
P4 - 7269 

JI .H .TioHoMapeB 

BJIJ1HID1E MOJIEKYJIHPHOR CIPYKTYPH 

HA ATOMHHR H H,ZJ;EPHlrn 3AXBAT ME30HOB 



I9/l?-7S np •. · 
cape», JI. H. 
tHe: MOJieKy
rKTYPiiI Ha • •. • 
.: I973.· 

HMeIOT 
IIOCJie,1:1· 

aepxHeM 

P4 - 7269 

JI J1 .IlOHOMapea 

BJIMHID1E MOJIEKYJIHPHOti CTPYKTYPH 

HA ATOMHLIH l1 ~EPHLIH 3AXBAT ME30HOB 

Harrpaaneuo B "Annual Review of Nuclear 
Science". 

~·~~c:'~~ .. itZ.....:.....-.:,::~·::. 
~ GO·t('J)"i3ll8:::J::'.: . .:i:i r!;!CT,Jj;:. 

~ cs;s:-:i2Ll~ t'': :;:rt~'.'."'C .. 
~ t_;t;.~GJiv~~1:fd~.~} 

• .+L$:·.::.... 



BBE.IlEH.liE 

IlOIl8,1!8R B Be~eCTBO, OTpH~8TenDHO 38pRXeHHUe MeSOHU ()"~ 

,,,.- K- ) TOPMOSRTCR T8M H nocne OCT8HOBKH o<5pasyIOT C ll,1ip8MH , 
8TOMOB 8TOMOilO,1!O6HHe CHCTeMU -Me3O8TOMU H MesoMoneKynu. PasMepu 

T8KHX CHCTeM B AeCRTKH H COTHH pas MeHDille pasMepoB COOTBeTCTBYIO

~HX 8TOMOB H, K8K npaBHno, nenHKOM noMe~aIOTCR BHYTPH HX K-o<5ono

qex. IToaTOMy npH HsyqeHHH Me3O8TOMHUX nponeccoB aneKTPOHHUe 

o<5onoqKH 8TOMOB o<5uqHo He npHHHM8IOT BO-BHHM8HHe. no TO" xe 

npHqnHe TPY.1!HO npeAnonomHTD sapaHee, 4TO 38XB8T MeSOHOB H8 op

<5HTU Me3O8TOMOB·H HX pe8KUHH C ll'AP8MH MOryT 38BHCeTD OT oco<5eH

HOCTe" CTpOeHHll XHMHqecKHX CBHSe" MeEAY 8TOM8MH Be~eCTB8. B ca

MOM Aene, XHMHqeCKHe CBO"CTB8 Be~eCTB onpe,llenmoTCR BHemHHMH 

aneKTPOHHUMH o6onoqxaMH 8TOMOB, pasMepu KOTOpux( 10-8 CM) H8MHO

ro npeBUW8IOT p8,1!Hyc AeitCTBHlt lt,1iepHHX CHn ( rn-13 CM) H BenHtmny 

Me3O8TOMOB ( 10-Il_IQ-IQ CM), C ypOBHeU.KOTOpHX npOHCXO'AHT HAep

HH" 38XB8T MeSOHOB. 

Tew He Mettee axcnepHMeHTH nocne,1!HHX.,1leCRTH neT y<5eAHTenDHO 

,1!OK83HB8IOT BnHltHHe MonexynltpHOM CTpyKTypu Be~eCTB H8 npoueccu 

8TOMHOro H R,1iepHoro 38XB8T8 MeSOHOB. 0<5cyE,1!8eMUe awweKTU BnepBUe 

H8H6onee oTqeTnHBO <5unH YCT8HOBneHH npH HsyqeHHH pe8KUHH nepesa

PllAKH 1r--MeSOHOB H8 RAP8X XHMHqecKH·CBlt38HHOro BOAOPOA8, 8 sa

TeM - npH HCcneAOB8HHH CTPYKTypu _;,t-peHTreHOBCKHX cepnn aneMeH

TOB B XHMHqecKHX COeAHHeHHltX H CMeCHX. 

ITOilUTKH HHTepnpeTHpOBBTD yK838HHUe WBKTU npHBenH K cy~ecT

BeHHOMy yroqHeHHIO K8pTHHH 38XB8T8 OTPHU8T8nDHHX MeSOHOB B Be~e

CTBe. B,qaCTHOCTH, 6uno yCT8HOBneHo, qro npa TOpMoEeHHH H OCT8-

HOBKe M83OHOB B XHMH4eCKHX coe,llHHeHHltX 3H84HTenDH8R HX qacTD 38~ 
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XB8TNB86TCfl He H8 YPOBHH 11son11pOB8HHl:lX 8TOMOB, 8 H8 ypOBHH Been 

MOJI6KYJIN B uenoM. B TBKHX BOS6YJ!t'A6HHNX KOMnneKC8X, KOTOpNe 6NJil1 

H8SBBHN 11 60JII,Wl1M.1 M6SOMOJl8KYJI8MH11
1 M6S08TOMHN8 op6HTN cpaBHHMbl 

C pasuepaMH MOJl6KYJI BemecTB8 H B COTHH pas npeBNW8DT xap8KT8PHN8 

M6S08TOMHN8 p8CCTORHl1fl. 

06Hapy~eHH8 1111syqeHH8 ynoMHHYTNX HBJl8HHn noSBOJIH6T B npHH

u11ne 11CllOJibSOB8Tb HX 'AJIH HCCJI6AOB8HHH SJI8KTPOHHOll CTPYKTYPli MOJI8-

KYJI, 8 T8K~e B paSJillqHNX npHKJI8'AHblX S8'A8qax KaqeCTB6HHOrO H KOJIH

qeCTB6HHOrO 8H8JIHS8 BemecTB. IloJiyqeHH8 HHT6HCl1BHNX M6SOHHblX nyq

KOB H8 M6SOHHNX ~a6pHK8X 'A6Jl88T 8TH H8'A6EAN 6onee 060CHOB8HHNMH. 

B ~8HHOM o6sope llP6ACT8BJI6HN OCHOBHN6 8KCnepHM6HT8JlbHN6 pa-

60TN, B KOTOpblX 06H8pYJ!t6HO 11 HCCJI8'AOB8HO BJIHHHH6 XHMHqeCKOil 

CTpyKTYPN BemeCTB H8 npoueccN S8XB8T8 M880HOB, H llP8ACT8BJI6HHH, 

KOTOplie HCnOJibSyroTCH B H8CTOHmee BP6MH 'AJIH 8H8JIHS8 pesyJibTBTOB 

8THX 8KCll6pHM6HTOB. IlOAp06H8H 6H6JIHOrpBWHH no BC8M OTHOCHmHMCH 

CIDA8 BOllpOC8M ony6JIHKOB8H8 B pa60TaxlI-3/_ Cueelie BOnpoCN o6CYJ!t

A8IDTCH B o6sopaxl4-7/. 

IlOCJI6AOB8T8JlbHli6 CTBAHH nornomeHHH M6SOHOB B BemecTB6 

B 1947 rOAY ~epMH H TenJie/8/.c~opuyJIHPOB8JIH T8K H88NB86Mlill 

2 -88KOH, corJISCHO KOTOPOMY npH TOPMOE6HHH OTPHU8T6JlbHO sapID!teH

HWC M6SOHOB ( ,u- ,,,.- K- ) B XHMHqecKHX C08AHH6HllllX z; l,,, 
/' , , ' 

BepoaTHOCTH saXBaTa uesottoB W(~) H W{i!
1
) aTOMBMH nponop-

1 
UHOH8JlbHN S8pfiA8M HX HA8P ~ H 2 

W(i!)/w(z1
) = rn 2/k l.

1

• 
(I) 

Ha PHO. I HS pa60Tli E8ll'AZ8JI8 H AP•/9/ npeACT8BJI6Hli pesyJibT8-

Tli npOB6PKH 'Z_ -S8KOH8. Ilpauue COOTB6TCTBYDT ~PMYJI6 
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• 
k W("i!.)/l'Yl w(~') = ~/i!.')s (2) 

npH paanHqHl:lX IlOK838T6JlHX CTeneHH S, npHqeM anaqeHHe S =I 

COOTBeTCTByeT 2 -38KOHy. Ra npRB8A8HHOro pHCYffK8 oqeBRAHO, 

qTo B nenoM 3KCnepHM8HT8JlDHble .ll8BHble CBHA6T8JlDCTBYIDT npOTHB 

2 -aaKoHa. BcT.aeT Bonpoc o npHqHHax ero Hapymemm. 

Ilponecc 38XB8T8 M830HOB BKJlJOqaeT B ce6H HeCKOJlDKO CTBAHH, 

H3 KOTOPblX OTM8THM rnaBilhle: 

TopMOlltemie OT CKOpOCTel'I 1f~ C ;no 1f~oi C • BmIOTI, AO CKO

pocTel'I V~ ol C. (nopHAOK CKOpOCTel'I 8TOMHl:lX aneKTpOHOB' o( =I/137 

- IlOCTOHHH8H TOHKOH CTpyKTypu) TOPM03H8H cnoco6HOCTD Be~eCTB 

nponopnHOH8JlDH8 ;! , a BP6MH TOPMOllt8HHH COCT8BJ1H8T I□-9-roi0 

CeK (B raaax B 103 paa 60J1Dme). B BOAOPOA8 nponecc TOpMOllteHHH 

onpeAenHeTCH M8X8HH3MOM 8AH868THqec1t01'1 HOHll38UHi8/ • CornacHo 

BblqncneHHHM Bal'ITM8H8/IO/ B lltH'AKOM BOAOPOAe r~ r□-9 ceK. 

ATOMHbll'I 38XB8T M830HOB. CT8AllH 38XB8T8 M830HOB H8 BblCOKO

BOS6ylltA8HHbl8 YPOBHH M8808TOMOB H M830MOJleKyJl M8Hee BCero Hayqe

HB. 06uqHo, He BA8B8HCD B .ll8T8nR nponecca TOPMOllt6HllH, npeAilOJ18-

ra10T, qTo B KOHA8HCllPOB8HHl:lX Be~eCTll8X M630Hbl co CKOPOCTHMR 

'll'~olC AOBOJlDHO 6blCTpo, 38 BpeMH IQ-13-ro-I4 CeK, TOpMOSHTCH AO 

T8IlJ10BblX CKOPOCTe!1 'VT ~ ( 3 kT /1')1) '2 • ,llamHel'!mne IlOT8PH 3Hep

rHH M830HOB R HX 38XB8T B CBH38HHOe COCTOHHHe Me308TOMOB AOJllltHbl 

cy~eCTB8HHblM o6p830M 38BHC8TD OT CB0!1CTB Be~eCTB8 MHWeHH, no

CKOJlDKY npH 3TOM npOHCXOAHT nepeABqH M8JlblX nopnnn aHeprHH OT Me-

30H8 K 8TOMy. YqeCTD 8KKYP8THO ynOMHHYTble oco6eHHOCTH IlOK8 He 

YA8J10CD. B BOAOPOA8, no-BHAHMOMY, H8H6onee aqiqieKTHBeH 8AH868THqe

CKH!1 38XB8T/B, IO/, cornaCHO KOTOPOMY M830H, npH6nHllt8HCb K HAPY 

8TOM8 BOAOPOAB, 8Kp8HHpyeT ere 38PM, BCJleACTBHe qero aneKTpOH 
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IlOKHABeT 8TOM, a M830H C M8CCol1 l'Yl 38XB8TblB88TCH H8 op6llTY C 

HOMepoM II,, ~ o, 8 ~;,< 1e, rAe /' ,t< = rn ( 1 ~ rvi/Mp) - npn-

BeAennaH M8CC8 CllCT8llbl M830H-npoTOH. 0TC~.ll8 cne.11yroT 3HaqeHHH 

/'/,, = 14, 15 11 26 .lWH ,;« 7 rr: H K-- MeaonoB cooTBeTCTBe11Ho 

/IO/. 8TH 3HaqeHllfl }1CXO.lllll~X op61lT /'✓,, 6mm IlpllHHTbl Ailaeu6ep

roM ll Kec~nepou/11 ' 12/ npH ,1x pacqeT8X K8CK8.ll0B B p83Jilll!HblX 

M8308TOM8X. 

Ilpoµeccu A8B036YJKA8Hllfl. !/13 llblCOKOB036ylK,lleH!U1X COCTOHHllil JV 

M8308TOMOB M830Hbl nepeXO.llflT B COCTOHHllfl n C MeH&weA aneprll

en, m160 ll3Jlyqag ( - KB81JT, Jlll60 OT.ll8B8H auepr11ro 3JleKTPOHY 

aToMHOil 06onoq1tu (Ollte-nepexo.11u). 

BepOHTHOCTll pa.1111au110HHblX nepexo.110B ~ {A E) 
3 

7 Oi1rn-nepexo-
- ½ 

.llOB ~ ( t. E) 2. , Il03TOMY '( -ll3JiyqeHl18 npeoCina.11aeT IlPll 

rny6oKllX nepexo.11ax M830l!OB B THJK8Jlb!X 8TOM8X, B TO npeMH K8K Ollte

aneKTPOHbl npe11uy~eCTB8llHO conpOBOlK.ll8IOT nepeXO.llLl M830ll8 M8lK.llY Bbl

COKOB036yllt.ll8Hllb1Mll YPOB!lHMll nerKHX M8308TOMOB C M8JIOil nepe.11aqeti 

3HeprHH A£ • .. 06a THil8 nepeXO.llOB IlO,ll'lll!IHIDTCH 061:ll!HblM npaBllJ18M OT-

6opa no op61lT8JlDH0:Y MOM8HTy t Hero npoeKUllll l'YI ,llJlff .llll

nonDHblX nepeXO.llbB: t:..f = ±r, Al11 = o, ±r. B 1130JlllPOB8HHOM Meao-

8TOM8 3TH np8BllJ18 CllJlbHO Y.llMHHIDT BpeMH K8CK8.ll8, noCKOHDKY Onaro

.ll8PH HM 11eaoH na cocToH11llH ( vr bn ) Moi,\8T nepeATH ne Hllllte, 'leM B 

COCTOHHHe n I ~ £ - 1. H Il03TOMY ,llOCTllr80T OCHOBHOrO ypoB-

HH TOJII,KJ nocne.110B8T8JlbH!JMH 11epeXO.l48Mll. 

ffAepHHii 38XB8T M830HOB. ,llOCTllrHyB op611Thl n' = l M0308TOM8 

~r, j-< - - M8301! JlllOO p8Cil8.ll88TCH TIO peaKUllll 
,.., 

)-'- - e + Ye + ~, (3) 

JlH6o B381lMO.llOfiCTByeT C npOTOHOM H.llp8 
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CKOPOCTH STHX npoueccoB cpaBH!IITeJibHO HeBeJIHKH H COCT8BJIHIDT 

106-107 CeK-I. 

{3a) 

CKopoCTH H,nepHoro 38XB8T8 tr= H K: MeSOHOB HS n S - co

CTOHHHil M6308TOMOB . ffi' H f K B6CM48 3H8tntT6JlbHll, tITO IlpHBO

;!lHT K IlOrJIOu(6Hl/lID M630HOB yllte C opClHT n ~ 4. 

3axBaT .,,.- - M630HOB H,npaMH Z Bll3llB88T pasBaJI H,nep, 

B cnyqae llt6 8TOMOB BO,nopo,na npoHCXO;!lHT pe8KUHH nepeaapH;!!Kl/1 

1r-- M630HOB H8 npOTOH8X. AClCOJIIDTH8H CKOpOCTb STOit pe8KU!lllll l/13 

l'IS- COCTOflHHlt prr - M6308TOM8 cornacHo BlltIHCJieHHHM ~PSH/I3/ 

f = I,6•1015 n - 3 C8K-I H8 

CKOPOCTb pacna,na CBOClO;!!HOro 

MHoro nopH;!!KOB BeJIHtIHHll npeB11maeT 

Tr-- Me30H8 (~108 C8K-I). 

CTOJIKHOB6HHH M6308TOMOB B080P088· 8TOT npouecc npe,nmeCTBY8T 

fl,llepHOMY 38XB8TY Me30HOB B Bo,nopo,ne H B HeKOTOPWC cnytraflx MOJK6T 

cymeCTB6HHO H3MeHHTb ero CKOpOCTb. BpeMfl cauoro Clucrporo pa,nllla

UHOHHOro nepeXO,ll8 2p - Is B H30JIHPOB8l!HOM Me308TOM8 p7r coc

T8BJlfl6T ~6~10-12 ceK, O,l!HaKo npaBHna OTClopa Al= ±1 y,nJIHHHIDT 

o6mee apeMH KacKa,na c ypoauH ( 11 lm ) Ha ypoBenb Is o ,no BBJilll

qHnu "'Io-9 CeK. IlocJie,nnee 3!!8tie!!H6 3!!8tIHTeJibHO npeBHmaeT SKC

nep!IIMeHT8JlbHO H3Mepell!!Oe B lltH;!lKOM BO,llopo,ne 'l:"ff ={2,3±o,6)•I0-12 

ceK/I4-I6/. 8To osnaqaer, tITO B npouecce ,neBosClyx,neHHH - p1i -
8TOMOB p8,lllll8UlllOHHlle nepeXO,llll HecymeCTBel!Hll, a OCHOB!!YD pOJib Hr

~IDT IlPOUeCCll CTOJIKHOBeHHfl fl -M6308TOMOB C 8TOM8MH BO,nopo,naxi 

x) llCTUHHOCTD H3JIO)l(el!l!OrO MeX8H:13M8 ,neB03Clyllt,1J;eHHfl IlO,lJ;TBepllt,naeT

Cfl H3MepemrnMH BpeMeHH lltl/13Hl/l 11'- -Me30HOB B reJIHH, Me308TOMll 
KOToporo H3-38 KYJIOHOBCKoro OTT8JIKHB8Hl/lH He MoryT IlO;!lXO,lJ;l/lTb 

BilJIOTHYIO K HAP.BM 8TOMOB. no STOit npHtIHHe 't'ffe =(3 ,6±o, 7) • 
•Io-IO CeK/207 Ha ,l!B8 nopfl,l!K8 BeJIHtIH!!ll npeBumaeT 3!!8tieHHet"H. 
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8JieKTpOHei1TpaJIDHOCTb pr -BTOMOB H nx M8Jllle pa31,1epll 

( 10-10-10-11 
CM) Il03BOJlflDT l/lM npoH!IIK8Tb BHYTPb 3JieKTpOH!!llX 

OClOJIOtieK 8TOMOB H OT,1J;8B8Tb SHeprltID .ll03Clyllt;!leHHfl SJieKTPOH8M 11 tryl!tO-

ro aToMa 11 ( T.H. BHemm1n Oxe-aqiqieKr/17 I). 
Kpoue Toro, CMBmHB8HHe BllCOKOB03Clyl!t,n6HHllX COCTOflHHlt fli"-

8TOM8 C p83JIHtIHllM1t t B KYJIOHOBCKOl.t IlOJie H81IeTa1m11ero fl,npa 

npHBO,l!HT K IlOCTOflH!!OMy oeioraU(eHHID YI S -COCTOfllllllH, H3 KOTOpllX 

lll;!leT l/lHTeHCHBHllit 38XB8T Me30HOB fl,ll;p8MH. 8iii1JeKT!IIB!!O STO npuBo

;!ll/lT K H;!lepHOMY 38XB8Ty M630HOB H3 COCTOHH!lllt C lt=o I UU!lyfl K8C

K8,1J; (M6X8Hl/13M ~31t~CHoy-Caqepal18 , 191). YtreT o6oux YilOMHHYTllX 

MeX8Hl/13MOB ;!l6B03Clyx,neHUH rr- M8308TOllOB npHBO;!lHT K y,nOBJieTBO

pHT6JlbHOMY corJiacmo BlltIHCJl6Hl!OrO H H3M6P6Hl!Oro BpeMeHH lltl/13HH 

'fl'-- Me30HOB B Bo,nopo.zi;e/17/. 

KpoMe YilOMflHYTllX npouecCOB nplll CTOJIKHOB6HHH M8308TOMOB BO

,nopo,na C fl;!lP8MH _2 ,npyr!IIX 8TOMOB H,ll;YT npouecc11 nepeXBBT8 Me

SO!!OB fj-< - ~/< H f 'ii --> ~'Tr , 0 KOTOpHX B ,1J;8Jlb

HeHill6M MH 6y~eM rOBOPUTb no,npo6nee. 

TaKaH, Clerno1otrepqeuHafl cxeMa MesoarouHHX npoueccoB B Be

UlBCTBe CJIOlltHJl8Cb K aaqany 60-x ro,nOB IlOCJie pa6oT ~epMH H TenJiepa 

/ 8/, BaitTMaH/10/, Sltaenelepra H Keccnep/II, 121, Jleoua H EeTe 

/I7/, repmTeltua/211. Bo BC8X STHX pa60T8X uoneKyJiflPH8fl CTPYKTY

pa B6U(6CTB BO Bl!HM8HH6 He npHl!HM88TCH, a HapymeHlllfl 2 -38KOH8, 

yCT8HOBJieHHlle B pH,ne pa60T122- 25/, o6~f!CllflDTCfl oco6eHHOCTflMH 

38XB8T8 Me30HOB 8TOM8MH p83JlHtIHllX SJI6M6HTOBX). 

x) HanpHMep, Eo6poB !II ,np. /25/ 06'UCHJIJIH oc5aapyllteHHI16 m.rn CHC
TeMaTHtieCKl/16 oTcTynneHHfl OT l -aaKona pasnHtIHllM cpo,ncTBOM 

SJieMeHTOB I{ sneKTPOH8M. 
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0,l\H8KO 8KCnepHMeHTbl, aaqaTble B 1962-1%5 ro,l\ax, y6e,l\HTeJlD

HO IlOK838HH, qTo O,l\HOH H3 OCHOBHblX npHqHH o6ttapylKeHHUX 8HOM8-

nHli HBnHeTCH MoneKynHpH8H CTPYKTypa Bell{eCTB. 

ATOMHUW 3AXBAT f'{--ME30HOB B Xl1Ml11IECK11X 

COE.I{l1l!EHllilX 

B paHHHX pa60T8X BepOHTHOCTD 8TOMHoro 38XB8T8 ,µ--Me3o

HOB B Xl{LrnqecKHX coe,l\HHeHHHX aayqanacD c IlOMO~DIO pe8KUHH (3a). 

B nocne,l\Hee BpeMH T8KHe H3MepeHHH npO,l\OnlKeHbl B pa6oTel261. 
,I{pyrott cnoco6 H3MepeHHH B8pOHTHOCTel1 8TOMHOro 38XB8T8 W('r:) 
H W(r.') COCTOHT B H3MepeHHH OTHOCHTeHDHblX HHTeHCHBHO

CTel1 ueaopeHTreHOBCKOro H3JlyqeHHH paanHqH!,(X aneMeHTOB B XHMH

qecKHX COe,l\HHeHHHX. Cy~eCTBeHHO, qTO CT8'AHH K8CK8,l\HblX nepexo

,l\OB 6J1Hl!te K Haqany uenoqKH Me308TOMHblX npouecCOB H OKOHq8T8JlD

Hbl8 peaynDT8Tbl OilblTOB He HCK8l!t8Hbl npouecC8MH nepexB8T8. 

l1HTerp8HDH8H HHTeHCHBHOCTD K-cepHH 

B pa60T8X 3HHOB8 H ,l\p.127- 311 H3MepHn8CD HHTerpanDH8H HH

TeHCHBHOCTD J(:e) K-cepHH paanHqH!,(X aneMeHTOB B CM8CHX Be-, . 

II{eCTB H B 6HH8pHl:1X XHMHqeCKHX coe,l\Hli8HHHX THil8. Z. k ~rn • 

BBH.l\Y Toro, ~o nepeXBaT MIDOHOB B T8KHX CHCTeM8X OTCYTCTByeT, 

BenaqHHa J(~) MOl!teT cnyl!tHTD Mepol1 BepoHTHOCTH W('t.) 
aTOMHoro aaXBaTa. OTHomeH0e :sepoHTHOCTel1 aaXBaTa A (i:/2') . . 

paccqHT8HHOe H8 O,l\HH 8TOM 

A(2/z') = kW(r.)/m w(z') (4) 

xapaKT8pHayeT CTeneHD OTKHOH8HHH OT r._ -38KOH8, ,l\HH KOTOpO-

ro A (t./r.') = ~ /z '. 
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CMeCH HHepTHblX raaoB. 0K838HOCb, qTo B CM8CH HHepTHUX 

raaoB/3l/ Z. - 38KOH Bb1IlOHHH8TCH Y.l\OBH8TBOpHT8HbHO (pnc. 2). 

He6onbmHe OTKHOHeHHH OT Hero o6~HCHHIOTCH, no-BH,l\HMOMY, paanHqH

eM HOHH38UHOHHblX IlOTeHUH8JIOB, OT ROTOpblX JlOrapHWMHqeCKH 38Blf0HT 

TOPM03Hbl8 cnoco6HOCTH aneMeHTOB. 

B TO JKe :speMH B cMecn A-z. + CO2 i!. - aaRoH peaKo Ha

pymaeTCH i H3MepeHH8H BenH'llHH8 W (CO2) npeBbllll88T p8Ctl8THYIO 

npHMepno B .l\BB paaa (pnc. 2)x). 

Cnna:s1,1 H conn ranoreHOB. Ilpn HaMepemm BenHqmrn A (r/z ') 
B C08,l\HH8HHHX M8T8JIHOB M8l!t.l\Y co6oli H C ranoreHaM/

27/ Cluna 

YCT8HOBJ18H8 H8ROTOp8H 38KOHOMepHOCTb, KOTOP8H npe,l\CT8Bll8118 118 

pnc. 3. Bee 8KCnepHM8HT8JibHble TQqKH rpynnHpyroTCH BORpyr npHMOli 

A c~i~J = o, 6 b :Z./z 1 (5) 

9TOT peaynbT8T MOl!tHO CtlHT8Tb IlO,l\TB8plK,l\81!HeM cnpaBe,l\JIHBOCTH Z -
38KOH8 ,l\Jlfl CMeceli aneMeHTOB, IlOCKOJibKY lfOHHUe coe,l\HHeHHH (K8KO

BblMH flBJIHIOTCfl COJlH ranoreHOB) B HeKOTOpOM CMblCJie T8KlKe MOl!tHO 

p8CCM8TpHB8Tb K8K 11 MJX8Hlft{8CKYIO CM8Cb HOHOB 11
• 

OKHCJlbl. Ha pnc. 4 npe,l\CT8BJ18H!,( peayJibT8T!,( H3MepeHHH BenH

qHHbl A('if/i!') ,l\JIH HOpM8JibllhlX OKHCJIOB zko,., , TO ecn ,l\HH 

OKHCJIOB, B KOTOpblX B8JI8HTHOCTb M8T8JIJ10B COBil8,l\88T C HOMepoM HX 

rpynnu B TaClnnue Mett,l\enee:sa. Ilpelf.,l\e :scero, H3 pHcyHKa BH,l\HO, 

t{TQ Ben0qn11a A (r/8) .( 'i!/8 ) TO ecn H838BHCHMO OT BH,l\8 

aneMeHTa, o6paayro~ero OR0Cen, :sepOHTHOCTb 8TOMHOro 38XB8T8 MIOOH8 

Vv(r:) H8 8JleMeHT .:z_ no OTHOWeHHIO K :sepOHTHOCTH W(o) 38-

XB8T8 H8 KHCJlOPO.l\ BCer,l\a MeHbllle, qeM 3TO cne,l\yeT no :Z. -~8KOH~
2?/ 

x) 9TOT W8KT, B tl8CTHOCTH, ,l\OK831Ill88T, qTo B HeKOTOpUX cnyqaHx 
ceqeHHe 8TOMHOrO 38XB8T8 onpe,l\8JlH8TCH nocne,l\HHMH CT8,l\HHMH 
TOPMOl!t8HHH, npH CKOpOCTHX M830HOB 1T ~ of.. C, , KOr,l\8 qiopMyna 

,l\JlH TOpM03HblX noTepb HenpHM8IIHM8. 

II 
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Pnc. 4. IlepHO,lJ,HqecKafl 38Bl!CHMOCTb OTHOCl!TenbHOA BepOHTHOCTH 

A (z/s) 38XB8T8 MIDOHOB 8TOLl8Mll MeTanJIOB B OKl!Cnax 

(3HHOB H ,ll,p,/Z?/), 

14 

7 
I 

:l 

I 

KpoMe Toro, B6JIHqHH8 A(Z/8) 
,lJ,HqecKyID 38BHCHMOCTb OT 3HaqeHHH ~ 

oclHapyiimBaeT nepno

npHqeM ee MHHHMYMU npn-

XO,lJ,HTCH H8 HaqaJIO nepl!O,lJ,OB, T.e. Ha 1.116,ll,OqHue M6T8JIJIU. 9TOT ql8ItT 

CBll,ll,6T6JlbCTBY6T O BnllHHllll THna Xl!MHqecKOH CBH3H ua BepOHTHOCTb 

8TOMHOro 38XB8T8 MIDOHOB. 

Hanelonee oTqeTnHBO 3TO BJil!HHHe ycT8HOBJI8HO napamiem,HUMII 

ll3MepeuRHMll Bennqnuu A (2/ 8) B paan11qmi1X OKHCJiax O,ll,Horo n 

Toro ~e MeTanna, Hanpnuep: 

A (1130) = 0,83±o,07 A (M102.) = 0,53±o,03 

Z /8 = I,5 

A (BaO) = 2,2?±0,22 A (Ba.02 ) = 3,2s±o,3u 

2 /8 = 7,0 

Hanelonbmee pasnnq1rn (B ,11Ba pasa) uall,11el!o ,lJ,nH napu OKHC11oi27 I 

A0C2 ~)=· 3,4s±o,35 A(SC2 0s-) = I,73±o,o9 

°2/8 = 6,4 
(6) 

CTpyKTypa K- n l -cepnll 

Eonee IlOJIHyro l!H4JOPL18Ul!ID O npouecce STOMHOro 38XB8T8 MIDOI!OB 

,ll,BeT nayqeune CTPYKTypu K- n L -cepnll, T.e. nsMepeHHH HHTeH-

Cl!BHOCTell J.i., J /3 , J y OT,ll,6JlbHI:lX KOMilOH6HT K-cepnu: 

K"" Cnepexo,ll, 2p -rs ) , l<p ( 3r - :1. s ),. K .. C V1 f - 1.s) 
H L - cepllll: Ld.. (3o<- Zr),. Lf (ttcl- 2r) .. Lv(t1ti➔2p). 

15 



PacqeTu Ai1aeH6epr H Keccne/11, 12/ npeAcKaauBaroT MOHOTOH

Hoe na;!(e1me HHTeHCHBHOCTH BUCOKHX nepeXO;!(OB K-cepHH C pOCTOM 

aTOMHoro HOMepa 2 aneMeHTOB. 0;!(HaKO 3KCIIepHMeHTanI>HUe peayn1,

TaTU He nO'ATBepllt,l{aroT aToii aaBHCHMOCTH: nocne Ca , r;!(e peayn1,

TaTu onUTOB/32 , 33/ H pacqeTu/ll, 12/ COBila;!(8IDT, HHTeHCHBHOCTI, 

Jy pe3KO B03pOCTaeT C yBenHqeHHeM ~ (PHc. 5). 

B nepBOHaqaJII,HbJX onuTax 3HHOBa H 'Ap/28/ 6uno D6HapyJKeHO, 

qTo CTPYKTypa K-cepHH qHCTblX MeTannoB OTnHqaeTCH OT CTPYKTypu 

K-cepHH TBX JKe MeTannoB, BXO'AfllllHX B COCTaB OKHC1IOB. C nOMOlJlI,ID 

cneKTpoMeTpa J/rA J 6unH 113yqeH~ cneKTpu nap Y.- H Ti O.a V , 
H v;, 05" , c~ H G rz:..2 03 • Bo Bcex Tpex cnyqaflx BK1Ia;!( 

K.,, - nepeXO'AOB B 06u1yro HHTeHCHBHOCTI, K-cepHH 'A1IH llHCTUX Me

TannoB OKa38JlCH aaMeTHO Burne, qeM ;!(1IH Tex JKe MeTaJIJIOB B COCTaBe 

OKHC1IOB (PHC. 6a). 

C n0Mom1,ro G-e Cl,,) cneKTpoMeTpoB Keccnepy H 

'AP/34/ yP.anoc1, paapemHTI> OT"/1,eJII>Hue KOMnoHeHTu Ky- H L.., -
cepHil. lllaMepemme HMH OTHOilleHHH HHT6HCHBHOCTelii 

R = ( J,_/J.J-r. 0 /C-r,/J,J.) . 
, .. 2 Tc. 

(7) 

OT;!(eJII>HUX K.: H L,; 1IHHHi1 THTaHa npe;!(CT8BJ16UU Ha pHC. 56. 

J/la Hero Henocpe"/1,CTBeHHO BHP.HO, llTO npH nepexo;!(e OT MeTanna K 

ero oKHcny yMenI>UJaeTcH He TonI>KO o6mas HHTeHCHBHOCTI> Ky -cep1m, 

HO TaKJKe HHT6HCHBHOCTI, KalKP.Oii U3 KOMnOHeHT 3TOi1 cepHH, npHtJ6M 

TeM CHJII>Hee I tJ6M BUWe H3MepH6Mbllii nepeX0"/1, 11 p - 1s . KpoMe TO

l'O, 6uno ycTaHOBJ16HO, tJTO cy1.11.1ap11aH HHTeHCHBHOCTI, BC6X K., -ne-. 

peX0"/1,0B C ypOBHetl n ~ b npeBumaeT B"/1,BOe npe;!(CKa3aHHyro T60p6Tl1tJ6· 

CKH, a OTHomeHtte Lr1./ I<.,__ B T.: Ha 12% 1,1eH1,me, tieM BT.02 •. 

16 
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Pnc. 5. 

1.0 1- -tit t·- ---+ · · p · ,-;#+- · 
t t f H f f + I t , •. ,,.,. 

:: r f'>~ .· ~t~ 
.. . .. , . . ·r . ~ ... ,,,,. 

0.2 +----: __ .:._ ·~~----'_\_ - .. - ♦ '·',. 

j 

0.1 
-~ flt X - ·, 

V' -~ 
,, 'r. 

r 
0.05 

0 10 20 30 Z 

0THOCHTenI>Hui1 BKna;zt K.., -cep1m B o61l(yro HHTeHCHBHOCTI> 

K-cepHH KaK WYHK~HH aToMHoro HOMepa i! aneueHTa no 

pa6o;e KBitTM6Ha H 'AP/33/. 
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SKcnepHMe!ITbl TaKoro THna 6blJIH npOAOJIEeHbl 38TeM B pa6oTaX 

~aHH3JIH H AP•/3S/ H Tomepa H AP•/3G/ Ha nyqKe _,,,u--Me30HOB H B 

patioTe I'pHHa H Ka11cem,L1a11al37/ Ha nyqKe ,r- - Me30HOB. 

B ne PBOii H3 yno1.1RHYTl:lX pa60T/35/ OTHOl!Iemie Toro JKe BHA8. 

qTO H (7) H3LtepHJIOC:b AJIH nap: Na. a/ NaMGT. ;, 

At2 03/AtHeT. , Ca O / Ca , T,: Oz. /Ti. 

Bo Bcex cnyqaHx ycTa110Bne110, qTo HHTeHCHBHOCT:b K.,, - JIHHH!,l 

MeT81JJIOB B OKHCnax Mell:bllle, qeM B qHCTblX ueTannax. 

B cneAyD~en pa6oTe/36/ aBTOpbl o6HapylKHJIH 38BHCHMOCT:b OTHO

weHHfl HHTeHCHBHOCTel.t nepeXO.llOB d.. (i!) = ( 5"f - 3 ,1)/(1.i-f - 3ol) 

He TOJl:bKO OT XHMHqecKoro COCTOflHHfl cenena, HO T8KJKe OT ero ~H3H

qecKoro COCTOHHHH. ltl3MepeHJ!08 OTHOmemie oKaaaJIOC:b paBHhlLI: 

f?. = cl.. (seaHorr.)/c1. (Se Her) = o, 74±o,06 (8) 

ABTOphl OTL1eqa11T TaKJK8 OTJIHqHe pe3yJI:bT8TOB, noJiyqeHHblX C ,;'A- - H 

rr- - M630H811H: K8K npaBHJIO 11 XHIIHqeCKHe 3\WieKThl11 60JI:bWe B CJiy

qae _,,µ.- - Me30HOB. 

B pa6oTe/36/ HCCJl8.llOB81lhl OT!IOID8HHfl HHTeHCHB!IOCTeil nHOIIHhlX 

peHTreHOBCKHX nepeXOAOB THilB of. (~.t ~.z) = (!tf-3<J)r.t/(3a-2p)fa, 
B coeAHH811HflX ~1 t.z. H B 3KBHBBJI8HTHUX Ht.I 118X8HHlleCKHX 

CM8CHX 2 .:L + t2, . B qacTHOCTH, 6hlJIH HCCne.itOB81lhl naphl 

l 11 S / (:i!.n + s), Z, Se /(211 +Se), Fe S'fi'Fe +S), FeS'.z/{Fet-2~ 

HaH60JI:bwHe pasnHqHH HB6n1>,I18Hhl .itJIH napu Z 11 Se / (Z.tt + Se) 

,ltJlfl KOTopol,l OTHOW8HH8 

R (~n. Se)= d- (211 Se)jc1.. (~tt+S'e) =s.e;o±o.35 (9) 

II 

TaKoro THna OTIIOWBHHfl 38BHCHT OT xapaKTepa XHMHqecKOH CBfl3H. 

Hanpm&ep, OTIIOW8HHe HHT8!1CHBIIOCTett nepeXOAOB R {Fe, s) 
,IIJIH nap FeS /(Fe+S) H fe5:.z/(Fe+2S) paSJIHquo H 

paBHO COOTBeTCTBeHHO R =2,2s±o.10 H R = 1,ss±o,10. 
AH8JIOrOM HCCJl8,!\0B8HllhlX nap ~.t 2.z / {Z,t + -2-.z) flBJIReTCfl 

napa KC£/KCf(paCTBop),nocKon:bKy B pacTBope xnopMCThli! 

K8JI:bnHtt nOJIHOCT:bll ,ltHCCO~HHpOBBH H 3KBHBaJI811T811 CM8CH HOHOB K+ 
H a- . ltlaMepeHHOe OT!IOW8HHe R = d. (Kct:.)/d. (Ket,--) B8JIHIIHH 

o( = (3"-- 2f)K / (3ol.-+ 2r)ce ,ltJlfl nap1,1 KCi/K le • paCTB. 
paBHO R = I.40±o.IO. 

IlpeABapHT8Jl:bHOe o6CYJKA8HH8 

IlpHB8.lt811Hli6 ~8KTU y6eAHT8Jl:bHO AeMOIICTPHPYllT B11HHHHe XHMH

qecKott CTPYKTyphl B8~8CTB H8 npo~eccu 8TOMHOro 38XBaTa H nocneAYD

~ero AeB036yx,lleHHH o6pasyll~HXCH Me308TOMOB H Me30MOJl8KYJI- ltlx He 

Y.itBeTCH corJI8COB8T:b C TeopeTHqecKHMH npeACT8B11ellHHMH O K8CK8,IIIIWC 

nepeXOABX MeSOHOB BJH30JIHPOB811110M M8308TOMe. 

B pa6oTe Ay-HHra ltl Kos11al33/ C.iteJI8!18 IlOilblTKB yqeCT:b BJIHHHH8 

XHIIHqecKol,l CBfl3H 118 8TOMl!Utt 38XB8T Me30IIOB. CorJIBCHO HX,pac11eT8M 

11a6J11l,lt86Mhl6 oco6e~nocTH ;TOLIHOro 38XB8T8 M630110B B OHJICJiax/28/ 

LIOXHO o6~HCHHT:b CMe~e!IH8M 3JieKTPOHHOro o6JI8K8 K KHCJIOPO.ltY, KOTO

poe KOJIHqeCTBeIIIIO DilHChlB8eTCH a\M)eKTHHHblLI 38pf1AOII Zf ( qHCJieH

HO OH paBeH CTeilBHH HOIIHOCTH CBH3H, yMnOJK8HHOtt 118 qHcno BBneHTHblX 

sneKTPOIIOB/39/). YqHTblB8H T8KHM o6p830M HSMeHeHHe 3\WieKTHBHblX 

38pflAOB 8TOMDB, o6pasyll~HX MOJIBKYJIY, B OCT8Jl:b!IOLI OHH nonaranH 

none ne11Tp8JI:bHO-CHMMeTpHqHblM H B 3THX npeAilOJIOJKeHHHX KBqeCTBeHHO 

06:bflCHHJIH nepHO.llHqecKyll 38BHCHMOCT:b 8TOMHOPO 38XB8T8 M830110B B 

OKHCnax. 

.19 
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0'AHaKO C 3TOli ToqKH apeHHf! H6JIL3f! IlOHf!TL CHJILHYlO aaBHCH

MOCTL l<v -cepHH aneMeHTOB OT BH'Aa XllMHqeCKllX C06'AHH6HHH, no

CKOJILKY npH coxpaHBHHH U6HTpaHLHO-CllMM6TpllqHoro xapaKTepa nOJif! 

aTOMa B MOJ16KYJI6 KaCKa'AHl16 nepeXO'Al1 M630Ha H6 'AOJDKHU OTJIHqaTL

Cf! OT KacKa'AHUX nepeXO'AOB B H30JmpoBaHHOM M630aToMe. 

IlonuTKa/34/ cornaconaTL Ha6JIID'AaeMue 11XHMHqecmrn ai.[JcJ.ieKTU 11 

B KY -cepHHX c pacqeTaMH/II • 12/ KacKa'AOB MeaoHa B HaonHpo

BaHHOM MeaoaTOMe noKaaaJra, tJTO 'AJlfl 3Toro Heo6XO'AHMO 'AOnyCTHTL 

CYiJl6CTBeHHO paamtqHue HaqaJILHl16 pacnpe'A6Jl6HHf! M630HOB no ypoB

Hf!M MeaoaTOMa c paanHtJHblMH op6HT8JILHblMH MOMBHTaMH l Aar.te 

AJIH aneMenToB c 6JIH3KHMH aTOMHb!MH HOMepaMH (uanpHMep, Tc: .11 

Mn ) TaKoe npe'Anono:.teu.ae BJ:lrJIH:ziHT HeecTecTBeHHblM. 

Bcf! COBOKYilHOCTL npHBe'ABHHblX 3KCnepHM6HTaJILHblX cJ.iaKTOB no 

uayqe1rnl0 aTOMHOro aaXBaTa OTpuuaTBJILHO aapmKBHHhlX M630HOB ·n 

XHMllqecKHX C06.l(HHeHHf!X BblHYllt.zi86T npll3!1aTL, '!TO CTPYKTypa na

H6HTHblX OCiOJIOtJeK 3Jl6M6HTOB cy~eCTBeHHO BJlllf!6T na npoueCChl aTOM

noro 38XB8T8 Me30HOB, Oco6enao f!PKO 3TO BHllf!HHe npOHBJlf!6TCf! 

npn ll3YtJ6Hllll norJIOJ\6Hllf! ,,.- -M630HOB B BO.ziOPO'AOCO;!i6pllta!llllX 

B6~6CTB8X/40-4S/: 

fl.l!EPilbl;\ 3AXBAT 'IT--LiES0H0B TIP0T0HAl.lli XH!AlilllECKH 

CDHSAHH0ro B0.U0P0)J,A 11 M0iJ,EJlb EOJlblil!ilX 

,mso:,i0JIEKYJI 

PeaKUHf! nepeaapHAK.11 tr--M630HOB Ha npOTOH8X H.l(6T no ,l.lBYM 

K8H8Jl8M 

,,,.- + p 

,r- + f' 

~ 

~ 

n + C-2.t 
VI+ 0 

(IO) 

(IOa) 

c nepOHTI!OCTf!MH 0.6 H 0.4 COOTBeTCTlleHHo/46/ H o6Jia;liaeT PHAOM 

20 , _ 

OC066HHOCTeM. B XH.l(KOM B0'AOPO.zi6 ee B6p0f!THOCTL 6JIH3Ka K 6'AHHHU6, 

T.e. Kallt'AUH ff--M630H, OCTaHOBHBmHHCH B MHmBHH, npHBO.l(HT K pe

aKUHH (IO) HJIH (IOa). PeaKUHH (IO) o6na'AaeT, Kpoue Toro, xapaK

TBPHhlM 
11
no1rnp1rnM 11 (npu pacna,7.te noKOHLl!eroca rr0 -MeaoHa napa 

( -KBaHTOB Jl6THT B IlpOTHBOilOJIO:KHliX HanpaBJl8HHHX), '!TO Il03B0Jlf!8T 

Ha,l.lel!llio Bli'A8JIHTL ee Ha qx>He ,7.tpyrHX peBKUHH. Ilpu 38XB8Te 'if- -Me-

30HOB fl'AP8MH 'APYrHx 3Jl8M8HTOB BM6CTO peaKUHH (IO) npoHCXO,l.lHT paa

B8JI H.l(pa HJIH xe Bl1Jl6T HyKJIOHa/47/. 'Aa:ate B ,l.l6HTepuH P68KUHf!x)IO) 

IlO,l.laBJI8H8 ;z(O YPOBHf! ,v 10-3 no cpaBH6HHlO C BO'AOPO,l.lOM/47 / • 

TaKHM o6paaoM, q>aKT H86Jlll'A8HHH pe8KUHH (IO) 03HaqaeT, qTo ,,,.- -

M830H nornOTHJlCf! HU6HHO fl'APOM BO'AOPOJ.ta H B COOTB6TCTBHH C 3THM B 

'tl:HCTOM BO.ziOPO:zi8 ee BepOHTHOCTL MOXHO HOPMHPOBaTL ua 6,l.lHHHqy: 
W(H2 ) = i. 

06Hapy:atBHH6 3q>q>8KT8 

ECJIH llO,l.lOpO,l.l llXO,l.lHT B XHMHllBCKOe C06.l(HH6HH8 THna Z"1 Hh ~ 

(10), IlOCKOJILKy llBCTL MB-TO CJIB,l.lYBT OEH'AaTL IlO'AaBJ16HHf! peaKUHH 
ii 

SOHOB yxe Ha CTa,l.lHH 8TOMHOro 38Xll8T8 nona,l.laeT RB YPOBHH 'i!.r -
BTOMOB H BKJl8'A8 B PBBKUHID (IO) He ,l.l88T. B 3TOM cnyqae ~ - aa-

KOH IlP6'ACKa3UB86T ,l.lnf! BepOf!THOCTH W (2m H") cne'AYID!lte e 
llblpa:at8HH8 

W(~t>t H") ~ n/m Z (II) 

0,l.lHBKO IlOilliTK8 IlBHOq>CKoro H ,7.tp./4D/ 06HapyXHTL STY peaKUHlO B 

x)HCKJllOll6HHe COCTannHeT He3, B KOTOPOM pe8KUHf! IO l1,l.l6T C ll6pOHT

HOCTLlO 0,155/48/. Ha fl'AP8X Tf!E6JlliX 3Jl6M6HTOll IlPOHCXO,l.lHT nepeaa
PH;!!Ka IlHOHOll 11 Ha neTy", T.e. MHHyHCTa;!!HIO o6paaonaHHf! M6308TOM8. 
0,lU{rutO llepof!THOCTL T8KO! p88KUHH B6CLM8 Mana H COCTallJlf!BT 

-5 -4 1> 
IO -IO • BL~ BepoHTHOCTL peaKUHH nepeaapf!].lKH IO paBHa 
rv 3'10:-5 /47/, 
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II 

H nonnaTHneHe (CH2)n oKasanacr, 6esycnemHott. TipnqnHa aToro BHHC

Hnnacr, nocne pa6oT ;llyHattneBa H .l\p./4I, 43/, TieTpyx:nHa n TipoKom

KllHa/421, ~ap6a n .l\p./44/, EapTneTTa n .l\p./45/. 0Kasanocr,, qTo 

BepoHTHOCT!> W (!rr, H 11) 
llM6HHO no 38KOHy 

llO,l\8Bn6H8 SHaqnTen!>HO CHn!>Hee, 8 

W (l."" H.,,) z a n 2-1/rn 

r,l\e C\: - H6KOTOPblil KOaiWJnnneHT ll0Pfl.l\K8 6,1\HHHUH. 

lls pnc. 7, r,D.e npe,l\cTaBneua BennqnHa 

P = m W(ZrnH.,,)/n =·a-2: 
-3 

(12) 

(13) 

BH,l\HO, 'llTO 3H8'll6Hllfl p ,l\nfl BO.l\OPO.l\OCO,l\epma~HX C06,l\HH6HHil 

aneMeHTOB BToporo ne;,HO.l\8 Ta6nnnu MeH,l\eneeBa xopomo onHChlB8IOTCH 

BTopott qaCTI,10 ~OpMynu (13) C KOS~~HUH6HTOM a.~ I,3. 

TaKoe cnn!>Hoe no,l\aBneHne (HanpHMep, W (t.,·H) z 3,5·I0-2 , 

W(HzO)f':, 3,5•10-3) ·Henr,sa 067,HCHHTI, npouecCBMH nepeXBBT8 

'JT- -M630HOB no pe8KUHH 

r1r + z -- z. r + F ' (14) 

KBK STO npe,l\naranOCI, B pa60Taxf4o, 41/, nocKon!>KY B STOM cnyqae 

BepoHTHOCTI, (12), ,l\OnXH8 38BHC6TI, OT qncna CTOnKHOB6HHli f'ii' 

BTOMOB C fl.l\P8MH 2 'T.e. OT qncna H,D.ep B 6,D.HHHU6 061,eMa. 

OnuT npOTHBopeqHT T8KOUY _saKn10qeHHx1501: BepoHTHOCTI, pe8KUHH 

(IO) B ST8H6 C2H6 OCTB6TCH H6H3M6HHOtt npn B8pI,HpOBBHHH nnoTHOCTH 

ST8H8 B IIO pas (OT rasa ,l\O 3H,l\KOCTH). 

Tipe,l\npHHHTbl6 B ,l\8n!>HeilmeM cnennan!>Hble OfiblTbl no H3Y'll6HH10 

peaKUHH (IO) B c1,1ecn BO.l\OPO.l\8 c .llPYrHMH rasaMH H2 + r: 
/ 5I, 52/ noKasann, qTo peaKUHH (14) cna6o _saBHCHT OT sapH.l\OB l 
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P11c. 7. IIp1,rneAeHHaH BepoHTH0CTI, P = rn W (Z.rn Hh)/11" 
peaKUHH nepesapaAKH -u- -MC30H0B H8 np0T0H8X B B0A0-

p0A0C0ACPJK81l{HX BCIJlCCTB8X i!,..Hh K8K qiyHKUHH 8T0MH0-

ro H0Mepa l_ (KpyMmTeilH H AP•/691). IlpHM8H C00TBCT-
-3 

CTBYCT 38:Bl!CIIIM0CTH P = a.- l. npu 3H8tte-

HHH a = I.3. 
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Pnc. 8. IlepexnaT p11+ 2 - Z, + p B raaoBLIX cuecax Hz.+l. 
no pa60T8M ITeTpyxHH8 H ,llp./51, 52/. 
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11' 
8TOMOB THlltenux raaon H Il03TOMy He MOllteT CJIYlltHTb npnqHHOlt 88BHCH
IIOCTH (12). 

Ha pnc. 8 npeACT8BJieHa 88BHCHMOCTb 

K8K ~YHKU.HH OTHOCHTeJibHOH KOH1J,eHTpau.1rn 

w (c) = W(Hz.-t-i(w(H:1.) 
c = n.e / vi H aToMoB 

2 B CMeCH raaon Hz. + z ( nH H n2 COOTBeTCTl3eHIIO -

qncna 8TOMOB BOAOPOA8 H npHMeCH ~ B CM3). Ha pHCYHKa BHAHO, 

qTo ,ll8llte npH KOHU.eHTP8U.HHX C ~ 1 ' T. e. Cp8BHHMUX C KOHl.\eHTpa

U.HHMH THl!teJil:lX aTOMOB B BOAOPOAOCOAeplKBlllHX BellleCTBax THna Z,.. H,,.~ 
W(c) =D,2¼0 91 H cJia6o aanucHT OT aapa.1-10B Z. THlltenoro ra

aa B CMeCH. 8TOT peayJibT8T He CBH38H co cneun~HKOH r830BLIX CMe

ceii, nOCKOJlbK~ g)OpMa KPHBUX H8 pnc. 8 He 88BHCHT OT CYMM8pHoro 

A8BJieHllH B CJ.!eCH H2 + Z. , T. e. OT a6comoTHl:lX KOHU.eHTpau.nlt 

nH n Vlr., 8 TOJibKO OT BeJIHqHHU c/5I/ X). 

IlpHBe,lleHHUe ~8KTl:l C oqeBHAHOCTbID CBHAeTeJibCTBYIDT, qTQ uexa

HH3M nOA8BJieHIIH pe8KU.HH (IO) B XHMHqecKHX COeAHHeHHHX OTJIHqaeTCH 

OT nepeXBaTa no peaKU,HH (14). nanbHeltmHe H3MepeHHH/46/ BepOHTHO

CTH peaKU.HH nepeaapHAKH (IO) B rHApaaHHe ~ H~ H B aKBHBa

JieHTHolt euy MexaHHqeCKOlt CMeCH ~ + 2 ~ noKaaaJIH/53/' qTo OT
HOWeHHe BepOHTHOCTelt 

_ wc1tz."~)/wc11z + 2.H2 ) ~ 1/30,. 
TO eCTb npH 0,llHOM H TOM lite 8HaqeHHH OTHOCHTeJibHOH KOHIJ,eHTP8U.HH 

C=0,5 fl,l.\p8 XHMHqeCKH CBH38HHOrO BO,ll0p0,ll8 BCTynaroT _ B peaKU,HlO (IO) 

B 30 paa pellte, qeu Hl-lP8 CB060AHOro BOl-lOPOl-18. 

Bee 3TO BMeCTe B3HTOe 03HaqaeT, qTo npHqHHY 11a6JIIDA8eMUX 

3WWeKTOB CJie,llyeT HCK8Tb B OC06eHHOCTHX B38HMOAei1CTBHH Me30HOB 

C B8JieHTHUMH 3JieKTpOH8MH MOJieKyn. 

X} KpHBUe H8 pHC. 8 OnHCUB8IDTCH ~OpMynolt W(c) = (:f+Acr: 
r.1-1e A-=f(2,C) - cna6o MeHHID,8HCH dJYHKU.HH B npe.1-1enax 
A =5-10 AJIH Bcex "r;!f 36 H c~ I 52/. B cuec.H Bo11opo,1J;a c 
.1-1eltTepHeu / 50/ nepeXBaT aHaqHTeJibHO cna6ee: npH c~1, wee)= 
z o,s. 8Ta K8pTHH8 nepeXBaTa Cyll!eCTBeHHO OTJIHqaeTCH OT nepe
XB8T8 ,M--ueaoHOB, ,llJIH KOTOpliX Ha6nro7-1aeTCH npaKTHqeCKH 

5 noJIHUlt nepexo.zt PP - .r_,«. yllte npH KOHU.eHTP81.\HHX C,..,, 10- • 
YK838HHOe p83JIHqHe 06'.I>HCHHeTCH 60JiblliHM BpeueueM JKH31IH fa- -
Me30HOB 118 K-op6HTe H CHJlbHUM norno:neaHeM ,- -ueaOHOB npo
TOH8MH Yllte HS Bb!COKHX ns -COCTOHHHlt f.,,.. -8TOM8. 
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l,lO,ll8J1I, 60J1I>WHX M830MOJieKyJI 

Mo.11em, 6om,nmx ueaouoneKy;nl54 • 56 • I/ 61rna npe,nnoJKeHa BHa-. 
qane ,zvm 061,Hcuemrn oco6emrncTeii peaKUHl1 nepeaapH.11K11 ,r--M830-

HOB 11a fl,llpax XUM11'l8CKl1 CBH3a11Horo B_O,llOpO,lla. Oc110BH08 YTBepJK,ll8Hl18 

MO,ll8J111 COCTOl1T B TOM, l!TO Ha CTa,l\1111 aTOMHoro aaxBaTa M830HOB 

qaCTI, HX 38XB8TblB88TCH Ha BhlCOKOB036yl!t,l\8HIU1e op611Tbl, J18JK81l(l18 B 

06nac·r11 B8Jl8HTllblX 3Jl8KTPOHOB MOJJeKyllbl. TaKoe YTB8plK;z(8HUe 8KBl1B8-

JJeHTl!O npe}.(Il0JIOJK8Hl1IO, l!TO B np11po;L{e MoryT CY:Jl8CTBOB8TI, cpaBHl1-

'1'8JlI,HO yc•.rni1q11Bble KOMilJ18KCbl Tlma zl'>I 1/"- H 11 t p83Mepu 

KOTOpux "c TOllltH JpeHHH M830H8 11 qpe3Bbll!8lll!O B8J111Kl1 (500 M.a.e. 

,l\J111Hhl) • 

)lOilYill8Hl18 0 CYll!8CTBOB8Hl111 6om,m11x M830MOJleKyJI Ha nepBblii 

Jl3rJJH,ll BblrJIH,l\HT H8Ilp8B;z(OilO,ll06HblM, O,llH8KO, K8K IlOK83blB88T npOCTOli 

aHamrn, ue co,11epi1mT B ce6e BHYTP8Hlll1X JIOrHtieCKl1X npOTHBOP8l!Hll, 

]erKO BH,l\8TI,, l!TO 0,1\Ha STa r.inoTeaa KatieCTB8HHO 06'.bHCHfi8T MHOrHe 

H3 JilOMHHYThlX s<JJJ)eKTOB (He3aBUCl1MOCTI, B8pOHTHOCTl1 peaKUl111 (IO) 

OT IlJIOTHOCTl1 11 arperaTHOro COCTOHHl1fi B8ll!8CTB, OT np11Meceti Tfillt8JlhlX 

SJleMeHTOB 11 T.,ll.). 0,1\HaKo ,l\JIH KOJ111ll8CTB8HHblX npe,ncKa3aHHll Heo6xo

,llHMbl 60J1ee KOHKp8THbl8 npe.11nOJIOJK8HHfi. 

Ilpe,n:BapHT8JII,HOe paCCMOTpeHHe • .llJIH npOCTOTbl pacCMOTPHM 611uap

uy10 MoneKyny Z H (uanpHMep, L,· H ) , cxeMa_ KOTopoii 11ao6pallteHa 

1-1a pHC. 9. B TaKoii ,l\BOHHOti IlOT8HUHaJII,HOH fiM8 B03MOJKHbl Tp11 T11na 

ypomrnU: ypoBHl1 n l130Jl11pOBaHHOro M8308TOM8 BO,llopo.z1a, aHepr11H 

E 11 KoTophlx cMell!eHa noneu a,npa ~ , pacnoJ10i1t8HHoro ua pac-

CTOHHHH R >> :1. OT npOTOHa 

E.,~ -1/znz. 2/4' 
(15) 

28 

-----------------0 

P11c. 9. Cxeua ypoBHefi "60J11,mol1 ueaoMoJ1e1tyJ1u" prr 2 //-
M830MOJ18KYlIHPHhl8 YPOBHl1, pacnOJIOJK8HHhl8 B 06J1aCTl1 Ba-

neHTHblX sneKTPOHOB uoneKyJibl 2.H n 11 11'-

YPOBHl1 1130Jil1pOBaHHblX M830aTOMOB f'if 11 ~T. 

4 
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YPOBHl1 H ( 1rnomtpOB8HHOro 2 fl - 8TOl48 

£tt, ~ - ½ C¾,Y ¼ (I5a) 

u, HaKoHeu, ypoBHH N , npHHaAnemaUU1e Been 6on1,woll 1.1eao1.1oneKy

ne l:1T- H B uenou. rpaHHqHoe aHaqemie n = no , KOTopoe OTAem1-

eT ypOBHH H30JIHpOB8HHOrO MeBOaTOUa 

Hell Iv onpeAenaeTca HS ycnoBHH 

f'IT 

£110 

oT MoneKynapHllX ypoB-

~ (,( ..,....,.. > rAe 

U~~ - Bl:ICOT8 noTeHUH8Jll>HOro 6ap1,epa, paaAeJIHIDrrtero o6e HMU, 

paBH8H M8KCHMYMY noTeHuHaJII>HOli 3HeprHH M630H8 B none ABYX Heno

,llBHlltH!lX HAep f' H 2 ' YAaneHHUX H8 paccTOHHHe R 

(A =- ¾ - ~/2 
1 z. 

(16) 

( -Z1 H 'l~ - paCCTOHHHH Me30H8 COOTBeTCTBeHHO AO npoTOH8 

H flAP8 ~ ) • Ben11qHH8 (11"<°'1(. ,llOCTHraeTCH H8 OCH MOJieKynu B 

TOqKe 'l-1 = R/( i + 'fi:) H -z .z. = /!. - 'l.1. H paBHa/54 I 

u ,.._ = - ( 1 + fi)j!< . (17) 

0TCD].la nonyqaeu oueHKY ,?UIH U8KCHM8JlDHOro 3HaqeHHH n=no, npH 

1to:ropo1o1 ypoBeH;r, E 11 MOlltHO cqHT8Tl> npHHaAneE81!1HM ueaoaTouy Bo-

.z1opo.1.ta, ecnH OH pacnonozteH Ha paccToHHHH R 
uoneKynex) 

OT HAP8 z_ B 

x) 

Ylo ;: [ R/2 (:t + 2 ff)] ½ (18) 

3Ta npocTaH 01.(eHKa IlO,llTBepllt,lleaa Bnocne.1.tCTBHH TQqHl,IMU pacqeT8Ml1 

/ 57/. IlOCKOJII>Ky no CJia6o aaBHCUT OT 2 , TO yqeT 3Kp8Hl1-

pOBKH HAP8 B CJIOlltHhlX 8TOMax npaKTHqecKH He CKa3blBaeTCH Ha npH

Be,lleHHOll oueHKe. 

30 

l • 

npn I ,. 2,. IO It R. = 40u+600, no = 5-7. )\JIH I.IDJieKyn1:1 Bo.n;opo

Aa ( :Z. = I, R = 371) n 0 = S, qTo cyrrteCTBeHHO 1.1eHI>u.1e oueHKl1 

BaliTMaHa ( N',, = IS), KO To pa a nonyqcHa B npeHeCipelKeami B/ll1HHHel4 

BTOporo a.n;pa B MoneKyne Bo.n;opo.n;a. 

IlpHHl1L8H 110 BHl1MaH11e 3TH coo6pa;;teHHH, a T8Kl!te aH8JIH3, npo

Be.n;eHHhltl B npe.n;l:1.1.tYil!llX paa.n;eJiaX, MOi!tHO clj)opMyJIHPOB8T!, OCHOBHble 

npe,a;nono:rnmm, nelltarrt11e B ocHOBe Mo.n;enH 6om,urnx 11eao1i.1oneKyn. 

8) IlpH nepexo.n;e JT- - Me30HOB 1m CDCTOHHl1H CBOOO].(HOro iWH

Z6HllH B CBH3aHHOe COCTOHHl16 H6KDTOp8H HX qaCT!> C BepOHTHOCT!,ID 

~ aaXB8TJ,IB8eTCH ua M630MOJieKynHpHb16 opOHTaJIH JI/ 6om-

WOM 1.1eao1.1oneKyn1,1 Z.,.. .,,- H tt ., nelKarrtHe B o6nacTH BaneaT-

HUX a1xeKTPOHOB ncxo.n;Holi 1.10.rieKyJlbl i!.,,., H., • OcTaBwaHCH me qacTI> 

3aXB8Tb1BaeTCff .aa ypOBHH n I H30JIHPOBaaaoro Me308TOM8 Z.T . Ha 

ypOBHH n 

He nona.n;a10T. 

MeaoaTOM8 pr Ha CT8].(HH 8TOMHoro aaXB8T8 Me30Hl,I 

B) B .ztan;r,aetlmeM C BepOHTHOCTHMH (.,,JNn 11 wN,,' irp;jT 

pa.n;uaunoHmrn _H OJKe-nepexo.11u 1.1eaoI10B c OOI!ll1X ypoBHell N Ha 

paa.i.teneaHble ypoBml n H n 1 
1.1eaoaT01i.10B f 1i H z.r cooT

neTcTnettHo. IlpH 3TDM OCHOBHDM npHqHHDM no.i.taBneHHH pe8KUHH (IO) B 

BD.n;opo.n;oco.n;eplltarrtHX B6U1eCTBaX HBJIHeTCH Manaa BepDHTHOCTI, 

W 2 = w,...., /(w,.,.,+ w,....,,) nepexo.n;a 1.1eaoHDB c 06m11x ypoBHell Iv 
Ha ypOBHH n 1130JIHponauHoro MeaoaTOMa f1T. 

C) .nocTHraH D,ll.Horo 113 HHXHHX ypOBHen p1i - aTOMa, 7r- -Me-

30H lJJ;;ceT nepeXB8Th!BaTI>CH Ha ypOBHH Zr -1,1eaoaT0Ma no pealtl.\1111 

(14) 11 B 3TOM cnyqae oy.n;eT 38XB8tfCH npOTOllOM J!l1llll> C nepOHTHOCTI,IO 

W3. 

B COOTB6TCTBl111 C 3THMl1 npe,l(IlOJIOi:t6Hl1HlJH peayJIM'HPYIDI!lYID Bepo

HTHOCTJ', peDl\~llll (IO) MDiKHO npe.n;cTaBllTI, B Bl1.n;e npmrnBC;l\emrn Bepo

HTHOCTeli ynoMHHYTlJX Tpex CTa.11nn a), B) 11 c) 
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l .~•·' 

! 

! 

vV= CA.v½~~ (19) 

npwie11 1tosifiG11u1;eHT . Cl cf)eHoueuo11or.,qec1rn yqn'.i'11:aaeT ocoCemm

CTM XRLmqecKoi CBH3li BO.ZJ;OPOAa D MJ1Ie1ty11ax. 

~accMoTpHM nq.n;po6Hee Ka:.tAYIO :13 yno1.rntty:mx CTa.1111ti npouecca. 

38XB8T !!8 yno:a':m :,:e30M01IeKyJI. B uaCTOH:uee Bpe1.rn OTCYTCTBYJOT 

pacqeTbl, KOTOP,blB OLl Il03B01!Il1111 a1t1typaTHO BbJq11cJ11!TI, BepOHTHOCTI, 

Wi_ . saxiiaTa MesouoB Ha 06.;;ne ypoBHil /v 60111,:;roa Me30Mo11eKy.m1. 

Cy?:1e~T;y101U11e· EbJqHcJiemrn/38 • 5s--o4/ uocHT xapaKTep 011euo1{ 11 np11Me-

1u1Mbl TQ;II,KO l{ Il30Jil1pOBaHHOMY aTOMY. !,13 Hl1X c11e.n;yeT t qTo Me30Hbl 

Manlix stteprnil ·11an6onee 3<DqieKTUBHO saXBaTh!BaIOTCH Ha Bb!COKile Meso

a~·o'~H~~. ypo:am1 ci' KBaHTOBb!Mll. q11cJiaMH II>- 16, np.11treM ocHOBHb!M Mexa

HH3MOM aaxBa~a HB1IH6TCH Ollte-a~qieKT Ha 3JI6KTpouax aTOMHOiil 06011oq-
:::'- ,· -- ·,i;~.xef~ •~ .·,:' 
KH. B pa.n;e pa60T OTMeqaeTCH, qTo pacnpe.n;eJieI;rne sax:aatreHHh!X M630-

HOB no YPOBHHM C pa3JIHtIHb!MH 3HatreHilHM op6MT8JII,HOro MOM8HT8 t 
11ollteT cyIUeCTBeHHO oTJinqaTI>cH OT cTaTHCTHtiecKoro (2£ +I) - pacnp

.n;ene~HH/59, 60 , 62 • 631. B tI8CTHOCTH, t -pacnpe.n;eneHHe MO.eT 

u~e~11 ~aK,c,~MY_M B 0611aCTM 3H8'l8Hl!ti e~ il/3 /52/ H1IH { ~(mrfr.i~¼ 
/63/ •. · · · · · ~1 

/;J~' 

B :ao.n;opo.n;e npn Manux aueprnax CT01IKHOBeHnH Ha116011ee a(j)(j)eK

THBeH a.11.11a6aTHtISCKMii 38XB8T Me30HOB, npH KOTOpOM M830H 11 3aMemaeT 11 

3JIBKTPOH 11 3aXB8Tb!B8eTCH Ha 0.ZJ;IlH H3 Me308TOMHh!X ypOBHe.ti C aHep-
' ' 

r.ieiil' n,pllMElpHO paBHOl1 aHeprllH CBH3Il Bll6IlTOro 31ISKTPOHa. 8TO t B 

CBOIO oqepMI>, 03H8tI8eT, tITO 11X op6IlTbl reoMeTpHtISCKH no.n;o6Hbl, T.e. 

op6llTB saxBatre:it!Oro MS30H8 HaXOL(HTCH B OKpeCTHOCTil 6b!BIJieiil op611Thl 

a1reKTpoHa. 

Bee Bhllll8CKa3aHHOe OCTaeTCH cnpaBe,llJil1B!JM 11 .ZJ;JIH Bo.n;opo.n;oco.n;ep

•aIUllX BSIUSCTB C TOA, O.ZJ;H8KO, paaHnuea, tITO B 3TOM c~yqae B Henpe

PblBHblA cneKTp a,n11a6ar11qeCKH yxonHT B81ICHTHblA aneKTPOH uoneKyDbl 

. 32 

,., 

lt>t H
11 

• HcHo T8Kllte, trTo B ·aTOM cnyqae .,,-- -ueaoH Ha cTa;zi,,m 
' . 

8TOMHoro 38XB8T8 He MOlKeT nonacn H8 ypoBHH H301!IlpOB8HHOro prr -
8TOM8, IlOCKODI,KY B XllMHtieCKOM coe.n;HHeHHil e.n;IlHCTBeHHilli a11eKTPOH 

8TOM8 :ao.n;opo;zia OT.ZJ;8H H8 o6p830B8HHe Xl1UHtI8CKOil CBH3H ll np.11 ero 

a;zina6aTntrecKOM aaMe!Ilemm MeaoH nona.n;aeT Ha o6utne ypoBHH /V' 
CHCTeMl:il r, H , a He H8 paa;zieJieHHhle ypoBHH n 8TOM8 f P. 

EcJI11 cnpa:ae;ziJIH:aa rnnoTeaa o reoMeTp.11qecKOM no.n;o6.11n ueaoHHl:iIX 

H 3JI8KTPOHHl:i!X op6HT npH a;zina6aTnqeCKOLI 38XB8Te Me30HOB, TO O'H 

npeHMYI!l8CTB8HHO ;z\OJilKHhl 38XB8Th!B8TI,CH Ha BUCOK0118lK81IU!e_ypoBHH 

c op6UT81Il,Hh!M MOUeHTOM t ~ 0, nocKOJII,KY 3JI8KTPOHl:il BH8IDHl1X 060-

JIQqel{ 8TOUOB 2 t o6paayIDI!lHX coe;ziHH8HHH C B□.n;opo;ziou, !{8!{ npaBn

JIO, H8XO;z\HTCH B S - COCTOHHl1ll. 

qTOC51:il oueHHTI, .n;onro M830HOB, 38XB8tieHHb!X H8 06I!lHe ypoBHH, 

npe;zino11oznu, trTO :ace aneKTpOHl:il MoJieKyJil:il ZMH~ aKBHBaneHTHU. 

TaKoe npe;zinoJIOlKeHHe HBJIHeTCH 38Be~OMO rpy6UM H p8BHOCH1!I,HO yT

Bepllt.n;eHHID O cnpaBe.ZJ;JIHBOCTH ~ -38KOH8 ~epun-TeJIJiepa H8 CTB;z\HH 

nepBOH8tI8JlDHOro 38XB8T8 M830HOB. 

aaxBaTa ueaoHoB Ha'ypoBHH N 
a11eKTPOHOB Vl H paBH8: 

B STOM CJiytrae BepOHTHOCTD ~-

nponop~HOH81II,H8 tIHCJIY B8JI8HTHUX 

~ = n / ( n + v-tt 2) . (20) 

9Kcnepn11eHT8JII>Hhle apryueHTl:il B no111,ay nocne.n;tten ~opuyJIU, a T8Kxe 

.n;pyrHe B03MOlltHOCTH Mb! paCCllOTPHM HeCK01IDK0 Il03;z\Hee. 

KaCK88Hhl8 nepexoµu. Me30HU, 38XB8tI8HHUe Ha paa.n;eJieHHble 

ypOBHH n' M8308TOM8 Z.1r , npeTepneB8IDT o6UtIHUil K8CK8~ B 

,H30JIHPOB8HHOM ueaoaToMe. ~8JII,HettmaH cy.n;1,6a ueaOHOB, nona:amnx H8 

o6mne ypOBHH /v, nueeT HeKOTOphle oco6eHHOCTH • 
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IlpeJKAe Boero, 3TH Me30Hhl llBHlKYTCH B no11e, KOTOpoe cymecT

BeHHO OTnHqaeTCH OT ueHTP81IbHO-CHMMeTpHqHoro. B T8KOM no11e oc11a-

611eHh1 npaBH1Ia OT6opa no op6HT8111HOMY MOMeHTY A[=±l ll1IH pa7lHa

UHOHHhIX nepeXOllOB, !tOTOpble B H301IHPOB8HHOM M6308TOMe CH111HO 

Yll1IHHH!OT BpeMH K8C!tall8. IT03TOMY BepOHTHOCTH nepeXOJlOB w,.,., 
n w,.,.,, c o6mnx ypoBHelil N Ha paaAe11eHHhle n n n' B 

,l.l8HHOl4 cnyqae llOJIJKHLI cymecTBel!HO B03p8CTH. 

KpoMe Toro, npH OilHC8HHH llBlllK611Hfl Me30H8 118 BblCOKl!X op6n

T8X He06XOllHMO npHHHM8Tb BO BHHM8HHe 3KP8HHpOBKy M6P 3116KTpo

H8MH BHYTP6HHIDC 06011oqeK. OueHKH Be11nqHHhl Wz C yqeTOM 060-

HX 3THX 06CTOHT01!1CTB npHBOJlHT K pe3J111T8Tyl55/ x) 

w N>t' ~ roID :z. 2 ceK-1 • (21) 

]lnfl nepeXOllOB JI- n I' Ha YPOBIIH 1-1 I~ z OJKe-nepeXOllhl 

npeo61I87l8!0T H8ll pa,n;H8UHOHHhl14H/ll, 121, nosToMy npouecc ll6B036:,:X

ll6Hllfl, no-BHAHMOMY, npOHCXOJlHT B llB6 CT8JlHH! OlKe-nepeXOll #-h 11 

Ha YPOBHH "1 "~ 2 n aaTeM 06uq11ue p8,nnauuo1111ue nepexoAhl 

r, ... _ "'1 ' B ll30mtp0B8HHOM 8TOl46 i! 7 C Ton, 0Jlll8KO, p83HltUe£1, 

qTo aace11e11110CTb ypOBHe£1 n" B Jl8HHOl4 cnyqae 140lK6T cymecTBeHHO 

x) KaK H3B6CTHO, 6e3 yqeTa 3Kp8HHPOBKH ""zY w"' .. , . 

Ilo11yqeHH8fl 38BHCHl40CTb wN .. '"" 2 2 
OllllpaeTCfl 118 

COOTHOmeHHe J '1',,,(o) / 2 ~ 2. 
mHHX sneKTPOHOB 8TOM8 B 

p8HHPOB8HHOl4 none ff'AP8 ~ 

qacTHhIM cnyqaeM qopMylW 

ll1Ifl B01IIIOBOn ~YIIKUHH Bile-

/Vs - COCTOHHHH, ,nBH:ZYI!lHXCH B 3K

/6S/. 8TO COOTHOWeHHe flBnH6TCH 

<}epim-Cerpe 1661, KOTOP8H 

Hell8BHO 6u11a BHOBb Bh!Bell8H8 B KB83HKnaccuqecKOY npH61IHEeHHH 

/67/ . 
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OT1IIN8T1Cfl OT CTaTHCTHTieCKoro (2t +1) - p8cnpe,n;emm1rn. B q8CT

HOCTH, H3 Ns - COCTOHHHil H8H6011ee BepOHTHhl nepexo,n;bl B 11 f 
COCTOHHHH, npnTieM 38BHCHMOCT1 WNn' "' Z:2, npH T8KHX 

CTyneHq8ThIX nepeXOll8X ,l!OJllKHa COXp8HHT1CHx). 

li3 o6mero Bhlp8lK6HHH ,ll1Ifl BepOHTHOCTH OJKe-nepeXOllOB c11e,n;yeT, 

qTo H8H6011ee BepoaTHO Bbl6HB8HHe 3116KTPOHa, B01IHOB8fl <l>YHKUHH ICO

Toporo M8KCHM8111HO nepeKphIBBeTCH C B01IHOBOti ipJHKUV.eti M030118/7/, 

TO eCTb B c11yq8e reoueTpnqecKoro no7l06HH HX op6H'.l'. OTCI0,1{8 C116llY

eT, qTo_npH K8CK8,1!Hh!X nepeXOll8X 11 Ba11eHTHLIX M630HOB 11 H8H6011ee ne

pOHTHO Bhl6HB8HHe 31!6KTPOHOB B8110HTHOH o6onoqKH. (STO C116JlCTBH6 

MOJK6T 6h!TD npoBepeHO 3KCnepHM611T8111HO C IlOMOI!lblO O:ice-3116KTPOHHOll 

cneKTPOCKonnu168f). -
T8KHIA o6p830M, BepOHTHOCTb w,.,,., nepeXOJl8 J.1630118 C 06U1e-

ro YPOBHH /v 118 pa37lene11Hf1e YPOBHH YI M6308TOM8 fir p8B-

H8 

Wz. = wN ... / (w,v .. + w,.,, .. ,) ~ z-;:. 

" 

(22) 

x) BepoHTHocn OJKe-nepexo,n;oB wN~" = w,.,,, .. · k ., npnqeM 

AHH ,nHll0111HhIX nepexo,n;oB K03gjpHUH6HT KOHBepcHH k =- 04c2/4~½ 
c11a60 38BHCHT OT ~ , IlOCK0111KY s11eprli11 nepexo,n;8 14630118 

A E 146:ZllY 140116KJIDIPHl,IMH ypOBHHl!H N >> z? H 8TOMHhIMH 

YPOBHHMH l'1 "~ z= np8KTHqecKH 0,l!HH8KOB8 ,1{1Ifl Bcex 8TOMOB. 

QqeBHllHO TaKJKe, qTo B c11yqae ,n13yxcTyne11q8Toro npouecca 
O,we ,, P,.,. 

1 
'"'.: 

11- ri - n B · K>' -cepHH 6YAYT OTCYTCTBOBan BJ,ICO-

KHB nepexO,nhl t1 "f -+ 1 S C ypOBHell h "> 2, 

BJ,IIl01IH6HHhl6 H6ll8BHO 3KCnepHM6HThl (]llKyp8eB, EBC66B H llP•, SH

HOB H llP•> CBHll6T61IbCTBYIOT, qTQ npHB6ll8HHOe paccyllt,1!0HH0 He 

numeHo CMJ,IC11a. 
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QqeBH,llHO, T01IbKO 3TH MeSOHbl MOryT Bbl3B8Tb B ,ll81IbHettmeu pe8KIJ,l4IO. 

nepesapH'AKH (IO), nocK01IbKY BCe OCT81IbHble MeSOHbl, nonaBmlle H8 

YPOBHll r,' Me308TOM8 i!.1T , BK1I8,ll8 B peaKUlllO He 'A8IOT. 

.B npllHIJ,Hne, He HCK1IJOqeH8 B03MOJKHOCTb npauoro H'AepHoro 38XB8-

T8 7r- -MeSOHOB npoTOH8Mll Henocpe,llCTBeHHO ll3 11eaouoneKynapmi1x 

/'Is - COCTOflHIDi, llHHYfl CT8'Al410 K8CK8,llHb!X nepeXO,llOBx). 9HeprHfl 

£N- iteSOHOB, 'ABHlltYlllHXCH B 061I8CTl4 B81IeHTHb!X aneKTpOHOB M01IeKy

Jibl, COOTBeTCTByeT YPOBHHM 3HeprHl4 M6308TOM8 f.,., C KB8HTOBb!Ml4 

q14cn8Mll n "' ~ . CKopoCTI, fl,ll6pHoro 38XB8T8 ll3 3THX 

cocTOHHHli h
4
t't. = I,6•I0

15 
( rriv )-312 ,x, 4•IOII ceK-I 

BC6 e!lle H8MHOro npeBWl!8eT CKOPOCTI, pacna]ta CB060'AHOro ,,- -Me-

30H8 H 'A8l!te CKOPOCTH p8,llH8UllOHHb!X nepeXO'AOB ;v- n • 

IIepexB8T M630HOB OT f11' -8TOMOB K !Utp8M :2 • 06p830B8B-

lllHiiCfl f'Jr -8TOM ,llBHllteTCfl B cpe'Ae H CT81IKHB86TCfl C H.llP8MH .llPY-

rHX 8TOMOB. CKOPOCTI, nepeXBaTa f 'ff - ;?;.,,- nponopll,l40H81II,

Iia qJ4C1IY H,ll6p ni! B 6,llHHHUe 06'.I>6J.!8: 4~. = ol, YI.ii! • C 3THM 

npoueccou KOHKYPHPYIDT npouecc1i1 'AeBoa6yllt,D;eHHfl B ueaoaTOMe f11" 

J4 H,ll6pHb1!1 38XB8T 'IT"- -MeSOHOB npoTOH8Mll HS BlilCOKlr!X n S - coc-

TOflHl4!1 p1i' -aToua. MHoroq14c11eHH1i1e cpaKThl CBH,lleTe11MTBy10T/I4-I6 • 

/I7-I9/ (cM. BBe,lleHHe), qTo cKopocn aTHX npoueccoB nponop1ino-

HanhHa qHC1IY a.z1ep BO.ll0PO.ll8 YIH , TO 6CTb rc(ceic.:: f3 nH . 0TCJO-

,ll8 BepoHTHOCT» \½ OCT8TDCfl 7T--Jl630Hy y npoTOII8 npH 

CT01IKHOB6Hl4flX C fl,llp8Ml4 2 B6!lleCTB8 p8BH8: 

~ :::- pnH / (pn,., + o1. Y1.2) = (1. +>. cf: (23) 

X) Ha T8KYIO B03MOJKHOCTb o6p8Tl41I BHHM8Hl46 8BTOp8 C.C.repmTeliH. 
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r,;:ie ( "' n;c I nH • XapaKTCPHO, 'ITO W-3 38BHCHT T01IhKO 

OT OTHOCHTem,Hoil ROHIJ,CHTp8Il,llH f!)lep 8TOMOB YI i!' H V/ H ( CM. 

T81tlle CHOCKY ua CTp. ?..7). 

KaK nOK83b!B8IOT HC;l(8BHHe Oilb!Tu/65/, KOHCT8HT8 ·nepeXB8T8 ;).. 

,llJlfl ru -8TOMOB, 06pB30B8BlllHXCfl npH 38XB8Te ,.Me30HOB:·B '.:XH!.!l!'46CKID 

COe,llHHeHHHX, no KpaliHeU Mepe, B ,llB8 pas a MeHollle, 'TI6M.,COOTBeTC'r-

BY!Olll8fl KOHCT8HT'a .I\_ ,1.IJlfl · rir -8TOMOB, o6p830B8BlllHXCfl•,npH 

TOpMOJitemm MeSOHOB B CMecn 'H2. + L . !I03TOMY .. B ,ll81!J,Hfllilll6M 

paccM0Tpea1111 Mb! 6y,lleM noJiarau ·A-::: 0 , .TITO aa (lJoae ·ocTa1IoHHX 

aeonpe,lle1IeHHOCTei1 38,ll8TIH He BH6C6T CYIJ\6CTB6HH0!1 norpell!HOCTH. 

OTieBlr!,llHO, B CJiyTiae npaMoro f!,llepaoro :38XB8T8 ,;~""'..-ueBOHOB 

npoTOU8MU. lr!3 Meaouo11eKy1rnpHb!X J,/s -,COC'l'OflH1111 CT8,llllfl. nepeXB8'l'8 

O'l'CYTCTByeT ( A=O). 

BepOHTHOCTI,. pe8KUUH nepesapa.zum. C yqeTOM COOTHOlllelllr!ll (19). 

(20), (22) cpopMyna .llllfl BepOHTHOCTlt peaKIJ,HU nepeaapH,llKH ,,,- -Me-

30H8 aa npoTOHe. B XHMHTieCKHX coe.i111ueauax Z.,., H n npuMeT ,BH.ll 

ii 

W(zl'M Hn)= an l-j(n+ rn.·£). (24) 

.llerKO m'l,lleTI,, TITO nonyqeHH8fl cpOpMy11a Y.llOB1IeTBOpHTe1II,HO 0Ulr!Cb!B8CT 

3MUlrlplr!TieCKyro 38BltCRMOCTI, (12). 
I 

B CJiyqae cJIOJKHIDC coe,11;irnea1r1n Tuna :Z.,_ .Cw, H"' oaa npe-

odpa3yeTCR K Blt.llY 

W (z: Z,..H .. ) = (av ~-
2

+ o.'v'{j!.'J;jr11+-HAZ+ki'.J(24a) 

I 
8AeCI, \) Ir! Y - tll1Cll0 B8/leHTHblX CBH3eti Bonop0,1\8 C 8TOM8Mlt 

Z l1 Z: ,. COOTBeTCTB6HHOX) • 
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I' 
I' 
I 
i' 
1.1 YTieT aca6eHHaCTeii XllLIIITJ.ec1rn!,; CBH3ll. B carJI8Cllll C AYXaM paa

BllB8GMbl.-: npe;n;CT8BJieHJ,1t: JJe3aH B Bb1CaJ{OlJa36yr.:;n;eHHOiJ COCTOfllllUI # 
CllCTeMbl nrpaeT pam, "TH:rnJiaro a11eKTpoHa", npn

TieM era apdnTa noAa6Ha ap6nTe aaMemeHHara BaJieHTHora a11eKTpaHa, 

21'11 11- H.,, 

8 era BaJIHaB8fl qiyHKl..\11fl OTpaiiiaeT cneunqi11Ky XIUJllTJ.eCKai1 CBfl3.l'I, J{O

Tapy10 acylJleCTBJiflJI Bb1611Th!it 3JieKTpou. l3 COOTBeTCTBHll C 3TllM K03cl)-

1Flll..\lleHT a B qiapMyJie (24) YTillTh!B8eT ll3MeHeHJ1e IlJIOTHOCTH 3JieK

TpamIOro auJiaKa B6Jlll3ll npaTaHa B 3DBHCllMOCTll OT Tttna XH!.lll'-IeCJ<Ol! 

CBH3ll. OTieBH;ll;HO, B ttaHHh!X cae.n,llHe!!llflX OH ,11,0JI:!lell 6blT!, MeH!>llle, 

TieM B ·1taBaJieHTHblX, eCJill 3JieKTpaOTplll..\8TeJI!>HaCT!, Ba;n;opo;n;a xff 
MeH!>llle 3JieKTpoaTplll..\8TeJI!>HaCT.1'1 Xz aTaMa 2 . Mal!rno Il0Ilb1T8T!>Cfl 

CBH38T!, BeJIHq1rny Kaaqicplll..\lleHTa Q. co CTeneH!,10 llaHHaCTll CBfl3ll 6° • 

0AHa ll3 T8KJ1X B11palr.e1rnii 6Lma npHBe,lleHa B pa6oTel66/. 

a = 2 6" + I, 3 ( I- 6) , ( 25) 

B KaTapaM nepBae c11araeMoe AaJDK11a Oh!T!, onymeHo, eCJill 

(Hanp11Mep, B Ba,lle llJIH KllCJIOTax). 
Xtt< Xz 

x) 9Ta qiopMyna~K8K ll caaTHaweHHe (20), acliaBaHa Ha ~pe;n;IlOJIOllte

Hllll O cnpaBe,llJillBaCTH 2 -3aKaHa ~epMH-Te1111epa Ha CT8,llllH aTaM

Hara 38XBaTa MeaaHaB. Ee a6a6u1eHHfl B cnyqae, Kar;n;a H3BeCTH.bl 
, 

;n;el!CTBllTeJI1>H11e BepOHTHaCTH aTaMHara 38XB8Ta Ha aTOMbl z. ..... 2 ' 

OTieBH;ll;Hll, O;ll;HaKa Tpe6y10T BBe,lleHHfl no Kpai1Hei1 Mepe eme lJJlyx 

napaueTpaB, KOTOph!e ;n;aJilltHhl anpe;n;eJIHT!>Cfl ll3 He3aBHCllMl1X aKcne

pm.1eHTaB. 
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He cne;n;yeT, o;n;HaKa, npH;n;aBaT1> pewa10mera aHaTieHHff TaKara pa

,n;a BblpallteHHflM, IlOCKOJl!>KY Heonpe;n;eneHHOCTll B onpe.11eJieI1Hll BepOHTHO

CTei1 Vf.: ,ltOBOJI!,HO BeJIHKH ll qaCT!, 3THX Heonpe;n;e1rem10CTell, 

CBH3aHHblX C nepBOHaTJ.aJI!>Hh!M aTOMijblM 38XBaTOM Me3aHOB H nocne;n;y10-

II!HM nepeXBBTOM fir ~ °Z 1T' HeH36ClltHO BKJI!OTIBeTCfl B K031j)

q>HI.\H6HT ~ • l103TOMY B ,n;an1>H6i11!16M Ciy;n;eM paccMaTpHBaT1> ero Kalt 

HeKOTop1,1i1 l{leH0MeHonornqec1mi1. napaMeTp, B TepMHHax KoToporo y/i.06-

HO npoBO;ll;HT!> aHaJill3 3KCnepHM6HTaJI!>HhlX ,Jl8Hlib1X, ll KOTOpbili, HeCMaT

Pfl Ha BC!O CBO!O neonpe;n;ene1rnocT1>, BCe-TBKH npaBll1!!,HO YXB8Th!BBeT 

OCHOBH.116 qepT.11 flB1IeHHfl. 

C11e,n;CTBllfl ll npaBepKa IlOJIOJK6Ulll! MO;ll;eJIH 

-3/ 
KpoMe 06'.I>flCHeHHH 3MilHpllTieCKOi1 aaBllCHMOCTll W ~ 11 2: / m 

7 

ll31IOJK6HHaH cxeMa npoueccaB npllBO;ll;llT K PHAY npoBepHeMhlX c11e;n;cT

BHi1. 

HeaaBHCHMOCT!, OT Il1IOTHOCTH Bell(eCTB. IlaCKOJl!>KY OCHOBHOL1 Me-. 
xaHH3M no;n;aB1IeHHfl pe8KI..\Hll nepeaapfl,llKH (10) ;n;ellCTByeT BHYTPH MOJie-

KYJIH, TO ee BepOHTIIOCT!, He .11a11JKH8 38BHCeT!> OT CT01IKHOBeHHi1 Ma11e

KY1Ihl C ,n;pyrHMH aTOM8MH, a, c11e.n,0BaTe1II,HO, OT IlJIOTHOCTH ll arperaT

Horo COCTOflHllfl BemecTna. Onb!Tbl C 3T8Hoi50/, B ROTOpllX IlJIOTHOCT!, 

C2H6 MeHH1!8C!, OT u,0035 r/cM3 (raa) ,n;o u,390 r/cM3 (JKH,llKOCT!>) 

no;n;TBep~;n;aIOT 3TO 38KJI!OTICHHe (CM. PHC. IO) • 

He3aBHCHMaCT!, OT npHMeceii TfllltC1IhlX aneMeHTOB. PeaKafl t!: -

38BllCHMaCTn.BepOHTHaCTll pe8Kl..\lll1 onpe;n;enaeTCfl 38pfl;ll;OM r H;n;pa 

aToMa, XllMHTieCKll CBfl38HHOro C BO;ll;Opa,n;oM. l103TOMY He6a1I!>lllHe Mexa

HHTieCKHe A068BKH 31ICMeHTOB l\8JKe C oqeHn 601!!,lllll!All 38pfl,ll8Mll H,n;ep 

2 I He ;ll;Oill!(Hh! cymeCTB6HHO l13MeHHT!, Ben11,q11Hy Be poHT!IOCTH. ]lellcT-
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BHTenDHO, ~o6aBneHHe conetl HO~a B MeTHnOBUH CilHPT B nponopQHH 

9CH30H+ fla,. J ne H3MelllI8T BepO!ITHOCTH w (CH30H) B '!HCTOM cnHp

TefSO/. OnUTU B CMeC!IX rasoB CH4+ i!. I npHBO~flT K TOMY JKe 38KnI0-

'18!1m/70/. 

X111.rn'!eCKHe OTnH'lH!I. B pa!AKBX H3naraeMotl MO~enH cne~yeT Oi.tH

~0TD OTT.H'!Hfl B8PO!ITHOCTH peaKQHH (IO) B Be~eCTBax, KOTopue no

CTpoeuu Ll3 O~HLIX LI TeX Jite 8TOMOB, HO OTnLl'10lOTCfl Mel!t~Y coe5on no 

THny XHML1'!ec1<otl CBH3H. CpaBHe11L1e BenH'!LlH E (z,.,. Hh) == 

= wr W(2""H")/n , TO eCTD B8POflTIIOCTetl pe0KUHH (IO) B 

pacqeTe Ha o~uy CBfl3D Z-H , ~nH paanH'!HHX HaC5opoB opraHH'le

CKLIX Be~eCTB IlO'ATBePJK'A0lOT 3TO 38KHIO'leHHe (CM. TaC5nHQY 2). 

B '18CTHOCTLI, OTHOilleHH!I npHB8~8HHHX BepOHTHOCTetl 

P(CH4 )/P(C2H4 ) = I 13±o,I 

P(C6HI2 )/P(C6H6 ) = I,6±o12 

B opraHH'leCKHX coe~HHeHHflX C p03HHM THilOM rH6PLl'AH38QHH CBfl38tl 

30MeTHO OTRH'10lOTCfl OT 8'AHHHQU. 

B TO JKe BpeMH BenLl'lHHH P 'Anfl Be~eCTB C pasnH'lHUM CTeXHO

MeTpH'!eCKHM COCTBBOM, HO O~HH8KOBmt THilOM XHUH'!eCKOtl CBfl3H He 

'AOnlKHU OTRH'l8TDCfl Mel!t~Y co6otl. 9TO 38KnIO'leHLle ~et!CTBHTenDHO BU

nonHfleTCfl 'Anfl Ha6opOB opraHH'!eCKHX Be~eCTB, npHBe~eHHUX B T8C5-

nnue 2: CH4 (MeTan), (CH2>n (nonH3THneH) H C6HI2 (UHKnoreKCBH) 

- sp~ - rHC5PH'AH38QHfl MoneKynHpHUX op6HTanetl; C2H4 (3THneH), 

(CH)n (nonHCTHpon) H C6H6 (6eH30n), sr2 
- rHC5pH~H30UHfl. 

~3MepeHHfl Bepo!ITHOCTH peBKUHH B nponHnOBOM H H30nponHnOBOM 

3WHpe (C3H7)20 TBKJKe He OTnH'!BlOTCfl Mell!~ co6otl/?I/, '!TO CBH~e-
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PHc. II. IlpoBepKa 38KOH8 8TOMHOro 38Xll8T8 B conf!X 814MOHHR no 

pa6ore Kpj'll.wTe~Ha H ;np./69/. 
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T6HDCTBY6T 06 OTCYTCTBHH BHHRHHR H30M6PHH Ha xo;n pe8KUHH nepesa

PMKH. 

naHee, C yBeJIHqeHH6M HOHHOCTH CBR3H, KOrAa llHOTHOCTD B8H6HT

HOro 8H6KTPOHHOro 00H8K8 B6HH8H npOTOH8 YM6HDW86TCH, BepOHTHOCTD 

peaKUHH (IO) A01IlltH8 6HTD llOA8BHeHa e~e 6onDwe, qeu 8TO cneAY6T 

H8 ~OPMYnH (24). "HaMepeHHH B CHHDHHX KHCHOT~X (H2.S'04, IIN03 H 

T•A•, CM. HH%e) llOATB6pllC,Zl8IDT 8TOT BHBOA/72/. 

IlepBoHaqaHDHHH 88XB8T M680HOB. J\HH coe;nHH6HHH THll8 

z; 2rn H h , B KOTOPHX 8TOM 

H8llpHMep, B HOHHHX C06AHH6HHRX 

'r, 1 CHaoo 

Nit ~I 

CBR88H C BOAOPO;z(OM, , 
. , rAe Z. = F, C£, B-i, J, !it 

BKH8AOM BToporo qHeHa B ~opMyHe 

ro noHyqHM COOTHOW6HHe 

(24a) MOlltHO npeHe6peqD,nocHe qe-

~ z-1/w = A+ B z' • (26) 

B KOTopoM AHR J/H,,_ CHeAyer OlltH:zi8TD A ~ IO, B"" I. 06paooTKa 

aKcnepHMeHT8HDHHx A8HHHX (pHc. II) A86T aHaqeHHR A = 6,6±3,7, 

B = .I,2±o,2 (npH fz.= 0,3). Sro oaHaqaer, qro B XHMnqecKoM co-

6AHHeHHH BepORTHOCTH 8TOMHOro 88XB8T8 M680HOB Ha YPOBHH pasnHq

HHX M6808TOMOB npH6HH8HT6HDH0 nponopUHOH8HDHH 38PRA8M HA6P 8TO

MOB. 9TOT ~8KT MOllt6T CHYlltHTD H6KOTOpHM OCHOB8HH6M AHR nepBoro 

npe;nnonOllt6HHH MO;z(6HH O BHAe ~ • PaayMeeTCR, T8KOe 38KHIDqeHne 

cnpaBeAnHBO TOHDKO B npe;11nOHOllt8HHH, qro W3 ~ I. B npoTHBHOM cny- . 

qae 38BHCHMOCTD (26) RBHReTCR CH8ACTBH6M COBOKynHoro ;neilCTBHH 

;z(BYX M8X8HH8MOB: 8TOMHOrO 88XB8T8 H ll8p6XB8T8 . f'ir -- i!_ 1'. 

HaMepeHHR B6PORTHOCTH H;nepHoro 88XB8T8 MIDOHOB B C06AHH6HHRX 

NH~ 'r: 1 1261 noK88HB8IDT, qro nocHe;nHee npe;nnoHoxeHne HMeeT 

CU.Hen paccMOTp8TD no;npo6Hee. 0;z(H8KO TOqHOCTH H8MepeHd llOK8 He

;z(OCT8T0qffH AHR OAH08HaqHoro BH6opa rHllOT68H. 
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38BHC!l).1_0CTI, w~~ z-2. 2 - 88BHCHMOCTI,_BTopoil 

cTa.ztnu npouecca lI,1lepHoro nornomeHHfl r- -ueaoHoB MOlltHO oueHHTl>, 

cpaBHHBaH nepoHTHOCTl> W ( Cffv + A-z) B cuec11 raaon CH.,+A-z 

/
7
0/ H BepoHTHOCTI, W(NH11Cl) / 69/. MOJitHO OlltH,1l8TI,

1 
lITO 

B 8THX noqTli H808Jl8KTPOHHUX CHCTeuax YCJIOBHfl 8TOMHOro 88XB8T8 

( ~ ) H nepeXBaTa ( W3) 0,1lliH8KOBU, llOCKOJII,Ky CTpOeHHe aJieK

TpOHHOH o6oJIOqKH Cl.~ B8Cl>M8 6JIH~KO K CTPYKType o6onoqK~ 6na

ropOAHOro raaa A~ . B aTou cnyqa~ na wopMynu (24) cne.ztyeT co
OTHoweHHex) 

W (c Hv + Arz) jw ( lv'Hv a) ~ Wz. (w.,)/Wa (N'tt;) z 

~ ( Z:,v/Z:c.) 2 = :1, 3(; .. (27) 

HaMepeHHOe OTHOW8HHe B8p0lITHOCTeii 

w (Ct(., +A z.) /w ( NHy ce) = 

(27a) 

= (4,5±o,4)•I0-
3
/(3,2±o,6)•I0-3 = 1,4±0,3. 

K COllt8Jl8HUIO, ,1lJlfl 0,1lH08H8qHux BliB0,1lOB TOtIHOCTI, H8MepeHHil H8,1l0CT8-
Toquax). 

X) B IlOCJI8,1lH8M pBB8HCTB8 YU IlOJIOlltHJIH T8Kllt8 QN = QC 
::> 

llOCKOJII,l(y THll XHMHqeCKOii CBfl8H 

CH4 H /'I/ H4 + 0,1lHH8KOB/39 / • 
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HttTeHCHBHOCTl> Kr -cep11i.1. C TOtIKH apeHHfl 11anaraeuoii uo.zteJIH 

pocT HHT8HCHBHOCTH Kv -cepHli 3Jl8M8HTOB no Mepe YB8JIHqeHHfl HX 

B8Jl8HTHOCTH B XHMHlleCKHX C08,1lHH8HHflX (cu. pHC. 5) o6~flCHfl8TCfl 

ynennqenneM lIHCJI8 BaJieHTHl:lX 8Jl8KTPOHOB H COOTB8TCTBYIOUIHM euy 

yneJIHqenHeM ,1lOJIH M880HOB, ·aaXBatieHHliX H8 BliCOKOB086yllt,1l8Hllli8 M880-

MOJl8KYJiflpHli8 YPOBHH /v • 
0TM8ll8HH8fl KOppeJiflUHfl ,1l8HCTBHT8Jll>HO H86JII0,1l88TCfl. HaripHMep 1 

B ueTannnqecKou xpoue Ji, z 0,22, n OKHcne xpoua Ty<:::- 0,15, a 

B HOHHUX C08,1lHH8Hl'!flX ( I< Cl. ) Ji, :::; 0,07 li npHMepHO COBil8,1l88T 

c HHTeHCHBHOCTl>IO Ky -ce pun B 6naropo.ztHl:lX raaax. 

Ey.ztHWOB H .ztp.129/ llOCT8BHJIH 3KCll8PHM8HT, KOTopuil, K8K H8M 

K8Jlt8TCfl, xopomo M0,1l8JIHpyeT M8X8HH3M nepeX0,1!8 M830HOB C BliCOKHX 

MOJieKyJIHPHHX yponnell N Ha paa.ztenennue ypoBHH 11 ' Meao-

aToua Zr . B aToM onuTe cpaBHHBanac1, CTPYKTypa K v -cepnu 

aprona n tIHCTOM Arz H n cuecH 99,5% Hz+0,5% A,z, . Bo BTO-

x) ,llpyroi.1 cnocoo nponepKH 38BldCHMOCTH Wz ~ 2 -:-2. COCTOllT B 
Ill 

H3MepeHHflX B8pOflTHOCT!d pe8KUHH (IO) B ,1l8HTepHpOB8HHl:lX C08AHHe-

HHflX. B llOCJl8,1lHee BP8Mfl T8KHe H3MepeHHfl OUJIH BUilOJIHeHU B na6o

pe nemecTB CH30H, CJIJOH, CH30D (ron1,.ztancKHil, IleTpyxHH H .ztp.). 

B STOM CJiyqae YCJIOBHfl 88XB8T8 ( ~ ) H nepexnaTa ( ~ ) npaK

THqeCKH H,1l8HTHqHu H r_ -38BldCJ.1MOCTI, W.2, uo;~eT OUT!, HCCJie

,1lOB8H8 H8H60Jiee H8llOCp8,1lCTB8HHO. Oco6aH_B8lltHOCTI, T8KHX HCCJie

,1lOB8HHil COCTOHT B TOM, lITO OHR ll03BOJlfllOT H3yqaTI, paanHqHue 

WYHKUHOH8JII,HUe rpynnu B MOJieKyJiaX H888BHCHUO OT OCT8JII,Hl:lX. 
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pOM c;nyqae npaKTHqeCKH Bee ~--Me30HH BHaqane aaXBaThlBaroTCH Ha 

ypoBHH ueaoaTOMOB f/< H JIHWI, noc;ne :nepexBaTa no peam~.lrn 

f.1-' + A-z. - A~,;'< + f' MoryT .l(aTI> K -cepttro A 'Z • Ila pHc. 

12. BH,llHO, qTo cTpyKTypa K -cepHH B o6oHx. cnyqanx CHJII>HO paa;nHqa

eTcn: B qHcToM A,z. BKJia,ll Kv -cepHH cocTaBJIHeT Tv ~ 0 107, 

B TO BpeMH KaK B cuecH Arz + H~ T,,:::, 0 15. 

EcTeCTBeHHOe O()'I,HCHeHHe 3Toro HBJieHHH COCTOHT B TOM, qTo 

B npol.\ecce cTOJIKHOBeHHH f/"'l -aT01.1a c H.l!POM A -i B03HHKaeT 

BhlCOKOB03Ciyiit,lleHHaH KBa3HMOJieKyJia f' -~ - A 'Z t B KOTO-

pOH KacKa,llHhle nepeXO,l(hl cy111eCTBeHHO OTJIHqaIDTCH OT KacKa,l(a B H30-

JIHpoBaHHOM 11eaoaT0Me Az/< • SHeprHH oCHOBHoro cocToHHHH f,1-< 

-aToMa ( n = I) paBHa aHeprHH ypoBHH n' = I8 1.1eaoaT0Ma Az/'<, 
noaT011y B KBaaHMOJieKyne f-;,,« - A~ nepexo,ll c ypoBHH n = l 

8TOMa f,1-< COOTBeTCTByeT ,llOBOJII,HO BlJCOKOMy nepexo,lly ( n 1 = I8) 

~ ( 11 1 = I) B · A-z.,µ • Vls=sa HapyweHHH l.leHTpa;n1,aoll CHJWeTp1,m 

,flQJifl B KBaSIUIOJieKy;ne r- /A - A-z 38CeJieHHOCTI, ypOBHeH 

n 1 < I8 11eaoaTowa Az/« , B03HHKaro111an npH K8CK8,llHhlX nepexo,llax 

Me30Ha, Ciy,lleT OTJ!Hq8TI,CH OT aaceJieHHOCTeil B H30JIHpOBaHHOM 11eao-

8TOMe Az/<, BCJie.l(CTBHe qero HaMeHHeTCH Ha6nro,ll~ewue HHTeHCl'IB

HOCTH Jil'IHl'lll Kv -cepm,1 ueaoaTowa A z.~. 

~pyraH B03MOJKHaH IlpHqHHa Cl'IJ!l>HOH 38BHCHMOCTH HHTeHCHBHOCTH 

K,, -cepHll s;neweHTOB OT BH,lla XHMHqecKHX coe,lll'IHeHHll COCTOHT B H3-

Cil'lp8TeJII>HOM 38XB8Te weSOHOB Ha wesoaTOMHHe opCiHTlJ C BH.l(eJieHHHMH 

8H8qeHl'IHMl'I opCiHT8JII,HOrO MOMeHT8 e • B qaCTHOCTH, IlpH a,llH868TH

qecKOM sauaTe MeSOHOB B' BO,ll0pO,llOCO,l(epJK81!11'1X Be111eCTBax npe,llno;na

rae11oe·oauqao aaqa;n1,aoe CTaTl'ICTHqecKoe (2l +I) - pacnpe,lleJieHHe 

MesoaoB MOE8T Hapymar1,cn sa cqeT BKJia,lla Nt -ocTOHHHll c uaJIH-

MH saaqeHHHJlH t 'qTo ,llOJIEHO CHJll>HO IlOBJIHHTI, Ha Koaeqayn 

pesym.TaT KBCK8,ll8 B M8308TOMe :2,t< • 
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B q8CTHOCTH, npH 3TOM CHJII,HO COKP8THTCH qHCJIO CTyneHell 

K8CK8,ll8 H Cinaro,l(apH 3TOMY HHq>OpMal.\HH O CTPYKType XHMHqecKOll 

CBH3H, H8KOllJieHHaH BOJIHOBOH <l>YHKI.\Hell M830H8 H8 CTa,l(HH aTOMHOrO 

88XB8T8, MOliteT 6hlTI, ,l(eTeKTHpOBSHa ,l(aJKe Ha nocne,llHHX CTyneHHX 

KaCKa,lla11 • 
CHCTeM8THqeCKHe l'ICCJie.l(OBaHHH 

PacqeT npol.\ecca TOPMOlK8HHH H 38XB8Ta Me30HOB C yqeTOM XHMH

qecKon CTPYKTYPH Be111eCTBa - Bec1,1.1a TPY'AOeMKaH 3a,llaqa, KOTOpaH, 

no-BH,l(HMOMY, B llOJIHOM 061,eMe He CMOl.{eT (jl,lTI, pewena B (JJil,lJKalluiee 

BpeMH. B 3THX ycJIOBllHX, OTBJieKaHCl> OT cymecTBYIDIIIHX Heonpe.l(eJieHHO

CT6H B BlJBO,l(e q>OpMyJilJ (24) H onpe,l(eJieHHH napaMeTpa Q, MOlitHO 

qHCTO q>6HOMeHOJIOrl'lqecKH HCllOJil>30BaTI> ero ,l(JIH aHaJIH3a sKcnepHMeH

TOB no H3M6p6HHID B6p0HTHOCTH peaKUHH (IO) B pasnHqHhlX BemecTBax. 

B naCTOHl!l66 BpeMhl BblllOJIH6HO OK0110 CTa H3MepeHHll T8KOrO THna 

/4!-53, 69-73, 75, 79/. 

KHCJIOThl. B Ta6JIHl.\8 3 npe,llCT8BJI6 Hbl pe sy Jll>TaTbl OllblTOB B KHC

JIOTax ( 7 .2), H3 KOTOPHX BH.l(HO, qTO cymecTByeT onp6,llCJI6HH8H K0p-

p6JIHI.\HH M6lit'AY B6JIHq!HOH K03iWJHI.\H6HT8 0.. H CHJIOH IrnCJIOTbl, 

onpe.l(eJI6HHOll XHMHqecirnMH M6TO.l(aMH. B cornaCHH co CMLICJIOM K03ipq>l'I

I.\H61!Ta 0.. OH 8HOMaJil>HO MaJI B CHJil>llhlX KllCJIOTaX, JJ KOTOpb!X H1';6-

6T M6CTO npaKTHqeCKH noJil!aH ,llHCCOI.\Hal.\HH MOJI6KYJI na HOl!hl Ir" H 8HH-

0Hbl KHCJIOT. B TO lK6 Bp6MH ,l(JIH nopMaJil>IWX KHCllOT H IrnCJIOT, 6JIH3-

KHX K OCHOB8HHflM, 011 /\OCTHraeT 3Haqe111rn Q = 0,3-0,5. 

11Cil01Il>3YH COOTHOl!l6HH6 (25), MOlitIIO nom,1TaTI>Cll CBfl3aTl> CT6-

neH1 11Hccol.\HBI.\HH f K1 KHcnoThl co cTenen1,ro Ho11nocTH <s- XH

MH'-!ecKoii C~fl3ll lJ- MOJI6KY116/72/. oco6ull HHTepec npe,11cTaBJifl6T maBe

JieBaH KHCJIOTa H2C204, B KOTOPO~ 06111afl KoppeJIHI.\Hfl M6lK.llY BenuqnHa-

x) HanpHMBP, B cnyqae 38llOJIH6HHfl tis H /{c( - op6HT8JI6ll HaH-

6onee B6POHTeH .l(ByXCTYil6Hll8T1Jll nepexo.11 ;Vs A ... a~ hf.~ 15 
,llJIH ;Vf_-op6HT8116ll TpeXCTyneaqaTHll H T,,ll. B c;nyqae (2t+I)
pacnpe,11e11eHUli qHCno nepexo.l(OB cy111ecTB6HHO 60111,me H oco6ea
aocTH nepBOHaqaJII>HOro saXBaTa 61:JCTPO ycpe,llHliIDTCH B npOl.\6CC6 

K8CKa,lla (64). _47 , . 
• 



Ta61IHU8 1. rHAPHAU BTOporo nepHOA8 T861IHUU MeHAeneeBaX) 

Bell!eCTB8 2 w ro-3 a , 
LiH 3 3s+-4 l,2E1-0,14 

B1d114 5 12 1611,4 l,44±o,16 

CH4 6 26, T'-0,5 2,40±.o,os 

N2H4 7 51 9±o,7 1,3otu,1s 

H20 8 3,s±o,6 1,12±o,19 

x) Ta61!HU8 COCT8B1Ie11a no ;!(8HHUM paC!oT/l, 69 , 701 

Ta6nHua 2. OpraHHqeCKHe C08AHH8HHH C p831!HqJIUM TllnOM 

XHuuqeCKOH CBH3~) 

B81l!8CTBO W, ro-3 P, 10-3 

CH4 26,7±o,s 6,7±0,1 

(CH2)tt 13, T'-O, 7 6,B±o,3 

G6Hl2 14,3±o,6 7,l±o,3 

C2H4 rn,o±o,6 s,oto,3 

(CH) 11 s,1±o,6 s,1±0,6 

C6H6 4,s±o,2 4,s±o,2 

x) Ta6nuua COCT8B1!8H8 no ,l!8HHUM paCioT/50, 70, 71/ 
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Ta6nHU8 3. KHC1!0T~) 

KHC1!0TH W rn-4 a pK1 , 

H2So4 < o,4 < 0,06 -3,0 

H//03 < o,6 < 0,12. -1,4 

HzC204 < O,l < o,OI 1,3 

H2 Se o3 o,9to,s o,1r--o,os 2,6 

H3Po4 l,6to,4 O,lT'-0,04 2,1 

H3Bo3 4,2±1,0 o,29to,o5 8,7 

Al (OH)3 5,6±1,0 o,4s±o,09 9~2 

x) Ta6nuua cocTaBneHa no ABHHHM pa6ol72 • 79/ 

Ta6nuua 4. Ilp8A81lbHU8 opraHHqeCKlle C08AHH8Hll0) 

Be~ecrao W 10-2 a o(_ , 

CH4 2·67to 05 , J 2,40±0,os o,96±0,02 

C2H6 2,0E1-o,09 2,22±0,09 0,99±o,04 

C5H12 l,59±o,06 119¢0,08 0,95±0,04 

C6H14 1,66±0,05 2,141o,06 1,03±0,03 

C12H26 l,42to,06 1,92±0,os 0,94±0,04 

C17H36 1,4o±o,o5 1,92±0,06 0,95±0,03 

(CH2)n 1,37±0,07 l ,96to,IO o,99±o,o5 

C6Hl2 11431o,06 2,04±o,os l,03±o,04 

(1tHK1IoreKC8H) 

x)Ta61!ll1{8 COCT8B1!8H8 no A8HHUM pa6oT/l, 50, 70, 71/ 
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MH fl(,_ H o HapyweHa. ABTOpH pa6oTul72/ o6~HCHHIOT 3TOT 

waKT cy111ecTB0BaHHeM acco~11a~Hil uoneKyJI H2c2o4 • 

menoqH. CHCTeMaTHqeCKHe H3MepeHHH BepOHTHOCTH W peaK-

~HH nepesapH,llKH (IO) B 111enoqax z' (oH)'j, IlOKa3aJIH 

/7I' 73/' qTo H3MepeHHOe 3Haqem1e BepOHTHOCTH B 't- pas L!eHI,We' 

qeu paccqnTaHHoe no wopMyne {24). OTueqeHHHU waKT MOJJteT 6uTI> 

CBH3aH C 8HOM8JlI,HO OOJII,WOti EepOHTHOCTI,IO aTOMHOro 'saxBaTa Meao

HOB Ha KHCJIOpO,ll. 0CHOB8HHeM ,llJIH TaKoro npe,llilOJIO~eHHH MoryT cny

ll[HTI, pa6oTu 3HHOBa H ll,p/27/no H3Mepettnro BeJI11qHHH A (i!./Z') 
B oKncnax (cu. WCPMYJIY 4 n pnc. 4), a TaKxe He,llaBHHe nsuepeHHH 

]!JJtypaeBa n ,llp/26/ BennqnHu A (OH/Ca.) .::: ~ B G..{oH)2., 

KOTOp8H noqTH H8 nopH,llOK npeBuwaeT npe,llCK83aHHH Z -aaKoHa • ,llpy

roe 06~HCHeH11e npe,llJiaraeTCH B pa6oTe I'OJII>.llaHcKoro n EepcyKepa 

/74/. 

HHAYKTHBHH~ agxpeKT. Ilpn nsyqeHHH peaK~HH (IO) B pH.llY Be-

111ecTB CH3X, r,lle X =CHJ s, :r, C.JV, N02. , C O C,l, CH3 C 0 

H T.,ll. 8BTOPH pacloTu/75/ Ha6JIJO,ll8JIH KoppeJIH~HIO Melltll,Y BeJIHqHHoil 

K031pq)HIO!eHT8 a, BHqHcJieHHOrO no WOPMYJie (24), H HH,llYK~HOHHH

W! KOHCT8HT8MH ~ / 76/' xapaKTepH3YIDUIHMH peaK~HOHHyJO cnoco6-

HOCTI, p8,llHK8JI8 CH3 llO,ll BJIHHHHeM p83JIHqHHX 38MeCTHTeJieil X (CM. 

pHC. 13). He38BHCHMO OT CMHCJIB, BKJI8,llHB86MOrO B onpe,lleJICHHe Q , 
CYUl6CTBOB8HHe T8KOM KOppeJIH~HH MOllteT OK838TI,CH llOJI68HliM ,llJIH 

o~eHoK BeJIHqHH 5_;. .llJIH HeKoTopux coe,llHHeHHff, nocxoJII>KY XHllHqe

cx11e cnoco6u onpe,lleJieHHH °r B6CI>M8 Tpy,lloewm H He BC6r,lla ocy-

111ecTBHMH. 

HccnenOB8HHH CT8AHH nepeXBaTa. B 

B8H8 peaK~HH nepeaapH,llKH (IO) B CMeCHX 

pa60T8X/7o, BO/ HCCJie,llo-
/ I 

CHv + Z Ca.H.,+Z , ., 
I 

C" H, + 2 npH KOHiieHTpa~HHX npHMeCH C == 112' /11H ~ i 
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8TOMOB Z . Bo BCex cnyttaHx H8 qlOHe CH1JI,HOro "xm.mtteCKoro" 

no;ziamremm peaK~HH (IO) B B81I1eCTBax .21'1\ H11 611110 aaqi1-1Kc1-1p0Ba

HO cna6oe ;zionontt1-1Ten1,Hoe no;ziaBneH1-1e peaK~HH. ABTopbl pa60T/7o, 
BO/ 06'.bHCHHIOT STD HBneHHe nepeXB8TOM f 1r" - 2 '.,,., K0-

)
-1 

TOpLlii OilllCblB88TCH qiyHK~Hett ~ = ( 1 + AC, . ,llnH CMe-

Cll C H!t + A..,_ KOHCT8HT8 nepeXBaTa ).. =3,9t□ ,3 np1-1Meptto 

B 2 paaa Mett1,me, tteM 

J\. = s,sto,9 B CMeCH 

c~o,5/52/. 

COOTBeTCTBYIOIIl8H ltoHCT8HT8 nepeXB8T8 

H2 + A 'z. npu o;zi1-1tta1toBoM attatteHHH 

Cne;ziyeT, o;zittaito oTMeTHTI,, ttTo npllBe;zieHHble attatteHHH A 1-1 

A BUttH.cneHbl B npe"AilonoJKeHllH, ttTo BepoHTHOCTH BTOMttoro aaxBa-

Ta Me30HOB Ha KOMilOHeHTbl CMeCll nponop~HOH81JI,HU TOPM03Hb!M cno

co6HOCTHM STHX B6Ill6CTB npH SHeprHH Me30HOB rv 2 MsB. Taitoe 

npe;zinonoJKeHH6 Bblr11H;l!HT 8CTeCTB8HHblM, O;l!H8KO Tpe6yeT npoBepKH, 

IlOCK01JI,KY H3BeCTHLI cnyttaH, itor;zia OHO HecnpaB6;!!1IHBO, HanpHMep, 

B cue cu A 'l. + C 0 2 /31/. 

,1 Tpy;ziHOCTH MO;ll81IH 

Mo;zienI, 601!!,illHX M830M0118Kyn 06'.be;l!HHH6T H C 8;l!HHOit TOtIKH 

apeHHH 06'.bHCHHeT ;!!OB01JI,HO illHPOKHtt Kpyr HB1JeHHii M8308TOMHOii 

H M680M01Ie1tynHpHott 4)1-131-!KH. ~OPMY1lb1 (24) H (24a) nonyK01!HtteCT

BeHHO OilHCblB8IOT H3MepeHHL!e BepOHTHOCTH peaK~HH nepeaapH;!!KH 

(IO) B p831!HtIHblX BO;!!Opo;zioco;ziepJK8IllHX B81I18CTB8X. 0TM8THM, O;!!H8-

KO, (p8KTU, KOTOpue He H8XO;l!HT OC>'.bHCll6HHH B paMKaX MO;llenH. 

flA8PH06 norno~eHHe K--M630HOB H 8HTHnpOTOHOB. B H8CTOHIIl66 

·BP6MH H3M8p8H8 BepoHTHOCTI, norno1I1eHHH K--MeSOHOB/77/ B qlOTOrpa

qlH116CltHX 3MY1JI,CHHX H 8HTHilPOTOHOB/?B/ B nponaHe H;!!p8MH XHMHtieCKll 
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CBfl38HHOro BO,llOp0,1!8. Ilp.11 odpadOTKe peaynbT8TOB 3THX H3MepeHHll 

no WOpMyne (24) OK838l!OCb, qTo COOTBeTCTBYID!llHe K03~HW18HTht 

p8BHht: 

a(-,-)"" 2, a (K-)z 5 , , ct (p) ~ 11.. (28) 

ABTOPhl padoT/78/ O(hHCHHIDT ero paamtti.lieM npol.lecca nepeXBaTa fi'~

K - .11 f OT MesoaTOMOB f'iT, f k .11 ff K H,llpau ,llpyrHX 

8TOMOB, 

~pyroe OdbHCHeH.118 OCHOB8HO H8 r.11n0Te3e O npeAnOt!T.11T8llbHOM 

aanOl!H8H.11H BhtCOKOB036yiitAeHHh!X /'l's -COCTOHHHll np.11 8,llH868THtl8CKOM 

38XB8T8 Me30HOB B BO,llOpOAOCO,lleJ)llt81llHX Be!lleCTBBX. BepOHTHOCTH 

pa,ll.1181.lUOHHblX nepeXOAOB .113 3THX COCTOHHHH MeHbWe, tieM CKOpOCTb 

npH!AOro fiA8pHoro 38XB8T8 7T- -Me30HOB npOTOHBlUI. ~l!H Me30Ha C 

Maccon rn , .llBHJKY!ll8rocH B odnacTH BaneHTHh!X aneKTpoHoB / i I 

r:"ft. Q C m I/./) 3 ~ ;r rvi 31.z. 

TeKHH o6p830M, ecnu npHMOi H,llepHun 38XB8T r- -M830HOB 

npoTOH8MH npoHCXOAHT C 38U8THOtt BepOflTHOCTbD (HO nee 8!lle M8ll 

no CP8BH8HHD C B8pOHTHOCTbD KSCKSAHhlX nepeXOAOB B Zn -8TOM8), 

TO npH nepexoAe OT y--ueaoHoB K K--weaoHaK H SHTHnpoTOHSM 

KOB!pPHIU48HThl Cl B ~OPJlYll8 24 AOUIW BO3p8CT8Tbo 

rHAPHAhl M8T8llllOB. ~llH BCex rHAPHAOB BTOporo nepHOAS TBdlIH-

1.lhl M8HA8ll88B8 K03iW!HllHeHT Q. B ~opuyne (24) M8HHeTCH B8CbM8 

cna6o H no 86COllDTHOn B8l1Ht!HH8 He npeBOCXOAHT 3H8t!8HHfl a.~2 
(CM. Ta6~y I). 0AH8KO WOPM8:rll,H08 HCnOllb30B8H.118 ~opuynu (24) 
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npH o6pa60TK8 peaynbT8TOB H3MepeHHH BepoHTHOCTH peSKl\HH (IO) B 

rHAPHABX aneMeHTOB 'APYrHX nepHO'AOB npHBO'AHT K 3HatieHHH!.I K03(WIH-

l\HeHT8 

qaHX 

Q. , KOTOphte Hellb3H Ct!HT8Tb pasyMHh!M.11 (B HeKOTOpLIX cny

et~½ /If). B03MOJKH8H np.11q.11aa 3Toro HBlleHHH COCTOHT 

B TOM, t!TO HS CT8,llHH 8TOMHOro 38XB8T8 Me30HOB pOllb BalleliTHb!X 

aneKTPOHOB 8TOMOB done e Cy!lleCTBeHH8, tieM aneICTPOIIOB 38MKHYTl:dX 

06onot1eK 8TOMOB ( CM. ll.liJKe). 

IlepeaapHAKB 7T- -Me30HOB B opraHHtieCKHX C00AHHeHHflX. no 

CBOeMy CMl:dClIY K03WWHl\HeHT ~ B wopMyne (24) OTpalKaeT ocodeHHO

CTH XHMHtleCKOH CBfl3H 8TOM8 BO.l!OPOAB B MOlleKyne H fiOTOMy ,llOlllKeH 

6UTb O,llHHBKOBh!M 'AlIH coe,llHHeHHH C HAeHTHtllll:d~ CTpOeHHeM BBlleHT

HUX odonotieK, Hanp.111.1ep, .B rOMOlIOrlitleCKOM Pfl.l!Y npe;~ellbHblX yrneBo

'AOPO.llOB C,., H 11 , .llllfl KoTophtx n = 2 rn + 2 • OdpadoT

Ka 3KCnepHMeHT8llbH!JX ,ll8HHh!X (80) no Q)OpMyl!e 24 noK831:dBBeT, t!TO 

3TO TpedOBBHHe He BhlnOl!HHeTCH (CM. TadlIHllY 4). 
ABTOpht pa60Tuf80f OdbflCHHIDT H86lIID,llBeMoe yMellbllleHHe K03(j_Jql.11-

l.l.118HT8 Q n~peXBaTOM ff- -Me30HOB no pe8Kl\HH p'iT - C 11, 

KOTOpblti CT8110BHTCfl o~odeHHO cy!lleCTB8HHhtM np.11 3H8tiemrnx 

X = rrt/11 ~ 1. , Hanpnuep, B l.l.11Kll.11tl8CKHX ( 68H30ll) H nolIHl\HK-

lIHt!8CKHX COe~HHeHHflX (8HTP81.leH H To'Ao). Ilp.11 3H8t!0HHHX 

Cl =3,521:o,17 H )I =I,561:o,14 B wapuynax {19) .11 (23) Y.l!BeTCH 

Y.llOBlleTBOPHTel!bHO om1C8Tb BC8 peaynbTBTbl 3KCnepHM8HTOB B opraH11-

qec1rnx coe.L1.11HeH.11ax. 

Cne,llyeT, O,llH8KO, OT¥eTHTb, t!TO np.11 auannse 3THX 3KCnepnMeH-

TOB · .11cno1Ib30B8H8 onpe,lleneHHBfl rnnoT.838 0 BH,lle "f'/s_ 1 8 HMeHHO 

BbtpalKeHHe (20). B npHHl\Hne, MOryT pea1IH30B8TbCfl ,llpyr.11e B03MOJKHO

CTU, KOTOpbte HMeeT CMhtCll TBKJKe odcy,llHTb. 
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B qiopMyJie (24) oco6eHHOCTH 8T01IHOro 38XB8Ta M830HOB B :im

MHll8CK11X coe.11111iemmx OTpaxeHu B -npoH3Be,l!eHHH MHOJKHTeJieii a, v¼ 
:> 

np:u11eM BL1pa·,,:e1111e (20) ,l!Jlfl W,, OCHOB8HO Ha npe,l!C'r8B]l8Hl1H 06 

3KBHB8J!eHTHOCTH Bcex 3JI6KTPOHOB M01Ie1<ynu Ha CT8,l!HH 8TOMHOro 

aaxBaTa - R8K B8118HTHUX, T8R H 3118KTPOHOB OCTOBa. 011eBH,l!HO, 

llTO 3TO ;wnymemrn ll81!I,3fl npH3HaTI, 6eaoroBOpOtIHO 11 HMeeT CMUC11 

o6cy,l!HTI> ero 6onee .11eTanI>HD, oco6eHHD B cnyqae opraHHtieCKHX 

C08,Z\HH8HHil, r,l!e npeJ,\CT8BJI8HHfl O HanpaBJieHHUX B8Jl8HTHOCTflX/39/ 

,l!eJiaroT r11n0Tesy 06 3KBHB8JI8HTHOCTH BCex 3118KTPOHOB yrnepo,l!a 

BeCI>Ma HenpaB,Z\Oil0,l!06HOH. EoraThJH Ha6op opraHHtieCKHX coe,l!Hll8HHH 

Il03BOJ!fl8T HCCJI8,l!OB8TI, STY r11n0Teay 6onee ,l!8T81Il>HO. 

Ha p:uc. 14 npe,l!CTaBJieHa B8J!HllHH8 i!-1/w = 1 I~ ""1 'V'3 
,l!Jifl npe,Z\eni:,nux coe,l!HH8HHli C..., Htt KaK qiyHKUHfl DTHDCHTeni:,noii 

KDHUettTpauHH yrnepo,l!a X -= m /n . IlpHHHMafl BO BHHMa-

HHe qiopMyJiu (19) 11 (23) ,l!1IH BepOflTHOCTeii ~ 11 'Vl'3' C1!8,l!yeT 

oJK11,l!aT1, 1rna,l!paT:utI11ot1 aaB11c:uMocT:u B:u,l!a iC;w = A+ Bx +l>x~ 
r,l!e A ~ 1.., 13::: 6 +). 

7 
I> ~ , >. • B ,l!eiicTBHTeJI1>HOCTH, 

o6pa60TK8 3KCnepHM8HT8JII,HhJX ,l!8HHUX npHBO,l!HT K pesyJII>TaTy 

A = o,04±o,o6, B = 4,oo±o,I6, .D::::: o,rs • 

0,l!Ha :ua B03MOJKHUX :u11TijpnpeTau:un nonyqeHHoro pesyn1>TaTa 

COCTOHT B TOM, llTO np:u norJIOll!8HHH. v-:.Me30HOB B npe,l!8JII,HblX 

opraHHll8CKHX C08,l!Hll8HHflX 3118KTPOHl:l 8TOMOB BO,l!Opo,lla He yqaCTBYIDT 

B 8TOMHOM 38XBaTe IlHOHOB (A <>:Q), a nepexB8TOI.I p1r - C,;-

np:u CYll!8CTBYIDll!8H TOllHOCTH 3KCnepHM8HT8 MOJKHO npeue6peq1, 
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( )I ~ O) x), IlpH T8KOll m1TepnpeT8UHH npOHCXO,l\HT H,liepnoe norJIOl!(e-
, 

HHe 1T--1.1eSOHOB npoTOHOM Henocpe,l\CTBeHHO C B8JieHTHblX op6HT8Jiett 

8TOMOB yrJiepo,l\8, ocyll(eCTBJifl!Oll(HX XHMHqecKyro CBflllb C 8TOl.!8MH BO,l\0-

po.n,a, MHHYH npoMelltyToqHyIO CTa,l\HIO KaCK8,l\HblX nepeXO,l\OB, B COOTBeT

CTBHH c sTHM cne,l\yeT nonoJKHTb W3 ~ 1. , a~ = d. h /vm, 
r.n,e V= 4 H paBHO q1-1cny BaJieHTHblX SJieKTPOHOB yrnepo,l{a. B llTHX 

npe.n,nOJIOllteHHHX BepoHTHOCTb peaKUHH (IO) B npe,l\eJibHblX yrneBo.n,opo

.n,ax BblpaJKaeTCfl BeCbMa npOCTOll WOPMYJIOtt 

W(Crn H .. ) = d. n ~-1/vm (29) 

B KOTOpon o(~I .Zl,JIH BCero roMOJIOrHqecKoro PH,l\a (CM, T86JIHUY 4). 

Mo.n.HWHKaUHH uo,l\en1-1 

MHorotrnCJI6HHble ~aKTbl, 60JibmaH qaCTb KOTOpblX HllJIOlK6Ha B Ha

CTOHl!(6ll pa6oTe, BblHyJt,l\aIOT KPHTHqeCKH nepecMOTpeTb rHnOT6llbl, ne

JKall(He B OCHOBe Mo.n,eJIH 60JibWHX M630MOJI6Kyn, H, B qacTHOCTH, npe.n,

noJIOJK6HHe(20)o BHAe WYHKUHH W1 • KaK noKBSblBaeT npe,l\u.n,yll(Hll ana

nas B cnyqae npe,l\eJibHblX opranHqecKHX coe,l\HHeHHll 6onee npe,l\noq-

x) B noJibllY SToro npe.n,nonoil\eHHH roBOPHT T8KJKe paBeHCTB8 

P(ctt2):::: P(cHt) u P(cH) ~ P(czHa) 

(Ta6JIHUa 2), KOTOplrn BblnOJIHH!OTCfl c xopollle.li roqHQCTbiO, XOTH 

yCJIOBHH nepeXBaTa ,l\JIH 3THX nap cyll(eCTB6HHO pa3JIHqaIOTCfl, OT

cyTCTBHe CTa,l\HH nepeXBaTa B XHMl'!qecKHX coe,l{Hll6HHHX ecTeCT

B6HHO 06l>HCHHeTCH, eCJIH onpe,l\eJIH!Oll(yIO PD11b HrpaeT npHMOtl 

fl.l\6PHhlli 38XB8T 77"--llellOHOB npOTOH8MH 1-13 BblCOKHX Iv's -co

CTOHHHtt. 
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THT6JibHblM OKallblBaeTCH COOTHOWeHHe 

v,/j = n/mY (30) 

r,l\6 V paBHO qJ.iCJiy BaJI8HTHblX llJI8KTpOHOB aTOM8r 2 , STD OllHa

qaeT, qTQ B6POHTHOCTb 8TOMHOro 38XBaTa M630HOB, conpOBOJK,l\8IOl!(e

rocH BblJI8TOM OJKe-aneKTpOHOB H3 aaMKHYTOll rs2 o6onoqKH aToMa 

yrnepo,l\a, npeae6peJKHMO Mana. 

06o61l(eHHe aToro peaynbTaTa Ha cnyqall aneMeHTOB ,lipyr1-1x ne

pHO.ziOB npHBO,l\HT K aaKJIIOqeHHIO: 

BJIHflHHeM saMKHyTblX aneKTPOHHblX o6onoqeK aTOMOB Z HCI 

npouecc aTOMHOro aaXBaTa Me30HOB MOlKHO npene6peqb; BepOHTHOCTb 

Ws. Bblp8JKaeTCH q:opMynon (30), r,l{e y p8BHO qHCJIY aneKTpOHOB B 

He38IlOJIH6HHOll 060JIOt1Ke 8TOMa l_ ; BepOHTHOCTb -W(i!.,.. H.,) 
pea~UHH nepeaapH.l\KH(I?)n!iqHcnaeTcH no wopMyne(2~ 

IlO,l\p06H!ill KOJIHqecTBeHHblll 8HaJIH3 Bcex cne,l\CTBHll llTOtl rHno

Te3bl ell(e He npoBe,l{eH H Mbl OCTaHOBHMCH TOJibKO Ha HeKOTopux ee 

oqeBH,l\HblX KaqeCTBeHHUX CJie,l\CTBHHX, 

8) Bee pe;yJibT8Tbl no H3l,lepeHH!O BepoHTHOCTH peaKu1rn(ro) B 

Bell(ecTBax Z,,, H11 c aneuenra1.1H Z. Ha BToporo nepHO.l\8 Ta6n1t1uu 

MeH,l\eneena ocraHyTCH npaKTHqeCKH 6ea H3MeueHHH, IlOCKOJibKY B 3TOM 

cnyqae '/ = Z-2 H nepexo,l\ OT wop1.1ynhl (24) K wopMyne(29) np1-1 cyll(e

CTBYDllle» TQqHOCTH H31.!epeHHtt llKBHB8JI8HT8H H8KOTOPOMY nepeonpe,lie

neHHIO K03!W>HUHeHTa C{ , 

6) .Una rH,lipH,l\OB ,lipyrHX nepHO,l\OB BM8CTO "i::. -38BHCHMOCTIIJ 
-3 -2 · 

W ~ Z CJie,l\yeT Oil\llJ,l\8Tb aaBHCHMOCTIIJ W"' Z. . Ilpe,l{BapHTeJibHble 

MaMepeHHH BepoaTHOCTH -W(.Z~H11) B rH.l\PHJ::ax c 6onbmHMH 

l He npOTIIJBOpeqaT TaKOMY aaKJIIOqemrn (I), 

B) ~OpMyna (29) 6onee ecTeCTB8HHO, qeM (24) 06l>HCHHeT 

cooTnomeHHH p(c H2.) 11% f (cHv}=~ f (¼ H12.) H f(cH)~ f(C.:H"}=:~P(¼-tt0, 
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CJI6AYIOU\He 113 Ta6JIHUhl 2, 

r) Pe3KHe OTCTynneHHH OT Z-3aKOHa [9,26] C STOlt TOqKJ,j 

3peHHH BilOJIHe ecTeCTBeHHhl, B qaCTHOCTH, nepHOAH-

qec~att saBHCHMOCTl, Benaqmlhl A(i:/8) B OKHCJiaX ZIC Q m 

(CM, pnc. 4) flBJifleTCfl OCTeCTBeHHblM CJieACTBHeM nepHOAHqecKoro H3-

Menemrn qncna BHelllHHX aneKTPOHOB y aneMeHTa Z. , C aTolt TOq-

KH speHHH CJieAyeT OJKHAaTI, TaKJKe nepHOAHqecRoro H3MeHeHHH HHTeH

CHBHOCTH Kv -cepHH aneMeHToB.., H paCTYU\He RPHBble Ha pnc. 5, HB

JIHJOTCH no-BHAHMOMY ~parMeHTOM RpHBOlt THna npeACTaBJieHHOlt Ha 

p»c. 4. 

A) llaKOHeu, npeAilOJIOJKemrn O npeHMyll\eCTBeHHOM saxBaTe Me3o

HOD HS ypoBHli JV , JieJKall\He B o6JI8CTH BaJieHTHblX aneRTPOHOB MOJie

KYJibl, npOCTO 06bHCHHeT pe3RHe pa3JIHqHfl BepOHTHOCTelt aTOMHOro aa

XBaTa B pa3Hb1X ORHCJiax OAHOro H Toro JKe aJieMeHTa, HanpHMep, B 

Stz. 03 H 5'2 Os-. 
;l.lonommTeJII,HOe npeAilOJIOJKeHHe O npeHMyll(eCTBeHHOM aanoJIHeHHH 

BI.COROB036YiKAeHHh!X Nt -COCTOHHHH C MaJIUMH 3HaqeHl'IHMH t B 

npouecce aAHa6aTHqecROro 38XB8Ta Me30HOB Il03BOJIHOT IlOHHTl, T8Rllt6 

BJIHHHHe XHMHqecKoti CBH3H Ha CTPYRTYPY K H l -cepHi! aneweH

TOB (CM, CHOCRY II), 

OueHHBaH CHTyauHJO B uenoM, CJIOAyeT npH3HaT1,, qTO AJIH OAH0-

3Haqttoro ycTaUOBJieHl'IH aHaJIHTHqecRoro BUpaJKeHHH AJIH BOpOHTHOCTH 

-WCZ:.,. H.,) cyll\eCTBYIOll!He TO'lllOCTH HsMepett11i1 HeAocTaToqtt1,1, 

a TeopeTHqeCKHe npeACTSBJIOHHH Tpe6yJOT A8JII,Heltlllelt paspa60Tim, 
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1 

3AKJIIOlJEHl1E 

B HaCTOHU\66 BPOMH MOJKHO cqaTaTI, TBOPAO ycTaHOBJIOHHUM, qTo 

MOJIOKyJIHpHaH CTPYRTypa BOU\eCTB Cyll\eCTBeHHO BJIHH6T Ha npoueccu 

aTOMHOro H HAepHoro saxBaTa M630HOB, B npHHUHne STD Il03BOJIH6T 

HCllOJI1,30B8T1, Me30HU AJIH 1'13yqeHHH aneRTPOHHOlt o60JIOqKH MOJI6KYJI 

H B 38Aaqax KaqeCTBOHHOro H ROJIHqeCTBeHHOro aHaJIHaa B611\6CTB 

/53,75,76/, 

BTopaH H3 ynOMHHYTUX 38Aaq Cyll\eCTBeHHO npOU\~ H B HBCTOflll\Oe 

Bp6MH yllte CYU\6CTBYJOT KOHRpeTHUe IlP8AJIOllt6HHH H IlOilblTKH npaKTHqe

CKOH peamrnauHH B03HHK8l0ll\HX l!03UOlltHOCTelt, Hcnon1,ayH aaBHCHMOOTl, 

HHT6HCHBHOCTH H CTPYKTyp1,1 MIOOHHDi! p8HTr6HOBCKOlt K-cepHH SJieMeH

TOB OT HX xmtnqecKoro H ~HSHqecKoro COCTOHHHH, IlP8AJIOJK6Hbl M6TO

Abl 8H8JIH38 KOJIHqecTB6HHOro H KaqeCTB8HHOro COCTaBa o6paauoB/BI, 

82/, Ilo cpaBH6HHIO C 061,1qa1,1u peHTreHOCTPYKTYPHblM 8H8JIH30M IlP6AJia-

raeuue M6T0Abl 06JIBA8JOT PHAOM npeHMYU\6CTl!, B qaCTHOCTH, HCilOJII,3yH 

JIOKami:aoBaHHOCTI, MJOOHHOro nyqKa H M6HHH ero atteprHJO, MOJKHO Me-

' HHTI, TOqKy OCTaHOBKH MIOOHOB B o6paaue H HCCJieAOB8Tl, COCT8B ane-

MeHTOB TOJII,RO B 0Kp6CTHOCTH 3TOlt TQqKH, HeaaBHCHMO OT OCTaJII,HhJX, 

!IpoeKT T8ROi1 ycTaHOBRH AJIH COCTBBJieHHH IlOAP06HOH 11 XHMHqeCKOit 

RapTb1 11 qenoBeKa o6cyJKAaeTcH B LAM P F . 
Kpoue Toro, IlOCROJII,Ry npOHHRaIOU\8H cnoco6HOCT1, MIOOHHUX peHT

reHOBCRHX nyqelt MHOro 60JII,llle, qeu o6blqHblX, 3TO Il03BOJIH8T a11aJIH-

8HpOB8Tl, M8CCHBHhl6 o6paauu, qTo HOAOCTynHO noRa HH OAHOMY H3 cy-

11\eCTBYIOU\HX M6TOAOB, 

YHHRaJII,HaH HS6HpaTOJI1,HOCT1, pe8RUHH nepesapHARH ,r--Meso

HOB Ha npoTOHax Hee CHRl,HaH aaBHCHMOCTI, OT XHMHqecRoro COCTOH-. 

HHH BOAOPOAa yJKe celtqac Il03BOJIH6T HaA6lltHO OTJIHqHTI, XHMHqecKH 

CBH38HHbli! BOAOPOA OT CB060AHOrol53/, B Aan1,aeltmeM TaRolt MOTOA 
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B npHHUHne MO*eT 6b1Th HCilOJih30B8H ,lJ;JIH ttayqeHHH KHHeTHKH H K8T8-

JIH38 XHMHqeCKHX peaKUHli C yqacTHeM BO,n;opo,n;a, ,n;JIH HCCJie,n;OB8HHH 

oco6eHHOCTeil XHMHqeCKOli CBH3H BO,n;opo,n;a B opraHnqeCKHX coe,n;HHeHH

HX H B rH,n;pH,n;ax nepexo,n;Hb!X MeT8JIJIOB, a T8K~e npH HayqeHHH CTpyK

Typu BO,n;opo,n;oco,n;ep*8lllHX BellleCTB B KPHTHqeCRHX pe~HMax: CBepXHH3-

KHe TeMIIepaTypu, CBepXBblCOKHe ,n;aBJieHHH H T.,n;. 

0,n;H8KO ,n;nH Toro qTo6u o6Hapy~eHHble aqxpeKTbl CT8HH OCHOBOli 

HOBOro MeTo,n;a 8H8HH38 CTPYKTypu BellleCTBa, He06XO,lJ;HMbl CHCTeM8TH

qec1rne HCCne,n;OB8HHfl H cpaBHeHHe HX peaynuaTOB C ,lJ;8HHblMH ,n;pyrnx 

MeTO,lJ;OB: M8PHOro M8rHHTHoro peaOH8HC8, aneKTpOHHOro napauarHHT

Horo pe30H8HC8, HH{ppaKp8CHOll cneKTpOCKOllHH H ,n;pyrnx. 

TiepBBH aaAaqa - nayqeHHe CTPYKTypu aneKTpouHoro o6naKa uo

neKyn - CyllleCTBeHHO CJIOKHee H ,lJ;JIH CBOero paapeweHHH Tpe6yeT 

KOMnneKCHblX 3KCnepHMe!IT8JIDHblX nccne,n;oB81iHll H TeopeTHqeCKHX 

pacqeToB. TipelK].le Bcero Heo6xo,n;HMO Ha,n;euo oT,n;enHTh 11/PHanqecKne" 

aqiqieKTu OT 11 XHMnqec1rnx11 , T. e. npoueccu nepeXBaTa H aTOMHoro 

38XB8T8 Ha BHyTpeHHHe o6onoqKH 8TOMOB OT aqi{peKTOB B38HMO,n;eliCT

BHH lle30HOB C BaneHTHblMH aneICTPOH8MH MoneKyn. B 3TOU CBH3H 

uenecoo6p83HO HayqHTh O,lJ;HOBpe1o1eHHO BC8 xapaKTepHCTHKH peHTre

HOBCKHX cneKTpoB: 3HeprHD nepexo,n;OB, HX HHTeHCHBHOCTh H OCT8-

ToqHyD llOJIHPH38UHD K8CK8,lJ;HblX MDOHOB. BeChM8 nepcneKTHBHblM npe,n;

CT8BnHeTCH T8KEe HCllOHh30B8HHe ,n;nH aTon uenn Oze-aneKTPOHHOil 

cneKTpOCKOllHH, KOTOp8H ll03BOJIHeT onpe,n;enHTh aHeprHD CBH3H o~e

aneKTPOHOB c TOqHOCThD ,n;o o,I3B 1681. 
B cnyqae Bo,n;opo,n;oco,n;epxalllHX coe,1tHHeHHll Heo6xo,n;ttuu KOMII

neKcHue HCCJie,n;OB8HHH C 0,lJ;HOBpeMeHHUM HCilOJih30B8HHeM ,,,.._- H ,.,U = 
M630HOB, KOTopue BO MHOrOM ,lJ;8DT ,lJ;OllOJIHHTeJihHYD HH/POPM8UHD, no

CKOJil,KY pe8KUHD nepeaapH,n;KH (IO) MOXHO H86JID,lJ;8Th TOJihKO H8 HA

pax BO.n;opo,n;a, 8 peHTreHOBCK06 H3JiyqeHH6 MDOHOB - TOHhKO H8 H,n;

pax ~ >I. 
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Heo6xo,n;HMblM yCJIOBHeM ycnexa 8THX nccne,n;oB8HHil, KOTopue 

MOJ!tliO 06:he,lJ;HHHTh no,n; 06lllHM H83B8HHel.! 11 Me30HH8H XH!lHH11 , HBnHeT

CH llOBUWeHH6 ToqHOCTH SKcnepHMeHTOB, KOTOpaH B cpe,n;HeM B H8-

CT0Hlllee BpeMH He npeBuwaeT IO%. Kpo!.!e Toro, AHR 8TOil ueJIH He

o6xo,n;HMU TeopeTHqecKHe pacqeTu npouecca aTOMHoro aaxBaTa oTpH

uaTeJihHblX Me30HOB Ha COBpeMeHHOM YPOBHe CTporOCTH. 

ABTOP HCKpeHHe npH3H8TeJieH c.c.repwTeilHy 38 IlOCTOHHHblil 

HHTepec K pa6oTe H MHOroqncJieHHble oClcy*,n;emrn 38TpOHYThlX 3,n;eCh 

npo6neu, B.I'.3HHOBY, B.li.TieTpyXHHY, B.H.TioKpoBCKOMY H hl.A.~T

naH,n;OBY 38 none3Hble ,n;HcKyccHH. Oco6o MHe xoTenoch 6u no6naro

,n;apHTh B.M.CyBOPOB8 38 MHOrOCTOPOHHIDD HayqHyD H TeXHnqeCKYD no

MOlllh B npouecce no,n;rOTOBKH PYKOllHCH K neqaTH, 

' 
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