
A- YtJ- . 
ok 'bELl.HH EHHbl t:J 

( . HHCTHTYT 
.HLl.EPHbiX 

HCCnELJ.OBAHH~ 
-

LJ.y6H8. . 

' '3~'f1/£-~ 
. ' ~ 

PI 6020 ·. 

. ·'• 
A.A .,A)i(yp'aes, 8 .c. E scees, r .r. M.HCHmesa, 

• • • I ~ • • • • . 

. / 

.. ·, .. ·.w ..... , 
. >"· I 

• = ·'lilt.· ;;a·· 

! 
• • ... 
i • •• 
~ 

.. ... . ~ . . 
,.. .... 

10 .. 8. 0 6yxos, 8 :.c .. P oraHos 

. . 
,aEnOJIHPH3AI.U1H ·.· . 

O.TPHUATEJI bHbiX . .-MIOOH08, · 
' ~ ' 

,· . 

. .. 
... ',1'971 

. . .· . ·. ' .. ·. 

,· .... , 

•"'",. 

. ' '· 



. '{·.·: 

PI - 6020 · 

A .A.~)Kypaea, B.c. Eaceea, r .r. MHCJUI.\eBa, 
ID .B .. 06yxoa, B.C. Pora.HoB 

~ETIOJIHPU3AUJUI 

OTPUUATEJibHMX MIDOHOB 

B TBEP~MX BEmECTBAX 

HanpaBJtt'Ho B ~3T~ 

:··· 



. , 
. Tipn pacnaae nnoHOB oTpnuaTenbHbie MIOOHhi o6paayiOTCSI. nonHOCTbiO 

npOllOllbHO nonstpli:30B8HHbiMH B ITHOHHOH CliCTeMe ITOKOSio MIOOHHbl9 .ny'IKH OT 

ycKopnTeneii: 'IJaCTH'IJHO aenonstpnaoaaHbi n nx nonstpuaaunst paaHa ~ o;s. B 
/1/ 

npouecce aaMeaneHust B aemeCTBe aenongpnaaunst MIOOHOB HecymecTBeHHa 

nocne aaMeaneHnst n ocTaHOBKH cnnbHast aenongpnaaunst MIOOHOB nponcxoaHT 

npn o6pa30B8Hll:ll: M9308TOMOB H B KaCKBllHbiX nepexoaax MIOOHOB Ha K -o6o

nO'IKY aTnx MeaoaToMoB. .llenonstpnaaunst MIOOHOB B TaKiiX npoueccax Teope-
/2..;.5/ 

Tli:'IJ9CKH paCCMOTpeHa B pa6oTaX ang Slllep c HyneBhlM CUHHOM. Hann'IJHe 

y stapa cnnHa npli:BOllli:T K aononHHTenbHoii: aenonstpnaaunn na-aa caepxToH
/5 6/ 

KOI'O B38li:MOll9HCTBli:SI. 1 
• 

Tipn BTOMHOM 38XBaTe OTpliUaTenbHbiX MIOOHOB Me30aTOMbl o6pa3yiOTCSI 

B BOa6y)!{ll9HHbiX COCTOHHHSIX. CoaeplllliB 6onblll09 'lli:Cno KaCKallHbiX paana-
. ' 

unoHHbiX n 6eapaauaunoHHbiX riepexoaoa, MIOOHbi nonaaaiOT Ha K -o6ono'IJKY 

MeaoaToMa. .llenonstpnaaunst MeaoHOB o6ycnoaneHa cnnH-op6nTanbHbiM aaanMo-
, • .J u ~ , , )2 I . - . 

ll9HCTBll:eM II: npOHCXOllHT Ha T9X ypoBHSIX 1 Ha KOTOpb!X paCCTOSIHHe: M9)!{llY 

ypOBHSIMH f , ± l /2 TOHKOH CTpyKTypbi MHOI'O 6onblll9 lllll:pHHb{ ypoaHS:i. 8 

.nei'KHX MeaoaToMax MIOOHbi aenongpnayiOTCSI Ha HH)!{HHX ypoBHSIX ( "o ~ 5 ), 

rae npeo6naaaiOT paanaunoHHbie nepeXOllbi, a ypoBHH fo-t.l·/2 o6paayiOT 

H9KOI'epeHTHyiO CM9Cbo TionHpH38UHSI MIOOHOB Ha .9THX ypOBHSIX n 0 1 C KOTO-

3 
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" /5/ 
pb!X Ha_'l!HiaeTCSI· AeriOJIHp!I3a_UIISI B AaJiblleUUIIIX KaCKaAIIhiX rrepeXOAaX , · 3a-

BIICIIT OT e ' H COCJ:aBJIHeT OKOJlO 1 /3 OT nepBOIIa'lalibHOI'O .SJia'IeJIIISI 

/3-5/ . /5/ P0 • OcTaTo'lHaSJ rronHpn3aUIISJ B KOIIUe KaCKaaa . , rrpn6nn)KeiiiiO Aa-

eT~SI BbipmKeH!IeM:· 

. . -1 
P_(eo) =0,3(eo +3)(2 eo +lJ Pa 

II y6hmaeT C pOCTOM e AO rrpeAeJibiiOll B<Wil'lllllbl 0,156. llnS! CTaT!ICTil-

qecKoii 3aceneuuocTn noAypoaueii Eo ypOBHSI n0 OCTaTO'lllaSI riOJIS!pll-

38UIISI MIOOIIOB B OCIIOBJIOM COCTOHI!Illl MC30aTOM8 orrpeACJIS!eTCH Bb!pa)KCIIUCM: 

-1 
P(n

0 
)=0,15(5+n0 )(n 0 ) P0 • 

XapaK.Tep 3aceneii!IOCTII ypoBHSI n 0 3aancnT oT ua'lanbiiOii 3aceneiiiiOCTII · 

Bb!COKOB036y)KACIIIIbiX .ypOBIICll Me30aTOMa 1 C KOTOpbiX COBCpUiaiOTCSI KDCKaA-: 

Hbie nepeXOAhi B · n0 .. 
11ccneAOBaHIIe AeTaneii uau6onee pa1111eii. cTaA!lll l<acKaAa ( n "' 80-50 ·· 

B' o6naCTII op6!IT BaneHTHbiX aneKTpOHOB) O'lCIIb CJIO)KIIO II paCCMOTpCIIIIC Me:_ 

30aTOMa 1130JlllpOBaHHO OT COCeAIIIIX aTOMOB lie orrpaBAaHO. BIIeUII!Ile aneKT

pOHIIbJe · o6ono'lini cyUieCTBeHHO annnroT 11a rrpouecc 3axaaTa IL- -Me30HOB 

171 T . 
B XllMII'leCKIIX coeAIIHeiiiiS!X • eOpCTil'ICCK!le OUCIIKII 3accneH!IOCTil IIDIIBbiC- · 

UIIIX B036y)KACHIIbiX ypOBIIell M930a TOMa II KaCKaAIIbiX. rrepeXOAOB Me)KAY HIIMII 

oTcyTcTayroT .. KacKaAHhie nepexoAhi TeopeTII'leCKil IICCneAoaaHhi aaqnaan c 

n =14,_ KOI'Aa Me3oaTOMHbie op6nThi ·uaxoAHTCSI B o6naCTII op6nT · K -aneKT-
18-101 . . /8/ " 

pOHOB aTOMa • 0AHaKO paC'leTbl AOBOJlbHO ripll6Jlii)K911Hhi 1 -Bhl'liiCJie-

. /4/ /11 I /91 
HilS! 3aceneuuocTn ypoaueii B ueTO'lHhi , 6once noJIHhie oue!IKII oT-

- . - /10/ 
!IOCSITCSI K K -Me3oaToMaM, a Bhi'l!ICnellnSJ ·cAenaHhi 'l11cne11110 .Jllllllb 

AJlSI HeKOTOpblX TSJ)I{9Jlh!X Me30aTOMOB. 

·nnSI .06'bSICII9111lSI Ha6JIIOAaeMOI'O Bb!XOAa X -nyqefi 113 M930aTOMOB. B 

/12 13/ 
pa6oTaX I llCriOJlb30Ba!Ihl pa3Jlll'lllhle ·aa'laJlb!Ibie aaceneHHOCTII no e 

4 

,· 

.. c 

11a ypoa!le n =14 rrp11 pa9 

( .,(2e +l)~xpaE;a;:O,l) nyq 

. /1~ 
no nei'KilM M930aTOMaM 

/14/ 
- no cpeAIIIIM • 3KCIT9): 

ll8'l8Jlb!Ib!M CT8TIICT!l'l9CKHI 

.BaHIIb!MII . 060JIO'lK8Mil BO B 

K8JlbUIISI He06XOAIIMO B cpE 

JlO'lK9 aTOMS BO BpeMSI Kal 

n 0. Mepe pa3BIITIIH Ki 

ao3pacTaeT aaceneiiiiOCTb 

A9111l9 M930aTOMa rrpOIICXO, 

po11oa, a !III)Ke rrpeo6naAai< 

· aax ncrrycKaHIIe Q)Ke-aneK 

'laCTII'lHOii 11nn nonuoii noH 

o6ono'leK aneKTpouaMII npc 

aneKTpoHa, TO TeMrr O~e

MO)KeT·npnaecTn K o6pa3o 

38MeAJI9!11110 CKOpOCTII ero 

paAII8UilOHIIb!X rrepeXOAOB.· 

HeTCSI 'c 6onee Bb!COKOI'O .; 

K .:.o6ono'lKe Me3oaToMa 

' 
XOAOB B 10 pa3 B6Jl!I3ll n 

llnn Me3oaTOMa B-OC 

ripOAOJI)K8TbCSI 113-38 B3alll 
. /3/ . . 

. o6onO'lKII MC308TOMa •• 

113-38 T8KOI'O B38UMOA9llC' 

HaXOAIITC~ HecrrapeHH?Iif 'a; 

napaMarnnTHaSJ Aenonnpll3i 

OKpy)KaiOIUIIMII aToMaMII1 • o 

aneKTpOHHOll o6onO'lKII II ( 



. . /5/ . 
ICKaAHhiX nepexonax sa-

30Haqa1IbHOrO Sllll'IOIIIHI 
/5/ 

:Kana . , npu5nu>KeHHo na-

flllbl 0,156. nm1 CTaTUCTII-

~0 ocraroqHaSJ nonSipu-

1. onpenenSJeTcSJ· Bbrpa>KeHHeM: 

aaqanbHoii saceneaHocrn 

'OpblX COBCpll!aiOTCSI KllCKaA-: 

·anuu · KacKana ( n "' · 30-50 

cno>KHO. u .paccMorpcnue Me

lpaanaao. BHelllnue aneKT- · 

cc 3axBara. p. -Mesoaoa 

)UCl!Kll saccneHHOCTII HllllBbiC- · 

lHhiX · nepexonoa Me>Kny HRMII 

~ nccnenoaaHhi aaquaaSJ c 
• • • I 

a o6nacru op611T · K -aneKT

IIO :npn5nH>KeHHhr, .abrqllcne-
. . /9/ 

onee · nOJlHbie OU9HKII OT-
/ 

· ·cnenaahr qucneaao . nHlllb 

-~yqefi US MC30aTOMOB.B 

IbHhie saceneHHOCTII no f 

. i 
'· j 

l 
! 

L 
' 

I 
o'. l 
... J 

I 
l 
l 

. J 

/8/ 
aa ypoaae n =14 np11 pacqerax KacKaAHhiX nepexonoa Pacnpenenenue 

( .,(2£ +l)expaf,·a::O,l) nyqll!e COOTBeTCTBOBano 9KCnepiiMei!TaJ1bllbiM naHHbiM 
. /13 14/ .· 

no nerKuM MeaoaToMaM ' , a crarncrn:qecKoe pacnpenenenne ( .. (2f +1))-
1141 . 

- no cpenHHM • 3KcnepllM9HT111Ibllb19 ~aKTbl TaK>Ke XOpOll!O OnHCbJBaiOTCSI 

HaqaJ1hHbiM CTaTUCTJiqecKHM pacnpeneneHn:eM no e , 110 C CllJlhHO HOHHSo
/15/ 

.BaHHbiMll OOOJlOqKaMH BO apeMSI Me3bHHOrO KaCKana , Hanpn:Mep, AJlSI 

KanbUIISJ aeo5xonnMo a cpenHeM ronhKO no nna aneKTpona ·a K n L o5o-

noqKe llTOMa BO apeMSI KaCKana, a AJlSI MarHRSI - no OAHOMY• 

no Mepe pasanTHSJ KacKana saceneaaocTh ornuqaeTCSJ or aaqanbHOH 11 
/12/ 

aospacraer saceneHHOCTh MeHhll!IIX f • Bblll!e yponHSJ n 0 .i:teaos5y>K-: 

A9HIIe MeSOaTOMa npOIICXOAIIT, B OCHOBHOM, 3a cqeT IICnycKaHIISI 0>Ke-aneKT

pOHOB, a HH>Ke npeo5nanaiOT panllaUIIOHHhre rrepexonhr. B neKoTOpbrX aell!ecr

aax 11cnycKaH11e O>Ke-aneKTpoaoa Ha BbiCOKIIX ypoBHSJX Mo>Ker npllaecTII K · 
· • . . /8,15/ E 

qacrnqaoii 11n11 nonaou IIOI!II3aUIIII aroMa • cm1 sanonHeHne aroMHbiX 

o5onoqeK aneKrpoHaMn npoiiCXOAIIT 6hrcrpee cnenyiOll!ero ncnycKaHnSJ O>Ke

aneKTpoaa, ro TeMn O>Ke-nepexonoa ne CHII>Kaerc·SJ. MennenHoe sanonHeHIIe 

MO>KeT I1piiB9CTII K o6pasonaHIIIO MeSOIIOHa B BOSOy>KA9HHOM COCTOS!Hilll,. K 

saMenneHIIIO cKopocTII ero nenos6y>i<neHIISJ sa cqer yMeHhll!eHUSJ re~ma· 5ea

panllaUIIOHHhiX nepexonoa. 3ro paanociWhHO ror-.1y, qro nenonSip113llUIISJ 11aq-

neTCSJ c 6onee BbiCOKoro ypoBHSJ n •> n 0 , 11 ocraroqaaSJ nonHpnsaunH Ha 

K -ooonoqKe MesoaToMa yMeHhlllaercSJ. YMeHbllleHue CKopocrn. O>Ke-·riepe-

xonoa a 10 pas a6n11sn n 0 yaenuquaaer n0 1111 OAHY-nne · 9AIIIIIIUblo 

nnSI MeSOaTOMil B. OCHOBIIOM COCTOSIHUII nerronS!pllSilUIISI :\11001111 l\IO>KeT 

I1pOAOJ1>KaThCSI IIS-3a BSaUMOA9HCTBHSI C t-.tarHIITIIbl!\l M0!\1911TO!\I 9Jl9KTpOHHOii 
. /3/ ' . 

. o6onoqKn: MesoaToMa. XapaKrepnoe apeMSJ penaKcaunn l\lh'OHHoro emma 

IIS-3a TaKoro BSaUMOA9HCTBIISI SaBHCliT OT TOro, !Ill KllKOii llTO!\!IIOii OpOUTe 
. . . . -11 -13 

aaxoniiTCSI necnapeHHhrii aneKrpon (10 - 2.10 ceK nnn yrnepona). 3ra 

napaMarHIITHaSI nenonS!piiSaUIISI M9S0£1TOM£1 S!llii!CUT 0! B31lll!\10AeflCTBII S1 C 

OKpy>KaiOlllHMH llTOMaMH,. OT BOSMO>KIIOCTU KO!\liiOIICllUIIII 1\lLlrllllTIIOrO !\IOM911Ta 
. . ' /16 17/ 

aneKrpoaaoii o6onoqKn: n: o5pasoaaHIISI n11ar-.mrnurnoro coenuneHIISI ' • 

5 



. ' 

B npouecce neiiTpami:3aunn TaK*e ·MoryT o6pa3c>BhiBaTbCSI aneKTpOI!llhio· KOM~ 

6nHaUHll B -~·es·b~oHe,~ npHBOJlSIIUHe .K npeMOHIIOMY no5mno.HH!O riarHIITHOI'O MO-

Mef!T~. y aneKTpou'uoli o6onO'IKII 0 T.e.- K )lOnOniiHTOJibHOli .AenomipH3aUHll 'M!OOHa 

ecnn CKOpOCTb KaCKaJi'HhiX nopeXOJlOB yMel!LlllOOTCSI (AO. 

n yrnepoJle) ua uekoTophiX aTanax H3..:.sa C!IH)KOHHSI cKo-. 

· • · ~ ~o BpeMH KacKaJla, 

lo
ll 5.1012' ·. -1 

. - • ceK 

pocTH 6ei3pannarinoHHhiX nepexoJlon. 

.llnK MIOoHa aa K -o6orrotJKe Mo3oaToMa KynouoncKoe none sApa nnns-
. . /18/ . 

eT ua cneKTP aneKTpouon pacnaAa n nx yrnonoe pacnpeJleneune ' yMeHb-. 

!llas acnMMeTpHIO n .aToM pacnperieneHnn. OJiaaKo 9TOT a¢¢eKT · cy!llecTnyoT 

nlllll~· .Jln~ Me3oaTO~O~ C 6~nbllll!M Z o .llns Z ';, 10 yMeHblllOHHO. OCTOTO'I;,. . -·~ . 
uorr nonspn3aunn Mel!bllle 10 oT nepnouatJanbHoro sHatJeHl!H. KynoRoncK.?e 

. none coceJlllllX ·Sinep MO)KeT ynem-r'll!Tb Aenonspn3aUHIO sa cqeT ·MexaHII3Ma · 
. . /19/ . . . ~. 

. KynoaoncKoro pac!llenneHIISI MesoaToMa n. MIOOIIHor.o KacKaJla np11 non-

·: ... .. 
.;; 

TOpHoM o6pa3onaunil Mo3oaToMon. 0AHaKo TaKoli Moxaiiii3M. Tpe6yeT 6onb

lllii.X CKOpOCTeli JlBI'DI<OIIIIH IIO'IanLIIOI'O Me308TOMa·, T.e.· o6pa30BaHIISI ero ": 
1 ·~ - ":'1: 

MIOO!lOM IIaneTy 
0 

II nepOHTHOCTb 9TOI'O npouecca He MO)KeT 6b!Tb 3Ha'li!Tenb..;. 

noil~ 

B aeKOTOpbiX no!llOCTnax no3MO)KHO yMeHb!lleane )lenonspll3aUIIII 113-sa : 
. . /20/ ' . . ' ' ' 

9!\J!\JeKTa liJTapKa ( CMO!lli!Balii!H. ypOBHOii f ') ll 3aXBOTB '18CTII M!OOHOB 
. ', . . . /21 22/' 

Ha · 06!lllle Me30MOneKyngpHh!O op611Tan11 XIIMl!'IOCKIIX COO/lllf!Oflllll 
0 

• ( Mb-

Jlenb 6onblllHX Me3oMonm{yn). CMellll!BaHHO yponueli HrpaeT cy!lleCTnennyro 
/20/ . 

Ann Me3oaTOMHhiX npoueccon n no/lOpOilO 11 renHII • B 6onee TH*e-ponb 
·, 

nbiX 'M030aTOMaX OHO MO)KOT HBHTbCH cne/lCTBIIOM HOHII3aUHII aTOMOB B npo

uecce o6pa30B8HllSI Me30aTOMOB llnll cne)lCTBIIOM CMOluOHliH· M0308TOMO H3 

. y3na KpHCTannntJeCKOii pe!lleTKll B aneKTpH'IeCKOe none OKpy)Ka!OlllHX aTO!I._IO~ •. · ~;,;; 
CKopocTb nepeXOJlOB saniiCl!T oT coy/lapeHI!ii c· coce/lHHMII aToMaMH n cy!llec:r.:. 

neuna B o6naCTl! 'nhiCOKHX n •. BbipaBHllB~Hi!e pacnpe/leJieHl!H no r 
lllOeT /lOnonHpii30UIIl0 0 nOCKOnLKY OHa ynenH'IHBaeTC£1 C pOCTOM f 

yMeHb-. •. 

nns 

Miobnon, saxnatJel!HhiX ua o6!lleMoneKynspHbJO ·yponHH, nenonspH3!)UHH /lOn*na ·· 

6b!Tb Mana, nOCKOnbKY ll3-3a CHHTllH :3£mpeTOB no /). f OCHOBHYIO ponb l!I';,. ·., .• 

'6 

, .. 

pa!OT paJlHOUll.OHHhiO nepeX· 

'll!CnO KLlCKa/lllbiX CTyneHei 

Jlenonspnsauns rins 6onb!lll 
' ' . . 

Jle. 0AHaKo B ne!lleCTnax, : 

HhiX ypOBHeii C~nbHO Cy)Ke, 

yponnn, 11 'aTnM · a¢¢eKToM: 
' ' ,., 

TeopeTH'Iec!{a'g KaCKt 
/2-5/ ' 

TO'IHO XOpOlllO:. JlnSI. HE 

Hoii. o6onotJKll OTC~TCTnyeT 

Helme naK~llCHii, · o6pa3osaJ 

OTCyl'CTnyeT KOliU'IeCTBe!lH 

na aTy Jlen?nSipH3a~IIIO: ~a 

_soMoneKynSipHhie YP?BHH, E 

Me3oaToMa ·npn Jleno36Y*Il• 

TOMS. ll OKpy)l{aJOIUHX a TOM< 

KpHCTann~tJeCKOii peuieT~ll, 

. . TeopeTH'IeCKHe· ll 9KCnepHM 

nSIIOT l!CnOnb30BaTb Me30a1 
' ' 

COB, npOHCXO/lSIIUHX B peam 

.llenongp'u3aUHH. OTpHU 

,.. BhiM SIJlepHbiM CnH!lOM. 9KCn ,, . ' . 
.~ .B 6onblllHHCTBe pa6oT ncnc 

HHTHOM none ll OCTaTO'IH8SI 

w ·en nita 'cno6oJlaoro MIC 
' '. . ' ' /1/ 

H3 COOTHOlllOHllH . • p -= 3 a0 

3Ha'leHHe K09!\JcpiiUHOHTa .-E!CI 

pacna/la JlnH nynenoro aneJ 

3KCnefmMOHTanLHbiO 3Ha'Iel 
... 

, Jlallhl n Ta6nnue 1. Oun , np1 

'ITOOJ,J. · 113UO)KaTb Heonpe/len 

'< 

' .. '-. ,· 



,'•• 

·', 

•BbiB8TbC£1 ,9neKTpO!lllblO' KOM~ 

· nognnomuo MarnuTnoro. Mo

renLnoil: Aenoi:uqmaaUJm ·Mm~na 

3~~x·oAo~'y~onLmaeTCSI (A·o · 
,' ·,I 

ITanax na..;aa ClllllKORli£1 cKo-. 

ynouoncKoo none SIApa nnli£1-. 
1181 .. 

l pacnpeAeneHliO · , yMellb-. 

:o sToT s<P<PeKT · cymecTnyoT 

~ ';.JO· yMeHblliOIIllO OCT8TO'I

tOI'O .3ua'leJIJiSI. KynononcK.oe . - . . . 
raaUll!O aa ctt~T 'MeXallli3Ma · . ' 

JOOIIHOI'O K8CK8A8 ITpll non

a MOX81IU3M .. Tpe6yeT 6onh-

a·, T~e; o6paaonaHli£1 oro· ; 

l He MOlKeT. 6biTb 3118'1liTenh..;. 

meulie A~HioiH!pll3~U~ll li?-38 <, 
11 

11 3a.xnaTa 'laCTli MJOO~IO~ . 
. 121,221(,, 

~KllX COOAlliiOIIllH · Mo-

BJieil: urpaeT cymecTneiiHYJO 
. . . 1201 ' 

1i' rcnlill ' • B 6onee TS~lKe-

GM llOfill38.Ullll aTOMOB B npo-

-!. 
·1· 
.J 

' "\ .... 

- ···II 
·:· : . ~,, 

. c 

( '·· 

M ?MeiueHHH Me30aTOMO 113 . · .... 

)e none' OKpy:m:aJOWHX aTO":iO~, . 
'- :":; ~· 

,acnpeAenelili£1 no 

:leTCil C poCTOM 

pOBHll, AenonSipli3~UllSI A<J.~lKJia ·· 

no !J.{ ' OCHOBHyro ponh HI',;.. . ' ~- ' 

·· .. , 

,._. .. . ' . ~ 
' . 

122/ pa!OT paAliaUliOiilibie nepeXOAbl Cpaay Ha OCROBHOH yponeHb Me30aTOMa H 

'lliCno K8CKaAHbiX CTyiieHeil: pe3KO COKpamaeTCSI, a IlpH rrepeXOAaX C /). £ •> J 
. /3/ 

AOITOnSipH38UHSI AnSI 6onbllillX £ TaKaSI )KO 1 KBK Ilpli AllilOnbHOM Ilepexo-' 
•· '·' 

A e. 0AHaKo n nemecTnax, . ne coAeplKalliHX BOAOPOA, o6naCTb o6meMoneKynHp-
- /21 I . 

HbiX ypOBHOH ClinbHO cy:m:eua ' 1 Mana AOnH MJOOHOB 1 3aXB8'10HllbiX Ha 9TH 

~ponnli, 11 9TliM s<P<PeKTOM n Aanhueil:meM rrpene6peraeTcSI • 

TeopeTli'leCKaSI KacKaAHaSI Ae~onSipli3aUliSI MIOouon. paccMoTpena AOCTa-
/2-51 

TO'IHO xopomo AnH neKoToporo HAeanbuoro cny'laSI, KOI'Aa y ::meKTpou-

uoil: o6ono'!Kli oTcyTcTnyeT Mai'HliTHbi~ MoMenT 11 6hiCTpo rrpo11cxonnT aarron

neuue naKaHCHil:, o6paao8anuhiX·· Ha-aa HcnycKaHliSI O:m:e-aneKTponon, OnnaKo 

.OTCyTCTByeT Koim'leCTBeHHOe paCCMOTpeune B03Aeil:CTBHSI OKpylKa!Ol!lOH cpeAbi 

na sTy nerron.Hpuaa~H!O: saxnaTa na BbiCOKone}J:amlie MeaoaTOMHhie HnH Me-

. aoMoneKynHpHbiO yponnu, nnHSIHHSI rrapaMarneTli3Ma sneKTponnoii: o6ono'IKH 
. ; . . ' ... 

Me30aTOMa .IlpH AeB036y:m:neHliH ll B OCHOBHOM COCTOSIHllll; HOHli38UHH Me30a- . 

, .TOMa ll . OKpy:m:arol!lHX aTOMOB, BnHSIHliSI nepeXOAOB ,illTapKa H B03Myl!leHHil: 

KpliCTannH'IOCKOil: pemeTKll1 XHMH'IeCKllX peaKUHil: <:; Me308TOMOM, ,UeTanbHbie 

• · TeopeTH'IeCKHe 11 9KcrrepliMOHTanbHbie: nccneAonanHst s THX s<P<PeKTOB rro~a:o.:. 

nSiroT HCIIOnb30B8Tb Me30aTOMbl AnSI H3y'leHHSI pa3nli'lllbiX KB8HTOBbiX Ilpouec

COB1 IlpOliCX()ASilllllX B peanbHbiX Cpenax, · 

.UerrongpnaauuS!. oTpuuaTenbHbiX Mroonon n paanli'IHbiX nemecTnax c nyne- · 

/23-351 . . ,~ BbiM ~AOpllbiM CIIHHOM 9KCIIOpHMeHTanbHO HCCneAoBanaCb B pa6oTaX . _ . • 

.B. 6onbliiHHCTBe pa6oT HCIIOnb30BancSI MeTOA npeUeCCHH CilHHa MJOOHa B Mar":" 

HHTHOM rrone H OCTaTO'IHaSI IlOnSipli38UHSI H3MepSinaCb Ha '18CTOTe IIpeUOCCHII . 

w crrnna ;.cno6oAnoro Mrooua, OcTaTo'IHaSI nongpnaauHSI P 
' Ill -l 

orrpeAenSieTcu 

H3 COOTHOliieHHSI . p = .3 a 0 p O ' rAe 

n yrnonoM pacnpeAeneun~ aneKTponon· 

· pacrraAa AnSI J!ynenbro anepreTH'IeCKoro rropora perlicTpaunn aneKTponon~. 

3KCITefHIMOllT8nbHb!O 3ll8'1eHHH ~oa<iJ<iJHUHOHT~~ aCHMMeTpHH H3 p·a6o/24- 351· ;. 

. , AaHhl n Ta6nnue l, Oun npHBeA.eHhi no ·oTuomenliro K ana'IOHHID n rpa<PnTe, 

'ITOOJ,J_ ·n36mK.aTb ueonpeAeneuuocTH, cnHaauHoil: c paanoil. rronSipna·almeil: ny'IKOB · 
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il '~ 

H8 pa3l1H'IHblX YCKOpHTel1SIX1 KOTOpaS! He BCerna H3BeCTHa TO'IH0 1 a T8K>Ke 

HOTO'Il!OCTeil: H3-38 npuneneHIISI KOs<jlgmrmeHT8 8CIIM!VIeTpiiii K HyneBOMY nopo':"' 

ry, 
. /24-35/ 

3KcnepiiMeHT8llbllblO pe3yl1bT8Tbl MO>KHO Kp8TKO CyMMIIpOB8Tb 

/25-27 I 
cneAYIOIIliiM o5paaoM, B }KIIAKIIX raaax · rennii, KIICnopone, aproHe 

OCT8TO'IH8SI nongp1I38UIISI. 5l11I3K8 K Hyl1I01 T8K >Ke K8K 1i B napaMai'HiiTIIblX 

. /28/ 
MeTannax · , xpoMe, MOl11I5neHe, nannaniiii, nonb<jlpaMe. B yrnenonopoAHbiX 

/28 34/ /28,34/ 
COeAIIHeHIISIX 1 II B BOlle OHa COCTaBllS!eT OKOllO 0,5 OCTaTO'IHOil: 

TIOl1S!pii38UIIII B rpa<jluTe; B MeTannax, nonynpOBOAHIIK8X II AIISlleKTpiiKaX .. 

/28 28-33 35/ . . 
1 1 · 60llblll0 0,5, 110 MOHbllle 1 1 XOTSI pa35poc II3MepeHHblX Bel11i'IIIH 

necbMa 3Ha'luTenen. TonbKO. naHHhie no MeTannaM II nonynpononHIIKaM 5nH3-

KII K npeAellbHbiM 3Ha'I9HIISIM1 O>KHAaeMbiM II3 pacqeTOB no KaCKaAHOH MOAe

lllio .Ka'leCTBelHIO nyneBaSI OCT8TO'IHaSI nOllS!p!i38UIISI B I'838X o5'bSICHSIOTCSI 

/17/ u 

rrap_aM8I'HeTH3MOM M030aTOMOB 1 a 3Ha'leHIISI OCT8TO'IHOII nOllS!pli38Uiili B 

BOAC II yrneBOAOPOAHhlX COeAHHOIIIISIX BpS!A llii MOI'YT 5biTb nOHSITHbl 5e3 

yqeTa BlliiS!lliiH cocenimx'· aTOMOB B npouecce nenoa5y>KneHIIH MeaoaTOMOB IIllli 

IIX B381iMOAeil:CTBiiH C OKpy>KaiOIIleil: cpenoil:, 

B HaCTOHmeil: pa5oTe npiiBeneHhi peaynbTaThi H3MepeHIIH ocTaTO'IHOil: 

nOllS!pH~aUIIII MIOOIIOB B TBOpAblX Tenax: MeTannax, AIISlleKTpiiKaX II 1i30l1SITO

pax C UellbiO cpaBHeHIISI C TeOpiieil: K8CK8AHOi1: nenOllS!pii3aUIIII II BbiSICHOHIISI 

BlliiSIHIISI 9l10KTpOHHblX o60llO'IeK, l13MepeHa T8K>Ke nenollS!pii3aUIISI B KIICl19-

pOAHblX COeAHIIOHIIS!X llllSI OUeHKII CBSI31I C COCOAIIHMII 8TOM8MII Ha OCT8TO'I-

IIYIO nOllS!p!i38UHIO B Me308TOMO KHCl10pOA8o 

AnnapaTypa AllSI onpenenellliSI OCT8TO'IIIOH nonSipH3aUIIII MIOOHOB oniiC8-

/23/ • 
11a paHee , HaMepelluH BhmonneHhi na cenapiipOBaHHOM ny'IKe oTpuuaTenb-

-1 . 
HblX MIOOIIOB C HMnyllbCOM 150 Msn/c II3 Me30HHOI'O KaHana CIIHXpOUHKllQ-

TpOIIa OlUU! c npHMeCbiO nuoHHhiX OCTaHOBOK Mel!ee 0,002, l1cnollb30BallCSI 

paCTSIIIYThiil: no npe~teHH ny'IOK, numemu.Iil: npeMeHuoil: CTPYKTYPhi, c rronHpli

aauHeii 0,75:t_0,004, 

8 

•·: 

~;·l: 

J1M'"yllbCbj OT OCT8HOBI 

u oT sneKTpOHOB pacnana (, 

60TOi1: KOHn'epTopa, KOTOp~Iil: 

· STIIMH ABYMSI HMny llbC8Mll B 

''uuu 100-KaHanbHhiM aHanu3<: 

.. nafl" cucTeMa 5noK~ponana 
•nyllbC8 OT .• OCT8HOBOK MIOOHC 

HynH npeMemi u na 8. M'itc~~ 

sneKTponoB pacnana Bhi5upa 
.. ., -2 ·. . .· . 

r/CM llOMOIIl8llliCb B M8I'H 

.KaqecTne KIICnoponoconep>Ka 

.C 8TOMB,Mll llllll HMeiOIIlliMU' J 

CHTOllbllO KHCllOpOAa,· BpeMSI 

--BKnana 'oT STHX aTOMOB B. II 

.. II3·Kncnopona, 

•. 

,06pa60TKa cneKTpOB B 

nunacb Ha 38M MOTOAOM Hi 

MHIIleHeil: HCITOllb30BallOCb Bl 

H(t} =H0 [ 1 + acos(wt +c 

+'H ' [ l +0,017 cos( G 
. c . 

rne H (t } . - 'lucno oTc'JeToJ 

r - BpeMH :lKH3HH MIOOHa 

. aneKTpOHOB pacnana; . 8 

'CKOA aanep:lKKOil: CXeM H rec 

· BO BpeMe.HH; l<l - 1JaCTOTa 



H3BeCTHa TO'IH01 ·a TaK)I{e 

'HMIIileTpHH. K HyneBOMY nopo:-

10)1{H0 KpaTKO cyMMllpOBaTh 

enuu, Kucnopone, aproHe 

~ KaK H: B napaMai"HUTHLIX 

~<jlpaMe. B yrneaonoponnLIX 

BnsteT OKOno 0,5 OCTaTO'IHOfi 

>nHuKax u nuaneKTpnKax 

pas6poc usMepeUHbiX aenn'IHH 

IM. u nonynpoaonuuKaM 6nus

lC'leTOB no KacKanuoil Mone-

tliH a rasax o6bstCHHeTCH 

OCT8TO'IH0ll nonstpU3aUllll B 

1oryT 6LITh noHHTHhl 6es 

B030y)l{neHUH Me308 TOMOB Unll 

rw H3MepeHUH OCTaTO'IHOll 

lX, nuaneKTpHKaX u usonstTo

eiwnstpusauuu u BhlfiCHeHnH 

Ke nenonstpH38UHH B KHCn9-

HHMH 8TOM8MH Ha OCT8TO'l-

nonstpusauuu MIOOHoa· onuca-

upoaaHHOM nYtiKe oTpuuaTenh-_ 

30HHOI"O KaHana CHliXpOUHKno

~euee 0,002. 11cnonhsoaancst 

leHHOll CTpyKTypb1 1 C nonHpH-

I 
I 

.I 

r 

' r 
I 
L 
I 

l 
-I 
.I 
i 
I 

, 
I 

'~ ·.::. 

!1MnynbCbi OT OCT8HOBOK MIOOHOB (oT TpeX C'leT'IHKOB B COBnaneHHH) 

u OT aneKTpoHoa'pacnana (oT Tpex Ctie~tiHKOB a coananeHnn) ynpaanstnn pa-

6oToil KoHaepTopa, KOTOpbiil npeo6pasoaLJaan apeMeHHoii: uuTepaan Me)l{ny· 

. 9THMH nayMst uMrrynhcaMu a curuan nepeMeuHoil aMnnnTyni.J nnst perucTpa

unu 100-KaHanbllbiM auanu3aTopoM c inil:pnuoil Kauana 18;-74 uceK. "Oxpau- · 

Hast" cucTeMa 6noKnpoaana axon auannsaTopa npu nostaneHnn aroporo HM

,nynhca or,. ocTaHOBOK MIOOHOB nnu oT aneKTpOHOB a HHTepaan 12 MKCeK "no" 

Hynst apeMeHn n Ha 8 MKCeK "nocne". 11HTepaan ·apeMeHn perncrpaunn 

aneKTpoHoB pacnana Bbi6upancst oT 2 no B MKCeK. MnmeHn TonmnHoii 4-5 
-2 ' .· 

r/cM noMemannch a MarHnTHOe none Hanpst)l{eHHOCTbiO 50-400 apcren. B 

.Katiecrae Kncnoponoconep)l{aiiiHX aemecra BLJ6npanncb coennHeHnst Kncnopona 

. C aTOMaMH nnu HMeiOIIIHMH HeRyneaoii: stnepllblll cnnH, nnn KOpOTKOe 1 OTHO-

CUTenbRO KHcnopona, apeMH )l{ll3HH MIOOHOB a arnx aToMax, 'ITOObl ns6e)l{aTb 

--BKnana OT 9THX aTOMOB B Ha6niOnaeMYIO aCHMMeTpH!O aneKTpOHOB pacnana 

.. us Kncnopona. 

,06pa6oTKa cneKTpoa apeMeHn nostaneHnst anekTpoHoa ·pacnana npousao-· · . 

nnnacb Ha 3BM MeTonoM uanMeHbiiiHX KBanpaTOB. nnst onHOKOMITOHeRTHLIX 

MHIIIeReii ·ncnonbsoaanocb Bblpa)l{eHne: 

. I 
N(t) =N

0 
[ l + acos(wt +8) ]exp(-tr- ) + 

rne N(t ).- 'incno oTC'ieToa a KaHane aHannsaropa a MoMeHT apeMeHn t 

T - apeMst )I{H3HH MIOOHa B MHIIIeHH; a - Koa<jJ<jluuneuT aCHMMeTpnn 

aneKTpouoa. pacnana; : 8 - Ha'ianhuast 4lasa, o6yc;.waneHHast pannoTeXHH'l:e-

. CKOii: sanep)I{Koii· cxeM. n reoMeTpueii: ycTaHOBKH; C- <jl~u, nocTOHHHLJil: 

· ao apeMeun; w - 'l:aCTOTa npeueccnu cnuua MIOoua a MarunruoM none; 

9 



Ji 

Ji 

il 
II 
I! 

\1·. 
·I 

I 
~~~ 
:: 
;, 

~I 
II 
II ,, 
'I 
:1 
II 
I 

ljl 
II 

I· 
I· 

N c 1 r c - cooTneTCTnyromne nenn'IHHhi nnH yrneponuoro ciJoua na cuuuTnn
-1 

nHunoHHhiX cqeT'IHKon, nenn'lnHa KOToporo N c No ue npenocxonnna 0,05. 
/34/ 

3ua'leime a =0,017 6bmo onpeneneuo pauee • Dpn o6pa6oTKe napbnpona-

nucb nenu'IHHbi N0 1r, a 181 Nc 1 C . 

DnH KncnopOAHbiX coennuounfi KosciJciJnuneuT acnMMOTpnn · naMepHnCH n · 

incnopone. Dpn o6pa6oTKe BMOCTO N c 1 rc n KosclJciJnuneuTa 0,017 _napb-

nponanncb benu'IHllhl N1 r 1 a nnH Kncnopona, y'IHThiBancH nKnan iosciJclJn-

UlieUTa aCHMMOTplill OT CUlillTH,nnHUHOIIIIbiX C'leT'IliKOB 1 XOTH OI"O nenH'IHHa 

6bma B llOCKOnbKO pa3 MOllblllO COOTBeTCTBY!OlllliX OlllH60K aCHMMOTplili B 

Kncnopone n_nn, no Kpafiuefi Mepe, cpanunMa c HHMH, KaK n cnyqao CaO 

n CuO 

PeaynbTaThi l!3MoponnH KosciJclJnuuouTa acnMMOTpnn nnH 15 TnepAbiX ne

mecTn npunoJiellhi n Ta6n. 2. DnH onuoKOMrroneHTHbiX Mnmeuefi nennqnua ciJoua 

cocTanmma IrecKonbKO ·npoueuTon ( C N~ 1 
=0,03-0,08), a nnH Kncnopon-

llbiX COO!tliHOHHH B Xy!tlllOM cnyqae ( Cu0 ) MOHblllO 0,2 OT 'IUCna sneKTpO-
'• . 

non na KncnopoJla ( C N
0
- 1 =0,08-0,2). '4ncno aaperncrpnponaHHhiX sneKTpo-

llOB JlnH pa3UhiX Mnmel!efi liaMeHHnocb oT 5,10
4 

(JlnH PbS ) no 3.1o
6

.(nnH 

. Si ) • nonpaBKli n aCHMMOTpli!O Ha pa3Hbl0 TOnllll!Hbl MIIIllOHOH HO npe~oc
XOJlHnn HOCKOnbKIIX llpOUOHTOB, B Ta6n, 2 rrpi!DO!tOHbl TaKJKe 3Ha'IOHII51 K08clJ

ciJnUHOHTa aCI!MMOTplill 1 OTilOCOHllbiO K 3Ha'lelll!!O KOsciJciJIIUHOHTa B I"paclJHTO, 

l13 Ta6n, 2 · BIIJlHO, 'ITO Han6onblllee 3Ha'IOHHe OCTaTO'IIlOH rronHpH3aUllli 

li3Mepeuo B rpaciJnTe ( a6conJOTI!OO 3Ha'IOiino p =0, Ul4;!:_0,011). nenon5Ipll-

3aUJI.II no ncex Jlpyrnx naMepeuHhiX nemecTnax 6onbme, 'IOM n rpaciJnTe. 

BonblllaH OCTaTO'IHaH nonHpH3aUH.II n MOTannax Mo:>KOT 6biTb o6'hHCHOHa 6onb

IllOH CKOpOCTb!O o6MOHHOI"O B3aHMOJlOHCTBH.II nanOHTHOI"O sneKTpOHa M030aTOMa 

c an·eKTpouaMH nponoAJIMOCTH. BaneHTHhifi sneKTpou ue cymecTnyeT n cocToH

HIIH. C OllpOAOnOHllbiM HarrpanneHHOM CIIHHa ll M030aTOM 1!0 HMOOT Mai"HliTHOI"O 

MoMenTa, B npoTunuoM cnyqae 11a qacToTe npeuoccun cno6onuoro crruua 

MJOOila nonJKHa 6hiTb 3aperncTpnponalla uyneBa.II ocTaTO'IIla.II nonHpn3aUII.II. 

10 
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B TnTaue H3Mepeua f 

TuTaH OTHOCIITCSI K ~pynne 

H nonbclJpaM, nnH K·oTopwi: 

pl!3aUH51, 3TO o6'bHCHstnOCb 

l13MOpOHHa.II 6onbllla5I 8CHM 

CTByeT 0 TOM,- 'ITO y M03C 

liMOOTC.II, 

DnH BhiHCHOHIIH ponH 

nponOJlHMOCTII ncnonbaonar 

KpeMHHfi c rrpnMeCb!O 3·10 . ·-

npn KOMHaTHOH H a30THOH 

Tenefi ToKa napbrtponanacb 

OCTananaCb 6onblllOH ( a • 
6oK. To o6CTOHTenbcTno, · 

IKe caMhiX o6paauax pe3KC 

OT TeMrrepaTypbi, IIOKa3biB 

HO HBn5IOTC5I OllpOAOnHIOillli 

MOCTII He o6uapy:H<OHO T8K 

B npyrnx ucc~eJlonaJ 

TaTO'IHaH nonHp~3aUU5I 'Jlns 

cny'laSIX o6paayromnficH ME 

KY 11 Jln.II o6'bHCHOHIIH nen1 

o6XOJlllMO DBOJlllTb MOXaHU 

M.a. HanpuMep, n KpeMHnn 

o6onO'IKY an!OMUHHH C O!tll 

3aHHMaOT B perueTKO Kpe• 

KOMIIOHCaUIIII napaMlli"HOTil 

uoe auaqeul!e non.IIpuaaum 

MIIHRH aa(mMaeT yponeHb 



llepOJ:UIOI'O <jloHa 113 CUIIHTI1n

-l 
No ne npeaocxoA11na 0,05. 
I . 

• npn o6pa60TKO aapbl1pOBa-

r 8CI1MMOTpi1H. 113MepsinC51 B, 

· Koa<jJ<jl11u11enTa 0,017 ,aapb-

Y'II1ThiBa~cSI BKnaA Koa<jl<jli1-

'111KOB1 xoTSI ero aeni1'111Ha 

IX OIII!i60K 8CI1MM0Tpl111 B 

H11MI11 KaK B cny'lae CaO 

MMeTpl111 ·AnSI 15 TBepAhiX ae

HTl!hiX Mli!IIel!eli aenl1'11iHa <jloua 

03-0,08), a AnSI Kl1cnopoA-

1eHbllle 0,2 oT qncna aneKTpo-

3aperi1CTpl1poaaHHhiX aneKTpo-

1 . . 6 
(AnSI PbS ) AO 3.10 ,(AnSI 

roJiwi1Hhi Ml1weneli no npeaoc

cAeHhi i-ai<)Ke 3l!a'lcni1SI Koa<jl-

> 'Koa<jJ<jlnu11eHTa a rpa<jlnTe. 

m11e. ocTaTO'Il!Oli nonSipl13aUnH 

p =0,194:!;.0,011). nenonS\pl1-

6onbiiiO, tieM a rpa<jl11Te. 

MO)KeT 6biTb o6'hSICHeHa 6onb-
"· I 

neHTllOI'O aneKTpOHB Me308TOM8 

<TpOH He CyllleCTByeT B COCTOSI-

e308TOM l!O 11MOOT M8I'HHTHOI'O 

eUOCCllll CB060AJIOI'O CII!ill8 

51 OCTOTO'Ill851 nonSip!i30Uii51. 

B THTaHe H3Mepel!a 6oiJbiii851 OCT8TO'IH851 nonSip!i38Ull51 0,155:!;.0,018. 

THTBH OTHOCHTCSI K rpynne T8KHX nepeXOAHhiX MeTannOB1 KBK XpOM1 MOnH6AOH1 

li Bonb,J,paM, nng K.OTOpbiX B pa6oTe
1281 

. ~ ~ H3Mepena uyneaaSI ocTaTO'IHaSI nonSI-

pl13aunSI. 3To o6'hSICfistnocb napaMarueTn3MOM o6pa3oaal!HhiX Me3oaToMoa. 

l13MepeHH851 6onblll851 8CHMMeTpll51 aneKTpOHOB pacnaAa 113 THT8Ha CBHAeTenb

CTByeT 0 TOM 1 'ITO y Me308TOMa B pellleTKO TliTaHa napaM8I'IIOTll3Ma He 

11MeeTC51o 

nnSI Bhi51CHel!H51 ponn o6MeHa aneKTpOHOB Me30BTOM8 C aneKTpOIIBMll 

npOBOA11MOCTll HCIIOnb30BBnCSI 'IHCThiH KpeMIIHH n -THTI 1 200 OM•CM) ll 

18 -3 
KpeMl!liH C ~pHMeCbiO 3·10 CM aTOMOB cypbMhl n -THTI 1 0,01 OM·CM) 

np11 KOMHBTHOH H 830TIIOH TeMnepaType. HecMOTp51 Ha T01 'ITO '111Cno HOCH

Teneli TOKB Bapbrtpoaanacb B III!ipOKHX npeAenax, OCTaTO'III851 nonSipll38UI151 

ocTaaanacb 6onbwofi (. a· a: 1 =0,91:!;.0,03) 11 neH3MeHHofi B npeAenax own-

6oK. To o6CT051TenbCTB01 'ITO AenonSipll3BU!i51 nonm:mTenbHhiX MIOOIIOB B TOX 

)Ke C8MhiX o6pa3U8X pe3KO 38BHCHT K8K OT KOnH'IeCTBB lipi1MOCei\1 TBK H 

OT ,TeMnepaTyphi, IIOK83hiBaeT, 'ITO MeX8HH3M 06t1eHHOI'O B3811MOAeliCT.Bllsl 

He SIBnSieTCSI onpeAenSIIOllli1M B cny'lae Me3oa TOMOB. TeMnepaTypuofi 38BI1CH

MOCTH He o6napy)KeiJO TBK)KO AnSI OCT8TO'IHOfi nonSipi138UI1ll B rpa<jlnTee 

B APYI'I1X uccnenoaaHHhiX HaMn nonynpoBOAHHKax CuO 11 PbS oc-

TaTO'IHaSI nonSipn3aUI151 AnSI KHCnopoAa 11 cepbi TaK>Ke aenHKa. Bo acex 9THX 

cny'laSIX o6pa3yiOmniicSI Me3oa~oM nMeeT napaMai'HHTl!YIO ane!(TpOHHYIO o6onoq

KY 11 llnSI 06'b51CHeHH51 aenH'IllHhi Ha6moAaeMOH OCTaTO'IHOH nonSipll38Uiili ·ae

o6XOAI1MO BBOAHTb MeXaHH3Mhl1 BOAYlllHe K KOMIIOHC8Uiili 9TOI'O rrapaMai'HeTH3-

M.a. H anpHMep, B KpeMHI1ll o6pa3yeTCSI MesoaToM, HMOIOlllHH aneKTpOHHYIO 

o6ono'IKY aniOMHHll51 C OAIIHM HOCIIapeHHbiM aneKTpOHOM. 3TOT Me300TOM 

38HHMaeT B peweTKe KpeMHHSI aKUOIITOpHbiii yponeHb 1 'ITO npi1BOAHT K 6biCTpOfi 

KOMneHcauHH napaMarneTH3Ma ero aneKTpoHnoli o6ono•IKH. Eonbwcie H3Mepeu

noe 31I8'10Hlle rron51plt38Uifll MO)KHO 06'b5ICIIHTb 1 .nonaraSI, 'ITO M0308TOM anK>

MllHll51 3apHMaeT ypoaeHb 38 Bp0M511 CyllleCTBOIIIIO MOHbiii'ea "' 3"10-
12 

CeK; 
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' /3/ nocKonbKY na-aa.napaMa~HMTHofi nenongpnaaunn aa.apeMn -12 
3 10_ CeK 

nponcxonnT yMeHbweune ocTaToquoii nongpuaaunn ansae. BoaMo)!(HO, 'ITO 

aHano~n'IHan cnTyaunn nMeeT MecTo ann . CuO . n PbS· • OnuaKo anecb 
·' 

ueo6xorinMo, a npnHunne, y'IUThiBaTb n ao3MO)!(HOCTb nporeKaHnn 6LrcTphrX 

XllMH'IeCKHX, peaKUHH M930aTOMOB B cpene C o6pa30B8HMeM nnaMa~HMTHhlX 

coenliHeHnfi. Ta·K, TeMneparypuyro aaaRCiiMOCTb ocraTO'IHoii nonnpnaaunn a 

. CuO MO)!(HQ paCCMaTpHBaTb KaK peaynbTaT 3aBiiCHMOCTH OT TeMnepaTyph! 

I CKOpOCTH XHMH'IeCKOH peaKUllll C o6pa30BllHiieM Jlll8Mll~HiiTHO~O coeaRHeHiin 

Cu 'NO , xoTsi npoTeKaHne TaKoil: peaKUiili ·_Tpe6yeT. aecbMa cneuRcpH'IeCKMX 

ycnoanfi. 

l1aMepeHHoe cpenHee auaqenRe KoscpcpuuneHTa aCRMMeTpliu Jlnn KpeMunn 

MeHee oTnnqaercn OT auaqeunn a ~pacpnTe, 'IeM ann npy~nx aewecra. Meub

/12/ wan nonnpnaaunn a KpeMHHii 1 B03MO)!(Ho, o6ycnoaneHa CHH)!(euneM aace-

neHHOCTH Manb!X C 1 no CpaBHeHHIO C ~pacpHTOM1 B o6naCTM n0 '= 5, ~ne 

.. J;tenonnpnaaunn a KacKane y)!(e cywecraeuua. 

· l1a ·ra6nnu 1 n 2 MO)!(HO Bhi"lncnnTb cpenueaaaewenubre auaqeun·n oc

TaTO"lHoil: nonnpnaaunn no oruoweunro K nongpuaaunn a ~pacpnre ann pnna 

sneMeHTOB. 3Ta aenn"lHHa pasHa ann Ma~HHn 0,76;!:,.0,04, ·:KpeMHHn 0,87;!:,.0,03, 

Cepbi 0,63;!:,.0,03, KanbUUSI 0,72;!:,.0,03, TMTaHa 0,80;!:,.0,08. nony"leHHh!e peaynb

TaTbl yKa3biBaiOT Ha H9KOTOpy10 CBSI3b sneKTpOHHOH o6onO"JKll aTOMa C, MIOOH-
/7/ 

Holt nenongpnaaunefi a MeaoaToMe , o6ycnoBneueyro xapaKrepoM KacKan-

HoiX nepexonoa ll aaceneHHOCTbiO flll)!(HllX ypOBHeil: •. 3TO nnnJOCTpnpyeT pnc.1, · 

.. rae npn~eneHbl aenn"lUHoi a a -7 
c B 3aBHCiiMOCTH OT Z M030aTOMa. 3Ha-

. /36/' 
"leHnn ann MeaoaToMoa c HeuyneBhiM naepHhiM cnnuoM Li, Be,N nc-

npaBneHbl Ha BenH"JllHhl OCTllTO"lHOi!: nonSipH3aUHH, o6ycnoaneHHhie CBepXTOH-

. /5/ H KHM B3aHMOaeltCTBHOM MIOOHa ll napa, Bbl"lHCneHHbiO TeopeTH"leCKH • a 

pli'c. 1 BHnHo KaK o6mee yMeubweHne ocTaTo"luoii nongpnaaunn · oT Z , TaK 

H BHyTpH PMOB nepnoaH"leCKOH Ta6nHUhl OT Ha"Jana pSina K ero KOHUy • 3aaH

CHMOCTb anSI KHcnoponHhiX coennueHHii auanornqua •. 
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Cpenuee nan'eweuuoE 

B ~pacpuTe, BKniO'IllSI naHH 
/5/; . 

Monenn sTa nenu'IuHa 

CCfl9li!IOCTM no C ypOBHn 

BLIWefle)l<aWHX KaCKaAHhlX 

OCTaTO'IIIOii nonHp!i3aUHH 

cpaKTa, 'ITO ll3MepeHHan E 

' ' 
neHCOUHn Mll~HliTHO~O MO 

nci!CTBHCM C OJ(p~)!(ll!OWHI 

T8K)!(9 1!0 ypOBHnX n 0·> 5, 

c pac'IOTOM uacrynaeT • 

aaiiHb!e Jlng M9T8IInOB (:3 

KOTOpOM CKOpOCTb 0)1(9.;.1 
/8/ 

HhiX nepcxonoB ann K 

IIO IIM)!(e KpliBblX, nonyqe 

y•IeTa BnlinHHn sneKTpOHI 

HhiX nepeXOilOB. 3ro cpa 

eMhiX nenl!'IliH aenonnpn:: 

nLr, o KOTOphi.X ~onopnno 

l1a Ta6ni!Uhi ·2 nnnr 

p!i3aUHn He npeBOCXOaHT 

HeCMOTpn Ha COBepWeHHC 

HOKpucrannhr ( Al 2 0 3 , Si I 

newecrna (Si0 2 }. • n 
I'HMH aTOMllMll He SIBnnK 

Hy!O nenonnpl!3aUHIO MJO< 

aToM Me3oa3oT~ n usME 

HTI!OCTbiO KOMHOIICllUHH 

B aaKnroqbune cne 



. '· 
. : .. 

/3/ -12 . 
i aa .speMSI "" 3 10_ ceK 

nu · sasoe, BoaMO)!{HO, 'ITO 

. H Pbs • 0aHaKO aaeCb 

IOCTb np<JTeKaHHSI 6b!CTpb!X 

paaosaHneM anaMai'HHTHhlX 

ocTaTo'IHoii nonSipuaaunn 8 

3aBHCHMOCTH OT TeMnepaTypb! 

anaMai'HHTHOI'O I coeimHeHHSI 

yeT secbMa cneunqm'lecKux 

ITa aCHMMeTpHH anSI KpeMHHSI 

anSI apyrnx semecTs, MeHb-
/12/ . 

neHa CHH)!{euneM · aace-

>M, s o6nacTn n0 ."" ·51 rae 

esasemeHHble 3Ha'leHu·SI oc

laun:n s rpaqJHTe anSI pSiaa 

76;!;,.0;041 , KpeMHHSI 0 87+0 03. 
' . . - .. 

)±,0108, Oony'leHHb!e peaynb-

..... 

HOH 060nO'IKH aTOMa c. M!OOH.;. 

eHH~!O Xa~~KTepOM KBCKaa

~_ll, 3To n:nnrocTpnpyeT puc,1, . 
. ' 

~TH OT l Me3oaTOMa, 3Ha-

~nHHOM Li I Be IN 136 I nc

r, . o6ycnosneHHbie csepxToH

Hbie TeopeTn'lec~/51• Ha 

•it nongpn:aaun:n: . oT Z ' TaK 

ana p51aa' K ero KOHUy. 3asn:-

ma ... 

·( 

Cpea11ee sasemeHHOe a6contoTHoe aHa'leHne ocTaTo'IHOH. nonSipuaaun:u 

/28 31 35/ 
Il rpaqaiTel BKniO'IaSI aaHHble ' ' I paBHO 01208t_OI011. no KaCKaanoii 

/51 Moaenn sfa nenn'lnHa nonyqaeT aHa'leHHSI 0 130 anSI c·TaTHCTH'IeCKOH · aa-

ceneuHOCTil no e yposHSI n
0 

=5 n 0 135 anSI aaceneHHOCTU1 cneayiOmeii n:a 
/12/ . 

Bh!WenClKBIUIIX KBCKaaHblX ncpexoaos , Ha puc, 2 noKa3aHa 3aBI!CIIMOCTb 

OCTaTO'IIIOH nonnpnaaUilll OT nO anSI 3TIIX pacnpeaenellHH no £ , l13 TOI'O 

cjlaKTa
1 

'ITO uaMepeHHaSI_ senn'lnHa MeHhWe 0 13 cneayeT n:nu ue nonnaSI KOM

neucauuSI MUI'IIIITHOI'O MOMeHTa sneKTpOHIIOH o6onO'IKH Me30aTOMa B38l!MO

JlCllCTB!lCM C OKpy)!{a!OIUIIMH aTOMaMH1 nnH HanH'IHe J]enonnpll38UHII M!OOHa 

TaK)!{e ua yposHSIX n 
0

·> 5, C yqeTOM sKc·nepn:MeHTanbHbiX own6oK cornacn:e 

c pac'leToM uacTynaeT TonhKO JlnSI n0 ·> 9. Ha TOM )!{e pn:cyHKe npnseJJeHbi 

JlBHIIblC JlnSI MeTannOB (aHa'leHHe nO COOTBCTCTByeT ypOBH!O Me30aTOMa1 Ha 

KOTOpOM CKOpOCTb Q)!{e-nepeXOJlOB B 100 pa3 6onhiUC.CKOpOCTil paJli!BUUOH-

HbiX ncpcxOJlOB ann KpyroshiX op6nT), Bee 3Ha'leHnSI ne)!{aT aHa'II!Tem,_-/8/ 

HO lll!ll<e KpHBhlX1 nony'leHI!b!X no MOJ]enn KaCKBJlHOH J]enonSipuaaUHII 6ea 

y•IeTa Bnl!SIIIHSI sneKTpOHIIOH o6onO'IKll ll 38MeJ]nelli!SI CKOpOCTll 6eapaJl1!8UI!OII

HblX nep~X~JlOB, 3TO cpaBHCHIIC noKa3biBaeT1 '1~0 llnSI o6'hSICHeHH51 Ha6ntotla-· 

eMbiX seni!'IIIH JJenonSipnaaUHH He06XOJll!M yqeT scjlcjleKTOB OKpy)!{a!OIUeH cpe

Jlbl1 o KOTOpbi_x ronopunoch Bb!We, 

l13 Ta6nl!Ubl ·2 BHJlHO, 'ITO B 6onhWl!HCTBC OKI!CnOB OCTBTO'IHaSI nonSI-

p1!38UHSI ne npesocxOJlllT 0 11 oT aua'leHHSI s, yrnepoJle ( KpoMe Cu 0 ) , 

HeCMOTpSI Ha COBepweHHO paann'IHY!O CTpyKTypy uccneJ]yeMhiX seiUeCTB! MO

HOKpi!CTannbl ( Al
2 

0
3

1 Si 0
2 

J1 nopowKn (8 2 0 3 1 Cr20 3 1 CaO ~·KOH ;NaOH ), rutasneHHbie 

semecTsa (Si 0 2 1 o 00-BHJlllMOMY 1 CTpyKTypllb!C CBSI31l KUCnOpOJla 'C Jlpy-

I'UMU aTOMaMU He SIBnSI!OTCSI OCHOBHb!M cjlaKTOpOM1 BnUSI!OIUUM ua· 3Ha'IUTenh

HyiO aenonSipuaauniO MIOOHa B KncnopoJle, B STUX coeJJnHelll!SIX o6paayeTCSI 

aTOM MeaoaaoTa u uaMepSieMaSI ilenu'lnHa nonSipnaauun onpeJJenSieTcn nepo

iiTHOCTb!O KOMneHCBUiill napaMarHeTU3Ma ero 3nCKTpOIIIIOi'l o6uno'IKI1, 

B 3aKniO'IiHIUe CJ]enaeM HCKOTOpbie BbiBOJlbi! 
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Koi$1?1n~oHT acnMMeT: 

-~. :_; . :, MIOOIIOB B B6~6CTBax C HYJI' 

( aCHUMOTpHH .. CL, ~Jlff rpa!Jl 

I -~O~OCTBO 
. •I 

Ct.· Cl,;c-. ' .. 
•;. 

roJII1ti 
I 

-0;02±,0,08 
(llt11~K111.l) 0,04±0,II 
.. 0,44±0,34 

. 

. CTHpOJI . 0,54,i0,03 . 

ilOJII1DTHllOH 0,45±0,09 

I. 

I 
-' 

!,05±0,25 

0,52±0,04 

TiapailJnH 0,56,i0,09 
.. 0,95±0,24 
; 0,50,i0,05 

llHKJIOrOK- 0,5I,i0,04 
caH .. 

TOJIYQJI · 0,'•5±0,05' 
. 0 30+0 06 

' - ' 
BeliaoJI 0,4!±.0,05 

~OHHJIUHKJIO 

roKcaH 0,43±0,04 

DoJI11c•rnpon 0 "32t0 04• ' - ' 
ilOJI11BHHHJI 0,33±0,09. 

KHCJIOpO;zt 
(lltH~Kd) 0,09±0,II 

I 
1. 

\-

Bo~a 0,38,iO,II 
0,~3±0,03 
I,07±.0,I8 
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ma, IO.B. 06yxoa, B.C. Poraaoa, . 

H3~8TenhCKHH OT~en 

19~1 I', 

•' \ . ~. : 

Tac5mnta I. 

KoS<M>HI.UiOHT acHMMeTpHH a, aJieKTPOHOB pacna;na oTpH~aTeJI:&HbiX 

:, MIOOIIOB B BOII{OCTB8X C HYJIOB~M H;ztOpH~M Cnl1HOM 1 B~palltOHH~ii --~ ~OJIHX 
8CHMMOTpJ.Il1 CLc ;ztJIH rpaqmTa. 

.BOII{OCTBO 
_, 

Ct.. ll.c JIJ.IT. BOII{OCTBO a. . ex.,;' JIJ.IT, 

reJIHii -0,02±,0,08 25 Mai'HJ.Iii "0,82±.0,07 26 

(lltl1,1\KJ.!li) · 0,04±.0,II 26 1,45±0,27 28 
0,44±0,34 . 27 0,82±U,I6 29 

CTHPOJI 0,54±.0,03 34 p '77.±0 ,18 31 

IlOJil10TJ.IJIOH 0,45±.0,09 . 26 KpeMHl1it 0,67±.0,17 3! 
!,05±0,25 28 0 ,83±.0 ,03 . 32 .. .. 
0,52±.0,04 .. 34 Copa 1,05±.0,20 28 

IlapailJHH 0,56±.0,09 26 0,96±.0,34 29 
0,95±0,24 l8 0,58±0,!3 31 
0,50±.0,05 34 0,55.±0,03 32 

IUiKJIOI'OK- 0,51±.0,04 34 0,99±.0,15 .. 35 
caH .. 

To.nyQJI • . 0,45±.0,05 26 AproH 0,!7±.0,12 25 
.. 

0,30±.0,06 34 (lltJ.!;ztKJ.!tt) . 

BeHaon 0,41±.(l,05 34 KaJI:&IU!tt 0,76,:t0,04 30 
•. 

~OHJ.IJII.Uil\310 0,67,:t0,03 32 
I'OKC8H _0,43±.0,04 34 I,OOf0,16 33 

DoJIJ.ICTHpon 0 "32·t0 04. ' - ' 34 XpoM 0,00±.0,22. 28 

IloJIJ.!BJ.IHJ.IJI 0,33±.0,09. 26 Ul1HK 1,45,:t0,32 28 . 
KJ.ICJIOPO~ MoJIJ.Ic5;zteH- 0,12;t0,25 ,28 
(lltJ.!;ztKJ.Itt . 0,09±.0,II 26' 

IlaJIJia;ztHii 0,00±.0,25 28 
Bo;na 0,38±.D,II 26 . Ka;ztMHit 1,37.±0,34 28 

0,43±0,03 34 BoJWllpau 0,12±0,25 28 
I,07±.0,I8 28 CBJ.!Hen I,35,:t0,35. 28 

.. 
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ill. 
II 
I 

·l,i 

Ta6~~ya 2. 

~Oa~~UH6HT ac~MM6Tp~~ 8~6KTpOHOB pacn~a OTpH~BT6H&HHX 

MIDOHOB B TB6p~HX B6~6CTBSX 

Be~ecTBO - C(. % 
_, 

a.. a..t 

c 4,80.:tO,IO .. 
-C(..;I96°) 4,36±0,!5 o ,9I.:t0 ,as· . .. 

.!tie 3,34±0,!7 0,70±0,05 
. ' 

Si ( c npzue CllM~) · · 4,70:!9,23 __ o ,98±0 ,a~ 

. .Sl (c npHM6CllMH ,-!96°) 
- -· -· 

4,30±0,27 0,90!0,06 
., .... ~-· 

$t ('IRCTidt) 4,IO.:t0,4I 0,85±0,08 

St. (qzcTuM,-!96°) 
...... . 

4,30±0,46 0 , 90.:!9.,, IO 
. . . 

c -i. 3,32±9,80 0,70±9,!7 . 
Ca. 4,25,t0,68 0,89±9·;II . 
Ti, 3,90.±,0,38 0,80±9,08 

... 
A~O~. (MOHOKPHCTB~~) 0 ,26±0 ,28 0,05.±,0,06 

c~.a.O:s 
-- .. 

0,60.±,0,3! O,I2±9,06 
". ... . ' ~. 

B.:tG.J 0,44.:t0,I2 0,09.±,0,02 .. -.. .. 
CaJ) 0,24±9,!4 0,05±0,03 
~D.z. (n~aB~.) 

. 
0,57±9,27 0,!2±9,06 

SiD,. 
.. . 

(KpHCTBnJil-lli.) 0~42±.0,29. 0,09f.0,06 
CuO 

.. 
3,24±9,50 0,65±9,!0 

Cu0 (-I96°) 
- -

0,70±0,35 O,I5.±,0,07 
KOH' 

- . 

0,83.±,0,25 0,!7.±,0,05 
NoOH ... ' ....... 

!,22.±,0,37 0,25±9,08 
p/, c. . ·-·· . 

6,I.±,I,9 !,~7.±,0,40 
PdO . -

I,33+0,28 0,28.±,0,06 .... 
---

18 

. 

' 

. 

.\ 

\ 
~ . 
'. 
1 
I 

I 
I 
I 
1>·--- --~ 

\ . 

I 
I 

I 
I 
r 

/ 

~Jft~ 
I I 
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Puc. 1. 3asucuMoCTb ocT 

OT Z Me308TOMOB H OT 

K8nbHble nHHHH COOTBeTCT 



Ta6n:Hua 2. 

lB.PBCfiaAB OTpHnBT61IDHHX 

_, 
a.. a..t 

·. 0,9!±0,05' 
> A o 

7 o, 70±0,05 

5' '· 0,98±0,09 
7 

[ 

.. 
0,90!0,06 

0,85±0,08 
'/ '... •' 

0 ,90.:!Q,IO 
. .. . . 

0,70±0,!7 

0,89!0,;,!! . 

0,80±0,08 

0,05!0,06 

0,!2±0,06 

0,09±,0,02 

0,05±0,03 
'... . . 

7. ' 0,!2±0,06 

~ 

) 

) ' 

7, 

. ' 

?,.,09~,06 

0,65±0,!0 

' 0,!5±0,07 
·,. ... 
0,!7±0,05 

0,25±0,08 

!,27±0,40 . . ' 

0,28+0,06 
;. ~. 

a 
ac 
1,2 1- lf~e 
1,0 1- !C 

1-

fN 
0,6 f--

0,4 1-

0,2 f--

8203 • 0 
0 11 

.• 

!sL 

TM9 frl ' .· 

Icuo. ca 
s! 

fNaOH KoH 

s;o, f ! t CzzOJ 

Me2o3 +cao I 
10 m · 20 N 30 l 

Pnc. 1. 3aBHCHMOCTb OCTSTOqHQH nonspH38UHH (no OTHOWSHHID K y~nepony) 
oT z MeaoaTOMOB it oT · Z aToMOB a KncnoponHbiX coennueHHHX •. BepTH

KanhHbie nHHHH COOTBSTCTBYIDT I'p8HHU8M pMOB nepHon'nqeCKOH Ta6nHUbi. 



p 
0,5 

0,4 

0,1 

J 

u Tfa~ .· 
+c 
M'l! · ,Trc· ... · · 

ca 

5 10 15 n . ·o 

Pac. 2.' 3aBHCH:\IOCTb OCTaTO'IHOll nongpuaauHH OT KBaHTOBOI'O 'IHCna n 0 

ypOBHH :\!e3oa TO:\Ia, HH)!(e KOTOpOI'O )lenonHpH3aUHH CyiiieCTBeHHa /5/, . .Qng 

~~HBOU 1 HCnOnb30BaHa CTaTH'IeCKaH aaceneHHOCTb no e YPOBHH no , a 
.:."IH Kpnao·l1 2 - aaceneHHOCTh, cneJlyJOIIIaH na Bbiiiiene)!(aiiiHX KacKaJlHbiX ne
pexo.:xos B yraepoJle /12/, D OKa3aHbl TaK)!(e 3Ha'leHHH · OCTaTO'IHOH nonHpH~a
URH B :-.teTanaax (cpe.aHne B3BeiiieHHbie no aKcnepHMeHTanhHbiM peaynbTaTaM 
.:I8HHOI1 pa50Tbl H pa5oTaM/26,28-33,36,35t? H I'pa!flnTe, . . 
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