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Bonpocy o6 &TOMHOM 38XB&Te OTpHil&TenhHhlX M~OBOB B XBMB~eCKBX coenuBeBBHX 

/1-6/ 
nocsmneuo aeCKOnbKO aKcnepBMeBT&nbB~x pa60T , B enBRCTBeuaoA TeopeTB~ecKoA 

171 
pa6oTe «<>epMR 11 Tennepa aa aTy T&MY aa ocuose MOA&Illl ToMaca-«<>epMB nna a-:-oMa 

naaa rpy6aa oneuKa sepoRTHOCTR aToMuoro aaxsaTa M~OROB, B cnnasax MeTannos oaa 

nponopnaoH&nbHSR aapHAy HAPS Z • BbiCK83blsanucb npennonoJKeRBR, ~To aTOMHbiA aax-

/2/ 
B8T nponopnHOH8n&R npOCTO 8TOMB Oll KOHnSHTp&nBH , 0AB8KO B8ll0CTSTO~Bbll! 3KCnepBM8H-

T8nbHbll! MSTepRsn He ll03BOnM caen&Tb onpeneneHHbiX BbiBOllOB 0 B03MOlKIIblX 38KOBOMep-

BOCTHX 8TOMHOrO 3SXBSTS B XHMH~SCKBX C08llHH8RHHX, 

no~TB BO BCSX npeA~YlllBX 9ICnepBM8BT8nbHhlX p460T4X AnR Onpenen&BHll B&pORT-

HOCTB 8TOMBOrO 38XB8T8 B XHMB~&CKHX C08ABR8BBHX RCllOnb30B8nCR MeTOA Bp&MSBHOro 

8H8n.H38, 3ToT · MBTOA OCHOBblB88TCR H8 TOM, ~TO Bp8MH lKH3BB OTpHil8T8nbBOrO M~OR8 

B semecTse CHnbHO aasacuT OT aapR!la llllP8 Z , BpeMeuaoA cneKTp nponyKTOB Rll&pHo

ro 38XBST8 HnR an&KTpOBOB OT p8Cll8A8 M~OBOB npe!lCTSBnRSTCH npOCTOA 3KCllOB8HTOA 

c nocToaauoA speMeBB, xapsKTepaoA nna Bb16pauuoro semecTsa, B XKMH~ecKoM coenaue

' HHR Bp&MSHBOA cneiTp 6yaeT COCTORTb R3 CYMMbl CTOnbXKX 9KCllOH8HT, C OnbKO B8lll8CTB C 

pa3nH~HblMH · Z BXOllRT B C08llHH8BB8, 3TO HM88T MQCTO llOTOLfY ~0 H pscnan, R HA&p-

Hbll! 38XB8T OTpRnaTenbHOrO M~OHS npOBCXOllRT C K -o6ono~KR Me30STOM8, nocne COOT

BSTCTBY~lllero SHSnR3S Bp8M8BHOro CllSKTpa B03MOlKHO OnpeaeneHRS B8C8 K8lKllOJI 3KCno

H8HTbl B o6meM CneKTpe R onpeaeneBBe, TeM CSMblM, BepOHTHOCTR 8TOMHOrO 38XB8T8 M~o

R8 ua nsaaoe >U~po s uccneayeMou XHMR~eCKOM coeaRH&HHR, OausKo saanaa speM&HRblX 

Cll&KTpOB, COCTOHlllRX H3 CyMMbl HSCKOnbKBX 3KCflOB8HT, smnReTCSI llOBOnbHO Tpyaoet.aol! 

onepsnael! H Tpe6yeT, KSK npasano, BbiCOKOA CT8TH'I8CKOl! TO'IHOCTH Ollb1T8, noao6Hbll! 

aaanaa oco6eauo aaTpyaaea, Koraa uay'laeTCH STOM Hblll aaxaaT B coeaaueBBHX, B cocTaB 

KOTOpblX BXOllHT HAPS c 611113KHMR Z • Heo6xonRMO TSKJKe y'IBTblB8Th apyry10 aKcnepR-

M8HT8nbRY~ TPYllHOCTb B onpeneneHHR STOMBOro 3SXB8T8 M&TOllOM B3M8p8HBH BpeMeR-

aoro cneKTps a neKTpoaos pscnans ana nponyKTOB R!lepaoro nornomeHHR u~oaa: 'IRCno 

a neKTpOHOB OT pacnana MIOOROB pe3KO nanaeT C ysenB'ISHBQM 3Spllll8 llllP8, 8 BblXOll 

npoayKTOB OT HAepuoro a sxsaTs M~OHOB peaio nanseT c yMeRbmeRBeM aaplllla HAps, 

CneaOBST8nbRO, 38TpYllB8BS B03MOlKBOCTh B3Y'I8HBR STOMROrO 38XB8T& 8ARROA USTOABKOA 

BO BCQM llH8ll830H8 B3MepeHHH 3Spllll8 Rll8p, 
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nepe'UicneaabiUK Bblme ciJaiTopaMH onpenensteTCsr To, 'ITo no nocnenaero BpeMeBJI cyme

CTBYJOT TOllbKO OTpbiBO'IBbl9 91CCD9pHN9BT8llbBb19 CB8ll9BHSI 00 STOMBOU 3axB8T9 MJOOBOBo 

nocTSBOBK8 9KCDepHM9BT8 

Y'IBTbiBSB BCe CK838BB09 psaee. Mbl B3M9BBllH M9TOIIBKY 9KCDepBM9BTS. np. onpene

neBBB 89pOBTBOCTB 8TOMHOrO 3SXBSTS 38 OCBOBy OpSllOCb B3M9B9BB9 BBT9BCBBHOCTH K -

M930p9HTr9BOBC1COA CepHB OT OllBOro H3 9ll9M9BTOB B 'IBCTOM BHll9 B OT 9TOrO liC8 9ll8M9R-

TS B ero XBMB'I9CKOM C09llBB9BJIB, 

Bb1t5op K -ueaopeBTreaoacxoA cepaa nnst perHCTpSIUIH cnensa no aeCJtOllbiBM npa-

'IHBSM. 3aeprBSI oepeXOllS MIOOHS BS K-oOOllO'IIty B M9308TON8 CBllbBO 38BBCBT OT 38pi!A8 

l!llps. B nerJtBx J~Apsx oaa nponopuaoasllbBS Z 
2 

• 3To D03BOll519T HCCll9llOBSTb C09llBB9-

BBSI 9ll9M9BTOB c OllB31tBMB z • Bb1X0ll X-KBSBTOB K -cepHB BS OllBB OCTSBOBBB-

maAcst MIOOH ollB301C 1t 100% npa acex Z Hcnyc1Csaae X -JtBSBTOB npo•cxonBT npsltTB-

'19C1CB OllHOBp9M9HBO C OCTSBOBitOA MIOOHS, 'ITO D0380llB9T CyW9CTB9BHO CBB3BTb cjloB cny

'18ABbiX COBD8ll9HBA, np8Bll8 0 B3-38 ltOB9'1BOrO Bp9M9HB p83p9W9HBSI CX9M COBD8ll9BBA BS

PBIIY c M930peaTreuOBCitHM H3ny'I9HH9M oyneT perBCTpHpOBSTbCB B 'ISCTb nponyJtTOB OT 

Bll9PHOro asxssTs MIOoas. Ho Bbi'IBTSTL ax non10 B3 B3Mepeaaoro suepreTB'IaCJtoro cneJtTps 

X -ltBSRTOB H9T H900XOIIBMOCTH, HltepHbiA 38X88T MIOOBOB DpOHCXOllHT C K -opOHTbl 

M9308TOMS 0 B D09TOMY BbiXOll DpOllYKTOB OT Bll9pDOro 3SXBST8 CTpOrO nponOpUHOHSll9B 

89pOSITHOCTH STOMROrO 38X88TS. 

HsonJOneuae K -nauall noneauo a TeM, 'ITO as ocaossaaa CTSOHllbHOCTH ax nonolKe

HHII MOlKRO OU9HIITb CTSOHllbHOCTb pSOOTbl 8DD8p8Typhl H9DOCp9llCT89HHO 80 Bp9MB 9KCD9pB-

MQHTa. 

B p800T9 Mhl orpSHH'IHllHCb H3Y'I9HH9M STOMHOrO 3SXBST8 MIOOHOB B DSHOOl199 UpOCTbiX 

oauspHhiX coenaaeaniiX THns A, B.. • B &TOM cny'lse aaMepeaabiA BhiXOll ·Y -KBSHTOB HS 

OllHY OCTSBOBKY MIOOHS B BbiOpSHHOM Y'ISCTit9 9HepreTH'I9CitOrO CD91tTp8 OT XHMH'I9CitOrO 

C0911HH9DBII Y ( Z ,I' Z J MOlKRO CBII38Tb C BbiXOllOM Y -KBSHTOB HS OllHY OCTSBOBJty MIOQ-

BS B TOM lK9 Y'ISCTK9 9Hepr9TH'19CKOrO CD9KTp8 OT 'IHCTbiX 9ll9M9HT08 Y ( Z I ) H Y ( Z 
2 

) 

cnenyiOWHM oopsaoM: 

v(Z 1,Z 2 )=nW(Z) v(Z1) 
I 

< ( Z I , Z 
2
)0 t( Z 1) (! 

+m'l(z2) (Z ) !l 
• 2 

y ( z 2) 
(1) 

rne < ( Z I , Z 
2

) 0 < ( Z 
1
) , < (Z 

2
)- CpenHSUI Bq,jleKTBBHOCTb perHCTpSIUIH Y -KB8HTOB OT MH-

weueA ( Z
1

, Z
2
), Z 1, Z

2
, COOTB9TCTB9HHO; {}- T9ll9CHbitl vron perHCTpBpyJOWero 

C'I9T'IHK8l 'I( Z I) , 'I(Z 2 )- B9pOIITDOCTb aTOMROrO 3aXBSTS MIOOHa B XHMH'19CKOU C09llH-
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H9HKH (nZ 
1 

-mZ ~) H8 OllHO SIJlPO Z 1 H Z ~ I COOTB9TCTB9HHO; n m - 8TOMHb19 

KOHil9HTp8IlHH Sl,llep Z I H Z ~, 

Y'iHTbiBaa ecTeCTB~HHoe ycnoaae 1 H3 ( 1) MOlKHO nony-

W(Z~ < (Z tY(Z 1 , Z ~)-<(Z 1,Z.} v(Z 2 ) 

<( Z 1 , Z ~) v( Z 1 ) -<( Z 1 ) v(Z 1 !z t 
m 

n 
(2) 

0nHBM 83 OCHOBHbiX Tpe60B8HHQ K MBW9HHM npH npOB9.[l9HHK 3KCnepHM9HT8 6blnO T01 

'iTO TOnWHH8 MHWeHeQ H3 'lH.CTOrO B9W9CTB4 H ero XHMH'l9CKOrO C09.[lHH9HKH B Hanpaane

HHR BblneTa peracTpupyeMbiX X -KBBHTOB 15blna 15bl 15nuaxoa no nornomeHBtO ( npa uaeHTH'i-

soa reoMeTpBB). 

KpoMe Toro, npa ol5pal5oTKe aKcnepaMeHT8JibHbiX aaHHbiX ao BHBMasae npBHHManca 

aoBOJibHO y3Kaa yqacToK asepreTH'leCKoro cneKTpa, BKntO'iatOmaa K -cepa10, Haal5onee 

lK8CTKYIO nna B3Y'l89MOrO XHMH'i9CKOrO C09.[lBH9HBH, 

B 15oJibmHHCTBe cny'laea ocsoasoa BKnaa B Bbtl5pasaytO qacTb cneKTpa aaaana HM9HHO 

K-Me3osopesTresoacKaa cepua. 

0THOCBTeJibHbiQ cnocol5 uaMepeHHH noaaonaeT H8M Bal5eJKaTb cnoJKHbiX aonpocoa 

80ConiOTHOQ rp8llyKpOBKB S~KTBBHOCTB perBCTp8DBB DpO!lYKTOB pe8KDHQ, 

3KCD9pHM9HT8JibH8H yCT8HOBK8 

Pal5oTa Bblnonaeaa sa caHxponuKnOTpoHe OIHII1, B ODb!Te 1acnoJibaoaanca ny'loK OTpH

naTeJibBbiX 'l8CTHil c HMDYJibCOM 150 Maa/c, naoabl, MIOOHbl H aneKTpOHbl BXO.[lHnB B Hero, 

DpHM9pHO, C O.[lHH8KOBblM B9COM, 

reoMeTpHH 0Db!T8 H 15noK - CX9M8 aneKTpOHHKB npe.[lCT8BneBbl H8 pac. 1. PaaMepbl 

c'ieT'lKKOB 15blna cneaytOWBMa: C'l9T'lBKB 1,2 -6 x 6 x 1 CM ( CilBHTRnnupytOmaa nnaCTMacca) ; 

C'l9T'lBK 3- tS 3 X 1 CM (CTBJib09H), C'l9T'lBK 4- tS 3 X 0,1 CM (CTBJibOeH); C'ieT'lHK 5 

- CT8K8H H3 CilBHTHnnupytOWeQ nn8CTM8CCbl C TonmBHOQ CT9HOK 0,5 CM H BHyTp9HHHM 

06b9MOM .[lnH MHW9HB tS 3 X 3 CM, 

ny'lOK H8n9T810WBX 'i8CTHil Bbl.[l9nAACH C'i9T'lHK8MH 1 B 2, C'l9T COBD8.[l9HRQ MelK!ly 

KOTOpbiMH HCDOJib30B8nCH B K8'l9CTB9 MOHBTOpHOro, TopMOlKeHHe ny'lK8 ocymeCTBnanOCb 

<j>BnbTpOM H3 15epunnaa. npu STOM Mbl np8KTB'l9CKR nonHOCTbiO H368BnAARCb OT DHOHOB, 

CoanaaeHBB c'ieT'iHKOB (2
1
3,4,5) Bbl!lenanu qacTHilbl, ocTaHOBHBWReca a accneaye

MOM ol5pa3ne. XoTa 6oJibWHHCTBO aneKTpoaoa nponeTaeT CKB03b ol5paaen, 'l8CTb sa HHX 
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BCe lKe OCT8H8BnBeaeTCSI B HeM, .LlnSI '!eTKOrO OTneneBBSI OCTBHOBOK MIOOBOB OT OCTBBOBOK 

sneKTpOHOB B C'leT'IBK8X ' 3 B 4 OUpenenSinBCh BOHB38UHOBH~e UOTepB 'IHCTHU, OCTBUOBHB

WHXCSI B MHW9HH, B 9THX C'!eT'IHKaX B Ka'!eCTBe CUHHTHnn9Topa HCUOnh30BBnCSI CTHnD6eu, 

TAK KBK DO cpaBHeBHIO C unaCTH'!eCKHMB CUHUTHnnHTOpaMB OH o6nanaeT 60nDWHM CBeTOB~M 

ablXOnOM B XOpOWHMB CUeXTpOM9TpB'I9CKBMH CBOIICTBBMH npH MllnOM speMeBH B~CBe'!BBHBHSI, 

3TO oco6eHHO B8lKHO unSI C'leT'!BK8 4, KOTOpb!A cnenaB npenenDHO TOHKHM, 'IT06~ )"Mem.

WHTh 'IHCnO OCTBHOBOK MIOOHOB B HeM CBMOM, Cny'!BH OCTBHOBOK CUnhHOHOHH3Bp)"IOWHX 'IBC

THU (MJOOHOB) OT6Hp81IHCb BHTerpanhHblMH nHCKpBMHHBTOp8MH, B KOBe'!BOM HTore KOnB'Ie

CTBO OCTBHOBOK sneKTpOHOB B MD WeHR He npeBblWBno 1% 0T 'IHCna OCTBBOBOX MIOOHOB, 

Ha puc, 2 npuseneH onau H3 cnexTpos aouu3anuoHHblX nOTeph 'IBCTBn s C'!eT'!HKe 3, 

B xa'!eCTBe BHewHero ynpasneBHSI aMnnuTynuoro aaanu3aTopa ucnonh3osau~ cosnaneBBSI 

(2, 3,4,5) • 

.Llnll 34l!lBTbl OT cj>oua B 9KCnepHMeHTBnhHOM 3ane )"CTBHOBXa, BKnJO'I810l!lBII C'!eT'IBKB 3-6, 

6blna CO BC9X CTOpOH OKpylKeHB 20 CM CBHHUB C npocnoAxoA nHCTOBOrO KAUMHSI, 

Me3opeHTreuoscxoe H3ny'!esue perucTpuposenoch C'leT'IHKOM 6 c xpucTannoM Nai (Tl). 

"'T06bl )"MQHhWHTJ. (j>OH OT nponeTHblX 'IBCTHU, OH pacnonarancg BB8 Dy'IKB, .LlBBUA30B 9B8p-

ruA perucTpupyeMLlX Y -KBBHTOB npocTupancs oT 30 no 6000 xss. EcTecTBeuuo, 'ITO 

c'!eT'IHKy 6 ynensnoch oco6oe BBHMaHue, YcnosBHMH OUblTB nBKTOBanBCJ. nsa 

npOTHBOpe'IHBblX Tp960B4HHSI • .Llns nOCTBTO'lBO sq,(jleKTBBBOA perBCTpBUBH •Y -KBBUTOB 

6onhmux suepraA ueo6xonHM xpacTann 6onDWHX pa3Mepos, Ho Torna npa peracTpauua 

·Y -KBBBTOB MBnbiX 9HepruA HenonyCTHMO B03paCTaeT (j>OBOBBB 3Brp)"3K8 annapaTypbl, 

B pa6oTe ucnonh30eanach KpBcTannbl nsyx p&3Mepos. Ecnu aHeprus caMoA lKeCTxoA 

K -Me3opeBTreHoscxoA cepua OT XHMH'!ecxoro coenaHeHHSI Mem.me 800 K3B ( Z ~ 20), 

TO y -xsaHTbi perucTpaposanuch KpHcTannoM N a I pa3MepoM 6 40 x 40 MM, Korna 
> 

9HeprHSI CBMOA lKeCTKOA K -CepHH npeBbiWana 800 K9B ( Z - 200), TO Y -KBBHTbl peru-

CTpuposanKCh xpBCTannoM N a I pa3MepOM 6 16 .X 76 MM, B nepBOM cny'!ae HMU)"nDCbl 

c (j>OTO)"MBOlKHTenSI (jlopMupoaanuch no nnuTen~>uOCTH 1 MKCex, ycunaaanuch cnexTpoMeTpu-

'!eCKHM ycunuTeneM c (jlpoHTOM HapacTaHBSI - 0,3 Mxcex u nonasanuch ua nuueAuble 

BOpOTa WHpHHOA 1 Mxcex, Bo BTopoM cny'<ae HMll)"nJ.Cbi c (jlOToyMBOlKHTenB (jlopMuposa-

nuch no nnuTenDHOCTH 100 ucex, ycunusanuch cneKTPOMeTpH'IeCKBM ycunuTeneM c (jlpoH

TOM BBpaCT8H.HSI -40 BCeK H nonaaanHCh H8 nHHeliHble BOpOTB WHpHHOII 150 HCeK, AMnnH-

Tynuoe pe3pemeaBe annapaTyphl npu yxopo'!eHBB nnuTenbHOCTH curHana yxynwanocb He 

O'leHh CHfihHO, 38TO (j>OH Cfi)"'IBIIHbiX COBUaneHBA nanan 3HB'IHTenbBO, 

Pa3pewaJOwee speMSI cxeMbi cosnauenBA c y'laCTHeM C'!eT'!uxa 6 s 3BBHCHMOCTH oT 

ycnosull onb!TB Meusnu OT 100 no 30 ucex. 

CnexTp HMnynDCOB c Bb!Xona cxeMbi nuuel!Hb!X aopoT 3anucbiBancs s 256-xauan~>HOM 

8MUnHTynHOM BHBnB38TOpe
181

, 
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Pe3ynbTATY ODWTOB 

a. Ouc!lbl 

BepoaTBOCTb 8TONBOJ"O 38XBAT8 B OIUICJIAX ODp&.QenMaCb DO cj>opNyne (2), flpB o!Spa

!SOTJte p83yn&TaToB B3t:'epeiUIA Be B03BBJtano oco!Swx Tpy.QBOCTell, 3aeprBa K -cepBB ane

M&BTOB, OJtBCnbl I<OTOpbiX 15blnB B B8W8N p8CDOpSOKeiUIB, cymeCTB8HBO 0TnB'l8n8Cb OT &Bep

J"RB J<BCnopO.QBOll cepBB ( K a •180 lt8B), 3uepr&TB'leCJtBll cneJtTp npO.QyJtTOB OT SVl&pBOJ"O 

3axBaTa NJOOBa Ba ltllcnopo.Q .llOBOn&BO MArJ<Bll, Ha'lBBaa c OIUICB J<an&IUla BJ<nA.QoN ero 

B Hy*BOM y'laCTJte cnexTpa sneMeBTa Z MO*BO 15wno npeue!Spe'lb • orpaBB'lBT&Ca 113M&-

peaxeN BbiXO.Qa y -J<B,ABTOB TOn&J<O c .llBYX MBmeaea - oxBcen 11 'IBCToe &emeCTBO, Bepo-

ATBOCTb 8TOMHOJ"O 38XBAT8 B OIUICB !SepBnnBa B !Sopa ODp&.Qenan&Cb no B3N&BaBBJO BBT&B

CBI!IBQCTB K -cep•• IBCnopo.Qa, JtaJt 118Jl!Sonee lK&CTioll, Bo BCex ocTan&HbiX cny'laax 3A 

OCBOB)' 15panca y'laCTOI saepreTB'I&CJtoro cneJtTpa B palloBe K -cep•• BemecTBa Z • 

B plllle cny'la&B B uameM pacnopBlK&IUIB BNenc• OJ<Bcen BemecTBa, ao Be !Sblno caMo

ro aemec'i'Ba B 'IBCTON BB.Ile. Tor.Qa BMeCTo aero 6panca ana coce.QBBA aneMeBT (aaupx

Mep, BM8CTO CX8B.QBa-TBT8B) BnB .QBA aneMeBTS no B03MO*BOCTB !SnB*a C .QB)'X CTOpOB 

no 3apsmy Sl,ll&p (aanpBMep, BMecTo Mon•!Saeaa - nxpxoBBA • onoao) c nocneay.:>mell 

BBTepnonlliUleA pe3yn&T8TOB ana &y*Boro Z • llpB pac'leTax !Spanac& aJ<BBBaneBTBSJI 

mapBBa )''l&CTJta aaepreTB'lecxoro cnexTpa. 

B Ta!Snxne 1 co6pa1Jbl pe3yn&T&Tbl B3MepeBBA, B TpeT&ell KOnoBJte TJt838Bbl WBmeBB, 

I<OTOpble BCnonb30B8BN 1!1 0Db1T8 ana onpeaeneHBa BepOBTBOCTB 8TONBOJ"O 38XB8T8 B OIBCnax, 

J.i3NepeBBa npOBOaBnBCb, B OCBOBBOM1 B 1 BOpN8n&llbiX 1 OIUICnax, 'HopN8n&BbiMB 1 

OJtBCnAMB M&I B83biB88N TaJtBe, B XOTOpbiX BAn&BTBOCTb aneMeBTa, o6pa3YJODl8J"O OJtBCen, 

COOTB&TCTB)'eT BOMepy rpynnbl B nepBO.QB'l&CioA Tai5JD1ne aneM&BTOB, OJtBcnw, Be iiBllmo

maecsl' 
1
BOpM8n&Bb.MB' t B TA!SnBil& 1 nOM8'l9Bbl 3B83.QO'IIOA, 

15. [anoreBbl 

B OTnB'lBe OT OJtBcnoB B xccne.QOBABBbiX BAMB coe.QBB&BBAX ranoreaoB no'lTB Be3ae 

nepeJtpb1B8JOTCa 9BepreTB'I9CltB8 CD9ltTpbl npOa)'XTOB lll18PBOrO 38XBAT8 MlOOBOB B HApax, 

BXOallDIBX B sTB coeaBBeiUIA. B pSI,lle Cn)"'aeB nepeJtpWBA.:>rea aa•e cneJtTpbl K -cep•A 

N9308TOMOB, flo&TOM)' B ranoreBSX DO'lTB BC&raa' DpBXOABnOCb B3M9pllTb BbiXO.Qbl 

TOB CO BC8X Tp8X MBW8B&I (.llBA 'IBCT&IX B9Dl9CTBA B BX XBMB'l8CJtoe CO&aBH&IUie), 

X -JtB8B-

BepOBTHOcTb ATOMI!oro 38X!IATA M.:>OBOB Bbl'lBCnJln&Cio no cj>opM)'ne (2) KpOMe Tp9X 

cny'laea (Na:F , CaCJ 2 B Li F ), XOTopwe cne.QyeT pa3o!SpaTb !Sonee noapo6ao, 

TpynaocT& onpeaeneBBa BepoBTBOCTB aTOMBoro 3aXBATa so cj>TopBcToM aaTpan 3a-

ItnJO'l&naCb B TOM, 'ITO K -IIBBHB B8TpBa B cj>Topa CJDinBC& nO'lTB nonHOCTbJO, 8 MBW9Bb 
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aa 'lRCToro <jrropa OTCyTCTByeT. BuecTo MHmeHH R3 'lRCToro <jrropa acnom.aoBanaa. ... mem. 

aa <jrropacToro nRTRII. BepOIITHOCTb !l,[l&paoro aaXBaTa a.oooaa B JIJITHR Mana, a aaepra• 

ero K a -JIJIHHH pasaa scero 18 K9B, MolKHO D09TOMY C'IRT8Tb, 'ITO lKecTKSSI 'lSCTb cnexTpa 

OT <jrropacToro nHTHII npaaa.nne>KIIT TOnbKO <jrropy, Ho aopNI!pOBKY K -cepRI <jrropa aa 

'IRCIIO OCT8HOBOK MIOOIIOB Mbl He 3H8eM, T81t K81t BepOIITHOCTb 8TOMHOrO 34XB8T8 H8 <jrrop 

BO <jrrOpRCTOM IIHTRH H8R3B8CTH8, 0aH81tO anR p83110ll<eHHII HOpMHpOBaHROrO BA 'IHCIIO OCT8-

HOBOK NIOOHOB CU81tTp8 0T <jrropHCTOrO H8TpRII H8 COCT8BHbl8 '18CTH aOCT8TO'IHO 3H8HRR HOp

MRpOBaHHOrO Cn&ltTp8 OT 'lRCTOrO H8TpRR H <i>opNbi CneltTpa <jrropa, "'RcnO OCT8HOBOK MJOir 

HOB B 'IRCTON <jrrope - N OCT (F)1 BeC K8ll<aOll '18CTH CneKTpa <jrrOpHCTOro H8TpRR, T,e. 

BepOHTHOCTH 8TOMHOrO 38XB8T8 MIOOR8 H8 R8TpRll - W (N a) H <jrrop - W (F) , MOlKIIO ODpe-

aenHTb no MeTOay H8HM8HbWHX KB8,1lp8TOB, J1M&HHO: H8XOaRTCII MRliRMYM c!JyHJti{ROBAIIA 

I. 
a (Na) W(F)~ -[W(Na)~J ~ noc.j.(rJ 

~ 

1 

(3) 
[W2(Na) a 1(Na) + W~(F) a 1(F) + 

N~(Na) N~T(F) 
a1 (Na·F) 

N~ OCT (NaF) 

no W (Na) II NOCT (F) npH asyx ycnOBHIIX: 

I. W(Na) al (Na) + I. W(F) al (F) =I. a 1 (Na:F) 
W(Na) + W(F) = 1. 

N ocT(N a) 1 N ocT (F) N ocT (Na F) 

3aecb a 1( Na) , a 1 (F), a 1(NaF) - cneKTpbi OT Na , F R NaF COOTBeTCTB&HHO; NOCT(Na) 

N OCT(F) , NOCT(NaF)- 'IHCIIO OCT8HOBOK MIOOHOB B COOTBeTCTBYJOWRX MHWeBSIX. 

TpyaaocTb onpeaeneaHH sepoHTHOCTH aToMaoro aaxaaTa MJOOHOB so <jrropaCTOM JIJITHH 

T8 >Ke, 'ITO H BO <jrropHCTOM H8TpHR: H&T MRW&HR R3 'lHCTOrO ljJTopa, Ho MOlKIIO BQCnOnb31r 

B8TbCH TeN, 'ITO npH 8H811H3e 9HepreTB'l8CKOro CU8KTp8 <jrropRCToro H8TPRII NW B8WIIR HOpMJI

pOBKY CneKTp8 'lHCTOrO <jrropa, H Bbl'lBCIIBTb OTHOWeHR8 88pOHTHOCT&A 8TOMHOrO 38XB8T8 DO 

ljlopuyne (2). flpH Bbi'IBCII&HBR Bltll8,1l0M IIHTHR B >K&CTKYJO 'l8CTb CneKTpa ljJTOpHCTOrO nHTBII 

npeae6peraeM, K8K y>Ke roeopanocb Bblme, 

EcTb u eTOpoA nyTb anH onpeneneuua sepOHTHOCTB aTouuoro aaXBaTa 80 <jrropHCTOM 

IIBTHH, BM&CTO MJIW&HR 'lBCTOrO <jrropa DOCT88BTb. MBW&Hb R3 'IHCTOrO KBC110p0A8 ( H 
2 

0 ) 

c nocnenyJOmeA Tpaac<l>opManReA B3MepeHHoro cnexTpa, B Ta6nRne 1 npBB&neH ycpenaeHHblll 

peaynbTST aaanRaa neyMH cnoco6aMR, 

BepoiiTHOCTb aTOMHoro .34XB8T8 MIOOHOB B CaCI 2 onpenenanacb T8K JKe, Kate B 

NaF , TOnbKO BN&CTO MKmeHB B3 'lHCTOrO xnopa 6panacb Mll.III&Hb K3 'IHCTOA Cepbl, 

Ha pacyaKax S, 4, 5 8 KS'leCTBe npawepos npHBOIJ.IITCH cneKTpbl MeaoaopeHTreao&eKir 

ro B3ny"'eHHH OT MHWeHeA MgO Na F , CaCI 2 R peaynbT8T paano>KeHRH RX Ha OT-

nenbHWe KOMnOH911Tbl, CTp911K8MB DOM9"19H Y'l8CTOit CD9KTpa, KOTOpbiA HCnOIIb30B811CII 
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npa Bbl'lliCneHBa sepoSITHOCTB STOMaoro 38XB8T8 uiOoaa B aTax coenaHeHBSIX, CnexTpLI oT 

.llpyrBX MBW9K9A B 60IIbWBHCTB9 CB09U BM910T 6onee DpOCTOA X8p8XT9p, 'iSCTb M93o-

peHTreHOBCXBX CD9KTpOB OT q&CTbiX SD9M9HTOB DpBBO,IlRD8Cb B pa60T8X ,11pyrax 8BTOpOB, 

06cyJKA9RJ[9 pe3yiibT8TOB 

J.i3 T86nRD:bl 1 Cp83Y BB,IlHO, qTO B9pOSITHOCTb 8TOMHOrO 38XB8T8 MIOOH8 CHIIbHO OT1IB

q89TCSI B p83Hb1X OKHCD8X O,llHOro H TOrO ll<e SD9M9HT8 ( Sb 2 03' Sb 20 S H .llp.). noaTOMY 

H8 pHC, 6 B rp8~aqeCKOA ~OpMe Dp9.11CT8BD9Hbl B9pOSITHOCTB 8TOMHOrO 3BXB8T8 MIOOHOB 

TOIIbKO B 'KOpM81IbHb1X" OKHCD8X, nyHKTHpH8SI KpBB8SI Ha paCyHKe 06'h9,1lHHSI9T Toqxa B DOMo-

r89T npOCD9,1lHTb 38 xap8KTepOM 38BBCBMOCTB 8TOMHOrO 38XB8T8 OT Z • 06p8m8eT H8 ce-

()g BHBM8HH9 nepKO,IlBqROCTb B3M9H9RJ[SI B9pOSITROCTH 8TOMHOrO 38XB8T8 B COOTB9TCTBHB C 

nepaonaua B Ta6nHne eneMeRTOB MeB.Ilenees8. 

H8MB yll<e o6cyll<,ll8nca sonpoc o TOM, qTo B3 Henpepb!BHOro cnexTp8 3H8qaTeiibH8SI 

,llODH M!OOHOB D9pBOH8q81IbHO 3aXB8TbiB89TCSI H8 T8KH9 SRepreTHqeCKB9 ypOBHB, KOTOpb19 

p8CDODOlK9Hbl B 06DaCTB SHepraA B8D9HTRbiX SD9XTpOHOB B SIBDSIIOTCR 06WRWH ,llDSI BC9A 

Monexyn&~ 191
• C8Ma nepaonuqaOCTb sepoSITROCTH 8Touaoro 38XB8T8 B oxacn8x OT 38pSI.Il8 

!lll.P8 B ee 38BacauocTb OT xauuqecxoro cocT8B8 cnyJKHT xopoweA anniOCTP8D:HeA B xoc-

B9RRbiM TOMY ,llOK838T91IbCTBOM, 

npa ,118/IbReAmeM nepeXO,Il9 M!OOH8 C o6meMonexynl!JlBbiX saepreTBqecKBX ypOBKeA H8 

p83.119D9HBbl9 ypOBHB OT,Il91IbBbiX 8TOMOB CymeCTB9HHYIO pOIIb ,llODlKR8 Rrp8Tb axp8RHpOBK8 

38pRD:OB gnep snexTpORROA o6onoqxoA. 3TO o6CTOSIT9n&CTBO cnenyeT yq&Tb1B8Tb B HCDonb-

30B8Tb BM9CTO Z H9KOTOpoe Z -S~KTBBB09", KOr~8 p8CCM8TpBB89TCR B X8KOM-

nR60 BSI,Il9 38BHCHMOCTb 8TOMHOrO 38XB8T8 OT 38pR,Il8 RD:p8, , 

T8KBM 06p830M B XBMBqQCKBX C09,1lHH9RRBX 38XB8T OTpHD:8T91IbHblX MIOOHOB H8 HH.IlH

BH.IlY8DbHbl9 8TOMhl DpOBCXO,IlHT K8X 6&1 B ,1188 ST8DB. 

Ha puc. 7 B rpa~qecxoA ~pMe npencTasneBbl pe3yn&T8TLI uacTomneA p860Tbl cos

M9CTRO C p93yiibT8T8MB ,llpyrHX rpynn ,llDB CDDBBOB M9T8DDOB H C09,1lRB9RHA M9T8DDOB C r8-

nor9HaMB, CosoKynaocTb aaueceHBLIX Toqex ynosneTBopBTeiibRO onacblB89TCH nuaeAaqA 

38BHCKMOCTblO 0,66 Z I /Z 
2 

• 4>H3Bq9CX8B DpHpO,Il; DO,Il06HOA 38BHCBMOCTH H9 BDODB9 DORRT

Ha, ITOSTOMY BCCD9,1l0B8BHSI 8TOMHOrO 38XB8T8 M!OOROB B XB~qeCKBX C09,1lBH9HHSIX H906XO

,IlHMO npO,IlOnlKRTb ,118/Ibme T8K ll<9 CHCT9M8THquo, X81t STO 6b1DO C.ll9DBHO ,llDSI OXHCDOB, 

B 38KDIOqeRJ[e H8M xoqeTCSI Bblp83HTb 6on&wyiO 6n8rO.Il8PBOCTb H.A,10Tn8B.IlO!IY 38 

npellOCT8!1n9RR9 NROrO'IliCD9RRbiX XBURqecKBX C09,1lHR9HRA B BX QqRCTKYi lO,r.Sy.lliiDIOBy, 

S.lO.Ceueaosy, A.H.CBB89By, H.C.4>ponosy, U8o ro-q)Keuy 38 DOMODU> B B3rOTOBD9RRR 

8DD8p8Typb1 R npa nposeneau K3MepeaaA; c.c.repmTeAuy, n.H.noaOM8pesy, B.r.4>Bpc0!1Y 

38 OOCYlK.Il9HB9 p93fiibT8TOB p860Tbl, 
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Ta6JtJ!na I 
0THOmeHJ!e BeponTHOCTeA aTOWHOro 3aXBaTa KDOHOB B OKHCHaX 

,-------r-------r-----------~------~~------~----------~ 

OKMCeH Z~ MHmeHH /t. 1 ~ · W(Z1)/W(O) 
I r~ 1 I 1 l l 

0KHCeH Z11 llHmeHH W(Z1)JW(O) 

-. 

! BeO 4 H20' ;jZI<- 0,12±0,04 
· · 12 BeO ''-' 1 
: /7' ' 

1 B203 ! 5 
; ' 11 1 

B203, 
H

2
o o.to 0,22±0,05 

MgO '12 ! ~,H20, 1
1' 0,83+0,07 

·16 l ~ O,.f:.t -' '".) * I . I 
~ 11g02 .12 l :r2•H20, 0,58±0,03 
/---; ' 

-. ll 0 113 ll 0 0 f 2 2 • 1 ~ r 
1/ JJ./)1 :Al,H;O I o,85±0,06 

Si0
2 

4 ( Si02 ,H?0 J 

! /' J 'f" • Si iJ "'/ d I I_, (; 

I' CaQ , 1")1"\ ; CaO, , , ; I . .,. ~ f"' Ca /r,. -/i 
I 

! sc2.~~21 · ~~'o3 v 'J 
I " o "'' 2 . , 
I • ; 

?j TiOa 22 ~~0 •J ., ~ 
~~h 2 ' 

i v 20 23 v, ~ .T i I. 
! ,f.~t V205 I ·1! 

lf ; 

c;tj).24 
I 

~:f~ F9 
! "lfT 

cuo !29 
r o"' ~ 

' ZnO 30 
! /1 'q 

Or, 1; ~ Cr20':3 •, 

eu, 
Cu

2
o 0.-.<l 

eu, ) CuO , •• J 

Zn, ,-, 
ZnO 

0,79±0,07 

1,36±0,10 

2,78±0,20 

2,70±0,20 

3,10±0,20 

3,00±0,17 

3,8 ±0,9 

3 , 6 ;t0,4 

2 , 66±0p32 

Y,2o_(,
1

39 Y203, ·:;. 1 ,83±0,12 
Zr 1 Sn 

· Zr 
l zro~40 ' z:r02 , :-~ 2 , 38±0 '1 6 

11 

Mo03 
' : '1 

CdO 
I.: f 

42 

48 

In20~ 149 ,. 
b e l 

St'\.0? I 50 l 
A·~ l ) .. ,, ·' . . 

Sb2o
5 

51 
./1 "'/) 

ii i 
Sb2o3 ~ 51 

BaO ' . .: jt56 

* · 
Ba02 j 56 

~ 

Sm2o3 ; 62 : 
I t: :1 • , 

I : 

Yb2-?fl : 70 
~ 

Pb02 · : 8 2 
~ 

PbO* 82 
:.; !. j 

... 
Bi2~ . 83 
~ 

* · uo7 · 92 
~ -

I I 
! I 

Zr, Sn,J 3,48±0 1 23 
Mo03 ~.o$" 

Cd, 
CdO 

o, q 6,7 ±1,5 

Zr,Sn, ~ 
In20 3 o, q;, 2 p 94±0 '28 

Sn · 
Sn0

2 
016 7 3,17±0 1 24 

Sb, : 
Sb205 CI~~ 1,73±0,09 

Sbt ! 
Sb

2
o

3 
()~~D 3,48±0,35 

' I , 
BaO i:· 2 , 27±0,22 

I ! 

B~ ! 3,28±0,30 
2 

I 1Ta, :. , 
sm

2
o

3 
D;1 ·l 3,09±0,34 

I Ta ! :;i,o , ., • 
.lCI! 3 1•; 1l 

' !'?1 0~~ Pb02 ,, 

Pb, . ti 
PbO 11 1"-jlo 

Bi , ~ 
Bi'o •·c-l-J 2 3 : 
u, 
uo 3 
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TaC!uita 2 

Oraomeaae Bepograocr~R arousoro 38XBara MDOHOB 
B C08~HH8HRRX M8TaiKOB C ranoreBaMK 

Coe.J)se- Ono•eHHe ~ ~ 
Z/Z21~ ~ 1r(Z1)/ 1r(Z2) Rile llueu 

- ~~ 

IaJ' ::tLil', "1/Ba o,aa 1 ~11 0,64 :!: 0,05 

CaC12 Ca6 s, C1/Ga o,a5 J 2.. 0,64 :!: 0,07 Ca 1
2 

_ _ 

Cdl2 C~I, 
c 2 

Cd/I 0,9! I I,O :!: 0,2 

.lgi ~I, I/J.g 1,!.3 0,69 ! 0,!2 

Pbi2 Pbii' 
Pb2 
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---
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,. _ . . -----· l ---
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··~---

, LiF 
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Pic. 2. CnexTp ROBII3BilROBBI>IX nOTepb B C'leT'IIIJ[e 8 .11n11 'IBCTIIl, 

OCTBHOBRBWRXCII B MllmeHB. 
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P&c . 3. C n exTp M eaopeHTreHoBcKoro Kany'leHHH OT MHme HK MgO- o • 

nHHHliMH HBpRCOBBHbl CneKTpbl: 1- 0 · ; 2 -llg 1 3- C ( OT 

C'leT'IHKa 4), 4 - c yMMa cneKTpOB I, 2, 3. 

15 



I 
I 

N 
4 

0 

'0 

2000 

0 

?J fOOD 

0 

PJ PBc. 4. CuexTp MeaopeBTereHoscKoro Bany'leHBH OT MBmeHB Na:F -o • 

nBHBRMH H8pHC058Hbl CU8KTpbi : 1-Na, 2-:F , 3-C (oT 

C'l8T'lBK8 4), 4 - CyMM8 CU8KTp05 1, 2, 8, 
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P•c. 5. CneKTp MeaopeHTre Hoscxoro H3ny'leHHII OT MHWeHH Ca Cl 2 -o 

nBHBIIMH H8pBCOB8Hbl cneKTpbi: 1 - Cl • 2- Ca • 
8 - cnyqai\Hbl8 COSU8l18Hilll, 4 - CyMM8 cneKTpOS 1, 2, 8, 
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? He. 7. Oruoweuue sepoHTHOCTeA BTOMHoro aaxsaTa MJOOHOB B cnnasax )'A~Tannos B coen'~'HBJI 
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