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Bse.aeHHe 

B nocnellHHe rOllbi Bbmonaea PSUl sKcnepHMeHToB no H3y'leHHIO npouec-

COB 1 npOHCXOllSIWHX npH OCT8HOBK9 OTpHUSTellbHO 3c psl>K9HHblX Me30HOB B 

sewecTse. 11HTepec K sToA o6nacTH Hccne.aosaHHA or pe.aensreTCSI .asyMsr o6-

CTOSITen,bCTBSMH. Bo-nepBblX1 M9308TOMHble H MeaouoneKynsrpHble npouec

Cbl B sewecTse cywecTBeHHbiM o6paaoM onpe.aensr10~· nocne.ayiOWHe CTBJIHH 

38XB8T8 OTpHU8T91JbHbiX M930HOB npOTOHBMHo B '18CTt OCTH 1 M9308TOMHbl9 

npoueccbi npHBOllSIT K TOMY, 'ITO SIJlepHbiA aaxBaT ,- H K - Meao

HOB npOTOHSMH npOHCXOllHT B OCHOBHOM H3 8 -COC rOSIHHft B036y:lKJieHHblX 

p "- H p K- -Me308TOMOB. nnsr p. -Me30HOB M9308TOMHble npouecCbl B Bo

llOPOll9 /1/ (nepeXOllbl M9:lKllY ypOBHSIMH CBepXTOHKOt CTpyKTypbl M9308To

MOB H o6pa30B8HH9 M930MOneKyn pp p.- ) ysenH'IHB8 lOT B 3-4 pa3a BepOSIT-

HOCTb SIJl9pHoro 38XB8T8 f' -Me30HOB npOTOHBMH, 11 MeHHO STO o6CTOSI-

TenbCTBO H n03BOnHnO onpe.aenHTb OTHOCHT91JbHbiA 3H lK V H A sapnaHTOB 

cna6oro B38HMOll9ACTBH 5I {p. II ) ( p D ) no H3MepeHHl<• BepOSITHOCTH 38XB8T8 

I' -Me30HOB B BOllOPOlle. 

C JlpyroA CTOpOHbl 1 C03ll8HH9 6onee COBepweHHOA :3KCnepHM9HTBnbHOA 

annapaTypl>l n03BOnHnO yCTSHOBHTb H ll9T8nbHO H3Y'IH'~b T8KH9 s<jlcpeKTbl 1 KBK 

BnHSIHH9 XHMH'I9CKOA CBSI3H M9:lKllY 8TOM8MH BeWeCTB8 H8 BepOSITHOCTb SIJlep

HOrO 38XB8T8 ft - M930HOB /2,3/ • C TO'IKH 3peHHSI npe:lKHHX npellCTSB

neHHA 0 M9X8HH3Me Me308TOMHbiX npoueCCOB1 06H8J: Y:lK9HHe TSKOrO pOllS 

s<i><!>eKTOB 6binO H9KOTOpoA HeO:lKHll8HHOCTb101 nOCKOnbl:y XHMH'IeCKHe CBOft.CT-

68 semeCTB onpe.aenSIIOTCSI BHeWHHMH sneKTpOHHbiMH o6onO'IK8MH 1 pa3Mepb1 

KOTOpb!X ( • 10-:8cM) HSMHOrO npeBbiWSIOT paJIHyC ll9ACTBHSI smepHbiX CHn 

(•lQ-13cM) 1 a TSK:lKe senH'IHHY Me308TOMOB (• 10-llcM), C ypoBHeA KOTo

pbiX npOHCXOllHT Slll9PHbiA 38XB8T Me30HOB. 
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llonhiTKa HHTepnpeTaUHH YK838HHb!X lj>aKTOB npHBena K CyWeCTBeHHOMY 

yTO'IHeHHIO KapTHH ,1 aaxaaTa oTpHuaTenhHhiX MeaoHOB a aewecTae. B 'laCT

HOCTH, ObJnO YK838HO, 'ITO B XHMH'IeCKHX COellHHeHHSIX llOBOnhHO 3H8'1HTenb

H8SI 'IBCTb Me30HOB 38XB8TbiBaeTCSI He Ha ypOBHH H30nHpOB8HHblX Me308TQ

MOB, a Ha ypoBHH, npHHaane)KaWHe aceA MoneKyne a uenoM. TaKHe KoMnneK

Chi, B KOTOpblX pa:IMephl Me30HHhlX OpOHT cpaBHHMbl C pa3MepaMH MOneKyn 

BeWeCTBB ( H B COTIIH pa3 npeBbllli810T X8p8KTepHbie Meaoa;oMHhie paCCTOSIHHH), 

ohinH HaaaaHhi "6ollhlliHMH MeaoMoneKynaMH"/41, B paMKax MoaenH 6onh

lliHX Me30MoneKyn yaanOCb OO~SICHHTb 38KOHOMepHOCTH H OCOOeHHOCTH npo

uecca aaxaaTa " -MeaoHoB a XHMH'IeCKHX coeaHHeHHHX 12,3 I. Bonee TOI'O, 

npellCK838HHSI, CllenaHHhle Ha OCHOBe STOR MOllenH, OKaaanHCb B XOpO!lleM 

cornacHH c nocnet:yiOweii cepHeii sKcnepHMeHTOB no aaxaaTy ,. -Me30HOB 

B pa3nH'IHhiX BOllO]lOllOCOllep)K8WHX BeWeCTBBX 15,61, 

B aanhHeHllle VI OKaaanocb, 'ITO C nOMOWbiO STOA )Ke MOllenH yaaeTCSI 

OO~SICHHTb MHOI'He OCOOeHHOCTH CTpyKTyphl MeaopeHTI'eHOBCKOH cepHH, B03-

HHKBIOWeA npH fiOI' 10WeHHH fL- -Me30HOB B XHMH'IeCKHX COellHHeHHSIX, KQ-

Topbie OhinH o6Hapy)KeHhi paHee B onhiTax B.3HHOBa, A.KoHHHa, A.MyxHHa 

H ap. l7-101. Ba:li<Hoe 3Ha'IeHHe anH npoaepKH MoaenH 6onblliHX MeaoMone

Kyn H MeXaHH3M8 38XBaTa ft'- -Me30HOB B BOllOPOlle HMenH SKCnepHMeHTbl 

no aaxaaTy " -11.1eaoHoB a cMecHx I'aaoa l11 1• 0TMeTHM TBK)Ke, 'ITO o6-

Hapy)KeHHaH CBSI3b Me)KllY XHMH'IeCKHMH CBORCTBBMH BeWeCTB H npoueCCSMH 

SlllepHOI'O noi'noweHHH MeaoHoB noaaonHeT HcnonbaoaaTb STH npouecCbi anH 

HCCnellOBBHHSI XHMII'IeCKOH CTpyKTypbl BeWeCTB f121, 

B ll8HHOM o6:1ope CHCTeMaTH'IeCKH H3nO)KeHbl peaynhT8Tbl SKCnepHMeH

TanbHblX H TeopeTH~eCKHX HCCnellOBBHHH npoueCCOB fiOI'nO!lleHHSI OTpHUSTenb-

HbiX Me30HOB B Bell{eCTBe, 

rnaBa 1. 10CflEJ10BATEflbHblE CTA[JHH llPOUECCA 

nornOIIJEHHH ME30HOB B BEIIJECTBE 

llepBaSI CBSI3f8SI• KapTHHa npoUeCCOB, KOTOpbie npOHCXOllSIT npH TOpMo

:ll<eHHH H 38XB8Te Me30HOB B Be!lleCTBe, CnO:li<HnaCb K HS'Iany 60-X I'OllOB noc

ne pa6oT <t>epMH H Tennepa 
1131

, Bal!:TMaHa 1141, naHOij>cKoro, AMOllTa, 
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XannH /15/, llal!:, CHoy, Caqepa 116/, Al!:seH6epra ll Keccnepa /17/, BeTe 

H fleoHa /18/ H np. (eM, TaK)I(e pa6oThi /19/ H o6sor /11), CornacHo rrpen-

CTaaneHHHM, pa3BHTbiM B :3THX pa60TaX, rrpouecc TOp~!O)I(eHHH H saxaaTa Me-

30HOB MPOM rrpoTeKaeT B HeCKOnbKO CTa):(HH, H3 KOTCpb!X OTMeTHM rnaBHbie: 

1, 3aMenneHHe Me30HOB OT CKOpOCTelf V .. C ):(0 CKOpOCTelf V "' a C 

( a = 1/137 - IlOCTOSlHHaSI TOHKOH CTpyKTYPhi), 

2. TopMO)I(eHHe Me30HOB OT CKopocTelf v .. a c no TerrnOBhiX H saxaaT 

H3 Herrpepb!BHOI'O CileKTpa B AHCKpeTHbiH, T,e, rrepexc A B BbiCOKOB036y)l():(eH-

HOe COCTOSlHHe Me30aTOMa HnH Me30MOneKynhi, 

3, Tipoueccbi neaos6y)l(neHHSI ( rrepexon MesoHoB c BhiCOKHX op6HT ( n >> 1) 

Ha cpaBHHTenbHO HH3KHe), H, B 'laCTHOCTH: 

a) panHaUHOHHhle rrepeXO):(hl (aHepi'HID rrepexona YHOCHT y -KBaHT); 

6) O)l(e-rrepeXO):(bl B H30nHpOBaHHOM a TOMe ( :3Hopi'HID yHOCHT aTOMHhlH 

aneKTpOH), 

4, PeaKUHH MEo!)l(llY SIApaMH H ME30HaMH Ha HH3KH IC ypOBHSlX Me308TOM8, 

5. TaK rrpocTo KapTHHa rrornomeHHSI Me30HOB Bhii'.ISIAHT B cnyqae HsonH

poaaHHhiX MesoaToMoB, OnHaKo B BemeCTBe, rrpH CTcnKHOBeHHH MesoaToMOB 

C Apyi'HMH aTOM8MH 1 MOI'YT rrpOHCXOAHTh peaKUHH (IepeXB8T 1 o6pa30B8HHe 

Me30MOneKyn H T,):(,), K0TOpbie B ps:rne cnyqaeB CYillt,CTBeHHO H3MeHSIIDT Te

'leHHe CTaAHH 3) H 4), PaCCMOTpHM 6onee I10Ap06Ho ta)I():(YIO H3 :3THX CTa):(HH, 

§1. CTa,aH.H TOpMoJKeHH.H 

BpeMSI TOpMO)I(eHHSl Me30HOB OT CKOpOCTH V"' C no v ... u c (rropMoK 

CKOpOCTeH aTOMHbiX aneKTpOHOB) o6paTHO rrpOI10pUHO~anbHO HX HOHH3aUHOH

IIhiM IlOTepHM :3HeprHH dE/ d X /20/, llns:r penSITHBHCrCKHX 'laCTHU (E>>Mc
2

) 

dE 

dx 
L Z 417 a 2 m c 2 

[ In 
0 

2 E~ m 
-1 ], 

rne m H M -'cooTBeTCTBeHHO MaCChi aneKTpoHa H J-tesoHa, 

( 1 ) 

6opoac-

KHH panHyC, C - CKOpOCTb CBeTa, L - 'IHCnO H):(ep C sapS~):( OM Z B CM3 , 

- cpeAHHH HOHH38UHOHHblH IlOTeHUHan aneKTpOHOB B aTOMe • .llns:r He-
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2 
penSITHBHCTCKHX Me;JOHOB c KHHeTH'lecKoH: aHeprHeit T = E - M c << M c 2 

dE 4 T m 

dx T I Z M 
(2) 

l13 tlJopMyJI ( 1: H (2) BHJlHO, 'ITO B 060HX CJiy'laSIX TOpM03HaSI CIIOC06-

HOCTb BeiUeCTB B HHTepBaJie CKOpOCTeH C > V >a C rrpHMepHo nponopuH-

OH8JlbHa Z npH)JIHMeHHO BpeMSI T TOpMOMeHHSI Me30HOB B KOH)leH-

CHpOBaHHbiX BeiUeCTI>aX paBHO 

9 -10 
r = 10- t- 10 ceK, (3) 

a B ra3ax - B 103 pa3 6onbrue, B Bonopone npouecc TOpMOMeHHSI onpene

nSieT CIIeUHtPH'-!eCKHH MeXaHH3M a)lHa6aTH'-IeCKOH HOHH3aUHH, yKa3aHHbiH ¢>ep

MH H TennepoM 1131 BpeMSI TopMOMeHHSI Me30HOB B MHJlKOM BOAOpone OT 

cKopocTH v "' c no v"' a c 6hiJIO Bbi'lHCJieHo BailTMaHoM /14/ H no no

PSIIlKY BeJIH'lHHbl OK< 3aJIOCb paBHbiM ( 3), 

§2. ITepexoa H3 HerrpepbiBHoro crreKrpa. B aucKpeTHbiH 

Q npouecce T<lpMOM8HHSI Me30HOB H MeXaHH3Me IIOTepb 8Hepi'HH B HH

TepBane CKopocTeil a c 2: v ~ 0 , a TaKMe o cnoco6e nepexoAa Me30HOB 

H3 Herrpepb!BHOI'O CIT ~KTpa B JlHCKpeTHb!H H3BeCTHO O'-!eHb MaJIO, 06b!'IHO npe)l

rronaraiDT, '-ITO Me3lHhl C TaKOH aHeprHeH B KOH)leHCHpOBaHHhlX BeiUeCTBaX 

J:IOBOJibHO 6biCTpO (3a BpeMSI 10-13 fo to-14 CeK) npH06peTaiDT CKOpOCTH, 

COOTBeTCTBYIDIUHe CJe)lHefi 3HeprHH TeiiJIOBOI'O JlBHMeHHSI IIpH )laHHOH TeMne-

paType T 

VT 

3k T 1/2 
(---) 

M (4) 

(rrpH T=300°K JlJISI ,.,. -Me30Ha VT"' 0,8•106 CM!CeK). nanbHeHIUHe noTepH 

3Hepi'HH Me30HOB ~ rrepeXOJ:I H3 06JiaCTH Henpepb!BHOI'O CIIeKTpa (aHepi'HSI 

6 



E ) 0) B .QHCKpeTHbiH (E ~ 0) cymeCTBeHHbiM o6pa30M 3aBHCSIT OT CBOHCTB 

BellleCTBa MHllleHH 1 riOCKOnbKY ripH STOM ripOHCXO.QSIT TIE pe.Qa'IH ManbiX riOpUHH 

SHeprHH OT Me30Ha K aTOMy. TonbKO B MeTannaX1 rll•~ Me30H MO)KeT OTJJ.a-

BaTh SHeprH~ aneKTpOHaM ripOBOJJ.HMOCTH, npouecc TOpMO)KeHHSI Me30HOB .0.0-

CTaTO'IHO O'IeBH.QeH 1131. 

YTIOMSIHeM .o.pyrHe B03MO)KHbie MeXaHH3Mbl riOTe,Pb SHeprHH! B036y)K.QeHHe 

Kone6aHHH MoneKynhi 121 I HnH BCeH KpHCTannH'IeCKOH I emeTKH, a.o.Ha6aTH'Iec

KHH 3aXBaT 1221 H nepe.O.a'Ia SHeprHH ripH B036y)KaeHHJI KonneKTHBHbiX KOne-

6aHHH BCeH aTOMHOH o6onO'IKH 1231 H T.a. 0aHaKO ac CHX T!Op HeSICHO, Ka-

KOH H3 STHX MeXaHH3MOB ripeo6naaaeT H KaK BepOSITH•>CTb 38XB8T8 3aBHCHT 

OT HHaHBHayanbHbiX OC06eHHOCTeH BellleCTBa. noaTOMY B ~e OUeHKH anSI BepOSIT

HOCTH 3aXBaTa Me30HOB H3 Henpepb!BHOrO CTieKTpa B .CHCKpeTHbiH OCHOBbiBa

~TCSI Ha MoaenH <l>epMH-Tennepa I 131, B KOTOpOH npouecc TIOTepb SHeprHH 

Me30HOM paCCM8TpHBaeTCSI KaK TOpMO)KeHHe ero B Bblf O)KaeHHOM ra3e aneK

TpOHHblX o6ono'!eK, npH'IeM pacnpeaeneHHe nnoTHOCTH aneKTpOHHoro ra3a B 

a ToMe OTIHCbiBaeTCSI Moaenb~ ToMaca-<l>epMH. B STHX r peanono)KeHHSIX nony

'IeHa Cneay~lllaSI !jlopMyna anSI CKOpOCTH TIOTepb SHeprHJI! 

dE 1 

-1 3/2 2 3/2 
L E + 4 11 e Z b ( 1 - 0,8 I x c ) 

dt t 0 L- 1 E 112 + 3.96 eb 5
/

2 Z-1/3 x: 

rae 

e- 3apHa aneKTpoHa, a X n OripeaenSieTCSI H3 COOTHOIJeHHSI 

1 

L 

4 
3 

2 

3 X 0 
rrb -

Z 

(5) 

3KCTpanonSIUHSI !jlopMynbi ( 5) K 3Ha'IeHH~ E=O ( T .e. ao rpaHHUhi nenpe-. 
pb!BHOrO CTieKTpa) ripHBOaHT K H3BeCTHOMY " Z- 3aKOHy"' <l>epMH-Tennepa! 

B CMeCH BellleCTB HnH XHMH'IeCKOM COe.QHHeHHH BepOSI~'HOCTb "nocaaKH"' Me-

30Ha Ha ypOBHH pa3nH'IHbiX H30nHpOB8HHblX Me308TOMOB nponopUHOHanbHa Be-

2/s 
nH'IHHe Z 3ap Haa HX Hap a ( TO'!Hee Z ) • 
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ila>Ke B paMKa:x MoaenH <t>epMH-Tennepa 9KCTparronSIUHSI cjJopMynhi (5) K 

E=O aeo6ocaosaaa x), Eonee Toro, anSI seweCTB c ManbiMH z oaa soo6we 

aerrpHMeHHMa, H6o aJ.SI HX aTOMOB aecrrpaseanHBO caMo rrpH6nH>KeHHe ToMaca

<t>epMH, B cnyqae scuopoaa 9TO rrpH6nH>KeHHe ewe Meaee rrpHroaao, II09TOMY 

anSI souopoua <t>epMH H Tennep rrpeano>KHnH apyroa MexaHH3M 3aXBaTa - aaHa-

6aTH'leCKHii /13/, CO 'naCHO KOTOpOMy OTpHUaTenbHblll Me30H 1 rrpOHHKaSI BHyTpb 

sneKTpOHHOH o6onO'lKH aTOMa Boaopoaa, 9KpaHHpyeT 3apSI.ct IIpOTOHa, B pe3ynb

TaTe qero sneKTpoH rroKHaaeT aToM, no oueaKaM Baii:TMaHa 11 4~ 9TOT 6e3-

H3ny'laTenbHbiA rrepexoa 9neKTpOHa B HerrpepbiBHbiH CIIeKTp B031'vlO>KeH B TOM 

cny'lae, ecnH Me30H IIOaXOaHT K IIpOTOHy Ha paCCTOSIHHe f a 0,64 (B aTOM

HbiX eaHHHU ax), A 'I aK KaK no TeopeMe BHpHana 

TO anSI IIpeaenbHOfi )p6HTbl (NO ) Me30aTOMa BOaopoaa, Ha KOTOpy!O MO>KeT 

3aXBaTHTbCSI Me30H, HMeeM OUeHKY 

N 0 ., 0,8 y " . (6) 

rr H K- -Me30HOB cooTBeTCTBeHHo rrony'!HM: N 
0 

• 

13,14, 27, 3TH OUefKH cny>KHnH HCXOIJ.HbiM IIYHKTOM BCeX aanbHeHWHX HCCne

aoBaHHfi, noapo6Hee Mbl Ha HHX OCTaHOBHMCSI B rn. ID. 

§3. flpoLCeCCbJ aeaoa6y»OleHHH Me308TOMOB 

B H30nHposaHHOM Me3oaToMe rrepexoll Me3oHa H3 BhiCOKOB036y>KileHHbiX 

COCTOSIHHif ( D >> 1) B COCTOSIHHSI C MeHbWel!: 9HeprHel!: IIpOHCXOJlHT C H3 ny

'leHHeM y -KBaHT•>B HnH C rrepella'leH 9HeprHH 9neKTpOHY aTOMHOfi: o6ono'I

KH ( O>Ke-rrepeXOilbi), 3TH rrepeXOilbl IIOil'lHHSIIOTCSI 06bi'!Hb!M IIpBBHnaM OT6o-

x)Crporo roaopsr, TaKce'nMrryn&cHoe' rrpn6nnJKeHHe nnR orrucaHHH rrpouecca 

TOpMOJKeHHH Me30HOB ~l1p8B9/ll1HBO lTHIJib /lO TeX 110p, ITOKB HX /lflHHB BOI1'!.bl 
ae-Bpoitnsr A-11/M v MH•>ro MeH&IIJe pB3Mepoa aroMa. ITPH v;:> ac - 2,2·108 cM/ceK 

3TO ycnOBHe Jleilc TBHTeJlbHO Bbll1011HeHO, TBK KBK, HBI1pHMep, /lflH p -Me-
30HB ApS 0,5·I0-10cM <<IO-BcM. Ho npH V• Vr• 0,8•108cM/ceK Ap• 

Jo-BcM, 'ITO yJKe cp<~BHHMo c pa3MepaMH aroMoa. KaK acerna, a 3THX 

cny'flBHX' He06X.OiiHMO 7 O'IHOe "'BOflHOBOe' pllCCMOTpeHHe 3BnlJtlH. 
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pa no op6HTallbHOMY MOM9HTY f H ero npoeKUHH m )J.liSI JJ.HnOllbHbiX ne-

{lexo):ios: L\f=;tl H L\ m o: :t·l ; 0 , npaBHlla OT6opa npHBO)J.SIT K TOMY, 'ITO 

)J.9B036y>KJJ.9HH9 M930aTOMa, o6pa30BaBW9I'OCSI B Bb!COJ:OB036y>KJJ.9HHOM COCTO-

SIHHH C 60llbWHM f , npoHCXO)J.HT nyTeM KaCKaJJ.HbDI nepeXOJJ.OB, npH 8TOM 

CyWeCTByeT KOHKypeHUHSI pa.o.HaUHOHHbiX H O>Ke-nepe:ll O)J.OB, 

BepostTHOCTb pa.o.HaUHOHHoro nepexoaa pasHa 

w 
R 

4 
3 

<d > 2 

t 4 c 3 

I')J.e <d> MaTpH'!Hblll 8119M9HT )J.HnOllbHOI'O MOME HTa Me>KJJ.Y COCTOSIHHSI-

MH (nfm) H (D 'f'm') M930aTOMa, a 

L\E 

0TCIOJJ.a BHJJ.HO, 'ITO BepOSITHOCTb W R 3HattHT91lbHa TOllbKO )J.liSI nepeXO)J.OB 

C 60llbWHMH L\ E , OJJ.HaKO TaKHM nepeXO)J.aM npenSI'J'CTBYIOT rrpaBH118 OT6o-

pa no f , KOTOpbi9 ¢aKTHtteCKH orpaHH'lHBaiOT BeliH IHHy A E , ITOCKOllbKY 

H3 COCTOSIHHSI C 3aJJ.aHHbiMH ( D f m ) B03MO>K9H nepeX )Jl TOllbKO B COCTOSIHHSI 

c n'>f-1 • B pesynbTaTe o6wee BpeMSI KacKa~a CHllbHO y.o.nHHSieTcst. 

PasMepbi MesoaTOMOB sHattHTellbHO MeHbwe pasMepoB sneKTpoHHhiX o6o

notteK aTOMOB, n08TOMY OTHOWeHHe BepOSITHOCTefi O~e-nepeXO)J.OB H pa.o.Ha

UHOHHbiX paBHO 06bi'lHOMY K08tPtPHUH9HTY KOHBepCHH k )J.liSI )J.HnOllbHOI'O 

SIJJ.epHOI'O rrepeXO)J.8, npH 7l = Z e 
2 /b V << 1 V - CKOpOCTb O>K9-81leKTpOH8). 

0TCIO)J.a cne.o.yeT, 'ITO O>Ke-nepeXO)J.bl SIBliSIIOTCSI OCHC BHbiMH B Cllyttae nepe

XOJJ.OB Me>KJJ.Y BbiCOKOBos6y>K.o.eHHhiMH MesoaTOMHhiMH ~ pOBHSIMH ( Mallbie A E ) , 

B To BpeMSI KaK nepeXOJJ.bi Ha HH3KHe ypoBHH Mesoa roMa ( 6onhwHe A E ) 

6y.o.yT B OCHOBHOM paJJ.H8UHOHHbiMHo CoOTHOW9HHe M9>KllY pa.o.HaUHOHHbiMH H 

O>Ke-nepeXO)J.8MH CHllbHO 3aBHCHT OT Z , TaK KaK W R • Z 4 , a BepOSIT

HOCTb O>Ke-nepeXO)J.OB Clla60 3aBHCHT OT Z 1 B a roMaX C 60llbUIHMH Z 

pa.o.HaUHOHHbie nel)eXO)J.bl SIBliSIIOTC Sl onpeaeliSIIOWHMH, 
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/17/ 
Afi3eH6epr H Keccnep 1 HCXOAR H3 OUeHOK (6) AliR H8~8llbHOH op-

6HTbl Me3oHa N0 , I•acc~nTanH KaCKaA B nsonapoaaHHOM MesoaToMe rrpa pas

HbiX IIpeAIIOl!O)KeHHRJ: 0 H8~8llbHOM pacrrpeAelleHHH Me30HOB ITO COCTORHHRM C 

pa3l!H~Hb!MH f , 0THOCHTellhHbiH BK118A paAH8UHOHHbiX H O)Ke-rrepeXOAOB B IIOli-

HYlO aepoRTHOCTh rrp<•uecca Aeaos6y)KAeHHR paccMoTpeH a pa6oTax 1241 

r4. HaepHbiH 38XB8 T Me30HOB 

KorAa B IIpOU<!CCe AeB036y)K.£IeHHR Me308TOM8 Me30Hbl AOCTHraJOT OA

HOrO H3 HH)KHHX ypDBHefi, Me)K.£IY HHMH H HYK110H8MH B03MO)KHbl RAepHbie 

peaKUHH, .Llo CHX IIO]l OCHOBHYJO pOllb HrpaliH :;JlleKTpOMarHHTHbie CBOHCTBa Me-

' rr H K -Me30HOB 

orrpeAel!RliHCb TOllhKO pa3HHUeH HX MaCe, Terrepb, OAHaKO, H8~HH810T CKa3bi

BaTbCR OTliH~HR B :~apaKTepe H CHlle B38HMOAeHCTBHR Me)KAY HYKliOHaMH H 

rr H K - \ole30HaMH, XOTSI H 3AeCb CyiUeCTBYlOT 06IUHe 3aKOHOMep-

HOCTH, 

B ~aCTHOCTH, ecnH Me30H H8XO.£IHTCR Ha YPOBHe ( n em) MesoaTOMa, TO 

CKOpOCTb r l!J06<·H peaKUHH Me30H8 C IIpOTOHOM SIApa Z rrpOIIOpUHOH8llb-

Ha BepORTHOCTH W HaRTH Me30H B OKpeCTHOCTH 3TOrO RApa 

... 2 
w=fdrlt/Jnf(r)l. 

v 

rAe HHTerpHpOBaHHE pacrrpOCTpaHSieTCR H8 BeCb 06beM SIApa V 
Ky IIpH r -+ 0 

1 
t/Jnf (r)= ----v------

(2f+1)! (n-f-1)!2n 

I ( n + f)! 

1/3 

R = Z 'r 
0 

r 
0 

TO 

2Zil 

n 

-13 
1, 5 . 10 

10 

-II 
"'3.10 • 

, fiOCKOllb-



(n +"f)! z 
W= --------------------------

(2f+ 3)(2f + 1)!(2f+ 1)! (n-f,...)!n 
(7) 

3aXBaT rr -Me30HOB SlApaMH B nerKHX . p rr -Me3oa·~oMaX IIpOHCXOAHT H3 

s -COCTOSIHHi!: ( t = 0 ) I II08TOMY 

4 3 
4 

z 
w=--(l-'r

0
) 

3 7 

B cnyqae BOAOPOAa seposrTHOCTb rrornomeHHsr rr 

nacHo BbiqHcneHHSIM !l>pasr, pasHa /25 I 

r= 1,6 . 10 
15 

n 3 

-1 
ceK 

(8) 

-M{·30Ha IlpOTOHOM 1 cor-

(9) 

.QnSl K -Me30HOB H TSl)l{enbiX SlAep CKOpOCTb Mef HOrO 3aXBaTa H3 Apy

rHX COCTOSIHHfi Z K--Me30aTOMa a .f.· 0) MO)I{eT cpaEHSITbCSl CO CKOpOCTblO 

paAHaUHOHHhiX rrepeXOAOB D f -+ 1 s , B aToM cnyqae A•>nsr Me30HOB, 3axsa

qeHHhiX H3 1 S -COCTOSIHHSI1 CHnbHO yrraAeT /26/X)• Jl.- -Me30Hbl B3aHMOAei!:

CTBYlOT C IIpOTOHaMH 3HaqHTenbHO cna6ee IIO peaKUHH 

+p-+n+v. ( 10) 

CKopoCTb a z aToi!: peaKUHH Ha K -op6HTe Z Jl.- -l1e308TOM8 AnSI nerKHX 

RAep ( Z < 10 ) paBHa 
1271 

a z .. 200 Z 
4 

ceK-
1 • 

TipH 6onbmHX Z HaqHaaeT CKB3hiBaTbCSI BnHSIHHe P<•3MepoB SIAep H Z 

3aBHCHMOCTb KOHCTaHTbl Q z OCna6nsreTCSl TaKHM ( 6pa30M 1 qTQ AnSI BCeX 

SlAep C 38pMaMH Z>SO .. az .. 107
ceK-

1 • TaK KaK •:KopOCTb az H CKo-

x)B Me308TOMBX BO~OpO~B ~eitCTByeT OC06biH MeXBHH3M S - 38XBBTB HB 

BblCOKHX ypOBHHX IJI' (CM, §5), 

11 



pOCTb a 
0 

pac11a.Qa -MesoHa 

-+ e + "' + "' 
( 12) 

3HH'IHTenbHO M8Hblll8 CKOpOCTeH K8CK8,QHb!X 11epeXO,QOB1 TO 008 peaKUHH ( 10) 

H (12) 11pOH9XO,QSIT 113 1 S -COCTOSIHHSI I" -MesoaToMa, 11pH'IeM 'IHCno 

M830HOB S ( t) YME Hbll!aeTCSI 110 38KOHY! 

(13) 

a o 

§5. JlpoUeCCbi1 IIpOTeKEUOIUHe IIpH CTOllKHOBeHHHX 

Me30<1TOMOB Boaopoaa C 8TOM8MH BeiUeCTB8 

CpeAH MesoaTOMOB pasnH'IHbiX aneMeHTOB oco6oe 11onmKeHHe saHHMa

IOT M8308TOMbl BOAOpo.Qa H ei'O H30T0110B. l1X OCOOeHHOCTH CBSI38Hbl C aneK-

8 D
2 

TpOHeil:TpanbHOCTb!O II ManbiMH pa3MepaMH (., 0,5•10- -- CM) • TaK, pas-
1" 

Mepbl P#.t -Me3oaTCMa B OCHOBHOM COCTOSIHHH (D=l)• 2,5•10-11CM. Enaro-

Aapsr 8THM CBOHCTBaJ.r M8308TOMbl BOAOpOAa, 110AOOHO Heil:TpoHaM, CBOOOAHO 

11p0HHK8IOT BHyTpb 8H8KTpOHHbiX o6onO'I8K 8TOMOB H MOI'YT AOBOnbHO OnH3-

KO 110,QXOllHTb K SlllpHM BeiUeCTBa. 8T0 1 B CBOIO O'lepellh 1 11pHBOllHT K psmy 

OC009HHOCT8H B 11pOlleCCaX ll8B030Y*A8HHSI H SI.QepHOI'O 38XBaTa, H 1 B '18CT

HOCTH1 CHnbHO yMeHb ll!aeT BpeMSI K8CK8AHbiX 11epeXOllOB. 

llpoueccbi AeBo 30Y*88HHSI. B H30nHpOBaHHOM MesoaTOMe BOAOPOlla Me

soH MO*eT 11epeil:TH C Bb!COKHX ypOBH8H Ha OCHOBHOH TOnbKO 38 C'I8T pa.QH8-

UHOHHb!X 11epeXO,QOB0 llnsr p rr- -MesoaToMa BpeMsr caM oro ObiCTporo 11epe-

XOll8 2p-+ls paBHO 6•1o-12CeK, OllH8KO OOIU88 BP8MSI K8CK8A8 C VPOBHSI 

(D f) H8 ypOB8Hb 1 S 3H8'1HTenbHO OOnbll!e ( .. 10-
9

ceK) 1 T.K. 11epeXOllY 

11p81151TCTBYIOT 11paBH;Ia OTOOpa 110 OpOHTanbHOMY MOM8HTy f1 f • + 1 AnSI 

llH110nbHOI'O H3ny'leHil5l. EcnH *e M8308TOM BOAOP0ll8 6ny*ll88T B BeiUeCTBe 

H 110118ll88T BHyTpb :~neKTpOHHbiX ooono'leK 8TOMOB1 TO OH MO*eT 0Tll8Tb 

aHeprHIO aneKTpoHy <•oono'IKH H Bbi6pocHTb ero H3 aToMa. Cor·nacHo Bhi'IHC-
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neHHSIM EeTe H J1eoHa 118!, aToT rrpouecc (BHeWHHti ))l{e-a<jJ¢eKT) coKpawa

eT BpeMSI K8CK8):{8 B Me308TOMe BOLIOPOLI8 ):{0 BeJIH"'IiH~I 10-1
1
-t10-

12
ceKX), 

HaepHbifi 3axBaT, BTopofi a!fl!fleKT, KOTopbiti crreuM$H"'eH TOJibKO anSI Me-

3oaToMoB 1l 7T 1i p K li KOTOPhlfi IIPHBOLIHT K pe3KOM" r. YBeJIH"'eHHIO BepOSIT

HOCTii Sl):{epHoro 38XBaTa "- li K -Me30HOB, yKa3aH naeM, CHoy. li Ca"!e

pOM 11 61. CornacHo Bbi"!HcneHHSIM <t>paSI 125/, SIAepHl>Ie peaKUHH 

"- +· P .. a + " o • , o .. 2 Y ( 14) 

, +P-+n+y ( 15) 

H!trT C 38MeTHOH BepOSITHOCTbiO He TOJlbKO !i3 OCHOBJI<•rO COCTOSIHHSI ( 11 = 1), 

HO T8K)I{e H3 B036y)l{):(eHHbiX 11 8 -COCTOSIHHH ( 11 > 1 j 

!flopMynhi (7) cneayeT, 'ITO SIJ:tepHbie peaKUiili ( 14) H 

f .. 0 ) • OaHaKo H3 

15) CHJlbHO II0):(8BJle-

Hbl 0 eCJlli Me30H HaXO):(IiTCSI B COCTOSIHiili C HeHyneBbiM op6!iT8JlbHbiM MOMeH

TOM (f f. 0 ) , J1 IIOCKOJlbKY Me308TOMbl 6oJibWeH "18CTI>IO o6pa3yiOTCSI B COC

TOSIHHSIX C (ff. 0) , TO BepOSITHOCTb 38XB8T8 C Bb!COKHX ypOBHeH 1i30JIHpo

B8HHOrO Me308TOM8 rrpeHe6pe)I{HMO Mana, floJIO)KeHHe MeHSieTCSI0 eCJIH Me3o-

8TOMbl BOLIOPOLI8 0 Ilp0HHK8SI BHyTpb 9JleKTpOHHblX 06CJIO'IeK 8TOMOB 0 MoryT 

Ilp!i6Jl!i)K8TbCSI K Sl):(p8M apyrHX 8TOMOB, J1HHetiHbifi a!flqeKT illTapKa ):(JlSI ypoB

HeH Me308TOM8 p rr- o. BblpO)KJ:teHHhiX IIO op6HT8JlbHC•MY MOMeHTy, B Kyno

HOBCKOM IIOJie Sl):{ep IIpHBO):(IiT K "CMeWHB8HHIOV COCTC SIHHH C pa3Jlli"'HbiMH f 

H K rrepeXOJ:l8M Me)I{LIY HHMH. floaTOMY Me308TOM BOt.opoaa, rrepBOH8'18JlbHO 

H8XO):{HBWHfiCSI B COCTOSIHHH C f f. 0 0 B rrpouecce <:TOJlKHOBeHHSI IlpOBO):(HT 

"18CTb BpeMeHH B COCTOSIHHH C f .,. 0 0 BepOSITHOCTb SIJ:tepHOrO 38XB8T8 H3 

KOTOpOrO BeCbMa BeJlHK8, 06a 9TH IlpOUeCca: BHeWHHH O)l{e-a!fl!fleKT H MeXa

HH3M llati-CRoy-Ca'Iepa a!fl!fleKTHBHO yMeHbW8IOT BpeMSI )I{H3HH rr- -Me3o

H8 B BO):(opoae, 3KCIIepHMeHT8JlbHO H3MepeHHOe BpeUSI )I{H3HH B BO):(OpOJ:te 

r H = (2,3 ± 0,6)•10-12ceK /28/, 'ITO Ha ):(B8 IIOpS1lJK8 BeJlli'IHHhl MeHbllle 0 

"!eM BpeMH )l{!i3HH B renHH r He = (3,6 :1: 0,7) 10-10 ce~ /29/, 8hi"!HcneHHH 

x) 
YnoMHHeM eme OP.HH B0.3MOJKHbiil MexaHH3M P,eB0.36yJKP.ehHH /15,28/. 

CronKHOBeHHH p,.-- MeaoaToMa c MO.'JeKynoil H 2 MoryT npnaecTH K ee 

P.HCCOUHBUHH1 I7pH'leM 3HeprHH P.HCCOUHBUHH ( ., 1 3B) paBHB 3JieprHH KBC-

K8JlHOrO nepeXOtlB. 

13 



neHIHIM BeTe H Jleoaa 118!, 9TOT rrpouecc (saewaHii: )}tw-aljJ<jleKT) coKpawa

eT BpeMH K8CK8L\8 B Me308TOMe BOL\Op0/18 /10 BenH'IHH >I 10- 11 -t 10-
12

ceKX), 

fiAepHbiH 38XB8T, 8Topoii: a«P«PeKT 0 KOTOpbiH CIIeUH«!lH'leH TOnbKO AnH Me-

308TOMOB 1) tr _, H p K H KOTOPbiH IIPHBOAHT K pe3KOM. T. ysenH'leHHIO BepoHT

HOCTH HAepaoro 38XB8T8 ,- H K -Me30HOB, YK838H naeM, Caoy. H Ca'Ie

poM 1161• Cornacao Bbi'IHCneHHHM <PpaH 125/, HAepHl>Ie peaKUHH 

,- + p ... D + " o , rr o ... 2 y ( 14) 

, +P-+D+y (15) 

HtzyT C 38MeTHOH sepOHTHOCTbiO He TOnbKO H3 OCHOBJI<•rO COCTOHHH.SI ( D = 1), 

HO T8K}Ke H3 B036y}KL\eHHbiX DB -COCTOHHHl!: ( D > ·1 ; f = 0 ), 0AH8KO H3 

«PopMynhi (7) cnenyeT, 'ITO HAepHbJe peaKUHH (14) H 15) C!WbHO IIOL\8Bne-

Hbi 0 ecnH Me30H H8XOI1HTC5I B COCTOHHHH C HeHyneBbiM op6HTanbHbiM MOMeH

TOM (f .f.· 0 ), VI IIOCKOnbKY Me308TOMbl 6onbWeii: 'l8CT:,IQ o6pa3yJOTC.SI B COC

TOHHHHX C (f.f. 0) 0 TO BepO.SITHOCTb 38XB8T8 C Bb!COKHX ypOBHeii: H30mipo

B8HHOrO Me308TOM8 rrpeHe6pe}KHMO Mana, DonO}KeHHe MeH.SieTC.SI, eCnH Me3o-

8TOMbl BOAOPOL\8 0 IlpOHHK85I BHyTpb 9neKTpOHHhiX 06<•nO'leK 8TOMOB 0 MOryT 

IlpH6nH}K8TbCH K HAPBM ApyrHX 8TOMOB, JlHHeHHb!l!: a«PqeKT lliTapK8 AnH ypoB

HeH M€308TOM8 p ,- o. BblpO}KL\eHHbiX IIO op6HTanhH<•MY MOMeHTy, B Kyno

HOBCKOM none HAep IIpHBOJlHT K "CMeWHBBHHIOV COCTC HHHH C pa3nH'!HbiMH f 

H K rrepeXOJl8M Me}KJlY HHMH. DoaTOMY Me308TOM BOl.OPOll8 0 rrepBOH8'l8nbHO 

HttXOL\HBWHlicH B COCTOHHHH C f .f. 0 0 B IIpOUeCCe CTOnKHOBeHHH IIpOBOL\HT 

'l8CTb BpeMeHH B COCTOHHHH C f = 0 , BepO.SITHOCTb SIAepHoro 38XB8T8 H3 

KOToporo seCbMa senHKa, 06a 9TH rrpouecca: BHewHHH O}Ke-a«P«PeKT H Mexa

HH3M naii:-CHoy-Ca'Iepa a«P«PeKTHBHO yMeHbW810T Bp€M.SI }KH3HH rr- -Me3o

H8 B BOAOpOile, 3KCIIepHMeHT8nhHO H3MepeHHOe BpeH.SI }KH3HH B BOAOPOAe 

r H = (2,3 ± 0,6)•10-12ceK /28/, 'ITO H8 L\B8 IIOp.SI.CK8 BenH'IHHbl MeHbWe, 

"!eM speMH }KH3HH B renHH r He = (3,6 ± 0,7) Io-10 ce'K /29/, Bbi'IHCneHHSI 

x) 
YnoMHHeM ewe O.l!HH B03MO)I(Hbiif MexaHH3M .QeB036y)l(.lfebHH /15,28/, 

CronKHOBeHHfl p,- - Me30BTOMB c MoneKynoif H 2 MoryT npnaeCTH K ee 

.QHCCOUHBUHH, npH'leM 3HeprHH .[fHCCOUHBUHH ( * 1 3B) p8BH8 3, reprHH KBC-

KBJlHoro nepexo.aa. 
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BeTe H neoHa /18/ c f'ieTOM o60HX yKa3aHHbiX MexaHH3MOB /16/ .QaiOT .unH 

BpeMeHH >KH3HH fl -J4e30Ha B BO.UOpO.Qe 3Ha'ieHHe r • 3·,5·10-12 CeK, KQ
H 

TOpOe .UOBOnbHO 6nH3KJ K Hai!:.QeHHOMY SKCnepHMeHTanbHO x), 

npoUeCCbl nepeXE 8Ta. npH CTOnKHOBeHHHX Me308TOMOB BO.UOpO.Qa C H.!lpa

MH .UpyrHX 8TOMOB B~IMO>KeH eme O.UHH npouecc: nepeXB8T Me30HOB OT npo-

TOHOB K H.!lp8M z o6pa30B8HHeM Z 1'_, HnH Z ,-· MeaoaToMoB. TaKoA 

nepexaaT Heo6paTHM npHBO.UHT K no.uaaneHHIO peaKUHH nepeaapH.!lKH (14) a 

npHCYTCTBHH .upyrHx SltJ.ep Z xx). Hay'iaH peaKUHIO (14) B aemecTaax, co

.uep>KaiUHX BOilOPOil_. nt HOtPcKHA H llPo 115/ 06Hapy>KHnH, 'iTO ee MO>KHO Ha6niO

Il8Tb TOnbKO B 'iHCTOH BO.UOpO.Qe 8 2 , B TO BpeMH K8K B rH.UpH.Qe nHTHH 

LiB H B nonHSTHneHa CH 2 oHa no.uaaneaa .uo ypoBHH < 10-2. AaTopLI pa-

6oTbi 
116/ 06'bHCHHnH peaynbT8Tbl CBOHX SKCnepHMeHTOB nepeXB8TOM fl -Me-

30HOB no peaKUHH 

( 16) 

B .ueAcTBHTenhHOCTH, nepexaaT MeaoHoB K H.!lpaM Z B peaynbTaTe 

Me308TOMHblX CTOnKH•>BeHHi!: cymeCTBeHeH nHUib B MeXaHH'ieCKHX CMeCHX H 

raaax, B TO BpeMH KilK B XHMH'ieCKHX COellHHeHHHX THna Ll 8 

aHa'iHTenbHO 6onee s:P4JeKTHBHhii!: MexaHH3'M nepexaaTa (eM. rn. ID ) • 

CTonKHOBeHHH P l MeaoaTOMOB. nepexaaT , -Me30HOB OT Ptr -Me-

308TOMOB K H.!1P8M •: S.p¢eKTHBeH TOnbKO Ha Bb!COKHX op6HT8X (a > ·1), T.e. 

.!10 TeX nop, noKa CKCpOCTb nepeXBaTa 6onbWe CKOpOCTei!: K8CKBilHhlX nepe-

x) 
3KCnepHMeHT8nbHOe 3Jr8qeHHe r H CKn81lblB8eTCfl H3 TpeX q8CTeJt: BpeMfil 

TOpMOJKeHHfil .. - -Me30H• OT CKOpOCTeJt V • QC llO 38XB8T8 B llHCKpeTHbiH 

CneKTp; K8CK81lH_bie nepe (Oilb[; R.aepHbi_ft 38XB8T, no OIIeJlKI!tM aafl /16/ .. -~ 

Me30H, neTRliiHJl CO CKOl OCTbiO V • Q C 1 yJKe qepe3 BpeMR rj ,• 1 ,2•1 o-12 CeK 

non8tl8eT H8 op6HTY n • 15 Me308TOM8 /.."-. Corn8CHO BbiqHcneHHRM BeTe H 

neoHB / 18/·, qepe3 ape • .lfil r~ -( 2, 3 :!:J:i>1tr 1
fbeK, nocne 3Toro npoH3oJt.ti.eT 

fl.QepHbiJl 38XB8T "- -lfe30H8 npoTOHOM. CyMM8pHoe apeMR rH • r + r • 
= 8,5•1o-12 ceK. 

1 
!J 

XX) 38XB8T .- -Me30,l8 ktlpOM Z npHBOilHT He K pe8KIIHH (14), 8 K p83B8-

ny R.ap8. BepoRTHOCTb >e8KI1HH (14) H8 acex R.ap8X Z He npeBbiUJ8eT 10--'!., 
38 HCKnJOqeHHeM He 3 

11 D d Qnfl KOTOpbiX 3T8 BepORTHOCTb COCT8BnfileT 0,155 
H < 10-8 COOTBeTCTBeHHO /

8 /• 
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XO.JOB, a .II.QepHbiH 3aXBaT Man, 3TO, B CBOIO O'IepeAb, B03M0)KH0 nHlllb B TOM 

cnyqae, eCnH KOHUeHTpaUHR RAep z AOCT8TO'IHO llenHKa, -Me30Hbl 

B38HMOAeHCTBYIOT C .II.QpaMH 3Ha'IHTenbHO cna6ee, '!eM 7T -Me30Hbl 0 IT03-

"TOMY BpeMR )KH3HH - Me30Ha B -MI!308TOMe MHOI'O 6onb-

llle AnHTenbHOCTH BCeX K8CK8AHb!X nepeXOAOB H ITpH vf8nb!X KOHUeHTp8UHSIX 

- Me30H ycrresaeT AOCTHI'HYTb K - Jp6HTbi, a BeCb Aanb-

HeHllJHH rrpouecc rrepeXBaTa rrpoHCXOAHT H3 OCHOBHOI'O COCTORHHR p~ -Me-

30aTOMa, TaKOH rrpouecc rroApo6Ho H3y'lancg 3KcrrepHL1eHTanbHO 131,321 H 

TeopeTH'leCKH 1191, B pe3ynbTaTe 6bJno ycTaHOBneHO, 'ITO KOHCT8HT8 rrepe

XBaTa p. -M830Ha C K- o6onO'IKH p p. -Me30aTOM8 IT )H CTOnKHOBeHHH C SlA-

p OM Z rrpHMepHo "' Z • 

KpoMe rrpouecca rrepexBaTa, rrpH cTonKHOBeHHSIX i p. -Me308TOMOB rrpo-

HCXOAHT o6pa30BaHHe Me30MOneKyn BOAOpOAa H ero H30TOITOB, SIAepHbiH Ka-

-Me30HOB H APYI'He 11pOU,~CCbl 0 Ha KOTOpblX Mbl 

He 6yAeM ocTaHaBnHBaTbCSI ( CM, , HarrpHMep
1 

o63'0p I l I), 

rnasa II • HOBbiE 3KCnEPHMEHTAJibHbrE PE3YflbTATb/ 

B TaKOM BRAe cnO)KHnaCb KapTHHa Me308TOMHbl~ rrpoueCCOB K Ha'lany 

60-x I'OAOB, KOI'A8 6binH rrony'leHbl HHTeHCHBHble rry'IJ:H Me30HOB H C03A8H8 

HOBa-H 3KCITepHMeHTanbHaR arrrrapaTypa, o6naAaiOl!laR BbCOKOH a4J4JeKTHBHOCTbiO 

H pa3pellleHHeM, 3TO IT03BOnHnO H8'laTb CHCTeMaTH'leCKHe KOnH'!eCTBeHHble 

HCCneAOB8HHSI ITpOUeCCOB TOpMO)KeHHSI H rror·nomeHHSI Me30HOL rl Bel!leCT

Be, npH 3TOM OKa3anOCb, 'ITO HOBbie 3KCrrepHMeHTanbH ,Je pe3ynbTaTbl He MQ

ryT 6b!Tb 06'bRCHeHbl B paMKaX pa3BHTblX paHee TeOpE TH'leCKHX TipeACTaBne

HHH H Tpe6yiOT HX nepeCMOTpa, 

§ 1. llposepKa Z -38KOH8 

npe)KAe BCero 6bJn ITOABeprHyT Tl!laTenbHOH 3KC rrepll:MeHTanbHOH rrpo

BepKe J Z -3aKoH <t>epMH-Tennepa, yKa3aHH51 na Hap:y llleHHe KOTOporo 6binH 

H3BeCTHbi y)Ke AaBHo (eM,, HarrpHMep, 1331 ). Pe3ynbTBTbi aToii rrpoBepKH 6bi-
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na npoaaanH3HposaHhi a pa6oTe BaAana H JJ.p. /34/. npu nonhiTKe onucaTb 

• aepOSITHOCTb 38XB8Ta :::TeneHHbiM 38KOHOM BHJJ.8 Z oKa3anocb, ~TO noKa-

3aTenb cTeneHH s JJ.nSI pa3nH~HbiX aemeCTB MeHSieTCSI B IIIHpOKHX npeJJ.e-

nax oT -1 JJ.O 1,5 (eM. puc.1 ). Bo6pos H JJ.p. o6'hHCHMH o6aapy>KeHHbie HMH 

CHCTeMaTH~eCKHe OTCTynneHHSI OT Z -38KOH8 /35/ pa3nH~HbiM CpOJJ.CTBOM 

K aneKTpOHY XHMH~eCI<HX aneMeHTOB, o6pa3y!OIIIHX COeJJ.HHeHHe • 

mWz.' 
k wi! 

100 

10 

S•1.$ 

S·, 
F•rmi- T•ll•r; 

S· o.$ 

1.0 

!Li 1 -----+!-- s. 0 

0.1 

i. 

Puc.l. Pe3ynhT8Tbi npc aepKH 

10 

s. -.0.5 

z' 
tooT 

Z -38KOH8 npH nornomeHHH ~ -Me30HOB B 
XHMH'IeCKHX COeJJ.HHeHieSIX Z , z /33,34/ n ""'· THna II: m • • pSIMble - 't'.rHKUHH 

Dl ( '/ • T Z Z ) npu pa3I H'IHbiX 

38KOHY <l>epMH-Tenn:epa. . W z 
MOM Z 

S • 3Ha'leHHe S• 1 COOTBeTCTByeT Z -

-sepoHTHOCTb aaxaaTa 1£ -Meaoaa aTo-

B yKa3aHHbiX Bbi we aKcnepHMeHTax HH.QHKaTopoM npouecca 3axsaTa 

11. -Me3oHa MPOM Z cny>Kana peaKUHH (10). HeJJ.ocTaTKH aToA MeTOJJ.HKH 
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CBSI38Hbl C TeM, 'ITO IIpH 6onbWHX z KOHCT8HTbl Gz s <t>opMYne (13) 

cna6o 38BHCSIT OT BenH'IHHbl aapsma Z H II09TOMY B COe.QHHeHHSIX THIIB 

z~ z m C 6nH3KHMH 3H8'1eHHSIMH Z ' H z Tpy.z: HO pa3.QenHTb 9KCIIo-

HeHTbl pacrra.Qa ( 13), 0IIh!Tbl IIO H3y'leHHIO MeaopeHTI'eHOBCKOI'O H3ny'ieHHSI 

B XHMH'IeCKHX coe.QHHeHHSIX /36/ CB060AHbl OT 9TOI'O He.QOCT8TKB 0 TBK KBK 

xapaKTepHCTH'IeCKHe cepHH pa3nH'IHbiX ::~neMeHTOB pa3.QE HHYTbl IIO WKane 9Hep-

I'Hii, K8K Z 
2 

, H nerKO OT.QenSIIOTCSI Apyr OT Apyra, {pOMe TOI'O, CT8AHSI 

K8CK8AHbiX IIepeXO.QOB 6nH}Ke K HB'IBny UeiiO'IKH Me3<•BTOMHbiX IIpOUeCCOB, 

Cs 

NaY C6 

Puc,2. CxeMa 9KCrrepuMeHTanhHOi!: ycTaHOBKH AnSI uccnectoBaHHSI aaxaaTa p. -
Me30HOB 

11- 101• ,.- -rry'IOK ,.-, -Me30HOB, Be -T•>pM03SIWHi!: <t>unbTp, 

C 1- C 4 - CUHHTHnnSIUHOHHhie C'I9T'IHKH, BbiAenSI!OWHe OC T8HOBKH p. -Me3o-

HOB B MHW9HH, C S -CUHHTHnnSIUHOHHbii!: C'19T'IHK, BK;l!0'19HHbli!: H8 8HTH-

COB!IBA9HH9j C e - C!IeKTpOMeTpH'19CKHl!: CUHHTHnnSIUHOHl bli!: C'leT'IHK 1 M -
HCCneAyeMBSI MHW9Hb 1 Pb - CBHHUOBBSI 38WHT8 1 

3Ta MeTOAHK8 H3MepeHHl!: 6hin8 HCIIOnb30B8H8 B CepHH pa60T B,3HHo

B8 H Ap,l7-1 Q/ AnSI HCCne.Q OB8HHSI rrpoUeCCOB 38XB8Til p. -Me30HOB B XH

MH'IeCKHX COeAH~eHHSIX H CMeCSIX BeWeCTB. CxeMa IIpt~MeHSIBWel!:CSI HMH 3K-

c~epuMeHTanbHOii ycTaHOBKH npuBeAeHa Ha puc,2. -Me30Hbl 0 o6pa30B8H-
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;Hhle Ha CHHXpOUHKn<•TpOHe na6opaTOpHH smepHbiX npo6neM 011HJ1, npOXOllH

nH "!epea pSill CUHHTHnnSIUHOHHbiX C'leT'IHKOB H TOpM03SIIUHX !f!HnbTpOB H OCTa-

HaBnHBBnHCb B HCCnel.yeMOH MHlileHH. !l>aKT OCTBHOBKH p. -Me30HOB B MHlileHH 

H8Jle)KH0 BbillenSinCSI 6naronapSI npHMeHeHH!O cneuHanbHOH aneKTpOHHOH CHCTe

Mbl, perHCTpHpOBaBIUeH B03paCT8HHe HOHH38UHOHHb!X nOTepb !3HeprHH p.- -

MeaoHa (2) no Mepe yMeHhllleHHSI ero ocTaTO'IHoro npo6era. MeaopeHTreHOB

CKoe H3ny"!eHHe lleTEKTHposanOCb npH nOMOIIIH cneKTpOMeTpH'IeCKOrO CUHHTHn-

Na J , HMnynhCbJ KoToporo nonasa-

mrch Ha sxon MHoro:caHanbHoro aMnnHTynHoro aHanusaTopa. IlposeneHHbJe HC

cnenosaHHSI nOKa3ani 1 'ITO B CMeCSIX HHepTHb!X ra30B Z -38KOH BbiiiOnHSieT

CSI YllOBneTBOpHTen~HO, XOTSI H Ha6nJOll8!0TCSI He6onbiiiHe CHCTeMBTH'IeCKHe 

OTKnOHeHHSI (sepOSI~HOCTb 38XBaTa -Me30H8 Ha Me308TOMHbie op6HTbl 

pasnH'IHbiX aneMeHTDB, pacc'IHTaHHa.SI Ha eaHHHUY aapSiaa, cna6o naaaeT c 

pocToM Z • B TO *e speMSI B CMeCH Ar + CO 2 Z -aaKOH He BbmonHSieT

cSI: sepOHTHOCTb saxBaTa B CO 2 npHMepHO BllBOe npeBbililaeT paC'IeTHyJO/B/• 

K o6cY*AeHHJO pes;'nbTaTos aTHX onbiTOB Mbi sepHeMCSI B rn. IV 

H3nO)I{eHHSI HOBOH Ill OAenH Me308TOMHbiX npoueCCOB. 

nocne 

Bee nepe'IHCnE HHbie aKcnepHMeHTbi no saxsaTy p. -Me3oHoB nossonSI-

JOT caenaTh 061IIHH 3blBOA: Z -saKolf !l>epMH-Tennepa, KaK npaBHno, Hapy-

lllaeTCHo 3TO, OAHBJ:O, He 03Ha'laeT, 'ITO Z -38KOH HapylllaeTCSI Ha CTBAHH 

nepBOHa'laJ}bHOH IIOCallKH Me30HOB, nocxonbKY B nepe'IHCneHHbiX !3KCnepHMeH

T8X H3MepSinaCb nH Ub CyMM8pHaSI BepOSITHOCTb HeCKOnhKHX nocneAOBaTenh

Hb!X cTallHH npouec•:a nornollleHHSI Me30HOB (snnoTb ao smepHoro saxsaTa), 

KOTopa.SI MO)I{eT cyLleCTBeHHO OTnH'IaTbCSI OT BepOSITHOCTH nepBOH8'18nbHOH 

nOCBAKH. 

§2. 3axsaT ,.- -Me30HOB B soaopoaocoaepJKamHx semecTsax 

HaH6onee pes~He OTCTynneHHSI oT 

pHH !3KCnepHMeHTOB /2,'3,5,6/ no 38XBaTy 

Z -38KOH8 6binH o6Hapy)l{eHbl B ce-

fT -Me30HOB B BOAOPOAOCOAep-

)K8JUHX semecTsax 1 Hna Z m H n • B nepBbiX HccnenosaHHSIX aToro npouec-

ca /i5/ 6binO yCT8l!OBneHO, 'ITO sepOSITHOCTb 38XB8T8 OCTBHOBHBIIIHXC.SI tr 

Me30HOB SIApBMH B< •AOPOll8 no peaKUHH ( 14) HBCTOnhKO CHnbHO IIOllBBneaa, 
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'ITO npHMeHSIBWBSICSI armapaTypa He no3BOnHna ee 38!= erHCTpHposaTh. B orrhr

Tax /2,5,6/ AnSI H3y'IeHHSI peaKUHH ( 14) 6hW8 HCIIOnb;: OBBHB 3KCIIepHMeHTanh

H8SI yCT8HOBKa, npHBeAeHHBSI HB pHc.3. Uy'IOK " -He30HOB, o6pa30B8HHbiil: 

Ha CHHXpOUHKnOT_FOHe Jla6opaTOpHH SIAepHbiX rrpo6neM 0Y!5IY!, IIpOXOAHn 'Iepe3 

CUHHTHnnSIUHOHHbie C'IeT'IHKH H TOpM03SIWHe ¢HnhTpbi, rrocne qero " -Me30-

Hhl OCTBHBBnHBBnHCb B HCCnenyeMOH MHI!IeHH. 06pa30I ·BHHbie B peaKUHH ( 14) 

--JI 

c, 
c, 

cp 

~~~~ 
~ ~ ~ 

~~ 581/VP 

f; 0 ~ 

PHc.3. CxeMa aKcnepHMeHTanbHOA ycTaHOBKH nnSI HCc.reJloBaHHSI aaxsaTa "

Me30HOB B BOJlOpOJlOCOAeplKBWHX B8WeCTB8X /2/ "- -IIY"'OK If-· -Me30HOB 

C HMnynhCOM 80 Mas/c, C 1 - C 4 - CUHHTHnnSIUHOHHbiE C"'eT"'HKH, C l , C I 
'IepeHKOBCKHe cneKTpoMeTphi nonHero rrornoweHHSI, M - HccneJlyeMaSI MH-

weHh, Pb -CBHHUOBaSI aawHTa~ <1> - TOpM03SIWHA cpH 'IbTp. 
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0 y -KBaHTbl OT pac ri8Jla rr -Me30HOB pei'HCTpHpOBanHCb JlBYMSI 'lepeH-

KOBCKHMH cneKTpoMeT3aMH nonHoro nornoweHHSI, Dnsr noaaBneHHSI BKnaaa oT 

nepeaapSIJlKH rr- -M ?30HOB Ha neHTy CUHHTHnnSIUHOHHbie C'leT'IHKH pa6oTa

nH B pe)KHMe aeTeKTOpa ocTaHOBOK 
121• Bnaroaapg BbiCOKoA a<P<lleKTHBKOCTH 

H HH3KOH 'IYBCTBHTenb liOCTH K tPOHY llOCTOpOHHei'O Hany'leHHSI ycTBHOBKa ll03-

BOngna pei'HCTpHpOBa1b peaKUH~ Jla)Ke B TOM cnyqae, KOI'Jla BepOSITHOCTb ee 

noaaBneHa ao BenH'IHH~I "'1o-4. 3To nano eoaMO)KHOCTb aape~HcTpupoBaTb aax-

BaT , -Me30HOB B I·OJl0pOCOJlep)K8WHX BeWeCTBax zm H n 1 H3MepHTb Be-

pOSITHOCTb 9TOI'O nponecca H ycTaHOBHTb ee 3aBHCHMOCTb OT aapSIJla Z 1 

a TaK)Ke pSIJl Jlpyrux aaKOHOMepHOCTeii. HapSIJly c 3THM 6bm o6Hapy)KeH Me-

Hee HHTeHCHBHbiH nep ?XBaT 

B raaoBbiX cMeCSIX 111 I, 

, -Me30HOB OT B0Jl0p0Jl8 K TSI)KenbiM aTOMaM 

OnHcaHHbie 9KcnepHMeHTbi MO)KHO paaJlenHTb Ha JlBe rpynnhi: onbiTbi no 

3aXBaTy .'."- -Me30HC B B KOHJleHCHpOBaHHbiX XHMH'IeCKHX COeJlHHeHHSIX H B 

CMeCSIX I'830B, HHlKe o6CYlKil8~TCH OCHOBHbie peaynbTaTbi, nony'leHHble B 9THX 

3KCnepHMeHT8X, 

§3. 3axBaT rr -Me30HOB B XHMH'leCKHX coeaHHeHHHX 

B 3THX aKcnep~MeHTax H3Mepgnacb eepoSITHOCTb w 38XB8Ta rr-

Me30HOB S1Jlp8MH BOJlCPOJla B XHMH'IeCKHX COeJlHHeHHSIX THITa Zm Hn 

3TOM 06HapylKeHbl Cnl!JlY~WHe aaKOHOMepHOCTH: 

X) • npH 

1. BepOSITHOCTb w peaKo aaBHCHT OT aapgaa z SIJlp8 8TOM8 1 Ko-

TOpblR XHMH'IeCKH CBSI38H C BOJlOPOJ.tOM, H cneJ.tyeT 3MIIKpH'IeCKOR 38BHCRMOC

TR l21 

x) 
B 'IRCTOM oonopWle I' H 

2 
• l · 

• 
• 

-3 
z 

20 

(17) 



rAe a, - BemPIHHhi, KOTOPhie 3aBHCSIT OT HOMepa L nepHOAa Ta6nHUhl MeH

AeneeBa, K KOTOpOMY npHHaAne~HT aTOM Z , BHyTpf rrepHOAOB Koa$$H-

UHeHThl a L npHMepHo noCTOSIHHhi, npH'-IeM AnSI 2-4 nepHOAOB aL+l / aL., 3 151~ 
Yl3 <\JopMynbi (17) BHAHO, 'ITO B XHMH'leCKHX COeJJH:HeHHSIX 3aXBaT IT-·

Me30HOB BOAOPOAOM (14) H (15) CHnbHO noAaBneH, Ta<, AnSI LiH w ... 4·10- 2 , 

AnSI H ? 0 W "' 4 · 10 -s 

2, BepOHTHOCTb W npaKTH'leCKH He 3aBHCHT OT ITJJOTHOCTH H aa)!{e 

OT arperaTHOrO COCTOSIHHSI BemeCTB, TaK, B OAHOM H3 OllbiTOB /37/rrnOTHOCTb 

aTHneHa C 2 H 4 
ITpH 8TOM 

OCTanaCb H9H3MeHHOH, 

He yMeHbmaeTCSI TaK~e rrpH Q06aBneHHH K BOAOpO-

AOCOAep~ameMy BeiUeCTBy npHMeCeii: TSI~enbiX aneMeHT )B, XHMH'leCKH He CBSI-

38HHhiX c BOAOPOAOM, HanpHMep, rrpH pacTBopeHHH B M·JTHnoBoM crrHpTe CH 3 0H 

coneii: NaJ H LiCI (B rrponopUHH 9CH 3 0H +NaJ 11 3,15CH
3
0H + LiCl) 

BenH'lHHa W no cpaBHeHHIO c 'lHCThiM crrHpTOM He H3 MeHHnacb /37 I, 

§4, 3aXB8T TT -Me30HOB B CMeCHX T'.~30B 

npH H3y'leHHH rrepeXBaTa IT- -Me30HOB OT prr- -M<!30aTOMOB K SIApaM TS'I

~enbiX aTOMOB B CMeCSIX ra30B THITa H2 +Z H ZmHn+Z' Ha6nroaaiOTCS'I apyrHe 

OC06eHHOCTH rrpOUeCCa rrornomeHHSI fT- -Me30HOB SlAPE MH BOJJOPOUa /11/ 

1. B cMecSix ra30B H 2 + Z: 

a) rrepexsaT fT -Me30HOB MpaMH' Z MeHee HH"eHCHBeH, '19M B cny-

'lae XHMH'leCKHX COeAHHeHHfi; 

6) OH cna6o 38BHCHT OT 38pSIA8 Z rrpHMeCH 

B) BepO.IITHOCTb Q . rrepeXBaTa OITPenenSieTCH nHWb OTHOCHTenbHOR 

KOHUeHTpauHeii: C "'C z/ C H H rrpH $HKCHpOBiiRHOM C He 38BHCHT OT KOH-

UeHTpaUHH C z H C H Huep Z H H 

r) rrpH He6onhmHX KOHUeHTpaUHHX rrpHMeceii: Z ( C << 1) rrepexsaT " 

Me30HOB K HJ]paM, Z BeCbMa Man /38/, 'ITO COBepmeHHO He ITOXO~e Ha aHa

norH'lHb!ii: rrpouecc unH /l- -Me30HOB ( HarrpHMep, B )!{If]: KOM BOAOPOAe nepex

BaT jL- -M930HOB Ha ITpHM9CH 6nH30K K 100% y)!{e ITpH KOHU9HTpaUHSIX 

C..0,001) /31/, 
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2. B CMeCSIX ra30B ZmH n + Z' nepexBaT " -Me30HOB ru:tpaMH z' 
MeHbllle, 'leM B CHCT(·Max H + Z ', T.e. 

( 18) 

§5. Jl_JeaBapHTenbHOe o6cy)/(aeHHe 

CpenH nepe'IHCneHHhiX peGynbTBTOB cnenyeT oco6o BhillenHTb JlBa tflaK-

Ta: pe3KYJO Z -3BBHCHMOCTb BepOSITHOCTI1 W z H 38XBaTa " -Me30HOB 
m n 

BOllOPOllOM B X11MI1'1e•:KI1X CSelli1HeHI1SIX TI1ITB Z m H n 11 He3aBHCI1MOCTb Be-

pOS!THOCTH nepeXBaTa Q H 
2 

+ z B CMeCSIX I'B30B H 
2 

+ Z OT KOHUeHTp8UI1ii: C z 

11 C H npH tPHKC!ipOBdHHOM C . p aCCMOTpHM BHB'Iane nepByJO rpynny Oilbi

TOB ( §3) 11 ITOITbiTaerv CSI OTBeTHTb Ha cnenyJOlliHe OCHOBHbie BOnpOCbl: Ha Ka-

KOfi CTBllHH npOHCXOllHT HapyllleHHSI Z -3BKOHB 1 KBKBSI H3 CT8l1Hii: Me30BTOM-

HbiX npoueccoB 1 ) -5) , rnaBbi 1, onpenenHeT nepe'111CneHHbie oco6eHHOCTH H 

KBKBSI 113 CyllleCTBY!OlUI1X TeopeTI1'1eCKHX MOJlenefi MO)I{eT HX 06"bSICHI1Tb? 

B paMKax cxeMbi <t>epMI1-Tennepa Z -3aBI1CI1MOCTb HnepHofi peaKU1111 

(14) onpenensreTCSI r.poueccoM 2) rn.l (nepexoJl Me3oHa B Jli1CKpeTHhifi 

cneKTp). Z -3BKOH oepMH-Tennepa B03HHKaeT npH 9TOM eCTeCTBeHHO, noc

KOnbKY B TOpMO)I{eHI11! Me30Ha y'laCTByJOT Z sneKTpOHOB BTOMB. ,ilnS! 6onh

Illi1X Z B MeTannaX H OllHOBTOMHbiX I'838X 9TO npennonO)I{eHHe, IT0-BHllHMO-

My, BITOnHe onpaBllBf0 1 OllHBK0 1 npH nornOilleHHI1 Me30HOB B BOllOPOlle ITO'ITH 

HaBepHoe HenpHMeHH ..to, T.K. nnH Bonopona Monenb ToMaca-<t>epMH HeBepHa, 

a TBK)I{e HOTOMy, 'IT) OKOH'IaTenbHBSI BepOS!THOCTb S!llepHOI'O 38XBaTa B BO

llOPOlle 3aBHCHT OT <:TonKHOBeHHfi c npyrHMH aToMaMH. TeopeTI1'1eCKI1e /19/ 

11 9KCnepHMeHTanbHbl ~ /11,31 ,32.,1 llBHHbie yKB3biBBJOT 1 'ITO KOHCTBHTbl nepex

BaTa Me30HOB OT BOlOPOllB K S!llpBM llPYI'I1X BellieCTB cna6o 3BBHCSIT OT Be-

nH'I11Hbl 38pS!ll8 Z ( npi!MepHO "' Z ) • IT osToMy npouecCbi nepexBaTa " -

Me30HOB OT BOllOPOlll K S!llp8M Z npH CTOnKHOBeHI1SIX He MOI'YT 06bSICH11Tb 

TaKOI'O pe3KOI'O ("' ~- 3 
) ITOllaBneHHSI peaKUHH ( 14) B XI1MI1'1eCKHX COelli1He

HHSIXo KpoMe Toro, ~cnH npeJlnonO)I{I1Tb 1 'ITO np11'1HHofi pe3K11X Z -3aBI1CI1-
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MOCTeA RBnSieTCSI MeXaHH3M nepexsaTa npH CTOnKHO!IeHHSIX ( npouecc 5) 

rn.1) 1 TO y)l{e HeOOIIbWHe npHMeCH O'leHb TSI)I{enbiX ~·neMeHTOB ( HanpHMep, 

uoaa a cMecgx CH 30H + NaJ aon)I{Hbi peaKo noaasnSITb peaKUHIO (14). 

3Toro, O.QHaKo, He Haomoaanocb. HaKoHeu, sepoSITHOCTb nepexsaTa aasu

CHT OT aOCOniOTHOA KOHUeHTpaUHH C z SI.Qep H B pa!V KaX H3nO)I{eHHOA CXe

Mbl .QOn)I{Ha MeHSITbCSI npH H3MeHeHHH nnoTHOCTH H, . Te 14 6onee 1 arperaTHOI'O 

COCTOSIHHSI seiUeCTBa. 3KcnepHMeHTbl TIOKa3biBaiOT 1 'ITO TaKOA "34$eKT nnoT

HOCTH6 npaKTH'IeCKH OTCyTCTByeT /37/. 

TaKHM o6paaoM, npeasapHTenbHbii!: aHanua aKcnepHMeHTos noKa3bisaeT, 

'ITO npe)I{HHe MO.QenH He MOI'yT OO'bSICHSITb OOHapy)l{eHHbie 3aKOHOMepHOCTH, 

H HeOOXO.QHMO HCKaTb .QnSI HHX .Qpyroe OO'bSICHeHHeo 

Tnasa Ill • MO,GEflb BOflbllJUX ME30,~0flEKYn 

flpe*ae 'leM uanaraTb HosyiO cxeMy npoueccos 11ornoweHHSI MeaoHos 

B BeWeCTBe 1 TIO.Q'IepKHeM cne.QyiOIUHil: OCHOBHOA 3KCnepH!;JeHTanbHbiil: qmKT1 KO

TOpbiil: .QOn)I{Ha OO'bSICHHTb 3Ta CXeMa: pe3KaSI Z -aaBHCHMOCTb BepOSITHOCTH 

aaxsaTa 7T -Me30Ha SI.QpaMH BO.QOpO.Qa B BO.QOpO.QOCOL.ep)l{aiUHX BeiUeCTBBX 

CBSI3aHa HMeHHO C TeM OOCTOSITenbCTBOM1 'ITO aTOM BC.QOpO.Qa BXO.QHT B XH

MH'IeCKOe coe.QHHeHHe c LipyrHMH aToMaMH. TaK, HanpH!;Jep, npH pasHoil: KOH

ueHTpauHH SI.Qep BO.QOpO.Qa H a30Ta BepOSITHOCTb peaKllHH (14) B I'H.Qpa3HHe 

N 2 H 4 B 30 paa MeHbwe, 'leM B 3KBHBaneHTHoii MeXaHH'IeCKoil: CMeCH aao

Ta c soaopoaoM N 2 + 2H /121. 

3TOT 4JaKT 1 KaK H BCIO COBOKynHOCTb peaynb':'aTO!I nepsoil: rpynnbi 3K

cnepHMeHTOB (rn: D §2) MO)I{HO o6'bSICHHTb, npeanono)I{IIB, 'ITo npH nepexoae 

H3 Henpepb!BHOI'O CneKTpa B .QHCKpeTHblil: Me30Hbi 38XBBTbiBaiOTCSI BHaqane 

He Ha Me30aTOMHb!e ypOBHH H30nHpOBaHHbiX MeaoaTOMO 3 1 a Ha Me30MOneKy

nSipHbie opouTanu see A cucTeMbi Z m H n B uenoM. T aKoe npearrono*eHHe 

paBHOCHnbHO yTBep)I{.QeHHIO 0 B03MO)I{HOCTH CyiUeCTBOBa c!H S1 yCTOit'IHBOil: CHC

TeMbl Z m ,- H n, <$OCTOSIIUeA H3 SI.Qep, aneKTPOHHoil: o6on·>'IK;.: MeaoHa, 

fSaaMaaaHHoro " no rpoMa.QHOii o6nacTH .. 500 a , a p. • - MeaoaToM-
,.. Me2 

HaSI eLIHHHUa LinHHbi). 
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Ha nepBbiH B3r Hill, aTo npeanono)KeHHe Bhirn.HJlHT HenpaBaonoao6HhiM, 

T8K K8K XHMH"!eCKY!O CB.Il3b Me)KJlY 8TOM8MH o6ecne"!HB810T sneKTpOHbl Ha 

P 8CCT051HH.HX rtOp51JlK8 8TOMHOH eJlHHHllbl JlnHHbl a = 0 53•10-8 CM a " C 
0 ' ' 

TO"'KH 3peHH51 Me30Ha'· 9TH paCCT051HH51 orpOMHbl Me308TOMH851 eJlHHHll8 JlnH-

Hbl rr- -Me30H8 a p. = 2'10-
11 

CM H B 9THX 8JlllHlll{8X p83M8pbl MOneKynbi 

FIOJlopoaa pABHbi R = 371: rinR Bcex ocTanbHbiX BemecTB R = 400-!-600), 

0JlH8KO aHanH3 JlBH)KeHH51 M830HOB Ha BhlCOKHX Op6HT8X rtOK83hlB8eT, 

'ITO CHCTeMbl ~rr-H n 

B8Tb ( CM. Hll)Ke). 

noao6Horo THna aeii.CTBHTenbHO MoryT cymecTBo-

§ J. 0CHOBHbJe IIOJIOJKeHHH MOaeJIH 

CornacHo oueHK 3 BaHTMaHa 1141, rr- -Me30H npn aana6aTH"!eCKOM 3ax

BaTe H8 BOilOPOil nonaaaeT H8 ypOBHH C KB8HTOBbiM "!HCnOM N
0 

= 14, KOTo-

pbie HaXOJlRTC 5I y)KE K -op6HThl aneKTpoHa aToMa BOJlopoaa. 

Dp11 aTOM npeanonaranocb, '!TO BTopoii. npoToH B MoneKyne Boaopoaa H 2 

He MO)KeT noBnHRTb Ha 9Ty OUeHKy, DoCKOnbKY paCCT051Hll51 Me)KJlY 51Jlp8MH 

B eliHHHU8X a p. O"!eHb BenHKH, T8KOe rtpeArtOnO)KeHHe K83anOCb eCTeCTBeH

HbiM, KonnqecTBeHHO 3 paccMOTpeHHe noKa3biBaeT,' OllHBKO, "'TO 9TO He TaK: 

BnHRHHe BTOporo 51/lf a Y"!HTbiB8Tb He06XOAHMO, 

4T06bi llOK838'Ib 8T0 1 paCCMOTpHM CHCTeMy, COCTORWYIO H3 npOTOHa, 

51Jlp8 Z H Me30H8 ( ;M, pnc,4), noTeHUH8nbH851 9HeprH51 M830H8 B none llBYX 

HertOJlBll)KHbiX 38p51)1(8!:HbiX ll8HTpOB paBHa: 

u =--1- z 
r 

2 

rae r 
1 

H 

BeHHO (CM, 

r 2 - p 9CCT051HH51 Me30H8 OT rtp0TOH8 H 51/lpa Z 

B TO"!Ke 

pHc.5), MaKCHManbHoe 3Ha"!eHHe noTeHUHana (19) 

r = 
1 

R ---=-

U maz =-

H paBHO 

(l+y'Z) 
2 

R 
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(19) 

COOTBeTCT-

AOCTHraeTC51 

(20) 



PHc,4. CxeMa yposHell s CHCTeMe p 1T Z n H n - yposHH H3onHposan-

HbiX Me3oaToMos p IT- H Z tr- N - o6uwe yposH 11 CHCTeMbi p "- Z , 
D 0 - yposeHb, npH KOTOpOM 3HeprHH M830Ha En = U nax 1 T,e, pasHa Sbi-

COTe noTeHUHanbHOI'O 6apbepa M6lKAY HApaMH p !! L 

p 
PHc,5. CHcTeMa p" Z . 

3HeprHH M630Ha, CSH3aHHOI'O S Ptr -Me30aTOMe Ha D -oll op6HTe B npH-

CyTCTSHH HApa z Ha paCCTOHHHHX 

E., __ _ 

2 D 
2 
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R » 1 , pasHa /39/ 

z 
R 

(21) 



ll.fiSI Toro, qT06bi ypOB8Hb npHH8Jl.II8)1{8n H30nHpOB8HHOMY M8308TOMY p If-· , 

He06XOJll-lMO BbiiTOnHeHI e ycnOBHSI: 

E < U max 
(22) 

0TCIOJl8 nonyqaeM Oll81lKY JJnSI MBKCHManbHOro 3HfiqeHHSI DO , llpH KOTOpOM 

M830HHb!H ypOB8Hb MOHHO CqHTBTb llpHH8JJn8)1{8lllHM M8308'JIOMY BOilOPOilB B 

npHCyTCTBHH JJpyroro ~llPB z B MoneKyne 141: 

t 0 

R 1/2 
] (23) 

2(1+2yZ) 

1 :s z ::::. 10 B coeJJHHeHHSIX Z mH, R = 400t-600, H n 0 -=5t-7, llnsr 

MOneKynbi BOilOPOilB Z = 1; R "" 371) Do "" 8, qTQ 3HaqHTenbHO M8Hb

me auaqeHHSI, JJaBaeMo'o BaiiTMaHoM ( N 0 = 14), TaKHM o6paaoM, KBBHTO-

Bbie qHcna n ypOBHEH M8308TOM8 p If B CHCTeMe p If- Z He npeBbllll8-

lOT 3HaqeHHSI n 0 , Kt K BHJJHO H3 pHc.4, npH n > n 0 B03HHKaeT srBneuHe, 

auanorHqnoe HcqeaHOB<~HHIO nHHHii npH mTapK-·a¢¢eKTe B cHnbHhiX nonsrx, -

6apbep ITOHH)I{88TCSI Ha :;TonbK0 1 qTQ npOHCXOJlHT Bhlpb!B8HH8 M830H8 noneM 

SIJJpa Z • 003TOMY ypOBHH C KB8HTOBbiMH qHCnBMH D >DO SIBnSIIOTCSI 06lllH

MH JJnSI BCeH CHCT8Mbl p If - Z X) 

0pHHHM8Sl BO BHH \.18HH8 3TH C006p8)1{8HHSI, a T8K)I{8 8H8nH3, llpOB8JleH

HbiH B npeJJbiilYlllHX rnaBax, MO)I{HO npeJJnO)I{HTb cneJJyiOlllYIO nocneJJoBaTenb-

HOCTb npOII8CCOB, npOH<:XOJJSilllHX 11pH nornOlll8HHH If 

38HHoro BOilOPOilB / 4 /. 

-M830HOB SIJlpaMH CBS!-

1. OpH nepexoJJe , -M830HOB H3 Henpepb!BHOrO CITeKTpa B JlHCKpeT-

HbiH qaCTb HX 38XB8Tbli>88TCSI Ha M8308TOMHbi8 ypOBHH n H n' H30nHpOB8H-

Hb!X M8308TOMOB p rt- 1'1 Z If COOTB8TCTB8HH01 a JJpyraSI qaCTb ll0ll8Jl88T HB 

Bceil: MoneKynhi B IIenoM, T,e. o6paayeT-

CSI CHCTeMa zm,-lln 

x) 
To'lHbiH pacqer /

40/ r oarBePJK/J.Ber oueHKY (23). Y'ler BKpBHHpOBKH 3B

pHIJ.a Z BneKTpOHBMH B ::nOJKflbiX BTOM8X He MOJKeT OHnbHO H3MeHHTb BTy 

OUeHKy, nOCKOnbKY n O ona6o 3BBHCHT OT Z • 
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2. Docne 3Toro HAYT paAH8UHOHHbie H O:>Ke-rrepeXOAbl C o6IUHX ypoB-

Heil: N Ha pa3AeneHHbie ypOBHH D H D' Me3oaTOM08 p 11- H Z 11- COOT-

BeTCTBeHHO, Cpa3y :>Ke OTMeTHM, 'ITO B CHCTeMe Zrn11 ""Ji n IIO Cp8BHeHH!O C H30-

nHpOB8HHb!MH Me308TOM8MH AOn:>KH8 CyiUeCTBeHHO B03pE CTH BepOSITHOCTb pa-

AHBUHOHHb!X nepeXOAOB C Bb!COKHX Me30MOneKynSipHb!X fpOBHei!. N Ha Me-

308TOMHbie ypOBHH n H n , lleti:CTBHTenbHO, AnSI ypOBHeil: N none y:>Ke 

He SIBnSieTCSI UeHTpanbHQ-CHMMeTpH'IHb!M H II03TOMY panHaUHOHHbie rrepeXOAbl 

N .. D H N .. D' He IIOA'IHHSI!OTCSI npaBHnaM OT6opa IIO op6HT8nhHOMY MOMeH-

± 1 , KOTOpb!e 8 H30nHpOB8HHbiX Me30aTOMa:X. CHnbHO yBenH'IHBaiOT 

BpeMSI K8CK8Aa. 

3, Docne nepeXOA8 Me30H8 H8 HH:iKHHe, H30nHpOBa!l Hble ypOBHH P rr -Me-

308TOM8 I!pOHCXOAHT nepeXB8T Me30HOB CO cpaBHHTenhf!O HH3KHX op6HT D = 
= 6t-3) OT Me308TOM8 p 11 K S1Ap8M Z ApyrHX 8TO~tOB IIpH CTOnKHOBeHH-

SIX, PaCCMOTpHM IIOAp06Hee K8:>KAYIO H3 3THX CT8AHil:, 

§2. 3BXBBT Me30HOB H3 HeiipepbiBHOrO CIIeKTpB B J:(HCKpeTHbiH 

B H8CTOSIII!ee BpeMSI OTCyTCTBYIOT pacqeTbi, KOTOpHe 6b! II03BOnHnH OUe-

HHTb AOniO Me30HOB, 3aXBa'leHHb!X H8 o6IUHe ypOBHH 

He H3y'leH MeX8HH3M T8KOrO 38XB8Ta, I1Hb!MH CnOB8MH, 38 HCKniO'IeHHeM Me

TannOB1 HeH3BeCTHO, K8KHM o6p830M IIpH rrepeXOAe Me:: OHOB 113 Herrpepb!BHO

ro CIIeKTpa B AHCKpeTHb!il: IIpOHCXOAHT rrepeAa'la Manl!X I!OpUHH 3HeprHH 

( • 0,02 as), KoTopotl: o<3naAaeT Tennosotl: Me30£ nepeA 3axsaTOM • .slcHo, OA

HaKo, 'ITO npaKTH'IeCKH TOnbKO 838HMOAeil:CTBHe C aneKTJOH8MH o6ono'IKH aTO

M8 MO:>KeT I!pHBeCTH K 3aXBaTy Me30Ha. DpH 3TOM AnSI nro6oro MeXaHH3M8 

3aXBaTa TeiinOBOrO Me30Ha B AHCKpeTHb!il: CIIeKTp Bef OSITHOCTb BbiAeneHHSI 

3HeprHH, 3H8'1HTenhHO npeBbiii!aiOII!eil: rrepBOHa'lanbHYIO KHHeTH'IeCKYIO 3HeprHIO 

CB060AHOrO Me30H8, Mana, D03TOMy 3HeprH51 CB513H ~aXBa'leHHOrO Me30Ha 

npHMepHO p8BH8 9HeprHH CBSI3H Bbi6poweHHOrO aneKTpOH 3, A 3T01 B CBO!O O'le

peAb, 03H8'18eT, '!,TO HX op6HTbl reOMeTpH'IeCKH IIOA06Hl!, T,e, op6HT8 38XBa

'leHHOrO Me30H8 H8XOAHTCSI B OKpeCTHOCTH 6biBWei1 op( HTb! aneKTpOHa, 

C¢>opMynHpoBaHHbiil: npHHUHII reoMeTpH<~ecKoro nono6HSI aneKTPOHHbiX H 

Me30HHb!X op6HT X) B HeKOTOpOM CMbiCne 3KBHBaneH1 eH rrpeAIIOnO:>KeHH!O 0 

x) 
3KcrrepHMeHTanhHbie noATBep:>KAeHHSI 3To1t rHIIOTe3b rrpHBeAeHbi B rn. IV 
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crrpaBe,LiliHBOCTH Z ··38KOHa <PepMH-Tennepa Ha CT8AHH 38XB8T8 M830HOB 

H3 HerrpepbiBHOrO cnet Tpa B AHCKpeTHbiH ( rn, 1 §2 )., llOCKOllhKY H3 Hero cne

ayeT, 'ITO llOl!HaH B8~0HTHOCTh 06Hapy*HTh 38XB8'leHHbiH M830H B K8KOH-liH-

6o o6naCTH MOli8KYllb nponopUHOH8llhH8 'lHClly 9li8KTpOHOB B 9TOH o6naCTH, 

0UeHHM Ha OCHOBe 9TC H rHllOT83bl 1 KaKa5! 'l8CTh M830HOB 1 38XB8'l8HHbiX MOJleKy

liOH Z mH n 1 nonaaaeT Ha 06IIIeMOlleKyll5!pHbl8 ypoBHH CHCT8Mbl Z m TT- H n, 

OycTh o6mee '!Hc;no 3aXBa'leHHbiX Me30HOB pasHo S 0 : Toraa Ha o6ume 

op6HTbl nonaaaeT TOlll KO S l Me30HOB1 npH'l8M 

a(Z)<t. (24) 

t..I!!CJ'IO B8li8HTHb!X C BH3eii B CHCTeMe Z m H n paBHO n . Y'lHThiBaH, 

'ITO K8*AYIO Bflli8H1'H:'IO CB5!3h B MOlleKylle OCYIII8CTBliH8T napa 8li8KTpOHOB, 

IlOlly'lHM AliH K08QJ<jllil HeHT£1 a(Z) Bbipa*eHHe 

n 
a(Z)==aL---

m Z + n (25) 

a L orrpe,Liel!HeTC5! MHOrJ.l'MH QJf!KTOpaMH: xa-

paK·repOM CBII3H M8*L y 8TOMfiMH; 8Heprueii HOHH3fiUHH H T,,[(, HanpHMep, .f.lll5! 

KOB8li8HTHOH CBH3H KC>:3QJljJHUH8HT a L ,[(OJI*eH 6b!Th 60llbiiie 1 '!eM J.{liii HOH-

HOH 1 T,K, B rrepBOM C 1yqae ITliOTHOCTh 8li8K'l"p0HHOI'O o6naKa Me*AY 8TOM8MI! 

Bbiiiie, CneayeT TfiKlt e O*HAaTh, 'ITO BeliH'lHHa Koa,PqanmeHTa 8 L CHllhHO 

'3aBHCHT OT CTPYKTYPI·I aneKTPOHHbiX o6onoqeK aToMoB, H,rrocKOllhKY rrpu rre

pexoae OT rrepHo.na L Ta6JIHUbi MaH.nonccsa K nepll:OAY L +·1 CTpyKTypa 

BH8UlHHX 9li8KTpOHHbiX 060liO'l8K M8HH8TCH CK8'IKOM 1 TO 9TH H3M8H8HHH J(OlllKHbl 

1IpHB8CTH K CK8'IK006p 13HOMY H3M8H8HHIO K09QJcjlHUH8HTOB a L • 

OueHHM aenH'lHHY a L 1 IIplH!HM8H BO l3HHM8HH8 TOJihKO xapaKTep CBH-

3!i M8lKAY aTe>MaMH, clTO 03HaqaeT 1 'ITO aL onpeaenHeTCH TOllhKO pacnpe-

,[(8li8HH8M IlliOTHOCTH p BalleHTHb!X 9li8KTpOHOB 1 OCYIII8CTBli5!IOIIIHX CB5!3b 

H z 0 0 onpe.QeJle HHIO 

2 
.p +A 1/J 

1c u 

P =I .PI (26) 
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rt:te W - BOnHOBB.Il cpyHK!U!.Il BaneHTHbiX sneKTpOHOB, E 1/J k H 1/J u - HOpMH-

pOBBHHbie BOnHOBbie cpyHKUHH KOBaneHTHOH H HOHHOH CTpyKTyp: 

(27) 

(HuaeKC B CK06KaX HyMepyeT napy sneKTpOHOB CB.Il3H) 

H3 ycnoBH.Il uopMupOBKH fl 1/1 k 1
2 

d r 
1 

dr 
2
=1 nony•1aeM 

H3 cpOpMynbi (26) B npeue6pe*eHHH HHTepcpepeHUHeH KOBaneHTHOH H HOHHOH 

CTPYKTYP cneayeT: 

pc(l-u)pk +up u, (29) 

rae 

.\2 

--------~-- CTeTieHb HOHHOCTH CB.Il3H /41,, paBHB.Il BepO.IlTHOCTH 
1 + .\ 2 

(1 = 
HBHTH o6a BaneHTHb!X sneKTpOHB B6nH3H TOrO H3 BT<,MOB ( z H ) ' 
sneKTpOOTpHUBTenbHOCTb X KOTOporo 6onbiUe. CToneHb HOHHOCTH CB.Il3H 

M>*HO Bbi'IHCnHTb TIO SMTIHpU'IeCKOH cpOpMyne /41/ 

(30) 

KoscpcpuuHeHT aL paBeH Toif qacTu aneKTpouuoro "o6naKa" AByx sneK

TpouoB CB.Il3H, KOTOpB.Il COCpeAOTO'IeHa B6nH3H npOTOH8 ( 1/1 + S 2 ) H B npOCT

paHCTBe Me*AY smpaMu p u Z (2s 2 /l+s2) • H3 cpopMyn \26)-(29) no-

s 2 

aL=2u+(1-u)(l+----), 
1 + s 

2 

(31) 

npuqeM nepBbiH qneu B (31) cneayeT onycTuTb, ecnu 3neKTpooTpuuaTenbHOC'Ib 

aoaopoaa MeHbiiJe, qeM aTOMa Z X H < X z KaK, c~anpHMep, a MoneKyn.-
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II 2 0 ) . DnH 6onbWIU!CTBa coe.o.HHeHHli 
2 

8 I 1 + 8 2 
• 0,3 T.e. B o6nacTH , 

IIepeKpb!B8HHSI COJJ.9p)I<:H'rCH IIpHMepHO 1 /7 aneKTpOHHOi!: IInOTHOCTH OT K8lKJJ.Of'O 

aneKTpOHa CBSI3H /41/. 0TM9THM 0 'ITO IIpH BbiBOJJ.e $opMynhi (25) IIO CyWeCTBY 

rrpe.o.rronaranOCb 0 'ITO ~neKTpOHbl pa3nH'IHbiX o6ono'IeK B 8TOMe~ BHOCSIT OJJ.H

H8KOBbiil: BKna.o. B IIpOU~CCbl TOpMOlK9HHSI H 38XB8Ta M930HOB. B 06WeM cny

'189 9TO rrpe.o.nonOJK9HH~, IIO-BHJJ.HMOMy, HeCIIp8BeJJ.nHB0 1 OJJ.H8KO JJ.nSI 9neMeH

TOB BTOpOI'O rrepHOJJ.8 <!f'O MOlKHO IIpHHSITb. 

l1crronb3YH pSIJJ. 9 l9KTpOOTpHUaTenbHOCTH /41 /J' IIO <tJopMyne (31) MOJKHO 

Bbi'IHCnHTb K09$<PHUH9H1 bl a L .o.nH aneMeHTOB sToporo rrepuo.o.a. l13 Ta6nH-

Ubi 1 1 f'JJ.e npeJJ.CTasneJ bl pe3ynbT8Tbl 9THX Bbl'IHCneHHi!:, BHJJ.H0 0 'ITO K09$$H

UH9HTbl a L cna6o MOHSI!OTCSI BHyTpH BTOporo nepHOJJ.8 Ta6nHUbl MeHJJ.eneesa. 

l13 $opMynbi ( 3 1) cne ctyeT T8KlK9 1 'ITO II pH 'IHCTO KOBaneHTHOi!: CBSI3H U.., 0 

a L "" 1,3 1 a IIpH 'IHCTO IOHHOH CBSI3H IIpH ycnoBHH XH<Xzu•1,aL .. Q .DnH 

MoneKynhi sonopona 
x) 

§3. Ka·~Ka.tlHbie rrepexoabi 

TipocneAHM nanbHeii:wy!O cynb6y 3axsa'!eHHbiX MeooHos. EcnH Me30H rro-

rra.o.aeT c C8MOf'O Haqana Ha pa3JJ.eneHHbl9 M9308TOMHbl9 ypOBHH D H D' 

CHCT9Mbl Z m 11- H n 1 CM. pHc.4), nanbH9HW8SI KapTHH8 

8HanOf'H'IHa K8CK8AY E H30nHpOB8HHb!X M9308TOM8X p 11 

rrpoueccos srronHe 

H Z rr - : TepSISI 

9H9pf'H!0 0 M930Hhl JJ.OCTHf'8!0T OJJ.HOf'O H3 HHJKHHX S - COCTOSIHHi!:, OTKyJJ.a 

B03MOJK9H SIAepHbiH 311XB8T. 

CornacHo rurro1e3e reoMeTpH'I9CKoro rro.o.o6HSI
7
npH 3axsaTe Me30HOB 

OHH IIpOCTO "38M9W8!0"
11 

aneKTpOHbl B MoneKyne Z m H n • 8 OTnH'!He OT OC

TanbHbiX 8TOMOB, y BO~Op0A8 B XHMH'IeCKOM C09AHH9HHH HeT APYf'HX aneKTpO-

HOB1 KpOMe aneKTpOHCB CBSI3H 1 H I109TOMY M930H He MOlKeT 38XB8THTbCSI H8 

pa3.o.eneHHbi9 ypOBHH D 

IIOf'nOTHTb TOnbKO T01 M930H 0 KOTOpbiH B CT8AHH I19pBOH8'18nbHOf'O 38XB8Ta 

rrorran Ha ypoBHH N o6wHe anSI sceii: CHCTeMbi Z m ,- H n. 3TH Me30Hhi 

x)~8KTHqeCKH neonpeaen>HHOCTb B pacqerax xoa¢¢nunenra 8 L P.OBOllbHO 
aenHK81 o,anaKo rrocneJJ.H/1 e aKcnepnMeHTBIIbHbie pe3ynbTB.Tbi yP.oBneTaopHTenb

HO cornacyrorcH c H8ll1HM!f oueHK8MH (eM. ra6n. I). 
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MOryT "ynaCTb" K8K H8 ypOBHH n H30nHpOB8HHoro ~e308TOMa 

D Me308TOM8 Z TT H Ha ypOBHH 

nycTh w H w , aepoSITHOCTH rrepexon•>B c o6mero ypoBHSI N 
Nn Nn 

Ha pa3neneHHbie ypoBHH n H 11 ' • Torna nonSI Me30HOB S 
2 

, KOTOpaSI 

c o6mero Me30MoneKynSipHoro ypoBHSI N "yrraneT" fa pa3neneHHbie ypoBHH 

n Me30aTOMa prr , paaHa 

w 

s Nn 

2 
w N n + W Nn' (32) 

BepollTHOCTH rrepexonoa w Nn H w Nn' orrpenenSIIDT<:SI LlBYMSI rrpoueccaMH: 

panHaUHOHHblMH rrepeXOLl8MH H OMe-rrepeXOLl8MH, iln11 CMe-rrepeXOLlOB K09¢

lPHUHeHTbl KOHBepCHH BenHKH TOnbKO npH ManbiX 3Hepri!SIX rrepeXOLl8 /!i E 1241 , 

T,e. nn11 rrepexonoa MeMLlY 6nH3KHMH Me30MoneKynSipHbiMH ypOBHSIMH. TaKoi1 

rrpouecc B 6onhlllHHCTBe cnyqaea He rrpHBOLlHT K rrepexony Me30HOB c o6mHx 

ypoaHeii: Ha pa3neneHHbie, BepoSITHOCTh panHaUHOHHbiX rrepexonoa rrporropuHo

HanhHa ( /!i E )3 
, II09TOM~' Me30HY BblrO!lHO nepei1Tl H8 C8Mhlll HH3KHll H3 

B03MOMHbiX Me3oaTOMHbiX ypoaHeii. B H3onHpoaaHHOM Me3oaTOMe aToMy rrpe

nSITCTByiDT rrpaBHna OT6opa ITO op6HT8nbHOMY MOMeHT { /!if= "!::.. 1 • H O, K8K 

Mbl yMe OTMe'IanH, B CHCTeMe Z m TT _,H n HapymeHa ICeHTpanhH8SI CHMMeTpHSI 

rron11, a II09TOMY He LleHCTBYIDT H rrpaBHna OT6opa, Tt KHM o6pa30M_, OCHOBHOll 

BKnan B BepOSITHOCTH rrepeXOAa w 
Nn 

ro ypOBHSI CHCTeMbl Z _ rr- H ft Ha pa3neneHHbie ypc BHH Me308TOMOB p rr 

H Z rr -· LlOnMHbl Ll8B8Th pa!lH8UHOHHbie rrepeXO!lbl. 

Bbi'IHCnHM BHa'Iane aepoSITHOCTh w , • KaK H3BecTHO 1421 , B Me3o-
Nn 

aTOMHbiX eAHHHUaX 

(i) 0 

H n' 

HHSIMH N H n 

w , 
Nn 

M=e=l) 

4 
a 3 cuo I" ANn' 

3 

A ,=(E -E ,) 3 ! 
Nn N n 

IL = M/ m 

-+ 
r 

Nn 

(33) 

N 

MaTpH'IHblll aneMeHT LlHIIOnhHOrO II ~pexona MeMLlY COCTOSI-
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-+ -+ 

r Nn' r 1/J (34) 

PaCCMOTpHM BHa"'!ane TI,~peXO.Qbi B OCHOBHOe COCTOHHHe (n '= 1) , 8 8TOM cny-

"'lae, KaK TIOKa3biBa!OT CUeHKH /4/, OCHOBHOH BKna.Q B HHTerpan (34) .QaeT o6-

naCTb paCCTOHHHH 

.QnH TiepeXO.QOB 

-+ 
r 

Nn 

1 
(eM, pnc,5), B 8TOM cny"'lae 5wpa~eHne (34) z 

TipHHHMaeT cne.Qy!OIUHH BHU: 

= f d ; 1/1 ( r-+ ) ? 1/1 n' ( ?2 ) ' 
2 N 2 2 

(35) 

r.Qe o6naCTb HHTerpnpcBaH}!H MO~Ho orpaHH"'IHTb cljlepoii paAnyca r 0 .. --t-. 
-+ 

HanpaBneHHe f N n, C:OBTia.QaeT C Me~'bfi.QepHOll 0Cbl01 a OCTanbHbJe KOMTIO-

HeHTbi MaTpH'IHOf'O 8nf''-1f'HTa (34) 0 141 , 

BonHOBaH <IJYHKUH~l 1/J , ~f) OCHOBHOf'O COCTOHHHH paBHa /42/ 
n 

( r ) 
n 

3/2 
z 

---- e 
yrr 

- Z r 

) , 06IUHe ypOBHH 

(36) 

EN CHCTeMbl Z m ,- H n 

HaXO/lHTCfl B 06naCTH BHeWHHX 8neKTpOHHbiX 060nO"'!eK aTOMa Ha paCCTOfiHHHX 

f '" r N OT H.Qpa, 8 8TOH o6naCTH .QnH BCeX BTOMOB, He3aBHCHMO OT BenH"'!H-

Hbi 3ap51Aa nx fi.Qpa 1 
Z,rN"'I-'• EN=-2;- 1 a BOnHOBafl l\JyHKUHH ypOB-

HH paBHa 

t/; .. 
N 

1 (37) 

r.Qe p = y 2 ( E - U ( r ) ) KBa3HHMnynbC Me30Ha, 3TH COOTHOIUeHHfl BbiTe-

KaJOT H3 Mo.Qenn ToMa<:a- ct>epMH, AOCTaTo"'IHO xopomo npoBepeHbi 8KCnepnMeH-

TanbHO H fiBnHJOTCfl cno]lCTBHeM 8KpaHHpOBKH 3apH.Qa HJlpa BHyTpeHHHMH 8neK

TpOHaMH 143 / 
1 

!13 ycnOBHH Hen~ epb!BHOCTH BOnHOBOll tPYHKUHH Ha paCCTOHHHHX f .. Z 
oT Mpa cne11yeT, 'ITO 

z 1!2 
t/; .. (-) 

N 1J. 
(38) 
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3aMeTHM1 'ITO aTa ¢opMyna HecKonbKO Heo6bi'lHO (6e3 HBeaeHHSI Zadldl. )y'IH

TbiBaeT BnHSIHHe 3KpaHHPOBKH Siapa Z Ha BOnHOBYJO <PYHKUHJO 1/1~, , Ec

nH 3KpaiiHpOBKH HeT, TO B6nH3H Siapa Z t/rN "' ( Z/N) 
3

/ 
4 I 42 I, H T,K, anSI 

~ E ., __ 1_ 
Me30H8 1 aBH>KyiUei'OCSI C 3HeprHeH Ha ::>aCCTOSIHHSIX r N"' ~ 

N 1 2~ 
OT Siapa Z N 2 

., Z ~ , TO rrpH r"' z ero BOnHOB'lSI lPYHKUHSI B OTnH'lHe 

OT (38) 1 paBH8 

(39} 

J1crronb3ySI Bbipa>KeHHSI (38) H (36) ,anSI M8TpH':HOI'O aneMeHT8 (34) 

rrony'IHM rrpH6nH>KeHHO 

n' = 1 

.. 
Nn' 

N » 1 

" r 4 
0 

z I Z 
3/2 

)1 2 __ _ 

V" 
1 z 2 

EN - E , ., - (-- ) 
n 2 n' 

paBHa: 

H BepOSITHOCTb rrepexoaa 

" .. 0,8 • 10
10 

wNn'"' 6 

BepoSITHOCTb wNn rronyqaeTCSI H3 (41 ),ecnH rrono>KI Th Z = 1 

= 1 x), 113 !lJopMynbi ( 41) cneayeT, 'ITO rrpH n = n ' = 1 

W Nn'/ WNn 
z2 

a H3 !lJopMyn (32) H (24) -

s 1 a ( Z ) s s 0 • 2 
z 2 

+ 1 z2 

x) 
B paccMorpennolf cxeMe upoueccoa pa,aHaUHOHHbie nepexo,a,,J Ha ypoBlJH 

n'>l 6yP.yT 110fl8BileHbi, liOCKOIIbKY (J1E)3 ~(n')-eH IIOC/Ie 38MEHbl r0 .~ 
B (40) IIOII.Y'IHM: WNn, * 1/D' • KpoMe Toro, KBK IIOK83blB8IOT ( UBHKH /4'/, 

uepeXO/lb! C H3MeHBHHBM MBrHHTHOrO KBBHTOBOrO qncna m(.1m1 ~0) T8K)Ke 

CHllbHO JI0/1F1Bllellhl. 
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( 41) 

, n '= n 

(42) 

(43) 



il 
~ 
~ 

flo OIIpe.o;eJieHHI01 Bep :>SITHOCTh W 38XB8Ta tr- -Me30H8 SIJJ:pOM BO,o;Opo.o;a 

paBHa 

WZ H 
m n 

D 1 
S /S =a 2 

2 o L mZ+n Z + 1 

Y!CIIOJlh3YSI 4JopMyJibl (44), (43) H (25), IIOJIY'IHM OKOH'I8TeJibHO: 

Wz H 
m n 

.. a 
L 

n z-2 

m Z + n 

ilnsr 6onee CJIOHHbiX BeiiieCTB BHA8 Z' Z H 
k m n 

(HaiipHMep, 

H .o;p.) H3flO*eHH8SI CXeMa rrpOUeCCOB rrpHBO,IJ;HT K COOTHOIIIeHHIO 

a, v, ( z ')-2 + a v z-2 

w , 
Zt Z "'H n 

L L 

k Z'+·mZ+ n 

(44) 

(45) 

C 2 H 5 0H 

(46) 

r.o;e II' H II 'IHCJIO CBSI3eH aTOMOB Z' H Z C BOAOpOAOM (11'+11""11). 

TipH 11'=0 k = 0 

Tnasa IV 

1 II =11 - H Mbl B03BpaiiiaeMCSI K ¢opMyJie (45). 

. MOllE lib BO/lbllll1X ME30MOJIEKY II l1 

HOBbiE 3KCnEPl1MEHTbl 

Yl3JlO*eHH8SI B 1pe,o;bi,IJ;yiiieli: I'Jl8Be MO,IJ;eJih Me308TOMHbiX IIpOUeCCOB B 

XHMH'IeCKHX COeAHHei!HSIX OCHOB8H8 Ha ABYX yTBep*AeHHSIX: 

1. Pacrrpe.o;enei!He Me30HOB IIO ypOBHSIM MOJieKyJibl IIpH IIepeXo.o;e H3 

Heiipepb!BHOI'O CITeKTf a B AHCKpeTHbiH OIIpe.o;ensreTCSI CTpyKTypoJt (25) K03¢

¢HUHeHT8 a ( Z) . 

2. llaJlhHeli:mee rrepepacrrpe.neneHHe Me3oHOB c o6IIIHX Me3oMoneKynsrp-

HhiX ypOBHeH N 1 K0TOpbie H8XO,IJ;SITCSI B 06JI8CTH B8JieHTHbiX 3JleKTpOHOB 

MOJieKyJihl, H8 ypOBIDl D H 11' H30JIHpOB8HHblX Me308TOMOB IIpOHCXOAHT 

38 C'IeT p8AH8UHOHHHX IIepeXO,IJ;OB ( CMo pnc.4) o 
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§1, Z -38BHCHMOCTb BepOSITHOCTH W B XHMH -leCKHX .coe.z:tHHeHHSIX 

3THX .z:IBYX npe.z:tnonmKeHH:ll OK83biB8eTCH ):IOCT8TO'ill0 0 'IT06bi 06'bSICHHTb 

MHOrHe oco6eHHOCTH aKcnepHMeHTOB, OTMe'!eHHbie B rn. II • B qacTHOCTH, 

CTaHOBHTCH noHHTHbiMH pesynbTaTbi rpynnbi onbiTOB /2 ,3, 5•6 • 37 1 no H3y'ieHHIO 

peaKUIHf "-+p-+ n + "O B XHMH'ieCKHX COellHHeHHHX BH)la ZmH n (§l,rn,'ll ): 

pe3KOe llOll8BneHHe BepOSITHOCTH W C pOCTOM Z , H838BHCHMOCTb W OT 

nnOTHOCTH If arperaTHOrO COCTOSIHHH BeiUeCTBa, a T8KlKe C T npHMeCeH TS!lKenbiX 

aneMeHTOB, KaK BHAHO H3 pHc.6, aKcnepHMeHTanbHO nonyq ?HHbie 3Ha'!eHHH npH-

Bel]eHHOH BepOS!THOCTH 

1 
z (47) 

llnH 6HH8pHhlX COel]HHeHHH Z H m n BToporo nepHona T ~6nHUbi MeHneneeBa 

COrnacyiOTCH C 38BHCI1MOCTbiO 

p 
(48) 

KOTopaH cnenyeT lf3 <jlopMynbi ( 45), BenH'ilfHbl KOS<jJ<jJHUifeHTOB a L , onpe-

AeneHHbie H3 9TifX H3MeHeHHH, paBHbi: 

2 L28;!: 0,15; am = 3,6 + 0,6 a IV 11,0 + 1,4 . (49) 

0TMeTHM 0 'ITO 9TH 3Ha'!eHifH KOS<jJ<jJHUifeHTOB a L nony'!eHbi H3 9KClle-

pHMeHTanbHbiX naHHbiX B npennonolKeHHH, 'ITO <jlopMy na ( 45) cnpaBellnHBa nnH 

Bcex nepHOAOB Ta6nHUbi MeHneneeBa, B nelicTBHTenbHOCTif oHa npoBepeHa TOnb-

KO AnSI aneMeHTOB BTOpOrO nepHOAa x) 

x) 
0aH8 H3 B03MtJJKHbJX IIpH'IHH TBKOrO IIOBeaeHHH K03fjJC/JHaHeHTOB M J>KeT 6b!Tb 

CBH38H8 C TeM1 f.JTO ITpH 38XB8Te Me30HOB B JJ.HCKpeTHblii CIIGKTp B TJl>Kellb/X 

8TOM8X aneKTpOHbl p~3llHIIHbiX o6onolfeK IJ.BIOT HeOIJ.HHBKOBblii BKll81l B IlpOUeCC 

TOpMO)I(eHHH Me30HOB, no3TOMy CTpyKTypa K03</J<PHUHeHTB B(Z) (2·1) MO)I(eT 

OTIIH'lBTbCH OT BblpB)I(eHHH (25). 0TMeTHM1 'ITO pOCT (49) K03cjJC/JHU~eHTOB 

• L orpBHH'leH yCIIOBHeM •(Z) ~ J 1 KOTOpoe 03HB'l8eT, 'ITO BCe Me30Hbl 

3BXBB'leHbi HB o6uiHe ypoBHH CHCTeMbi Z ..,, - H n • 
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p 
7 

5 

4 

10 

5 

4 

10 

7 

I! 

I 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

. L• .----.I---, 
fO'"'[__.L ____ --- . __ L_ 

I I! 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Z(BH)t f CH, 

\ 
~ 
\ 
\ 

(NH.)Zt 

J.l,O\ 

t CaH1 

~---/[----. 
-1. _ ___.....1 ___ 1 1 _.J_l _L . .i 

~ 5 6 7 8 9 10 12 f~ 16 1810 IS SO 

z 
P~c.B. 3ae~c~MocTb np~BeileHHOil eepoHTHOCT!I P (¢opMyna (47)) oT Z nnH 

coeJlHHeHufi TH.rra Z m H n H Z 'k Z m H n 

Mbie COOTBeTCTB 'lOT 38BHCHMOCTSIM ( 48} C 

Bonopona P = 1 - cor nacHo ¢opMynaM (44) 
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B rrocnenHee BpeMSI Monenh 6onb!liHX Me3oMoneKyn rronBeprnacb 6onee 

neTanhHoil: rrpoBepKe /5,6/. B 'IBCTHOCTH, 6bina H3MepeHa BepoSITHOCTh W 

JJ,llSI 6onee CllOlKHbiX Be!lieCTB TliiTa Z ~ Zm H 11 • Ilp!i ::0 TOM OK8381JOCh, 'ITO 

cpopMyna ( 46) xopomo orrHChiBaeT aKcrrepHMeHTanbHbie naH Hbie ( CM. Ta6mmy 1). 

B cnmKHhiX opraHH'!eCKHX coenHHeHHSIX cpopMyna ( 46) TBK)!{e orrpaBAhiBaeTCSI (eM, 

Ta6nHuy 2 ) • <l>opMyna ( 46) crrpaBennHBa H B cnyqae c Meceii ABYX Bonopo-

noconepJKa!liHX Be!liecT.B (HarrpHMep, 40% C 2 H5 OH + 60% H 2 0). 

OnHaKo aTa ¢opMyna He MOJKeT o6bSICHHTh pa3nHIHe B BenH'!HHax aL 

nnSI TaKHX coenHHeHHil: KaK CH H CH 2 , nnSI KOTOpblX W CH
2 

I 2 W CH = 

= 1,30:!: 0,13 121 , a He enHHHUe, KaK aTo cnenyeT 113 •popMynhi (45). Becb

Ma BepOS!THO, 'ITO 3TOT 3cpcpeKT CBSI38H C p831lli'IHS!Mii II ycnOBiiSIX rrepBOHa

'181lhHOrO 38XB8Ta Me30HOB Ha YPOBHii Me30M01leKy1Jbl ;:) 

HaKOHeu, OTMeTHM eme OAHO cnencTBHe pa6oT /5,6 I. l13y'leHHbie B 3THX 

Z '(BH~) pa31Jll'I810TCSI TOllhKO aTOMOM pa6oTax coenHHeHHSI (N H~) Z' H 

(HnH rpyrrrroil: 8TOMOB) C 38pS!AOM Z' , 3TOT aTOM CBH38H C HOH8MH (NH
4

)"'" 

HOHHOH CBS13h!O ll IT03TOMy, cornaCHO OCHOBH o!M ITOlJOJKeHHSIM MO-

nenH, He IIpHHHMaeT Y'I8CTHSI B rrepeXBaTe. <l>opMyna (43) AllS! T8KHX COeAH-

HeHHH npHMeT BRA: 

w-a 
II 

Z'+Z+4 
(50) 

0TCIOA8 cnenyeT, 'ITO BellH'IHHbl 1/W 

lJHHeHHO 38BHCeTb OT Z' 

AllS! YK838HHbiX coeAHHeHHH AOll:JKHhl 

1 

w 
.., Z ' + · const • 

(51) 

KaK BHAHO H3 pHC, 7 1 9KCIIepHMeHT81lhHbie A8HHbie ITOATE ep:JKA810T 3TO 38K1JIO-

'!eHHe, IlocnenHee 03HaqaeT, 'ITO IIpH IIepBOH8'181lhHOH 10C8AKe Z -38KOH 

JJ,eHCTBHTellbHO BbiiTOllHS!eTCSI H CBHAeTenhCTByeT 0 rrpaiOMepHOCTH IIpHHSITO-

ro H8MH ITO,flXOA11, 

x) 
Pa::JnH'IHH a ycnoanHx 38XB8T8 a C/12 H CH MOI'yT 6biTb CB>38Hbi c He

OAHH8KOBbTfl.f X.JOtp8.KTepOtvf rn6pHJJ.Hh!X CB.fl3 e.if B 8TH X COeJJ.HHelfHH C J::jKfll111. ~ -

op6nranH a aaneHTHbie raH3H MoneKynbi CH 2 ( sp 2 - rH6pHJJ.H3 lUHH) a 1,3 
pll38 6onbllre, '<eM a ctiY'<Be CH ( sp - rn6pHJJ.H38UHH) / 4 l /, 
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Ta 6mn~a I 

BellleCTBO z w -3 , 10 aL Gl- Bbl'i. no ( 31) 

-
L:!.H J J5:t4 1,26:t0,15 1,4 

B10~4 5 12,6:ti,4 1,44:!;0,17 1,J . 
CH 6 5,1:!;0,6 1,28;!:0,15 1,2 

CH2 6 13,2:!;1,5 1,90 :!:0,22 v 1,2 

N2H4 7 5,9:!;0,7 1,30:!;0,15 1,1 

H20 8 J,5!0,6 1,12:!;0,20 o,9 

NaH 11 2,4!0,4 J,6 !0,6 

CaH2 20 2,5:!:0,) 11,0:!;1,4 

Ta6mma 2 

BellleCTBO 
w -3 

aKcn,10 W nw:r. no (46), 
ro-3 

CH30H 7,5!0,9 7,0;!:0,8 

c2H50H 8,1:!;0,9 7,7:!:0,9 

c3H6o 6,6:!:0,8 6,7!0,8 

c5~ooH 4,2:!:0,5 4,9:!:0,6 
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1,0 

0,5 

0 

(NH,):Y 

(NH,}BI" 

50 100 

i/ + q(Z .f- n) 

Pnc, 7. Pe:.y.'IhTH.TJ..I :>KruepHMeHTHJJbHOii npobcpKH lj:JopMyJI ( ~·1) H (52) JJ.JIH 

C'OP!i11H0Hilii Tl!IIH R(NH4) q • npHMIHI - aanHCiiMOCTb (51). ).~('C<!HTaHHIHI 
liJ•H a L = 1 Z' - cyMMit]JHhili 3ApHLI >~nep rpynnn1 aToMOB R . 
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,I 
'I 

I 
§2. Oco6eHH•)CTH 3axsara 1T -Me30HOB B CHMMeTpH"lHbiX 

CHCTeMaX 

B npeabiaymeM Laparpa<f>e 6bmo CKa3aHo, '!To <f>opMyna ( 46) xopomo 

BbmonHSieTCSI anSI IUHp<•Koro Knacca coeaHHeHHil, OaHaKo anSI semecTB THna 

R( Z H n ) q 1 KOTOpbH coaeplKaT q TolKaecTBeHHbiX soaopoaocoaeplKaiUHX 

rpynn, coeaHHeHHbiX c HeKoTopoil rpynnoil aTOMOB R , OHI'! aaeT 3Ha'!eHHSI, 

38BbiWeHHbie ITO cpaBHE HHIO C 3KCnepHMeHTanbHbiMH B Q pa3 /6/, 3Ta 38KO

HOMepHOCTb HOCHT OfulHH XapaKTep H He 38BHCHT OT BHL\8 TOlKaeCTBeHHhlX 

rpynn ( CM, Ta6n, 3), r.e. npouecc 3axsaTa npoHcxoaHT TaK, KaK ecnH 6bi B 

"oT6HpaHHH" rr -· -Me3JHa y aToMa soaopoaa y'-laCTBOBan He TOnbKO aToM Z, 

HenocpeaCTBeHHO CBSI3.tHHbiH C HHM, HO H BCe 8TOMbl z OCTanbHbiX (q-1) 

rpynn, 

3TOT s<f><f>eKT H8XOAHT ecTeCTBeHHOe 06bSICHeHHe B paMKaX KB8HTOBOMe

X8HH'leCKOH TeopHH pe3oHaHca. lleilCTBHTenhHo, nocKonbKY see rpynnbi ZHn 

TOlKAeCTBeHHbl MelKAY co6oi1, TO Me30H 1 38XBa'-!eHHbiii: BHa'lane OAHOl!: H3 HHX, 

B aanbHeilweM pacnpe.lenSieTCSI no seeM rpynnaM 3a C'leT KBaHTOBOMexaHH

'leCKHX o6MeHHbiX s<f><f>~KTOB x) (aHanorH'-IHO JT -aneKTpOH8M B MOneKyne 

6eH3ona). OaHaKo rp) nna, B KOTopyro nepBoHa'!anbHO 6bm 3axBa'!eH Me3oH, 

cpeaH apyrHx rpynn ~Hn BbiAeneHa, T,K, npH 38XBaTe Me30H8 OH8 yTpa-

THna oaHH aneKTpOH, 3Ta yTpaTa He HapymaeT ycnOBHSI TOlKAeCTBeHHOCTH. 

rpynn, ITOCKOnbKY <f>op 11!8 ITOTeHl.lHanbHbiX S!M onpeaenSieTCSI B OCHOBHOM a To-

M8MH z , Tenepb, oaHaKo, B 3axsaTe y'!aCTBYIOT aTOMbi Z H3 BCeX 

q rpynn, B TO BpeHSI K8K 38XB8T 8TOMOM BOaopOA8 B03MOlKeH TOnbKO B 

nepBOHa'!anbHOH rpyn Ie, ITOCKOnbKY B OCTanbHbiX ( q -1) rpynnax 8TOMY 

npenSITCTByiOT sneKTp JHbi, <~KpaHHpyromHe Siapa soaopoaa xx). TaKHM o6pa-

x) 
JlpH cpeaHHX BbJCOTi'X 6apbepOB (- 2-3 3B) H paCCTOHHHHX (• J#-2a,e,) 

apeMH o6MeHa anH "- -Me30HOB r • Jo-12cex, '<TO MeHbllle, '<eM apeMH pa-
aHaUHOHHbiX nepexoaoa 1 a aoaopoa ( .. Jo-lOcex). 

xx) 
llnH Har<HiaHOCTH .-<bi aocnonb30aanHCb ynpollleHHOil cxeMoil, B aeilcTBH-

TenbHOCTH npeanonoJKef He 'o BbiaeneHHOM xapaxTepe nepaoHa'lanbHOil rpyniibi 

ZH, HBnHeTcH H3nHiliHH "'• nocxonbKY a o6MeHHOM a3aHMoaeilCTBHH MeJKay 

BCeMH rpyiiiiBMH Y'<BCTE yeT He TOnbKO tr- -Me30H1 HO H BCe ( q -l) 3neK

TpOHOB OT BTOMO~ BOaOJOIJ.B IJ.pyrHX rpyiiiio 3TH 3neKTpOHbl 6;}-ayT IIpeiiHTC""-

BOBBTb 38XBBTY Me30H.J HB BOIJ.OPOIJ. H B pe3ynbT8Te IIOnHBH BepOHTHOCTb Hail
TH Me30H a6nH3H BCeX BTOMOB aoaopoaa pBBHB pfT/(fJw +p e ) - __ 1_ 1 1 T,K, 

a noacHcTeMe (Z H, )q JIJ.HH Me30H ( p"• 1 ) H ( q- 1) 3nexrpoH'ba,npenHT
cTBYJOiliHX 3axaary (p., = q -1 ) . TaKHM o6pa3oM, aepe>HTHOCTb IV 6;}-P.eT no

aaaneHa B T8KHX COeiJ.HH?HHHX.B q pa3 ITO cpaBHeHH/0 C ~OpMynoJl (46), 
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Ta6JII'!Ua 3x) 

w 31WTI IQ-t w:Bb!'l.TIO (46:. 
-~ 

Beu(eCT:BO ~bi'l. no(52) 10 
1- w 3KCTI. 

7 
) 

KOH 6,7:!:2,1 1 1,1:!:0,3 7,2:!:0,8 

Ca( OH) 2 5,7:!:1,4 2 1,9:!:0,5 5,3:!;0,6 

cd(OH)2 3,3:!:1,2 2 1,9:!:0,7 3,1:!:0,4 

Ba(OH)2 2,5:!:0,7 2 ~2 :!:o,s 2,7:!:0,3 

Al(OH)3 6,3:!:1,8 3 2,4:!:0,7 5,0;!:0,6 

(UH4)F 46 :!: 7 1 1,1:!:0,2 42 + 4 

(NH4)C1 32 + 6 1 1,1:!:0,2 29 :!: 3 

(NH4)Br 16 + 2 1 0,9:!:0,1 18 + 2 

(NH4)J 12 + 2 1 0,9:!:0,2 12,8:!;1,3 

(NH4)2cr2o7 6,0:!:1,1 2 2,2:!:0,4 6,5:!:0,7 

(NH)2TiF 6 7,0:!:1,4 2 2,4:!:0,5 8,3:!:0,9 

Ba(cn3coo)2 10,5:!;1,4 2 1,7:!:0,3 9,0:!:1,0 

Cd(CH3Coo) 2 8,7±1,3 2 2,2:!:0,3 9,7:!:1,1 

Pb(CH3C00)2 6+ 2 2 2,0:!:0,7 6,1:!:0,8 

c2n4c12 lJ + 2 2 2,2:!:0,3 14 + I. 

x) Ilpa BI>I'!l1CJiemm W :B coe;\MHeHMHX R (NH")'f. npl1HHTO OL = I ,0±0 ,I 

COrl!aCHO 113MepeHl'!ID/5/ ;I\JIH COJieH 8MMO!Il1H. ,l(JI.il :BCeX OCT8.IlJHb!X 

coe,llaHeHaii npl'IHHTO sHa'!eHI'!e OL = 1,28±0,15 , cpe;n;Hee 10 I1 nepMO.llY/s/. 



30M1 B CHCTeMe C q TO:lK.(leCTBeHHblMH rpynnaMH s!fl«t>eKTbl KB8HTOBOMexa-

HH'leCKOrO pe30H8HC8 JJ. )n:lKHbl npHBOIJ.HTb K ITOIJ.8BneHHlO BepOSITHOCTH 38XB8-

T8 " -MeaoHa CBSI38HHbiM BOJJ.OPOJJ.OM B q paa no cpaBHeHHlO c IPOPMY

no:l!: ( 46) 1 KOTOpaSI JJ.nSI CHMMeTpH'lHblX CHCTeM THITa R ( Z H.,) fq npHHHMaeT 

BHJJ.! 

nZ - 2 

w a 
L Z' +q(Z+D) (52) 

3JJ.ec~:> Z' - o6mai!: aapSIL SIJJ.ep rpynnbr aTOMOB R , KaK BHJJ.Ho aa Ta6nHUbi 3, 

IPopMyna (52) xopowo ocrHCbiBaeT SKcnepHMeHTan~:>Hbie peayn~:>TaThi JJ.nSI WHpo

Koro Knacca BeiUeCTB! OCHOB8HHi!:, KHCnhlX H OCHOBHI:>IX conei!: H ll.8:lKe JJ.nSI 

opraHH'leCKHX ranOHJJ.Ol>, 

§3. 3axBa~· /.l- -Me30HOB B XHMH'leCKHX coeaHHeHHHX 

MoJJ.en~:> 6on~:>wHx Me3oMoneKyn 6brna npeJJ.no:lKeHa BHa'lane 14! JJ.nSI o6'bSIC

HeHHSI OC06eHHOCTe:l!: np<,Uecca nornomeHHSI OCT8HOBHBIUHXCSI "_, -. Me30HOB B 

BeiileCTB8X THIT8 ZmH 11 , B nocneJJ.Hee BpeMSI 6binH BbinOnHeHbl SKCnepHMeH-

Tbl /7-10,36/, B KOTOpblX H3y'lanHCb npoUeCCbl nornomeHHSI p. -Me30HOB 

B paanH'lHblX XHMH'IeCKl:X BeiileCTBaX, l1HTepeCHO npoaHanH3HpOB8Tb peayni:>

T8Tbl STHX OITbiTOB C TO'IKH 3peHHSI H3nO:lKeHHO:I!: MOJJ.enH, H paCCMOTpeTb cneJJ.-

CTBHSI 1 K KOTOpblM OHa r:pHBOJJ.HT, 

Upe:lKJJ.e Bcero ocT.lHOBHMCSI Ha peayn~:>TaTax accneJJ.OB8HHSI cTpyKTyphi 

Me30peHTreHOBCKO:I!: K -cepHH B MeTannax H XHMH'IeCKHX COeJJ.HHeHHSIX/9,36/, 

KOTOpaSI B03HHKaeT npH K8CK8JJ.Hb!X nepeXOJJ.8X p. -Me30H8 nocne 38XB8T8 

ero Ha BbiCOKHe ypOBHH Me308TOMOB, YcnOBHSI SKCnepHMeHTa IT03BOnSilOT Bbi-

JJ.enHTb B K -cepHH n IHHH K a ( nepexoJJ. 2p ... 1 s ) , K 13 ( nepexoJJ. 

3p ... ls H K11 Ce'lHlO (BKnaJJ. BCeX OCTani:>HblX nepeXOJJ.OB ap ... ls C 

BblCOKHX ypOBHe:l!: D He308TOM8 H8 OCHOBHO:I!: 1 B ) , B STHX SKCnepHMeH-

Tax 6bm o6Hapy:lKeH aHcMan~:>Ho 6on~:>wo:l!: BKnaJJ. K 
11 

-cepHH B o6my10 HHTeH

CHBHOCTb K -cepHH ITI•H Z > 20 (eM. HanpHMep, pac,8), YKa3aHHbi:I!: IPaKT 

npoTHBOpe'lHT pac'leTa.tv Ai!:aeH6epra H Keccnepa /17 I, H B paMKax TeopHH 
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K8CK8AHblX nepeXOllOB B H30nHpOB8HHOM 8TOMe ero IIOH~ITb He ynaeTCSI, Kpo

Me Toro, cornacHo pacqeTaM 117 I HHTeHCHBHOCTb K,.. -cepHH c pocToM Z , 

A0nJKH8 II8ll8Tb, 8 OIIblTbl l 36l IIOK83biB810T o6paTHOe ( ( M, pHC,8), 

PHc,8, CTpyKTypa Me3opeHT

reHOBCKOH K -cepHH npH 

pasnH'!HbiX 3apSIJlax SIJlep Z • 
1\ 'f0 0 - OTHOWeHHe HHTeH

CHBHOCTeH 1{:3 + 1v I 1 a /17,33/, 
IIYHKTHpHaH KpHB8H - pe3ynbT8Tbl 

/17/ ·-l/1 
1171' "V a 

1.0 

0.1 

0.4 

0.3 

0.2 

0.1 

OTHOCI-{TeflbH :ljJ 

1-iHTeHCJ.of f.HOCTb 

Bbl'IHCneHHH 

H 1{3/Ja 0.05 -1-...-...-...-...-...-...--...-.... -......-......-..--,.--,,.--,~· 
0 10 20 30 z 

PesynhT8Tbl 9THX sKcnepHMeHTO~ MO)KHO o6'bSICHHTh, aonycTHB, 'ITO '18CTh 

I'- -Me30HOB HpH TOpMO)KeHHH 38XB8TbiBaeTCH H8 BbiCOKHe ypOBHH B o6naCTH B8-

neHTHbiX o6ono'!eK H B ll8nbHeiiweM BCSI K 1.1 -cepHSI B03HHK8eT 38 C'leT ne

peXOAOB C 9THX ypOBHeii H8 OCHOBHOH, MHHY'1 K8CK8A X}, 3KcrrepHMeHT8nhHOe 

K J " =0,22 191 • 3H8'1eHHe HHTeHCHBHOCTH y -cepHH B MeTannH'IeCKOM XI,OMe .. 

flocKonbKV sdldleKTHBHaSI aaneHTHOCTh Cr( Z "'24) paEHa ... 5,8 1431, TO 

nnSI J,.. nony'IHM oueHKY (24) J.., = 5,8/24 = 0,24 K )TopaSI xopowo cor-

nacyeTCSI C 9KCIIepHMeHT8nbHOH, 0TMeTHM 0 'ITO B OAH08TOMHblX ra38X BKnaA 

K v -cepHH MeHhllle ( HarrpHMep, AnSI Ar J,.. .. 0,07 11 Ol: H npHMepHo paaeH 

pac'leTHoMy 
1171 , 'ITO T8K)Ke cornacyeTCSI c HalllHMH npEACTaaneHHSIMH, 

Hs 9THX )Ke paccy)I(AeHHii cnenyeT, 'ITO CTPYKTypa K -cepHH HOHHbiX 

coeAHHeHHii Cs Cl • , KCI H Ap. non)I(Ha 6hiTh nono6Ha cTpyKType K -ce-

pHH 6naropoAHbiX rasoa, T,K, B sTOM cny'lae nnoTHOCTE sneKTpOHHoro o6-

naKa Me)I{AY aTOMaMH Mana, H 'IHCno Me30HOB 0 IIOII8BlllH:: Ha 061llHe ypOBHH, 

x) 
CornacHo npe,qcraBneHHHM pa6oTbi /4/, 3TO H3ny'feHHe ,qonJKE o 6biTb no-

11HpH30BBHO BllOJlb OCH J1HHeJ1HOJi MOJieKyJJbi. 
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3HaqHTenbHO MeHbWe, qeM B MeTannax HnH B coeaHHeHHHX C KOBaneHTHO~ 

CBH3biO. lle~CTBHTenhH01 YK838HHe Ha 3TO B cnyqae KCJ MO}I(HO Ha~TH B 

pa6oTe 191. HaKoHeu, H3MeHeHHe HHTeHCHBHOCTH K 11 -cepHH rrpH aBH*eHHH 

ITO rrepHoay Ta6nHUbl ~eHaeneeBa C ToqKH 3peHHH MoaenH o6~HCHHeTCH H3-

MeHeHHeM qHcna BanEHTHb!X 3neKTpOHOBo 

3aBHCHMOCTb C'IpyKTypb! Me308TOMHO~ K -cepHH OT oco6eHHOCTe~ 

cTpoeHHH BHeWHHX 3neKTPOHHhiX o6onoqeK, o6pa3yiOIUHX XHMHqecKyiO CBH3h 

Me}l(ay aTOM8MH 1 OTq<!TnHBO IIOK838H8 TBK}I(e OIIbiT8MH C MeTannaMH H HX 

/9 44/ 
OKHCnaMH ' • B :tTHX orrbiTax o6Hapy*eHo, qTo HHTeHCHBHOCTb K 11 -ce-

pHH ( TOqHee oTHowem e J
11 

I J a+ 113 + J 11 ) B MeTannax B 1,3f-1,6 pa3a 6onb

we, qeM B OKHCnax :OTHX MeTannoB (pHc.9). 3TOT cjlaKT MO}I(HO o6~HCHHTb 

H3MeHeHHeM 3cjlcjleKTH"E HO~ BaneHTHOCTH 1 KOTOpaH B qHCTbiX MeTannax BbiiUe 1 

qeM B OKHCnaX 1 a T8{}1(e CMeiUeHHeM BaneHTHOI'O 3neKTpOHHOI'O o6naKa B 

MOneKyne OKHCna K <:neKTpOOTpHUaTenbHOMY KHCnopoay. 

06paTHM BHHMal He eme Ha oaHy OC06eHHOCTb CTpyKTypb! K -cepHH B 

XHMHqeCKHX coeaHHeRHIX H MeTannax; peHTI'eHOBCKHe CIIeKTpbl Me308TOMOB 

3THX BeiUeCTB 06Hapy;i<HB8IOT QTqeTnHBbiH rrpoaan B o6naCTH Me}l(ay nHHHSIMH 

K fJ H , T.e. B crreKTpe K -cepHH oTcyTCTBYIOT rrepexoahi n P-+ 1 s 

c ypoaHell: n = 5f-7 (eM. pHc.10). B paMKax Hamel!: MoaenH 3To HBneHHe 

rronyqaeT eCTeCTBeHHoe 06~SICHeHHe 1 T.K. HMeHHO 3TH ypOBHH pacrrono*eHbl 

B rrepexoaHOH o6naCTl Me}l(ay ypOBHHMH Me30MOneKynhi H HH}I(HHMH ypOBHH-

MH D H l D' H30nH lOB8HHbiX Me308TOMOB ( CM. pHC.4) • 

BnHSIHHe BHeWHH ~ 3neKTpOHHhiX o6onoqeK Ha rrpouecc 3axaaTa ,.,.- -Me-

30HOB B XHMHqeCKHX HeiUeCTB8X y6eaHTenhHO IIOK838HO B pa6oTe 
17

/, rae 

3TO S!BneHHe H3yqeHO 3 WHpOKOH o6naCTH H3MeHeHHSI 38pHaOB Z Siaep BTO-

MOB 1 o6pa3yiOIUHX CO<!aHHeHHe. 8 3THX OIIbiTaX 6bin0 H3MepeHO OTHOIUeHHe 

aepOSITHOCTeH f(Z) 

KHCnopoaa B OKHCnax THII8 

n 
f (Z) .. -

m 

#'- -Me30H8 8TOMOM Z 

J(Z) 

J(S) 

H 8TOMOM 

(53) 

rae J ( 8) H J ( Z) - HHTeHCHBHOCTH K -cepHH B KHCnopoae H B a TOMe 'Z 

cooTBeTCTBeHHO. Ha pHc. 11, rae rrpeacTaaneHhi peGynhTBThi 3THX OIIhi-
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{ J i I Jc:r)Ti 122 
{J i I J a)Ti 

1.2 

1.1 
L- cePHYI 

1.0 

t 
.9 
.8 

t .7 
·r .6 f 

.5 

.4 t 

.3 

.2 

.I j 
PHc.96. CTpyKTYPI ltv- H Lv -cepHil Ti H TiO 2 , H3y'leHHBH B pa6oTe Kec

cnepa, AHnepCOHB H np. 1441 C ITOMO!Ub!O repMBHHeBbiX neTeKTOpOB (KOTOpBH 

nnH K -cepHH co< •TBeTcTsyeT pHc.9a, nony'leHHOMY c neTeKTopoM Na J ) . 
BHnHo, 'ITO B Ti no cpaBHeHHJO c Ti 0 2 . 6onbrne He TonbKO cyMMBpHaH HH-

TeHCHBHOCTb J y I .ceil K II -cepHH ( CM, pHC,9a), HO TBKJKe HHTeHCHBHOCTH 
oTnenbHbiX nHHHH K11 _: cepHH ( nepexonhl n f .. 1 s ) H L 11 -cepHH ( nepexo-

nhi n f .. 2 s ) • 
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N 

1110 

1000 

100 .~._··.· 

No"·· .. 

0 
1000 

n = 2 

1500 

PHc.lO. CTpyKTypa K -cepHH )l{ene3a 1361. 
HOMep ypoBHSI, Opoaan Me)I{AY nHHHSIMH K {3 

4 5 

2000 

E - 3Hep r'HSI rrepexoAa 1 n -
H Ky cc oTBeTcTayeT n .. 4t-5. 

TOB 1 OT'leTn!iBO BHAeH nepHOAH'!eCKHH xapaKTep 38BHClU!OCTH f( Z) I KOTO-

paSI !IOBTOpSieT CTpOeHHe nepHOAH'!eCKOH CHCTeMbl 8ne!l. "eHTOB 1 !IpH'leM nono

)l{eHHe MHHHMYMOB f ( Z) COOTBeTCTByeT lUenO'!HblM MeTannaM, 

B uenOM 1 OAHBK0 1 B CHCTeMaX z, z 
k m 

He o6Hap;r)l{eHO T8KHX 60nblllHX 

HeCOOTBeTCTBHH C Z - 38KOHOM 1 K8K B BOAOpOAOCOAe :l)K8JllliX COeAiiHeHiiSIX 

TH!I8 ZmH n , C TO'IKH 3peHHSI MOAenH 1 OTCyTCTBHe pe3KiiX Z -38BiiCii-

MOCTeil: B CHCTeMaX Z ~ Z m He COAeplK8llU!X BOAOPCA8 1 06'bSICHSieTCSI TeM 1 

'ITO H8pyllleHH Sl Z -38KOH8 B 8TOM cny'lae CBSI38Hhl TOnbKO C rrepepacrrpe-

AenermeM Me30HOB 1 !IO!I8BllllfX BH8'!ane HB 06lUHe Me30!I.IOneKynSlpHbJe ypOBHii, 

A !IOCKOnbKY AOnH T8KiiX Me30HOB OT 06Jllei'O 'lliCna 3 1XB8'leHHblX Me30HOB 

Cp8BHHTenbHO HeBenliK8 1 TO If HapyllleHHSI Z -38KOH8 B CHCTeM8X z, z 
k m 

He MOI'yT 6hiTb 6onbllllfMH, Bo MHOI'HX cny'!8SIX O!Ib!T !ICATBep)KA8eT 8TO 38K

nJO'IeHHe /33/, 

Q6a AO!IyllleHiiSI1 H8 KOTOpb!X OCHOB8H8 MOAenb 6onbllllfX Me30MOneKyn 

( 0 MeX8HH3Me !IOC8,AKH If A8nbHeHlUHX nepeXOA8X CM, rn. fil ) 1 ripHBOASIT K TO My 1 

'ITO Me30Hbl npeHMyJlleCTBeHHO AOnlKHbl !IOI'nOlU8TbCSI SIA]l8Mif 8TOMOB C 6onb-

lllHMH 38pSIA8Mif z , 0AH8KO peay nbT8Tbl OOhiTOB ro rrornoJlleHHIO 11. 

Me30HOB OKHCnaMH pa3nH'lHb!X BeJlleCTB / 7 / rrpOTHBOpe'laT STOMY Bh!BOAY: B 
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f(l) 

8 

7 

6 

5 

3 

2 

I 
I 

~ 
\ i ,_,... 

l 

1
to lli 

1
; ::-'0 -N--=Jo:-----

1 
'4-'::0-y----::~':-o -~-6~0:--V/-;!;70;----;80~-nepuoa 

PHc,ll. 0THOCHTenbH HI BepoHTHOCTb 3aXBaTa f(Z) • ~ J(Z) / J ( 8) ll- -
M830HOB HAP OM Z no CpaBH8HHIO C KHC1!0pOAOM B OKHCnax Zm 0 n / 7 /, 
MHHKMYMhi f (Z) p.!cnonoJKeHhi B Haqane nepHOAOB Ta6nHUhi MeHaeneeBa. 

npSIMBSI 1!HHHSI COOTB ~TCTByeT Z -3aKOHY <lle_EMH-Te_nnel:JB. 

aTHX coeaHHeHHHX Ha >TOM KHcnopoaa rroqTH Bceraa rrorraaaeT 6onbme Me3o

HOB, 'IeM Ha aTOM Ap~ roro B8ill8CTBa ( CM, pHC,}}) 1 H83aBHCHMO OT B81JHqH

Hbl 3apHaa ero Hapa 

f(Z):Z/8<1. (54) 

Bo3MOMHaH rrpH'IHHa 1'aKbro rrpeHMymecTBeHHoro 3axBaTa Me30HOB Ha KHC

nopoa MOMeT 6hiTb CHH3aHa CO CITOC06HOCTb!O KHC1!0pOAa o6pa30Bb!BaTb OT

pHU:aTe1!bHbl8 HOHhi, o•:o6eHHO B coeauHeHHHX co meno'!HhiMH MeTannaMH. Ce-

'!8HHe 3aXBaTa Ha ME 30aTOMHbi8 ypOBHH KHC1!0pOlla B 3TOM cnyqae MOM8T 

B03paCTH 3a cqeT aaHa6aTHqeCKHX rrepeXOAOB M830Ha H3 HerrpepbiBHOPO CITeK-
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Tpa B AHCKpeTHhiA /28/ • 0TMe'leHH8SI OC06eHHOCTb OKHCJIO:~ IJieJIO'IHb!X MeTaJI

JIOB MOlKeT npHBOAHTb K fiOSIBJieHHIO npOB8JlOB H8 rpa4JH~ e f ( Z ) B Ha 'lane 

KaJKaoro nepHoaa ( CM. pHc.ll). 

Tna.aa. V • nPOUECCb/ nEPEXBATA ME30HCB 

nepexBaT Me30HOB OT Me30aTOMOB BOAOpO,lta p rt K HApaM Z aTo-

MOB apyrHX BeiJieCTB B paCCMOTpeHHbiX paHee npoueccax He Hrpan 3aMeTHOA 

pOJIH. 0AHBKO B HeKOTOpb!X CJiy'laSIX OH SIBJISieTCSI onpe,lteJISIIOIJlHM. 

§1. IIepexsaT ll - Me30HOB 

Bonhmoe apeMH lKH3HH 11. -Me3oHa H MaJibie CKopoc rH HaepHoro 3axaa-

Ta B BOAOpoae npHBOASIT K TOMy, 'ITO fiO,ltaBJISIIOIJiee 'IHCJIO 11. -Me30HOB npH 

MaJibiX KOHUeHTp8UHSIX npHMeCH Z 

op6HThl Me30aTOMa BOAOpona: 

nepeXB8ThiBaeTCSI Ha HApa Z 

Pll. +Z-oZp +p. 

CKopoCTb nepexBaTa I'-'-Me3oHa pasHa 

c K -

(55) 

(56) 

rae u -ce'l:eHHe nepexaaTa, V - OTHOCHTeJlbH&SI CKOpC CTb CTOJIKHOBeHHSI, 

C z - KOHUeHTpaUHSI Hrtep Z • npH MaJihiX V U "" 1/ V T.e. uv ... coast . 

3To n03BOJIHeT aaecTH npHBeneHHYIO KOHCTaHTy nepexaaTa A z : 

co 
H 

0 
Az•uvcH. (57) 

4,25•1022 
Sl.(tep/cM3 - nJIOTHOCTb lKH.IlKOro BO.IlOpona. 0TCIO.Il8 

Ci) •·A z C, 
(58) 
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r.oe C = c z / c ~ • 3KcrrepHMeHTanhHOMY H TeopeTH'ieCKOMY H3y'leHHIO 

rrpouecca (55) IIOCB51JUeH P51A pa6oT 
131

•
32

•
38

•
191

, cornacHo KOTOpbiM Az 

IIpHM8pHO IIpOIIOpllHOHilnbHa Z H paBHa 

-1 
).z"' (0,84:!:.0,04)Z ceK 

(59) 

Bbi'IHcneHHe A z CBOAHTC51 K perueHHIO 38A8'1H o pacce51HHH Tpex 'iac-

THil, B38HMo.oeH:CTBYIOIDHX rro 3aKoHy KynoHa, CxeMy TaKHX Bbi'IHcneHHH:
145

•
191 

rrporue BCero IlOS!CHHTb Ha 513b!K8 TepMOB ( CM, pHC,12) • 

nycTb M830H Ha> OAHTC51 B OCHOBHOM COCTOSIHHH Me308TOM8 Pll 1 rae 

ero 9HeprH51 B Me30a1 OMHbiX e.oHHHJlax ( 1i = M = e = 1) paaHa E 0 =-1 /2. 

npH 6onblliHX paCCT05IIIH51X R 

V 0 ( R) CHCTeMbi p p. + Z 

paaHa 

M8)1{.0Y 51AP8MH p H Z rronHa51 sHeprH51 

1 BKniO'I8IOlli851 9HeprHIO OTTanKHB8HH51 51Aep, 

9 
4 

2 z RT. (60) 

J11060H: TepM V(R) CHCT8Mbl pp.-z orrpe,oen5leTCSI Ha6opoM KB8HTOBbiX 

'IHcen 
1391• CHcTeMe Z ,.-·+ P T8K)I{8 COOTBeTCTBYIOT CBOH TepMbl 

3aBHC51T oT R cne.oyiOlliHM o6pa3oM: KOTOpb!e IIpH R»l 

V ,(R)=--1-(-Z-)2 + 
n 2 n' 

z -1 
R 

(61) 

3.oecb D' -KB8HTOBOe 'IHCnO ypOBH51 M8308TOM8 Z p.- . 113 <lJopMyn (60) H 

(61) cne,oyeT, 'ITO .Qn51 H8KOTOpb!X ypOBHeJl: D' rrpH orrpe.oeneHHbiX 3Ha'le-

HH51X R = R 0 rrpoHcxo ~SIT rrepece'leHH51 TepMOB V 
0 

( R) H V n' ( R) • Cor

nacHo o6rue:li: TeOpHH L88.0H868TH'i8CKHX rrepeXO.OOB /441 1 B 9THX TO'IK8X B03-

MO)I{Hbl HHT8HCHBHbi8 !lepeXO.Obl C TepM8 V 0 ( R ) Ha TepM V n, ( R) 1 'ITO H 

COOTBeTCTByeT pe8KilHII {l55), npH 9TOM p. -M830H IIOrra,oaeT Ha Bb!COKH8 

op6HTbi (n '< Z) M8308TOMa Z p.-- B cornaCHH c .oaHHbiMH aKcnepHMeHTa 
1311 • ... 

HenaBHH8 P8C'i8Tbl I4QI 110K838nH. OITH8KO. 'ITO B CHCTeMaX zu-·+·p 
H p ,.-- +·Z K8pTHH8 TepMOB HeCKOnhKO HH8511 '18M Ta, KOTOp851 6hina IlpHH51-

T8 B rrpe*HHX pa6oTaJ< 
1191

• B 'iaCTHOCTH, B HeKOTOpbiX TO'IKax R 0 , r.oe 
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panee1 HeXOJUI H3 npH61H)KeHHhiX $opMyn (60) H (61) 1 nonyqanH nepeee'!eHHe 

TepMOB1 o6napy)KeHhi reeBJlonepeee'!eHHH TepMOB (eM, pHe.13), 3To o6eTo

HTenbeTB01 nO-BHJlHMOMY 1 He O'!eHb eHnhHO H3MeHHT' pe3ynbT8Tbl npe)KHHX 

Bhl'!HeneHHft A z 

B BHJly, 

1 Oilff8KO npH llBnbHeHWHX pae'!eT8X ero He06XOilHMO HMeTb 

B aaKmo'!eHHe oT v~eTHM 9KenepHMeHT 
1101 

no HeeneJlOBBHHJO eTpyKTyphi 

MeaopenTreHoBeKol!: K -eepHH Ar B eMeeH H 2 + Ar • 06!>I'IHO npH Bhi'!He-

neHHH KOHeT8HT nepeXB8T8 B T8KHX eHeTeMaX npeanonaraeTeH, 'ITO OeHOB

HOi!: BKnBJl B ee'!eHHe lepeXB8T8 p. -Me30H8 OT p 1J. -Me308TOMOB K 

511lp8M Z ll810T 6e3p81ll 8UHOHHbie nepeXOilbl (55) npH nepeee'!eHHH (HnH neeB

aonepeee'!eHHH) TepMOB, J.13 pa60Tbl /10/ eneayeT 1 OllH8K0 1 'ITO !IpHMepHO no-

nOBHH8 Me30HOB nepeXH8TbiB8eTe51 H8 ypOBHH Me308TOM8 

y -KBBHThi (eM, pHe,14) 1 T,e. no peaKUHH: 

z,.,.- 1 nenyeKaSI 

pp.-+Z-+ Zp.-+p + Y. 

KoppeKTHhiX pae'!eTOB anH BepoHTHOeTH TaKoft peaKUHH noKa He eymeeTByeT, 

3aMeTHM 1 'ITO 9TH }' -KB8HTbl BnOnHe ananorH'!Hbl K ,., -eepHH 1 B03HHKaJO-

weft npH nepexoae p. -Me30HOB e o6mHx ypoBHeft Me3oMoneKynbi PI'- Z , 

T,K, 9$$eKTHBHOe KB8H1'0BOe '!Heno ypOBH51 N CHeTeMbl p p. -·z 1 e KOTO-

poro npOHeXOilHT nepe~Oil p. -Me30H8 1 npH CTOnKHOBeHHH O'leHb BenHKO H 

!IDHMeOHO D8BHO z /39/ 

§2. llepeXBBT fT -Me30HOB 

Bee npellbiilYWHe paeey)K!leHHH cnpaBeJlnHBhi TonbKO an.s~ I' -MeaoaTo

MOB, neftCTBHTenbH0 1 eKOpOeTb HllepHOrO 38XB8T8 rr -Me30HOB llpOTOHOM 

H3 oeHOBHOrO eoeTOHHH ~ BeebM8 BenHK8 ( 9) 1 H nepeXB8T H8 !lpyrHe CHCTeMbl B03-

MO)KeH TOnbKO e BbieCKHX ypOBHeH II Me308TOM8 prr 1 r11e eKopoeTH 

nepeXB8T8 npH OTHOCHrenbHbiX KOHUeHTp8UH51X C ~ 1 Cp8BHHMbl C BepOHT-

HOCTHMH K8eK81lHbiX m'peXOilOB H CKOpOCTb!O Mepnoro 38XB8Ta. OueHKH no

K83b!B810TI 'ITO !IpH rr- -Me30HOB npOHCXOilHT e ypOBHeft II .. 3+-6 Me308T0-. 

Ma prr- x). 

x) 
EcnH npHHHTb, 'lTO npn MBllbiX CKopoCTHX Pp -Me308TOMOB ce'leHHe ne

pexBaTa c ypoBHH 2 npHMepHo nponopiiHOHBnbHO IJ 4 , TO ~..0,8•1010 ZIJ 4 

( CM. c/JopMyny (59d, • flpHp8BHHB8H 3TO 3H8'leHHe CKOpOCTH !ilaepHOrO 38XB8T.~ 
(9) r = 1,6•101 / IJ 3 ' nony'IHM HHJKHIOIO OIIeHKY an!il IJ • Mana!il 38-

CeJieHHOCTb ypOBHei H30JIHpOBBHHOro 

H3 c/JopMyllbi (23). 
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flocne 3THX npeJ:lB8pHTenbHbiX 38Me'i8HHi!: paCCMOTJlHM BTOpyiO rpynny 

OnhiTOB no H3MepeHHIO BepOSITHOCTH nepeXB8T8 lr -Me 30HOB Q B CMe

CSIX I'830B H2 + z H zm Hn + z, (rn. II ) • B 'i8CTHOCTH, nonhJTaeMCSI o6'hHC

HHTb 3KCnepHMeHT8nbHO nony'ieHHyiO 38BHCHMOCTb BenH'iHHbl Q H +Z OT 
2 

KOHUeHTp8UHH I'830B H 38pS!Lla SIJ:lpa Z aTOMOB npHMeCl, 

Cor naCHO npHHSITOi!: CXeMe
1 

H8 nepaoi!: CT8LlHH 38XBE Ta OCT8HOBHB!llHeCSI 

rr-'-Me30Hhi a cMeCH ra3oB pacnpet:~enSIIOTCH no Z -3&KOHY 15,6 ,8,37 ,47 I. 

Ha aTopoi!: cTaJ:lHH o6pa3yroTcg Me3oaTOMhi PIT- c Me.30H8MH Ha op6HTax 

D < 7 (eM, (23)). flocne aToro HLIYT npouecchi nepexat:Ta PIT-+z ... zrr-+p. 

OnHweM HX 4JeHoMeHonorH"'eCKH • 

flycTb CYMM8pH8SI CKOpOCTb Y K8CK8J:lHb!X nepeXO!l ::JB H HJ:lepHOI'O nor

nOWeHHSI B Me308TOMe PIT- He 38BHCHT OT CTOnKHOBeHHt C !IPYI'HMH 8TOMa-

MH, a KOHCTaHTa nepexaaTa npouecca (62) paaHa X B aTHX npennono-

~eHHSIX BepOSITHOCTb nepeXB8T8 Q pasHa 

Q (62) 

T,e, Q 38BHCHT OT KOHUeHTp8UHH C z SIJ:lep npHMeCH, 3KcnepHMeHTanhHble 

/ naHHhie 1 1 1 I npoTHaope"'aT TaKoMy 3aKniO"'eHHIO. 

f1pH'iHH8 3TOI'O paCXO~!leHHSI 38KniO'iaeTCSI B TOM 'iTO p8J:lH8UHOHHbie 

nepeXO!Ihl B H30nHpOB8HHOM p lr- -Me308TOMe, K8K OTM!l'i8nOCb B rn,1 §5 1 -

He eJJHHCTBeHHbii!: II He rnaBHbiH CpeJJH npOUeCCOB, KOTOpb e npHBO!lSIT K 6hiCT

pOMy onyCK8HHIO IT -Me30H8 Ha HH~HHe ypOB!lH pIT- -Me 308TOM8, 3H8"1HTenb

HO 60nhWHH BKnan B aepOSITHOCTb onyCK8HHSI Me30H8 Bfll3 H SIJJepHOI'O 38X

B8T8 J:l8IOT npOUeCChi, KOTOpbie npOHCXOJ:lSIT npH CTOnKH::>BeHHSIX Me308TOM8 

prr- C 8TOM8MH JJpyrHX Be!lleCTB - BHelllHHH o~e-acp¢eK~' II HJ:lepHbiH 38XB8T 

H3 Bb!COKHX D S -COCTOSIHHi!: PIT- -Me308TOM8 npH CTOnKJIOBeHHSIX ( MeXaHH3M 

llai!:-CHoy-Caqepa), 06a 3TH npouecca, O"'eBH!IHO, 38BHC SIT OT 'iHCna CTOnK-

HOBeHHi!: PIT -Me308TOM8 C SI!IP8MH z H npOTOH8HH, T,e, OT KOHUeH-

Tp8UHH c z 11 c H • B aTOM cnyqae y nponopUHOH8nhH8 KOHUeHTp8UHH 

(63) 
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II BMeCTO ( 62) Mbl llC ny'IIIM cneLtyi01I!ee Bb!pa)KeHIIe: 

Ac 
(64) 

TaKIIM o6pa3oM, senll'iiiHa Q 38BIICIIT TOnbKO OT OTHOCIITenbHO~ KOHUeH-

TpaUIIII smep llpiiMeCII C 1 a He OT KOHUeHTp8UIIH C z II C H B OTLtenb-

HOCTII, 'ITO cornacyeT•;g c 9KcnepiiMeHTanbHbiMII naHHhiMII ( rn, II §4). 

Bonee llOLtp06HOE paCCMOTpeHIIe ! 4 / He MeHHeT Cy1I!eCTBeHHO 9Toro Bhl

BOL{a, B 'laCTHOCTII, Ecerna CyiiieCTByeT KOHe'laag BepOHTHOCTb paL{II8UIIOH

HOrO nepeXOLta B Me3 08TOMe P77- , KOTOpag He 38BIICIIT OT CTOnKHOBeHII~ 

C LtpyriiMII 8TOMaMll, 009TOMY B 06IUeM cnyqae 

(65) 

rne a Mano II He 38 BllCllT OT C H ll C z • CooTBeTCTBYIOIIIIIe 113MeHeHnS! 

B ~OPMVne (64) O'IBBIIllHhl, 

npoUeCCbl nepexJ,aTa IT- -Me30HOB B ra30BbiX CMBCS!X H 
2 

+Z 6binll 

IICcnenoBaHbi 
1111 

LtiTS' pgna rrpHMeceH: Z (He, N 2 , Ne, Ar ) • Op11 9TOM aa6niO

nancS! rrepeXBaT 77- - MB30HOB OT PIT -MB30aTOMOB K S!L{paM Z (CM, 

Harrp11Mep, p11c.l6). C 6pa6oTKa 9Kcrrep11MeHTanhHbiX naHHhiX rroxaaana, 'ITO 

.~ = {0,72 + 0,07) z (66) 

( CM, p11c.l6). 0piiBBLli•HH8S! KOHCTaHTa rrepeXBaTa Az , aHanorii'IHaS! se.~ 

nll'IIIHB -MB30HOB (59) 1 pasHa x) 

A 2,9 • 10 11 Z ceK-1. z (67) 

KoHCTaHTa rrepexsaTa IT -Me30HOB A z aa nsa rropgnxa senii'IIIHhi rrpeBbiiUaeT 

KOHCTaHTy rrepeXBaTa 1J. -MB30HOB )\. z , orrpeAeneHHYIO B OllbiTax npn 

x) 
0H8 nony'lBeTCH H3 (U6) YMHO>KeHHeM HB BenH'lHHY a eft = 4, ]•] QJJ ceK-J 1 

H3BeCTHYIO H3 3KCnepHMe fTB /48/, 
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M81lbiX KOHUeHTpaUHRX IIpHMeCH C z 3To oauaqaeT, qTo nepexaaT " 

Me30HOB IIpOHCXOAHT He C K -op6HTbl ( K8K AllR p.- -Me:'! OHOB), a C ypoa-

Hell a = 3-t4 x) 

W=t-Q 

1,0 

0.8 

H, +He 

0,6 

O.lt 

0.2 

•' c 
0 0,1( 0.8 1,2 1,6 2,0 

Puc.l5, 3aBHCHMOCTb Q -IIepeXBaTa w--Me30HOB OT BOJOpOA8 K l'ellHIO 

H neiiTepHIO B t:MeCRX H 2 +He H H 2 + D 2 OT OTHOCHTem,uoll KOHUeRTp8UHH 

C • KpHBbie BbiqucneRbJ no <jlopMyne (61) 

x) 
-3Ta oueuKa cnenyeT H3 cpaaaeuug <jlopMyn (59) H (67' a npennono)f{eHHH, 

qTo ceqeuue ncpexaaTa pacTeT • n4 
• 
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BenH'lHHa K oKaaanacb Manoii: ( K < 0,2 .. 0~ 5) 1 'ITO CBHAeTenbCT-

ByeT 06 OTCyTCTBHH 38MeTHOrO BnHHHHH CTOnKHOBeHHH prr- -Me308TOMOB C 

Mp8MH Z H8 BenH'lHHy y 1 T.e. H8 CKOpOCTH 38XB8T8 Me30H8 IIpOTOHOM 

KpoMe Toro1 K << 1\ , 'ITO 03Ha'!aeT rrpeo6nanaHHe npou3ccos rrepexsaTa Han 

npoueCCOM neB036Y*AeHHH npH CTOnKHOBeHHHX C HAp8MH Z 

B ra30BOH CM8CH neii:TepHH C BOAOpOAOM H3MepeHHbe 3H8'l8HHH KOHCT8HT 

1\ H K paBHbi: 

1\ 0,15 ± 0,03 ; K = 0,9 ±. 0,2 
1 (68) 

npH'leM BepOHTHOCTb nepeXB8T8 (64) anH aTOH CMeCH O(;H8PY*HB88T CBOHCT

Ba H8CbiiiJeHHH c pocToM C Y*e npn KOHUeHTpaunHX C .. 1 • B o6nacTn Ha-

CbiiiJeHHH BepOHTHOCTb nepeXB8T8 Q "'0,1 . 

3Ha'leHne 1\ ( 68) B cMecH H
2 

+ D 
2 

cymecTBeHHO MeHhme, '!eM B CMe-

CHX H 2 +-Z (66) • 3TO CBH38HO C TeM 1 'ITO B CHCTeMe { 2 + D 2 1 B OTnH-

'lHe oT paccMOTpeHHbiX paHee CMeceii:, B03MO*eH npouecc o6paTHoro rrepex

saTa rT -Me30HOB OT neifTepHH K BOJlOpOAy 1 ITOCKOJ:hKY diT- -Me308TOM 

( T8K *e K8K H PIT- -M8308TOM) aneKTpOHeHTpaneH. 3 TOT ITpOUeCC AOn*eH 

npHBOAHTb K yMeHbllieHHJO KOHCT8HTbl 1\ riO Cp8BH8HH 0 C ( 66). CKOpOCTH 

smepHoro aaxsaTa rr -Me3oHa B Bonopone n B neii:TepHH npnMepHo paBHbi/48{ 

O/lH8KO/ 6narOJl8pH H30TOITH'l8CKOH pa3HOCTH ypOBHeii: prr· - H drr-·-MeaoaTo-

MOB 1 nepeXB8T 7T- -Me30HOB OT IIpOTOHOB K tleii:TpOH8M 6onee BepOHTeH, '!eM 

o6paTHbiii: npouecc. CosMeCTHOe neii:CTBHe aTHX MexaHn3 \fOB npHBOAHT K Ha6-

nJOnaeMoMy aHa'leHHJO 1\. 

KaK BHJlHO H3 (68), B CMeCH K. ... 1 • Tiepsoe 

oaHa'laeT, 'ITO B <jJopMyne (63) a .. BepOHT.IOCTH HA8pHOrO 38X-

B8T8 7T- -M830H8 IIpOTOHOM npH CTOnKHOBeHHHX Plf-·-M8308TOMOB c 8To-

M8MH BOilOPOil8 H ueii:TepHSl npaKTH'leCKH OUHH8KOBblx). 310 8CTeCTB81!HO, ITOC-

KOnhKY aneKTpOMarHHTHhle CBOHCTB8 8TOMOB H n D BecbMa 6nn3KH. l1a 

COOTHOIII8HHH K>> 1\ cneuyeT 1 'ITO ITpH CTOnKHOB81!HH pr. -Me308TOM8 C 8TO-

MOM neii:TepHH Hll84)Hb!H 38XB8T 

nepexsaT K ueii:Tpouy. 

rT -Me30H8 IIpOTOI!OM 5onee BepOHTeH, '!eM 

HaKoHeu, paccMoTpHM peaynbT8Tbi aKcnepnMeHTOB no aaxBaTy rr -Me-

30HOB npoTOH8MH B ra30BOH CMeCH c2 H & + N 2 , B KOT:lpb!X o6Hapy*eHo, 

x) 
Do Jl8HHbiM pa60T 748/rH = (2,3±0,6)·10-}2CeK, r D " (2,1±0,5)·10-}2CeK. 
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'ITO B TaKoft cMecu rrepe::BaT MeHee HHTeHCHBeH, 'leM B cMecu H2 + N2 • Bo3-

MO)KHaSI IlpH'lHHa 8TOro SIBneHHSI 3aKnJO'laeTCSI B TOM, 'ITO anSI MOneKynhi BO

.llOpoaa H2 rrpeaenbHaSI op6HTa H3onupoBaHHoro Me3oaToMa p"- paBHa no"' 8 , 

B To BpeMSI KaK anSI coeaHHeHHH ZmHn n 0 .. 5t-6 ( CM, (23)). TaKHM o6pa-

30M• anSI P77- -Me3oaToHOB, o6pa30BaBIIIHXCSI rrpu rrorno111eHHH Me30HOB B coe

aHHeHHSIX ZmH n , ME!Hhlllee 'lHcno ypoBHeft y'laCTByeT B rrepexaaTe ( 16), 

'ITO aon)KHO IlpHBOaHTb K Ha6moaaeMOMY pa3nH'lHIO, 

3AKniOt.fEHI1E 

}, 3KcrrepHMeHTbl rrocneaHHX neT IlOKa3anH, 'ITO rrpOileCCbl TOpMO)KeHHSI 

H SiaepHoro rrorno111eHH <! OTpHilaTenbHbiX Me30HOB B BelUeCTBe CHnbHO 3aBH

CSIT OT OC06eHHOCTeH XHMH'leCKOrO CTpOeHHSI BellleCTBa, 06Hapy)KeHHaSI 3aBH

CHMOCTb aoBOnbHO HeO:KHaaHHa, IlOCKOnbKY pa3Mepbl BHeiiiHHX o6onO'leK aTO

MOB 3Ha'lHTenbHO rrpeBJ.IIIIaiOT paaHyC aeftCTBHSI SiaepHblX CHn H pa3Mepbl Me-

30aTOMOB, 0pH'lHHa Ta~OH 38BHCHMOCTH B TOM, 'ITO IlOCaaKa Me30HOB Ha B03-

6y)KaeHHbie Me308TOMH >18 HnH Me30MoneKynSipHbie ypOBHH '!aCTO rrpOHCXOaHT 

C rrepeaa'leH 8HeprHH 81leKTpOHaM BaneHTHOH o6onO'lKH H IlOTOMY cymeCTBeH

HO 3aBHCHT OT ee CTpyKTypw, 

2. BonblllaSI rpym a SIBneHHH aT oro THrra rrony'laeT ecTeCTBeHHoe o6'bSIC

HeHHe B paMKax Moaenu l)onbiiiHX Me3oMoneKyn. AHallH3 rrpouecca rrepexo.aa Me3o

HOB H3 HerrpepblBHOro CileKTpa B aHCKpeTHblH IlOK83bJB8eT, 'ITO 'laCTb HX 

aOII)KHa 38XBaTbiBaTbCH rrepBOHa'lanbHO Ha BbiCOKHe ypOBHH 1 KOTOpble IlpH

Haane)KaT He OTaellbHI>IM aTOMaM, a BCeH MOneKyne B IIellOM H HaXoaSITCSI 

B o6nacTH ee BaneHTHIIX aneKTpOHOB. DpH aToM o6pa3yiOTCSI CHCTeMhi, pa3-

Mepbi KOTOpblX B COTHII pa3 rrpeBbJIIIaiOT XapaKTepHbJe Me30aTOMHbJe paCCTO

SIHllSI, B aanbHeii.llleM rrJoucxoaHT rrepepacrrpeaeneHne 8THX Me3oHOB Ha Me3o-

8TOMHble ypoBHll pa3JillqHblX aTOMOB B MOneKyne 3a C'leT paanaUHOHHbiX rre

pexoaOB1 KOTOpble CHnbHO 38BHCSIT OT 3apSiaOB Z Siaep aTOMOB, 3TOT IlpOUeCC 

~~:rpaeT pollb cBoeo6pa; IHOro "crrycKoBoro MexaHH3Ma", KOTOpbiH orrpeaenSieT 

Xoa 6o11ee llHTeHCHBHbJ:: Sl!(epHblX rrpoueCCOB H B paMKaX MoaenH MO)KeT 6bJTb 

pacC'lHTaH aocTaTO'lHO aKKypaTHo. Moaenb 6onb111HX Me3oMoneKyn KOnH'lecT

BeHHO 06'bSICHSieT 3aKOiiOMepHOCTH, Ha6niOaaiOIIIHeCSI Ilpll 3aXBaTe 1T -Me30-

HOB B BOaopoaocoaep)K ~lUHX BelUeCTBaX, 
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3, npe~no*eHHaR MO~enb o6~RCHReT 3aKOH no~asneHHR BepORTHOCTH W 

3aXBaTa fr- -Me30HOB BO~OpO~OM B XHMH'IeCKHX coe~HHeHHSX THna ZmH
8
(W•z-'), 

He3aBHCHMOCTb W OT nnoTHOCTH H arperaTHOI"O COCTOSIHJISI BemeCTB, a TaK-

*e OT npHMeceA TR*enbJX aneMeHTOB, 

4. B coe~HHeHHRX THna c q TO*lleCTBeHHbiMH 

rpynnaMH, coaep*amHMH Boaopoa, npoHcxoaHT aononHHT~nhHOe noaaBneHHe 

BepOS!THOCTH W B q pa3 aa C'leT 3~KTOB KBaHTOBOM~XaHH'IeCKOI"O peao-

HaHCa B CHMMeTpH'IHblX CHCTeMaX, 

5. B aKcnepHMeHTax no nornomeHHlO rr -MeaoaoB ycTaHoaneao, 'ITO 

nepBoHa'lanbHbiA aaxBaT npoHcxo~HT no Z -aaKoHy. AHanc I"H'IHbiA BbiBO~ cne

~yeT H3 onhiTOB no nornomeHHlO 1-' -MeaoaoB B cMecru. HHepTHbiX raaoa. 

6, B paMKax pa3BHTbiX npeacTaaneaHA yaaeTCR nOHSITb oco6eHHOCTH 

CTpyKTypbi MeaopeHTreHoacKoA K -cepHH, aoaHHKalOmE•A npH nornomeHHH 

#-' -Me30HOB B XHMH'IeCKHX COe~HHeHHRX H, B 'laCTHOCTH, yaenH'IeHHe BKna

~a Kv -cepHH B o6my10 HHTeHCHBHOCTb K -cepHH J ( Z) c poe ToM Z , a 

TaK*e nepHOJlH'IecKylO aaBHCHMOCTb J(Z) OT aapAAOB Z aneMeHTOB, Cne

~yeT OTMeTHTb, 'ITO 60nhWaR BepORTHOCTb noca~KH Ha KHCnOpOll B OKHCnaX 

He o6~SICHS!eTCSI MO~enblO 6onbWHX Me30MOneKyn H 1 BepO ITHee BCero, o6yc

noaneHa MeXaHH3MOM a~Ha6aTH'IecKoro aaxBaTa. 

7, Yiay'leHHe nepeXBaTa fr- -Me30HOB OT BO~Opo~a :c AAPSM Z B CMe

CRX raaoB H 2 + Z noKaaano, 'ITO ero BepoRTHOCTb ni'OnopuHoaanhHa Z 

H 3aBHCHT TOnbKO OT OTHOCHTenbHOA KOHUeHTpaUHH Rllep Z , nocneaaee 

~OKa3biBaeT, 'ITO ~eB036Y*lleHHe prr- -Me30STOMOB H Rll ~pHbJA 3aXBST rt- -

Me30HOB npOTOHSMH B OCHOBHOM onpe~enRlOTCR npoueCCaMH CTOnKHOBeHHA C 

~pyrHMH aTOMaMH (TaKHMH 1 KaK MeXaHH3M il&A-CHoy-CaqEpa H BHeWHHA O*e

a<t$eKT), 
1

PeaynbTaTbl 3TOI"O UHKna HCCne~OBaHHA llOKa3b!B8lOT1 'ITO B MeXa

HH'IeCKHX CMeCRX ~eACTByeT HHOA H 3Ha'IHTenbHO MeHee l HTeHCHBHbiA, qeM B 

XHMH'IeCKHX COe~HHeHHSIX1 MeXaHH3M nepexBaTa ,- -Meac HOB OT prr--Me3o-

aTOMOB K g~paM Z 

WHX Me30MoneKyn, 

8, 3aBHCHMOCT!> W• a ~ 
L m 

-3 
Z , cne~y10maS1 H3 "'o~enH 6onhWHX Me-

aoMoneKyn, Ha~e*HO npoaepeHa aKcnepHMeHTanbHO ~nS! 3neMeHTOB BToporo 

nepHo~a Ta6nHUbi MeHaeneeaa, BecbMa *enaTenbHO npm.epHTb ee anSI ane

MeHTOB ~pyi"HX nepHOllOB1 H 1 B 'laCTHOCTH, H3y'IHTb nOBElleHHe K03~~HUHeH-

TOB 8L • 

61 



9. Hay'leHHe m.peaapSIJlKH ,- -Meaoaos B BOilOPOilOCOJleplKamHx semecT

sax (He38BHCHMO OT )leTaneA TeopeTH'IeCKOro HCTOnKOB8HHH) D03BOnHeT OT

nH'I8Tb XHMH'IeCKH C:~H38HHb!A BOilOPOil OT CB060ilHOro. 3TOT 'lyBCTBHTenbHbiA 

MeTOil MOlKeT OK838"bCH none3Hb!M npH BbiHCHeHHH MHOrHX BODpOCOB CTpyK
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