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I. BBe.neHMe 

IIp11 o6Jiy'IeHl1l1 pas6aBJieHHoro pacTBopa C.O£- 12 pTyTHo:il 

~aMTIOM B OITTl1'IeCROM ,IJ;l1aJaSOHe 8HeprMM Ha6~,IJ;aeTCR /I, 2/ CMemeHHe 

RPHTM':IecRo:il TeMTiepaTypH pacTBopa sa c'IeT woTo.nncco~HauHH 

MO~eey~ MO,IJ;a , MaRCMMMoHM RO~eHTpauM MO,IJ;a B paCTBOpe COCTaB

~~a 2• I0-2 MO~.% ("" 2• ItJ-6 MO~b/cM3 ). PaBHOBeCHM RO~eHTpauM 
aToMapHoro :ilo.na paBHR~aJI> 6·I0-3 Mo~.% 121, CMemeHHe RpMTH'IecRo:il 

TeMITepaTypH rrpn o6Jiy'IeH~n y~I>Tpawno~eToM Ha6~.nMaci> Ta~e .n~ 

'Il1CTOrO (f2 / 3/, R0~3HTpauM aTOMapHOrO X~Opa ITpl1 MaRCMMMb

HOM CMemeHl1l1 Rpl1TM':IeCRO~ TeMITepaTypH paBHH~aCb 5•I0-4 MO~.%. 
lis pa60T / 2, 3/ Ta~e c~y,IJ;eT, 'ITO BpeMeHa peROM6MHauMM aTOMOB 

MO,IJ;a M X~Opa B RpMTM'IeCKO:il TO'IRe BOSpacTaiDT ,IJ;O 60-80 MMH., B 

TO BpeMR RaR BpeMR JKMSH~ CB060,B;HHX aTOMOB B 06H'IHHX YCJIOBMX 

sHa'IHTe~I>HO MeHDrne eeRy~. TaRoe yBeJil1':IeHMe BpeMeH peRoM6nHaul1l1 

B / 2,31 06~RCHReTCR YM8HbllieHl1eM Ha HeCROJibRO ITOpR,IJ;ROB R08~M
~eHTa ,IJ;M~YSMM ITpMMece~ B RpMTM':IeCROM TO'IRe. 

~ MSMepeHMR pacrrpe,IJ;eJieHMR ITJIOTHOCTM ITO BHCOTe COCy,IJ;a 

(p-h -nsoTepM) B 'IMCTOM RceHoHe n pas6aBJieHHOM pacTBope X e - J£ 
ITpM RpMTM'IeCRMX YCJIOB}illX rrpe,IJ;ITOJiaraeTCR MCITOJibSOBaTb ~ -MSJiy

'IeHMe aHeprl1l1 I23 RaB. A. P't 1 V't.. i HeJII>SR yTBepJK,IJ;a'li>, 'ITO ns.Jiy'Ie

HHe TaRO:il 8HeprMM He OR~eT BJIMRHM Ha RpMTM'IeCRMe TeMITypaTypH 

'IMcToro Xe n~ pacTBopa '12 B RceHoHe. 

B HacToRme:il pa6oTe rrocJie,IJ;Hee rroJio~eHMe rrpoBepn~ pac'IeToM 

n rrpRMHM aRcrrepMMeHTOM. Mcxo,IJ;HHM rryHRTOM RB~JIMCI> cJie,IJ;yromMe 

rrpe,IJ;ITOCHJIRR: Q -MSJiy'IeHne MO~eT MSMeHMTb RpRTM'IecRyro TeMTiypaTypy 

I) sa C'IeT ITORBJieHMR HOBHX ROMTIOHeHTOB B pesy~I>TaTe MOHl1SauMn M 

,IJ;HCCO~HauHH MOJieRyJI, 2) Sa C'IeT 8HeprHH, BH,IJ;eJIReMOM ITpM peROM6M

HauHM. 



2. 

2, HOBbie KOMIIOHeHTII 

ITo ycJIOBimM ::mcrrepliMeHTa (H3Me~eH:rre f - .~ -H30TepM) Ha 

oc5pa3eiJ; rra.,n;aeT 2•107 r-I~BaHT/ceK, 
113 I 41 MOJKHO ou;eHw~r,, '-ITO 5 IVIIvl KceHoHa rrp:rr KpHTH'-IecKoil 

IIJIOTHOCTH OCJiaOJIRIOT IIY'IOK 0 -Jiy'Iell ,IJ;aHHOH 8Hepro B;IU30e. 

~T08~KT Ha KCeHOHe / 4/ BHOCHT OCHOBHOH BKJia,IJ; B HOHH3aiJ;HIO 

aTOMOB. ITp:rr WOTOs~eKTe KaJK,IJ;hiH rrorJiomeHHhli1 KBaHT BhiOHBaeT 

c5hicTphiil sJieKTpoH, sHeprlm KOToporo paBHa sHepr:rr:rr ~-KBaHTa 3a 

Bhi'-IeTOM 8HeprHH CM3H 8~IeKTpOHa B aTOMe. ,llJm KCeHOHa 8HepriDI 

cBJI3H sJieKTpoHa Ha K-oc5oJI01:.!Ke paBHa 34,5 KsB 151. ITosTo~ ciJ0To-

8JieKTpoH MOJKeT IIpOH3Bec•r:rr ,IJ;aJII:>HefuilyiO HOHH3aiJ;HIO. 8Heprim, pacxo

,IJ;YeMM WOT08JieKTPOHOM Ha oc5pa3oBaHHe rraphi HOHOB, BKJIIO'IM rroTep:rr 

Ha B03c5yJIQJ;eHHe, paBHa, :rpiDVIepHo, 30 aB 161. TaKIDVI o6pa3oM, 

KaJK.IJ:hiH 0 -KBaHT, rrorJioJueHHhiH rrp:rr WoT08rJxPeKTe Ha K-oc5oJIO'-IKe, 

rrp:rrBO.IJ:HT K :rroHHBau;:rr:rr ~3-~6· 5 )• 103 = 3.103 aToMoB, Ha L -oc5oJio1:.!Ke 

4•103 aTOMOB. Ra.JK.,eyiO ce:S.yH.IJ:Y B BemecTBe Oy,IJ;eT oc5pa30BhiBaTI>Cfl 

~7•1010 HOHOB. ATOMhi KJeHOHa He OOJia.,n;aiOT cpO,Il;CTBOM K 8JieKTpOHy, 

II08TOMY Oy,IJ;eM .HlVIeTI> IIOJI,)JKHTeJII>Hhie HOHhi H CTOJII>KO JKe 8JieKTpOHOB. 

B CJiy'-Iae HO,IJ;a HOHH3MpOBlHHM MOJieKyJia Oy,IJ;eT ,Il;HCCOIJ;HMpOBaTI> C 
, t . 

oc5pa3oBaHHeM '1 n ':1 • 

llo,IJ;BHJKHOCTI> sJieKTp::niOB 3HatiHTeJII>HO Bhiiiie, '-IeM rro,IJ;BHJKHOCTI> 

llOHOB. qaCTI> H3 HHX, 8Heprim KOTOphiX Bhiiiie 30-40 sB, OTOH,IJ;eT 

OT HOHOB /?/. 113 paOOThi / 7/ TaKJKe H3BeCTHO, '-ITO IIpll IIpOXOJIQJ;eHHH 

'!epe3 ,Il;H8JieKTpH1:.!eCKYIO ~il,Il;KOCTI> KOJIH'-IeCTBO 8JieKTpOHOB, KOTOphie 

OTOll.IJ:YT~mT HOHa Ha paCCTOJIHHe, OOJII:>IIIee 8~eKTHBHOrO pa,IJ;Hyca 



3. 

~8MCTBMR Ry~OHOBCRMX CE~, T.e. ROTOpHe CTaHyT CB060~HHMM, paB~O 

0 t 2 Ha I~aJK,IJ;:ble roo 8~8R'IpOH-BO~:OT nor~ou~eHHOM 8Heprnn. B HallleM 

C~~ae 6y~eM MM8T:O 2oiC2 liOHa Ha RaJK,IJ;:ble 100 R8B nor~omeHHOM 
8HeprHM, T.e. 4•I09 CBC60~HHX 8~8RTpOHa B ceRy~y (~TO COCTaBnHeT 

~6% OT Ha~~:OHOrO R0~£~8CTBa MOHOB). 

3TH 8~8RTpOHH MOryT peROM6MHMpOBaT:O C MOHaMM BC~8~CTBM8 

~@Jy3MM. 

BpeMH ~3HM TaRMX MOHOB B 06~HHX yc~OBMRX B ~~ROCTM 

""' ro-3 ceR M 6o~ee 17 I. 113 181 TaroKe M3B8CTHO, ~TO IV 3% MOHOB 

MOryT cymecTBOBaT:O B OC~eMe ~~ROCTM CRO~:O yro~O ~0~0. 

Pac~eT RO~~eCTBa MOHOB li aTOMOB, 

o6pasyromnxcr. npn o6~~eHMM 

Ta6.mru;a I. 

OcHOBHOe PacTBO- C, t 
BemecTBO peH.Be- (MO~.J<:) (MMH.) 

mecTBo 

.JIMTe

paTypa 
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I,2•I010 

7,2·ro10 

6·I0-3 ( ~ ) /2/ 
e;r~4 (cE) /3/ 
3,7·I0-8 (Xe+) 

2. ro-rr < ~+4- ·lJ ) ro 
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ctl 

I, 2 o ro-IO ( fj ++ :J ) Pi 
• 

3,7·10-8 (Xe+) ~ 
~ 

2,2•ro-7 (xe+) 

IIpMMe~aiOOI R Ta6~MIJ;e~ 

I. c1 - Ro:a:o;eHTpa.IJ;MR pacTBopeHHoro BemecTBa; 

; t- Bpe:rvm o6~1reHMR; N- ROmecTBO r-RBaHTOB, n~aromn 

Ha o6pa3e~ 3a BpeMH 8RCTI03~M; C2 - ROIID;8HTpa.IJ;MR HOBOrO 

ROMTIOHeHTa, o6pasoB<mrnerocH npn o6~~eHMM. 



2. )lJm C l 2 II CIICTeMbi C02 - ;j 2 EOmecTBO HOBOI'O EOIVITIOHeHTa 

paBHOBeCHOe, ,IV[.H Xe H CHCTelVIhi Xe- 2 EOJIWieCTBO IIOHOB 6e3 

y'IeTa peEOMOHH~IIH. :r'IeT peEOMOHH~HH, RaE IIOEa3aHO Bhiille, 

,n;aeT E08@ITIJ;HeHT 0,0() + 0,03. 

B EpiiTWieCEOM TO'II\0 E08@IID;IIeHT ,TI;Hqxpy3IIII yMeH:OIIlaeTC.F.I II 

MO.iKHO OU,TI;aT:O ,TI;aJI:OHe:f1IlleJ10 yBeJIWieiDLF.I BpeMeHII U3I-Ill CBOOO,TI;HHX 

IIOHOB II 8JieETpOHOB ITO 8~:'0M IIpll'IIIHe • 1108TOMY IIpii ,TI;JIIITeJI:OHOM 

OOJiy'IeHIIII MO.iKeT IIpOIICXO~~IIT:O HaEOIIJieHIIe IIOHOB ECeHOHa II i!o,n;a II 

aTOMOB fio,n;a. HaJIWIMe IIOHOB II aTOMOB CJie,n;yeT paccMaTpiiBaT:O RaE 

HOBHH EOMIIOHeHT, IIOCEOm)Ey II3BeCTHO, 'ITO HaJIII'IIIeaTOMOB XJIOpa 

B C~ II fio,n;a B CIICTeMe G02-?J2 IIpO.F.IBJI.F.IeT ce6.F.I RaE HOBHH EOIVITIOHeHT, 

CMell.laiOI.qiiM EpiiTII'IeCEYIO TeMIIepaTypy. Pac'IeT EOJIWieCTBa IIOHOB, 

06pa3yiOll.lllXC.F.I IIpii OOJiy'IeHIIII r -EBaHTaMII 'IIICTOI'O ECeHOHa II pas6aB

JieHHOI'O paCTBOpa fio,n;a B ECeHOHe II 8!\CIIepiiMeHTaJI:DHHe ,n;aHHHe / 2/ 

II 131 rrpnBe,n;eHH B Ta6Jim~e I. 

llpii o6Jiy'IeHnn pas6aBJieHHoro pacTBopa Xe-12 B Te'IeHIIe 'Iaca 

EOJimeCTBO HOBOI'O EOIVITIOHeHTa rj + + ::1 (0,06•C2=8,6•IO-I2 MOJI.%) 

sHa'IIITeJI:oHo (Ha 9 rrop.F.I,n;lcoB) MeH:DIIle, '!eM B pa6oTe .f.2/ sa IO MIIHyTo 

B IIOCJie,n;HeM CJiy'Iae IIpOIWXO,TI;IIJIO CMell.leHIIe EpiiTWieCEOM TeMIIepaTypH 

paCTBOpa Ha 2,5•I0-2°C. 1108TOMY MO.iKHO C'IIITaT:o, 'ITO B CJiy'Iae 

paCTBOpa Xe-J 2 EOMIIOHeHT j; -4- j He BH30BeT CMell.leHII.F.I EpiiTWieGEOM 

TeMIIepaTypH paCTBOpa. B CBOIO O'Iepe,n;~, EOHUeHTp~H.F.I IIOHOB Xe+ 

(0,06•C2=I,3oi0-B MlliJI.%:1 ,TI;OBOJI:OHO BHCOEa, II XOT.F.I 8TO Ha 4 IIO~,n;..:.. 
Ea MeH:OIIle, 'IeM EOJIII'IeCTBO aTOMOB C e B /

3/, HeJI:03.F.I CEa3aT:O C 

IIOJIHOM OIIpe,n;eJieHHOCT:OIO, 'ITO TaEOe EOJIII'IeCTBO IIOHOB He OEameT 

B.Jrn.F.IIDLH Ha EPIITWiecEyro ~:'eMIIepar.Dypy. llpe,n;rro'ITIITeJI:oHee Ea.iKeTc.F.I 

8EcrrepiiMeHTaJI:OHM rrpoBeJma. 
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3. HarpeB IIpM peROM0MHa.IU1M 

Ko.JI:w:reoTBO IIOHOB, t)C)pasoBaBilliDCo.F.r sa IIRT:o -qaooB (BpeiVLFI, 

Heoc5xo,JUIMoe ,Il;JI.ff Iti3MepeRm f - h. II30TepM) oc5JIY'!eHRFI paBHO 

tv 3•IOI4• KomeoTBO 8HOpriiii, ROTOpoe MOJKeT Bbl,IJ;8JIHT:OO.F.f B Ber.ue

OTBe IIpii peROM0IIH8D;IIII TilROrO ROJI:w:I80TBa IIOHOB 0 8JI8I~TpOHaMH B 

Te'IeHIIe 8Toro BpeMeHII :3,6oiQIS sB HJIH I,5oi0-4 Ra.JI. ~ OD;8HRII 

HarpeBa R08HOHa IIOIIOJI:030Baiill 3Ha'IeHRF.r T8IIJI08MROOTII R08HOHa B 

RpiiT:w:I80ROM 06JiaOTM / 9/ .. ITo STOll OD;8HR8 MOJKHO OJIGI.IJ;aT:O IIOBhiii18HH.F.f 

TeMIIepaTyphi B8Il\80TBa Ha r-.r I• I0-4 °C ,Il;JI.ff ?:=- T;;- = I0-2 + I0-3 , 

a ~JI.F.f T = Io-4 HarpeB Ha 0,5·I0-4 °C. TaROe IIOBhiiileHHe MOJKHO 

O'IIITaT:O H80Yll\80TB8HHhiM, T8M OOJiee, 'ITO y'IeT T8IIJIOOT~a'IM 8Il\8 

yMeH:OIIlHT 8TO 3Ha'I8HM8. 

ITooRo.JI:oRy rryHRT I ~~pe c5yeT sRorrep.HMeHTa.JI:OHon rrpoBepRII, rrpoBe 

II3MepeHM.F.r RPIITmeoRoli TE~MIIypaTyphi rrpii oc5Jiy'!eHMII Ha yoTaHOBRe 

~JI.F.f BII3Ya.JI:OHOro Hac5JIIO~eHM.F.r /IO/. 

IToo.Jie orrpe~e.JieHRFI :t:piiTmeoRo:i1 TeMIIepaTyphi B oc51I'!H11X yo.JIOBMRX 

R aMIIy.Jie IIO~B8JIII r -MCTO'IHMR II OIIpe~e.JIMJIM RpiiT:w:I8CRYIO TeMIIepaTy

py IIOOJie OOJiy'!eHM.F.r. Bpervf.F.f Oc5Jiy'I8HM.F.f Bap:O.HpOBa.JIOO:O (IO II I20 NlliH.). 

MHTeHOMBHOoT:o oc5Jiy'!eHRFI B ~aHHOM OJiy'Iae c5HJia, npMMepHo, B 50 pas 

Bhiiile no opaBHeHMIO o npe,r;JiaraeMhiM sRorrep.HMeHTOM no orrpe~e.JieHMIO 

f - h -II30T8pM. li3M8p8HI:'LR IIORa3a.JIM (OM. Ta6JIHD;y IT), 'ITO ( 0 TO'IHOOT:OID 

±0,002° B 000CTB8HHOM IllFa.Jie T8pMOM8Tpa) II3M8p8HIIR RpMTH'I80ROM 

Terv'lllepaTyphi ROeHOHa rrp.rr 00Jiy'I8HMH (r' -RBaHTmvrn: 8Hepriiii I23 R8B 

B T8'!8HM8 2-X '!aOOB He npOIIOXO~T. ~ 8ROII8piDA8HTa no 

/-~-M30TepM 8TO paBH02Ha'IHO H8II3M8HHOOTM RpMTH'I80ROM 

~0 0~g02 = ±Q,OOOI °C I T8'!8HII8 IIRTII 'IaooB. 

orrpe~e.JieHMID 

TeMIIepaTyphi 



6. 

Ta6Jurn;a IT. 

CMemeHIIe RpiiT.wiE·oRoii TelVll1epaTyp1I np:rr o6.rry'leHIIH 

OoHOBHoe PaoTBopeH. B:v.m 8Heprm BpelVI.ff CMemeHIIe .IlliTe-
BemeoTBO BemeoTBo c·6Jiy'leHID1 (RsB) o6.rry- RpliTII-

'!eOROH paTypa 
tiemm 

Te1VIT1et5-
(rvrnH.) Typh! IO 

C02 j2 yJII:TpacpMOJieT 10 2,5•10-2 /2/ 

ce2 yJII:TpaqmoJieT 10 4·1o-2 /3/ 

Xe r -II3Jiy'leHIIe 123·103 120 2·10-3 HaoT. 
pa6oTa 

oTOT pe3yJinTaT MOmBO O'IIITaTn y~oBJieTBOpMTeJinHhiM: MeTO~ 

nponyoRaHRH (-RBaHTOB 8Hepriiii 123 R8B He B1I31IBaeT He~eJiaTeJIDHOrO 

,I1;JIR f- ~ -II3MepeHIIJ1 OMeiT(eHRH RpiiT.wieOROH TelVlliepaTyphi. 

4. BhiBO,Ubi 

MeTo~ rrponyoRaHRH d/-.rry'lefi 8Hepr:rrn 123 RsB npnro~eH ~JIH 

IIOOJie~OBaHim BemeoTBa B RpllTM'!eOROM OOOTOHHIIII. 

B saRJIID'leHIIe aBTop Bb!paEaeT 6Jiaro~apHOOTn ].C.]eoHeBoRofi, 

ID.M.OoTaHeBll'ly, A.@.ilHoapeBy :rr ID.B.UexaHoRon sa noJie3H1Ie 

o6oy]\Il;eHIDI. 




