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~PAEB AxpaM AntaToBH'l 
. . 

. ~O<WIPH3AUHH · OTPHUATEJibHYX MIOOHOB 
B KO~HCHPOBAHHYX MOJIEKY.1IHPHYX. CPE;:Wc 

Cne~aJibHOCTb 01.04.01 - ·3xcnepHMeHTaJibHU. tPH3HKa 

A BTOpecpepaT ,liKCcepTaQHH Ha COHCKaHHe ylleHOit CTeneHH 

KaH,liH,llaTa cpH3KKO·M aTeMaTKlleCKHX HayK 

( nuccepTaUIHI Hanncaaa Ha pyCCKOM H.;3biK9) 
;_-. 

.-· 

061oe.i~lle!!Hhlfi llHcmryT 

~epH~ ICtneAO&aHUI 
GHGJlVIOTEKA 
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Ilpo6JieMa .l(ellOJ1llPH3anJm MIOOHOB B03HmtJia. B CBJI3H ·c OTHPI:ITHeM 

. J1H H I!HrOM/I/ HapymeHIDI npocTpaHCTBeHHO:Ii ~eTHO~T~ ~B CJiaCSWc ~3aH
MO.l(e2cTBIDIX. Yx.e nep~~ 9~cnepHMeH~2/, B ROTOpOM 6UJIO npo.l(eMOH

CTpMpOBaHO HapymeHHe npocTpanCTBeHHO~ ~eTHOCTH B nponecce pacna-
.·. . . 

.l(a MIOOHa, noRaaaJI cymecTBeHHoe pasJIH~He B nponeccax .l(enonRpH-

SSUHH MIOOHOB npOTHBOUOJIOmHHX 3HaROB. 0Ha3aJIOCL, ~TO CTeneHL .l(B

TIOJIRpHSanHH OTpHnaTeJILHUX MIOOHOB aHa~HTeJILHO CSoJILme, ~eM UOJIOKH-

. TeJILHHX. OCS'I>JICHeHHe aToM~· i!JaKTy CSHJIO .n.ano BnepBHe .UJKpCSamJIHOM/3/ 

H illMymHeBH~eM/4/ Ha OCHOBe ~eTa CllHH-Op6HTaJILHOrO B3aHMO.l(e~cT
BHJI B RBCRa.l(HHX nepeXO.l(ax OTpznaTeJILHOrO MIOOHa H3. B036YJK.I~eiiHUX 

COCTOJIH~ B OCHOBHOe. 

liOnRpHSanHJI MIOOHOB ]? onpe.l(eJIJieTCJI no yrJIOBOMy pacnpe.l(eJie

HHIO 3JieHTpOHOB )'-pacna.l(a, ROTOpoe OllHCHBaeTCJI B!ipallteHHeM 

Ne(fJ)":"' {+a.C'oS9 , (I) 

r.l(e ti - yroJI Mellt.l(y HanpaBJI~HHeM ·BaneTa aneHTpoaa H HanpaBneHHeM 

emma MIOOHa; a. - ::wa@JHnzeHT acHMMeTp~ aneRTpoHOB )l-pacna.l(a, 
. p 

CBli3aHHilit C nOJIJipHSSUHeii MIOOHa COOTHomeHHeM a= 3 . 

IlpeJl1AeTOM .l(HCCepTanJm JIBJIJI6TCJI CHCTeMaTH~eCKOe HCCJie)l;oBaHHe 

.l(BllOJIJipHaanzz OTpHnaTeJILHHX MIOOHOB B pasJIHqHHX MOJieRynRpHHX cpe- • 

.l(aX. 
.l{HccepTanHJI COCTOHT H3 BB6.l(eRHJI1 ' llJITH rJiaB H BHBO.l(OB. 

Bo BBe~eHKH npHBO~CJI RpaTKH:Ii oCSaop aHcnepHMeHTBJILHHX .l(aH

HHX no ·:HaMepeHHIO ROaiM>HWieHTa acHMMeTpo )L--pacna.l(a B pasJIHqaux 

Bell!eCTBax :H KSJiarBIOTCJIOCHOBHHenpe.l(CTaBJI6HHJI 0 .l(enOJIJipH3BnH:H MIO

OHOB B CTB.l(H:H npoxoi.I(eRHJI Me30BTOMHOrO RBCKB.l(a, JIBJUmllH6CJI OCHQ

BO:Ii .l{JIJI npaiDiriHoro ·noHHMamffi: TOro;· qTO npOHCXO.l(HT CO CnHHOM MIO

OHa nocne saBepmemm MesmiToMHoro'·RacKB.l(a. · TeopiDI .nenonRpHaamm: . 
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B KaCRa..u;e, KaK llOKB.3aHO BO BBe.n;erum, llO.n;JCO.n;HT .n;mi HeKOTOpOrO" 

n.n;eaJIRsnpoBaHHoro CJIY'Ia.R:, Kor.n;a MesoaTOM RMeeT .n;ocTaTotUioe KOJUi

qecTBO sne:KTpOHOB .IJ;JIJI 6ecnpellRTCTB6HHOrO pasBl!l,TIDI nepBOit, !IJa.sl:l 

KacKa.n;a -: cepnH Ollte- nepexo,~to,B, H He y<mTI:lBaeTcSI .n;HHBMHKa BsaH-

,Monen~TB~ MesoaTOMa CO cpe.n;O~~ 
""" "" - - - ., - - ,- .J - - ->-' - i -- -

, _ BToprui rnaBa nocB!!llleHa paccMoTpemm no1lflllH3anHOHHI:lX .fiBllem, 

KOTOpl:le npoHcxo.n;HT np.!. cpOIJMHpo~ sneRTP~HHO~- o6~not!il'l r.lesoaTo-

"Ma-R BsaHMo~e~cTBHH MesoaToMa co cpe.n;o~. 3.n;ech oTMet~aeTCH~ 

'lTO BnHHHHe cp~.n;l:l Ha .n;ellOn.fiPHSaUKID OTpHuaTeJILHI:lX MIDOHOB CRasHBa

eTCH YJKe Ha nepBOM aTane_- .nen01lflllH38.UIDI npH :Kac:Ka.n;Hl:lX nepexo.n;ax 

· B MesoaTOMe, T.R. cpe.n;a onpe.n;eMeT BOSMOlltHOCTH .n;eBOS6YJK.n;eHIDI Me

scaTOMa c ncnycRaaHeM Ollte--aneKTPOHOB. B saBHCRMOCTH OT tiHCJia sJieR· 

TpOHOB, .n;ocTynHI:lX,Ollte.nponeccy, .n;enoJIJipHsaiJ;RSI MIOOHOB HatiHeTCH C 

ypo~mH, xapaRTepHsyeMoro 6oJlbmRM HJm MeHDIDRM sHat~eHHeM rnaBHoro 

:KBaHTOBOrO 'lHCJia tl, • 

, ).J.aJlbHeiimaa: .nenonSipHsaiJ;RSI (nocne saBepmeHHH MesoaToMHoro :Kac-

Ra..u;a), B cnyqae MesoaTOMOB C HyneBI:lM CllHHOM SI.n;pa, o6ycnOBneHa,B 

OCHOBHOM, CBepXTOHRHM B3aHMo.n;eiiCTBl!leM M6llt.n;y napaMarHHTHOH sneRT

pOHHOH 060JIO'l:KO~ o6pasOBaBmerocJI MesoaTOMa H MarHHTHI:lM MOMeHTOM 
. . . ·~ -- - -· 

MIOOHa, · HaxO.n;HinRMCII Ha K-op6HTe MesoaTOMa. EcTeCTBeHHO, 'ITO BCIIKHe 

HsMeHeHIDI napaMarHeTHsMa sneRTpOHHOH o6onO'IRH sa BpeMII, cpaBHHMOe . . . . . . ~ 

C XapaKTepHI:lM BpeMeHeM CB6pXTOHKOrO BSBMMO.n;ewcTBHII, .n;OnxHO C:Ka-.. . . 

saThCII Ha BeJIRt~HHe OCTaTO'lHOH llOJIJipHSaiJ;HH MIOOHOB. 

MeTO.n;H:Ka HsMepeHHH .n;enOJIIIpP1SauHK MIOOHOB npHBe.n;ena B TpeTh6H 

~· 3TO CTaH.n;apTHaSI MeTo.n;H:Ka, HCllOJILsyeMaSI llpaRTnqeCRH BO BC6X 

RCCJie.n;OBaHIDIX no .n;eilOJIJillRsaiJ;HH MIOOHOB o6oero sHaRa, OCHO~HHa.R: 

Ha Ha6JIIO.n;eHHH JiapMOPOBO~,npeneccHH CllHHa MDOHa B MarHRTHOM no

nel2!._ CxeMaTKt~ecRH sxcnepHMeHTaJIDHaH ycTaHoBRa R xapaxTepHoe Bpe-
' • r • - > 

MeHHoe pacnpe.n;eneHHe sneKTPQHOB )' -pacna.n;a .ItJUI yrAepo.n;Hoit Mmlle-

HH, HcnpaBneHHoe na pacna.n;HYD sxcnoHeHTy,np:aBe.n;eHo na pRe. I. 

4 

J 
~-

·lH 

, B qeTBepTOH rJiaBe npe.n;nararoTCII MO.n;eJIL H cpopMaJlbHrufTeopHSI, 

CBSISHBa!Olllaii Ha6JIIO.n;aeMyiO BeJIH<iHHy OCTaTO'lHOH noJU!pzsaJiim CO CR~ 

pOCThiO xmm'<ieCRHX peaR~ MesoaTOMOB. TOJIDKO xill.IHt~eCKRe BSa.I!MO

.n;ewcTBIDI MoryT npuecTHK KoM.ri.eHcanmMarHHTHoro MoMeHTa aJieKT::_ 

poHHoii o6onotiRH MesoaTOMa H TeM CaMI:lM "Bbi:KJIIO'lHT:r:." .nenollirpnsaiJ;HIO 

OTPHIJ;aTenDHI:lX MIDOHOB, o6ycnOBJieHHyiO CBepXTOHKRM BSaRMO.IJ;eWCTBl!leM 

MarHKTHHX MOM6HTOB KDOHa K 3JIBKTpOHHOR-000JIQqKK K930aTO-

Ma. AKnenTopaM:a MesoaTOMOB SIBJIJI10TCH ~.n;H:KaJIH, o6pasyiOmHecR no 

cne.n;yiOmHM npR'lHHaM: a) npH TOpMOllteHHH MIOOHOB .n;o CKOpOCTeii, npH 
- . 

KOTOpl:lX OHH C 60JILIDOH BepOSITHOCTI:.lO saxBaTHBaiOTCII B C~aaqoe COC-

TOIIHRe c o6pasoBaHHeM MesoaTOMa inn MesoMoneRynH; 6) npH pa.n;HonH

se oRpYJKa!Omew MesoaToM cpe.n;H sneKTPOHaMH, HcnymeHHI:lMH npn Ollte ~ 

nepexo.nax MrooHa c BHCORonexamHx ypoBHeii (tv ~ I4 , .n;M ~ ~ I 0) ; 

B) Bcne.n;cTBl!le BblCORow aoHnsaiJ;HR MO!leKynH, B.·cocTaB ROTopow BXO.n;HT 

M630aTOM 1 ·B03HHRaeT RYJlOHQBCROe OTTanKRBaHKe Me~ cpparMeHTaMK 

. MoneRyJIH; OCKOJIKR TaKOrO "KyJlOHOBCROrO BSpHni/5/npa·cBOeM SaMe~~ 
JleH.Im ·.n;oJllltHH npHB?,!tKT:b K -o6pa30BaHHIO pa.n;HKaJIOBj r) Hei\OTOpoe· ROJIR

qecTBO pa.n;HKaJlOB .MOllt6T o6pa30Bil_TI:.CH_ npH pa.n;HOJIH3e cpe.n;H KBaHTaMH 

MesopeHTreHo-Bimoro. HsnyqeHHJI,. HcnycKaeMblMH Ha nocne;I(Heii ·cTa.zirui 

MesoaTOMHoro KacRa.na. EHno TaRllte noRasaHo,_ 'lTO MesoaTOM MollteT 

BCTynaTh B_XHMRtleCKRe peaKIJ;HH H C .n;KaMarHHTHHMH MOJieKyJiaMK. 

.l(JIJI Rallt.n;OrO OT.n;eJu,Horo ~lOOHa B6JUi'lHHy aa aMllJIRTy.n;H -~penec
CRH cnHHa BO BHemHeM ~arHRTHOM none MOlltHO BHpa3KTL COOTHOmBHKeul:6/. 

~· ~-a~[Fcos(C~?t +.{2-1:;,}~(1-F }cos{!vt+4i:~ +f (~t;JJ}. (2) . -_ 

3.n;ech a.- aMnJmTy.n;a npenecCKH cnHHa MDOHa,cooTBeTC~eynnaSI llOJIJI

pnsaiJ;HH B ~;~eHT OK~Ht~aHHH MesoaT.oMHoro -K~c~a.na. Po. ;, cJ - qacTo

Ta npene~CHH . CB060.n;HOrO CilHHa MlOO~~- B Mar~TH~~ none j. Q - .t~aCTO
Ta npeiJ;eCCHH CyMMapHoro MarHRTHOrO MOM~HTa_ MIOOlJ!l. H_ 3n~KTpOHHOH 

.. o6onO'IKR -Mesoa;OMa (J2 /c.>-~ I02) j V - ~acTo;ac~epXTOHRoro B3aR• 
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MO~eaCTBHH :MarHHTHHX MOMeHTOB ·MDOHa H 3~exrpOHHOa O~O~oq-

IUI Me:JoaTOMa; .~ 1 - BpeMJI BCTynJie~ MB:JOaTOMa B JrnMK<reCKyiD peaK

~Hil c ItOWieHc~HeH .napaMarHeuaua HecnapeHHHX a~exrpoHOB ue·aoaro

ua;tf- BpeuJI Ha~~~eHHap·- pacn~a;fC-1(1 ) .. o,ecJJII ~enaJI qacr:& 

npoHaBe~eHHH vt1 qerHa,HfC:"')t .. >_.,.=I B npoTHBono.ito:mo:u cxyqae;Be

~HqHaaF .onpe~e.11aer ocraroqHyll no~JipHsa~D,o~ycJJoB~eHHYil ron~xo 

c:BepxTOHKHM E3aHMo,nefic'l'EHeM, :a paEHa ·· 

·· F= ;"[t+ attJ2] , (3) 
r,ne d1 -,MOMeHT 3JleKTPOHHOH o60JIO~H MesoaTOMa E OCHOEHOM Me30-

aTOMHOM COCTOHHHH. 

BaKcnepHMeHTe ,noJIJltHa na6Jll!),naTI>CH BeJIHlfruia·aMnJIHTY.nii npe~ec

CHH CE060,nHOro CllHHa MIDOHa· (2), ycpe,nHeHHaa: no BpeMeHH BCTyDJieHHH 

MesoaToMa B XHM:aqecKyro peaKu;ruo t 1 • C yqeToM Toro, 'ITO npeneccM 

CBOjQ]lHOrO CllHHa MIDOHa MO~eT Ha6nro,naT.DCH TOJlbKO B TOM CJiyqae, KOr

,na MB30aTOM ECTynaeT B XHMHtiecRyro peaKUHID C o6pasOBaHHeM·~aMarHHT· 

HOrO npO.nyKTa, ,nJIH:BeJIHtiHHU ROS~HUHBHTa.acHMMeTpHH SJieRTpOHOE~-:_ 

pacna.Jia nOJIY'!aeTcr(.
7
/ ~. 1l . . , , . . . .>.. ~ ·.· . 

). ·{ }.2. [ a. .1 )2 c/,~ ~ct1S~ . flF'-t-f:). sh ~ J} ( ) a::a.- __!......F+rf-F JZ.+"-\. ~ • .n. '4 . . . >-. ~+..Q1 . ch~·+eos-y .. sh~+c.o5v .. 

r.ne · ·}. .:. cxopocT.r. EcTynJieHHH Mes.oaTOMa B XHMnt~ecKyro peaKnm:>, )I 
0 . . . 

ciopocT.r. xHM:aqei:nwa peaKnnn MesoaTOMa c o6pasoBaHHeM ~arHHTHo-
. ) J2. . 

ro' npo~_Ta. J!M Cnyqasl, Ror,na (}.0 M'J >> l~, T.e. B CJia~HX MarHHT-

HHX now, STO EupaxeHHe ynpoutaeTCH :H HMeeT CJie.D;ylllld mm: ~ . 
: .·.. a~ Clo ~ ~+(i.;.F}I:h~J. . ·,. ~- C5) " . . . . .. 

.. ~. r~zt~eCRR COOTHOilleHHe .. ( 4) .14M pas;mliiiHX 3Hatlelmfi '"...(l' npRBe-

. ,D.eHo Ha p:l!cyffi{e 2. KpREHe I, 2 H. 3 Ha 3TOM pi!cyHKe· OTHOCHTCH R Me-

3~~~py ~I?> (MesoaTOM yrJiepo~a m~eeT CTpyxTy-py. aneRTPOHHO~ _o6oJIO'l

~l1,RaK y ·o6ut~Horo aTOMa 6opa,n nonOMy B _XHMHt~ecROM. CMHCJie MOllteT 

C'lHTaT.DCH l130TonoM 6opa), ~- RPHBHe 4~ 5·:a 6- K ~e30a~OTY.}'N. 

. 6 
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'I' ·I PHc.I 

f 

I 

Pitc.2 

~ G8J 

~ -~ 
a) 

CxeMaTHt~ecxoe HsodpazeH:ae ycTBHOBK:a (a) H SRcnep:aMeHTaJI.D

Haa: KPH:saJJ npeneccu emma MDOHa B MarHHTHOM UOJie H =50rc 

(neHa xanEUia 75.I0-9cex}, :acnpaBl.teHHaJJ Ha pacna.ztHym axc

noHeHcy (6). 

a.~ a." 

101 10'0 

}.. 

• 10" 

r.P84l:a11ecxoe npe.ztcTaBJieHHe C001'HOmeHHJi ' ( 6 ) : KpHBHe I. 2 

H S C001'B9TCT~ Meso6opy .'V ~ 4:,S~I09ceR-l B MarHH'l'HHX 

noJIJIX 5, 50 H 600 rc., a 4, 5 :a 6 - Mesoasory v~ miOcex-1 

B MarH:a'l'HHX UOJIJIX b, 50H 250 .rc. 

'1 



(MesoaTOM RRenopo~a), T.R. ~ 3THX MesoaTOMOB pa3nHqHH qaeTOTH 

enepXTOHKOrO B3aRMO~e~eTBHH V 
3RenepHMeHTan&HHe ~He H HX o6e~eHRe B paMRax npe~o~eH-

HOM MO~eRH npHBe~eHH B llHTOH H meeTOH rnanax. 

B OHTOH rnane paeeMaTpHBaeT~H ~enongpasauag OTP~Ten&HHX MD-

7 oHoB n pasJllitlHHX oprameeRHX BemeeT~8 • 9/. ·o~eqeHa Kopperumruf7l 

Me~ pa~auaOHHOH yeTofiqHBOeTLID BemeeTBa, BHpaXeHHOH B RORHqecTBe 

pa~anoB ~R /IO/, o6pasyiDI!lRXeH npH nornomeHHH 3HeprHH HOHH3HpyD

I!lero H3nyqeHHH 1paBHOH !00 3B. 1 H oeTaToqHOH llOnfiPHSanHeH ~Meso

HOB ~·eoOTBeTeTBy~eM BemeeTBe. 

CBO~e ~aHHHe no pa~nBOHHOfi eTOfiROeTH H_OTHOCHTenDHOft oe

TaTO'lilOM noll.lipHsauaH MJOOHOB . a/ae (no OTHOmeHRIO R rpa!pHTy) ~ op

raHH'leCRHX eoe~eHHft npane~eHH B Ta6RHue,I. B~o, qTo e poeTOM 

GR pacTeT ocTaToqHaH noll.lipHsauHH , 'lTO OO'!i.IICHJ'IeTcl'l ee CB.II3Lil 

co cKopocTLil xHMH'lBCKHX peaK~R wesoaTowa, nponopuHoHanLHOR 

KOH~eHTpa~HH p~HKanOB BOKpyr M630aTOMa 1 T.e. p~HaqHOHHOMY ~ 
.~, ... 

BllXO,J.tY (;.11. : - ... 
~.,,.,,,_,.. 

}.o =-AoG'k • ~~~(6) 
.:c-

Ha pacyHKe 3 npane~eHa aMnzpaqeexaH eMSL Mex.n;y. axen_e1JRMeHTan&-

Hb1MH ~WAH OTUOeRTenDHOfi BeRH"l.HHH ROa@jnuaeHTa acaMMeTpmi ~/a0 H 

BeRHqHHOft·pa~auaoHHOro BHXO~ pa~anoB ~~ ~JI.li yrneBO~opo~~B'H 
qJeHOna (C6H50H), T.R. Ha KliCJlOPO~ B qJeHOJle 38XBaTHBaeTCH MeHDme' 7% 

Be ex MIOOHOB ( Olllll6RH BeRHqHHH (}~ , paBHHe 20% 1Ha pHeyHRe He npH

Be~eHH). llnaBHM RPHBM, xopomo ( %.; 5, 2) OllHCHBalO!IIBJI 3RCnepHMeH-- -. ,_ 

TaJlLHHe TO"l.RH, eeTL pesyJlLTaT o6pa60TRR 3RenepHMeHTaJlLHHX ~HHX 

MeTO~OM HaHMeHLmmc R~TOB llO a~~THOWeHHID ( 4) I e yt!eTOM ( 6) • JlJI.li 

. sHaqemtli napaMeTpo:S nony'leHo ~o = 0,51±0,03 _aA~(I,7±0,3)• 

roi0eex-1 . (6es Y'tJBTa Olllll60R Glt ) • PesRoe yneJllitleHRe BeJIHUHH alae 

·~JlH RHenopo~co~epEai!lHX BemeeTB o6~HeHHeTeH 6HCTPHMH XHMH"l.BeKHMH pe

aKuaHMH MesoasoTa e o6pa30BaHHeM ~~HHTHOro UHBJUl r~!!C-H /III. 
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Ta6JIHua I 

CBO~e ~aHHSe no pa~~OHHOM eTOHROeTH, B~eMofi 

SHaliezuuDm GR i H oeTaToqHoA IIOJ11JPHsarnm MIOOHOB (alae) 

~nR opraHH'IIeeRHX COe~eHHfi. 

: 1 Be!lleCTBO CTpy:Korypa alae GK. 
I 

I.l JlH9)eHH.7l Ph-' Ph. i 0,!4 ± 0,03 . 0,045±0,009 

2:1 ToJ!Yo• Ph- CH, .1 0,30 ± 0,06 0,08 ± 0,02 

3.: ~6HOJI ! . Ph- OH 0,30 ± 0,05 . O,IO ± 0,02 
I : 

4., Almson : Ph-OCfh 0,58±0,02 O~IO±O,o2 
5.! BeRson . fh 0,35 ± 0,07 0,!6 + 0,03 ! . I. .. .. . -

6.l XJ:toPdeHson l Ph -Ce . I 0,32 ± o,o7. 0,20 + 0,04 I.. : . . -
7.; CTHP01l .. 1 Ph-CH=Oh. I 0,45 ± 0,04 0,30 ± 0,06 

. ' 
. 8.i ~eHHJiuaKno-l Ph- Cc;H~1 . . 

· reHeaR . ! 0,43 ± 0,04 0,30 ± 0,06 
i 

9. UHRnoreKcaH! C6H1:t.. • · 0,43 ± 0,04 1,6 ± 0,32 
· . · ! C'H2·- CHz. ro. TeTparH,Iijlo-1 1 . 'o 

. qiypaH ! CH.t.- CH,:' ,, I 0,64 ± 0,05 ,. 1,7 .± 0,34 

II. AneTOH iCH3 i- CH3 , 0,63 ± 0,05 !,8 + 0,9 , . I . -
' . I 

. , . ' • . I . 

1 I !2. llonHaTMeH l (C2H4 )tll l 0,5! £ 0,05 ·! 3,0 ± !,5 . 
, . ·l . . . · I i 

1:13. MeTaHon 1 CH30H· ! o,75 ± 0,05 ! 5,5 ± 2;7 

!4. 3TaHOJ1 ! Czl50H . 0,67 ± ~;05 6,0 ± 3;0 
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~ai<T na6Jl!O~emm Roppemunm Mellt.Il.Y BeJUI'C(RHOti OCTaTO'C(HOti llOJlfi-
, . . 

pnsauaH OTpHUaTenbHHX MDOllOB H ~anHOHHHM BHXO~OM pa~anOB B 

~aHHOM B611!6CTB6 MO~eT cny~Tb llO~TBep~eHReM rHnOT63H 0 6HCTpHX 

XHMR'C(6CRRX peaRUH.!DC Me300TOMOB C ~MaMR, _ROTOpue 06pa3YJOTC.II 

npn pa,!!,HOnHse cpe~ B6nHsR MesoaTOMa •. 

B pa6oTefBI OTMeqaeTC.II saBHCHMO~Tb OCTaTO'C(HOfi llOJI.fiPR3a~ OT 

CTpyKTYPH B611!6CTBa,KOTOpaR BHpazaeTCft B TOM,'lTO B MOHQMepHHX-Opra

HH'C(6CRHX COe,liHH6HHBX OCTaTO'C(Ha.II llOn.fiPH3a~ fL-.:_ M630HOB 6om.me, 

qeM B COOTB6TCTBYJOmHX llOnHMepax. Pesym.TaTH 3TOf pa60TH, a TaRXe . . 

nsBecTirue nHTepaTypHHe .naHHHe npRBe~enu B Ta6JIHue 2. B~o, 'C(TO 

.B8nH'C(HHa OCTaTO'C(HOH llOn.fiPHSauaR B MOHOMepHHX coe~HeHH.IIX npHMepHO 

B I ,4 pasa 6om.me, '!eM B nonHMepax, _sa HCRJl!OqenneM napu nsonpeH:.. 

-llOnHH30UpeH. Ha6Jli0~6MM 3aBHCHMOCTb 06~.1ICH.II8TC.II Ha OCHOBe npe~

CTaBneHHH o MHrpauaa qacTH sHeprRH no ueninonHMepoB'sa npe~enu 

somi xHMnqecRoli aRTI!BHOCTH MesoaToMa, q'ro npHBO~T 1< YMellDmeHm> 

ROHUeHTpaUHH pa~RanOB B 3TOH o6naCTR H,TeM CaMHM,K yMellDW6HKD OC

TaTO'C(HO~ nonnpnsauan. B MoneRyne nonHnsonpeHa nanHqne ~liHoft CB.II

sn - C = C- npenHTCTeyeT nepe~atJe sHe prim no uem/121. 
_ ~ s~cnepHMenTefs I na6nro~ncH·pocT BennqHHH ocTaToqnoft noJlfi

p~sauaa ~-- M630HOB C pOCTOM TeMnepaTYPH B CTHpone H 6~H30ne.Ha 

pHc. 4 npHBe~enu sKcnepHMeHTam.nue sHaqeHHH ala0 nPH pasJIH'lHHX . -

TeMnepaTypax B STHX BemecTBaX. llnaBHue RPHBHe coOTBeTcTByDT cooT~ 

HOmerum (4) B npe,liOOJIOJ:6HHH:a)qTQ'36BHCHMOCTL ·cxopOCTH XHKHiieCJ:OA 

peaRUHH OT TeMnepaTyp!i_OllHCHBa6TC.II COOTHOmeHHeM AppeHHyca B 

B~e 

Ao =AC:o)exp(- :rr) (7) 

r~e f.l_- npe~3l<CllOH6HnzaJibH~ MHOJHT6Jib CKOPOCTH ~eCROA peaK

Uill! MesoaTOMOB co cpe~on npz TeMnepaTYPe 300~, E- sileprHH aRTR

·BaUHR XHMHqec:Koii- peaxUHR H k - nocTo.IIHHaH Eom.~aHa; JIH6o 6) 'ITO 
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3aBHCHMO~TH OCTaTO'C(HOZ- llOJIRpH3auHH /"-- M~3-0HOB ·aT TeMIIepa

Tep!i B611!eCTOO: ({a)-CTHpoJl, (O)·OeHSOJI, (B)-? .57.,-paCTBOp ne-

peKHCH BO~Opo,lla II (r )-BO~a.) • 

10 II 



Ta6mma 2 

nenonapH3anaH OTp~TenLHHXMIDOHOB B MOHOMepHHX n 
nonnMepHHi opraHKqecKnx coe~eHnBX. 

·- BellleCTBO a/a0 
a (MOH) 
a (non) 

BHHHJiaueTaT· 0,859±0,035' 

IIoJIHBHHnJiaUeTaT I 0,570±,0,033 
I,5I±O,I2 

EyTHJJMeTaKpnJiaT I 0,830±0,037 
!,28±0,09 

ilOJIH6yTnJIMeTaKpHJiaT ! 0,650±,0,037 . 
I 

MeTnJJMeTaKpnnaT r 0,754±0,026 

lloJIHMeTnJlMeTaKpHJiaT l 0,583±0,035_ 
. I, 29.±0, 09 

CTnpon I 0,535±0,029 ! 

IToJIHcTnpon 0,357±0,027 
I,50±,0,I4 

M3onpeH 0,6!9±0,073 

ilOJIHH30llpeH 0~646±0,057 . 
0,96±0,13 

Tonyon· 0,45 ± 0,05 

ilOJIHBHHHJl : 0,33 ± 0,09 
1,36±0,43 

' 
-:: ... 

----

CKOpOCTb XHMH~eCKOn peaKUHH Me30aTOMOB eCTb CTeneHHaH ~UKH 

TeMnepaTypH BH~a 
Ao -= A (...T..)m. o ')ooo o . (8) 

Pe3ynLTaTH o6pa6oTKn npnne~eHH B Ta6nnue 3. TaM xe npnne~e

HH 3HatJeHrur (a/a0>300% /(a/a0)80% ~~- MOHOMepon: cTnpona, 6eH..: 

3ona, H - 6yTIIInonoro _ c;mpTa n nonnMepon: noJliiicTnpoJia n noJliiiCSy

TnJJMeTa.Rp:iJiaTa. Bn~o, ~To pa3Max TeMnepaTypHoH 3aBIIIcHMocu Ko:.... 

-~IIIUHeHTa acnMMeTpiiiH aneKTpoHo~· )L-- pacn~a·n MOHOMepHax coe

~HeHIDIX CSonLme, tteM B nonnMepHHX. 3To MOllteT 6HTb oCS:&RcHeHo · ··. . 

YMeHb~eHIIIeM llJlOTHOCTR pa~aJIOB B6JIR3R Me30aToMa, BCJle~CTBne MH-

12 

:II 

~ 
~ 

. ; .. 
·i (') ; 
~ ~ 
E-<~ 

0 
l:l 

'§ 
g 
~ .. 
0 
0 

! 
0 
0 

~ 
0 

! 
ro 
lSI 

~ 
a. 
"'8 

~ a 
ro 
Q) 

p.., 

0 
IX) 

~aso 
~ 

0 
(') +0 

..._ 

, ...... ---------- --·----·-··--·· 
i 

IX) 

0 
+I· 

Ul .. 
(') 

N ... 
'1-t 

J;,l .. 
N 

Ul .. 
0 

+I· 
0 .. 
N 

(') . 
o. 
+I· 

0 .. 
N 

1-t (') 
0 (') 1-t 
~ . . 
0 0 o. 
+I +I +I 

N C'> 1:'-
1:'- (') 10 . . .. 
N 1-t 1-t 

I 
~ 1- --+-- ---~-----

M 
Q) m 10 -m o oo 10 
0 0 .N 0 ~ I:'- ~ • • 

0 • • • • • • N H 
H IOOOONN b ! :.•· (!} J:,l (!}- +I· +I +I 

H I -C'> . Ul- 1-t m 10 J} oo ~ 
~~oaoo.MMMN 

tot 
li1 

00 

tot 
0 
1-t 
• 
~ 

E 

T-- ---- - . ·- -- ------·---------

1 Ul Ol 0 
it-!, ~ ~ 

0 0 
J} I -J,I I +I I 
10 1-t N 

0 0 u) 

'(') .. Ul .. 1-t .. 
I' I 

t:t. 
1:'--

0 

I~ I ~I .. .. 
(') 1-t. N 

0 .. 
~-:f! 

+I I 
(') .. 
U) 

~ . 
I -~1 
~ 

•1-t 

·I 

! + --+-·-. 
~ 
:.; ..._ 

'1%1 

..-<I..<' 

asol·aso 

~ . 

~ I. 
Q) • 

I:Q. '· 

U) 
(') 

':j!l I 

~ 

~ U) 
(') 0 .. .. 
~~I 
Ul ~ .. .. 
0 0 

.11) Ul ru 'Ri ~ 
~I cf}l ~II I I 

:·a' : N :-:- -~--~ 
1-t o o o·o 
o

1
o

1 
cf.o cf.o1 •. 

+ · t! · o· 'H o· + 1 

;g (') ~ m Ul m 1: 
00 00 OCr 

i ~ 

.. 1 
as 
I={ 
0 

I:Q 

~ .. 
I:'-

~ 

1 
~ 
lSI .. 
l»f< 

0 

ro 
m 
f.£1 :X: 

"<j>~ 
~0 

13 



rpaunR qacTR aHeprRR no QeDRM Mo~eRy~ n, c~e~oBaTen&H~, YMeHLme~ 

HHH . CRopocTn xmmqecRmc pea.Rxmii MeaoaTa.~a A
0 

; aTo npRBO.D;HT R, 

nepeMemeHIDJ TeMnepaTypHOii aaBRCRMOCTH B 06~CTI> )\.<< V 
1 

:XaPB.R-. 

Tepna~.II 6o11ee no~oroii aaBncRMOCTI>D ala0 OT Xo R, c~e~oBa
Ten&Ho, OT T. (eM. pnc.2). 

B mecTOi! r~Be pacCMaTpRBa8TC.II ~eUOli.IIpR3aQWI jl- M830HOB B 

BO~e R BO.ZUWX pacTBOpax. CJle~eT OTMeTRTI> peaROe, npRMepHO B I,8 

paaa,yBeJKqeHHe n~~apHsaQHH ~xa BO~Horo-pacrBopa nepexxcx.Bo~opo

~a/I3(3ro. CBH~ere~bCTByer 0 UORB~8HXH HO~WX(no CpaBHeHKm C BO~OI) 
KaHaROB XHMHQ8CKHX peaxqHI M830aTOMOB~N Henocpe~CTB8HHO C MO~e

KYXaMH a2o2, Be~y~xx x oOpasoBaHxm ~HaMarHHTHHX coe~HHeHXA. · 
13 . . 

. BH~ npoBe~eHH 3RcnepRMeHTul r c Qen&D BH.IICHeHRH saBHCRMO-

CTH OCTaTO'lHOii DOll.IIpnaaunR OTpRu,a.Ten&HIDC MDOHOB OT HanpJDKeHHOCTR 

:a aanpaBJleHR.II BHemHero MarHRTHoro. noll.II. HanpmteHHocT:r. npo~on&Ho-. . . 

ro·noll.II MeH.IIJlac:r. B RHTepBaJle 0+I265 rc., a nonepeqaoro 20+200 rc, 

'ITO onpe~ell.IIJlO,C:b 3RCnepRMeHTaJ!I>HHMH BOSMOlKHOCT.RMR YCTaHOBRHo ORC

nepRMeHT npoBO.IUIJlC.II Ra.R Ha ·Bo~e, TaR n Ha 7 ,5%-pacTBOpe nepeimcn 

BO~Opo~a. 0TCyTCTBHe SaBRCRMOCTR OCTaTO'lHOii DOll.IIpHSaQRR OT Hanp.II-_ 

lK8HH.OCTR nonepeqaoro MarHHTHOrO DOll.II B yxaaaHHOM RHTepBa~e UOSB0-

~110 YCTaHOBHT:b HKEHDJ:J rpaHHQY ~Jl.II CROPOCTH BCTyn~eHH.II Meaoasora 

B XRMR'leCRYJ:J pea.Rinno npn KOMHaTHofi TeMneparype, ROTopa.~~ oRasamc.D 
'min. -TO I . , . 

paBHOf.t /\o ~ llr C8R- • ORCnepRMeHT B npo~OJIDHOM UOJle ~a~ B03MOlrr 

HocT:r. oQeHRTI> qacToTy cBepxToHRoro BSaRMo~ef.tcTBH.II MarHHTHoro M~ 
MeHTa MDOHa C MarHHTHHM MOM8HTOM 3Jl8RTpOHHOH·060JlO'lRH MeaoaTOMa 

itnc~opo,J4a VtJ ~ IOIQcei·I. JTa ·Be~qRHa He npOTRBOpeq~; 3Ha'l~HHIO 
~ . .. 

v , no.nyqeHHOMy nepecqeTOM :Hs aRcnepRMeHTaJli>Ho -~~fi~eHHoroA"41 
~ aTOMapaoro aaora. 

B pa6oTef1
5 
I Bnepme 6um o6aap~eaa saBHcnMocT:r. ocTaToqaof:! 

noli.IIPnaarum OT· TeMU8IJ8.TYPH B Bo~e. BA3 I aaa11ornqaa.~~ saBncRMocr:r. 

14 

o6HapyllteHa B 7 ,5%~o.ttHoM pacTBope nepeRnc:a BO~opo~a. 3RcnepnMeH

Ta11I>HHe pesyJIDTaTH H HPHBM, onncuBaJJmQH me cor~cHo cooTHomeHHD 

(4),c yqeTOM (7) ~ (8), npnBe~eHH Ha pRCyHRe 4, a COOTB8TCTBYD

II!R8 3TRM KPKBHM R03qxpHQHeHTH•B 'ra6~e 3. Ka.R B~HO PIS Ta6Jl. 3, 

aaaqeHH.II napaMerpoB A.0 , · £ R m. B npe~e.nax omR6oK coBna~am 

~Jlli BO~ R 7,5%(no Becy) BO.IUIOro pacTBOpa nepeRHCR;B9~0po~a, a 
. a.>. . . 3 

saaqeHH.II napaMerpa a.J:o cymecrBeHHo pasJIHQaJJrca. ro MOlll:er osaa-

'laTI>, qTo npn O.ttHOii R TOil JKe CROpOCTR XRMRqeCRRX.peaRQHH B pacT

BOpe nepeRRCR BO~opo~a 3Ha'lRT8Jli>HO 6011ee BepOHTHHM npoQeCCOM HB

Jl.IIeTC.II o6pasoBaHRe .D;HaMarHRTHmc coe.D;HHeHnii B peaRUIDJX MesoasoTa 

C MOJleRy~H nepeRHCH BO~OpO~a. 

B paOotaxi9 ,DinpHBo~arca sxcnepHMearanLI!He ~aHHLie no saBHCH

MOCTH OCTaTO"IlHOAUOJIRpHaatiHH OT KOH~eHrpa~H~ BO~HOrO paCTBOpa ne-
. . 

peucx Bo~opo.zta. 3xcnepxlieHra11l.HHe r·o'IIKH H pac~e±inie ltpHBLte c yqe-

roJL XHlo!H"Il8CltHXp6alt~RI (CDJIOlJIHaH JIHHHR) HOes yqera XHlo!HQ8CltHX . 
pealtnHI (nyHltTHpHaR JIHHHR) UpHB6,1t8HLI Ha pHC. 5. 

. . /13 141 
Yxe ~Jl.II BO~ ' aaBHCRMOCTI> OCTaTO'lHOii nonHpKaaQHH OT 

TeMnepaTyp~ B o6~CTZ·RoMHaTHOH TeMnepaTypLI BHXO.IUIT-Ha nJlaTO. To

r,l4a ~JlH OURCaHH.II ROKUeHTpaQHOHHOH aaBHCHMOCTR OCTaTOqHOii nOJ!HPH

SaQHH MOlKHO nOnLSOBaTbCH qnc~eHHHM COOTHOmeHHeM 

2:: _ a.io{-i+(Mof-o.,9)[H2-0:t] 
a.c.- a,>-o£h· (o.!o~. -0,'39)(HlO.t] _ • (9) 

r.ne >.o H eo- CROPOCTR XzMzqecRRX pe~QHii MeaoaaoTa 'B qncTO~ 
BO~e R qncTof:! nepeKHCR BO~opo~a; )I. :a e. -- TO ~e ~ o6pasoBaHHH 

TOJ!I>RO .D;HaMarHHTHIDC C08.ItiiH8HHii H [ ~02] - JlOJIRp~a; ROKUeHTPQQH.II 

nepeRHCH Bo.ztopo~a, BHpaxe~ B e.D;HHKUQX ro22cM~. 
00pa0aTL!BaR 31tCUepHJLeHTaRbHLI8 ~aHHH8 Jl8TO,lt0Jl HaHJl8HbiiiHX KBBJt:

paTOB npH zcnoJIDsoBaHHH saaqeimiJ A0 =(2,8±,I ,5) Iol0cei(1 , o~pe~.e
ll.IIeMoro RaR cpe~ee no TeMnepaTypHHM saBHCRMOCTRM B BO~e H BO.ttHOM 
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PHc.5 , 3SBHCHMOCT.D OCTSTO'!HOH ITOJIJipRSSUHH . .fo-- M8SOHOB OT ROH

~eHTpaUHR BOAHOrO paCTBOpa nepeRHCH BO~opo~a (B B8COBBX 
npoQeHTax). 

·,6 

paCTBOpe nepeKHCH BO~opo~a,noJiyqaeJL ~Jlli eo SHatteHHe 

/6,9~5,0/oiOIIcex-I.CJle~ye% O%K8%HT.D,'lTO OCHOBHali OmHOKa eo CBS

saBa C 60Jl.DDIOII H80Up8Jt8JleHHOCUII B onpe.~teJleHHH .J\o • Talt Kalt eo 
np8JtCT8BJlli8T. CKOpOCTl> XHJLKqecKOI peaK~K K830aTOJLa~N C 'lKC

TOI nepeKKC.Dil BO~Opo~a,ro· MOXHO DOJlY'lHT.D _3HaqeHKe KOHCTaHTH CKO

pOCTH JtJlR atoll peax~K: K=/2,7~I,9/·I0-11cex~1cy3.3to suaqeuHe 

DO DOPSJtKY BBJlKqHHH COBD~aeT CO 3HaqeHHRMK KOHCTaHT CKOpOCTel 

XHMK'l8CKHX peax~R,JlKKHTHpyeMHX JtH~Y3K81/I6/• 
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