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Boe.!lellli~ · 

H3y'lelllie . OOBeJ(e!IHSI CBOOo)l.llll?! aTOMOB . H MOJieKy JI B npoueccax 

aJtcop6Uilli: TepKoxpo~aorpaiiJHll, TX, ( H3MepsniT pac~p~JleJiellite cop6aTOB 
-'· '/ . 

BJ(OJlb_ KOJIOHKH-.B 3aBHCHMOCTH. OT. TeMnepaTypH H, B '!aCTHOCTH, 

. onpeJ(eJil!llT TellnepaTypy aJ(COp6Uilli; Ta) _H ra30Ball xpoMarorpatml, fX, .. 

C H3MepllllT opeKll yJtep-mm.t!IHSI-nepelloca- c?p6aTa, tt ) np~JtCTaBJllleT 

3Ha'IHTeJibHHR . HHTepec,. 'eM., HanpHMep, pa6oTH · L 1-13 ~ ].- llOMHMO 

npaKTH'IecKoro • npHKeHe!IHSI, B ueAAx pa3JteJie!IHSI oemecro: TX· H rx:· 
. ' 

J(aHHHe • 003BOJlllllT OL{ellliBaTb TepMOJ(HHaMH'!eCKHe . napaMeTpH · cop6aTOB -
. . ' . . " . " ' - . . . 

cra~pTHHe :3H~poiTHH, ,:AS~. ~ 3HTaixbiTHH, ruPa· a.licop6ium ii''cpao~oaTb 
e• .. 3HTaJibllHliMH, Hcnape!IHSI AH 

;.rap c 
H ·B03rOHKH, 

(cy6JiHMaU!lli) AH b. · H3y'!aeMHX, oemecTB. CJieJ(yeT _OTMeTHTb . su • . 

cymecroeHHHe pacxouelllill oueHO'IHHX · 3Ha'lel!Hli :MfJH AS
0

, ·noJiy'!aeMHX 
. , , a .a 

. pa3HbiMH aBTOpaMH. HaH60Jiee. O'leBHJ(HbiMH' npH'IHHaMH 3TOrO DpH. npO'IHX 
I •.' ' ' '-, ··~ / . . -: '.' . \ 

paBHbiX YCJIOBHliX ~BJillllTCli_Hey'!TeHHHe 3KCOepHMeHTaJibHble ~O~pewHOCTH, 
· He~eHTH'IHOR · .. ~~iroT?BKOH KOTOpble MoryT 6b1Tb o6ycJIOBJieHbl, 

( IIOJtHI!JHKim!eH )' nooepXHocTH cop6e'ma H ra3a-HOCHTeJrn (l3,l4]. I . . , . 

, Kpo11e ·Taro, ,npH, ouemc'e: Aif. ita~ 6H-; no :3-eMy, s~KoHy . , . .. a . , . , . 

. ; T~pMOJ(HHaiiH~H! ·. T~ ~. .HCXOJ(ll H3 . 3Ha~~HHSI' AS
0

, Heo6xoJ(HIIO 3aJ(aBaTbCll . J a. . : .- .·· . 

nepHOJ(OII KOJie6alllill aiJ.~op6aTa no HOpMaJIH K: nooepXHOCTH' colxseHTa, T • . ' . . ·, ' . ..· ... ' ... 0 

A crporo rooopll, · anpHopH noJiy'!aTb '3Haqelllie · AS
0

, ;HcnoJib3Yll 'npH 3TOM ' . . . , a ·. . , .-. 
npinlbl(e H · .nocr~TO'IHO TO'!Hbi(e · 

,.. ~ . ~,/ -

.. ,. 
OJtHY . H3 IIOJ(eJieR aJ(COp6Uilli . ( 15 ]. 

MeTO,I:Ibl OUeH~H •T O noKa He H3~ecTHhi J ~ 6]. BO. IIHOrHX; paoo~a;; KaK 

npaBHJIO,- npHilliMiWT -r0=io~12c, 0J(HaK0 1H~OJ!b3YilTCRH ,npy~e 3Ha'l~llli~ 
T

0
; • 'ITO .HHOrJ(a npHBO,li,HT K :>aTpyJ(HeHHliM. 'npH' OOo6w.eHHH 

3K~nepHMeJITa?lbHOrQ MaTepHa.Jia· 

B 3TOR · CBli3H, oco6wR HHTepec npe,nCTaBJlllllT MeTOAbl · oueHKH I:Jlv H AS
0

, · , ·, . _ . a,_ a 

. HCITOJ!b3YillllHe . HX CBll3b c· KOHCTalrrOH paBHOBecHOH uco¢~; ml '~HOBe: 
. , , . . . , ' l . . . . . . :. .· . I 

2-oro _3alt0Hil TepMOJl}III8JIHICH. llpH 3TOII HeT Heo6XOJI.HII()CTH' J(eJiaTb; 

YDOIIliHYTWe BIIIJIIe anpH~p~. ~~~a...;,.aw wcTGairO~~ i.:nom,90BaTJo 
' . ' 

,• 

'I ;~;;:5\'q~:~~~ I 
;, \,;_~v'~C..th' :.~' rz:.t ~~ ".. ~ 
·-.:.....~ ...... ~ t .....-~~----· 

~--
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o6ulenpHJis!Toe npeJUIOJIOJ:eHHe 0 -He3aBHCHMOCTH Ml H f>S OT, T B pa6o'!eM 
· • ._ · -, ·. · · . ·• - , 1 _a . a 1 

HHTepaaJie TeMrrepal-yp. eM., 'sanpifMep, 1 6,7,11,13, 17, 18 L 
\ . ~- ' '" " . . 

. . I, , 
. B HaCTOliiJieH pa6oTe I1~Jiy'leHH HOBHe 3KCnepHMeHTaJibHHe · fX• H TX·. 

,naJiHH~ no a,ncop6Wrn aTOMOB Pb ~a "K!lnHJIJIHpHOH~. -- KOJIOHKe H3 

Ksapueaoro.creKna B WHpoKoM ,nHarra3oHe· T. 
. I . . 

Ha , OCHOBe 3THX, a TaKJ:e JIHTepaTypHHX ,llaHHHX" [ 19] ; no a,ncop6UHH 

cao6o,nHHX aToM·o~ ,npyrnx 3JieMeHTOB Ha 510
2 

BHn~~H~HH o~eHKH Ml~ H 

0 . ' 212 . . ' . . ' ' -, ' 
· f>S KaK no 2-0MY ( ,liJill ·Pb )., TaK-,H no 3-eMy 3aKOHaM. · PaCCMOTpeHa a . - . , . , 

KOjlpeJil!UHll 3Ha'!eHHH Ml
0 ~~ 510

2 
C · Ml H Ml b ·,nJill : XJIOpH,liOB H , _ , · a _ - vap 1· • su_ · 

OKCHxn6pH,noB [2,201. 6poMH,liOB •[21] H cao6o,nHHX aTOMOB [19] 

3JieMeHTOB. -·· ! 

I ,• 
OCHOBHHe nonoxeHHB ,._ .. 

K03qx)JHUHeHT ~,ncop6mrn B ·, fX· ~ .TX •On~TaX, k /CM, 3aBHCHT OT 
·a 

~ ' ': '. . ' ~ ~ . . . ) ' . ' ' . .' \ 
l TeMnepaTypH H. , onpe,neJil!eTCll KaK ; OTHOilleHHe !JOBepXHOCTHOH Cad : !f '-

' ' ' < • • ; • • • 1:: '. ~- ' \ ' ' ! '. /. 

; OO'beMHOH C KOHUeHTpaUHH cop6aTa· HJIH ,naBJieHHH ,nayx- H ·'TpexMepHoro: 
' . 'g ' ' . .. 

"": \ · ... 
ra30B; COOTBeTCTBeHHO: ,. 

ka c /c.· 
-ad g 

'•' 

'_( 1): ' 

I • . . \ ' ·_, , 

TX •,llaHHHe ,liJill· orrpe,neJI~HHll Cad/C~ 'BhepBb!e,· 6H_JIH HCnOJib30BaHH B 

pa6omx : I 1 • 2. 4]: · c · ·3TOH uenhll cad npHimMa.ri~, nponopUHoHanhHOH · :rolf 
, I , , . . 

"'; 

'laCTH ITHKa I1pH Tad' K~TOp~ll :ClQ()TBeTCTByeT l ,liJIH~e- KOJIOHKH: 1, 

,neneHHOH Ha rpiOillaib BHyTpeHHeH . noaep~HOcrH KanHRJil!pa,. YK~3aH~OH 

)IJIHHH 1; s , r ,ne s -:- nJIOilla,nb · : ~anHJIJil!pa . - e,nHHH'!HOH iurnnH. >a •· 
1 . 1 · • , - · I · i ·. 

J10CJie,nylli!IYil , 'JaCTb nHKa, ,ne.JieHHYil. Ha o6IJIHH pacxo,n. ra3a B onHTe npH 
'. . ~ . ,•, ·. \ . 

'. ' '"-• . ' . '· . . 
Tad' e:mTaJIH nponopUHOHaJibHoli11cg• no,npo6Hee eM. [ 13, 17, 20 .1. 

, B ra30BOH XpOMaTOrpru)lHH OT 3HatieHHll k 3aBHCHT yi~JibHoe ·BpeMl! . .. ' a 

y,nepJ:HBaHHl! cop6aT~: _ 

. ,· \= C4:i~:)tg;ka 
r,ne d - BHyTpe~HHH -,nH~MeTp ·KOHO~KH, t . g 

( 2 L 

BpeMl! npOXOJ:,neHHll -

(y,nepJ:HBaHHll)' ra3a-HOCHTeJil! '!epe3· KOJIOHKy. TaK·- KaK H3Mepl!eMOH 

BeJIH'!HHOH B onHTaX no ra30BOA xpoMaTc;>rprupHH l!BJilleTCll:: 
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I.· 

;tt :: tR +_ tg >, 

2 ) H ( 3 ) HMeeM: 

( 3 ) ' .--

TO C y'leTOM 

ka = [ (tt/tg· _> - 1]d/4 
:, \ ( 4 ) 

C ,npyroH CTOpOHll' , nplfHHMal! B Ka'!eCTBe CTaB,llapTHor.o COCTOl!HHll 
, I 

MOJibHHX OO'beMa H nJIOUia,liH, V /A =1c~, OTHOilleHHe "?~Y'!aeM ,m 

CT~pTHYil 6e3pli;3MepHyli KOHCTaHTya,ncop6UHH (15]; 

·K
0 = k A /V 
a am ·m ·• 

( 5 ) 

HCXO,llll H3 2 -oro 3aKOHa ,liJill ~CJIOBHli OI1l>ITOB, 1 6JIH3KHX K paBHOB~CHHM, 
MOJ:HO 3anHcaTb: 

1~0 ~ ~0/R - dH0 /RT 
a,',: a-.- a · 6 

CorJiaCHO ~peHKeJIIJ _ (22] H 'Jle Eypy • (23], 
'"' , ; ; ,.-_._,_ . /, I '.,· .· •..•. ,t· '.·:· ' 

MOJieKynHpHoH. KHHeTHim, tSe3pa3MepHal!: K<>HcTaHTa npHMeT BH,ll: -
' ' ' .. . ' ' ·. - ''' .. ·:.· 

HCXO,llll H3. yp~BH~HHli "' 

~ < ' I 

, __ ' 

Ka
0

, ~ A./V ( ~T/Znl'f) 1 i2-r ~x~(-AH0/RT) m m . · ·_ o a 

,, 
,- ( 7 

< ~ 

'' ~ \ 

· B pa6oTax'.'(15, 24] BN~e,neHH OCHOBHHe · y~~BHeHHll TX, 'cBl!3HBalli!IHe 
' " ~ \ • ',' ,J, -· ,, . . . 

MI
0

· H f>$
0 

-CO 3Ha'leHHl!MH t H T .- B' pa6oTe [25] ,llaHH ,liOCTaTO'IHO 
.a. a " · R a- " -. '•' ,.· . ' . 

TO'IHHe~ 
1 
npH6JIHJ:eHHHe , peweHHH 3THX : ypaBHeHHH; B TOM'~ 'IHCJie ·H . npH-

, .. . -I 

' .( =h/kT,· H exp(f>5°/R)=A/V (RT/2nl'f)
112-r , narrpHMep: 

o a m m ·o · 

_r' 

-at V
0
k(5 T h).:_1A :iv (2nl'f/RT )1/2~expC~MI0~R; )/(-MI~;~-~f, 

R 1 o m m , a , • _ , a a , __ a- ._a ~ .. 8 ) 
· ... ,_ . 

• - ', _,._.,_1 0 ' 

-atRv0 (_T05/ exp(f>Sa/R) 
• '0 0 ', ' 

exp(-MI /RT )/(-MI /RT ) ;• 
, ~ a . ,a-· · a, a· 

( 9 

~' 

a- OTpHUaTeJib_HHH rpa,nHeHT T B,liOJib- KOJIOHKH, V - pacxo,n ra3a rrpH T 
' ' ~ 0 ; ' ~ 0 

'j -

298K. 

1, 

3, 
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h H k - '. nOCTOliHHaJl ITnaHKa H 

npH6HeHHl!MH, HnH ypaBHeHHeM (7) , 

3-eMy 3aKoHy. 
/ 

EonbUMaHa. nonh3yllcb 3THMH -·_ 
. ,· 0 . . . 

MOIHO OUeHHTb /lHa .KaK 6bl no ,• 

B, pa6oTax ll3,20l H3y'leHa ~cop6UHll xnopH.IlOB HeKOTopux 3neMe!lTOB s 

TX : xnopH.aifoa ~Hcre11e . e co~~pweHHOA o'!H6-KoA ' ra3~ ~ eop6eli~ 
I . . . 

( rnfOOKall ocyWKa H O'!HcTKa · oT-()
2 

l, noKaJaHO,· 'ITO 3HTp6IIHll 

conOCTaBnllll 

'o 
~a 

ypaBHeHHl! (~), 

' '-'' 

' .J -184 +8,5m. 

(7) H 

(10).; MozHo·. oueHHTh 't"0 no ~oo~HoweHHJ> 

--· ln't" . 
0 

,; ~ . 

' '. ' ' ,: t/2' '. ' 
1,01m- 22,13 .-ln[(RT/2n1fl :Am/Vml 

,:, 

( 10 

.. ,..., •. ~ , .. 
(11) ' 

"I 

_ .. -: 

;·). ' '......., "\' 
. Hcnonb_3Yll pe3ynhTaTu.pa60Tu l25l If ypaslie~e (10l,ypasHeHHll (8) "· 

(g) npHBe){~Hbl ~ BH.Il~: [13, 2bJ:: <' I . . . 

t 

:l 

8,80m -: 210,.18 ,1; 04Rlli(-~ ..:ati 
0
/S

1
I

0
))Ta ~ ' C12l ~ 

__ ., __ 

.;' 
t :.· .'i' ~-· 

ITO){CTaBnllll ypaoHeHHe (1 0) 'B yp,aBH~HHe 6 ')·nonyqanH aupa:.:eHHe 

[20]:.;. 

'1 

..:,-' 

lllla,= l1.02/ll-: 22.1~ lnK0 JRT. 
.a a 

. ~' ,, 

'•\', 
(13) 

\ \._ 

' / · .. '' •' . . ' 0 ·. .• ' 
r){e m- 'IHCnO aTOMOB B cop6aTe; H 0003Ha'leHHJl AH, .T ·Hcnonb3YJ>TCJI. 

· · · · · · · ·. a. a · 

Jtnll . CHcTeM. C. COBepweHHOA O'IHCTKOit. 

! 3aMe'leHo, . 'ITO An° a ){nll , acex cop6aToB. ', c H3BeCTHbiM 

CTeXHOMeTpH'IecKHM·COCTaBOM OTBe'!aJ>T.3MIIHpH'!eCKOMY.npaBHny: 

: (14) .·' \· 
\ 

0 . ) 
-llll · :s (llllvap b ' • .a. " 

~-

' ' 

//_ 

i•/ 

I 
I 
I 

.~ 
_;l:, 

,lJ 
, I 

J 

·.) 

·' 

., 

r){e (~vaplb - 3HTanb~ll ~cnapeHH~ 

KpoMe · TOrO,. noKa3aHO, 'ITO 3Ha'leHHJl 

npH . TeJmepaType KHIIeHHll, Tb • 

Aif xnopH.!los. . BU'!HcneH!We . c 
a, . . 

noM~bD ypaBHeHHll (12) no'pe3ynbTa~M, nony'!eHHbiM B TX•CHCTeMaX· C - ,. . . -

, MeHee. COBepweHHOA O'IHCTKOA, CM., HaiipHMep, (21), HMeJ>T 6on~ 
' c • _, .• 

BbiCOKHe . 3Ha'leHHJl •.. 
·'i. 

3KcnepHMeHTanbH~ '!aCTb 

B onYTaX HCnOnb30BanH _H30TOn 
212Ph ( T112=10,6qac·_ ), . KOTOpbiA 

HaKarrnHBanH Ha ·HHKenesoa ·: !p<lnbre B 3MaHaTope, JanonHeHHOM 

232Th(C0
3

)
2

. '!Reno aTOMOB' 212Pb. B OT){enbHOM' ·OnbiTe COCTaBnllnO 
' . . 8 . ···; 

npHMepHO 10 ., CXeMa 3KCIIepHMeHTanbHbiX yCTaHOBOK, • HCnOnh30BallHbiX B 
' .·· '; '.- . ' ''· ' '. ''. . ' ·\.; . _.:_ J 

.onuTax no rx H TX;npeJtcTasneHa'Ha pHc. 1a,6: 
. ;· <'. ' : ··: ' •. 

A~ H30TepMH'!eCKHA peiHM : . 

·K .. KBapUeBOA· Tpy6Ke, ){nHHOA .l=40CM ,· H d=2CM 6blna 
,. . ' .. •· \ ,. ' ' ••. •I 

npHIIal!Ha 

co6ci-seHHO KaiiH~nllpHall Konoi!Ka (l=100cM 'H· d=0,41cM), CM.pl!c.L 
' ' .. ,- . . . . 
'·,: . ,. ' ' .:· 212 ' ' ' ·, ' ' . ' 

HHK_eneByJ>_ !p<lnbry . C ,· Pb ~OMelllanH B WHpOKYJ> ' Tpy6Ky . H HarpeaanH , 

(n~'lb · }l ·){o .llOOK. ITpH · _3TOM B030rHaHHYA 
212

Pb 
t 

co6HpanH · Ha 

' .,. ' . 
OXJJa:J:)llleMbiA yqaCTOK KaiiHnnllpa, KOTOpYA. 3aTell ;BBO){HnH. B CTapTOBYJ> 

• 1 •'' • ' >• ' 1 
I 

TO'IKY• nocne){Hllll : HMena ·. !eMnepaTypy HeCKOJihKO , MeHbW¥11• ,'!eM 

H30TepMH'!ecKHA yqacTOK,' . 'ITO no3BOnllno noMepmsaTh: nOCTOliHHYD 
./ . . . . ' 212 .· '. ' .· ' ' . 

CKOpOCTb m;x:TyrrneHHJl aTOMOB . Pb B. KOnOHKy: B Te'leHHe QIIbiTa. · 
d .. ..._ 

•. H30TepMH'IeCKall · '!aCTb KOnOHKH' .HaXO){HnaCb B TOnCTOCTeHHOA 

' ' - . ' . ' ' \ . ,. 
(~1; Ocll) Me){HOit Tpy6Ke l=75cM, T7MnepaTypy H30TepiiH'!ec~or?. yqacTKa 

• C TO'IHOCTbJ> · ){0 . 1, 5K. noMepiHBanH C nOII~bJ> H30Tep11H'!eCKOA ne'IH I I. . ' . . . . ' 

).o H nocne . H30TepMH'!eCKoro . y'!aCTKa TeMIIepaTypa:·- B KonoHKe , 6una 

l,leMHOro HH:J:e · £--:20K). B MOMeHT ~OIIellleHHJl , cop6UHOHHOA 3oHbl • 
212

Pb B. 

CTapTOBYJ> . 'rO'IK¥ Ha'!HHanacb . CHHXpoHHiu! . BO BpeMeHH ~IIHCb noKa3aHHA 

· C'leT'!HKOB . I H II; .CM. pHC.2. B. xa'!eCTBe apeMeHH · nepeHoca 
·\ '. 

. I 

! 

( 
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· · ·: ,., · · 2f2 · ,. 
(y.llep:mBaHHll) Pb Ha -H30TepMH'IeCKOM ,. ' 

y
1
'!aCTKe; K~JJOHKH, · • tt' 

rrpHHHMaJJaCb pa3HHUa BO BpeMeHH MeX)ly 50Y. yMeHhWeHHeM.H RaKOITJJeHHeM 
' • . /, j 

;-aKTHBHOCTH HYKJIHJla; · perncTpHpyeMoR Ha. I H II. C'leT'!HKax, 

' ' ' . . ·. . ' ' 3 1 '· . 
COOTBeTCTBeHHO~ PaCXOJl ra3a-HOCHTeJJJI.6biJJ paBeH 60CM •MHH- : .B onHTaX 

I . . HCnOJJb30BaJIH CMeCb, reJJHll' H BO.llOPO.lla '(5: 1 L< BO.llOPO.ll 'nony'laJJH 'iipH 
I 

3JJeKTpOJJHTH'IeCKOM . pa3JJOieHHH 20Y. .oro cepHOKHCJJoro · BO.llHoro 

.. ~. ' 

paCTBOpa B R'!eAKe'c nJJaTHHOBHMH 3JJeKTpOJlaMH.ra~ O'IHmaJJH OT CJJe)lOB 

BOJlbl C nOMOIJ(bXl o6e3BOieHHOro Mg(Cl04 J
2

• 
I o •.-

.' 

B. _TepMOXpOMaTorpa¢H'IeCKHA pe:mM 

· OcHoslioA qacTbX> :yc'mHoB,KH., 6uJJa KBapuesaJI 'Kam!JJJJllpHall KOJJOHKa; 

. . I· '\ •· . :. , ~. . , . ,_ , • 
npe,llCTaBJJlliOIIlall COOORTpy6Ky TaKie -~ JlBYMll y'laCTKaMH. 0JlHH,y'laC:OK 

. · ' - .. . ,. '. •,, . ' ·. ' J 
C 1. =· 40CM, H d. =·, 1, OCM H JlpyroH e )=100CM :H dj paBHHM 0;20CM_ HJJH 

. . I 

. 0, 4lcM/ Ha TepMoxpoMaTOrpa¢H'!ecKoM y'lacTKe. KOJJOHK_H · .(Ha,eHHe -a
1 

"' ··~ ' 1 ,• .;. . ' ' . . . ~ Jl • • ' ' ' • '\ . . . ' ' 

COCTaBJJ5!JJO 12K•·cM- • BpeMll ·onHTOB. 6HJJO 30' H. 60MiiH; a paCXOJl 

·I· . : ': • 3 -1·-~- . ' .: . ... •--
·ra3a-HOCHTeJJl! COCTaBJJl!JJ 60CM •MHH • 

. ' .•• 212 ' . .: ' ·'',' 
Pacrrpe,lleJJeHHe . . Pb /- B.llOJib KanHJJJJ5!pHOH KOJJOHKH. , onpe,lleJJ5!JJH 

,! . ' . ~ 

'cKa:~HpOBa!IHeM ' ' ~-aKTHBHoCTH · c • E·- =239 -'~3B !. 
'1 

C :: , llCJMOw.bXl' 

_ ~neKTpoCKoriifqecKoro'' 'JleTeKTopa. B Ka'!ecTBe npHMepa_ pe3yJJhTaT()B 

CKaHHpOBaHHl! B pa6oTe '(2o) :npHBe)leHa rHCTOrpaMMa, no KOTOpoR MOIHO 
. . '• ' ' ' . \ -·-. . . ' i ·• 

onpe,lleJJl!Tb ynOMRHYTHe BHUJe'• OTHOCHTeJJhHHe· JlOJIH 
. . ·,· •' ) 

.COOTBeTCTBYDI!lHe HM k : .' \' 1 
. 

a. 
~. \, '"-.1· 

·, . 
··-- ...... 

'.i 

/ ~. 

' Pe3yJJhTaTH H o6cyi:.nimilll' 

' 

. ITJJOI!la.llH miKa : I! 
_!\ 

.~. -. 

YCJJOBHll H pe3Y:JJhTilTH TX· 'H TX -3KcnepiDieHTOB no · a)lcop6UHH Pb Ha. . . . ' ' ' . ,. . "/ 

' ~ • . . . '- '· . I ' . ' . -~ - ·. , . - , , ' 

S10
2 

npeAcrasJJeHH B 'ra6JJ.- 1, 2 w Ha pHc~ 3; TJle JlJill cso6o.llHHX aTOMOB 
. . ,· ·.,, \ . ·, . 

Pb )laHH 3Ha'leHHR lnK
0 

s.·3aBHCHMOCTH or o6paTHOH TeMnepaTypi!. '.TaM 
··... a , . - . . . . . . 

Ie noKa3aHa. llp5!M~ll, K KOTOpOH . MeTO)lOM HaHMeHbUJHX .; KBa,llpaTOB 
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arinpOKCHM~pOBaHb1_3KCnepHMeHTaJJbHble·JlaHHble. HcnOJJb3Yll napa~eTpbl 3TOH 

,perpeCCHH,' B COOTBeTCTBHH CO 2-HM 3aKOHOM; CM. ypaimeHH.5! _ (6), JlJill 

CM. aTOMOB Pb , Bbi'IHCJJeHH ts0 
H . ll/{

0
, 

. _,· ,a a 

corJJacyX>TCR c ·ypaBHeHHeM UOl. 

1'a6JJ.3. 3Ha'!eHHll t.So 
a Pb. 

. ' , ., '. . . I . 
C HCnOJlb30BaHHeM Bhl'illCJleHHbDC.nO ypaBHeHw.J (11J.3Haqeulfri_T0 . 6bl~ OUeHeHbl 

3Ha'!eHHl!. llH0 
no 3-MY 3aKm1y J{mi cso60.llHHX . a . \ . 

ypaBHeHIDi (7), (8), ·,a :TaKie 1 no _ypaBHemOO 

aTOMOB · Pb C nOIIOIIlh~ 

(12), 'KOTOpble_ XOpOWO 

- . - , "/· 

corJJacyX>TCll MeXJly co6<:JR. eM. m6JJ.1 H 2. 

All.dop6UHll CBOOOJlHbiX • aTOMOB_ Pb H•. JlpyrHX 3JJeMeHTOB pauee 

.H3y'laJJaCb B .. pa60Te · [19] B .aHaJJorH'IHOR TX ,CHCTeMe •. HcnoJJb3Y5! 

• '• . • • I Q j ' ·' 

'. ypaBHeHHll (8), (12 l oueHeHH .JHa'leHHH llH cso60.llHHx· aTOMOB 3JJeMeHTOB. - . . . . ' a . .. . . 

no· )laHHHM 3Toii .. pa60Tbl,. CM.. Ta6JJ. 3 •. 0TC.Xl)la . BHJlHO, 1 'ITO JlJI5! Pb . , . 

- ' 0 ' 
, COrJJaCyXl1'C5! BCe TpH . TIOJJy'leHHbiX 3Ha~eHHH · _t.Hai' T. e. MOJUiqlHKaUH5!_ 

t ' ~ ' ' ' "~ ' . . ' 
nosepXHOCTI-~ · Si0

2 
: B. pa6oTe [ 19] 6HJJa )leiiCTBHTeJJbHO. 6JJH3Ka · K HaUJeH • 

3Ha'leHHll llH0
, · Bbi'IHCJJeHHHe no (8) . H · ( 12) 

• j ' a I . . . ,.'I , ., : 
JlJJR c8o6o.llimx . aTOMOB 

scex . ;IJieMeHTOB, · corJJacyllTCll MeX)ly · co6oii, T.'e •. 3Ha'!eHHll , _-r
0

, 

'sbi'IHCJJeHHble n~ ypaBHeHHXl (11\. JlJJll CBo60JlHNX aTOMOB BCeX/ 3JJeMeHTOB, 

6JJH3KH K T '= hlkT. O,IIHaKO ,IIJI~ XJlOPH'.nOB (l3] pa·~~~~, ~n~MeHTO~ . 
·0 ,. . . . . . . !'• . . 

· C ~=2+6 • · 3Hai.l:E7HHH "t"Q~ BbNHcneHHble no ypa~HeHHio(11), 
. . . ·. . :- . . ; 

yBenHi.l:HBaiDTCH no Mepe yBenHi.l:eHHH-m, I . . . 

PaHee [15,231 paccf.ta-ipHBaJJHch .llBe MO.lleJJH ~.llcop6u~~- , B "paMKax · 

O)lHOR H3 HHX .(. cop6aT - H)leaJJbHHR JlBY?CMepHHR .. ra3 
'' 

corJJacHo 

CTaTHCTH'IeCKOH .TepMOJlHHaMHKe- )lOnycKaX>TCH pa3Hble· 3Ha'!eHHll ·T , H . 
. ' . ' ' ~ ' ,. \ 0 

MHHHMaJJhHoe Hz • HHX -r
0 

paBHO h/kr. I Q\jeBHJlHO, ,'ITO C 3TOR ~OJieJJbXl 
. . 0 

a)lcop6UHH COrJJacyeTCll o6aapyxeHHa5! B OnHTaX 3aBHCHMOCTh .-r
0 

H. t.Sa 

cop6a:~B OT HX CTeXHOMeTpH'IeCKOrO·COCTaBa. 

KpoMe ·TOrO, 3Ha'!eHHH llH° CBOOOJlHbiX aTOMOB nO'ITH' BCeX . 3JJeMeHTOB .· .. , . a 

y JlOBJJeTsopllllT npaBHJJY (14 1 B npe.lleJJax 3KcnepHMeHTaJJhHHX . owH6oK. B 

Ka'!ecTBe HJJJIIlCTpaUHH 3TOrO qlaKTa B Ta6JJ.3 npHBe)leHbl '3Ha'leHH5!. 

qlaKTOpa [13]: W = ( llH0 
. + llH )/llH , KOTOpble n·pH. T - no'ITH y 

· · a · · vap vap . • a 

·' 7 
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BCeX 3ReMeHTOB ,nQROIHTeRbHU H cHe npesuwa~T ,/3KCnepHMeHTaRbHUX 

norpewHOCTelL 

·' AaCOp6UHD aTOMOB B pa6oTe· [19) HJyqanH· C noMQmb~· paAHDaKTHBHUX 
. -~ ' 

' . . . 

HJOTonos a HHAHKaTopHux xoRH~ecrsax; no3TOMY a raJe •. a ocliosHoM, He· 

11or.nH o6pa3oBaTbC~ noRHMepu ·,:Hna As4;,· Sb4 l!f. Bi2, xoTopue, xax 
. . 

' - . ' 
HJBeCTH()~ npeOORa)lllDT . B HaCUUleHIIOM nape 3THX npOCTUX . BeuteCTB H 

. onpe.nenliDT 3HTaRbnH~ HcnapeHHll .. no3TOMY .nnll ·As, , Sb H !Ji ·a Ta6n. 3 
• .s . ' . 

.naHu He npocTo M .. 3rnx nmrnMepos, ·a cyMMU M ·:if 3HeprHH :Hx 
. vap · ·. . . vap 

AHCC~UHa~, T:~~ 3HTaRbnHSI·n;o~ecco~ M(xi = M(r). . 

HCKRDqeHHell SIBRS!f!TCSI, JlOBORbHO BUCOKHe OTpHUaTeJ!bHUe 3HaqeHHSI. W 

JlRSI · Cd H. Zn, CM. Ta6R . .. : 3:. JlRSI ' qero, .noxa· HeT · OJlHOJHaqHoro 
•. 

OO'bliCHeHHSI. Blf.imMO,' era cne.nyeT HCKaTb. B. XHMHqecxoR. ,npHpo.ne ·3THX 
.~. 

3ReMeHTOB. 
. .. ' -' -~ .' ' 

corna~Ho Tpyro;zy, Mo:.:Ho 1 JanHcaTb:_ rb"' .<61fv~plb/(t.Svap)b. no 

aHanorHH ~ 3THM'J1Rll npouec~
1

COp6UHH-;ecop6uH~ rip~MeM,· q;~ · . 

·\ 

I' 
! 

'eo 
,a 

_. 

Allo/t.So. 
a a 

I . 

I . 
'· 

; (15). 

.\' ' '. ~ . 

.non:.:Ha 6uTh HeJaBHCHMa aT napMeTpoB TX· H rx-0' . 
a , no . onpe.neneHHD, 

a .. . , 

¥~HOBOK.H pacxo.na'raJa. a'.naHHOR·CHCTeMe. · .. 
HcxoJlSI HJ 3KcnepHMeHTaRhHUX JHaqeHHR a0 .nnSI xnop!ijos H oxcHxnopH.nOB · . . . ' -a . . . .., 

(13, 20), 6pOMHJlOB [21)1 · 

.Tax:.:e H3 3Haqe!IHR· (AH' )b H .M b. [26);' c yqeTOM 
.:-- vap . · su · I 

HMeeM: 

M
0
/R 

a 
(M ' \[6, 47±0,28}, 10-3m 

vap . • . .... 

-(606±27) • 

M~/R =-(18; 14±0, 94)m + (393, 75±20, 40) 

i -3 
·-(4,50±0,23lmLM

5
ub'10 · . • 

8 

./.-

. (0, 14±0, Ol) I + 
-...: 

. [(97,61±5,06) 

a 

(15). H (10) 

(27,9±1,2)m -

(16) 

(17). 
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A' nE"ib-I 

H -
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6 

He 

..-------:::· 

nELJb-Ii .MEAb 

1-' 

~~"\ . 

PH~l.·CxeMu 3KcnepHMeHianbHUX ycTaHosox .nnSI HJyqeHHSI_H30TepMHqecxoR ' " ,._. . . - . ' ' 

\ ' 
1 

xpoMaTorpa.ipHH (a)-H TepMoxpoMaTorpa4JHH (6) :.. · · .• 
.. ... . . 
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T/K 

• 910 r' 

893 

873 

• - d 

·; :' ,, 
1 -~ •• 

Ta6JIHua' 1. 
'· 

Pe3yJJbTaTH TX ~IDIT~~- no TpaHcrioptHpOBKe 

21
.
2Pb 8 rx xoJioHxe H3-xaap~eaoro crex.J!a, d=O, 41cM, 

pacxo.ll ra3a ( He: · H
2 

1.7 

3.3 

t /c g· 

3.3. 

0,3CM. 

t/c. 

52. 

96 

330 

', 
'.• 

5:1), v ~OcM3•MHH~1 • 
0 I 

k /eM 
a 

1 no ypaBH. 
• .J 

(4) 
J 

2.2' 

·2,9 

·10.1 

1 ~ ! 

·,.,· 

.o.H0/~~•MOJJb-1 
a 

·no ypaaH. 

(7) 

• ! 

166.1±11,6 

165. 1±11, 6 

170. 4±11, 9 

" ra6JIHua 2. 
.··\ 

212Pb Pe3yRbTaTll·, ·TX- OnLITOB 1 C aTOMaMH 'B KOJJOHKe . H3' ., 
xaapueaoro cTeKJJa~ pacxo.ll ra3a 

./:' ~ 

. ' - 3' -1.' 
He:.~:i = .. 5: 1 ),, v

0
= 60CM •MHH \. 

T/K; d/cM t /MHH 
, R, 

~; 

840[19] 0.50 30 

732 0.41 60 

692 o:2o· 30 

661 0.20 60 

I 

·,ka/CM 

' .. \. -

M0 /KJli•MOJJb - 1• 
·a·. 

no yp. (1 l no·yp. (7), ·· 
·I . ·, .. 

5 

.940 

.2520 

6440' 

(8), ,(11) 

173,2±12;1 

'170±10 

167±7· 

. 170±7 

' ·' 

*- OTKJJOHeHHH 3HaqeHHH ~~· paccqHTaHHllX no.pa3HllM ypaBHeHHHM, He 

npeawuaeT 3KcnepHMeHTaJJbiiHx norpeumocTeH. ( oxoJJo 5Y. J: 

~--

10 

.·r 

".j 
I 

'·' 

~ .. 

~:'I 

',',. 

.. \ 

latinuua 3. 

:JnaqeHHJI t:Ji> H tJi·. /K~1:•:~;Jll,·-l, -~$0/~i·MCJJih:t,.K-:-l CBo6o.lf,HYX 8TOMOB a yap , a . . _ . 
. \ 

_3JieMeHTOB, BW'IHCJielllll.IX 110· 2-:0MY H 3-eMy 38kOHRIII 

TeiJMO.lUfllaMIUCH. a T8Kie 1/"/. · 

fpynna Cop611T ll/1 + .: T 
va~- a 

-bSo ~ . -l!Jlo · -AJIO 

· nepim.>;. · 

CHCTeMY :.. 

a · a a 

no yp. no yp.· ·no yp. 

(10) (8) (9) 

:J 

llx100 

./. 

I. ;- Cu J17. t3:n · 
·.I. Ag 267 1223 

I. 'Au J48 1223 

'I. .'Zn 120 670· 

I.< Cd. !OJ . 593 
,<·' 

I. :Hs 61 '29J 

II. Ga' • 226 .,, 82J 

. II. In 2J5 .,59J 

II.' · Tl 

Iv< Ge 

Iv:· .sn 

'166 ... · 648 
; ' 

J32 
1 

1033 

I ... 
29J IOJ;J 

176 

176 

'176 

176 

1'16 

176 

.176 

176', 

176 
..1 

176 

176 

:1oo· Joo 

277 

280' 

146 

!25 

· .. 60 

178 

125' 

IJ9 

·274 

.274 

145 

125, 

60 

177 

125 

IJ7 

. 226 .. ~ ·' 225 

·~228 226 

IV. ··.Pb 186 953+661. t·i6i12·· 16Bt4" 

IV. Pb 

' 'IV.· Pb 

v. As 
.. 186 

27J 

V. Sb00 
.•. 242 .. ; 

V.'· Bl · 194, 

/' ·.VI. Po· . '10J 

661 

803 

82J 

82J 

70J 

\ 

46J. 

'!76 

176 

176 '· 

.. 176 

176 

176 

170±12 ' 172. 

176 

177 

179 

154 

95/ 
\ 

17J 

178,. 

.'178 
I 

!52 

!OJ 

+ .:. cnpaao~uwe ,>;auuue. _6a3a mumux .l KBTAH TEPMO l .• 

3ua~eHHll lll/~ap npu T 8 • 

5 

-3 

20 

-21 

-21' 

2 

22 

47· 
17, 

'·32 

2J 

,10 

9' 

. 7'· 

·.J5 

26'' 

22 

·a 

3uaqeHHll T
8 

3aHMCTBOBaHY B paOOTe (19) xpoMe .lBYX nepo"x 

3ua<.enHR Jtnll Pb • 

"'~. • - Ml0 
·H llS

0 no 2-oMy 3aKorry. oCranbiJl:le M/0 n~ 3-elly 
. , a a " a 

3akouy: 

••·- Clll. ·-TekCT. 

II ., ' 

j,' 
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PBc. 3. 3aBHcHMOCTH 1DK0 oi. o6paTHOR TeMnepaTypbl. ' . . a. . 

1 
\ ~ 

Of,neJibHO i JlJill lleTaJIJIOB npH m = '1; HCXO.Illl H3 llH ,· npH T ' . · .. . . vap a 

6y,ne11 HMeTh: , : 

0 ' ' . 
llH /R =. -llll · · (0,106±0, 01) 

a . vap -' .• · . . 

' 3 .· 
(2,0±0,2).10 .• {18)' 

r 
/'1' 

r-' 

lloJiy'leHH!"e BblpaieHHll., MoryT'· 6b1Tb HCUOJib30BaHbl ,_npH. H3y'leHHH 
. I ' ' ''1 

'' ' I : • i \ 
CBORCTB HOBbiX 3JieMeHTOB H coe~HeHHR, y KOTOpbiX onpe,neJieHHe llH H . · · · . . , ... : . vap 

r 

_lllls~b .llpyrHM nyTeM BCTpe'!aeT UpHHuHUHanbHble Tpy;(HocTH; 
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