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OHUAR XAPAKTEPlriCTllliA PAEOT 
AKTyaJibHOCTb npo6JJeMH. 3K30TH'Ie cKHe 

TOpHX poJJb O~OrO H3 3JJeKTpOHOB Hrpae T TID 

piDKeHHM '!aCTHIJ;a ( B ,D;aJlbHefuneM - Me30H) , 1 

· HOBHM HHCTpJMeHTOM 3KCIIepnMeHT8JlbHOfi tlJH3H: 

aJJeMeHTapHWC 'lllCTli!U lll aTOMHOro Mpa. O.n;Ha.J 

B03MOMEOCTH, B03HHK~e IIpH HayqeHHH Me31 

JJe RO He JII C'!epnUBaDTCR HCCJJe,D;OBaHJI!eM CBOHC' 

TapHHX '!aCTJIIIJ;, BBlii.D;y TOro, 'ITO nplll aTOMHOJ 

3JJeKTpoH, IIPH HsyqeHJIIH Me30aTOMOB MOXHO III 

npe.n;eJJeHHH 3JJeRTpOHOB B aTOMBX H MOJJexyJJa 

poilU CBR3H H aTOMHHe 3JJeKTpOHH IIpHMepHO 3 

K 3aMemeH:IDO HX Me30HaMJII, H IIOCKOJ!bKY 3JJeK 

COCTaBJIHDT MaJJYD ,D;OJID BCeX 3JJeKTpOHOB B C 

MH'!eCKHX H TBep.n;oTeJJbHHX 3~eKTOB ITpH aTO 

JIReTCff, KaK npaBHJJO, O'!eHb Tpy.n;HHM. 
E.n;HHCTBeHHHM HCKJJD'!eHHeM ffBJJReTCff H3 

liiHX CHCTeM ITO 3BXBaTy rr--Me30HOB MPaMH C 

llOCKOJJbKY B XHMH'!eCKHX coe.n;HHeHHRX BO,D;Opo 

BaJieHTHHe (CBR311BaDIIIHe )3JJe KTpOHH, HH~pMau; 

HOCTH B aTOMe BO,D;Opo.n;a,IIOJJY'!aeMM TiyTeM Jll 

3BXBaTa rr--Me30HOB H.n;paMlll CBR3aHHOro CaT 

OTHOCHTCff K CBO!iCTBaM XHMH'!eCKOH CBR3H 

HacTOHIIIM pa6oTa RBJJReTCff rrpo.n;oJJllteHH 

rr--Me30HOB ~paMH CBR3aHHOrO BO,D;Opo.n;a, ITp 
1962 ro.na/2 . B HeR H3JJaraDTCff aKcrrepHMeH 

1978 rr. B ]a6opaTOPHH H.n;epRHX npOOJJeM 0 

H.n;epHHX HCCJJe,D;OBaHHH TIO H3Y'!eHHID BJJKHHRR 

TBep.n;oTeJJbHHX CBOHCTB Ha BepoHTHOCTb 38Xl 

CBR3aHHOrO BO,D;Opo.n;a. 
0 CHODHafl UeJih Ha CTORllle il 

H3Y'!eHHe BepoHTHOCTH 38.XBaTa ,"/ 

r.aooru 
rr--Meac 

XHMR'!eCKOM coe.n;HHBHHH BO.n;opo.n;a H noJJyqBJI] 

Mau;HH 06 3JJei<TpoHHOfi IIJJOTHOCTH B 3TKX aTC 

Ha.T!HM HOBH3Ha H rrpaKTH'!eCKaff ueHRC 

HCCJJe.n;OBaHa HOBM 06JJaCTb rrpHKJJ~ 

TpoHHOH CTPYKTypu DO.n;opo.n; co.n;epxam>~X MOJIE 
XHMH'!eCKHB CHCTBMH ITO BepOHTHOCTH 3BXBaT~ 

HOB H.n;paMH CBR3aHHOro BO,D;Opo.n;a. llpoBe.n;eH< 
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I. 

OHIIAH XAPA.KTEPMCTllliA PAEOTH 
AKTYaJILHOCTi·npo6~eMH. 3xsoT~ecKHe aTo~ (Mesoarotru), B.Ko

TOP!1X po~ O,IUIOrO. M3 ::meKTpOHOB nrpaeT T.flllt8~8.ff, OTpMUaTe~HO sa
P,fil!teHHrui '!aCTMUa (B .nanoHellineM - MesoH), CT~ B HacTomne~ BpeM.R 
HOBLIM mrcTpYMeHTOM axcnepm.mHT~Hoii ~PM::iHKH, B '!aCTHOCTH, wHsmrn 
S~eMeHTapH!1X 'IIlCTHU H aTOMHOrO smpa. O.iuiaxo, KaK ·nOKa3aJI OnllT, . 

' . ' . . . . ' 

B03MOXHOCTM, B03HHKaDmae npH HSy'!8HHH MeSOaTOMHHx npOU8CCOB, ~a-
~eKO He HC~epnLIBaiDTCH HC~e.IJ;OBaHHeM CBOHCTB aTOMH!1X smep H a~eMeH
TapHUX '!acnru. BBM.ny Toro, 'ITO npn aTOMHOM saxBaTe MesoH sru~emaeT 
a~eKTpOH, npn H3y'!8HHH MesoaTOMOB MOXHO nony'IHTh CBe.IJ;eHHH 0 pac
npe,ne~eHHH a~eKTPOHOB B aToMax II MO~exy~ax. B TO ze BpeMH a~exi
poHH CBS13H li aTOMH!:le S~eKTpOH!:l npHMepHO S_KBHBaJI8HTH!:l no OTHOffi8HIJID 
K saMememno rue MesoHaMH, H riocxo~xy. a~eKTpOiiH XHMH'Iecxoii cB!IsH 
COCTasnHIDT ManYID ~0~ BCeX a~eKTpOHOB B COe,IJ;HHeHHH," HsyqeHHe XM
MH'!eCKIDC II TBep,noTe~HHX aipileKTOB npH aToMHoM'saxB~Te Mesolion HB

~eTcH; KaK npaBn~o. o'!eHo TPY.IUILIM· 
E.IJ;HHCTBeHH!:lM HC~'IeHHeM ~eTCH HSy'!eHHe BO.n;opo.n;co.n;epf?- ' 

mHX CHCTeM no saxBaTy rr--Me30HOB gnpaMH CB!I3aHHOrO BO.IJ;Opo,na71 • 
ITocxo~ixy B XHMH'!ecKHX coe.nHHeHHHX Bo.nopo.ny npnH~ezaT TO~LKO 
BaJI8HTH!:le(CB!I3HBaiDmHe)a~eKTpOH!:l, HH~pMauHH od a~eKTpOHHOH n~OT
HOCTH B aToMe Bo.nopo.na~no~'!aeMrui nyTeM nsyqeHHH oco6eHH6c~eii 
aaxBaTa rr--M830HOB gnpaMH CB!I3aHHOrO C aTOMOM Z BO.IJ;Opo,na, npHMO 
OTHOCHTCH K CBOHCTBaM XHMH'IeCKOH CB.fi3H Z -H •. 

HacToHmrui pa6oTa H~eTCH npo.no~eHneM ncc~e.noBaHHii saxBaTa 
rr--M830HOB ~paMH CBli3aHHOrO Bo,nopo,na, npoBO.nJI!!lMXCR B ]Hil.Q~M C 
1962 ro.n/2 • B Heii na~araroTCH axcnepHMeHTH, BHnoJIHeHHHe B 1975-. 
1978 rr. B Jla6opaTOpHH gnepHUX npo6~eM 06~e.IJ;MH8HHOrO HHCTHTyTa 
smepH!1X HCC~e.IJ;OBaHHH no H3Y'!8HHID ~Hl!H ~H3HKO-XHMH'!eCKHX H 
TB~p.IJ;OT8~LH!1X CBOHCTB_Ha BepoHTHOCTo saxBaTa n--Me30HOB H.IJ;paMH 
CB!I3aHHOrO BO.IJ;opo,na. 

OcHODHafl uenb Hacronn1eli r-aootu - sxcnepnueHTaJibHOe 
H3Y'!eHH8 B8p0HTHOCTH SaxBaTa >'I IT--Me30HOB H.IJ;paMH. CB.fl3aHHOrO B 
XHMH'!eCKOM. C08.IJ;MH8HHH BO.IJ;Opo,na II llOny'I8HHe -nO STHM .IJ;aHHLIM UH~p
MallHH 06 a~eitTpOHHOH MOTHOCTH. B STHX. aTOMax BO.IJ;Opo,na. 

HaTIHM HOBHsHa H npaxTH'!ecKrui ueHHOCTo. HaH.neHa u. '!aCTM'IHO 
I!CC~e.IJ;OBaHa HOBrui 06~aCTo npH~a,IUIUX . HayK : _H3Y'!8HRe S~eK-
TpDHHOH cTpyxrypu no.n;opo.n;co.n;epEamHX Mo~exy~. BXO.n:JI!!ll!X B ~oZHHe 
XHMl!'I8CKH8 CHCT8Ml:l UO BepOHTHOCTH saxBaTa OCTaHOBI!BffiHXCH rr--:-Meso
HOB smpaMH CB.fl3aHHOrO BO.IJ;Opo,na. llpoBe.IJ;eHO H3Y'!8HHe STHM HOBilM Me-

·~~~;~;...;;~1- t::i~ 
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TO~OM H3MeHeHHH a~eKTpoHHOH n~OTHOCTH B aTOMaX BO~Opo~a MO~eKy~ 
BO~ B~e~CTBHe MeXMO~eKy~pHHX B3aHMO~eHCTBHH B BO~e, BO~ pac
TBOpax: KH~OT H COJI6H H B aKBaKO~eKcax:. lf3ytl6HO TB.Klf:e BJmJIHHe 
HSMeHeHHH no~BHEHOCT~ aTOMOB BO~opo~a Ha 3~6KTpOHHyro CTPYKTypy 

- Cllil3H MeTaJIJI-BO~OpO~ B r~H~ax: nepexo~ MeT~OB. liOKaSaHO, 
'ITO npH o6pa30BaHHH BO~OpO~HliJC Clli!Seii 0-H ••• 0 -B BO~e II npn KOOp
~aniiH MO~eey~ BO~ B aKBaKO~eKcax: a~eKTpOHHB.R: n~OTHOCTI> B aTo
Max: BO~opo~a cyuiecTBeimo YM6H~maeTCR' B TO Bpewi KaK tPa30B!le ne- ' 
pexo~ TBep~oe·Te~o- JKH.nKOCTI>H lKH,ltKOCTI>-raa B no~e n peaKne 
(~o I0I2) H3M6HeHHR no~BHEHOCTII BO~opo~a B r~p~ax TIITaHa II nan.:.. 
~MUR B npe~e~ax norpemHOCTeii HamHX 3K-enepUMeHTOB_ (tviO%) He MIIR
IDT Ha a~eKTpOHHyro,~OTHOCTI> B_aTOMaX BO~Opo~a. 

ITpi II3ytl6HHH WoHOB!lX npouecC?B B ~aHHOH nOCTaHOBKe On!lTa 3KC
nepUMeHTMI>HO YCTaHO~eH!l BepXHHe rpaHHtiH!le 3Ha'l6HHR ~ BepORT
HOCTH R.IJ:6PH?fi: nepeaapR.IJ;KH OCTaHOBHBIDIIXCRrr--Me30_HOB 'i!a R.IJ;pax .ime
MeHTOB C, A 1 , V , Cu , Zr , Sn , Ta H PB. 3KcriepiiMeHTMI>H!le 
~aHH!le odpadOTaH!l HOB!lM MeTO~OM - COBMeCTHOH annpoKCHM~eu KpH
B!lX OCTaHOBOK ~ paa~H'lH!lX MHmeHeii. 
AnpodagHH padOT!l.-Peay~I>TaT!l ~aHHOH padOT!l ~O~anHBMHCI> II odc~
~MHCI> Ha ceMHHapax ~adopa:ropiiH R.IJ;epHinC npod~eM Od~e~HHeHHoro·HH
CTHTyTa R.IJ;epH!lX Hcc~e~oBB.HKit, Ha ceMHHapax UeHTPMI>Horo >mcnrry:ra 
<I>naRtiecKHX ncc~e~oBaHHH AH BHP (Ey,llane-m:r), a TaiOKe Ha MelK,lzyHa
po~HOM CHMll03HYM6 no npod~eMaM M630HHOH XIIMHH H M630MOJI6Ky~pHinC _ 
npoueccon B nemec:rne (,1Jy6Ha, 7-IO HIDHR I9?? r.) n Ha YII MelK,lzyHa
po~ott KoH<I>epeHURH no wnanKe nucoKHX-aHeprHii H CTPYKType ~pa 
(Uropnx, 29 anryc:ra- 2 ceHTR6pa I9?? r.). 
IIydRnRagHH. Peay~:ra:ru, nome~e B ~ccepTaURID, ony6~KOBaH!l B 
~eiDITH pa6oTax. 
06~eM pa60T!l. ~ccepTBUHH COCTOHT H3-BBe~eHHR, meCTH r~aB H 3~ 
tieHHR; OHa co~epxRT I03 CTPaHHUU, 22 pHCYHKa, I3 :ra~HU H 6H6~no-

·rpa<I>ntiecKHii cnncoK na 93 Ha3BaHHH. -

· CO)lEPEAIUIE PAEOTll 
Bo BBe~eHIIH CWoPMYiHPOBaH!l 3~atiH, IICC~e~eM!le B ~ccepTaURH. 
B nepBOH r~aBe RpaTRO OllHC!lBaiDTCR COBpeMeHH!le ·npe~cTa~eHHR 

0 noBe~eHHII non~aiDI!lHX B BO)lOpO,IlCO,Ileplitlll!lee Bel!leCTBO OTPHUaTe~I>
HOt3apaxeHH!lX ITHOHOB H-peay~TaT!l 3RCnepUMeHTMI>HOrO HayqeHHR sa~ 
BHCHMOCTH BepORTHOCTH 3axBaTa ITHOHOB R.IJ;paMu Cllii3aHHOrO B Bel!l6CT
Be Bo~opo~a OT wuaHRO-XIIMHtiecKHX xapaKTepHCTHR nemec:rna. 
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.E.!lCTpllfi Me30H CO CROpOCTI>IO _ v IVC TfPM03HTCR B Bel!leCTBe ~0 
CROpoCTefi .BH6mHHX aTOMH!lX 3~eKTpOHOB /I , VN 0( c , r~e <X - ITOCTORH
HB.R: TOHKofi c:rpyKTypu. IIpn_~MI>HellilleM TOpMoxeHHH Ha'lriHae:r rrponcxo
~HTI> nepexo~ H3 Herrpep!lBHOrO CITeRTpa B ~CRpeTHllll,TO eCTI>.3axBaT 
MeSOHa Ha B!lCOKOB036~eHHHH ypdBeHI> MeaoaTOMa ~ MeSOMO~eRy~. 
B rrpouecce aaxna:ra MeaoH aaMemaeT a~eRTpoH, KOTopllii BCRe~cTBHe 
aToro rrepexo~T B HenpepuBHllii cneRTp. BepOHTHOCTI> aaMel!leHHH a~eRT- _ 
poHa MeaoHOM orrpe~e~eTCR ne~HtiHHoii rrepeRpllBaHHH BO~OB!lX <l>YHKURii 
MeaoHa H MeRTpOHa, IT03TOMY aTOMHB.R: op6HTa Meao'a ~omma Hax:O~TI>
CR B ORpeCTHOCTH op6HT!l 3aMellleHHgro a~eKTpoH/I • , 

B MOMeHT aax:BaTa Me SOH Hax:O~TCR Ha B!lCOROB036~eHHOM ypOBHe 
MeSOaTOMa, C ROTOpOrO ,lleB036~aeTCR rrepBOHa'l~HO Sa C'leT a<I>ci>eR
Ta Oxe H ~anee nyTeM p~HauROHHHX rrepexo~oB. 

B CJiyttae CHJihHOB3aHJlO)(eltcTBYiliiiHX 'laCTHU err. K-. p, ••• ) Sl,l;epmdl 
aaxBaT MeaoHOB rrponcxo~T ~e c ypoBHeii ns , r~e n ~ 4. IIpu 
aax:BaTe li--MeaoHa R.IJ:POM BO~opo~a-(rrpOTOHOM).npoHCXOMT peaKURH 

P
-+ 1C -{ -n. + o · (40%) (I) 

tl + 11'0 (60%). (2) 
~2~ 

B cMecn a~eMeHTOB H H z , r~e aTOM z TRXe~ee no~opo~a. 

rroc~e aaxBaTa Tr-MeaoHa Ha aTOMHyro op6HT~ rrpo:roHa, Meaoa:roM prr
B B!lCOKOB036~eHHOM-COCTORHIIH 6~aeT B Bel!leCTBe H CTaJrKHBaeTC.II 
c ~pyrnMH aTOMaMH cMecn. IIpn aTOM c ,lleBoa6~eHHeM Meaoa:roMa prr
MOXeT ROHRypHpOBaTI> rrpouecc nepexBaTa/I/ 

pT(- + z - zrr- + p. (3) 
IIpoueccu aaMe~eHHJI H aTmwroro aaxna:ra MeaoHOB, ~enoa6~eHHR 

Meaoa:roMOB, nepexna:ra MeaoHOB H HX R.IJ;epHoro aaxnaTa rrpo:reRaiDT Ha 
HeCKOJII>RO nopR.IJ;ROB Be~'IHH!l 6uc:rpee, tieM CaMOITpOH3BO~I>Hllii pacrran 
OTpHUaTe~I>HUX ITHOHOB (Jr = 2,6•I0-8ceR), noaTOMY CYMMRPHaJI BepO.IIT
HOCTI> peaKURii (I) H (2) ~·Me~~eHH!lX ITHOHOB B BO~OpO,lle rrpaKTH'leC
RH paBHa e~HHHUe. nanee, peaKUR.~I JI~epHOH rrepeaapR.IJ;KH OCTaHOBHB-
IDIIXC.II ITHOHOB 

1'(- + Az· - Az-1 +:Jro' (4) 

~ ncex R.IJ;ep TJIXe~ee npo:rona (RpoMe 3He) no~an~em/3/ .llO 
ypOBHR 5•I0-5. TaKHM o6pa30M, peaxumo (2) MOXHO HC
ITO~I>30BaTI> ~ ~eHTHWHRaURH C06!lTHH 3ax:BaTa ITHOHa BO~OpO~OM,> rrpH 
ero ocTaHOBRe B BO,Ilopo~co)(epxameu nemec:rBe, ec~ pernc:rpHponaTI> 
~Ba xeCTKMX raMMa-RBaHTa (ErN?O MaB) oT peaKURH (2). 

B Hatiane 60-x ro~oB ~.n.IIoHoMapeB!lM 6~a rrpe~oxeHa MO~e~I> 
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6anbmHX M630MQn6Ky~/I/. B XRMR~eCKOM COe~HHeHHH aTOM BO~Opo~a OT

~aeT Ha o6pa30Bamre CBJI3H - Z -H CBOii e~HHCT~6HHull S~eKTpOH. llos

TOMJ B liO,l(OpO,l.ICO,l(eplltatU6M COe~HeHHH ZmHn M630aTOMll BO,n:opo~a 

MOryT·o6pa30BaTI> TO~KO Te !IHOHH, KOTOpHe 3aM6CTRT O~HH H3 S~6KT

pOHOB, HBXO~CR Ha MO~eKy~pHHX OpdHTanRX CBJI3H Z-H, T.e. 

KOTOpHe rrona,zzyT Ha M630MO~eKy~PHYJO op6HTMI>, o6pasyR "60~bmyiO 

M630MO~eKy~" zmrr~n • . 
ATOMHHR 38XBaT M630HOB B MO~e~ 60~mHX M630MO~eKy~ npoHCXO

~HT ITO M6XaHH3MJ 3aMe~eHHR·s~eKTPOHa OTpHUaTe~I>HO 3apaxeHHHM Me-

30HOM; 06pa3Yio~Cll B c.nyilae 3aM61!l6HHR S~eKTpOHa CBJI3H Z -H Me-

30MO~eKy~pHaR op6HT~ reoMeTpH~eCKH_6~3Ka OpdHT~ 3aMe~eHHO-

ro s~eKTPOHa; TaKHM o6pasoM, MOlKHO ol!tH,II;aTI>, ~To BepoRTHOCTI> w 
3BxBaTa !IHOHa aTOMOM CBJI3aHHOro BO~Opo~a 6y~eT CBR38Ha C pacnpe

~e~eHHeM n~OTHOCTH BM6HTHHx S~eKTpOHOB Ha MO~eK.Y~pHOH OpdHTaHH, 

oc~eCTBJUIIOI!l6H CBJI3b Z -H B MOJreKy~e. .. 

· L!Horlle 3KCnepuuenrani>Hue nadnD.nenna no).l).leplltliBaiOT n.[lEi~cT~e
HHR 0 CBJI3H BepORTHOCTH W C OCOCleHHOCTRMH XHMH~6CKOH CBJI3H BO

~OpO~a H 6o~ee KOHRpeTHO C s~eKTPOHHOH !I~OTHOCTbiD B aTOMe BO~opo

~a. TaK, sKcrrepnMeHT~Ho rroKasaHo, ~To B OH-Knc~oTax BepoRTHOCTI> 

W J'M6HI>maeTCR no Mepe YB6~'!6HHR KHMOTHOCTH, B CaM!lX CMI>Hr 

RHC~OTBX Ha~~eHH !IO~~eHHR 6o~me, ~eM Ha nopggOK Be~~HH/4 • 
EnR MeTH~I>HHX u ~eHso~HHX rrpousBo~ux _Tuna CH3x n c6H5x ydtaHoB

~eHa CBJI3b Mell\,ey BepORTHOCTl>ID W H H~KUHOHHHMH KOHCTaHTaMH 

(5 I , KOTOpHe OTpalKalOT nepepacnpe~e~eHne WrOT,OCTH S~6RTPOHOB 
CBJI3H C-H rrpn BB6).16HHH 3aM6CTHTe~ X B M0~6KYJIY' 5/ • .If.mi '!HCTHX 

yr~eBO~OpO~OB/G/ BepORTHOCTl> W OKa3MaCI> CBJI3aHHOH CO CTeneHI>ID 

HacumeHHOCTH-CBJI36H C-C, a~ r~p~OB MeT~OB d~a Ha6~~eHa(7/ 
.. , KOppe~UHR MeJK,ey Z -3aBHCHMOCTl>ID BepORTHOCT~ W . ll XHMH~ec-

KOH xapaKTepUCTHKOH CBJI3ll Z -H. 

Bo BTOpOH r~aBe O!IHCaHH !IOCTaHOBKa OnHTa H npo~e~pa ll3Mepe

. HUH H o6pa60TRH SKcnepHMeHTMI>HHX ~aHHHX. B HamHX OnllTBX ~epHuH 

. saxBaT ITHOHOB Ha6~~ancJi: no pe~ ~epHOH nepesapR~K~ (2). EucT

pue nHOHH (~-"'80 MsB) TOpM03MHCl> B CUHHT~OHHHX c~eT'illRBX 

Cr. c2 ll c3 H TOPIJ03HOM lPMl>Tpe cp rrepeMeHHOH TO~Hu H nona,n;anu 

B Mlllll6Hb M (CM.puc.I). O -RBaHTH OT pacrra,n;a rf-Me30H(:>B perHCTpH

Py~~Cl> ~epeHKOBCRHMH crreKTpoMeTpaMH no~Horo nor~o~eHHR 't, u -'-!1. • 
Hcno~30BaHHe ttepeHKOBCIGIX cneKTPOMeTpOB o6ecnettnBano BucoKyro 

sqx!JeKTUBHOCTI> perucTpaunu JKeCTRHX t -KBaHTOB (Et "'70 MsB) rrpu 

He~CTBUTe~HOCTH K lPoHY TRJKe~HX sapRJKeHHHX ~aCTHU, HeiiTpOHOB H 
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HcrrycKaeMHX rrpH pa,I{KOaKTHBHOM pacrra,I{e R,Itep ::meKTPOHOB H 0 -KBaH
TOB (~0 ~ 20 MaB), 

0CHOBHUM ~HOBHM rrpo~eCCOM, orpaHHqH~ MKHHManbHyD pe

rHCTp:RpyeMYXJ BePQJITHOC'l':& OOaKllifH (2). JIB.11HJiac:& pe~ rreoosapR,It

Im IIHOHOB Ha JieTY B BenteCTBe MHIII6HII. PerHCTpanHf! O -KBBHTOB OT 

rrepeaapR,It.KH B MaTePIIBJ!e ctieTtrnKOB Cp c2, c3 H WIIJI:OTpa c:p liCKJIIO-

"'aJiac:o c rroMont:oiO cB~oBoit Santi!TH crreKTpoMeTpoB (cM.piic.I). ToJI-

unrna R <l>IIJIOTpa IISMeHHJiac:o rrpii aToM B )U!arrasoHe O-I4 r• cM-2 c 

(yrJiepo.n;a), ,ll;OCTBTO"'HOM ,ll;JIJl paa.n;eJieinuJ KpHBOit OCTBHOBOK H rr:oe.n;ec

TaJia 'cpoHa 'rrepeaapR,ItKI! Ha JieTY (cM.pHc.2). 

. Ha OIIHTe ~,ll;J!Jl KalK.IJ;Oit MHIII6HI! H3M6PHJIHC.:O CKOpOCTH C"!eT~ lltr (R) 
COBIIa,I{eHIDi j[' rt B SaBHCHMOCTH OT TOJ!nti!Hil WliJI.:OTpa R • ,ll;Jm BO-

.n;opo.n;co.n;ep:~~nx. MHmeHeii KpHBHe Nrr(R) HM6IOT IIHK B MaKCHMyMe 

OCTaHO;BOK IIHOHOB (CM.pHc.2), B TO Bpel\UI KaK ,ll;JIJl 6eaBo.n;opO.n;HHX MII

meHeif KpHB!l~ Nn(R) HM6IOT JIHHetiHHit BH.n; (CM.pHc.3). 

HsMepeHHe SHatieHli!Jl W rrpm!3BO.n;IIJIOC:O OTHOCHT6JIOH!lM MeTO-

,ItOM, rryTeM cpaBH6Hli!Jl CKOPOCTeit C"!eTa n°-Me30HOB, o6pasyromnxca ITO 

pearunm (2) B MHIII6HH X H CTBH.n;apTHOit MHIII6HI! H3 rH.n;pH,Ita JIHT!i!Jl 
(LiH ). 

MaTeMaTH"!eCKaJI o6pa6oTKa aKcrrepHMeHTari:oHHX .n;BHHHX BlliiOJIHJI-

Jiac:o C IIOMOIIti>IO rrporpaMw PICHEM • IlporpaMMa HaiiiiCaHa .Ha Jl31l-

Ke \IIOPl'PAH-4 H pa6oTa.eT Ha SBM CDC-: 6500 OIDIH. . 
,ll;Jm IIOJiy"'6Hli!Jl 3Ha"!eHli!Jl BepOJITlJOCTH W He06XO,ItHMO orrpe.n;e-

J!HT.:O TIHCJIO OCTaHOBOK l!liOHOB B MHilleHH X. , nx(R) , ,ll;JIJl "!ero· Heo6-
. 0 ' 

XO,ItHMO SHaT:O WR~ pacrrpe.n;eJieH!i!Jl f (R) IIHOHOB ITO !lpo6ery B Be-

llt6CTBe (KpHBM.rrpo6eroB) H TOpMOSIJYIO TOJIIIUIHY Llx MHIII6Hll . X. 

· . . n~ (R)= rA; {(R~dR1 • , . • • (5) . · 

TopMOSHM T~a Llx MHilleHII B ~PMYJie (5) . .n:CWtHa 6HT:O onpe.n;e-

JieHa B e.n;~ax TOJ!IltHHil TOpMOSHOrO <l>IIJIOTpa ··R , KoppeKTHOCT:& 

.rrpo~e.n;yp!l OIIpe.n;eJieHli!Jl "!!ICJia OCTaHOBOR IIHOHOB B'MHili6HJIX PMJIH"!HOH 

TOpMOSHOti TOJIIIIIIH!l .npoBep:JJJiaC:& C MHIII6HJIMH R3 LiH , TOpM03HM 

TOJIIIIIIHa KOTOpHX liSMeHHJiaC:& OT 0,9 ,I(O 4,3 r/cJ'.'c (yrJiepo.n;a). 

IlporpaMM~ IIOSBOJ!JleT o6pa6aT!lBaT:& HSMepeHli!Jl.C pa3JIII"!HHlMH o6~ 
pa3~aMII HH.JU!BH.n;yaJIOHO (no OT,IteJI:&HOCTII) R COBM6CTHO, T.e, npn 06-

11 . . 

ntHX napaMeTpax ~acnpe.n;eJieH!i!Jl nyqRa IIHOHOB no npo6ery B BemecTBe. 

IIpn STOM ,ll;JIJl KaJr.n;oit MmiieHII Bll1mCJ!JleTca sKBIIBaJieHTHrui TOpMoaHaa 

TOJIIIIIIHa'H onpe.n;e~eTCJl "'IICJIO OCtaHaBRHBaDiltHXCH B HeR IIIIOHOB OTHO-
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CHTeJI:&HO CT~apTHOfi MHIIlBHH Lill • Ilpn BH'lliCJieHHH 'lliCJia OCTaHO

BOK M830HOB rrpe~CMOTpeHa B03MOXHOCT:O arrrrpOKCIIMauHH f(~ C ITO

MOIII:&!O CliMMBTpRtiHOrO rayccuaHa, aC.I!MMeTpH'mOrO rayccrraHa II CYMM!l 

~Byx rayCCHaHOB, .· ITOCKOJI:&Ry B 3aBRCUMOCTH OT HaCTpofiKU YCKOprrTe

JIJI H yCJIOBUH <lx>PMHPOB~HUI ITyt!Ka OHO MOJKeT m,!BT:O pasJIH'ffi!lH B~. 
B TpeT:&eii rJiane ,rrpune~eH!l pesyJI:&TaT!l no SKcrrepuMeHTaJI:&HOMY 

H3ytiElHlfKl nepesaPJI,l(KH ( 4) OCTaHOBHBIIIHXCJI Jr -Me30HOB Ha CJIOXHIIX 

~pax. PeaKU.IDI(4) B03MOXHa TOJI:OKO B CJiytiae CYJ!leCTBOBaHHJI ~ JI~-

pa. Az n:sodapu Az_1 c Maccoii Mz_1 < :~ z ..- 3,3 MsB, oua 

sarrpemeHa, HarrpiiMep; ~ .JieriOOC ~ep (KpoMe 3He). Jr,Jm HeKOTOPIIX 

JI,ll;ep. paHee sKcrrepUMeHTmHo dwm ycTaHOBJie.Hu/3 / nepXIme rpaHU'I

H!le aHa'IeHRJI nepoJITHOCTH rrepeaa~n OCTaHonunrnnxcJI Ir-MesoHon 

Ha ypOBHe Wm'lx =. (2-6}I0-
5

• l.f!l ITOIT!lTaJIHC:O ITOJiytiUT:O O~eHKH ~JIJI 
nepOJITHOCTH Wz rrepesa~KH OCTaHOBHBillHXCJI ITUOHOB Ha CJIOlKH!lX 

~pax IJYT8M OdpadOTKH KOHTpOJI:OH!IX H3MepeHnii C SJieMeHTH!lMU MJiineHJI-. . -
· MIT, B!liTOJIHeHHIIX B SKCrrepUM8HTax C I969 ~0 I978 rr. ~ rrponepKH 

JIHHeiiHOCTH n:oe~ecTaJia WoHa OT rrepeaa~KH Ha JieTy. 

IIoJiytieHHue sHa'IeHRJI wz rrpu ~ocTonepHOCTH 90% rrpune~eHu 
In'lX 

B TaOJI~e I. 

Ta6mrga I 

z c A1 v Cu Zr Sn Til lb 

wz ;I05 0,6 I,3 2,5 I,5 I,8 I,7 3,I I,2 
~-rna~~--'-- ------ L_ ___ ~ L_ - -···- ·- -. 

:113 TaOJIH~ BR~O, 'ITO rrepesap~Ra MeMeHHilX ITHOHOB Ha TJIJK8JIIIX 

~pax no~aBJieHa ~o ypoBHJI (I-2)·I0-5 , 'ITo,rro-BII~IIMOMY, ecT:o rrpe

~eJI TO~!OCTII, ~OCTIIlKIIM!lii B ~aHHOfi ITOCTaHOBRe OII!lTa. 

B 'IeTBepTOii rJiaBe II3JiaraiOTCJI pesyJI:&TaT!l II3Y'I8HHJI BJIIIJIHIIJI BO

~OpO~!OH CBJI3U Ha nepOJITHOCT:O 3axBaTa rr--Me30HOB JI~paMU CBJI3aHHO

ro BOBo~e no~opo~a. 

O~oii liS namnefimJIX ocodeHHOCTefi no~opo~a HBJIHeTCJI ero crrocod

HOCT:& R odpa30BaHIIIO BO~OpO~H!lX CBJI3efi. EoJI:&IllOii HHTepec R STOMY 

THIIy XIIMJI'IecKoro nsaHMo~eii:cTBHR od~cHReTcJI ero orpor.moii poJI:&IO n 

cpll3II'!ecRJIX, XIIMII'IecRIIX u ocodeHHO OIIOJIOrH'!ecRIIX rrpo~eccax. HaHdo

Jiee II3yqeHHOH CIICTeMOH C BO~OpO~ill~ CBJI3R1fii JIBJIJI8TCJI BO~a. ·OHa 

3aHUMa8T 0~0 II3 rrepB!lX M8CT.B ~ CO_El~HeHIIH, B ROTOpllX BO~Opo~

H~ CBJI3:0 rrpOJIBJIR8TCJI HaHOOJiee CHJI:OHO. C'IUTaeTCJI, 'ITO BO~OpO~Hlle 
I' . 

CBH3H 0-H ••• o no~ paapymaroTCJI npii uarpeBaHliii. ITo Mo~eJii EepHaJia 

II ~ayJiepa/8/ II IIO ~aHH!lM peHTreHOCTpyRTypHoro aHaJIH3a/9 BO~a, 

8 

i 

' 

HarpeTaJI Burne 200°C, TepJieT cnoiicTBa acco~uponaHHoii ~KOCTH. 
HsnecTHO, 'ITO odpaaonaHue no~opo~Hoii CBJisH corrpoBolK,I(aeTcJI II3MeHe

tmeM cpii3HRO-XIfMUlleCIOOC Xaplli<TepHCTHR BBlll8CTB!l :( TeMITepaTyp!l RHITe

HliJI, TerrJ:ioT!l ucrrapemm, HHcppaKpacHoro crreRTpa RoJiedaHuii CBII31I II 

,tip.). O~aKO ITO STUM U3M8HeHUJIM ·~e. y~ae:rcJI 0~03HatJHO cy~IIT:O 0 

xapaKTepe II3M8H8HJIJI SJieRTpOHHOH ITJIOTHOCTII B a..-oMe BO~Opo~a, T.e. 

06 H3M8H8HIIH IIOIIHOCTH CBJI3H.0-JI. 

Mil rrpe~pHHJIJIH ITOIT!lTRy peillHT:O STY rrpOOJI8MY II3MepeHHeM BepoJIT-

HOCTJI saxBaTa W B. BO~e npn ROMHaTHOH TeMIJepaType U 220°C. 

B OII!lTax, BHITOJIHeHI!!lX C ITJIOCRIIMH MHIIleHltMH pa3JIU'IHIIX TOJilllliH, 

H3rOTOBJI8HH!lMU H3 H8PJKa!lelOllleii CTa.JIII, OllJIO YCTaHOBJieHO .yneJIUqemre 

Ha I6% nepOJITHOCTH W ~pH Harpe~aHHII OT 25°C ~0 220°C: 

W(22CJ°C)- W(25°C) 
1 22U°C = .= O,I64 + 0,026. 

'•i(25°C) , -
(6) 

TarotM odpaaoM, Hmm OOHapYJKeHo yneJIII'I8111Ie BepOJIT!IOCTII saxBaTa rr-
Me30!IOB BO~OpO~OM BO~H rrpii HarpeBaHIIII; T.e. IIPII pa3p~ll8HHII BO~OpO~

HIIX CBJI3eii. 3Hai\ sqxpeRTa yRa3HBaeT Ha TO, 'ITO. ROBaJI8HTIIOCT:& CBJI31I 

0-H BO~UIIp~ paapyrneHIIII BO~OpO~HIIX CBJI3eH 0-H ••• O yneJIII'IUBaeTCJI. 

O~aKO, RaK ITORa3!lBaeT OII!lT, BO~OpO~H!lC·CBJI3H BO~ CYJ!l8CTByroT,. 

XOTJI ll Bee B .MeH:&illeit ~{)Jie CJiytiaeB, BITJIOT:O ~0 RpHTH'IeCKOii TeMITepa

Typ!l 374,I5°C. B I952 r. XerrncoM , XacT~OM n Ea'IeHsHm/101 ou- · 

Jia rrpeMollteHa Mo~eJI:o TeMrrepaTypuoro paapyrneHHJI no~opo~IIX cBJiaeii 

BO~Il, C ITOMOIII:&!O ROTOpOfi Y~aJIOC:O.OO~CHIIT:O 3aBHCUMOCT:O CTaTHCTH'IeC-

ROfi ~H8JI8KTpii'l8CROH ITOCTOJIHHOH C S U TeiiJIOT!l IICIIapeHliJI I; OT 

Ter.mepaTypu. · B ~aJI:OIIefimeM Mil SKCIIepHM8HTaJI:&HO IICCJie~OBaJIU Tetmepa

TyPHY!O saBHCIIMOCT:O pOJIU BO~OpO~ CBJ!38H B BO~e IIO II3M8H8Hll!O 

BCpOJITHOCT.I! 3axBaTa W IIUOHOB BO~OpO~OM BO~ BO BC8M ~Hanaao...: 
He Ter.mepaTyp, rrpe~cTaBJIJIIOllleM liHTepec: OT · - I20°C (Jie~) ~o T~ uT= 

= 374,I5°C. UaMepeHHJI.rrpu T>TRPHT c~eJiaHU ~ ROHTpOJIJI •. MepoR 

l'l3M8H8HIIJI B_E)pOJITHOCTU il CJIYi!UtJia, Italt H paH:&me, BBJIH'IHII6 

;'I(T) - W(25°C) (7) 1 T = W(25°G) • 
0IIIlTil C BO~Oii: I!pii B!lCORHX Tet.mepaTypaX OllJIU B!liiOJIII8H!l C IIOMOIII:&!O 

crre~aJI:&HIIX KIOBeT · nucoRor'o ~aBJieHHJI ( p ~ 300 aTM. ) • KloneTa coc

ToJIJia II3 Tpex CTaJI:&HIIX rumy.ir ~aMeTpoM 40_MM C TOJilllliHOH C'l'8HKH 

2 MM. CoxpaHeHue KOJIII'IecTna ilo~ n RI<ineTax npoBePJIJioc:o naneiiiHBa

HIIeM ~0 ll IIOCJie HarpeBa. HarpeBaHIIe OCYJ!l8CTBJIJIJIOC:O IIOTOROM.rOPJI'l8~ 
ro B03~a. TmmepaTypa Il3MePJIJiaC:& Me~:&-ROHCTaiiTaHOBOH, a CBHme 

380°C - xpoMeJI:&-aJIIOMeJienoii repKorrapaKII. HaMepeHHJI c no~ofi rrpu 
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TCJI;rriepaTYpax 4°C ~11 D°C BUnOJIH8Hll C noMOI11bBl CTCKJIJIHHOro cocy,na 
,llnBJapa (,nuaMeTp 6D MM, BllCOTa 4D0 MM). TmmepaTYpa ROHTpO.mtpOBa
JiaCb. PTYTHIIM TepMOM8TpOM c TO'lliOCTbBl 0, I°C. 

Jie.n rrprr TeMrrepaTYpe 0°C 611JI H3Y'IeH HaMH B TOM JKe nOCTaUOBRe 
1 

'ITO n no.na npu 4°C n: 0°C~ C noMOI11bBJ cTani>Horo cocy.na, pa31,mp11 RO
Toporo conna.naJIH c pa3MepaMII TepMoca, 611JI n:3roToDJieH "JieJL<moii: 
CTOJI6", noMelllaB!IlliltC.fl rrpn: H3MepeHim B Tepr.mc. 

H3M8p8HII.fl CO Jib,nOM npu TeMIIepaTYpax HHJKe .HYJI.fl 611JIII BlliiOJIHCI!H 
c noMOII1bBl, IIJIOCROH l.U'!JIHH,npl'I'ICCROil: RBJBCTU ll3 HCPJKaBelO!Iteii CTaJilt., Bo 
npeMH U3MepeHHii RBJBeTa co JII>,noM Haxo.nwrac'b B cocy.ne .I\I>BJapa. 3Ha
qemm TetrrrepaTypll 611JIH - IO n - I20°C_, no BTopoM c;ryqae ~RBJBeTa · 
HaJCO,nnJiaCb Ha,n JKU,nRllM a30TOM. 

3Ha'I8HII.fl PT B 3aBllCllMOCTll OT TeMIIepaTypll T npe,ncTaBJI8Hil 
Ha . puc. 4. Krut Bll,nHO, HHJKe HYJI.fl II BUrne RPllTU'!eCROll TCMIIepaTypll p T 
nocTO.fiHHO, TOr,na KaK B ,nuana30He OT D°C ,no 3?4°C JT pe3KO yne-

. ;rnqunaeTcm c yne.mt'!eHHeM TeMIIepaTYpll. TaRHM o6pa3oM, Ha6JIBJ,naermii 
3<1$JRT O,nH03Ha'!HO CB.fl3aH C nonumeHHeM TeMIIep~Typu l!lli,nROH BO,nll ,no 
RpliTH'!eCKOH. B TO JKe BpeMJI lf>a30Bile rrepexo,nu Jie,n-l!GI,I(ROCTb rrpn 0°C 
II JKU,nROCTb-ra3 npn 3?4°C II H3BeCTHUe aHOMaJIHII BO,nU npn 4°C (MaR
CHManbHaH nJIOTHOCTb II T.,n.) B npe,neJiax norpemHOCTeii (Nl0%) He 

. BJIIIHBJT_ Ha BepO!iTHOCTb 3axBaTa nl!OHOB .fl,npaWI CB.fl3aHHOro B MOJieRyJiax 
no.n11 no.nopo.na. 

E,niiHCTBeHHUM o6McneHHeM Ha6JIBJ,nam~oro s@eRTa MOJKeT~ 6uTn pa3-
pymeHue no.nopo,nHUX cBHseil: 0-H ••• 0 npu rronumeHuH TeJ~;rrrepaTypu. Ero 
H8Jlb3.fl 06'bJICHHTb HH qJa30BUM nepexo,nOM JKH,nROCTb-ra3, HI! U3M8HeHIIeM 
IIJIOTHOCTU nemecTna MumeHH. B ana;rorH'!HilX sKcnep<IMeHTax c 3TaHOM 
(B KOTOpOM, KaR ll3BeCTIIO, ReT BO,nopo,nHUX CB.fl3efi) rrepexo,n ra3-JKII,n-

. IWCTi, ll ll3f.I8H8HHJI n;OTHOCTII B liD pa3 He BJIHJ!Jlll Ha B8Jlll'IHHY B8-
pOJITHOCTll 3aJCBaTa/2 • . 

n paMKax npe.ncTaBJieHIIfi MO,neJIH Xerrnca II .np. 3Ha'!eHHJI 
MOJKHO 3aiiUCaT:O B BJ!l,ne 

PT 
r(T) - f(25°c) 

f(25°C)+ 1/( -.!-1) ' 
(8) 

f'l" 

r.ne r (T) ecT:o .noJI.fl pa3pymCHHUX no.nopo,nHilX CBJI3eii rrpu Termepary
pe BO;tll. T, a Q - OTHomeHHe nepo.fiTHOCTeti w .nM no.nopo.na "cno- • 
6o.nHux" MOJieeyJI no.nu u no.nopo.na, CBH3armoro· no.nopo.nnoil CB.fl3I>BJ. 
IIa Hamm.t H3Mepeull.fiM 

'Q = W{O-H) = •l('r>T><puT) == 2,0+0,1.(9) 
'N (0-H _.0) \i (T <. 0) -
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J{punaH na puc. 4 npone.neHa no uo.nemr Xerrnca u .np. , T. c. nc <DoP""
MyJiaM (8) u (9). Teu.neHI~ It pa3puny KpHBoil: npu T = D°C CM3ana c 
pa3pymeuueM "'9% no.nopo.nuux cMseii npu nJiaBJieHuu JII>l\a. KaR Bn,nHo 
ll3 puc.4,RpliiBaJI y,noBJI8TBOpl!Te.JIDHO COrJiacyeTCJI C 3RCnepllMeHTaJIDHil7J 
MII ,naHHW;llii. 

Ha6JIBJ,nemmii HaMn s[-xpeKT (9) 03uaqaeT, 'ITO nepoJITHOCTL 3aJCBa
Ta mwuon no.nopo,noM no.nu n.nnoe yMeH:omaeTCJI npn o6pa3onamm no.no- . 
po.nnoii CBJI3u. 3To no.nTnepJl!,I\aeT nuno.nu;no;ryqennbie HaMn panee no 
.nanniiM npu 220°C, n cor;racyeTCJI c nMCBlllllrMuCJI npe.ncTaBJiemmMII o TOM, 
'ITO npn o6pa3onamm no.nopo.nnoil: c:fumu nJIOTHOCTn· a;rertTponon n aToMe 
no.nopo.na cymecTBenno yMeu:omaeTCJI /II/. 06uapyiKeiiuuil: s;Jx!JertT ( 9) 
HaJCO,ni1TCJI B corJiaCIU1 C HHTepnp8'l'ai.Ui8H ,npyrHX uamruc pe3yJI:OTaTOB C 
noMOill:bBl MO,nemr 60JI:OlliHX M830MOJI8RyJI. B Ta6JIHU8 2 ,n.JIJI 6JIHapi!HX rn,n-
pn,nOB TIIna zmnn BToporo nepno.na Ta6.JIIID;H Meu,neJieena npJine.nenu 

no;ryqeHHll8 no \POPMYJie 

'ii (Z H ) m n 
n z-2 

llz--mz + n 
(TO) 

3Ha'!8Hll.fl nap~eTpa llz , B8Jlll'!HHa KOTOporo 'IyBCTBHT8JI:OHa K 
3Jle,T,P.OHHOH ~JIOTHOCTH B aTOM~ nrr;t>o.na B MO,neJIU 60Jibilli1X f,!830MOJI8-
RyJI 17. ,lianHile B3JIT!l H3 pa6oTu 1 , RpoMe no.nu, .n.JIR KOTopoti 6UJiu 

rrpone.neuu Honue JI3!.l8peHI!.li. 
Ta6JI~tn;a 2 

~- LiH BlOH14 cn4 
Ill!., H20 llii~ 

"' 
. ~ 

"'z. 1,26±0,0?2 I ,44;tO,I6 2,48±0,10 2,32±0,14 1,25±0,04 0,53±0,0? 

IlepeC'IllTUBaJI n0 (25°C),n.JI.fl CB8pxKpl'!Tit'ICCKHX T8MII8paTYp jlOJIY'IHM ,nJI.fi 

CBOdO,nHOfi MOJI8KYJII1 DO~ a0CB06 = 2,26±0,09, 'ITO 6JIJI3KO K 3Ha-
'!8HII.fiM llc II llll • 3TO npllBO,nJIT K BllBO,naM; 'ITO llz yneJlll'!IIBa
eTC.fl ITO Mepe yB8Jilii'I8HII.fl KOBaJI8HTHOCTJI CBJ!3lii Z -JI R yueH:omaeTC.fl 
sa c'!eT o6pa30BaHIUI no.nopo.nHllX CM3eit B H2o n HF , u 'ITO no.nopo.n-
uue CM3H aMMIIaRa, oonee cnaOue, . treM B BO.Ile, HaBepHoe, Ha- · 
MHOrO M8H:Olli8 BJIIiliBlT Ha 3JI8KTPOHJIYIO IIJIOTHOCT:O B aTOMC BO,nopo,na. 

IlOJIY'ICHHilii ua.Mn pesyJII>TaT conrra.naeT rro~3Ha.KY' c pe3YJII>TaTW 
KBaHTOBO-M8XaHH'I8CRilX pac'!eTOB, BUliOJIHeHI!llX ~)l IIOCJie,nHH8 ro,nu/II • 
CorJiaCHO ITOCJI8.IJ:HUM 

1
B aTOM8 BO,nopo,na MOJieKYJI BO,nll, BCTYJiaBllllllX B 

no.nopo.nHYBJ CM3b c odpasonanneM .nm.tepa (H20), yueu:omeHHe aJieitTpou-
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HOll IIJIOTHOCTII COCTaBJIII8T (0;03-0,04)e. HSB8CTHO, 'ITO lKII,TUtM BO~a 
COCTOHT liS CiOJlbiiiHX ~OrOl.!CpOB, OCipasoBamre KOTOpllX, nO";'BU,ll;ID.IOMy, 

npn:Bo.n;HT K .n;a.JlbHeillneMy~ J'MeH:&ruemno 3JieKTpoHJroii IIJIOTHOCTII B aToMax 

Bo.nopo.n;a. 

Pauee IIOJiy•HiHH!le 3KCITepmJel!TaJJl>HO BHBO,ll!l 0 !IaiTpaBJieHUII uepe

pacrrpe~eJieHHff 3Jl8KTPOHHOii IIJIOTHOCTII CB!iSl! 0-!I, npOIICXO.D:f!Ul8M rrpu 

oeipaSOBaHJnt BO~OpO,ll;HOH CB!iSli, ~OCTaTO'IHO npOT!!BOpe'IJIB!l. 06'b.IIC!l8-

HU8 3TOMY SaKJIJO'IaeTC.II, nO-BU,ll;liMOMy, B OTCYTCTBJIU a.n;eKBaTHllX ::mc

rrepJIM8HTaJI:&HllX M8TO~OB, nOSBOJlfiiOiniDC rrpoCJie,nuT:& sa USM8H8!IU8M 

3JI8RTpOHHOH nJIOTHOCTll B aTOMe BO~opo~a, BXO.D:f!L18M B COCTaB CJIOJ!t

HOH MOJieey.Jlll. Tpa.n;HUHOHH!le M8TO~!l HM8!9T IU!SRy!O '!yBCTBHT8.'Il>HOCTl> 

R 3Jl8KTpOHHOH nJIOTHOCTH B aTOMe BO~opo,na, KOTOpM COCTaB.JlfieT MaJIYIO 
'!aCTo OT BC8X 3Jl8RTpOHOB CJIOJKHOH MOJieey.Jlll. B HameM M8TO~e nUOH JIS-

6upaTeJI:&HO '!yBCTBIIT8Jl8H TOJI:&RO R TOii tJ:aCTH 3JI8RTpOHHOfl: T!JIOTHOCTI!· 

MOJieey.JIU, ROTOpM CB.IISaHa C aTOM~ BO~Opo~a. 

B IT.IITOH rJiaBe USJiaraJOTC.II pesyJI:&TaT!l liSY'!8HU.II KOOp~uHarnm BO

~!l B aKBaKOl\mJieRcax u BO~Huic pacTBopax no saxBaTY IC -MesoHOB R.n;
P~Ili! CB.IISaHJIOro B BO~e BO~Opo~a. 

KOM!IJI8KCH!l8 C08~UH8HU.II C MOJieeyJiaMH BO~!l B I<a'I8CTB8 JIUraH

~OB HaS!lBaiOTC.II aKBaKOMITJI8KCal\lli! l!Jlll KpllCTaJIJIOru~paTaMJI. Jix XlUI!U

'!eCKOe oeiosHa'!eHHe: MJC • n H2o , r~e M-RaTHOH, X -aHHOH u n -

'IllCJIO MOJieeyJI .BO~!l. B aKBaKOMIIJI8KCax nepBM KOOp~UilaiUWHHM crpepa 

· ( cciJepa Hau6oJiee Cll.JI:&Ho CBRSaHHllX .Jlllr~oB) oeiutiuo o6pasyeTC.II sa 

C'!eT ~OHOpHo.:.rumenTOpHoro BSal!MO~e~CTBH.II. IlpH 3TOM KOOp~llllaiUIOH
!JM cBJis:&, TaR lite RaK n BaJieHTHM, conpoaolil.naercH rrepecrpolt

Rofi· 3JI8RTpOHH11X 060JIO'I8R _COCTaBJlfi!OuniX aTOMOB, HO,B OTJili'Ille OT 

. .Ba.JieH·TI!llX• CB.II3efi, IIpH o6paSOBal!llH KOOp~HHa.IJ:l!OHHOH CB.IISH 3JI8KTpOH!l 

ITOCTaBJIJIDTCH TOJ!l>KO . O~Hl!M liS ~Byx CB.IIS!lBaJOmKX aTOMOB -~0-
HOpOl'/12/. B. aKBaKOMITJieRcax ~oHopoM aJieRTpouoB JIB.JlfieTcJI 3JieRTpo

OTpHI.(aTeJI:&Hufi aTOM KllCJIOpO~a .Jlllr~a, a aKU8ITTOpoM - I.(8HTpaJI:&lllill 

RaTl!OH C. H8SaliOJIH8HH!lMJI (ll.JIH '!aCTII'IHO SaiTOJIII8HHUMH) d -opeiHTaJI.IIMII. 

-Ilpl! OeipasOBaHlnt ROMITJieKCOB .Jlllr~ CiOJiee ll.JIH MeHee H~llTpa.JI¥I3YJOT 
Sa~ RaTHOHa CBOID.Ili! HeCBJISUB~ rrapru.m 3JI8KTPOHOB,- 'ITO ~OJIJ!tHO 
llpliBeCTl! K y:l.!8H:&ID8HHIO nJIOTHOCTU 3JI8KTpOHOB B JIHrrumax, B '!aCTHOC

TH, B aTOMax BO~opo~a. 

l. B OnllTaJC CiUJia HSMepeHa B8po.IITHOCT:& SUXBaTa niiOHOB .II.D:Pal\!ll 

CB.IISaHJ!Oro B BO~e BO.n;opo~a·~ 3! aKBaKOfdllJieRca. IlO.JlY'!8HH!le Ha 

OllllTe BepOfiTHOCTH 'N npJIBe~eH!l B Taei.Jll!I.(e 3. CorJiaCHO MO~emr 
CioJI:&ruux MesoMoJieeyJI/1~ ~ KOidllJieRca nma MX • n H

2
o 

12 

I 

,rj! 
.I 

) 

l 
l 

~~ 
;} 

r 
- ~ 

~I = 
~-2 

'lc; "o 
(II) l -r Zu/2n + Z_,J2n + Zr/2 

r~e z 0 = 8 ll z... - 'UWJIO 3JI8RTpOHOB B aToi.mx Kl!CJIOpo,n:a U 

MeTanJia M, zA - •mCJio aJieKTpoHoB· B aToMax auJiona X, 11
0 

- ar.mnpu-

tieCKH onpe~eJIJieMufr Roar'frfJIU.(JWHT (cM.cj)oprviYJIY (IO)). B Ta6Jimte 3 · 

npn:Be~euil TaJOKe snaqe'mm rro.n:aMemm srumaTa E. =11g•c6' f"-c... 3.n:ec:& 

'lc - Bll'IHCJieHH!le no <Jx>PMYJI8 (II) SHa'!eHUJI ~ KOOp~IU'lpoBaH-
HHX MOJieeyJI BO,Itll, a P.(; CBOCi = 2,26±0,09 - SHa'!eHUe -~ ~30JIH-
poBaHHOii MOJIElKYJI!l BO.J.(ll. • 

CJie.n:yeT OTMCTHT:&, ·'ITO suatiemm no.n:aMemm C. cJia6o :Jamr-

CHT OT UCHOJI:&syeMUX ~ pactieTax ITpe.n;CTaBJI8IDY:Ii 06 UTOMIIOI.! srumaTe. 

TaR ,BeJIU'IUHU . e . nOJIY'!8HIIUe ITpll Bll'IHCJI8Hllll aTOMJoro saxBaTa. 

IIO Z -3aiWHy, T.e. IIO (II), HO z1f3_ SaBHCUMOCTU 13/ li ITO OTH0-

1Il8HVITO :iixfJeKTUBHllX TOPM<;>snwe TOJII11Jlll no.n:u u co.JIH, comra,uaJOT B npe

,n;eJiax ITorpemnocTefi sRcrrepuMeHTa. IIpu BU'IllcJiemrn snatiemrfi rro.n:aB.ire

HUJI C CpaBHO!ll!8M B8pOJITHOCTU 3aJCBaTa W ;rr.JJ.II CBOCiO,nl!OH BO,IUl 

II ~ UitBaKOMITJI8KCOB CO CJIOJKHID.rn XHMU'I8CIDIMH COCTaBaMU CJie,nyeT

Y'IHTUBaT:& BKJia.n; nepexBa'ra ( 3) B BeJiu'!nHy rro.n:aMemm C. • O.n:naKo 

us-sa He.n:ocTaTRa .n:mmmc ITO nepexBaTY B BO,nopo,n;coxep:uwlUX nei!leCT

Bax, MOJKHO IIO.JlY'!HT:& JIItm:& Bepxmre rpaHHI.(ll nepexBaTa ITpU HCITOJI:&SO-

Bal!llll ar.mnputiecRoro ypanuemm/I4/: 1;
3 

) .. _
1

_
1

. 
_ [1 + 2, 952Jz1 -1 /2nJ ( 

12
) 

A rnP.x- [1 + 2,95(z673-1)!2J-1 ' 

r,ne CYJ\U.rnpOBaHHe IIPOHSBO,l.(HTC.II no BC8M aTOMaM ROMITJI8KCa, KpOMe · 

BO.J.(Opo,na H 3Kpa!!UpOBai!HllX aTOMOB. cepu B pa.n;UitaJie J(j~-, aSOTa B 

No 3- u xJiopa B cw4- • OKasa.Jioc:&, 'ITO sua'IeHHJI /1 ·· saMeTno 
mJ"~x 

Meu:&me sHa'Ieuaii ITO,n;aMeHHJI • E. n. MeH.IIIOTC.II OT 1illnnemr K MJnuemr ua-

MHoro CJia6ee, '!eM c .(I,5S.A mnx 6 2,8 .II 3~£ ~ 20),:Tr03TOMY 

BKJia.n;OM nepexBaTa MOJKHO B rrepBoM rrpaei.JlllJKeHHH rrpeue6pe'Il>. 

Hs ITpHBe,neHHUx B.Taei.JIHI.(e 3 ,l.(al!HUx BH.n:HO, 'ITO BO BCeX usyqeu- • 

HHX Hal\lli! aKBaKOMITJieRcax Ha6JIJO.n:aeTcJI saMeTHoe no.n:aMeHue saxBaTa 

niiOHOB BO.J.(OpO~OM KOOp.J.(liHHpoBaHHOH BO,lJ;H no cpaBH8Hl!IO CO CBOOO.J.(HOii 

BO,il:oit. ,UpyriU.Ili! CJIOBaMH, BO.J.(a B aRBaKOMri.JreRCax .IIBJI.II8TC.II "CloJiee 

RUCJIOii", 'I8M·B-CB060,nHOM COCTO.IIHHU. 

Ilo Be.JIH'Uiue no.n;aBJiemm E. USY'!eHH!le coe.n;:nHemm MOJKHo pas

.n:e.JIHT:& Ha tJ:eT~pe rpyrrnu (cM.Ta6JI.3)~ B nepnyro rpynrry (£~3) noiTa

.n:aroT XJIOpl!,n JiUTU.II, CJJI:&<Pa.T H RapeiOHaT HaTpUJI. IlOCROJI:&ey l!OI!ll l!l8-

JIO"IJ:HHX M8Ta.JIJIOB ROOp~HUPYJOT JIHr3JI.n:u CJiaeio, MOlKHO .n:yMaT:&, 'ITO 
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rpynna Coe,nmrenne 

I LiCl "I,I H20 
£~3 l<'l.2;.;G 3 ·IO H20 

un 2;;o,, ·IO H2o 

n ~<101~ • 6 H20 ;; 
£~::5 C'l.Cl 2 • 2 H20 

I C>!Cl~, • 4,I H20 
I CrC1.3 • 6,3 H20 
I I..nC12 • 3,7 H20 

iiP.Cl~ c. • 3,9 H20 
r'.,Cl

3 • .~.I H2o 
CoGlr, 

<.. • 6,0 H20 
ldC1

2 • 6,2 H2o 
•.• gso

4 • 7,0 H2o 
cn:ov4 • I,8 H20 
r•.,sc

4 • 7,I H20 
CoS0

4 • 5,9H2o 
CoSC,i • 7,0 H20 
IoiS0

4 • 6,0 H20 
CuS0

4 • 5,0 H20 
·:.:;nsc

4 • 7,0 H20 

Ill L.:g{li03) 2 • 6,0 H20 
E..~ IO C<~ (liG

3
) 2 • 3, 7 H

2
0 

Cr(!ic
3
) 

3 
• 8,9 H

2
0 

. p., (1>03) .3 • 9,0 H20 
Co(Ho3) 2 • 6,2 H20 
lii(r.o3) 2 • ,5,8 H20 
t;;g(Cl04) 2 • 6,0 H2o 
:b'e (0104) 2 _- 6,0 H2o 

IY CuC12 • I,87 H20 
.E.~ 20 . Crt(so) 3 • 6,I H2o 

Gu I•O) 2 • 3,0 H20 
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Ta6JIIIua 3 

·w.ro4 £= ao""""'"' 
Oo 

8,6 ± I,2 2,8 ± 0,4 
I5,0 ± I,I 2,9 ± 0,3 
I3,0 ± I,2 -3,0 ± 0,3 . 
5,6 ± 0,5 5,8 ± 0,6 
3,6 ± 0,9 5,0 ± I,3 
5,7 ± 0,9 5,I ± 0,9 
6,4 ± I,2 4,8 ± 0,9 

4,9 ± 0,5 5,3 ± 0,6. 
5,7 ± 0,7 

. 
4,6 ± 0,6 

5,7 ± 0,9 5,2 ± 0,9 

7'>h± 0,8 4,7 ± 0,6 
8,9 ± 0,9 3,8 ± 0,4 
7,I ± 0,5 5,I ± 0,4 
3,2 ± 0,9 4,4 ± I,3 
5,8 ± 0,5 5,6 ± 0,5 
5,6 ± 0,9 5,2 ± 0,9 
6,3 ± 0,8 5,I ± 0,7 
5,3 ± 0,8 5,6 ± 0,9 
4,3 ± 0,5 6,I ± 0,8 
6,2 ± 0,8 5,I ± 0,7 

·~. ' 

3,2 ± 0,5 9,3 ± I,? 
I,2 ± 0,5 I.7,3 ± 7,3 
3,2 ± 0,5 9,0 ± I,5 
3,5 ± 0,5 8,2 ± I,2 
3,2 ± 0,7 8,6 ± I,9 
I,5 ± 0,3 I7,4 ± 3,6 
I,8 ± 0,6 I3,I ± 4,4 

I,6 ± 0,4 I3,6 ± 3,5 

0,6 ± 0,3 25 ± I3 
0,7 ± 0,3 23 ± IO 

:: 0,3 ~30 

--··--

B 3TIIX coe,nHHBHIDIX no.n;aBJIBHHB ·BepOJITIIOCTI! ·;1 . o6yCJIOBJIBHO npogec-
COM nepeXBaTa H IIOJIJipuaagnefi MOJIBicy'JI BO,IUl aa C'l8T. UOH-JUITIOJI:bHOrO 
B3BIDIIO,nefiCTBHJI. BTOpYJO rpyrrrry (E."' 5) COCTaBJIJIIOT XJIOpH,IUl 1I cyJI:bcpa
TH ,nnyx - u TpeXBaJieHTHHX MBTaJIJIOB nepBoro nepexo,nnoro nepuo,na; a 
Tp8Tb!O rpyrrrry (C. ... IO) - HHTpaTU U nepXJiopaTH ,nByx- l! TpeXDaJIBHTHUX 
MBTaJIJIOB. K 'leTnepToil: rpynne OTHOCJITCH Tpn ROMIIJieiwa, ,nJIH KOTopux 

E.~ 20. 
06pamaeT na ce6JI B!Ill1tanne, 'ITO cpe,nnee aHaqenue rro,naBJieHim 

,nJIH HnTpaTOB u rrepx.'lopaToB rrpnMepno B,nBoe rrpe~l1lllaeT rro.nau1remre .IIJU{ 

XJIOpU,I\OB U CyJI:btPUTOB. ilJrnHJIUB aHIWHOB OT'!BTJIIIBO BI!,I\HO Ha ·ITpiD,tepe 
.., ........ "t pR,n;a aHaJIOrli'lHUX coe,nnHeHnn Tuna UX • n H20 ·; !.1 = ca" , i .. g~ , 

, 2t ·• 2+ ' 12+ ., "12- ,.,.2-' (r o-) (·'10-) 0 
- 2 4 6 ,rP. ' t.;o • 1• i "" = " 2 ' uv A ' l l 2' " 4 2' n - ' ' . • 

Jiannue aH:UOHll I!MBIOT 60JI:bllllte pa3M8pll (60JI:blliOH UOHHllii pn,nuyc) H 
II03TOMY KOOp,nHHHPYJOT JIUraH,nH O'!BH:b CJia6o/I2/, llX BJII!JIIU!e Ha BepoJIT-
HOCT:b 'if MOlKHO 06'h!ICl!UT:b .TOJI:bKO o6pa30BaHHBM BO,nOpO,nHUX CBH3Bfi 
MBJK.UY MOJieeyJiaMH BO,nH U 3JIBKTpOOTPHUUTBJI:&HllMii UTOl\olaMH aiUIOHOB. 

AHOMaJI:bHO CHJI:bHOe· no~aBJiemre BepOJITHOCTll W nadJiro,-naeTCJI 
,I{.JIJI Tpex coe.n:rrnennfi tieTBepTofi rpyrrnu. Ha IDIX .nna -KOMnJieKc~>~ Me,n:rr, 
o,nnoro ¥!3 HaH60Jiee Cl!JI:bHO. KOOp,nHHUPYJOilliiX RUTUOHOB.1 C MaJI!llvU! KOJI!I
'lBCTBUMll BO,IUl. Tpene - Cr2(J04) 1 • 6,I H20, B MOJICicyJie KOTOpQ
ro .nBa l!OHa Cr.3+ KOOp,n;HHliPYDT 6-MOJIBicy'JI BO,nll, 'ITO 03Ha'laeT BTpoe 
doJI:bme RaTHOHHoro aapJI,na na o,nim Jiuran.n, 'leM B KoMriJieRcax ~pyrrmr J. 

TaKIIM o6pa~oM, Ha6Jiro,naeMoe ,nJIH coe.nuHennfi rpyrrn 2~3 u 4 no,naBJie
Hne 06'bJICHHBTCJI KUK scWJeRTOM KQOp,nHHllpOBaHHH MOJieltyJI BO,nll UBIIT
paJI:bHHM KUTHOHOM MBTaJIJia, TaR II o6pa30BaHHBM MHOrO'll!CJIBHHl1X BO,no
po,nHUX CBJisefi. 

Bo,nHue pacTBopu nci cTpyrtType 6JIII3KH K. aRBaKor.mJieKcaM: B HIIX 
MOJIBicyJill paCTBOpiiTBJIH ( BO,nll) ROOp,nuHJipOBailll paCTBOpel!HLIMH HOH8MII. 
Mll npe,nnp:UHHJIII nOIIllTKY H3y'!llT:b BJIUHHHB KOOp.nJIHUUIIII Ha 3JI8KTPOHHYJO 
CTPYKTYPY no,nu B no,nHux pacTBopax cnJII>H!1X KIICJIOT n coJiell - xJiopn,n;oB 
I!18JI0'1HUX MBTaJIJIOB. ll OmiTUX l!3MBPJI.IIUC:b BepOJITHOCT:b 3UXBaTa III!OHOB 
BO,nOpO,I\OM BO,IUl 3TIIX_ pacTBOPOB. B Ta6JIIIge 4 npHBe,neHbi 3KCrrepHM8!1-
TaJI:bHHe sna'leHnJI w ,n.JIH pacTBopoB Tuna Hno3 +x H20 ( x = I,3;' 
2,6; 3,4; I0,3; ll 26,7) II H2004 +X H20 { X = I; 2; 2,7; 3,2; 
5~6; 9,4; I9,6). 

B Ta6Jiuue 4 npune,neHH TaiOKe rro,naBJieHnJI C. , noJIY'leHHIW no 
OTHOlliBHIIIO 3KBUBaJieHTHUX TOpM03Hl1X TOJIJlli!H paCTBOpa II BO,nLI H paCT-
DOpe B cpaBHBHUU CO 3HU'ICHU8M VI ,I{.JIJI BO,nll I!pll KOMHUTHOli Tm.me-
paType, u sHa'leHHH A 

0 
, noJIY'leHHlle no <!JopMyJie (12). 

m-~x · 
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Ta6;mga 4 

PacTnop w • 104 t A maT 

H20 39,0 ± I,O I;OO I,OO 
-

w:o3 + I, 3 H20 II,O ± 1,2 I,I ± 0,2 1,8 
n:,o3 + 2, 6 n2o 8,1± I,O 2,2 ± 0,2 1,5 
nw3 + 3. 4 n2o_ 14~8 ± 1,5 1,4 ± 0,2 -1,4 
Huo3 + 10,3 H20 28,5 ± 2,3 I,O ± O,I I,I 
HN03_+ 26,7 H20 36,3 ± 3,1 I,O ± O,I I,I 

n2so 4 -+ n2o 3,0 ±.0,35 2,3 ± 0,3 1,9 
H2SO4 :t 2 n2o 5,1 ± 0,7 2,3 ± 0,3 1,6 

' 

H2so4 + 2, 7 H20- 6,8 --± 1,5 2,1 ± 0,5 1,5 
H2so4 + 3,2 H2o 8,4 ± 0,5 • 1,8 ± 0:.2 1,4 
H2::>o4 + 5,6 H20 _ 13,0 ± I,I 1,6 ± 0,2 1,3 

" 

H2so4 + 9,4 H20 22,3 ± I,O 1,2 ± O,I 1,2 
n2so 4 + I_9, 6 u2o 32,0 ± 1,5 I,O ± O,I I,I 

. Us cpaB!IeHrui SHa'leHIIit E. II A mSJ.x cJie,eyeT, 'ITO !la6_mo.n:aeMoe 
no.n;aBJieHJ!e BepOJITHOCTII saxBaTa IIHOHOB BO.IJ:OPO.IJ:OIA BO.JW MOJKHO 06'bJIC

HHTb nepeXBaTOM nHOHOB OT <p1C) MesoaTOMOB .R aTOMaM RHCJIOpO,na B 
pacTnopax. Ha cpoHe nepexnaTa HaMH He Ha6mo.n:aroTCJI saMeTHHe IISMeHe
HHJI : 3JieRTpcmHolt riJIOTHOCTH B aTOMe no,nopo~a npu nepexo.ne OT :m.n:
rtofi no.n:u R pacTnopaM RHcJioT HN03 u H2 s o 4 • 

B 3Tofi me rJiaBe npe.ncTaBJieHH pesyJinTaTH nsyqeHrui saxnaTa nne
HOB BO,nopO,IIOM BO,IILI B BO,IIHHX paCTBOpax XJIOpii.n;OB llleJIO'lHHX M8TaJIJIOB 
Tnrra MCl + 12,35 H2o (U = Li, lla , K II c"' ) • 3Ha'leHrre 12,35 
COOTBCTCTByeT paCTBOpHMO~TII XJIOpn,na RaJIRJI B BO,IIe rrprr ROMHa!HOH 
TeMIIepaType. }J)m 3THX paCTBOpoB ,He Ha6JIIO,IIaJIOCl> SaMe THOrO no,naBJie
Hrui ITO cpaBII8Hllll c "o6U'!HOH" XH,III<Olt BO.II<?H • 

B mecTofi rJiane IISJIOXeHH pesyJinTaTH Imyqemm cooTnomemm no.n
BHJKHOCTII II XHMK'leCROH CBJISII BO,IIOpO,na B rn,npn,nax TIITaHa II IIaJIJia,nHJI. 

B HaCTO.fiiilee npeMR ~ o6~cHeHHJI xapaRTepa CBRSH no.n:opo'a 
B I'l!,Iijlii.n;ax M8TaJIJIOB IICnOJil>SJ'!lTC.II .IJ:Be rrpoTIIBOIIOJIOlKHI:le rHIIOTCSI:l 14{ 
npoTOHHM (no,nopo.n B rn.n:pn.n:e Haxo.nllTcJI rJiaBHLIM o6paso~ B nu.ne npo
l !OH~ _W) II rii.n;pU,IUIM (CYIIleCTBOBaHUe BO,IIOpo,na B BII.n;e rii.n;pii.n;-UOHa 
H-) • I'lmPH.IIHM rnrroTesa ycrremHO ncnoJinsyeTCJI ]J)I.II pactieTa ::meprun 
RpUCTaJIJIJI'leCRHX pemeTOR H MeXUOHHHX paCCTOJIHIIH. JipOTOHHM rnrroTe-

16 

sa, B cnoiO oqepe.nn, nosnoJIJieT o6MCHIITl> none.n:emre no.n:opo.na B 
~m!xl"'iysJIOHHI:lX n peJiaKcarumHHI:lX npou;eccax. B HacTOJill\ee npeua HeT 
HM o.n:uoro 3Rcnepm.JeHTa, ·RoTopllfi 611 onponepraJI TY nmr IIHYIO rimo
Tesy. UH npe,nrrpMIIJI.'lll nonHTey 06Hapymi!Tl> BJIJIJIHHe USI:!Cilelll!JI no,nBJIJK
HOCTM BO.IJ:Opo.n;a Ha BCpOJITHOCTl> 't/ SaxBaTa JI--MeSOHOB CBJISaHHHM 
no.n:opo.n:oM. ITo HarrnrM npe,ncTaBJieHnnu, ecmr yneJil!'leHire no.n:nn:KnocTn 
o6yCJIOBJieHO llSMeHeHUeU xapaRTepa XIIl'IIU'!eCROM CBJ!Sl1 MeTaJI.iT-BO.IJ:OpO,n 
( 3JieRTPOHHOii nJIOTHOCTU y npOTOHa), TO .IJ:OJIXIIa MeiiJITl>CJI H nepOJIT
I!OCTl> '// • D COOTB8TCTBllU C 3TIIM Mil llCCJI8.IJ:OBa.JII! saxBaT niiOHOB 
BO.IJ:OPO.IJ:OM B ru.n;pll.n;e THTaiia TiHI 65' B ROTOpOM rrpn TeurrepaType 
~I00°C HalJIIHaeTCJI 3RCnOH8Hll;IIaJibHOe yneJIU'!eHne nO.IJ:B!TrJIOCTli BO.i40-
po.n:a!I5/, II B rrr,nprr.n;e IIaJIJia.IJ:l!JI PdHO, 67 , r.n:e aHOMaJil>HO Bl:lCOKM 
nO,IIBIIlKHOCTl>_ BO.IJ:Opo.n;a npn _ROMHaTHOH TeMIIepaType 3KCnO,eHil;IIaJibHO 
YMeHomaeTOJI npn oXJialli.zteHnn .no TeMIIepaTYP "'-200°c/I6 • B o6onx 
CJIY'lai!X usMeHeHne rro,nnHJKHocTn no,nopo.n:a 611Jio ycTaHOBJieno·MeTo.n:ou 
npoTOHHoro MarHnTHor~ pesoHaHca. AHaJins.pesyJIJ>TaToB rrpono.n:uJicn 
na ocJione npe,ncTaBJiemrn Mo.n;eJin 6oJiomnx MesoMoJieRyJI no tlJoprzy.'Ie 
(IO). 

rn~pn.n nanna~na npnroraBnnBanca uaKH nyreM BOs~encr-

nnH Ha MeTMJIJI'leCRHii IIaJIJia.n;llii ( B BH,IIG JIJiaCTl!HH TOJIIIlHHOH I !,1M) l\10-

JieeyJIJipHoro no.n:opo.na npn aTMoctlJepHOM ,naBJieHnll n ROMHaT!loii: Tm.mepa
TYPB, IIpe,nnapnTeJil>Ho naJIJia,nnii; noMellleHHHii B repMeTJI'IHY!O RmBBTY ns 
nepxaBC!OillBH CTaJill, aRTl!BllpOBaJICJI HarpeBaHliBM .IJ:O 800°C c OTKa'!KOii 
.no ,IIaBJIBHrui ro-6Topp. I'n.n:pnponamre IIPOHSBO.IJ:MOCl> B Te'!eHne 8 '!a
COB. McnOJil>SOBaJICJI TBXHM'leCRHH,BO.IJ:Opo,n, nponYIIlBHHHH qepes yrOJib
HYIO JIOBymey, OXJiaJK,l{aeMyiO rot.n:RHM asOTOM. COCTaB. rn):{pJI,na orrpe,neJIHJI-
CJI BSBBillUBaHl!eM RIOBBTI:l C naJIJia.n;HBM .IJ:O II IIOCJie rn.n;pupOBaHIIJI ll ORa-
3aJICH COOTBGTCTBYIOIIlllM ~OPMYJie PdHQ 67+0 QI• 

HarpenaHJie Mll!llenn THI1 , 65 ocYIIlecTB.rrmroco ropJI'lllM nos.n:yxoM. 
MnmeHo Pdli0 , 67 OXJiaJK,l{Maco -rrp.paMu xu.n:Roro asoTa l!JIH rrorpymeHJreM 
D Hero. TeMneparypy odpa3l(OB l!3MepSJJIH C IIOMOIIU>D Me,lll>-KOJI
CTaHTaHOBOH TepMonapl:l, JIOJIYtieHHHe no (7) SHa'lBHrui I 1, npune,ne
HI:l B Ta6JIJme 5. TaM me npnne.n:eHll snatieHrui OTHOCIITeJionoro nsMene
Hrui .n;u!MJysROHHOH ROppeJIJIIl;IIOIIHOH 'laCTOT!1 V T , XaP.aRTepUSY!QillCH 
no.n:nmurocTn no.n:opo.na, orrpe,neJIJieMoil no WOP~WJie /I67: 

V T = \)0 exp{- E,/HT J . (13) 

3He prll.fi aRTnBau;rru E a paBHa 9 , 4 RRM/MOJID ~ Ti HI , 65 u 5, 6 
RRaJI/MOJih ~ NH 0,67" 
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a,j 
t<:IJ' 

·I 
I 

100·. 

20 30 

I 

YH,.§ 

1.0 .so 60 70 z 

PH_c. 5.- 3Haqemm xos!WJHIU!enra · ar. ' no cpopMYJie 
(IO)" B 3aBHCHJl0CTH OT aTOMHOrO HO:r.repa Z .IJ;JI.H 
rH.IJ;pH.IJ;OB J.reTaJIJIOB. TiyHKTHpnolt paliKOI BH,J;eJiei!O 
anaqeH.ue aPe:! = 4I, 3 ± 3, 6. I - .uomme rH.~J;pH.JtH, 

II - ueraJIJIHqecxHe rH.ItpH.J;H 171. 
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( 

Tac5J!HI!a 5 · 

I'If.r(pU.D; . T°C PT VT/ ).)25°C 

TiH I,65 155 0,16 ± 0,15 125 
200 0,15± 0,20 355 

PdH 0,67. . - 120 0,27 ± 0,54 1,3·10-4 

- 196 O,OI ± O,II 1,6·10-12 

lls Ta6.JIUUH BH,I(HO, "'TO B ITpe,IJ;eJiax: TO"'HOCTH 3KCITepnMeHTa pes
KHe USMeHeHUR ITO.IJ;BRMROCTU BO.D;OpO.D;a B MeTaJIJIH"'eCKUX rii.D;p~ax:He 
ITpUBO.IJ;ffT K USMeHeHURM ~ XapaKTepe CBffSH MeTaJIJI-BO.D;OpO.IJ;. 

Cpe.D;H ru.D;p~OB n?fe?O.IJ;HIDC MeTaJIJIOB CUCT8Ma Pd /H BO MHOrUX 
OTHOIDeHURX He THITWma ~ • _ IJOSTOMY MOll!HO OHJIO OlltU.D;aT:&, "'TO U ITO 

. xapa!tTe.PY cBHsu· Me-H rH.D;pH.D; ITWa.IJ;IDI aaHHMaeT ocoooe uoJio.JKemre. 

0.IJ;H8RO 3Ha"'eHHe ·aPd = 41,3 ± 3,6, ITOJiiqeHHOe HaMH ITO BepORT
HOCTU aax:BaTa rr-...:Me.SOHOB B rH.D;p~e PdH0 ,67 \V = (2,8±0,3)•10-:"4 , 
xopomo yKJia.IJ;HBaeT" H' ITJlRMYID a..,( z) .IJ;JIR MeTaJIJIH"'ecKUX rH,IJ;pu- · 
.D;OB, ITOJIY"'e~ B 7 :(CM.pHc.5). 3TO 03Ha'tJaeT; "'TO ITO XapaKTe
py pacnpe.D;eJiemm SJieKTPOHHoil ITJIOTHOCTH CBffa:& Pd -H ue OTJIH"'aeTCR 
OT CBffSH B ru.D;pH.D;ax: .D;pyrux MeTaJIJIOB. BoaMOll!HO, "'TO ciTe~<lJH"'ecKHe 

CBOilCTBa CUCT8MR ITaJIJia.IJ;Hil-BO.D;OpO.D; OO~RCHHDTCR He OC008HHOCTRMU 
XIIMH"'ecxon oMan Pd-H, a, HanpHMep, CTPYKTYPHHMH naMeHemiRMU 
KpllCTaJIJIH'tJ8CKOit pemeTKH. liOJIY"'8HHOe HaMil 3Ha'tJeHUe W .IJ;JIR rH.D;p~a 

Pd H0 ,67 HCKJIRl"'aeT rurroTeay ITpeiiMyllleCTBeHHoro Hax:olK,ll;emm Bo.IJ;oixma 
B H8M, RaK H B .D;pyrUX M8TaJIJIH'tJ8CKUX rH,IJ;p~ax:, B. B~e npOTOHa H+. 

CJie.IJ;yeT, ITQ-BH.D;UMOMy, OT.IJ;aT:& ITp8.D;ITO"'T8HH8 H,IJ;ee !'HOOa/19/ 0 TOM, 
"'TO w npe,IJ;CTaBJIR~T cooon w .:B B030ylli,ll;eHHOM CPCTOIDIHII II CYJ!le~TBY-
eT B Hea~a"'IITeJI:&HOM KOJIH"'eCTBe B paBHOBeciiu.c H~." Tipii TaKOM pac• 
CMOTpeHUII Bee CTepii'tJeCKHe H XIIMII"'8CKIIe xapaKTepiiCTIIKII r~p~a 
ITaJIJia.D;UR onpe.D;eJIRIDTCR cBoilcTBaMII rH.D;pH.D;-IIOHa ~. a BHCORaR no.IJ;
BHXHocT:& BO.D;Opo,IJ;a- CIT8~WII"'8CKIIMH CBOitCTBnMH IIPOTOHa W. . 
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OC!IOBilllE PE:-JYnbTATil ,lll:CGEPTAlUUi 
I. Haitnena II tJacTII'!HO Hcc~e.n:onaHa (Ha np:vrMepe no.n:u) HOBrui o6JiacT:r:. 

npmora.mrux. 3Ha.HHll: nsy<!eH:vre 3JieKTponnon CTPYKTypu no,nopo.n-
co,I{epl!tnmnx MOJieeyJI, BXO.nmrtrue B CJIOlKHllC XHMII'ICCKlle CHCT8!Ahl, 
no nepoJITHOCTn w saxBaTa ocTa.HOBHBmiiXcJI IC -nesonoB JI.IJ:Palm: 

cBJisrurnoro no.n:opo.n:a. 
2. Brreplllle OOIIapYJKCI!O B BO.IJ:C BJIIIJIHITC TCliiiiCpaTypu Ha BepOJITHOCT:O 

;·1 • • IJOita3aHO, 'ITO ITOJIY'ICHHrui Hal'IM TC!i!!IepaTYpHrui SaHI'ICUJI.lOCT:O 
BCpOJITHOCTH W odyCJIOBJICHa paspymeHITeM BO.n;opo,n:H!lX CBJI38H BO
.I{ll. Brrepnue l:nwrrep:vrMeHTaJI:OHO ycTruioBJieno, "'TO sJieRTPOHHrui 
IIJIOTHOCT:O B aTOMC BO,n:opo,n:a 1\IOJICKYJI BO.IJ:U cymecTBCHHO YMCH:O
ruaeTCJI rrpu odpasoBaHHll no.n:opo.n:noii cBJisll. 

3. ,li.Jm 3J,. ai:l3aKOM!IJICRCa B718pBil8 · Ha6JIIO.IJ:CHO BJII!JIH!IC KOOp,n:m!aJ~Ull 

MOJICKYJI BO.Il:U Ha BepOJITHOCT:O {{ .• BrrepB!18 YC.Tai!OBJIC!IO ll pas-
,n:eJiel!O BJI!UIHUC ItaTHOHOB H aHHOHOB Ha !IO.IJ:aBJICllUC BepoJITHOCTH 

W , T.e. Ha SJICRTpOllHYIO IIJIOTHOCT:O B aTOMax BO.IJ:Opo.n;a MOJie
KYJI BO.IJ:H, Roop.JiHHllpoBaHHOH B aRBrutOMIIJieRcax. 

4. BrrepBHe oduapYJKeHo rro.n:aBJieHlle nepoJITHOCTII w ,n:JIJI MoJieeyJI 
BO.I{ll B paCTBOpax CllJI:OHHx KllCJIOT. IJoKa3a.HO, 'ITO STO rro,n:aBJieHHe 
BEipOJITHOCTll 'N !.IOlKHO Od'bJICilliT:O rrepexBaTOM IlllOHOB C HTOHOB 

no.n:opo.n:a~ 

5. ITo ll3YtJenmo TeMrrepaTypHoti sanrrc:vruocTu nepOJITHOCTU saxnaTa oc
TaHOBHBmnxcJI IC -MesoHOB JI.IJ:PaiiiH no.n:opo.n:a, cBJisaHnoro B I"A.IJ:PH.IJ:ax 
TllTaHa ll IlaJIJia.n;HJI, BIICpBHe !IORa3aHO, 'ITO pe3ID!e (,n:o ro12 ) H3-
!IICHC,HHJI IIO.IJ:BIDKHOCTH BO.IJ:Opo,n:a B MCTaJIJIU"'CCKl!X rH.IJ:pn,n:ax He IIpl!
BO,ItiiT R 3aMCTHIIM I!3MCH8Hl!JIM B xapaKTepe XIU.!HtJCCKOit CBli31! !.lC
TaJIJI-BO.IJ:OpO,ll. 

6. CpanHenneM Itosq'([)nuneHTOB az ;nJIJI PdH0 ,67 n ,n:pyniX MeTaJIJin-
'!ecltHX rn,npM,nOB BII8pBil8 YCTaHOBJICHO, "'T01 IWCUOTpJI Ha aHOUaJI:O
HOCTl> @I3HKO-X1I!.fir'IC.CI\HX CBOHCTB CUCTCMII IlaJIJia.IJ;HH-:BO.IJ:Opo,n ITO 
cprumem!IO c .npyrnMII rn.n:pn.n:aMH rrepexo.rurux MCTaJIJIOB, no xapaR
Tepy pacrrpe,n:eJICHlUI SJIC.KTpOIDIOll nJIOTHOCT!l CBJI3:0 Pd -If IIC OT.'III
'IaCTCJl OT CBJI3U 'B_rn,n:pn,n:ax ,n:pyriiX MCTaJIJIOB. 

? . 3rtenepm.leitTaJI:r:.no noJIY'IeHu lionue nepicmm rpaHHtJIIlle sHatJeHUJI 
nepoJITHOCTnrrepe3apimKH ocTaHonnnmnxcJI !C-Mesonon ;nJIJI 8 cJIOJK-
lll1XJI.IJ:ep Ha ypOBHe (I-2)·10-5 npH .IJ:OCTOBepHOCTJ! 90%. . . 

8. ,ll;7m o6pa6oTKH sRcrrepmmnTwH!DC .n:ruini.rx no II3Y'JCHmo saxnaTa IC 
.MesoHOB Jl.IJ:Pal'IM cBJisaiiHoro Bo,n:opo.n:a mrepnue npe.IJ:..liOJKeHa u paspa-
60TaHa MCTO.IJ:UKa COBMCCTHOM IIX arrnpORCIDAauiDI. 
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