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BacnnbeB B.A. 11 ap. PI - 10222 

0 Z -38BIICIIMOCTII B8pO<ITHDCTII 8TOMHDrD 38XB8T8 M830HDB 

B BeU{eCTBe 

npoBenen 8H8n113 IIM810llliiXCSI nBHHb!X no 8TOMHDMY 38XB8TY M83DHDB. 

noKA38HD, 'ITO nony'!8HH8<1 panee B ra3DBb!X CM8CSIX H2+ z z l/3
-3aBI!CIIMDCTb 

8TOMHDrD 38XB8T8 M830HOB ynoBneTBDpl!T8nbHD CDrJiaCyeTCSI C 6onblll8ii 

'!8CTbiO 3KC118pi!M8HT8nbHhiX n8HHbiX. 

Pa6oTa Bb!IIDnuena B lla6opaTopn11 <InepHbiX npo6neM OJ.1HJ.1. 

flpenpHHT 06bei:(HHeHHOI'O IIHCTHTyTa l!AepHbiX HCCJI81:(0B8HIIH 

,ll,y6Ha I976 

Vasilyev,V.A. et al. PI - I0222 

On the Z-Dependence of the Atomic Capture 
Rate of Mesons in Matter 

All experimental data available on the atomic capture 
of negative muons and pions are analyzed using an empiri
cal relation for the capture rate to the atomic number Z ;, 
A<Z/ II l ~ (7.1 ± O.ll x <Z I/ 3 - J) obtained for the case of the1 

atomi,c capture of pions in mixtuf
3
es H2 + Z. For c~mparison 

the Z-law and the formula A(Z)~Z ln(O.S7Z)' g1ven by 
H.Daniel have been also used. It is shown that the Z-law, 
as a rule, does not hold. Our relation approximates the 
experimental data better than that proposed by H.Daniel. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

c 1976 06'1>eOUHeHHWU UHCauaya AOepHI>IX UCCAe006QHUii)ly6Ha 

06~HO npH OITHC8HKH 8TOMHOro 38XB8Ta M830HOB Ha ypOEHe 

rpydoro npHdmrllteHWI HCllOJll,3ym £ -381\0H /I/, COrJIBCHO 1\0TOpOMY 

Eepo.HTHOCTH BTOMHOro 33XB8TB M830HOB npollOPI.U!:OHBJihllli 38pHUBM 

.IIUep 8TOMOB z_ (llOJIHOMY 'iHCJIY 3JI8KTpOHOB B BTOMe) • 11 XOT.II BO 

MHOrHX pa60T8X ~8BHO 6HJIO YCT8HOBJieHO cymeCTBeHHOe paCXOlltU8HHe 

peayJII,T8TOB 3KCll8pHM8HT8 C npe,UCK838HBIIMH Z -38KOH8, H3-38 OT

CYTCTBH.II KaKOrO-JIHdO BJihTepHaTHBHOrO 38KOH8 BTOMHOrO 38XB8T8 i:-
38KOH HCllOJih3yeTCH npH 8H8JIH3e 3KCllepHMeHT8Jll,HHX UBHHHX UO HBCTO.II-

mero BpeMeHH. 

He~aBHO dUJia npe~JIOEeHa / 2/ HOBall ~opuyJia ~Jill 3aB~C~MOCTH 
BepOliTHOCT~ aTOMHOrO 3axBaTa ue30HOB OT aTOMHOrO HOMepa 1 , 
COrJiaCHO KOTOpOD OTHOmeH~e BepOHTHOCTeli 3axBaTa aTOMaMl1 zi ~ 

t_~paBHo:A(Zf, )= r!:f!.n(q5?Z.,). 
z2 7 )3 en. (o57Z J 

L.2 I 2 

(I) 

WDPMYJI8 (I) dana llO~eHa Ha OCHOBe KJIBCCH'ieCKoa MOU8JIH, npe.UJIO

llteHHOa B pa6ore ~epMH H TeJIJiepa/1/. 

B padoTe/3/ 3KCll8pHM8HT8JII,HO llOK83BHO, ~TO BTOM~ 3aXB8T 

rr -Meso HoB B raaoBux cMeC.IIX Hz+ l:. , r.ue Z - 6JiaropouHue raaH 

H 830T, XOpowo OITHCHB88TC.II ~I/3-aaBHCHMOCThD. 0THOWeHHe BepO.IIT-

HOCTei 3aXB8Ta llHOHOB BTOM8Mlt r_ lll BOUOpoua paBHO 

A( Z. /H) = (7,1 ± 0,1)·(.2'1/ 3-I). (2) 
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B o6meM CJIYqae UJIR 6HH8pH!:iX CHCT8M 
y~ 

A(Zfz )= z." -i__ (3) 
2 z'%._ 1 

~I/3-saEHCHMOCTh, IIO-E}i~HMOMY, OTpa&aeT H83KBHE8JI8HTHOCTb 

3JI8KTpOHOE pas~HIDC 3TOMHI:iX 060JIOqe.K.nO OTHOW8HHD K 33MemeHHJO 

ax 33pR~8HllliMH M830H3MH ITpH 8TOMHOM 3axB8Te. 3Ta H83KEKB8JI8HT

HOCTh MOllt8'l' 61iTb CBJI38H8, H8ITpHMep, C 3KP8HRPOB8HH8M 3JI8KTpO!iOE 

BHYTP8HHIIX aroMHI:iX odoJio~eK ElieillHHMH aJie.KrpoHaMH. IToJIYqeHaoe H8 

OITliTe / 3/ 3H3~8HH8 BepORTHOCTR 38XE3Ta A (~/H) ITHOH8 8TOM8MH 

Z B cMecH H2+ Z , HOPMRPOBaHHoe aa BepORTHOCTI> aroMHoro sa

XEaTa EOllOPOUOM, 6JIH3KO no B8JI~H8 K <{ll!CJJY 3JI8KTpOHOB n_ BO 

BH8lliHe~ 060JIO'!Ke 3TOM3 ~ • 

ATOM He Ne Arv Kr- Xe 
A( ~/H)/n.. 0,92;tCJ,05 0,96±0,04 I,45±0,05 0,9I±0,03 I,D!_0,04 

1:J uacromueH padore Ml:l npe,ll,npnHIIJH1 nonblTKY onncaTh c no

MOc(biO l(Jop11yJI (2)-(3) 3axBaT M830HOB arowwn, BXO,ll,ill!liiMII B coc

raB XHMll'i8CKHX C08IU1!181lliH H CMeceft, B Cp8Bli8HIIH C Z -33KOHOM 

H 38BllCUMOCTh!O (I). Bee H3E8CT!Ibl8 HUM II,3HHbl8 IIO 8TOMHOM,V 38XB8-

TY M830HOB B OnHapHI:lX C08,li,IIH8HHIIX H CM8CIIX, a TaKKe BO,li,OpO,li,-

C o,ll,eplKamnx coe,li,MH8HMRX nrnaZ,., Hn X k npe,ll,crasJieHH B raOJIH-

uax l - YfJ. CJie,l.\yeT 3aM8THTb, 'lTO rpOpMyJia (I) He OIIMCI:lBaeT 

3aXBaT B cncreMax, co,l.\epEamnx BO,ll,opo,ll,. 

B KG~CCTEe KpHTepHR corJI8CHR M8~II.Y 3KCII8pHM8HTOM R pac

CM8Tp.11B38MHMH 38EHCHMOCTRMH HCITOJ!b30E8JI8Ch E8Jill'iHH8 J- 2• QD;H8KO, 

ITOCKOJ!hKY HM8IOOIH8CR !18 cerOD;M 3KCrrepHMeHT8Jil>Hbl8 D;8HHbl8 rro.ny~e

Hbl E pa3H08 Eperm, C IIOMOil.ibiO paSJin~HIDC M8TO.IU1K H p83HHMH 3ETOpa

Mll n,KaK ITOK83b!E88T 3!18JIH3,H8 CBOOOII,Hbl OT 3H3~~8J!bHIDC CRCT8M8-

TH'!8CKiu: Olli.HOOK*), IIOJIY'!88Mbl8 H8Mll 3!ffi'l8HIDI J ~aCTO H8CTOJil>KO 

3£)yK8lK8M U:Jiff IIpHMepa H8CKOJihKO IlpOTHEOp8'UIEIDC pesy1IhT3TOB: 
Tl02 RCs_Q

3
(ra6n.II), P'bF_; .a LiJ (ra<lJI.rJ). 
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B8XHKH, ~TO HCKJIDqaDT B03MOEHOCTb HCIIOHb30B3HIDI CTa~napTHOro 

CT3THCT~eCKOrO 8H8XH38. ITo 3TOft rrp~He B KaK,li,OM KOHKpeTHOM 

cJiyqae Kbl Cly,ll,eK C'lHT~Tb npe,li,ITO'lTwTeJILHO~ ry saxoHowepHocTL, 
2, 

,li,Jlil KOTOpO~ J( HY88T HaKK8HbmYD B8JIH'lKay. 

,ll,.rul Y.noocrEa aaaJIRsa Bee HMeDllHeCR .rr.aaHb!e crpynnRPOEaaa 

E ceo raomm.ax. 

B Ta6mru;e I rrpKBeneHH .naHHI:ie no aroMHOMY saXBaTy MesoHoB 

B CMeCRX raSOB, COD;epEallUIX BO.llOPOll ,H B raSOBliX H M8X8HH'l8CKRX 

CMeCRX Oe3 BOllOPO.ll8o B OOOHX c.nyqaRX, Ka.K 3TO BHII,HO R3 Ta6mru;a, 

~OpM,VJili (2)-(3) XOpOWO OIIHCI:iB8DT 3KCnepHM8HT8JlbHli8 ~8HHJ:ie. 

,UaHHble no 8'l'OMHOMY 3axB8TY MllOHOB B OKHCJISX ITpHB8.ll8HI:i H8 

pRe. I R B radmru;e IT. Ka.K BR.llHO R3 pucyHKB, poeT SaEHCHMOCTR 

O'l'HOCHT8HbHOi EepORTHOCTH 8TOMHOro 38XB8T8 A(i!jQ) C yEeJI~eHH

eM Z JIY'II!i8 OnRCblE88TCR ~OPMYJIOi\ ( 3) , qeM Z -38KOHOM HJIH 38-

BHCHMOC'l'bll (I) • ITpe.llCK838HIDI Z. -38KOHa E dOJiblllHRCTl!e c.nyqaeB 

pe3.KO paCXOWITCR C 3.KCnepHM8H'l'ON. liTO .K8C88TCR 38EHCHMOCTH (I), 

TO OHa 3aHHKaeT Cp8,li,H8e DOJIOX8HH8 K8X,li,Y ~-3aKOHOK R 3aBMCHYOCTbD 

(3) H JIY'lill8 corJiacyeTCR C 3KCII8pHM8HTOM, qeM ~-38KOH, HO ll88T 

EepORTHOCTH A( Z/0) B cpe.uaeM Bl:illle u aKcnepHMeHTaJ!bHIDC sHSqe-
. 2 

RBI (cM.pHc.I). CyMMapHoe sHSqeHHe .1 .llJili aroi 3aEHCHMOC'l'H 
2 

rrpHMepHo Emioe 6oHJOwe 3H8qefllllll .1 .llJili WOPMYJili ( 3) • 

3H8'lH'!'8J!bHI:i8 O'l'KJIOHeHHH OT rrpencKasaHHi ~PMYJili (3) H80JID

.nal1l'M llJili aJieMeHro:e IT a lii nepuo.no:e, MeTaJIJio:e c Z > 80 (P.l, B i ) 
H H8KOTOpliX OKHCJIOB fY H Y nepBO.IlOB. Bo3MO&HO, qro E nOCJI8.llRHX 

.IU!Y'X CJJY'UUIX pacxoaueHJII) He cJie.n;yeT ITpR.ll8E8Tb dom.woro sHSqeBJlll, 

DOCKOJII>KY DOCJie.JlYDijflJI npo.Bep.Ka BeKO'l'OpHX H3 OOJiee paHHHX B3Mepe

HJd ll8D pe3yJil>'l'8TH, 6oJiee 6Jlll3Klle K .KpHBOI ( 3) ( Cll. pHCyHOK) 
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~JU! nonil,l\aJO[!{~e Ha Hee CTu O'l., CJO, Gz. 02) .liro Kacaerc!l oK~cnoa ane

MeHTOB IT~ w nep~o~oa,ro aKcnep~ueHTaJJbHHe aHa4eH~!I aepO!!THOCTeU 

A(l/0) CHCTeMaTH4eCKH MeHbWe 3Ha40HHM,~aBaeMHX BCeMH TpeM!I 3aBH

CHII.OCT!!Mll, TO eCTb D 3THX OKHCJ!ax aTOMH!ill 3axBaT Ha KJ.lCJ10pO~ ~OMll

HMpyeT. HadJJIO~aeMHi1 B :JTHX COe~nHeH~!IX aqxpeKT MOJKeT HOCHT b Od'beK

TREHHR xapaKTep, ITOCKO!IhKY E OTJJK4H8 OT 6onee TflllteJJNX 3JJeMeHTOE 

B aroMax aneMeHTOB IT n lU nepl'!O,llOB 3JI8KTpOHH BHeliiHe~ o6oJJ04KH 1 

nepecTpOi1Ka KOTOpOH npOI'!CXO,lll'!T npl'! Odpa30BaHI'!l'! XHMI'!48CKOi1 
~ 

CB!I3H ~ - 0, COCTaBJI!IDT 3aM8THYD ,llO!IIO BC8X 3JI8KTpOHOB aTOMa I'! 

MOryT nrpaTb 3Ha4ii!T8!1bHYIO pO!Ib B aTOMHOM 3aXBaTe Me30HOB. B!lvr!I

Hl'!8 Xl'!Ml'!4eCKOi1 CB!I3H Ha aTOMHHi1 3aXBaT, fiO-Bl'!~HMOMy, l'!Me8T MeCTO 

raK~e B coe~nHeHn!!X c pasJin4HOi1 creneHbD OKI'!cJJeHn!l MeTaJIJia 

( CM.~ nanpV!Mep IJH~, v 'sg 'B~). 0,llHaKO 3TO BJ!l'!!IHH8 He3Ha4vrTeJibHO 

vr He npo!!BJJ!IeTc!l cncTeMaTn4ecKn. CJie,llyer saMeTnTh, qro pacnpe,lle

neane 3KCri8pl'!M8HTa!lbHHX T04eK OTHOCI'!T8J!bHO Kpl'!B0i1 (J), KaK Hall 

Kallt8TC!! 1 ,ll8J!a8T He CTO!lb 04eBH~HOi1 HadJJIO,llaBIIIYDCll paHee/6/ nepl'!O

,lll'!4HOCTb B aTOMHOM 3axBaT8 Me30HOB. 

Ji TaOm!.Ue !J rrpeUCTUE!18HH UUHHH8 ITO 8TOMHOMY 38XBUTY :V.IOOHOE 

B ra;roreHosaMel!1eHHHX eoe.rtHHeHRHx THna ZmH, XK • OTHOllleiD!e Ee

poRTHOCTe:il: 33XBaTa M830HOB rpynno:il: zm Hn ll oeTaTKOM XK MO

JI8KY Jill paeC'iHTWl8JJOeh no ~OPMY !18 

A(ZmHn/xK) = 

f+A(lfH)'%_ 
A(~) f5h 

(4) 

rne A( Z /H) 11 A(X/H) naiOTefl ~oprv:yJIOH ( 2), KaK MOlKt!O BHU:eTb H3 

ra6.7Illl\bl iii, saa'ieiDm nepooraoeTe:il: saXEaTa A( Z,., Hn I XI< ) rrpen

cKashi.Ea!OTCfl tf;opMYJIOH ( 4) 3H8'UITeJibHO JIY'Illl8, 'ieM Z. -38KOHOM. 
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CJrenyeT OTMeTHTb, 'iTO llpl'I HeiTO!Jh30B8Hlm 38EHeHMOeTH ( 4) oeHOE-
2 

HOii BKJJan E j BHOeHTCfl TpeMH 3KerrepHM8HT8!JhHbiMH TO"iK8MH .n!lfl 

eoenHHeHH:a ~H5Br- 1 NH4 CP. H NH4 Br. 
EoJJhmOe "iHeJJO padOT ITOeBHmeHO H3y'ieHHID 8TOMHOro 38XB8T8 

*) 

Meso HOB E ranoreHH.nax MeTa!J!IOE H yrnepo.na (eM. ra6n. IY). Bee 

HMeD~~HeCH .naaHHe aaxon;HTCfl B RBHOM rrpoTHBope"iHH e Z-saROHOM. 

QiopMY!18 (I) HeeKO!JhRO JIY'IIII8 OIIHeWJae'!' ::nterrepHMeHT8!1hHH8 naHHhl8, 

'i8M <POPMYJI8 (3) • Q!UlaKO eJienyeT OTMeTHTh, 'l'l'O """50% pa3Jil'!41'!!1 
2. 

B j MeiK,IJY rrpeneK838HRHMl'l 38BHeHMOeTe! (I) H (3) OM38HO BR!18IJY 

or saa'leHRH A( Li I I /IS/, KOTopoe Haxo.nHTCfl B rrpoTREope'lH:l'I 

e nEYMH npyrRMH H3MepeHKHMH A(Lf /I)/I6,I9/. 

,UaHHHe ITO 8TOMHOMY 3axB8TY B eoertHH8HRHX eephl l1 ee 8H8!10-

roB rrpe.neT8B!I8Hii B tad!ll'!U8 Y • Bee TpH 38DHeHMOeTH rrpHMepHO O.nH

HBKOBO OITHeWJaJOT pe3y!JhT8T!i ::menepHM8HT8. Mhl He Y"iHTWl8Jil1 BltJJan 

E j 2 
OT Ca. s , rroeKO!IhKY OH rrpHMepHO p8E8H eyMMapHOMY. 3H8'i8-

H~ll :{;:.or ncex ,llpyrHx coe,llilH8HHlt, npHBe,D;eHHbiX B radnnue .l\JI!I sa

BHcnuocrelt (I) H (3). 3aMeTHM, 4TO dOJ!blllHe BKJ!B,nhl B .f'- ~JI!I cpop

MYJJ (I) H (3) ,llBDT O,llHH H Te xe C08,llHH8HH!Io To lite CaM08 OTHOCHT

Cll H K CilJ!aBaM MeTaJIJ!OB, BepOllTHOCTH aTOUHOrO 38XBaTa B KOTOpHX 

,llaHH B TadJIHU8 YI. ITocne HCKJ!D48HHll H3 BKJia,na, odyCJIOBJI8HHOro 

aepollTHOCTbD A(Cu/JI()!ll/ ( OH HaMHOro npeBHmaeT CYMMapHHlt BKJlil,l\ 

BC8X OCTaJibHHX 3Ha48HHlt ,llJI!I tpex rHfiOT83), B8J!H4HHhl j(~ ,llJI!I 

BCeX Tpex 3aBHCHMOCTelt nony4aDTC!I UpHMepHO O,llHHaKOB!iMHo 

3KerrepHM8HT8!JhHJie BepOHTHOeTR 8TOMHOrO 3axE8T8 MDOHOB B 

OeHOB8HJlflX, npeneT8B!18HHhl8 B Ta6mme Yil, UOK83IiB3m' eHeTeMaTH-

-qeeKoe OTKnOH8Hlle OT npeneitasafmi z_ -38KOH8 R 38BReHMOeTH 

(3). IlpeHMYmeerBeHHH! saXEa'l' MesoaoB rpynnaMH OH/B,I
2/ MoaeT 

ll) ITpHBe,lleHHH8 B TadJmue IY 3HatteHH!I OTHOCHT8J!bi!LIX BepOllTHOCTeH 

aTOMHOrG saXBaTa B HO,JtH,llaX M8TMJIOJ!l9/ UOJIYII8HH HOpl!:HpOBKOI no 

B8JIH4HHe A(K/I)/7/. 
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6UT:b o6yC~OB~eH XHM~eCKRMH a~eKTaMH. CHTya~ C OCHOBaHKHMH 

E H8CTORI!Iee EpeMH 3anyTaHa, IIOCKO~hKY 38XB8T gr:Me30HOE EOUOpO

UOM OH E OCHOB8HWIX M(QH} q- IIO.U8B~eH E q pa3/20/. BBR.UY 3TOro 
2. 

3aaqeHRil .f Ta6.ID1LI,bl Yll ae y'lliTWlamrci> rrpu BH6ope HaHJIY'IIlleid 

rHITOTe3bl. 
2 2 

B Ta6mme Ylii rrplrneueHH 3Ha'!eHWI :f H f (HOPMHPOEaaaoe 
2. v 

Ha ql1C~O CTeiTeHeid CEOOOUbl f } .UJIH .U8HHHX, rrpeucTaE~eHHHX B 
2 

'l'86mmax I-YI. CyUH ITO 3H8'!eiDl!O :f
11 

, r_ -38KOH OID!CHEaeT Ee-

pOETHOCTh 8TOMHOrO 38XB8T8 Me30HOE 33MeTHO xy!Ke 3aBl1C>:MOCT8~i 

(I} H (3). )l,JIH rpyiiii I-lllltOPMY~a (3}, a UM ocTa~HHX @oPMY~a (I} 

uaiDT ~ruee cor~acue c aKciTepHMeHTOM, B ue~oM ~ee oiTacaHHe 

3KCITepHMeHT8~hHHX U3HHUX uaeT 3MITH!)~eCKaH ¢0PMY~ (3} - CM. 

ITOC~CUHIO!O CTpOKY Ta6JIHUH Ylll. 

B 38KJIIOqeHHe OTMeTHM erue pa3 IIpOTHBOpe'!HBOCTh, M038R~OCTh 

l1 HeB!lCOI\YIO TO'!HOCT:b HMeKIIU1XCR 3KCIIepHMeHT8JlhHbiX .U8HHHX ITO 8TOM

HOMY 3aXB8TY Me30HOE. )l,pyra.a TPYUHOCTb IIpH ITOJi!CKax a.neKEaTHOro 

38KOHa aTOMHOrO 38XB8Ta Me30HOB CBR38H8 C EJIHHHHeM Ha BepOET -

HOCTL 3TOMHOrO 38XB8Ta pll.U8 aqlf)eKTOB, T8KRX~K8K: I} BJIHHHHe OC0-

6eHHOCTeid XllMHqeCKHX CBJI3eH, HaiipRMep, JMeHhlli6HHe EepOETHOCTH 

3aXBaTa ~r:.Me3oHoE rpYIIIIoid CH3 E MoJieKyJiax CH3 X E 3aEHCH-

MocTH oT UHUYKUHOHHOH KOHCTaHTH saMeC'l'HTeJIH X 12II; 2} BJIHHHHe 

E38HMHOro 3Kp8HHPOB8HRII 8TOM0E B MOJieityJiaX, H8IIpHMep, yMeH:bine

Hl·Ie ECpOETHOCTH 38XB8T8 jL:Me30HOB 8TOM8MH cep!l E S~ /22/; 

3) EJIWIHI'!e TECpUOTe~bHilX s!fxl;eKTOE, H8llpHMep, 0606l!leCTE~eHKH 

a~eKTpOHOE E w.eTaJIJiax H CIT~aEax. 

8 

I 

J 

' J 

TeM He Meaee ITpoEeueHHWi Ha}m aaami3 IToKasiiDaeT, '!TO ode 

l I/3-3am!CHMOCTH uaiDT saaq.ure~ao doJJee xopornee on~caa~e 

pe3yJJbTaTOB O!Ib!Ta, '!eM ~ -3aKOH, H MOryT ~CTIOJ!b30BaTbCH Tip~ pac

qeTaX aepoaraocre~ arouaoro 3axaara uesoaoa. ITpe~JJoxeHHaH HaM~ 

~OpMyJJa (J) H8CKO~bKO JJyqllle OTIHCHBaeT pe3yJJbTaTH O!Ib!Ta !IO cpaBHe

H~IJ C cpOpMyJJO~ (I) M !IpMMeHMMa K JIIJdbiM COe~HHeHHHM, TOr,JJ,a KaK 

cpopMyJJa (I) aenpMMeHMMa K ao.n;opo.n;co.n;epxall1MM coe,JJ,~HeHHJHl. 

A(Z/o) 

6 ~ Zm On 

2 

• 7 
• 8 
0 9 
&10 
•11 

\ 
Do.Nv'~Q 

1_/1,..,;,. ~' 

z 

0THOCHT6HbHbl8 B6pOHTHOCTH 8TOMHOrO 3aXBaTa Y630HOB 

B OKHCnBX. CnnomHHe KpHBHe npOB6,lJ,6Hbl cornaCHO ~ -38KOHy, 

38BHCHMOCTHM (!) H (3). 
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c-., 

0 
Z- 30KOH 

mZ+nZ
1 ~ 

A(Z IZ
1

) < 
:0 exp x-z u A(Z IZ1

) u 

He/H 2 ~j 1 1 H4 • o,o"' 2,oo 3,2 
Ne/H2 3 7r65 1 0 1 35 1o,oo 45,1 
Ar/ Hz 3 II 7 60 • 0,40 18,00 2!>6,0 
Kr/H2 3 16 1 40 • Or60 36,00 1067 
Xe/Hz_ 3 20, 40 , 0, "10 54,00 2304 
Nz/Hz 3 6,60 , 0,30 1 1 oo I, 8 
N21He 4 3, 53 ' o,23 3, 50 o,o 
He/Ar 5 0,15 • o,o1 o, II I 5, I 
Ne/Ar 5 0, t>l • o,o3 0,56 3,3 
Nz/Ar 5 o, 51 , o,o2 o, 39 36,7 
Fe/S 6 I r 22 II 0 r I 5 I 162 7,3 
Fe/S 6 I r 40 • 0,15 1 1 62 2,2 
Zn/S 6 1 1 35 '0,15 I r 88 12,3 
Zn/Se 6 o,74 • o,o9 o 1 "lB 2,5 
Cd/le 6 Or!l2 II Or09 Or92 i' 3 
Cd!Te 6 0 1 74 t 0,10 o 1 92 3,4 
ln/Sb 6 1,04, 0,10 Or96 o,~> 
ln/Sb 6 0,91 , o, 14 0,96 0,1 
["X2. 3762 

--

10 

Ta'aAu u,a I 

q:JOpMyAO ( 1 ) cpopMyAbl (2) U (3) 

z z 
A(Z IZ

1
) X A(Z /Z

1
) X 

1,85 o,o 
B1 «o 2,4 

II 1 !>I o 1 1 
16,34 o,o 
19,74 o,9 

1 

6,48 0,2 
16r03 2'J56 3,51 o,o 
Or03 151,2 o, 16 1 1 I 
0 1 61 o,o o, 71 11,6 I 
o 1 43 14,5 o 1 56 7 f I 
I ,43 2,0 I 129 o 1 2 
I ,43 o, I 1,29 o,5 
I, 58 2,4 I, 39 o,1 
0 1 'o12 3,9 0,94 5 1 o 
0 195 2,1 o,\16 2,6 
0,9!> 4,4 o 1 '.16 !t,o 
O,'JB 0,4 o 191 o,3 
0,98 o.2 0,98 0,3 

313'1 37,3 
-- '-- _J__ -

t 

I 

• 

!:.,-: 

Ta3Auu,a IT 

0 Z- 3QKOH q:>opMyAa (1) q:>opMyAa (3) 
" z 0 
< 
l5 A(Z/0) m n u exp A(Z/0) -x,_Z A{Z/0) xl "X.2 u A(Z/0) 

BeO 7 o 1 12 ' o,o4 o, 50 90,2 0,43 60,5 u, 5'1 1 J6r 5 
8203 1 0 122 , o,o!> o 1 63 65,6 o, 59 54,8 J • 'II '16 1u ] 
MgO 1 o1 '13 * o,o1 1, 50 91,6 1, 45 7R,6 I, 2~ 43,1 
~gOz 1 o 1 sR • o,o3 I 150 940,4 I 145 tl42,2 I 12\1 559,<0 
i-""At203 7 o,Bs * o,o6 I ,62 166,8 I, 55 136,!1 I, 35 69'tl 

Al20 3 R o,65 ' o,o6 I, 62 26LI1 I I 1 55 2?.5,9 1,35 IJ616 
Si02 

7 0,79 • o,o7 1,75 18R, I If 65 I !:>0,8 I ,41 '18, 5 
.~i02 ! I 

I), 57 * o,os 1,75 557 ,o I 1 65 Ll66,1 I 1 Ll I cfl2 1 3 
Pz05 n 1 93 • o,11 I, 88 73,8 1,7LI 54,8 I 1 Ll7 23,fl 
CaO 1,36 • o,1o 2, 50 I 30,0 2, I !I 66,7 I 17 I 12,6 
CaO 1 145 II t), 09 2r !>O 136, I 2,18 65,2 .,.II 8,6 
Sc 203 7 2,111 • 0,20 2,62 o 1 6 2,26 6,8 1,76 26, I 
Ti0 2 1 2,70 ' 0,20 2,'75 o,1 2,34 3,3 I, 80 :o:o 1 2 
Ti02 9 1 19o • o, 10 2,75 72,2 2,3LI 18,\1 1,80 I ,o 
V2 0 3 9 2,1910,18 2,Bfl 14,!> :<,41 1,!:> 1,84 3,7 
V20~ ~ 2,2~ • 0 1 23 2,88 6, 'I 2,41 0,3 I 184 3,6 
VzOs q 2r6f! • 0 1 1LI 2,88 1,9 2, ill 3, I 1,84 J!:>, I 

VzOs 7 3,10 • 0,20 21flFI l '3 :o:,Lil 11,tl 1,84 :.N1LI 
Cr203 7 3rOO , o,11 3 1 oo a,o 2,49 ·),I I 1 tstl 4JI I 
Cr203 9 2 10LI • o 1 11 J 1oo /6 2 2,4\1 16,:, 1,88 c:,J 

' CuzO 7 3 1 Ro ' o,9o 3,63 o,o :::,84 1, I 2 1o·1, 31 I 

CuO 7 J, f)l) , o, 40 3,63 010 2,84 3,6 8,07 14,6 
CuO 10 6 1 1LI II 0 1 fl5 3,63 tJ,.'l 2 1 8LI 15, I :o: 1o7 ~G,Y 

ZnO 7 2166 ' o 1 32 3,75 II f 6 2,91 0,6 «,II 3,0 
ZnO II 2122 • o,o1 3, 7 5 477, 'I 2,91 '16,3 2, I I 2,6 
Yz03 7 1!83 t 0,12 4,88 6i1319 3,47 1115,8 «,3-J 21 , .. 

.Yz03 9 2 1rJ1 , 0,13 4,118 /~65, 6 31i17 115,3 

~~ ~: I 6,1 
lr0 2 7 2,3f! # 0,16 s,oo 268, I 3,52 51, 1 Q,l 
Mo03 7 3,48 # 0,23 5,25 59,2 3,64 0,5 2,4>1 19, I 
CdO 7 6 1 7o .. I, 50 6 1 oo o 1 2 3,-J6 3,:J 2 1 oJ 'I, J 
CdO 9 2,47 ' o 1 22 6,00 257,5 3,'16 Llfl,O 2,!\3 o 1 6 
ln 2 03 7 2,9LI t 0,2~ 6,12 129,Lj 4,02 14,'1 2,66 I ,o 
SnOz 1 3, 17 # 0,2LI 6,25 16LI,7 4 1 r)'l 14,0 :o:,olj Ll,l 
Sb203 

., 3,48 • o 1 3s 6,38 68,4 4, 12 3,3 2, 71 Ll,9 
Sb203 10 2,79 • o 1 14 6,311 655,7 4,12 90,0 2,71 o,J 

~b20s 1 I 173 • o,o9 6,38 2664 Ll, 12 703,9 2..0J_ 118,2 
BaO 7 2,27 , 0,22 1 1oo i162,:o: Ll, 3'1 90,8 2,83 61LI 
BaOz 1 3 1 211 • Or30 1 1 oo I 53, H 4, 3'/ 13, I :::,83 2,J 
Sm 203 7 3 109 • o 1 34 7,75 187,9 4,65 21 ,o 2,96 o 1 2 
Yb20 3 7 :J 1 Js • o 1 !l4 8,75 268,4 5 1ol 28,9 3,12 o,o 
Pb02 7 Ll,l7 ; 0,30 10,25 LII0,7 !>,50 19,8 3,34 'I' b 
PbO 

., 5 1 110 • 0110 10,25 40,4 5,50 o,2 3,34 12,3 
PbO 10 Ll,56 ' 0,53 10,25 115,3 !>,50 3,2 3,34 5,3 
Bi 20 3 1 Ll 1 3o • o, 50 10,37 14'1,6 !:>,5LI 6,2 3,36 3,5 
u 03 1 6,00 '0,5'l II, 50 121,0 !>,89 o,o 3,51 2LI,7 

L:Y 10659 3802,4 1914,1 
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0 Z-30kOH ::.:: 
z H xk ~ A(Z H /X ) 

-x..2 m n 0 m n k exp A 0 
C3H,Ct 12 2 103 ' o 1o6 1,47 86,~ 
C,H9Cl 12 2t74 , o,o, I 9 '14 715,8 
C(CH3)?.Ct 12 :a 1ss' o,to 1,94 88,1 
C&H13Cl 12 4 1 72 , o,:a:a 2,88 69,8 
CgH19Ct 12 &1 77 'o,2:a 4,29 126,7 
C6 HsF 12 3,73 • 0,40 4,£>6 4,3 
C&HsCt 12 3 1 so '01 31 2,41 12,3 

_...... C~HsBr 12 I, 84 I o, 10 1' 17 44,7 
C6 H4 Ct 2 1'1 :a, 30 , o, 20 I, 18 31,6 
C&H4Ct2 !! 2, 10 ' o, 20 1,18 21,3 
NH 4F 12 2 1os • o 1 :a6 1,22 10,1 
NH4Cl 12 1 1 12 11 o 1o3 0,65 248,5 
NH4Ct 12 1 ,of> 11 o,oJ o 1 6s 18\1,5 

-C>NH4 Br 12 0 1 411 • o 1o3 o,JI Jo 1 s 
HF; K fl 1, '10 ' o, 40 1 1oo 3t I 
YX: 1046,1 

12 

Ta511uu,a TIT 

cpopMy11a ( 4 ) 

A -x..2 
2, I~ 6,9 
:a,8<J 2,7 
2,89 o,o 
4,29 3,9 
6,38 3,1 
s, 19 13,3 
3, 57 o,o 
2,47 39,5 
1,74 7,9 
I, 74 3,3 
1' 37 6,9 
o 194 36,2 i 
o 194 

16, I _j o,6s 32,1 
I, 38 o,6 

172,6l 

I • I 

L 

.. -.~:, ... 

,,, 

0 
::.:: 
$ 

zmxn .a 
0 
0 

LiF 7 

CbFb 12 
NaF 7 
AtF3 13 
CdF2 13 
Sbf3 13 
Pbf~ 1 
Pbfz 14 
BiF3 15 
UF,. 15 
lJF'I- 16 
LiCt II 
cct .. 8 
c,ct. 12 
NaCt 7 
NaCI 9 
NaCI 17 
AICI3 13 
KCI 6 
KCI 9 
KCI 13 
KCt 17 
Catl2 6 
CaCI2 7 
RbCl 9 
AgCl 16 
CdCI2 13 
SnCl 2 13 
SnCI~ 13 
SbCl3 13 
SbCis 13 
CsCI 6 
Cs Ct 6 
Cs Ct II 
PbCI2 7 
KBr 13 
Cd8r 2 13 
Li I ! 16 
Li I 1 R 
Lii i 19 
Nal 7 
Nal 19 
Ali3 13 
r<I 7 
Kl 13 
Rbl 19 

Agi 7 
c r2 7 
Cdi2 13 
Csi 19 
Pbi, 7 

IX" 

TOCliiULJ,O w 

Z- 30KOH cpoptvtyAa l 1) q:JOpMyiiO (3) 

A(Z/X)exp A(Z;x) -x.? A(7;xl -x.2 A(Z;x) -x.2 
o,28 , o,03 0,33 3,2 o,:a3 3,1 0,41 11:1,6 
o 1 7o ' o,o3 0,67 1, 2 0,66 :a,t o, '16 :J,6 
I 156 , 0,12· I, 22 7,>~ 1,:eo 9,0 1' 13 12,6 
o 1 9o ' o,3o I, 44 3,3 1, 313 :a,6 I, 25 1,4 
3,911 , 0,54 5,33 6,3 3,54 0,7 2,44 1:1,1 
3 1 69 11 o,4:a 5,67 22,1 3;67 o,o 2, 51 .,,-,~ 

4, 7() • o,4:.> 9, II 121,6 4,91 0,3 3, 10 16,1 

9t60 ' 1,40 9, II o,1 41'H II t 2 3,10 21,6 
4 1 74 • o,4s 9,22 99,2 4,95 o,:a 3, II 13, I 
6,08 ' o,6o 10,22 47,7 :,,26 I ,9 3,25 22,2 
2,80 • 1,20 10,22 38,3 5 1 26 4,2 3.25 o 1 1 
o,l4 • o 1o2 o, 18 3,3 o, 13 p,l o 1 :ats ~Q..~Q 
o,9R • o,l9 o 1 3s 10,9 0,38 9,9 o, 52 s,-. 
o,46 11 o 1o2 0,35 28,7 0,38 I :,,o o, 52 9,0 
I t05 I o,o8 0,65 25,4 o,1o 19~2 0,71:1 II 15 
0,79 • o,oJ 0,65 21 1 8 0,70 8,6 0,78 o, I 
o 1 6s 11 o,o4 o,6s 0,7 o,1o o 1 2 o 1 78 6, I 

o,63 ' o,21 o 1 76 o,4 o,s1 o,1 0,86 t,:a 
It 13 II o, II 1,12 o,o 1 1 u9 o, I I ,06 u 1 4 
1 115" o,os I 1 12 o,4 1 1u9 1,5 1,06 31 I 
1 116' 0 1 11 1, 12 o 1 t lt09 o,4 1 ,o6 o,ts 
t, 16 ' o,o3 1' 12 :a,o l ,09 5,7 1 1o6 10,7 
t,ts 'o,12 I, 18 o,o I, 13 o,o t,O>~ o,« 
I 156 ' o 1 t7 1, 18 ~,I I, 13 6,4 I 109 ., , 6 

t.78' o,tt 2,18 t3 1o 1,74 o,t 1,415 'I 1 ~ 
o, RO , 0,20 2t76 96,5 2,03 3"/,9 t, 66 18,!> 
2,26 ' o 126 2,s:; 4,.1 2,06 o,6 I, 68 s,o 
t 198 • o 122 2,94 19' 1 ~,II 0,4 t,"/1 1, ~ 
2,36 , 0,40 2,94 :a, 1 2,11 o 1 4 It 'II 2,7 
2,55 , 0,39 3,00 I 13 2, 14 It I t 1 r<: 4,5 
2,30 ' o 1 4s 3 1 oo 2,4 2,14 o, I t,"/"<:. I 16 
t,Bs ' o 1 2o 3,24 415,0 2,24 3,9 1 I 'II:~ o, I 
t 16s 'o 1 ts 3,24 Ill 1 7 2,24 ts, ., t,78 o,ti 
t 1 75 , o,o9 3,24 272,4 :;,24 30,1 1, '/8 o,t 
3,16 • o,24 4,82 48,0 :a,86 . I, 6 :a, 13 t8 1 ~ 

o, ll2 * o,o-, o, 54 3,1 o 165 to 1 1 0 7 3 ' . 20,« 
0•95 , o, u: t,:;-, 12,3 I 123 5,4 I 116 3, I 
o, 77 ' o, 30 o,o6 s, 7 o,o_6 s, 6 o, 16 4, 1 
o,o6 • o,ot o,o6 01 I o,o6 o,o o, 16 tuo 1 CJ 
o 132 I D1 I :J o,o6 4 1 I o,o6 4,0 o, 16 I, 5 
o,29 M o,o4 o,21 4,2 o,J2 o,s u 144 t4,ts 
o 147 , 0,14 o 1 21 3,s o 1 :J:J 1 '2 o 144 u,o 
o 148 , o 1 t8 o,:as I I 'I o, 3'1 o 1 4 u 149 o,o 
o, 50 • o 1o5 o 1 36 t~,o o,so o,o o 1 61 4,4 
o, 50 " o,os o 1 36 3,1 o, 50 o,o u' fli 1,7 
0,95 , 0,29 o 1 1o o,s o, "19 0,3 o,tss o,t 
I 145 • o,2~ o,s9 4,7 o 1 >~3 4,0 o,CJs :J,!S 
I ,oo " o 12a o 1 9t o,:a o 1 94 o, 1 o 1 96 u,u 
I ,oo • o 1 12 o 19t 0,6 0,94 0,3 o 196 o,t 
I 1 31 • o 14o 1 1o4 o,s t 102 0,5 I ,02 o,s 
I ,22 I o, II I, 55 8,8 I, :JO 0,6 I ,21 o.o 

1130, ~ 228,8 448,1 
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Toot~uu,a Y. 

:::J l- 30KOH cpopMyAO (1) cpopMyAO ( 3) y 

z z' < 
A(Z !z'lexp ::0 

A(ZIZ
1

) x A(Z /Z~} -x_l -x_2 m n u A(Z /Z
1

) u 

FeS 6 2 1 15 ' o1 3o I ,62 14,1 lt43 1':1,2 I, 29 23,6 
FeSt 6 2tl5 I 0,25 I 162 4,4 1,43 s1 2 1,29 II ,8 
CuS 10 I 189 I 01 18 1,81 o,2 I 155 3,6 I, 36 8,6 
ZnS 6 2 1 5s ' o,3o I 1 RR 5,1 I, 58 10,4 I, 39 15,0 
ZnS II I, 82 I 0, 37 I tBB o,o I 158 o 1 4 I, 3\1 1,4 
Sb2S3 10 2 1 46 • o,l!> 3,19 23,5 2,24 2, 1 1,78 20,4 
PbS 10 2 1s1 11 o1 35 5 1 12 41,5 :J,oo o, I 2,20 3,7 
ZnSe 6 4,10, o,5o o,ss 41 '4 0,':12 40,5 0,':14 3':1,9 
Cdle 6 o 19o • o,1o o,\1~ o,t 0 1 \15 o,3 0,'16 o 1 4 
C.dTe 6 o,ss•o,ll 0,92 Ot4 0,\1!> o,s 0,96 1. 1 

[X: 130, ., 85,7 125,\1 
-

1 7 !>7 • o 1o4 It 19 92,2 

Tabt~uu,a TI 

0 Z- 30KOH cpopMyAO (1) cpopMyAa ( 3 ) y 

z z' $ 
A(Z /Z')exp .<:> m n u A(Z tz') -x_2 A(Z !Z1

} 
-x_2 A(Z tz') -x.2 u 

AgZn :i 2,20 , 0,70 It 57 O,!l It 35 1, 5 1,24 1,9 
Auo1gCu 1,1'!7 , 0,19 2,72 20,2 1,90 o,o I 159 <l,2 
Ag 0 5ali 2o 1 oo ' !>,90 Is, 67 o 7 5 15,34 o 1 6 5,90 8,7 
CuAI~_ IS 3, !>0 • 0, 36 2,23 12,4 I 1 B:J 21, 5 1, 53 29,8 
CuAI2 15 4, 16 • 0' 50 2,23 14,9 I 183 21,7 I, 53 27,6 
lnSb 6 o 1 91 , o, 12 o 1 <~6 o,2 0,91l o 1 3 o 1 9B 0,4 
lnSb 6 1,07 • 0,11 o,96 1__t_O 0,':18 0,7 0 \18 Q,6 
l:x so,o 46,4 61St2 ..:c..:__ 

10,30 • 0,43 

Ta8t~uu,a 2II 

0 Z-30KOH cpopMyAO (4) y 
< 

A(OHln) M(OH)n 1i 
x_2 u M exp A x_2 A u 

NaOH 12 4,81 I Ot61 o 1 R2 42,8 o 1 93 40,4 
KOH 8 2 7 20 , o 1 40 o 1 4·, 18,6 0,68 14,4 
Ca(OH)2 

12 6t93 # 0,38 o 1 9o 251 t 8 I, 33 21'1, 1 
Al(OH)~ 12 7,00 * o,so 2,08 96,9 2,53 79,8 
)"X" 410,2 351,7 

{/ 

v 
14 

~NQ Ta~AUUbl 

I I 

IJ~ 

Taot~uu,a 'il1l 

Z- 30KOH cpo pM yt~a ( 1 ) cpoptvlyAa (2) - (4) I 

n 

I R 
45 
15 
51 
10 

7 

146 

-x_2 -x_2 v n -x_2 1(_2 
-y n 1(_2 

3762 209,0 12 3137 261,4 18 3'1 

10659 236,9 45 3802 84,5 . 45 1\114 

1046 6'}, ., 15 173 

1131 22,2 51 229 ... 4t5 51 448 

131 13tl 10 86 + Bt6 10 1«6 

352 so, 3 7 388 +- 55,4 7 416 

17081 117,0 125 7642 61,1 146 3114 
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