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PaHee HaMI1 6~na o6HapymeHa aaB11CI1MOCTb seni1411H~ ocTaT04HoA 
nonS1p113a41111 OTPI14aTenbHbiX MIOOHOB OT AJ111Hbl yrneBO,QOPO,QHOH 4en11 
MoneKyn an11~aT114ecK11x cn11pToB C0 H~n+ 1 0H111 11 xnopanKI1nos 
ChH20 + 1 Cl np11 KOMHaTHOH TeMnepaType/2/. 3Ta 3aBI1CI1MOCTb 11H
TepnpeTI1pOBanacb Ha OCHOBe npe,QCTaBneHI1H 0 p0n11 XI1M114eCKI1X 
B3a11MO,QeHCTBI1H MeaoaTOMOB, B 4aCTHOCTI1, Y411Tb1Bai0~11X peaK41111 
MeaoaToMoB c npo.QYKTaMI1 pa,Q11on11aa cpe,Qbl. HMeni1Cb s BI1.QY pa,Q11Ka-
n~, o6paay10~11ecfl sfinl1311 MeaoaToMa B peaynbTaTe pa,Q110n11aa B Tpe
Ke MIOOHa nepe,Q ero OCTaHOBKOH 11n11 np11 TOpMomeHI111 ome-3neKTpo
HOB, 11cnycKaeMbiX np11 MeaoaToMHbiX nepexo,Qax. 06paaosaHI1e pa,QI1Ka
nos B03MOmHO 11 np11 11 KynOHOBCKOM B3Pb1Be11 MoneKynbl, ecn11 OHa 
MHoroKpaTHo 110HI130BaHa np11 ome-nepexo,Qax s MeaoaTOM~31 • Kor,Qa 
cpe,Qa, B KOTOPOH npOI1CXO,QI1T o6pa30BaHI1e Me30aTOMa, COCTOI1T 113 
AJ111HHbiX MoneKyn, cnoco6HbiX K BHYTPI1MOneKynSlpHOH nepe,Qa4e 3Hep
rl111 soa6ym,QeHI1Sl 14•51 , To nnoTHOCT b o6paayi0~11XCS1 s6n11a11 Meao
aToMa pa,Q11KanoB 6y,QeT yMeHbWaTbCSl C pOCTOM ,Qni1H~ 4en11 BCne,QCT
BI1e pacnpe,QeneHI1fl o6paay~I1XCSJ pa,QI1Kanos no 6onbweMy o6beMy 
s peaynbTaTe M11rpa41111 3Heprl111. 

B HacTOR~eA pa6oTe npe,QcTasneH~ peaynbTaT~ ,QanbHeAwero 11C
cne,QoBaHI1R Bni1RHI1fl KaK M11rpa41111 3Heprl111, TaK 11 APYrl1x napaMeT
pos MoneKynbl Ha ,QenonSJp113a41110 OTPI14aTenbHbiX MIOOHOB B napa¢11Hax 
11 6poManKI1nax np11 KOMHaTHOH TeMnepaType, B anl1¢aTI14eCKI1X cn11p~ 
Tax 11 napa¢11Hax np11 TeMnepaType mi1,QKora aaoTa, a TaKme peaynb
TaTbl 11CCne,QOBaHI1Sl ,QenonRp113a41111 B HeKOTOpbiX npOI13BO,QHbiX 6eH30-
na. KpoMe Toro, 6binl1 YT04HeHbl 3Ha4eHI1fl seni1411Hbl ocTaT04HoA 
nonS1p113a41111 ,Qnfl HeKOTOpbiX anl1¢aTI14eCK11X cnl1pTOB np11 KOMHaTHOH 
TeMnepaType. 

3Kcnepi1MeHTbl BblnOnHeHbl Ha 411CTOM MIOOHHOM ny4Ke Me30HHOrO 
KaHana CI1HXP0411KnoTpoHa Ila6opaTOPI111 SJ,QepHbiX npo6neM OH.RH. 

1 YcTaHoBKa 11 MeTO,Q11Ka 113MepeHI1A TaKI1e me, KaK s 111• HaMepeHI1Sl 
' 1 np11 TeMnepaType mi1,QKOrO a30Ta npOBO,Q11ni1Cb B ycnOBI1SlX, KOTOpble 

no3BOnRnl1 CBeCTI1 K MI1HI1MYMY Bni1SlHI1e OCTaHOBOK MIOOHOB B aaoTe. 
npl1 OCTaHOBKe B aaMe~eHHbiX yrneBO,QOPO,Qax (CnH2n+P"· CnH2n+1 Cl, 

C
0 

H20+1 Br) MIOOHbl aaxsaTbiBaiOTCSl aToMaMI1 so,Qopo,Qa, yrnepo,Qa 
11 aaMeCTI1TenSJ. BKna,Qbl noca,QoK MIOOHOB Ha Cl , Br 11 C onpe,QenSJ
ni1Cb no xapaKTepHOMY BpeMeHI1 mi13HI1 r CBS13aHHOro MIOOHa B 3TI1X 
aTOMax. TaKI1M o6pa30M, OCTaT04HaSl nonSJpl13a411Sl MIOOHOB B yrne
po,Qe /Meao6ope/ s C0 H2n+l Cl 11 C0 H20+1 Br onpe,QenSJnacb Heaasi1-
CI1MO .OT BKna,Qa noca,QOK Ha aTOMbl Cl11 Br cooTBeTCTBeHHO. Anfl 
cni1P.TOB paanomeHI1e speMeHHoro cneKTpa 3neKTPOHos pacna,Qa Ha 
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ABe KOMnOHeHTbl B ycnOBHRX HaCTOR~ero 3KcnepHMeHTa He npeACTaB
nRnOCb B03MOmH~M, nOCKOnbKy BpeMR mH3HH CBR3aHHOrO M~OHa B KHC
nopOAe /MesoasoTe/ H yrnepoAe 6nH3KH(r(0)=1,84 MKc, r(C) = 
= 2,04 MKq. no3TOMY AnR cnHpTOB H3MepeHHaR BenH4HHa a/ac 
I a/ac =P /Pc• rAe a c - K03$$H~HeHT acHMMeTpHH yrnoeoro pac-
npeAeneHHR 3neKTpoHoB pacnaAa M~oHoe, a Pc- ocTaT04HaR nonR
PH3a~HR M~OHOB B rpa!lJHTe/ npeACTaBnReT C060H ycpeAHeHHY~ OCTa
T04HY~ nonRpHsa~H~ M~oHa e Meso6ope H MesoasoTe c eecaMH, pae
HbiMH BepORTHOCTH saxeaTa M~OHOB yrnePOAOM H KHCnOPOAOM COOT
BeTCTBeHHO. BepoRTHOCTb saxeaTa M~OHOB KHcnopoAOM /rpynnoH OH I 
B cnHpTaX npH H3MeHeHHH KOnH4eCTBa yrnepOAHbiX aTOMOB nC B MO-
nel<yne OT OAHOrO AO nRTH MeHReTCR OT "'0,9 AO "'0,25 COOTBeT-
CTBeHH0/1/. . 

M~OHbl, saMe~a~UIHe 3neKTPOHbl, HaXOARUIHeCR Ha eaneHTHbiX op6H
TanRx C-H /HnH OH I CBR3eH, K MoMeHTY aTOMHOH noKanHsa~HH 
B OCHOBHOM OKa3biBa~TCR y aTOMa yrnepOAa /KHCnOPOAa/ 161. JlHWb 
I 1 0...;3 +1 o-2 ! 17 I OTPH~aTenbH!>IX M~OHOB saxeaTbiBaeTCR Ha BOAO
POA H o6pasyeT ceo60AHble (p-H+) aTOMbl. B KOHAeHcHpoeaHHblx cpe
Aax M~OHbl C aTOMOB (p-H+) 3a BpeMR 1Q -12 - lQ-10 c18•91 npaKTH-
4eCKH nonHOCTb~ nepexBaTbiBa~TCR K TRmenbiM aToMaM, H no3TOMy 
B cneKTpax 3neKTPOHOB pe -pacnaAa He nORBnReTCR KOMnOHeHTa 
C BpeMeHeM pacnaAa, COOTBeTCTBY~UIHM aToMy (pJH+).onaroAaPR 
CBOeH npeAbiCTOPHH nepexBa4eHHble M~OHbl OKa3biBa~TCR MeHee nonR
p~30BaHH~MH, 4eM Te, KOTOp~e HenocpeACTBeHHO 6~nH saxea4eH~ 
Ha yrnepOA H KHCnOpOA. Ho nOCKOnbKY OHH COCTaBnR~T He3Ha4HTenb
HY~ AOn~ /10-

3 
+10-

2 I oT o6Uiero KonH4ecTea M~oHoe, TO e pac
cMoTpeHHe OHH npHHHMaTbCR He fiYAYT. 

nony4eHHble e HacTORUieH pa6oTe pesynbTaTbr AnR cnHpToB, xnop
H 6poManKHnOB /HapRAY C AaHH~MH npH KOMHaTHOH TeMnepaType pa-
6oT11•21 I npHBeAeHbl e Ta6n.1 H 2. B napa!lJHHax /Ta6n.3/ H 6poM
anKHnax npH KOMHaTHOH TeMnepaType Ha6n~AaeTCR npHMepHO OAHHa
KOBaR cna6aR 3aBHCHMOCTb BenH4HHbl OTHOCHTenbHOH OCTaT04HOH 
nonRpH3a~HH a/ ac OT AnHHbl ~enH MOneKYnbl /BblpamaeMOH 4HCnOM 
yrnepOAHbiX aToMoe e MoneKyne nc I: nonRpHsa~HR yMeHbwaeTcR 
C POCTOM AnHHbl ~enH. npH TeMnepaType mHAKOro a3oTa nonRpH3a-
~HR e napa!lJHHax H anH!llaTH4eCKHX cnHpTax e 2-3 pasa HHme /pHc. 1/. 
3aBHCHMOCTb nonRpH3a~HH OT AnHHbl ~enH B napa!lJHHaX H 6poMa~ 
nax OTnH4aeTCR OT saBHCHMOCTH AnR CnHpTOB H xnopanKHnoB npH 
KOMHaTHOH TeMnepaType /pHC. 1/. CneAYeT o6paTHTb BHHMaHHe Ha 
TOT !lJaKT, 4TO npH ManbiX~H nc::: 15 3Ha4eHHR nonRpH3a~HH 
AnR napa!lJHHOB, CnHpTOB, xnop- H 6poManKHnOB npH KOMHaTHOH TeM
nepaType 6nH3KH. 

,llnR BCeX HCCneAOBaHHbiX yrneBOAOPOAOB H HX npOH3BOAHbiX npH 
KOMHaTHOH TeMnepaType Ha6n~AaeTCR 6onbWaR OCTaT04HaR nonRpH-
3a~HR Ha 4aCTOTe npe~eCCHH CB060AHOro CnHHa M~OHa BO BHeWHeM 
MarHHTHOM none (a/ac >0,5). 3TO B03MOmHO nHWb B TOM cny4ae, 

2 

Ta6nH~a 1 

ll.enonRpH3a~HR OTPH~aTenbH~X M~OHOB B allH!lJaTH4.eCKHX 
cm1pTax 

ciiOPMYJia a/a
0

, 300<1< a/a
0

, ??0R 

CH30H 0 64+0 03 ;JE) 0,39.±<>,03 ' - . 
C2H50H o 64+0 o~I/ . - . 

0,62±0,04 0. 30.±<>. 03 

CsH70H o 85+0 o6/I/ 0,36.±<>,04 . - . 
c4H90H 0 92+0 02/I/ 0,32.±<>,03 . - . 
c5HnOH 0 8?+0 04/I/ 0,34.±<>,03 . - . 
c6H130H - 0,27.±<>,04 

c7H15oH 0, ?2.±<>, 04 0,27.±<>,05 

c9H19oH 0, 73.±<>,04 

CroH21oH - 0. 25.±<>. 03 

Cr2H230H - 0,2?.±<>,03 

Cr6H330H 0. 53.±<>. 04 

* yCJ)eAHeHHbre AaHHble c y4eToM 111• 

Ta6nH~a 2 

,QenonRpH3a~HR OTpH~aTenbHbiX M~OHOB B xnop- H 6pOManKHnax 

<D<>PMY!la a/a0 ci1oPMYJia a/a0 

C2H5Q. 0,6?± 0,06 c2H5Br 0,?5.±<>,04 

C#?Q 0 ?3+0 o~2/ c4H9Br 0,6?.±<>,04 . - . 
c4H9ct 0 82+0 04/2/ C5HrrBr 0,??.±<>,03 . - . 
CsHr3ct 0 86+0 04/2/ c8H17Br 0. 55±<>. 06 . - . 
CgHrg<l 0 68+0 04/2/ . - . C9H19Br 0. 68.±<>. 03 

Cr2~5Br 0,66.±<>,03 

CrsH33Br 0,56±0,04 

3 
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P~c. 1. 3ae~c~MOCTb OTHOC~Tenb-
HOA OCTaT04HOA nonRp~3a~~~ 
e cn~pTax ~ xnopanK~nax oT An~-
Hbr ~en~ n : o - cn~pTbl; o -
xnopanK~n~ np~ KOMHaTHOA TeMne
paType; o - cn~pTw np~ TeM-
nepaType m~AKoro a3oTa; 
WTp~x-nyHKT~pHaR n~H~R COOTBeT
CTByeT XOAY 3aB~C~MOCT~ a/ac 
oT An~Hbl ~enr-1 nc AnR napa$1-iHOB. 

ecn~ Me30aTOM AOCTaT04HO 
6WCTpo, 3a MeHbW~A OTpe30K 
epeMeH~, 4eM epeMR ceepx
TOHKoro B3a~MOAeACTB~R 1/v 
I v - 4acToTa ceepxTOHKoro 
B3a~MOAeACTB~R/ MemAY Mar
H~THWM~ MOMeHTaM~ OTP~~a

TenbHOrO M~OHa, HaXOAR~e

rOCR B 1 S -coCTORH~~, 
~ napaMarH~THOA 3neKTPOHHOA 
o6ono4KoA Me3oaToMa, KoMneH
c~pyeT csoA napaMarHeT~3M, 

B m~AKOCTRX ~ aMop$Hwx 
cpeAax, Ka K 6bmo npeAnono
meHo e pa6oTe 1 ro 1 ,3TOT npo
~ecc MomeT npo~cXOA~Tb 6na
roAaPR BcTynneH~~ Me3oaToMa 
B X~M~4eCKy~ peaK~~~ C o6-
pa30BaH~eM A~aMarH~THwx 

npOAYKTOB, 4TO 6bln0 nOATBepm· 
AeHo e nocneAy~~~x 3Kcnep~
MeHTax. 0AHaKo B 6onbWHH
CTBe yrneBOAOPOAOB ~ ~X 
np0~3BOAHbiX BCTynneH~e Me3o-
6opa B X~M~4eCKY~ peaK~~~ 
c ~enbHbiM~ MoneKynaM~ 3Hep
reT~4ecK~ HeBWrOAHO, nos
TOMY 6bln0 BbiCKa3aHO npeA-

nonomeH~e111< 4TO Me3o6op B yrneBOAOPOAaX BCTynaeT B X~M~4eCKy~ 
peaK~~~ C paA~KanaM~, B03H~Ka~~~M~ B npo~ecce TOPMOmeH~R OTp~
~aTenbHOro M~oHa ~ o6pa3oBaH~R Me3oaToMa. B Ka4ecTee np~Mepa 
MOmHO paCCMOTpeTb cneAY~~~e peaK~~~ ll B C anK~nbHbiM OCTaT
KOM, np~BOAR~~e K o6pa30BaH~ID A~aMarH~THWX npOAYKTOB, COAep
ma~~X llB: 

H 

R- C' + llB ... R-C=IlB+H2 , 
H /1/ 

H 

R-C' -C-H + , ... R-C= llB+CH
4 

H H 
np~ 3TOM 3HeprOBbiAeneHHe COCTaBnReT nopRAKa 50-80 KKan/MOnb. 

Bo3MomHo, 4TO 3TI-1 peaK~I-11-1 npoXOART 4epe3 CTaAI-1~ o6pa3oBaHI-1R 
npoMemyTo4Horo aKTHBr.ipoeaHHoro KoMnneKca. 

nocKOnbKy npr-1 paAI-10nr.13e napa$1-iHOB C pa3HbiM n0 o6pa3y~TCR 

OAHOT~nHWe paA!-1Kanbl /ant<l-1nbHbiA OCTaTOK 1-1 BOAOPOA/, npr-1 BCTyn-

5. 



neHHH B XHMH4eCKHe peaK~HH Me3o6opa OTHOWeHHe CKOpOCTe~ peaK
~HH c o6paaoeaHHeM ,qHat-~arHHTHbiX npo,qyKToB .\ d K .A0=A +A 
I Ap - cKopocTb ecTynneHHR e XHMH4ecKy~ peaK~H~ c o~paa6eaHH
eM napaMarHHTHbiX npo,qyKToB/ MO>KHo nonaraTb nocToRHHbiM, Tor,qa 
H3 aaBHCHMOCTH a/ae OT Ue H TOro ¢aKTa, 4TO a/ae 6nH3KO 
K e,[IHHH~e, a TaK>Ke H3 CHnbHO~ 3aBHCHMOCTH a/ae OT TeMnepa
TYPbl MO>KHO 3aKn~4HTb, 4TO BO 'ecex napa¢HHaX 3Ha4eHHe CKOPOCTH 
BCTynneHHR Me3o6opa B XHMH4eCKHe peaK~HH npHMepHO paBHbl H 6nH3-
KH no nopR,qKy eenH4HHbl K vB. npH :noM cnafioe yMeHbWeHHe oc-
TaT04HO~ nonRpHaa~HH e napa¢HHax c yeenH4eHHeM ne o6ycnoeneHo 
yMeHbWeHHeM nnOTHOCTH pa,qHKanoB B peaK~HOHHOM 06beMe Ha-aa 
nepe,qa4H 3HeprHH no ,[lnHHHO~ MOneKyne H Bbl,qeneHHH ee 4aCTH4HO 
aa npe,qenaMH peaK~HOHHoro ofibeMa, TO ecTb He3Ha4HTenbHbiM 
yMeHbWeHHeM nonHO~ CKOPOCTH BCTynneHHR Me3o6opa B XHMH4eCKy~ 
peaK~H~. 

Onpe,qeneHHoe ,qnR napa¢HHa c15H32 OTHOWeHHe 3Ha4eHHR ocTa-
T04HO~ nonRpH3a~HH npH KOMHaTHO~ TeMnepaType H TeMnepaType 
>KH,qKoro aaoTa, paeHoe - 3, 0 I C4HTaeTcR, 4To oHo ocTaeTcR He
H3MeHHbiM ,qnR ,qpyrHX napa¢HHOB/, no3BOnReT He3aBHCHMbiM o6pa30M 
o~eHHTb aHa4eHHe cKopoCTH XHMH4ecKHX peaK~H~ Meao6opa .\0 • EcnH 
npHHHMaTb 3HeprH~ aKTHBa~HH ,[lnR BCTynneHHR Me3o6opa B XHMH-
4eCKY~ peaK~H~ EaKT ~ 250 KaJl/Mon b, 4TO npHMepHO COOTBeTCTByeT 
aHa4eHH~, nony4aeMoMy e peaynbTaTe o6pa6oTKH. ,qaHHbiX no TeMne-
paTypHo~ 3aBHCHMOCTH a/ac B OpraHH4eCKHX cpe,qax /CM,, Ha-
npHMep, 1111 /, TO pac4eT~ no ewpa>KeHH~ Ha 131 noKaawea~T, 4TO 
,\goo npH KOMHaTHO~ TeMnepaType /300°K/ 6nH3KO K VB -4aCTOTe 
ceepxToHKoro eaaHMo,qe~CTBHR ,qnR Me3o6opa I vB = 2, 5· 10 9 c -l I. 
1\IlR onpe,qeneHHR • .\300 H EaKT. Heo6xo,qHMbl 6onee ,qeTanbHble H3-
MepeHHR 3aBHCHMOC~H a/a c OT TeMnepaTypbl, 

OrpaHH4eHHOCTb 3KcnepHMeHTanbHbiX ,qaHHbiX ,qnR napa¢HHOB npH 
aaoTHO~ TeMnepaType He noaeonReT ,qenaTb onpe,qeneHHbiX BbiBOAOB 
OTHOCHTenbHO BH,qa 3aBHCHMOCTH.nOnRPH3a~HH OT Ue; O,qHaKO He 
HCKn~4eHO, 4TO OHa HMeeT TaKO~ >Ke BH,q, KaK H ,qnR cny4aR KOM
HaTHO~ TeMnepaTypbl. 3Toro Cne,qyeT OlKHAaTb, ecnH OfibRCHHTb 
H3MeHeHHe nonRPH3a~HH B aaBHCHMOCTH OT ne C nOMO~b~ npo~ecca, 
3aBHC~~ero TOnbKO OT CBO~CTB MOneKynbl, He H3MeHR~~HXCR npH· 
noHH>KeHHH TeMnepaTYPbl, HMeHHO K TaKHM CBO~CTBaM OTHOCHTCR 
BHyTpHMOneKynRpHaR MHrpa~HR 3HeprHH. 

06cy>K,qeHHe peaynbTaTOB ,[lnR cnHPTOB, XJlOp- H 6poManKHI10B 
MO>KHo Ha4aTb c 6onbwHx ne. Bo-nepewx, ,qnR cnHpToB ekna,q noca,q
KH M~oHoB Ha KHcnopo,q /eKna,q peaK~H~ MeaoaaoTa/ c yeenH4eHHeM 
ne yMeHbWaeTCR, H B nepBOM npHfiilH>KeHHH B o6naCTH n~lQ .HM 
MO>KHO npeHe6pe4b; BO- BTOpbiX, xapaKTep pa,qHKanoB, O~paay~~HXCR 
npH pa,qHonHae cnHpToe, xnop- H 6poM-anKHnoe npH ne>lO, 6y,qeT 
npHfinH>KaTbCR K TOMY, 4TO o6paayeTCR B napa¢HHaX. no,qTBep>K,qe
HHeM nocne,qHero RBnReTCR Hccne,qoeaHHe pa,qHKanoe, o6paay~~HXCR 
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npH pa,qHonl13e THO<!>eHOB Cn H2n+ISH11J~epa-XI1MH4eCKH~ aHa.rior KHC
nopo,qa/, r,qe noKaaaHo, 4To c yeenH4eHHeM ne npH ne>4 eoapa
cTaeT ,qonR norno~eHHO~ 3HeprHH, pacxo,qyeMo~ anKHnbHO~ 4aCTb~ 

MoneKynbr. To ecTb c yeenH4eHHeM ne BKna,q pa,qHKanoe, o6ycnoe
neHHbiX paap~BOM S -H CBR3H, yMeHbWaeTCR, H ,qnR 6onbWHX Ue CO-

n 1121 
cTaenReT (1- __£_

2 
) . CooTBeTCTBeHHo e cny4ae cnHpToB Ha,qo nona-

nc+ 
raTb, 4TO c yeenH4eHHeM ne yMeHbwaeTcR ,qonR pa,qHKanoe, o6pa-
3Y~~HXCR a a c4eT OTPbiBa aToMa eo,qopo,qa OT yrnepo,qHoro aToMa, 
6nH>Ka~wero K aToMy KHcnopo,qa, HnH oTpbrea aToMa eo,qopo,qa oT 
KHcnopo~Horo aToMa (RO', RCHOH), KOTOpbre o6Hapy>KeHbl npH pa,qHOnHae 
cnHpTOB 131 • Cne,qoeaTenbHO, npH 6onbWHX ne e 'cnHpTax, xnop-, 
6poManKHnax H napa<!>HHaX ,[lnR Meaofiopa OTHOWeHHe CKOPOCTH BCTyn
neHHR B peaK~H~ C o6pa30BaHHeM AHaMarHHTHbiX npo,qyKTOB K non
HOH CKOpOCTH Ad/.\ O , He3aBHCHMO OT HX a6con~THOH eenH4HHbl, 
6y,qyT 6nH3KH HnH paBHbl. Tor,qa H3 npH6nH3HTenbHOro paeeHCTBa 
a lac ,qnR 3THX coeAHHeHHH cne,qyeT, 4To AnR Meao6opa e 3THX 
cpe,qax Ao 6nH3KH HnH paeHbl npH 6onbwHx n e· 0TMeTHM, 4TO 
3TOT BbiBOA He npOTHBOpe4HT ,qaHHbiM no BbiXOAY pa,qHKanoB 
B 3THX COe,qHHeHHRX, 

PaCCMOTPHM B03MO>KH~e npH4HHbl, npHBOAR~He K OTnH4H~ 3aBHCH
MOCTH alae OT ne e cnHpTax H xnopanKHnax no cpaeHeHH~ c napa
<!>HHaMH: 

1, ,[lonyCTHM, 4TO B cny4ae cnHpTOB Ha 3aBHCHMOCTb alae BnHR
eT H3MeHR~~HHCR eKna,q MeaoaaoTa no Mepe yeenH4eHHR ne • O,qHaKo 
Ha6n~,qeHHe OAHHaKOBOH 3aBHCHMOCTH OT Ue B cny4ae CnHpTOB 
H XIlOpanKHnOB roBOpHT 0 TOM, 4TO H3MeHR~~H~CR BKna,q peaK~H~ 
Me3oa30Ta Hecy~eCTBeHHO BnHReT Ha a/ac . K TOMY >Ke BKna,q 3a
XBaTa OTPH~aTenbHbiX M~OHOB Ha rpynny OH e cnHpTax c yeenH4e-
HHeM ne yMeHbwaeTcR, Tor,qa KaK e cnHpTax oTne=l ,qone=5 
Ha6n~,qaeTCR POCT BeJlH4HH~I alae, H OHa CTaHOBHTCR fionbwe, 4eM 
Ha napa¢HHax. 3TO B03MO>KHO nHWb B TOM cny4ae, ecnH OTMe4eHHbiH 
poeT a/ac KaK ,qnR Meao6opa, TaK H AnR MeaoaaoTa o6ycnoeneH 
OAHHMH H TeMH >Ke npH4HHaMH. 

2. He HCKn~4eHO, 4TO Ha6n~,qa~~eeCR OTnH4He CBR3aHo C TeM, 
4TO BbiXO,q pa,qHKanOB GR MO>KeT 3aBHCeTb OT ne.•H 3Ta 3aBHCH-
MOCTb oTnH4aeTcR oT GJne) e napa¢HHax. XoTR HMe~~HecR no 
BbiXOAY pa,qHKanoe e cnHpTax, xnop- H 6poManKHnax H napa<!>HHax 
,qaHHble HeAOCTaT04HO nOJiHbl, HO OHH He Co,qep>KaT KaKHX-nHfiO yKa
aaHH~ Ha To, 4To ·a cnHpTax H xnopanKHnax e o6nacTH ne=5 cne
,qyeT O>KH,qaT b MaKCHMyMa no Bbrxo,qy Ga. CKopee HMe~~HeCR ,qaHHble 
CBH,qeTenbCTBY~T 0 TOM, 4TO BO BCeX 4eTblpex THnax coe,qHHeHHH 
GR 6nH3KH H, ·aoaMO>KHO, c yeenH4eHHeM ne HeCKonbKo yMeHb-
wa~TCR. 
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3. CneAyeT paeeMOTpeTb TaKme B03MOmHOeTb BeTynneHHH Me3o-
6opa s XHMH4eeKHe peaK4HH H e Hei1TpanbHblMH MoneKynaMH. AaHHble 
no 3HeprHH. paapbiBa C-C,C-H, C-X s HeeneAOBaHHbiX HaMH e'oeAH
HeHHHx114/ H eoOTBeTeTBY~~He AaHHble no 3HeprHH paapblBa eBH3H 
6opa /Meao6opa/ noKa3blsa~T, 4To TaK me, KaK H e napa$HHax, 
peaKI.IHH Meso6opa e Hei::.TpanbHbiMH MOneKynaMH 3HepreT,H4eeKH He
BblrOAHbl. 

4. H, HaKOHel.l, MOmHO npeAnOnomHTb, 4TO HMeeT MeeTO OTnH4He 
8 Ad/A 0 npH BeTynneHHH Me3o6opa B XHMH4eeKHe peaKI.IHH e npOAYK
TaMH paAHOnH3a, HMe~~HMH paAHKanbHbiH l.leHTP s6nH3H aTOMa aa
MeeTHTenH n116o Ha aaMeeTHTene. noeneAHee o6eTOHTenbeTeo eo
rnaeyeTeH e H3BeCTHbiM $aKTOM/15/,4TO e poeTOM AnHHbl anH$aTH-
4eeKoro OeTaTKa paeTeT era AOHOpHaR·enoeo6HOeTb, npHBOAH~aH 
/npH ManbiX n0 I K poeTy OTPHI.IaTent~Horo aapHAa Ha TaKHX aaMe
eTHTe.nRx, KaK rpynna OH HnH aToM xnopa. Ha6biT04HbiH sapRA Ha 
3aMeeTHTene paeTeT npH H3MeHeHHH nc OT 1 AO 4-5 H npH Aanb
HeHWeM ysenH4eHHH AnHHbl 1.1enH OeTaeTeH noeTOHHHbiM. 3TO MOmeT 
HBnRTbeH npH4HHOH ysenH4eHHH BepORTHOeTH o6pa30BaHHH paAHKa
noB, HanpHMep, B enHpTaX, 3a e4eT OTPblBa aTOMa BOAOPOAa OT 
yrnepoAHoro aToMa, 6nHmai1wero K aToMy KHenopoAa, HnH OTPbiBa 
aToMa BOAOPoAa OT KHenopoAa. Aei1eTBHTenbHo, TaKoi::. 3$$eKT 
3KenepHMeHTanbHO 6bin 06HapymeH npH paAHOnH3e THO$eHOB 1121 

npH nc S. 4, rAe 8 OeHOBHOM npoHeXOAHT OTPbiB aToMa BOAOPOAa 
O'l" eepbl. EenH npeAnonomHTb, 4To no KaKHM-nH6o npH4HHaM peaK
LIHH Me3o6opa e TaKHMH paAH.KanaMH npHBOAHT K nOBbiWeHHOH /no 
OTHoweHH~ K peaKLIHHM e pa~HKanaMH, o6paay~~HMHeH s APYrOM 
1-1eeTe 1.1enH/ sepoHTHoeTH o6paaosaHHH AHaMarHHTHbiX npOAYKTOB, 
TOrAa AnH enHpTOB H xnopanKHnos poeT senH4HHbl alae e yee
m14eHHeM nC OT 1 AO 4-5 Bbi3BaH yeenH4HBa~~ei1eH BepORTHOeTb~ 
o6paaosaHHH paAHKanos s6nH3H OH(Cl) • 

Ha pHe.2 noKasaHbl aasHeHMoeTb oeTaTo4Hoi1 nonHpH3ai.IHH s xnop
anKHnaxo;:-sem1411Hbl 11HAYK1.1110HHOH KOHeTaHTbl far<~MeTa-Ta$Ta a I , 
xapaKTepH3Y~~ei:1 AOHOPHble eBOHeTBa anKHnbHOro oeTaTKa I 151 • BHA
HO, 4TO AO ·n0=6 HMeeT MeeTO nHHeHHaH 3aBHeHMOeTb MemAY alae 
~1 a1 • 0AHaKo np11 6onbWHX 3Ha4eHHHX n c seni1411Hbl alae · oTKno
HH~TeH OT nHHeHHOH 3aBHeHMOeTH, eBHAeTenbeTByH 06 H3MeHeHHH 
xapaKTepa np01.1eeeos, OT KOTOpblX 3aBHei1T·AenonHpl13ai.IHH. 

06b14HO e4HTaeTeH, 4TO o6pa30BaHHe paAHKanoB s6n113H aTOMa 
KHenopOAa HnH eepbl B AnHHHOH MOneKyne /12,16/ eBH3aHO e MHrpa
I.IHeH 3HeprHH soa6ymAeHHH no 4en11 MoneKynbl 11 BbiAeneHHeM ee aKa
no 3THX aToMos. M11rpai.IHH 3HeprHH sos6ymAeHHR Ha see yeenH4HBa~
~eeeH paeeTOHHHe e poeTOM AnHHbl 1.1enH noeTeneHHO npeKpa~aeTeH. 
YMeHbweHHe a/ a e e poeToM n0 np11 n c ~ 5. KaK OTMe4anoeb 
BbiWe, MOmeT 6b1Tb eBH3aHO e yMeHbWeHHeM BepOHTHOeTH H3611paTenb
HOrO o6pasocaHHH paAHKanos s6nH3H aaMeeTHTenH. Een11 enpaeeAnH
so npeAnonomeHHe, 4To Ha4HHaH e nc=5 , y6bleaeT enoeo6HoeTb 
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PHe.2. 3asHeHMoeTb oTHo-
eHTenbHOH OeTaT04HOi:1 
nonRpl13a1.111H OT HHAYK
I.IHOHHOH KOHeTaHTbl faMMeTa
Ta$Ta a1 e xnopanK11nax. 

l\11$Pbl OKano T04eK eOOTBeT
eTBY~T 411eny yrnepOAHbiX 
aToMos s MoneKyne xnop
anKHna. 

,0.4 

nepeAaBaTb 3Heprl1~ eoa6ymAeHHH 
Ha 6onbWHe paeeTOHHHR, a npH 
n C ~ 15 TaKaH enoeo6HOeTb He-
4eaaeT eoeeeM, TO npH AanbHei::.
weM yeenH4eHHH nc 3Ha4eHHH 
alae Ha enHpTax He AonmHbl 
oTnl14aTbeH aT . alae AnR napa
$HHOB. Aei1eTBHTenbHo, s npeAe
nax 3KenepHMeHTanbHblX norpew
HoeTer:i nony4eHHble HaMH 3Ha4eHHR 
alae AnH enHPTOB, napa$HHOB 

H 6poManKHnos npH llc~ 15 paBHbl. 
Een11 o6bReHeHHe aasHeHMOeTH 

a/ae OT nc B anH$aTH4eeKHX 
enHpTaX e noMO~b~ eTpyKTypHbiX, 
a He K11HeTI14eeKHX, cJ>aKTOPOB 
sepHo, To eneAyeT omHAaTb no
A06Hoi1 3aBHei1MOeTH H npH TeM
nepaType mHAKoro aaoTa. nony-
4eHHble HaMH 3KenepHMeHTanbHble 
AaHHble /eM. Ta6n. 1/ He npoTH-
eope4aT TaKoMy o6bReHeHH~. To 
o6eTORTenbeTBO, 4TO 6poManKHnbl 

BeAYT ee6R aHanorH4HO napa$11HaM, MOmeT eBHAeTenbeTBOBaTb 
0 MeHbWeH BblpameHHOeTH HBneHHH, eBH3aHHOro e nepepaenpeAene
HHeM aapRAa e6nH3H aToMa 6poMa, eoaMomHo, seneAeTBHe era MeHb
wer:i 3neKTpOOTPHI.IaTenbHOeTH. 

Ha oeHoee HawHx 3KenepHMeHTanbHbiX AaHHblX o aasHeHMoeTH 
a/ae OT nc AnR napa$11HOB H 3aMe~eHHblX anKHnOB H npeAeTaB-
neHHR 0 noeTeneHHOM y6biBaHHH e poeTOM nC H He4e3HOBeHHH npH 
n 0~15 /paBHOM paeeTORHH~, Ha KOTOpoe MHrpHpyeT 3Hepri1H 
(fne =f M. 3 . ) I enoeo6HoeTH K BHYTPHMoneKynHpHor:i nepeAa4e 3Hep
rHH MOmHO Ol.leHHTb 3Ha4eHHe paAHyea 30Hbl XHMI14eeKoro B3aHMO
Aei1eTBI1R Meao6opa r~ p. B TaKara POAa eOeAHHeHHRX. npemAe 
eeero eneAyeT noA4ePKHyTb, 4TO e yeenH4eHHeM n c npH 
aHa4eHHe fn&eM.3. AOnmHo BbiXOAHTb Ha nnaTo, noeKonbKY AanbHer:i
wee yeenH4eHHe AnHHbl MoneKynbl yme He npHBOAHT K H3MeHeHH~ 
nnOTHOeTH paAHKanoB B 30He 'XHMH4eeKoro B3aHMOAeHeTB11H Me3o-
aToMa. 

PaeeMoTpHM ABa KpaHHHX eny4aH. EenH r X .• >> e M.3. • TO 
BHYTPHMOneKynRpHaH nepeAa4a 3HeprHH He npH~eAeT K 3Ha4HTenb
HOMY yMeHbWeHH~ nnOTHOeTH paAHKanoB B 30He X11MH4eeKHX peaKI.IHH, 
H n03TOMy Ha nnaTO npH fn ~ f M.3. 3Ha4eHHe a/ae He 6yAeT 
ey~eeTBeHHO OTnl14aTbeH OT era MaKeHManbHOrO 3Ha4eHHH np11 ManblX 
n 0 , KOrAa BHYTPHMOneKynHpHaH nepeAa4a 3Heprl111 e~e He3Ha4H-
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TeilbHa. Ecmt >Ke rX .• <<£M,:l,• TO BbiXOA alae Ha nnaTO C POCTOM 
n 0 /npl1 f ;::fM.:l. f npOI130HAeT B YCI10BI1.RX, KOrAa nnoTHOCTb 
paA11KailOB B 30He XI1M114eCKI1X peaK~11H cy~eCTBeHHO yMeHbWaeTC.Rj 
cneAoBaTenbHo, sHa4eHI1e alae Ha nnaTo AOil>KHO fibiTb HaMHoro 
MeHbwe ero MaKci1MailbHoro 3Ha4eHI1.R. 

nocKOilbKy np11 KOMHaTHOH TeMnepaType HaMI1 nony4eHbl AOCTaT04-
HO 6onbwl1e 3Ha4eHI1.R alae Ail.R ecex n 0 /eM. Ta6n. 1,2/, 3TO 
03Ha4aeT, 4TO B 11CCileAOBaHHbiX COeA11HeHI1.RX 11MeeT MeCTO CI1y4ai1, 

611113KI1H K nepeoMy 113 pacCMOTpeHHbiX r x.p. >eM. ::1. • . Y411Tb1Ba.R 
Bblwenpi1BeAeHHble paccymAeHI1.R, r x .p. a napa¢11Hax 11 saMe~eHHbiX 

yrneBOAOPOAaX AOil>KeH fibiTb fiOilbWe pa3Mepa MOileKyilbl C n C = 15. 
I13BeCTHO, 4TO ~enHble MOileKYilbl o6pa3yiOT KilyfiK11 /1S/, pasMepbl 
KOTOPbiX 3Ha411TeilbHO MeHbWe BbiT.RHYTbiX B OAHY 1111HI110 MOileKyil. 
PasMep Kny6Ka xapaKTepl1syeTc.R TaK HasbleaeMbiM paAI1YCOM 11Hep~ 

~1111 S, onpeAen.ReMbiM cpeAH11M paccTo.RHI1eM ceepHyTbiX aToMoe 111111 
rpynn OT ofi~ero ~eHTpa T.R>KeCTI1 1161• no3TOMy A11aMeTp KilyfiKa 
xapaKTepl13yeTC.R Be1111411HOH tS. ,l\n.R MOileKyil C ncfl5 no TaK11M 
o~eHKaM 2s cocTaBn.ReT 5 A /16/, CneAoBaTeilbHo, paAI1YC 30Hbl 
XI1MI14eCKoro B3ai1MOAeHCTBI1.R AOil>KeH fibiTb fiOilbWe 3TOH Be1111411Hbl, 
Cor nacHO o~eHKe, BblnOilHeHHOH B /2/ Ha OCHOBe 11CnOilb30BaHI1.R 
Ko3¢¢11~11eHTa A11¢¢Y31111 Meso6opa, 11 np11 y4eTe npo6era MesoaToMa 
a npo~ecce ero TepMa11113a~l111, a TaKme nony4eHHoro HaMI1 a 3Toi1 

pa6oTe npeAena CKOPOCTI1 A0 ,rX.p . ..:..30A. · TaKI1M o6pa30M, Ha 
OCHOBaHI111 COBOKynHOCTI1 HaWI1X 3KCnepi1MeHTailbHbiX AaHHbiX 11 pa3BI1-
TbiX HaMI1 npeACTaBileHI1H 0 noBeAeHI111 Me3oaTOMOB B cpeAe CileAyeT, 
4TO 5 X~ rx.p. ::;: 30A. ' 

PaHee 6br1la ycTaHoeneHa 131 Koppen.R~I1.R Me>KAY eeni1411Hoi1 a/ae 
Ail.R HeKOTOPbiX npOI13BOAHbiX 6eH30ila 11 paAI1a~I10HHOH CTOHKOCTbiO 
MOileKyilbl, 'xapaKTepl13yeMOH BbiXOAOM paA11KailOB Ga Ha 100 38 
norno~eHHOH 3Heprl111 110HI1311pyiO~ero 113Ily4eHI1.R. C ~eilbiO Aa11b
Hei1wero 113y4eHI1.R 3TOH Koppen.R~I111 Mbl 113MePI11111 Be1111411HY OCTaT04-
HOH non.Rp11sa~1111 MIOOHOB Ail.R Hoeoi1 rpynnbl npoi13BOAHbiX 6eH3ona 
/eM. Ta6n.4/. 

BBI1AY Toro, 4TO BCIO coeoKynHoCTb AaHHbiX no alae Ail.R 3TI1X 
COeA11HeHI1H OKa3ailOCb HeB03MO>KHbiM 0n11'caTb 3aBI1CI1MOCTbiO TOilbKO 

OT G R• HaMI1 6bl1111 npeAnpi1H.RTbl noi1CKI1 APYri1X MOileKyil.RPHbiX napa
MeTpoe, OT KOTOpbiX 3aBI1C.RT 113MepeHHble HaMI1 Be1111411Hbl a/ae• 
Ha116onee npocTo 11HTepnpeTHpyeMoi1 npeACTaBn.ReTc.R Koppen.R~I1.R 
Me>KAY alae 11 a1 , noKasaHHa.R Ha p11c. 3. 

Xopowo 113BeCTHo1151
, 4TO ~eilbiH j)"R'AMoneKyil.RPHbiX napaMeTpoe, 

B TOM 411Cile 11 peaK~I10HHa.R CnOC06HOCTb MOileKyilbl, 3aBI1C.RT OT 
Be1111411Hbl 11HAYK~110HHOH KOHCTaHTbl raMMeTa-Ta¢Ta saMeCTI1Teil.R Ul 

/B HaWeM CI1y4ae 3aMeCTI1Teil.R aToMa BOAOPOAa B 6eH30ile/, OTpa
>KaiO~eH xapaKTep nepepacnpeAe11eHI1.R 3IleKTpoHoe a MoneKyne np11 
saMeHe OAHOro 113 ee aToMOB APYr11t<1 aToMoM 111111 rpynnoi1 aToMoe. 
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P11c.3. 3aBI1CI1MOCTb OTHOCI1-
TenbHOH OCTaT04HOH no11.RPI1-
3a~l111 OT 11HAYK~I10HHOH 

KOHCTaHTbl raMMeTa-Ta¢Ta 
B npOI13BOAHbiX 6eH30ila. 

11sMeHeHI1e a xapaKTepe sael1ci1-
MOCTI1 peaK~I10HHOH cnoco6HOCTI1 
MOileKYilbl bT a1 06bi4HO CB11Ae
TeilbCTByeT 06 113MeHeHI111 Tl1na 

w /17/ 
X11MI14eCKI1X peaK~I111 , 

nony4eHHa.R HaMI1 3aBI1CI1MOCTb 
a/ae OT al pacnaAaeTC.R Ha 
ABe eeTBI1. Jleea.R {a 1 ::;: 0,1) 
no-npemHeMy oTpamaeT sael1ci1-

MocTb a/ae OT 0~3/ ; B 3TOM 
CI1y4ae npOI1CXOA.RT peaK~I111 ~B 
/npi1BOA.R~I1e K o6pasoBaHI110 Al1a
MarH11THOro coeA11HeHI1.R ~ B I 
TOilbKO C T.R>KeilbiM paAI1KailOM, 
o6pasyJ0~11MC.R nyTeM oT~enneHI1.R 
aTOMa BOAOPOAa /eM. peaK~I111 
/1//, 11 a/ae 3aB11CI1T TOilbKO 
OT n110THOCTI1 paA11KailOB. 

11sMeHeHI1e xapaKTepa saei1-

CI1MOCTI1 a/a e OT UJ np11 
a ::? 0,1 I B 3TOH o6naCTI1 
a}ae yme He sae11c11T oT Ga /, 
no HaWeMy MHeHI110, .RBil.ReTC.R 
pesynbTaToM no.ReneHI1.R Apyroro 
KaHana peaK~I1i1 ~ B - peaK~I1i1 

c ~eilbHbiMI1 MoneKynaMI1 npoi13BOAHbiX 6eHsona: eepo.RTHee ecero, 
~ B aTaKyeT yrnepOAHbiH aToM, K KOTOPOMY npi1COeA11HeH 3aMeCTI1-

Teilb X . .Qei1CTBI1TeilbHO, B npOI13BOAHbiX 6eH30ila, OTHOC.R~I1XC.R K npa-
BOH eeTBI1 saei1CI1MOCTI1 alae OT a 1 , ynoM.RHyTa.R peaK~I1.R 3Hep-
reTI14eCKI1 MomeT 6biT b paspeweHa1 141 • 

ABTOPbl C411TaiOT CBOI1M npi1.RTHbiM AOilrOM Bblpa311Tb 6narOAapHOCTb 
~.B.06yxoey, B.I1.KYA11HOBY 11 r.H.CaeenbeBy sa noMO~b B npoee
AeHI111 3Kcnepi1MeHTOB. 
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