJl B9pOSITHOCTb HOHH38UHH 38 

cpeKTa rrpH o6pa30B8HHH o6meMonexynsrpHb1X COCTOSIHHA .llOJl)l( 

M9THO MeHbWe. 3aBHCHMOCTb CO.llep)!(8HHSI ,llHMepoB B )KH,llKt 

T9MnepaTyphl, a T8K)K9 H3M9H9HH9 CTpyKTyphl peweTKH Jlb.llll 

B8T9JlbHO, B38HMHOI'O paCITOJ10)!(9HHSI 8TOMOB BO.llOpO,lla H KHC 

H3MeH9HHH T9MrrepaTyphl TAK:>Ke MOI'yT ll0Cp9,!1CTBOM p83JlH'IH 

TH o6paaosaHHS1 p. N H 8 o6ecneqHTb xaxyJO-TO qACTh TeMnep 

CHMOCTH p p. 

EcTeCTBeHHo, anpHopH HesoaMO)KHO oTpHuaTb Toro, 'ITO 

TH OT H3M9H9HHSI TeMnepaTypbi 6y .!leT H3M9H.SITbCSI BepOSITHOC 

/2 3/ 
HHSI M930MOJleKyJIS1pHbiX COCTOSIHHll: H, CJ19.llOB8T9JlbHO ' , B• 

PewaJOmHM, Ha Haw sarnsr.ll, sxcnepHMeHToM, rroaBOJISIJOll 

BJlHSIHHe XHMH'I9CKHX peaKUH:lt Ha p JL OT M930HOJleKynsrpHbiX 

CT8,!1HH K8CK8,!1Hb1X M9308TOMHbiX nepeXO.llOB, 6biJ10 6bl HCCJl€ 

nepaTypHoll: 38BHCHMOCTH CTpyKTypbi MeaopeHTI'9HOBCKO:lt K -~ 

TaHosxe p.- -MeaoHoa B BO.lle. OTCyTCTBY-e Taxo:lt aasHCHMoc 

CBH.ll9T9JlbCTBOB8JIO 6bl B ll0Jlb3y MexaHH3Ma rrapaMai'HHTHOJI: 

/13/ 
0TCYTCTBHe nonsrpH38UHH B )KH,llKOM KHCJlOpO,lle MO 

061>SICHeHO JlH60 napaMarHeTH3MOM COe,llHHeHH:lt p. N C KHCnop 

.. ecnH 3TH COe,llHHeHHSI o6pa3yJOTCSI H )KHByT .ll0CT8TO'IHO .llOJli 

X 
CM . CHOCKy Ha CTp. 8. 
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H30TonHoro 3aMeweHHH c o6pa3oBaHHeM .UHaMarHHTHoro coe.aHHeHHH p. N N 

p.N +N 11 -+ p.NN + N 

Ha paCTBOpeHHOM B BO.Qe MoneKynHpHOM 830Te, KOHUeHTp8UHSI KOTOporo Me

HSieTCSI B 38BHCHMOCTH OT TeMnepaTyphl BO.Qhl. YfMeeTCH, HaKoHeU, HeKOTO

paH BepoHTHOCTb Toro, qTo nocne csoero o6pa3oBaHHH Me3oaTOM a3oTa He 

n onyqaeT 3aMeTHOA KHHeTHqecxoA aHeprHH. B TaKoM cnyqae Ha .UHMepe 

( H 11 0 ll ) HnH B peweTKe nb.Qa B03MO)I(H0 o6pa30BaHHe He:l!:TpanbHOA .QHa

MarHHTHO:l!: Monexynhl p. NH 8 • 3To TeM 6onee BepOHTHO, qTo cornacHo Mo-

/2/ 
D.enH 6onbWHX Me30MOnexyn BepOSITHOCTb HOHH3aUHH 3a C'leT Q)l(e-<:Jcp-

cpeKTa IIpH o6pa30BaHHH 06WeMoneKynHpHhlX COCTOSIHH.lt ll.On)I(Ha 6biTb 3a

MeTHO MeHbWe. 3aBHCHMOCTb COD.ep)l(aHHSI .UHMepoB B )I(HLJ.KO.lt BO.Qe OT 

TeMrrepaTyphl, a TaK)I(e H3MeHeHHe cTpyKTyphl peweTKH nh.aa ( H, cne.ao

BaT e nhRo, B38 HMHOrO p acnono)l(eHHSI a TOMOB B Oll.OpOLJ.a H KHCnOp OD.a) IIpH 

H3 MeHeHHH TeMIIepaTypbl TaK)I(e MOryT IIOCpe.aC TBOM pa3nH'lHO:l!: BepOSITHOC

T H o6pa3oBaHH S1 p. N H 8 o6eciie'lHTb KaKyiO-TO qaC Th TeMne paTypHO:l!: 3aBH-

CHM OCT.i! p p. 

EcTecTBe HH o , anpHopH HeBo3 MO)I( H O oTpHua Tb Toro, qTo B 38BHCHMoc-

TH OT H3MeHeHHSI TeMnepaTypb! 6y .QeT H3MeHSIThCSI BepOSITHOCTh o6pa3oBa-

/2,3/ x) 
HHSI Me30Mone KynHpHbiX COCTOSIHH:l!: H, cneD.OBaTenbHO , BenRqHHbl Pp. • 

PewaiOWHM, Ha Haw B3rnH.a, axcnepHMeHTOM, II03BOnHIOWHM oT.aenRTh 

BnHSIHHe XHMH'leCKHX peaKUH:l!: Ha p p. OT Me30HoneKynHpHb!X 9cpcpeKTOB Ha 

CTa.QHH KacKa.QHhlX Me30a TOMHb!X nepeXOll.OB, 6binO 6h! HCCne.aoBaHHe TeM-

IIepaTypHO:l!: 3aBHCHMOCTH CTpyKTyphl Me3opeHTreHOBCKO.lt K -cepRH IIpH oc

TaHOBKe p. -Me30HOB B BO.Qe. 0TCyTCTBY.e TaKo.lt 3aBHCHMOCTH O.UH03HaqHQ 

CBHD.eTenhCTBOBano 6h! B IIOnh3y MexaHH3M8 rrapaMarHHTHO:l!: ll,erronHpH3aUHH. 

/13/ 
0TCyTCTBHe IIOnHpH3aUHH B )I(HLJ.KOM KHCnopo.ae MO)I(eT 6b!Th 

o6'bHCHeHo nR6o rrapaMarHe TH3MOM coeD.aHeHa:l!: p. N c KRcnopo.aoM, na6o, 

ecnH 9 TH COe.QHHeHHSI 06pa3yiOTCSI H )I(HBYT ll,OCTaTO'lHO D.Onro B CHHrneT-

X 
CM. CHOCKy Ha CTp. 8. 
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HOM COCTOSIHHH,- aenonspH38.UHeA ( HB. 11~60A "'B.CTOTe npeneCCHH) 38. C"18T 

paccesHHH Ha napawarHHTHhlX MoneKynax 02 

/24/ 
BenHqgHa OCTB.TO"'HOA nonspHaB.UHH B cepe aaMeTHO weHbWe, qeM 

B nposoaHHKax. JloHHMaHHe 9TOro C TO'IKII apeHHg M8XaHH3M8 napaMarHHT

HOA aenonllpH38UHH OC110:>KH98TCSI TeN, "'TO B llHTepB.Type HM8IOTCSI npOTHBO-

peqgsble aaHHble 0 B811BqHH8 E I ans wonexyn THna s2n EI 
/15/ 

E I = 9,3 98 • JlpHHHIIolB.ll BO BHHMaHKe BellHqgHy E 
8 

10 7 
/26/ 

"' , 9B B 

/27/ 
=-10,55 98 , ans &TOMB. <J>oc<J>opa- B 3a&BCHMOCTH OT TOro, IWI:Oe EI 

6yaeT B3liTO,- cneayeT O:>KBa&Tb o6pB3osaHHH nK6o napawarHHTHoro aeAr

p anbHoro MeaoaTowa <Poc<Popa, 11H6o ero awawarHJITHoro KoHa c 14 91leir

poHB.MH. Ann: paaaeneHHR wexaxHaMoB aenonHpH3B.UHH B cepe Heo6xoaHMbl 

aanbHeAwHe aJtcnepKMeHTbl H, B "'B.CTHOCTH, no 113y>~eHHO TeMnepB.TypHOA 

38BHCHMOCTH P ll • 
IlocKonbxy aaeprHH CBRaH nocneaaero aneKTpoHa s weaoaTowe 6opa 

scero 8,3 as, a see Hcnonb3yewble anB KawepeHJill P p. yrnesoaopoahl 

/15/ 
HMeiOT BbiCO][Jiit llOTeHU:H&n HOHH38.UHH , BO BCeX Clly>IB.SIX B IOHeqHOM 

C"18Te o6p8.3yeTCSI oaHOKpB.THO UOilO:>KKTellbHO 38.pli:>KeHHbiA Me30JIOH 6opa, 

JIMeiOlUHA aHB.MB.rHJITHy~ aneKTpOB.liY~ o6onoqxy. BepoHTHOCTb BCTyu:neHJill 

weaoKoBa 6opa s XHMB"'ecxy~ pe8.][1{BIO c yrnesoaopoaB.MH, no-sKaxwowy, 

oqeHb Mana, nocionb][y peWtU:Kll oTpbiBa aTowos soaopoaa KllH yrnepoaa 

Tpe6yeT 6onbllloA aHeprHJI WI:THBB.llBH. 803MO:>KHO, KMeRHO no 9TOA npxqgHe 

B yrneBODOpOD&x He HB.JlaeHo 38.M8THOA OCTB.TOqBOA ll011llp1138.UHJI BB. "'B.CTo-

/13/ 
Te npeneCCHJI CHCTeMbl MIOOH-aneiTPOH 

Mo:>KBo npennono:>KHTb, "'TO 6onbWKe p8.3JIK"'KB B sellH"'KHe PI' nn:sr 

rpa<PJITa H paaBbiX yrnesonopoaos Be CBH3B.Bbl c wexB.BJiawow napawarHJir

HoA nen011BpK3B.UHH, a, CKOpee, liBJISIIOTCB cnencTBKeM BllHSIIIIB napB.MeTPOB 

cpenbl BB. wexB.BJI3M IB.CIB.nHOA neD01lllpK3B.UHH. 0nBB.J[O HCTHJIBoe COOTHo-

weRHe we)l(ny aTIIMll naywg wexB.BJiaMB.MB s CIIY'f&e yrneaonopoDOB .J;Oil)l(

Ho 6b1Tb onpeneneBO B peayllbTB.Te DODOJIJIITeJI1.BbiX 9][CDep11MeHTOB, I 
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"'Hcny IOTOpblx MO:>KHo OTHeCTH cneayiOmHe. Bo-nepsblx, HE 

cneaoBB.Tb CTpyiTypy K -cepHH npH o6p8.30BaHHH Me308.TOM8. 

yrnesoaopoaax. EcnH anB 9THX aemecTs CTPYITYPB. K -cepl 

HOA, Mbl nony"'HM B8CKHA apryMeHT B ll01lb3Y KB.CKB.aHoro M • 

ll011BpH38.UHH. C apyroA CTOpOHbl, cne,ayeT HayqgTb TeMnepa 

MOCTb Pp. B yrneao.aopo.aax, T.x. e~ H&nH'IHe 6yaeT CBH 

B ll01lb3Y M8X8.HH3MB. HB.pB.MB.rBHTHOA ,aenonBpH38.UHH. 

B 6onee o6meM CMhlcne wexaHHaM napaMarHHTHoA .aen 

MO:>KeT 6hJTb HaeHTH<J>HUHpOBaH, 9CJIH B npe,anaraeMhJX HH:>Ke 

OHhlTax 6y ayT nonyqeHbl cne.ayiOll.lHe peaynbTB.Tbl. 

1. Jl.on:>KBa Ha6niO.aaTbCH npeueccHs Ha qacToTe npeue< 

MIOOH-911eiTpOH. 

2. Jlon:>KeH HB.611IO,ll8.TbCSI poeT B811H"'HHhl p p. c ysen 

pR:>KeHHOCTH npO,llOilbHOrO MB.rHHTHOro nons, T.K. OHO paapbii 

Me:>K.ay CUHHOM MIOOHB. H MB.rHHTHhlM MOM8HTOM 9118KTpOHUOI 

M9308.TOMa. 

3. B nonynposo.aHHxax aHaqeHHe pp. .llOil:>KHO yM8Hbl 

YM8HbW8HH8M TeMnepaTypbl ( HllH llllOTHOCTH CB060,llHbiX an• 

TB.K XB.K llpH HH3KHX TeMnepaTYpB.X MeaOB.TOM MO:>KeT cymec• 

COCTOBHHH C onpe,aeneHBbiM 88KTOpOM MB.rHHTHoro MOM9HTB.. 

4. HawepseMoe Ha "'B.CTOTe npeueccHH cso6o.aHoro Me:: 

pp. .llOil:>KHO H3M8HSITbCB B peaynbTB.Te .ll06a&JieHHB K B8Ul8C 

C08,llHH9HHA, cnoco6Hb1X B.KTHBHO B38.BMO.ll8ACTBOB8.Tb C Meac 

Hgg ero MB.rHHTHhle CBOitCTBB.. 

5. 3HB.K T9MnepaTypHoA 38BHCHMOCTH pp. .ll01l:>K8H OHJ3 

MB.rHHTHbiMH CBOACTBB.MH o6paayiOll{erocg B Cpe,ae M8308.TOM 

EcnH BhlwenepeqHcneHHble 9KCnepHMeHThl noaTsep.aBT 

ro MeXB.HH3M8. ,ll8II011BpH38.UHH, Mbl nonyqgM HOBble, YHHK&nbE 

Hccne.aosaHH:lt nose.aeHHB paanH"'HhlX TB:>Kenhlx B.TOMOB s pea 

.aax HnH MeTO.llhl Hccne.aosaHHg napaweTpos 9THx cpea. 
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'IRClly KOTOphlX MO.>KHO OTH9CTH Clle.QyiOWRe. Bo-nepBhlX, He06XO.QHMO HC

Clle.QOB8Tb CTpyKTypy K -cepHH npH o6p830B8HHH M9308TOM8 B rpa~HTe H 

yrneBo.aopo.aax. EcnH .anSI aTHX BewecTB cTpyKTypa K -cepHH 6y .aeT paa-

HOI, Mbl IIOliY'IHM B9CKHI apryMeHT B IIOllb3Y K8CK8.QHOrO MeX8HH3M8 .ae

IIOliS1pH381{HH. C .apyrol CTOpOHb1 1 cne.ayeT H3Y'IHTb T9MIIepaTypHyiO 38BHCH-

MOCTb PI' B yrlleBO.UOpo.aax, T.K. e~ H8liH'IHe 6y .aeT CBH.Q9TellbCTBOB8Tb 

B IIOllb3Y MeX8HH3M8 napaM&rHHTHOI .aenOliS1pH38UHH. 

B 6onee o6weM cMNcne MexaHH3M napaMarHHTHol .aerronSipHaauHH 

MO.>K9T 6b1Tb H.QeHTH~HIIHpOB8H 1 9CliH B npe.anaraeMbiX HH.>Ke OCHOBHbiX 

onhiTax 6y.ayT nony'leHbl cne.ayiOwHe peaynbT&Thl. 

1. )lOli.>KH8 H86liiO.Q8TbCSI rrpeueCCHSI H8 '18CTOTe npeuecCHH CHCTeMhl 

MIOOH-alleKTpOH. 

2. )loli.>K8H H86liiO.Q8TbCSI pOCT B9liH'IHHbl pI' C YB9liR'I8HH9M Han-

pSI.>KeHHOCTH npO.UOllbHOrO M&rHHTHOrO IIOliS1 1 T.K. OHO p83phlB8eT CBSI3b 

Me.>K.ay CUHHOM MIOOH8 H M8rHHTHbiM MOMeHTOM :3li9XTpOHHOI o60liO'IKH 

Me308TOM8. 

3. B nonynpoBo.aHHxax aHaqeHHe PI' .aon.>KHO yMeHblll8TbCH c 

yMeHbW9HHeM TeMIIepaTyphl ( HliH IlliOTHOCTH CB060.QHbiX anexTpOHOB) 1 

T8Jt K8K IIpH HH3XHX T9MI19p8Typax M9308TOM MO.>K9T cyweCTBOB8Tb B 

COCTOSIHHH C onpe.aeneHHhlM BeJtTOpOM M&rHHTHoro MOMeHT8. 

4. HaMepSieMoe Ha qacTOTe rrpeueccHH cBo6o.aHoro Meaoua aHaqeHHe 

pi' .QOli.>KHO H3MeHSITbCSI B peayllbT8Te .ao68Bli9HHSI Jt B9W9CTBY MHWeHH 

C09.QHHeHHI, CIIOC06HhlX 8KTHBHO B31il1MO.Q9ICTBOB8Tb C M9308TOMOM 1 Me-

HSISI ero M8rHHTHble CBOICTB8. 

5. 3H8X: TeMIIepaTypHOI 38BHCHMOCTH pI' .QOli.>K9H onpe.aeliSITbCSI 

M8rHHTHhlMH CBOICTB8MH 06pa3yiOWerOCSI B cpe.ae M9308TOM8. 

EcnH Bblwerrepe'IHCneHHble aKcnepHMeHThl rro.aTBep.aHT H&liH'IHe HoBo-

ro M9X8HH3M8 .QeHOliS1pH38IIHH 1 Mbl IIOlly'IHM HOBble, yHHK8llbHb19 M9TO.Qbl 

HCCli8.QOB8HHI IIOBe.aeHHSI paanH"'HbiX TSI.>K9llbiX 8TOMOB B peanbHhlX cpe-

.aax HliH M9TO.Qbl HCCli9.QOB8HRSI napaMeTpOB 3THX cpe.a. 
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B 38Ilii0'19HHe 8BTOP 6naro.ll8pHT n.A.EmoweH<Pellb.ll8, B.H.1on&

.llaHCIOro, E.A • .[lonroweHHa, A.H. MyxHHa. IO.B.06yxosa, n.H.noHOMape

sa, S.M. TioHTeKOpBO, 1.CTaA.Hepa, B.1.<1>Hpcosa, B.Xbl03a aa noneaHhle 

.llHC KyCCHH. 
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