
'7.... 
OB'bE~MHEHHYR MHCTMTYT H~EPHYX MCCJIE~OBAHMR 

flAEOPATOPl1.H .HilEPHblX TTPOEflEM 

Pl1Cl1H 
8HTaJrn:H EcpHMOBHq 

1 - 9706 

l1CCJIEJJ;OBAHl1E 

ME30MOJIEKYJIHPHhIX l1 ME30ATOMHhIX TIPOUECCOB, 

TIPEJJ;llIECTBYIOIUl1X HJJ;EPHOMY 3AXBATY rr · -ME30HOB 

CBH3AHHhlM BOJJ;OPOJJ;OM 

CneQHaJibHOCTb 01.04.16 - <pli3HKa aT0MH0f'0 5I~pa 

Ji KOCMJiqecKHX JiyqeH 

ABTOpe¢epaT aHccepTaUHH Ha COHCK8HHe yqeHOH CTeneHH 

KaHaHaaTa ¢H3HKO-MaTeM8THqeCKHX HayK 

ily6Ha 1976 



Pa6oTa BHilOJIHeHa B Jia6opaTOPIHl mi;epHHX npo6JieM 
Od~ellllHeHHoro llHCTllTyTa mi;epHHX llCCJie,UOBaHllR 

HayqHHii PYROBO,UllT8JII,! CTapW3H HayqHHfl COTPY.UHllK K8H,Ull,UaT 
Qlll31lKO-MaTeMaTllqecKllX HayK B.M.IleTpyxnH. 

(XflllllllaJII,HH8 onnoHeHTH: 
.UOKTOP Qlll31lKO-MaTeMaTllqecKl'JX HayK 
B.r.rpnmna, 
KaH,Ull,UaT Qlll31lKO-MaTeMaTllqecKllX HayK 
C.B.COMOB. 

Be.n:ymee Hayqtto-llccne.n:oBaTeJII,CKoe yqpelK,Il;eHlle: 
HeHHHrpa.n:cKlltt HHcTHTYT mi;epHott QJll31lKll AH CCCP, r.raTqllHa, · 
]eHHHrpa.n;cKOli o6JiaCTll. 

ABTopeqiepaT' pa30CJiaH " " ______ I9'76 r. 

3amllTa ,UllCCepTallll0 COCTOllTCR n " _____ I976 r. 
B n "qacoB Ha 3ace,UaHH0 CneUHaJill30POBaHHOro COBeTa ~-56/3 
Aa6opaTopllll mi;ep:irux npo6neM ornrn. 

C ,UllCCepTallH8H MOlKHO 03HaKOMllTI,CR B 61l6JillOT8K8 061,e,ullH8HHOro 

0HCTllTYTa R.UepHH_x llCCJie,UOBaHlltt. 

YqeHHtt ceRpeTap1, CoBeTa 
RaHJJ:0,UaT·Qlll31lRO-MaTeMaTllqeCKllX H8YR 

10.A.EaTYCOB • 

:1 

i 
il 

i 

.! 

\ ! 

B noCJie.JUlee Bpewi: Ha CT:mte Tpex Hayit: H,ttepHOi (J!ll3llRR; aTOM

HOi (J!ll3mtR ll XRIMJm,nORBMOCI, R pa3BRBaeTCR HOBOe HaIIpaDJielil'le 

zcCJie.n:o:aarum @13:mtO-xmAH"ieCKRX .xapap;iepncTHK BemecToo. 8To Ha

npaBJieHne CBR3aHO C llCilOJll,30BaHReM M830HHHX 8TOMOB R MOJieKyJI, KO

TOp!,18 o6pa3yDTCR npn OCTaHOBKax•B BemecTBe 38p,!Dlt8HHHX 9Jl8MeHTap-
- + 

HHX "i8CTBU /t1-, ~ -, II--M830HOB. Cru.40 o6pa30Balil'le M830HHHX 

aTOMOB, a TaKllte RX B38.llMO.U8liCTBRe co cpe.n:on onpe.n:eJIReTCR aTOMml

MR npoueccaMl'I ll 3aBRC11tT 0~ (J!ll3llRO-XEMH"i8CKHX CBOliCTB BemecTBa 

cpe,Inl. Ilpl'!MeHeHlle Me30HHHX aTOMOB B npmtJia,J:Urlil: RCCJI8.UOBalillRX 

OCHOBaHO Ha BJIIDIHD MmtpOCTpyKTYPf,l BemeCTBa Ha RX OCHOBHlie xa

paKTepncT:mtR n noBe.n;eHne B BemecTBe. 

B 1962-1968 rr. B cepo pa60T, BlililOJIH8HHHX B.OCHOBHOM B 

061,eJJ:RHeHHOM llHCTRTYTe H,J:tepma RCCJI8,UOBam ~)ly6Ha), 6WIO Y.CTa

HOBJI8HO, "iTO OCTaHOBm31lm8CR B BO,UOpo.n:oco.n:epzru!leM COeJJ:RHemm 

Zm Hh rr--MesoHli .n:o H,ttepHoro 38.Xll8.Ta :we Bo.n:opo.n:OM 06RsaTe.n1,Ho 
r,-

npOXO.n;RT -qepes CTa.IUll) o6pa30BaHW! zr:i Hn -M830MOJieKyJI R 3aTeY: 

pII--aTOMOB. Ilpoxollt,JJ;eEme IlllOHOM M830MOJI8KYJIRPHOli ll MesoaTOMHOli 

CTa,Itllll B BemecTBe lm Hn , z; lm Hn npll!BOJJ:RT K 3Ha"iRT8JII,HOMY no

,UaBJiemm BepORTHOCTR H,ttepHoro 3axBaTa n--M830HOB BO,UOpO,UOM W 
onpe.n:eMeMOli no OTHOmemm K "iRCJIY OCTaHOBOK nROHOB B RCCJie.n:y-

8MOM BemecTBe. CorJiaCHO MO,UeJIR 60JII,IIIIDC M830MOJieKyJI, npeMOllteH

HOli !.H.IloHOMapeBllM (H~,~. 223 (1965); H~,~. 389 (1967)).MR 

06'b.f!CH8lil'IR pe3yJII,TaTOB 3KcnepllM~HTOB, B8pORTHOCTR.V4mHn , 

WzkrmHnonpe.n:e.rurorcR BHpallt8HH.R:MB 
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rue a. z ·H -q>eHoMeHoJioI'H'!ecmm Koacppm.meHT, EBe.uemrn:it :rr,;m Y'leTa , . 

oco6eHHOCT8li 3aXBaTa rr-1.:e3QHOE Ha op6HTM11 z;,. Hn - ' ZK Z;f/,,-Me-

30MOJIC!tYJI n <.pif" > -aToMoB. 3 padoTe 3.H.IleTpy:x,rna n .UP• (IIpenpnHT 

01HI! Pr2-5224, )Jy6Ha, r970) 6wro Il0lta3aHo, 'ITO KoaiWJm.meHTh! a Z-H , 

EW!liCJI.HeMHC IIO EepOHTHOCTHM Wl/l,,,H,, Ha OCHOBe (2), Ka'leCTEeHHO Bep

HO OilliCHEa!OT oco6eHHOCTU XllMWrncmnc CBH3eH l -H B llCCJie_n:yeMI,JX 

Bouopouoco.rr.epJKamruc coemmeHIDIX Z~ Zm Hn • TeM caMHM 6wra npo.ue

MOHCTpnpoBaHa np:mn.umnaJII,HM B03MOlltHOCTI, llCIIOJII,30BaHWI H,n;epHoro 

saxEaTa il - Me30HOE BO,uopo.uoM .UJI.ll ll3Y'l8fil!ll XIDJlll'!eCY.!1:X C.BH3eH l. -H 

B pa3JIH'!Hh!X coe.unHeHMx. 

B paMita:x nepexoua OT Ita'l6CTB6HHhlX Ollh!TOB K CllCTeMaTU'l6CICOMY 

KOJIW!eCTECHHOMY ll3Y'!eHJllO C IIOMO~I,ID il-Me30HOB OC00eHHOCT6H XllMll

'!eCKllX crurne:il Bouopo.rr.a B pasJIH'lHhlX coemrne.IDllll HaMn 6wra npo_ue

JiaHa cJie_eyial\M padoTa. 

I. llccJie.rr.oBaHo BJIWIHHe CTPYKTYPR Bo.udpo.uoco.uepl!iamruc coe.mr

Hemm Ha EepOHTHOCTI, H,uepHoro 3axBaTa ti -M630HOB CBH3aH.EWM BO.UOPO

.UOM. YcTaHOBJieHO, 'ITO npocTpaHCTE6HHOe CTpoeane Bo.uopo,uoco.uepi!ia

~ coe.mraemm He 01tash!EaeT saMeTHoro BJIIDIIum Ha Huepaw 3axEaT 

il -Me30HOB CBH3aHHHM BO.UOPO.llOM. 

2. IIpoBeneHo ll3YtieHHe llHZJYRLUIOHHOrO EJIRf!HHH saMeCTHTeJieH X 

Ha BepOHTHOCTI, H.nepHoro 3ax.EaTa ti -MeSOHOB BO,UOPO.UOM B npOH3BO,U

HhlX opralll{qeCKIDC coe.mrHeHWIX CmHnXi. ,lJ,JllI MeTWII>HhlX npOH3BOUHhlX 

CH:f ycTaHOBJieHa JillHettliall saBHCHMOCTI, Koacppm.meHTOB QC·H 

HRUYKUZOHHhlX KOHCTaHT saMeCTHTeJie:it 6i 
OT 

3. 06HapylKeH nepenaT il -MeSOHOB THlKeJih!MU aTOMaMll l. oT<pu,r

MesoaTOMOB, o6pasyro~CH Ha CBH3aHHOM Eo.uopo,ue. HccJie,noBaHh! OCHOB

Hhle xapaKTepncTllltll aToro npouecca, oueHeHo era EJIIDIHHe Ha BepOHT

HOCTI> mi:epHoro 3ax:eaTa If" -M630HOB BO,UOPO.UOM opramr'!eCRUX coe.n:r,me-
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,llllccepTaJ.Um COCTOHT 113 BBe.nemrH, '!eTupex rJiaB H 3aICJiro'leHWI. 

· B ·nep:eoi1. r.naBe .uaeTCH o6sop nccJie.no:eamdi oco6eHaocTeii xn

MH'!eCKIDC crui:seii: :eon;opo.ua B pa3JIH'!HhlX coe.mrHeruui:x c IIOMO~JO rr -

Me30HOB; qJOPMYJIHPYRYrCH sa,ua'!H pasBHTWI Tarone HCCJie,uo:eaHHii. 

Bo BTOpoii: rJiaBe ll3JiaraeTCH noc·TaHOBKU 3KCIIepHMeHT8. 

Jin;epHW 3axE8T il -MeSOHOB BO,TI;OpO,UOM HCCJidUJe1''.illC BeJY CTB pe-

rHCTpnpOBaJICH B Hamme OIIhlT8X IIO peamum nepesapH.UKlr OCT(ll!O-

BllBilll'IXCR lll'IOHOB 

rr + p - n° + n ; n° - 2 ')', (J) 

Ha CJIOl!UlhlX R,npax z ' C ~OTOPh!Mll MOllteT 6h!TI, CBH8aH BO.UOpou, rre

pe8apH_n;K8 If" -Me80HOB B OCT8HOBK8X IIO_Ir,aBJieHa ,UO. ypOBHH <. ro-4• no-
8TOMY sa.ua'la onpe,neJiea:wi: BepOHTHOCTeii z.nepHoro saXBaTa .llJllI pas

JIR'IHhlX COe.ItHHeHllii c:eo.u:wracI, K perHCTpauHH n°-Me30HOB IIpH OCTaHOB

Kax il -M980HOB B MllllleHHX, CxeMa 8KCIIepHMeHT8JII,HOtt YCT8HOBICH IIPH

Be.neHa Ha pnc. r. Ir -MeaOHhl 80-MaEHoro IIY'!Ka CllHXJ)O!UIBJIOTpOHa 

OHffii npoxo,u:wrn '!epes CUHHTWIJIHUHOHHhle C'!eT'lllKH Cr-C3 H TOpM08H

~ii: qlWII>Tp 11,- IIOCJie 'lero OCT8HaBJIHBaJIHCI, B :eemeCTBe. MIDlleHH M. B 

peaKUHn {3) Ha Bo.uopo.ue BellleCTBa MmneHH 06pasoBh!BaJIHc1, rr0-MesoHhl; 

r -KBaHTh! OT pacna.ua n°-Me80HOB perHCTPHPOBaJIHCI, 'lepeHKOBCKHMH 

crreKTPOMeTpaMll IIOJIHOro IIOrJIOl!leHHH qr H q2, BKJIID'leHHhlMR Ha co:ena

.nelllie CO C'leT'!HKOM C3 ( 1 r -COBII8.Uelili/I), MoHHTOpnpOBaHHe IIY'!Ka 

rr -Mesoao:e, na.uarauero Ha MmneHI>, ocymecTBJIJIJIOCI> c'!eTtIRKaMH Cr n 

C2, B OIIh!TaX HCIIOJI1,80BaJIHCI, CTaH.napTHhle 6JIOKH 6h!CTpoii: 3JieKTPOHH

KH, paspa60T8H!Ul9 B JiadopaTOPHH H.uepHh!X npo6JieM OHffii. 

BepOHTHOCTll JI,uepHoro saxBaTa If"-MeSOHOB BO.uopo,n;oM llCCJie,nye

MHX BemecTB onpe.neJI.lIJillCI, HaMll B OTHOCHTeJII>HhlX HSMepeHHHX Ha OCHO

B8HHR 8aBIICHMOCTH 

wx 
mx 

= war. _t_:!_n • n1i 
n<d~T x H nq. 

{4) 
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r.ne ~; -I!epOSITHOCTh a.uepHoro 88XllaTa I(" -M880HOB BO.llOPO.llOM 

.11.1lH STaJIOHHoro Bo.nopo,noco.uepJKamero BemecTBa; n:1J - cKopocTh 

C'leTa l t - coBITa.ue1U1ii:; .· n,. - 'lllCJio ocTaHoBoK rr. -MesoHOB 

B MHlll8HH. B Ka'!eCTBe STaJIOIIHHX BemecTB B HalJ!HX OITHT8X HCITOJu.80-

BaJIHCh EO,UOpO,ll H2 - WH = I H rH,llPH.ll JillTM -Wtw=(35,I±I,3).rn-3 • 

J--, r 
c,c~ 

q, 

,;,,,,, 
1;,,, ,, 
j~ '/•' 
I/ ~I', ,,,,,, 

It 

Pnc.I. CxeMa SKCIIepuMeHTaJII,

HOll ycTaHOI!KH. Cr, C2, C3 -

C!UiHTMJilllU{OHHHe C'l8T'!HKH, 

ql• q2 - 'lepeHKOBCKH8 CII8KTpO

M8TPH IIOJIHOro norJiomeHM, 

~ - TOPM08H- qlHJihTP, M -

nccJie.n:yeMaJI MI!lllem,. 

Hs-sa pas6poca rr - MesonoB no aHeprmrM ( t./ ~· 5 %) 11 HaJIR.'mll 

qJOHOI!oro npori;ecca nepesapHJtKII rr -MesoHOB Ha JieTy B .EemecTBe Mmlle

Heii: .11.1lH BHUeJieHIIH·liHTepecy!llllero Hae npouecca (3) .UJIH Kallt.llo! MR

weHH IIPOR8BO,Jll{Jiac1, cep:im R8MepeHJm Ylrr ( R ) IIJlli p88Jml1Hl:DC TOJI

lllliHaX TOPM08H!llero q>RJil>Tpa, lt8K STO IIOlt88aHo Ha PHC.2. 

Nu(R),orrw.,g. 

: C,H.NO, ,t 
li ~ 

90 /2' \ l \ 
60 : ' ,.____t__, j \ 

30 ---·--- \ \ ,: ~f..... 
O u 18 18 20 2l 2,R, u:,, C 
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Pl!:c. 2. 3aBRCHMOCTl> BHXO.ua 

rr°-MeSOHOB ( ff -COBII8.Ita.lmit 

Nn ( R )) B peaRIUm (3) Ha 

CMSaf!HOM Bo.uopo.ne (Mmnem, 

C5H1f'D2) OT-TOJI!llRHli TOPM08H

mero q>RJil,Tpa R 

j 

) 

I 
f 
{ 
1' 
\( 
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(MaKCHMYM KpHEoii: Nu, ( R ) Ha pHc.2 coorBeTCTByeT MaKCID.!YMJ ocTa

HOBOK IIHOHOB B ':1Hlll8HH C5HuN□2• IlpiiMaH JIHHM Ha PRC• 2 - qlOH OT 

nepesapii,llKH ll -M880HOE Ha JI8TY B I!emecTBe Millll8HH). IlocJie Eli'lll-
(i) q, - (jJ 

TaHWI qJOHa ntf = nft - n tf , Ha60pH 8H8'l8HIU1 n tt ,JJ,IIlI 

llCCJI8.JlY8MOii: H STaJIOHHOH MmneHeii: 06pa6aTh1BaJiliCl, <PYHKIU1HMH THIIa 

m• I ro,; 
rayCCOl3HX ll BH'lllCJI.HJIHCl> OTHOlll8HM nrr n f1 B M8KCHMYMaX 

~· BT -
OCT8HOBOK ITHOHOB B MHlll8HlIX. 3H8'l8HWI n;r. li n.f; B MaKCHMYMaX 

OCTaHOBOK ITHOHOB BH'lHCJIHJIHCl> ITO TOpM08HHM TOJI!llHHaM Ml1111800H A 

H pacITpe.neJieHruIM Ir-MesoHOB rrytma ITO rrpo6eraM {(R) : 
R,.+ o/2 

. n q; = J {(R) dR • (5) 
1 

• R,,,-.11/2 

Pacnpe.neJiemm f (R) SKCITepl'!MeHTaJil>HO orrpe,ueJIHJIHCl> B K8l!\UOM 

ceaHce pa60TH H8 CHHXpOIUIBJIOTPOHe C ITOMOl!\l>lO Mlllll8HH Li H, TOpM08-

H8H TOJI!llHHa KOTopoii: 6HJia cymecTBeHHO Mellbme pas6poca IIHOHOB ITO 

npo6eraM. IlpaBHJil,HOCTl>BH'!HCJI8HIDl 8Ha'!eHitli nr, KOHTpOJIH!)OBaJiaCl> 

SKCIIepm.,eHT8Jil>HO cpaBH8HH8M Bl:DCO,llOB peaKIUm (3) ,JJ,IIlI Ha6opoB M.11-

meHeii: rll:llPH.ll8 JIHTM ll IIOJIHSTWieHa pa8HOii: TOJI!llHHHo 

n TpeTheii rJiaBe .llHCCepTauHll OIIHChlBaJOTCH OITHTH, npOBO,lJ;HB!IlHe

CH .llJlH ll8y'!8HW'l BJIIDIHIDI Ha BepOSITHOCTll 88XB8Ta ITllOHOB Wzm~n, 
Wz~lm 2h rrpocTpaHCTBeHHoro cTpoelllill Bo.nopo.noco.ueplKB.IllllX coe.UllHeHHii: 

ztrl Hn • z; Zm Zn ll oco6eHHOCTeii: XllMll'l8CKHX CBH8eii: EO,UOpo,ua. 

PaHee B pa6oTe 3.B.KpyM!IlTeiaa ll .JlP.(lK3T~,.§§.. 1640 (1968)) 

6HJIO 06HapyJKeHO q.. -KpaTHOe ITO.UaBJI8HH8 EepollTHOCT8H W I! OCHO

BaH:wlx ll COJI.flX c o6~eii: q>OpMYJIOH R ( Zm H n )4 ( R - aToM Mll 

rpyIIIIa 8TOMOB) no cpaBHemm C ITpe,UCKa3aH:wIMli MO.ll8Jlll 6oJII,!IlHX Me-

80MOJI8KYJI - W ,41," • .ABTopH rrpe,UIIOJIOlitW!ll, 'ITO ITO.UaBJieHHe ll,UepHoro 

8axBaTa 8 = ~ o6yCJIOEJI8HO CTPYKTYPHHMH oco6eHHOCTHMli HC-

CJie,uoBaHHHX coe,n;HHerurli ; HaJill'!lleM q, • TOll\ll8CTB8HHl:DC BO.nopo-
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~oco.nepxamHx·rpynnlmHn• C UeJibD OTHCKaHH.11 Koppe.n.11uHR wellOIY 

CTPYKTypoR coe.ztHHeHHR H perHCTpHpyeMHUH B OilHTax BepoaTHOCTHMH 

~epHoro saxBaTa w HaMH du.no HCCJie.ztOBaHO do.nee .ztBYX .zteC.RTKOB 
III 

paSJIHqaux no CTPYKType BO.ztopo.noco.nepxamHx coe.ztHHeHHR. 

YcTa.HOBneHO,,qTQ yCJIOBH.11 saxBaTa Il -xesOHOB BO.ztOpO,ltOll aacu

Il{eHHHX opraHHqeCKHX coe~HH8HHR C,,,HnHe H3X8H.IIDTCH npH YBeJIHqeHHH 

.ztnHHH .nHHeRHOH Mo.neKYnH (CsH12• C6HI4• Cr~26• CI7H36• (CH2)n) 

H npH n~pexo.ne K UHKJIHqecmoR wo.neKYne c6H12• B TO Ee Bpex.11 npH 

nepexo.ne K HeHaCHil{eHHHX opraHHqecKHM coe.ztHHeHH.IIM - UHMHqecKOMY 

deasony ( c6H6) H nHHeV.Howy aTHnegy ( ¥ 4)-uaMn.naeTc~yweHbmeaHe 
11 XHMHqeCKHX" K03gxf>HUH8H'l'.0B Clc-1-1 B 2 H I,5 pasa, odycnoBJieHHOe 

H3MeHeHHHMH B XHMHqeCKHX CB.113.IIX C-H. B OilHTaX C nponuOBHM 3<pH

poM (C3&,)20 Hera H30Mepow ycTaHOBJieHO OTCYTCTBHe 3aM8THHX 

H30llepuux 3<p<peKTOB B ~epHOM saxBaTe IlHOHOB CBH3aHHHM BO.ztopo.now. 

B TadnHue I llPHBe.zteHH pesynbTaTH HamHX OilHTOB C opraHHqecKH

MH MOneKynaMH pasnuqHHX THilOB, co.nepmil{HMH TOJ:,lt8CTB8HHH8 rpynnu, H 

MOneKynB.MH conea 8.MMOHH.11.AHaJIH3 3THX pesynbTaTOB Il03BOnHn c,nenaTb 

BUBO.It od OTCyTCTBHH 11 3qJ<p8KTa TOllt.zt8CTB8HHHX rpynrr"B opra.HHqecKHX 

coe.ztHH8HH.IIX H con.RX 8.MMOHH.R,IlO.ztaBneHH.11 3axBaTa IJHOHOB B 3THX coe

.ztHHeHH.RX G = w/11/,/ / w • HaMn.ztaewue OTHOCHTenbHO neHTaHa-UHMO

reKCaHa - Anfl HaCHil{eHHHX coe.ztHHeHHli (Uc-H =2,05,t0,04),deH30na -

,nna apowaTH'leCKHX CTPYKTYP ( O.c-H =0,98.±,0,08) HMI4Hat - .nn.11 co.nea 

aMMOHHfl ( QN·H =!, Cl_:!:0, I), B do.nbmHHCTBe cny11aeB CUbHO OTnHqanT

C.11 OT q, H, IlO-BH.ztHMOMY,OdycnoBJieHH H3MeHeHHflMH B XHMHqecKHX 

CBfl3flX C-H, N-H, a TaKEe nepexBaTOK IlHOHOB TJDKenHMH aTOMaNH. 
. . /1/ 

laHHHe HamHX HCCJie.ztOBaHHR, a TaKJCe pesy.nbTaTH padOTH 

B.H.rou.naacxoro,B.H.IleTpyxHHa,H.~.TyIIHUHHa H .np. (.lAH CCCP, 
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214, II05 (I974)) nosBO.nWIII OTMO!IBTb npe,nrro.noll'ieHIIe 3.B.KpYMJ!Teil

Ha II ,IIJ). 0 Ha.JU1tllIH acM,eKTa TOll\necTBeHHHX rpynn B YKCYCHOKllMHX 

COJI.RX Z (CH3COO)q,. 

Ta6.1I1ma I 

Coe.nuneHRe W, ro-4 q c = Wnlw 

(C#7)20 I06,0 ± 5,0 2 I,28 ± 0,08 
(CH3)2 S 6I,O ± 4,0 2 I,52 ± O,II 

(C2%) 4 N:J 42,0 '± 4,5 4 2,08 ± 0,24 

(Czl5)3 N !23,0 ;tI3,0 3 I,I7 ± O,I3 

(CH20H) 2 44,3 ± 2,5 2 l,7I ± 0,12 

0rzirn "' 2 <§>- N = tJ -<s> 16,0 ± 2,0 2 2,22 ± 0,26 

Crzlro <§>---@> 27,6 ± 3,I 2 I,I9 ± 0,16 

CrsH14 ~ 27,6 ± 3·,r 3 I,II ± O,I4 

Crolis @w 20,0 ± I,5 2 I,60 ± O,I8 

(NH4)~204 !5,5 ± I,2 2 I,6 ± 0,1 
(NH4);fo4 13,2 ± 0.7 2 1,7 ± 0,1 

NHiJ03 8,1 ± 0,6 I 2,4 ± 0,2 
(NH4)4 ( Fo(CJ./) 6) 14,0 ± I,l 4 1,6 ± 0,1 

.BMecTe c TeM HSMepeHM B.M.CyEopoBa II .up. ( lY MeJPinyHapo.n:Hrur 

KOHcpepeHlUlll no qm:s.lIBe BHCOKliX :rneprnii II CTPYKType fI.IIJla, ,1J,y6Ha, 

7-II ceHTR6ps=r 1971, aHHOTa~HII ,UOMa.n:oB, .Ul - 5988, ,lJ,ydHa, 1971, 

CTp, 93) c MIDII8HfIMH Af ( OH) 3, 8(0H)
3

, Zr-(OH) 4 MO:ryT CnflKHTl> 

Il0,UTB8Plil;U:8HR8M cymeCTBOBaHR!l aqxl>eKTa TO'IK,U:8CTE8HHUX: rpylill B OCHO-

Bammx Z ( OH)q, • B pesy.nbTaTe npoBeneaaoro HaMR I I / CTa-

T:liCTR'Iecxoro aHa.nusa II3EeCTHUX: axcnepIIMeHTa.nl>HllX ,naHHUX _Il)UI coe.UII

HeHHit 3Toro KJiacca (KOH, Ca(OH) 2, Cd (OH) 2, Ba(OH) 2,Ae(OH) 3,lr{OH)4, 
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B(OH) 3) 6WIO IIOJIYqeHO COOTHOIDeime e = (0,99 ± 0,07) • CJ, ·• 

Ha OCHOBamm HSJIOJKeHHHX BH!lle 3KCIIepm.,eHTaJil,HHX .naHHHX HaMR 

6WI C,UeJiaH BllBO.U O TOM, qTo q -KpaTHOe IIO,UaBJieHRe .II,UepHoro 38X

BaTa IIHOHOB CB.II38HHUM BO.UOpO,JJ;OM He HOCRT o6mero xapaKTepa. lloaTO

MY OHO He MOlKeT 6m1, o6yCJIOBJieHO JIHlll1, oco6eHHOCTl,IO CTpoeHR.II MO-

JieeyJI R ( Z,,,Hn )ct, - HaJin:~eM q, -ToJK.uecTBeHHHX Bo.nopo.noco.uep-

JKalllliX rpyrrrr. CornacHo H.E.EepcYKepy H B.H.roJih,UaHCKOMY (.TI.AH CCCP, 

~. 6 (!972) ), Ha6JI10.naeMoe Bu6opoqHoe rro.naBJieime B = q. MOJKHO 

06'1,JlCHHTl, oco6eHHOCT.IIMH xmmqecKIDC CB.II3eii R -( Zm Hn ) • z - H B 

coe.nnHeHR.1Ix R ( Zm Hl'I ) 9- • TaKRM o6pasoM, B ueJIOM, Ha ocHoBaHim 

cymeCTBYRIIIRX 3KCII8pHMeHTaJil,HHX .naHHUX MOJKHO c.neJiaTI, BH.BO,U,_ qTo 

rrpocTpaHcTBe~Hoe cTpoeHRe Bo.uopo.noco.uepJKaumx coe.nnnemrll He 01<asu

BaeT 3aMeTHoro BJIIDIHIDI Ha BepO.IITHOCTll W .IIn;epHoro 3axB8Ta rr
Me30HOB BOUOPO.UOM 3TllX coe.nnHeHRtt. BMeCTe C TeM R3MeHeHR.II B XHMJ!I

qecKRX CB.1!3.IIX Z -H IIpliBO,D;JlT K perncTpnpyeMUM H3M8H6HIDIM BepOllT-

HOCTeii W , K03qlpfilUi6HTOB Ql-H a; f(W) 

B paMKax nsyqeHIDI saBRCRMOCTll K084XPmtReHTOB Oz-H OT 

oco6eHHocTeii XJlMHqecKRX CB.llseii 'l.- H B Bo.nopo.noco:ziepJKaumx coe.nn

HeHllJlx HaMH 6UJia rrpe_UIIpllHJlTa IIOIIUTKa Ha6JIJQn;eHIDI RH,~OHHOro 

BJIRJlHllll (HH,~OHHOro sqxpeKTa) 8JI6KTpOHOa~eIITOpHUX saMeCTRTeJIOii 

X Ha 38XB8T Ir -Me30HOB Bo.uopo,noM B opra~eCKRX MOJieeyJiax 
/2./ 

Cm Hn-.;X,c. 

~OHHuii 8qxp6KT CB.II38H C nepepacrrpe.neJieHReM IIJIOTHOCTR 

3JI8KTpOHOB CB.II3ett C-H rrpn BBe,neHIDI ll MOJieKYJIY Cm Hn38M8CTHTeJIJl 

X, qTo ,UOJLlKHO IlpIIBO,UHTI, ,U)lfI 3JI6KTpOHO~eIITOPHHX 3aMeCTHTeJieii K 

rronaBJieHHIO BepO.IITHOCTeii 3axEaTa W y - C = Q C1nH,, / aCmHn-11X! 
· C,.Hn-11-"K C-H C-H 

TaKoe rro,n;aBJieHRe 3axB8Ta Ha6JIIO,UaJIOCl, HaMll B IIpOH3BO,UHUX Hacu-

8 

~ 

I 
f 
) 
' 

' 

meHHHX COe.JtlllleHrut, a TaKJ!te B IIPOH3BO.llHUX 6eH30JI8. HaH60Jiee CHJil,

Hliii 3q$!KT Ha6JIIO.U8,JIC.II ;itJI.II M8THJil,HliX rrpoH3BO.llliUX CH3X ( i;:::,2-5). 

3TO CB!i3aHO C TeM, qTQ B H8Cli!l18HHHX COe.JtlllleHmll ruciyKIUIOHHHli 

aqxlieKT HaH60Jiee CHJII,HO cKa3HBaeTC.II Ha aToMe yrJiepo.na, HaXO,lUlll1eM

C.II B o( -IIOJIOlK8HHll K 3aM6CTHTeJIJJ. SaMeTHO MeHl,lllltil: sqxpeKT ( C"'l ,6) 

6HJI o6H8PYJ!t8H ;itJI.II XJIOP- H HHTponeHTaHa ~C5Hnce, C5Hn NOz) H 

nmu1orexcaaoaa ~C6H1cf>) , 'iTO o6yCJioBJieHo CJia6oii nepe,naqett sJieK

TpOHHHX 3q$!KTOB no H8Clill16HHOii nen:e:. )Ln.lI MeTHJII,HliX IIPOH3BO.UHHX 

ycTaHOBJieHa JIHHeIDia.lI 38BRCllMOCTl, no,naBJieHHJl /; OT ~HOHHHX 

KOHCTaHT 3aM6CTHTeJieii ~I , KOTOpue 061:l'iHO RCIIOJll,3yIOTC.II B opra-

Hll'.tleCKOii xm.um B KaqecTBe xapaKTepRCT:mt ~HOHHOro BJlllflHrur 

38MeCTRTeJieii X Ha MOJleKyJIY CmH,,.1.X (CM. pHC.3). 

£ 

,, 

3 

2 

0.1 

CH3 X 

0.2 0.3 O.lt 0.5 0.6 0.7 (S1 

P:e:c. 3. 3aB!IICHM0CTl, IIO,UaBJieHHJl G OT :llli.llYKllllIOHHliX KOHCTaHT 

3aM8CTHTeJieii 6 B M8TIIIJil,HllX IIPOH3BO,llHUXo B CK06Kax yKa38Hli 

3aMeCTRTeJIH X. Ilpm,IBJI OIIIIICUBaeTC.II ypaBHeHHeM G = oC, · o + J3 , 
r.ne d. =4,7±,0,6; .fo=D,6±,0,2. 
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3Ta 3aEHCHMOCTb .uaeT OCHOEaHne ITOJiaraTb, 'ITO KOaqxpmumHTll QC-H 

.UOCTaTO'lHO npaEMbHO OITHCllEaIOT oco6eHHOCTH XI1MWI8CKUX crurneil C-H 

B opraHWI8CKHX MOJieKyJiaX, a paccMaTpnaeMml M8TO,ll liCCJie.uoBaHIDI 

XHMn'l8CK.HX crurneii Bouopoua .llOCTaTO'lHO 'lJBCTBnTeJieH ,IJ',1!.lI HCCJie,UOBa

HRII B3aHMHOro BJIRIIHRII aTOMOB H rpyITIT B opram!'leCKllX MOJieKyJiaX H 

MOJKeT 6llTb HCITOJib30BaH ,IJ',1!.lI ITO.iry'leHWI HOBOil HHq)OpMaunn B BTOll 06-

JiaCTH. Ilo 3aBHCHMOCTH C ( 6 I) .UJIH M8TilJibHllX npOH3EO,lllillX HaMH 

6wra OITpeueJieHa HH.rryrumoHHa.H KOHCTaHTa dz ,IJ',1!.lI rpyrrITll coce - Ococt= 

= 0,9 ± O,I. 

JLrr,lI npmrnBoUHllX 6eH30Jia 6wrH ITOJIY'leHll 3Ha'leHIDI ITo.uanJieHnil 

f, = 2-2,5, KOTop1,1e ITO B8JIH'!IlHe HaXO.niITCJI Mel!\ny M8TilJibHllMH npo

H3BO,UHllMH H npOH3B0.1:!;Hl-lMH IT8HTaHa. O.unaKO B STOM CJIY'l88 HH.nyK[Ul:OH

HIID aqxpeKT He JUlJJ.H8TC.fI .UOMnHnpy!OIIU1M, ero BKJia.u B ITO.UaBJI8HUe MOJKeT 

l!CKaJKaTbC.fI eqxpeKTaMH COITpmKeHWI, KOTOplle r,mryT .ueilCTBOBaTb B ITpo

THBOIIOJIOllIBYJO CTopoey. ,UeikTEl!TeJibHO, KBK an:n:Ho · Ha p:ac._4, Ha6JIJO

.naeMml aqxpeKT C.1Ia60 CKOppeJinpOBaH C HH.nyK[Ul:OHHllMH KOHCTaHTaMH 01 • 

£ 

~+ C,H6 X 

l"••I 
3f 

c2cof 2t (Ct) t f (F) 

(NO.~ (J) ~ (Br) 

Qf 0.2 . 0.3 0.'t 0.5 0.6 0.7 0.8 0.9 CS, 

Pnc. 4. 3aBHCHMOCTb rro.uaBJieHH.fI 8 OT HH.llYKlUiOHHllX KOHCTaHT 

3aMeCTHTeJieil Or B npOHSEO.UHllX 6eH30Jia. B CK06K8X yKasaHll 

saMecT11TeJIH X. 
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I 

f 
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B 'leTBepToil rJiaBe unccepTauHH OIIHCHBaIOTCJI OIIllTll ITO Ha6JI1Qn:e

HHJO H HCCJie.uoaaaruo npol\eccoB rrepexaaTa rr -Me30HOE 

<Prr> + z ------ zrr + P (6) 
B Bo.uopo,uoco.n:epJKalll.HX coe.unHeHIDix Zin H,, H CM8C.fIX 4 fl,, + z✓• IIe

peXBaT I!pllBO,UHT K rro.uaMeHHJO BepO.fITHOCTH R,UepHoro aaxBaTa IIHOHOB 

BO.UOPO.llOM, eCJIH B HCCJie.uyeMOil CHCTeMe ,KpOMe BO.n:opo.ua ,rrpncyTCTBYIOT 

TRJK8Jlll8 aTOMll Z > I. XOTR M830MOJieeyJIHpHllil M8X8HH3M IIO,llBBJieHH.fI 

saxaaTa IIHOHOB CB.fI88HHllM BO.UOPOUOM Y.UOBJI8TBOpHT8JibHO 06'.bRCH.fleT 

HSBeCTH!le SKCIIepHMeHTaJibHlle .n:aHH!le, ,IJ',1!.lI Ha.n:eJKHoro BllU8JI8HH.fI 11X1!

MH"l8CKHX aqxl>eKTOB" He06XO.UHMO HM8Tb 6oJiee TO'lffYKl OL\8HKY pOJIH .UPY

rnx BOSMOlK!illX MexaHn3MOB ITO.UaEJieHH.fI saxEaTa ITHOHOB CB.fISaHHHM BO,UO

PO.UOM, Panee rrepeXBaT Ir-Me30HOB Ha6JIJO,UaJIC.fI JIHlllI, B CM8CRX CB06o.u

HOro Bo.nopo.ua c ,n:pyrHMH raaaMH H2 + Z ( Z : He , Ne , A z , K 1: , Xe , 

N2, co2)(B.H.IleTpyXHH n .up. JK3Tcr>,2§, 2!73 (!969); ilpeITpHH'r OIDili 

PI-9136, ,ll,y6Ha, 1975). B BO~opo~oco~ep%amnx coe~11Hen11ax :;,H~ H 

cMecHX ~H"' +Z' Ha6JIIQUeHne ITepexaaTa (6) CilJibHO ocJiolKH.fleTCJI HH-

TeHCHBHllM M880MOJieeyJIHpl!HM IIO.U8BJieHneM saxBaTa IIHOHOB CB.fI3aIUihlM 

BO.UOpO,UOM, 

CYll!eCTBOBaHne rrepeXBaTa (6) B Bo.n:opo.uoco.uepJKaI!lHX coe.n:nHeHIDix 

6HJIO ycTaHOBJieHo H8MH ITO YM8Hblli8HHJO BepO.HTHOCTeil 3axBaTa Ir-r.,eso

HOB BOUOpon:o~ MOJI8KYJI MeTaHa (CH4) ,aTHJieHa (C~4) ,U8K8Ha (CroH22> 

H 6eH30Jia (C6H6) B CM8C.fIX CH4+A~, C~4+At ,CroII22 + CCf4, C6H6+ 

+ cce4- W(c) ITO cpaaHeHHJO c saXBaToM B coOTBeTCTBYIDUU1X 'lHCTllX 
/3I 

yrJJeBouopouax - W (o) (cM. pHc, 5 11 6). lvlexaHH3M rrepeXBaTa, rro-

BH,UHMOMY, 
11
BKJIJO'l88TCJI" B MOM8HT OT.UeJieHH.fI <Pll) -aTOMQ OT Meso

MOJI8K]Jill 
ri-

Z H • 06pa30BaBWHilC.fI B B036Yl!\ll8HHOM COCTO.fIHnH 
In Ir. 

< pu) - aTOM, 6JIYJ!\UM B BemecTBe Z,.,H,. ( z; Zn, ti,. ) , 

npR CTOJIKHOB8HH.IIX C 8TOMaMH Z , z✓ 
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MoxeT nepe.1taTr, llM nnoH no pe~nn (6). KoHKypnpyxllllllM no OTHomemm 

K nepex:aa.Ty npoueccoM HBJ.UJeTCJI .1teBoa6~eHne <pII-> -aTOMa c noc-

Jle.llYIOlllllM aaxBa.TOM nnoHa npoTOHOM npn CTOJIKHOBeHnsIX ( pir > C, MO

JieKyJia\llll lm H0 n aToMaM:e: BO.llOPOM. C Y'{6TOM nepex:aa.Ta (6) Bepo

JITHOCTI, W ~epHoro aax:aa.Ta ri--Me30HOB BO.ltOPO.llOM coe,ItnHelmil: 

Zm H11 , ~~ lrn H11 .llOJilltHa onpe.1teJIHTI,CJI BI1pru1teaneM 

w = w"',41 • q, , C7> 
r.ite W"'f! Beposi:THOCTI, o6paaoBa.HM (pII-} -aTOMa npn ocTaHOEKe 

nnoaa B coe,ItRHemm lm f-/n , l~ lrn H0 ~onpe.1teJIJieTCH q>OJMYJia.MR (1), 

~2) MO.lleJlll 60llillliX Me30MOJieKyJI); q. - BepOS!THOCTI, SI.ItepHoro 

aaxBaTa nnoaa npoTOHOM B ( pII1 -aToMe (1-rn-aa nepex:aa.Ta q, <'..I). 

Peay;rr,TaT11 aKcnepl'!MeHTa 06pa6aT11Bamcr, Ha.\m B paMKax qieao

Meao;rorll"!ecRoil M0.1tem nepexBa.Ta (JI.M.IIoaoMapeB • .fI~,~. 223 (1965); 

B.M.IToTpyxHH n .llP• EST~,§§,. 2173 (1969)), cor;racao KOTopoa 

W ( C) i -t ( lie> · Cc 
W (o) - 1+ (lie) ·Cc~ (l\z)·Ca 

(8) 

( Cc= m/n , C,?= nz /ntt - RoaueaTpaunn aTOMOB yr;repo.1ta B 

CmHn n A1.Mn cce4 B CMec:e: CmHn +l ; nz, nH - 'iliCJia aTOMOB 

npl!Mec:11: l :e: BO.ltOPOM B l ~; ( /1,) , ( l\z) - KOHCTaHT!1 nepex:aa-
/.3/ 

Ta rr--MeaoaoB aToMaMR yr;repoM :e: npRMec:e: l ) . Ew:io nOJIY'leHo 

< I\Ai,cl =5 ,D±.O, 7; ( Ac>=l ,D±,0,4. (9) 

Cor;racyro!lleecJI c (9) 3Ha'ieime (/\,) =I ,2±,0 ,2 6w:io noJIY'leHo arum 

n03'Aff88 ll np:e: ll3Y'{8HIDI nepex:aa.Ta rr--Me30HOB B PS!,JtY HaC!1lll8RH!ll: 

yrJieBO.ltOPO.llOB (CH4, CzH6, C5H12• ••• (~>n>• r.1te KOHUeHTpa-
. . . /~ 

u:rui: yr;repoM B MOJieKyJiaX R3l\l8HJIJlaCI, OT Cc =0,25 .llO L'c=0,5. 

AHaJma 3Ha'ieIDii1 (/\c), (AA'l.,ei> noRaaaJI, 'iTO oan B 2-5 paa 

MeHI,11Ie cooTBeTCTByDIIUtX ROHCTaHT A z. , KOTOp!1e xapaKTepnayDT 

nepex:aa.T nnOHOB B CM8CRX CB060'AffOrp BO.llOPOM C .llPyrmnt ra3aMR 

12 

w(cA,)/w(o) 

1,-~-\ --r, oCH4+ Ar 
\ .I ',, •c H+Ar 

' X ', 2 ~ . \ 12 .......... 0,6 

0,1, 

0,2 

·',,t'-...... .... _______ H2+He 
', ~ ---'-------~~ 

------ H2fAr ----
O a, 0,2 D,3 0,1, 0,5 CAr 

W(cxVw(o) 

'-... -- ..... 

o C1JH22 •CCl4 
eC5H5+CCl4 

1,0-r.~ 

o.a r --.................. 
'\, _ .. ~---. ............ __ Hz+He 

L ',::'9._ ---0,6 I , . 

', , ..... 0,4 
.................. _ Hz+Ne -.... __ _ 

0,2 

o 0,1 q2 Q,3 o,4 qs Cc1 

Pnc.5. IIo.1taBJieHne SI.Itepao

ro aaxBaTa 1r -MeaoHoB Bo

.ltOPO.llOM B CMecsi:x CH,1 + A "t. 

n C2H4+ A~ B 3aBllCllMOCTll 

OT aTOMH!1X ROHUeHTpaunft 

aproaa CAt. CnJiomHaSI Rpn

BM np0Be.1teaa no ~pay;re 

~8) .llJlJI CM8CH CH4+ At 

npn (Ac> =l,0±,0,4! (~At}= 

=5,D±,0, 7. 

Pnc.6. IIo.1taBJ1eHne Mepao

ro 3axBaTa rr--Me30HOB BO

.llOPO.llOM B paCTBOpax 

c1oH22+ cce4 , c6H6+ cce4 

B 3aBllCilMOCTll OT aTOMH!1X 

ROHUeHTpaunii XJIOpa Gee• 
CllJIOW!ille RPllBlle paCC'illTa

lill no ~pMyJie (8) np:.,: 

<Ac> =I,0+0,4; ·(/Ice>= 

~5,D±,0,7. PaapuB pactieT

Hoil Rp:imoii o6yCJioBJiea paaJlll'i:e:eM B KOHUeHTpaunsIX yr;repo.1ta B nc

XO'AH!lX MO~eRyJiaX Croliz2 n C5H5• 
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(He, Ne, A-t, K't, Xe, N2, COz). Ha ocHoBamm aToro 6WI c.n;e.naB 

BHBO.D; 0 HeH,IJ;eHTl'I'iHOCTH npo~eCCOB nepeXBaTa nHOHOB B BO,n;opo.n;ocO.:. 

.ne,PJlt8l!llIX coe.n;HHeHIDIX 'lm Hn , a Taruite CMecmc rm Hn .. l' n B CMecmc 

cBo6o,n;Horo Bo,n;opo.n;a c .n;pyrm.m rasaMH. 

,llrui ycTaHOBJieH.lm npll'inH pasJm'l.WI KOHCTaHT (A ) n /\ Hmm 

6llJIH npo.n;e.na.HU OnHTll c .D;ByMll THllaMB raaoBlll CMece:fi: ¾ : l + 2' 

H ¾ + CmHn• 

B nepBOM CJIY'lae HCCJie.D;OBa.JICJI nepeXBaT rr--Me30HOB B CMecmc 

Hz : At +Xe H ¾ + Xe + He. YcTaHOBJieHo OTCyTCTBile 38MeTHUX aqxpelt

TOB B3amlHOro B.lllmlmfi npHMece:fi ] R i' Ha nepeXBaT llHOHOB - a.n;

.D;HTHBHOCTI, nepeXBa.Ta no OTHomemm It 'll'IMY TmIOB TIDlte.llllX aTOMOB B 

Bo,n;opo.n;oco,n;ep;itameii cncTeMe [¾, l", ... l'K>] • OTcJO,D;a Me.n;yeT 

KOppeKTHOCTI, qio.i;r,iy~ (8) n, Me,n;o:aaTenHo, 3Ha"ieHd KOHCTaHT ne

pex:aaTa. (9). 

B O~HTax co CMecm.m BToporo Tnna - '¾ + q,,Hn (Cm~ : CH4, CzHs, 
ft,/ . . 

C2H4)-6WI BH,D;eJieH K~ nepeXBa.Ta U--Me30HOB aTOMaMR yr;repo.n;a op-

ra~eCKHX MMeKyJI C,,.Hn c pil--Me3oaTOMOB, o6pa3ymmmtCH Ha CB06o.n;

HOM BO.D;Opo,n;e ¾• 0Ka3aJIOCb, 11TO KOHCTaHTll nepex:aaTa Ac. B 8TOM 

M~e B pac"ieTe Ha O.n;HH aTOM yrJiepo.n;a MeTaHa, 8TaHa ll 8TMelUi 

COBIIa,n;aBlT B npe.n;e.na.x norpemHOCTeii nsMepeHd ( Ac =4,6±,0,3) n xo-. . . 

pomo cor.na.cymCJI c .n;aHHmm no nepex:eaTy U--MesoHoB B cMec.lll ¾ + 
. . -

: He, Ne, At, K-i, Xe, N2 , co2 • B TO xe Bpewi 3Ha"ieHRe Ac B 

4 pasa npeBwnaeT 3Ha"ieHRe ltOHCTaHTH nepeXBaTa llBOHOB aTOMa?,lB yr

;repo.n;a B "iBCTHX opraHB1ieCltBX coe.D;BHeHB.lll C,,.Hn B CYeCllX C,,,Hn + 2 -

(J\}=I,2±.0,2. Ilo pesynTaTaM OllHTOB 6WI c,n;eJiaH BHBO.D; o TOM, "iTO 

Ha6Jm.n;aeM03 pa~ne ROHCTaHT nepeXBaTa 

HO pa3HHMR aHepr:wnm BOa6yx.n;emm: pII-- H 

/\ n ( A} o6yMoBJie

< pII-) -aTOMOB' KOTOpHe 

o6pa3yJOTCJI, COOTBeTCTBeHHO, Ha CB060.D;HOM BO.n;opo.n;e ¾ H Ha BO.D;O-

14 

po_n;e XHMJ!liecrua: coe.mrneHHti Zm H,,.<pir) -aTOMH o6pasymCSI c· 

MeHI,lllllMH aHep~MR BOS6y11meHW1 En, B pesymTaTe -qero, llO-B~IU™O

MY, YMeHI,maeTCSI Kalt Ce"ieHHe nepeXBaTa, llOCKMbey pasMepu MesoaTO

Ma ~ n 
2

' T8K H BpeMll Jm3.lm MesoaToM8; nOCKOJII,Icy" CKOPOCTI, H.nep

Horo sanaTa Ir -Mesoga npoToHoM B MesoaToMe tn$· = const / n 3• 

B 38RJIDtlln'enHoti cep.1m OllllTOB 6HJI HCCJie.n;OBaH nepeXBaT Ir-Me-

30HOB B CMecmc CH4+ He, Ne, Ar , Kr , Xe, co
2, $F / 5/~ YcTaHoB-

<.p·Ji") 
JieHo, "iTO .lt1Ill HHepTHHX rasoB KOHCTBHTH nepeXEaTa A :e OIIHCIDlaIOT-

C.11 38BHCHMOCTI,D A•( 2 I/3-I), xapaRTepHOti .lt1Ill nepeXBaTa B CMe

CHX H_zr2 ,HOC cymeCTBeHHO M8HI,We:fi ( B :,·2,5 pasa) KOHCT8HTOH A. 

,Jlrui yr;repo.n;a, BXQlllllllero B COCT8B opraH:e:"ieCKHX MMeeyJI CmHn , , 

Ha6mmaeTCSI YMemmeHHe KOHCTaHTH nepeXBaTa <Ac)== /\if>B"'2 pasa 
<pr.-> . 

no cpaBHemm c A c , o6yCJIOBJieHHOe, no HameMY MHemuo, 

npocTpaHCTBeHHOil 8Iq)8JmpOBKOH yr;repo,D;HHX 8TOMOB 8TOM8MH BO,D;Opo,na. 

IlepeXBaT n:e:oHoB aToMaMH CO2 H ,SF 6 Taue saMeTHO ( Ha e: 40 %) 
no,n;aBJieH ns-sa· B38HMHOil: 8Kp8HHJ)OBKH TJllteJIUX 8TOMOB B MOJieKyJiax. 

I ~n CJia6BJi (zI 3) 38BHCHMOCTI, KOHCT8HTH nepeXBaTa A z OT 38pil.D;8 

H.IJ;P8 E_ CB}U{8TeJII,CTByeT O 3H8tmTemHo:fi 8Kp8HHJ)OBKe KYJIOHOBCKOro 

llOJI!l H.IJ;P8 8TOMHHMH 8JI8KTPOH8MH B npoueccax nepeXBaTa rr--M830HOB 

8TOM8MH "Z_ OT <pir) -8TOMOE. :3To, B ~BOD 0'1epe,D;I,, 03HatJaeT, 

"iTO nepeXBaT (6) nponcxo.zurr Ha UOCT8TO"iHO 6MI,filHX paCCTOliHMX 

(nopil.n;Ka "HopMamHHX" aTOMHUX pa.wcoB) MeEJJY < prr- > H H.IJ;POM 

2 . Ilo pe3yJibT8T8M OllHTOB npe,D;JIOJKeHH 38BHCIIMOCTH .lt1Ill OU8HOK 

BKJia,na nepeXBaTa Jr -M830HOB B II0.11;8BJieHHe H.nepHoro 38XB8T8 Jr -Me-

30HOB Bo.nopo.noM opraHH'!ecrurx: coe.nnHeHHti C,,,HnXK 

c = (I+< Ac> 11' +<A,,) f ,-I; <Ai) ::r I,5.(Z 1/ 3-I). {IO) 
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OCHOBHUe pe3YJII;>TaTH .JllICCepTamm CBO.llfITC/1 K CJie,nynneMY • 

I. MccJienoBaHo BJIIDIHIIe CTJlYitTYPH Bo.nopo.noconep.!tB.lllllX coe,nR

Herm:il Ha BepoaTHOCTb W .fI,n;epHoro 3axBaTa Ir -Me30HOB CB.fl38HHHM 
III 

Bo.nopo.noM. YcTaHOBJieHo, 'ITO npOCTpaHCTBCHHOe CTpOeHHe Bo,n;opo,no-

co.nepllt8lllllX coe.n;RHerum He oKasHBaeT saMeTHoro BJIIDilill.fI Ha .fI.n;epmm 

3axBaT Ir -Me30HOB CB.fI3aHHHM BO,n;opo,n;oM. BMecTe C TBM li3M8HBHIDI · 

B XRMR'leCKliX CB.fI3.fIX ~ -H B coe.n;RHelill.fIX Zm Hn, z: Zm Hn npllllO,WIT 

K perRCTpliJ)yeMHM H3MeRe JruflM BepO.fITHOCTBil W lm H
11 

, W z: ZmHn 

KOS!p:pfilUICHTOB Uz-H = f ( W ) , BH'lliCJilleMHX no cpopMJJiaM (I), 

(2) Mo.neJIH 60JiblllHX Me30MOJieeyJI. 

2. B paMKax li3Y'leHIDI 3aBHCRMOCTll K03!p:pfilUIBHTOB Uz-H OT 

oco6eHHOCTeil XliMR'CJBCKRX CB.fl3eil z -H llCCJie.noBaHO BJill.fIHIIe pa3JIR'l-

HHX SJieKTPOHOaltll;eIITOPHHX 3aMeCTHTeJieil X aa 3axBaT Ir-Me30HOB 
/2/ 

BOll:OpO,UOM B IIPOH3BO,UHHX opraHH'leCKRX coe.lllIHBHHil. Ilo no,naBJiemuo 
(Ci-I } (' H X 

saXBaTa ITROHOB Bo,nopo,noM E = ac-i" I a rf:t1~-• B nponsBo.nHHX 

HaCHl!leHHHX coe.n;nHelll'!H C r1 Hw-1X, C n H2n+,X H B npOH3BO.IUIHX 6eH30-

Jia C6H6-~K Ha6JIJQD;aJIOCb HH,IJYKll;HOHHOC BJIIDIHHe saMeCTliTeJieil X Ha 

COCTO.fIHll'.e CB.fI3eil C-H B MOJieeyJiax HCCJie.noBaHHHX coe.rorneHHil. Jl)m 

MBTIDlbHHX llPOH3BO.UHHX CH~ ycTaHOBJI8H8 m.rneilHa.fI saBIICHMOC'l'b IIO

.n:aBJIBHll.fI c OT IIH,IJYK!.UIOHHHX KOHCTaHT saMecTnTeJieii <:f 1 • 8Ta sa-

BIICRMOCTb .n:aeT .. OCHOBaHIIe IIOJiaraT:r,, 'ITO KOSqq>RUeHTH ac-H 

.nocTaTO'CJHO npaBHJibHO OllliClmam BJIKlIHHe ll3MeHeHIIil B .xm,mtl8CKHX 

CB.fI3.fIX C-H ua Bepo.fITHOCTH W • TllltlIM o6pa30M, .PaCCMaTp:HBaeMHil 

M8TO,n; H3Y'l8HH.fl XlIM}l'iBCKliX CB.fISeil BO,D;Opo,n;a OKaSHBaeTC.fI .nocTaTO'lHO 

'!YBCTBHT8JibHHM ,nJI.fI lICCJie,noBaHll.fI BSaHMHOro .BJIRf!Hll.fI aTOMOB H rpynn 

B opraHJI'lecruu MOJieeyJiax li MOllteT 6b!Tb HCIIOJibSOBaH .It1I.fl IIOJIY'lelill.fl 

HOBOil :imq,opMamru: B STOil o6JiaCTH. 
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3. 06aapyateH nepeXBaT rr -Me30HOB T.fillteJIHMH aTOMa11.n z OT 

rr , h/ 
<p ) -aTOMOB, 06pasyiannxC11 Ha C.E.fISaHHOM BO,n;opo,ne 

<prr > + z -zrr + ·p. 
C y-qeTOM nepeXBa.Ta BepO.fITHOCTb W .fI.nepHoro saXBaTa Ir-Me30HOB 

Bo.nopo_n;oM X1IMH'lec1troc coe.n;RHeHIIil ,n;oJiatira onpen;eJI.fITbC.fI BupaateHIIeM 

W = W'"I'. q, , .,, ... 
r,n;e w - BepO.fITHOCTb o6pasoBaHH.fI < pir> -aToMa IIpH OCTaHOBKe 

rr -Me so Ha B Bo.nopo.noconepxameM coe.n;RHeHllli ( onpe,neJI.fleTC/1 cpopMJJiaMH 

Mo.neJill 60JibllllIX MeSOM~JieeyJI) i q, - BepO.fITHOCTb .finepHoro 3axBa-

Ta rm:oHa npoTOHOM B < pir)- -aTOMe (:e:s-sa nepeXBaTa q. < I). 

4. YCT8HOBJieHo p~sJillqlie B RHTeHCHBHOCT.fIX nepeXBaTa Ir-Meso

/4/ 
HOB B Bo.nopo,noco.nepJKa.IIUIX coe_n;RHemmx Cm Hn , a TaKllte cMec.fIX 

C ,/3/ . . 
m Hn + l li H3BeCTHoro paHee nepeXBaTa IIHOHOB B CMeC.fIX 

CB06o.naoro Bo.nopo,n;a C ,!IJlYrnMH rasaMH H2 + z . MeHbWa.fI IIHTeHCHB

HOC'l'b nepenaTa B CJiy-qae C.BH38HHOro Bo.nopo,na o6yCJIOBJieHa, IIO-BH-

.UHMOMY, MeHblllHMlt :rnepl'H.IIMR BOS6y:amerum <pir> - 8TOMOB IIpH nx 

o6pasoBaH:r.ra H8 Bo.nopone .JCID.mt!eCKHX coe.n;RHeHHil B pesyJibTSTe pasBa

Jia 2!-Hn -Me30MOJI8Ky-JI IIO cpBBH8IDUl C sHeprH.fIMR B036y~neHH.fI 
/I(/ 

MesoaTOMOB BOll:OPO.lla, o6p83YDI!liXC.fI npa pa3BaJie H~ - M830MOJieeyJI. 

MHTeHCRBHOCTb nepeXBBTa ImOHOB T.flllt8JIHMH BTOJl/laMH OT <pir> -aTOMOB 

YMBHbmaeTc.fI npH o6"Le,nHHemm aTOMOB Z , Z ' B MOJieeyJIH 

Zm z; I Z,, I-In ' '<iTO' IIO-BH.lllil:MOMY' o6yCJIOBJI8HO npoCTpaHCTB8HHHM aiq>a

HJil:POBaHKeM aTOMOB B MOJieeyJiax B OTHomeHim nepeXBaTa. Ilo pesyJI:r,Ta-
/J-S/ . 

TBM OIIHTOB npe.ItJIOllt8Hli 38BlIClIMOCTH ,IJ)I.fl oueHOK BKJia.na nepeXBaTa B 

no,naBJieHHe .fI.ll8PHOro 3axBaTa Ir -Me30HOB BO.UOPO.llOM opraHH'!eCKIIX 

coe,nHHe.lOOl: Cm Hn~ 

c = (I +<Ac:)·";; + (Ax) ~ )-1 ; (/\z)zI,5.(1.I/3_ I). 
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Ha ocHoBamrn: npo,1te.namroil: paQoTu B ,IUiccePTruum KOHCTaT:apyeTCJI, 

qTQ .fI,ll;epID,Jil 3WCBaT Il--Me30HOB BO,ItOpO,ItOM MOX8T HCllQJll,30BaThCS ,ItJIH 

llO~y,I8Hlm llMyKO~eCTBeHHOil HHqioµ.mrum 06 oco6eHHOCTmt XID,U1'18C

KKX CM3efi t -H B BO.ItOPO.ItOCO,Itepiita.Dlmc coe,ItHHemm:x: Ha OCHOBaHHH 

~Op,ly~ MO,Itell 60Jll,IIIRX M830MO~eKy~. IlpH 8TOM, O,ItlJaKO, Heo6xo,IUWO 

npoBO,JUrrh npe~BapHTeBLHuR OT6op coe,IUIHemtl!: B xcc.ne,Ityewe rpynnu 

TaKEM o6pasoM, qTo6u o~eHO't!Rlie 3Ha"iemm no,1taBJiemtll q, zs-sa ne

peXBaTa llliOHOB ):tJilJ OT06paHHl:lX coe,IUIHemtli c.na6o pB.3Jm'tlBJUICh. 

MaTepHBJI,.no~oxewmn B OCHOBY ,IUICCe!)Truum,ony~OBaH B 

pa60Truc/I-5/ H ,ItOKJia.ll;llBMCJI Ha IY l,lez.nyHapO,ItHOtt KO*pemum no 

~3HKe BliCOKKX aaeprliil li CTpyKType .f!,ll;pa (.I{y~aa. ceHTJI6ph 1971 r.). 
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